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Preface

Schistosomiasis is a major public health problem in 76 countries of the developing world,
yet information on prevalence and risk maps is incomplete, and often contradictory. To
correct this caveat, Ricardo J.P.S. Guimaraes et al. created a Geographic Information System
(GIS) database, containing all social and socieconomic factors, and environmental variables,
such as snail distribution, vegetation index, precipitation, temperature, and sanitation, at
small communities and city levels in the Minas Gerais State, Brazil. The database was used
together with multiple linear regressions to estimate the schistosomiasis positivity index,
and build a schistosomiasis risk map for Minas Gerais State. The methodology used in this
study can be utilized to control schistosomiasis in the areas with occurrence of the disease,
and can also be used to take preventive measures to decrease or eradicate the disease
transmission.

Akande and Odetola relied on community-based pilot control trials for obtaining correct
and accurate estimates of schistosomiasis prevalence in Ethiopia, Tanzania, and Nigeria.
Monday Francis Useh, in his chapter: Schistosomiasis, specifically reported that Schistosoma
haematobium and Schistosoma mansoni infections have been widely detected in all parts of
Nigeria although the former predominates. A total of 30 million Nigerians, 18% of 162
millions population, are infected with schistosomiasis, with the school age children carying
the greatest burden of the disease. Of note, infection with S. haematobium was reported in
all the regions in Nigeria with a prevalence as high as 60-75% among schoolchildren in some
communities. N'Guessan Aya Nicaise proposed lasting solutions for fighting
schistosomiasis in the Cote d’Ivoire, where urinary schistosomiasis, and soil-transmitted
helminthiasis (especially hookworms), which infect > 50% of the population, prevail. The
study was conducted in epidemiological context of large dam in Cote-d’Ivoire, in Taabo-
village, a hyperendemic schistosomiasis locality located near Lake of the great dam Taabo,
with prevalence of urinary schistosomiasis among school children reaching 94% at the start
of the study. Awareness campaigns and treatments were carried out by the school teachers
and Community health workers. Sociological surveys were made before treatment to
understand risk behaviors. Nevertheless, slight reduction in prevalence to 74% was
obtained, likely due to continuous transmission of the parasite. It was noteworthy that there
was no enthusiasm for the treatment, for the simple reason that these parasites are
considered by the majority of the population as non-serious illnesses and less dreadful.

The Chapters in the section “Clinical Schistosomiasis” are thus timely elaborating on the
dangers not only of chronic, but also of acute schistosomiasis. According to Matheus
Fernandes Costa-Silva et al., the clinical findings most commonly observed in acute
schistosomiasis patients include fever, general weakness, headache, nausea, vomiting,
diarrhea, anorexia, colic, weight loss, dry cough and hepatosplenomegaly accompanied by a
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marked eosinophilia and leucocytosis. Additionally, acute schistosomiasis is difficult to
diagnose, as the clinical findings may be confounded with a number of infections such as
visceral leishmaniasis, typhoid fever, malaria, tuberculosis, viral hepatitis, mononucleosis
and bacterial infections. Chronic schistosomiasis mansoni and haematobium are certainly
even more dangerous because of their deleterious effects on the liver, intestine, and/or
urinary bladder, and additionally may involve the spinal cord, leading to
neuroschistosomiasis, as documented by André Ricardo Ribas Freitas and Rodrigo
Nogueira Angerami. The proportion of patients who go from schistosomiasis to medullar
neuroschistosomiasis is unknown. There are several indications that this disease has been
under-diagnosed, and difficult to diagnose. This situation has been changing in the last
years, particularly in Brazil, due to the improvement in diagnostic tools and increase of
cases in patients of of endemic countries. Finally, chronic infection with schistosomes
increases the patient susceptibility to infection with viruses, namely hepatitis B and C
viruses as reported by Maria Jose’Conceicao and José Rodrigues Coura in the last Chapter of
this section.

Accordingly, the Chapters included in the section “Drugs and Vaccines” are most welcome.
Praziquantel is essentially the only drug commercially available and widely used for
treatment of schistosomiasis mansoni, haematobium, and japonica. Claudineide Nascimento
Fernandes de Oliveira et al. reviewed both the clinical plants that may display
schistosomicidal activity and the schistosomes tegument structure, and found that fractions
of plants belonging to the genus Phyllanthus L have powerful schistosomicidal effects via
destruction of the tegument. The tegument lesions were thoroughly described using
modified scanning and transmission electron microscopy techniques. In the last chapter of
the book, Rashika El Ridi and Hatem Tallima proposed arachidonic acid as effective remedy
against schistosomiasis mansoni and haematobium. The mechanism of action is likely the
activation of parasite tegument associated neutral sphingomyelinase, hydrolysis of apical
membrane sphingomyelin, and perturbations of the outer lipid bilayer, allowing access of
host antibodies, destruction of the tegument, and eventual worm attrition. They further
reported that several dogmas hinder the development of an effective vaccine, and provided
rationale and evidence for the efficacy of a vaccine based on larval excretory-secretory
products and Type 2 cytokines, such as interleukin-25 and 33, as adjuvants.

The chapters of this book are intended to provide useful information and strong initiative
for researchers and clinicians in the field of schistosomiasis and other parasitic diseases.

At the end I wish to thank InTech, particularly Mrs. Ivona Lovric and Mr. Oliver Kurelic, for
the opportunity to edit this interesting, important, and timely book, which I dedicate to the
Martyrs of the Arab Spring Revolution, and to schistosome-infected children worldwide.

Rashika El Ridi
Zoology Department,
Faculty of Science,
Cairo University,
Cairo, Egypt



Section 1

Epidemiology







Chapter 1

Multiple Regression for the Schistosomiasis Positivity
Index Estimates in the Minas Gerais State - Brazil at
Small Communities and Cities Levels

Ricardo J.P.S. Guimaraes, Corina C. Freitas,
Luciano V. Dutra, Guilherme Oliveira and
Omar S. Carvalho

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53500

1. Introduction

Schistosomiasis, caused by Schistosoma mansoni, is an endemic disease conditional on the
presence of snails of aquatic habits of the genus Biomphalaria.

In Brazil, there are eleven species and one subspecies of Biomphalaria genus mollusks that
have been identified: B. glabrata (Say, 1818), B. tenagophila (Orbigny, 1835), B. straminea
(Dunker, 1848), B. peregrina (Orbigny, 1835), B. schrammi (Crosse, 1864), B. kuhniana (Clessin,
1883), B. intermedia (Paraense & Deslandes 1962), B. amazonica (Paraense 1966), B. oligoza
(Paraense 1974), B. occidentalis (Paraense 1981), B. cousini (Paraense, 1966) and B. tenagophila
guaibensis (Paraense 1984) [1].

In Minas Gerais state, the presence of seven species: B. straminea, B. tenagophila, B. peregrina,
B. schrammi, B. intermedia and B. occidentalis was reported [1]. Among these, there are three
Biomphalaria species (B. glabrata, B. tenagophila and B. straminea) that have been found to be
naturally infected with S. mansoni. Other three species, B. amazonica, B. peregrina and B. cous-
ini, were experimentally infected, being considered as potential hosts of this trematode [2-4].
B. glabrata is of great importance, due to its extensive geographic distribution, high infection
indices and efficiency in the schistosomiasis transmission. In endemic areas, large concentra-
tions of these snails, together with other risk factors, favor the existence of localities with
high prevalence [5-7].
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The snails of the Biomphalaria genus live in a wide range of habitats, particularly in shallow
and slow running waters and with floating or rooted vegetation. As these snails are distrib-
uted over large geographic areas and their populations are adapted to different environ-
mental conditions, they can tolerate large variations in physical, chemical and biological
environment in which they live [8, 9].

The intermediate hosts” distribution of the parasite in Minas Gerais associated with favora-
ble eco-epidemiological conditions gives the schistosomiasis expansive character not seen
even in non-endemic regions [6, 10, 11].

Public health and the environment are influenced by the patterns of space occupation.
Therefore, the use of geoprocessing techniques to analyze the spatial distribution of health
problems allows one to determine local risks and delimit areas that concentrate the most
vulnerable situations (occurrence of disease, characteristics of the environment and habitat
of the intermediate host / vector). It is also possible with the use of geographic information
systems to plan, schedule, control, monitor, and evaluate the diseases in groups according to
their risk of transmission [12].

The use of Geographic Information Systems (GIS) and statistical tools in health has been fa-
cilitated by access to epidemiological data bases, enabling the production of thematic maps
that contribute to the formulation of hypotheses about the spatial distribution of diseases
and their relation to the socioeconomic variables [13].

The use of GIS and Remote Sensing (RS) are powerful tools for working complex analysis of
a large number of information and viewing the results of this analysis in graphical maps.
Since the seventies, RS has been applied to social sciences and health [14]. There are numer-
ous information collected by RS data, describing some biotic and abiotic factors [15]. Appli-
cation of RS and GIS techniques for mapping the risk of parasitic diseases, including
schistosomiasis, has been performed over the past 15 years [16].

The estimate of schistosomiasis prevalence using GIS was first used in the Philippines and
the Caribbean by [17, 18]. In Brazil, the use of GIS in schistosomiasis was first used by [19] in
the state of Bahia. The authors constructed maps with environmental characteristics (total
precipitation for three consecutive months, the annual maximum and minimum tempera-
ture and diurnal temperature differences), prevalence of S. mansoni and distribution of snails
to study the spatial and temporal dynamics of infection and identify the environmental fac-
tors that influence the distribution of schistosomiasis. The results indicated that the snail
population density and duration of annual dry season are the most important determinants
for the prevalence of schistosomiasis in the study areas.

Table 1 shows a brief history of the use of GIS techniques in the study of schistosomiasis in
several countries.

The main objective of the present study is to establish a relationship between schistosomia-
sis positivity index and the environmental and socioeconomic variables, in the Minas Gerais
State, Brazil, using multiple linear regressions at small communities and cities levels.
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Vector Species Study Area  Satellite-sensor Technical-variables Reference
- Schistosoma Philippines, theLandsat (MSS) climate [17,18]
spp Caribbean
Oncomelania spp Schistosoma  China NOAA (AVHRR), Lansdat ecological zones [20]
spp (TM)
B. truncatus, S. mansoni, Egypt NOAA (AVHRR) temperature, NDVI [21]

B. alexandrina S.
haematobium

Phlebotomus Schistosoma Southeast Asia NOAA (AVHRR) NDVI [22]
papatasi spp

B. straminea S.mansoni Brazil - spatial distribution [23]
B. pfeifferi S.mansoni Kenya - linear regression, mapping  [24]

techniques, cluster analysis

B. alexandrina S. mansoni, Egypt NOAA (AVHRR), Lansdat dT, NDVI, MDE [25]
S. (™)
haematobium

B. glabrata, B. S.mansoni Brazil - temperature, precipitation, [19]

straminea, B. DEM, soil type, vegetation

tenagophila type

Oncomelania spp Schistosoma China Landsat (TM) classification, GIS [26]
spp

Bulinus spp, S. mansoni, Tanzania - GIS, logistic regression [27]

Biomphalariasp  S.

haematobium
B. alexandrina S. mansoni Egypt NOAA (AVHRR), Lansdat dT, BED, NDVI [28]
(TM)
B. glabrata, B. S. mansoni Brazil NOAA (AVHRR) NDVI, dT [29]
straminea
Bulinus spp S. Tanzania NOAA (AVHRR) LST, NDVI, DEM, [30]
haematobium precipitation, logistic
regression
B. pfeifferi S. mansoni Ethiopia NOAA (AVHRR) LST, NDVI [31]
B. pfeifferi S. mansoni Ethiopia NOAA (AVHRR) NDVI, temperature, logistic  [32]
regression
Oncomelania spp S. japonicum  China NOAA (AVHRR), Lansdat TNDVI [33]
(T™)
- Schistosoma Chad, NOAA (AVHRR) ecology [34]

spp Cameroon
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Vector Species Study Area  Satellite-sensor Technical-variables Reference
B. pfeifferi, B. S. mansoni, Africa (sub-  NOAA (AVHRR) SIG [35]
senegalensis S Saharan
haematobium  Africa)
- S Chad - environmental data [36]
haematobium
- S. mansoni, Cameroon NOAA (AVHRR), EROS  logistic regression [37]
S.
haematobium
Oncomelania spp Schistosoma  China Landsat (TM) RS [38]
spp
Oncomelania S.japonicum  China Landsat (TM) LU [39]
hupensis
Oncomelania spp, S. japonicum,  China Landsat (TM) SIG [40]
Bulinus spp, S. mansoni,
Biomphalaria spp S.
haematobium
Oncomelania S. japonicum  China Lansdat (TM) TNDVI [41]
hupensis
Bulinus spp. S. Kenya NOAA (AVHRR) Tmax [42]
haematobium
B. glabrata S. mansoni Brazil - GPS [43]
- S. mansoni, Uganda Landsat (TM) ecological zones [44]
S.
haematobium
- Schistosoma Uganda NOAA (AVHRR) LST [45]
spp
Oncomelania S.japonicum  Japan - PDA [46]
hupensis
Oncomelania S. japonicum  China |lkonos, ASTER MDE [47]
hupensis
- S. mansoni Cote d'lvoire  Landsat (ETM), NOAA environmental and [16, 48]
(AVHRR), EROS, MODIS  socioeconomic data
O. hupensis S.japonicum  China Landsat (TM) NDVI [49]
Oncomelania S.japonicum  China NOAA (AVHRR) LST [50]
hupensis
Oncomelania S.japonicum  China Landsat (TM) SAVI [51]

hupensis
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Vector Species Study Area  Satellite-sensor Technical-variables Reference

- S. mansoni Brazil - logistic regression models [52]

and Bayesian spatial models

Biomphalariasp  S.mansoni Brazil MODIS, SRTM regression, elevation, mixture[53]

model, NDVI

B. glabrata S.mansoni Brazil - spatial analysis, GPS, [54]

immunological data

Biomphalaria sp  S.mansoni Brazil - social and environmental [55]

data, regression

Biomphalaria spp S. mansoni Brazil - GPS and GIS [56]

B. glabrata S. mansoni Brazil - kernel [57]

- Schistosoma Africa - ecology, GIS, RS, geostatistics [58]
spp

B. pfeifferi S. mansoni Cote d'lvoire - socioeconomic data, logistic [59]

regression, Bayesian model

B. sudanica, B. S. mansoni Uganda - spatial analysis [60]

stanleyi

- S. Tanzania - social and ecological data,  [61]
haematobium Bayesian models, logistic

regression, NDVI, elevation,
cluster analysis

Biomphalaria sp  S.mansoni Brazil MODIS, SRTM social and environmental [62]

data, RS, NDVI, temperature,
regression

Biomphalaria sp  S.mansoni Brazil MODIS, SRTM linear regression, imprecise  [63]

classification, regionalization
and pattern recognition

Oncomelania S.japonicum  China SPOT ecological data, land use, [64]

hupensis land cover, classification,

Bayesian model, RS, NDVI,
slope, LST

- Schistosoma China - GIS, spatial analysis and [65]
spp clustering, Bayesian model,

- S. mansoni, Mali NOAA (AVHRR) Bayesian models, NDVI, LST, [66]
S. GIS, logistic regression
haematobium

Biomphalariasp ~ S.mansoni Brazil - kriging, spatial distribution  [67, 68]

Biomphalariasp  S.mansoni Brazil - Fuzzy logic [69]

7
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Vector Species Study Area  Satellite-sensor Technical-variables Reference

- S.japonicum  China - GIS, spatial analysis, [70]

clustering, kernel

Biomphalariasp  S. mansoni Brazil MODIS meteorological data, [71]
socioeconomic, sanitation,

RS, regression

B. straminea S.mansoni Brazil - kernel, GPS, spatial [72]
distribution

B. glabrata S.mansoni Brazil MODIS mixture model [73]

Biomphalariasp ~ S.mansoni Brazil MODIS, SRTM social and environmental [1,74]

data, sanitation, biological,
RS, NDVI, temperature,
regression, kriging

Biomphalariasp ~ S.mansoni Brazil MODIS decision tree, environmental [75]
data, RS
- S. mansoni, East Africa - Bayesian geostatistics, logistic[76]
S. regression, Markov chain
haematobium Monte Carlo simulation,
Biomphalariasp ~ S.mansoni Africa MODIS Climate change, spatial [77]

distribution, temperature,
precipitation, MaxEnt, soil

- S.mansoni Ethiopia, NOAA (AVHRR) geostatistics, LST, NDVI, [78]
Kenya elevation, environmental
data, LQAS, LpCP

Biomphalaria spp S. mansoni Brazil - GPS, GIS, spatial distribution [79]

Table 1. Use of geoprocessing techniques in the study of schistosomiasis.

2. Material and methods

2.1. Materials

The study area includes 4,846 small communities (called localities) in the entire State of
Minas Gerais, Brazil. The dependent variable is the schistosomiasis positivity index (Ip). Ip
were obtained from the Brazilian Schistosomiasis Control Program (PCE) through the annu-
al reports of the Secretary of Public Health Surveillance (SVS) and the Secretary of Health in
the State of Minas Gerais (SESMG). From the 4,846 locations mentioned above, only 1,590 of
them have information on the positivity of the disease. Since schistosomiasis is a disease
characterized by environmental and social factors, environmental and socioeconomic varia-
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bles were used as explanatory variables, as well as a variable containing information about
presence of intermediate hosts. A brief description of these variables is given below.

2.2. Schistosomiasis positivity index

Schistosomiasis positivity index (Ip) values were obtained in 1,590 localities from the Brazil-
ian Schistosomiasis Control Program (PCE) through the Annual Reports of the Secretary of
Public Health Surveillance (SVS) and the Secretary of Health in the State of Minas Gerais
(SESMGQG). The Ip data were obtained from the database SISPCE (Information System of the
Brazilian Schistosomiasis Control Program) from 1996 to 2009. The Kato-Katz technique is
the methodology used to determine positivity index, examining one slide per person.

These Ip were determined for each locality i by:

Ti «
Ip=-£*100 )

n;

where: 7; is the number of infected people and #; is the total population in locality i.

2.3. Intermediate hosts

Information about the existence of Biomphalaria snails were provided at a municipality basis
by the Laboratory of Helminthiasis and Medical Malacology of the Rene Rachou Research
Center (CPqRR/Fiocruz-MG).

The distribution of Biomphalaria snails used for this study was defined as: B. glabrata, B. te-
nagophila, B. straminea, B. glabrata + B. tenagophila, B. glabrata + B. straminea, B. tenagophila + B.
straminea, B. glabrata + B. tenagophila + B. straminea and No Biomphalaria. The class “No Bio-
mphalaria” includes information about the non-occurrence of Biomphalaria species or infor-
mation about non-transmitter species in Brazil, such as B. peregrina, B. schrammi, B.
intermedia, B. occidentalis, etc.

The spatial distribution of the schistosomiasis Ip and the Biomphalaria species data are pre-
sented in Fig. 1.

2.4. Environmental data

Twenty eight environmental variables were obtained from remote sensing and meteorologi-
cal sources.

The remote sensing variables were derived from Moderate Resolution Imaging Spectroradi-
ometer (MODIS) and from the Shuttle Radar Topography Mission (SRTM) sensor.

The variables of MODIS sensor used were collected in two seasons, summer (from 17/Jan/
2002 to 01/Feb/2002 period) and winter (from 28/Jul/2002 to 12/Aug/2002 period). MODIS
data were composed by the blue, red, near and middle infrared bands and also the vegeta-
tion indices (NDVI and EVI) [73].

9
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Figure 1. Spatial distribution of the (a) schistosomiasis and (b) Biomphalaria species in Minas Gerais State, Brazil.

The Linear Spectral Mixture Model (LSMM) is an image processing algorithm that generates
fraction images with the proportion of each component (vegetation, soil, and shade) inside
the pixel, which is estimated by minimizing the sum of square of the errors. In this work, the
so called vegetation, soil, and shade fraction images were generated using the MODIS data,
and the estimated values for the spectral reflectance components were also used as an input
to the regression models [73].

Others variables obtained from SRTM were also used in this study: the digital elevation
model (DEM) and slope (derived from DEM). Based on the SRTM data, a drainage map of
Minas Gerais was generated, and the variables: water percentage in municipality (QTA) and
water accumulation (WA) were derived. Six meteorological variables consisting of total pre-
cipitation (Prec), minimum (Tmin) and maximum (Tmax) temperature average for summer
and winter seasons were obtained from the Center for Weather Forecast and Climate Stud-
ies (CPTEC), in the same date of MODIS images.

2.5. Socioeconomic data

Socioeconomic variables obtained by The Brazilian Institute of Geography and Statistics
(IBGE) census for the year 2000 were also used as explanatory variables. The variables used
in this work are those related to the water quality (percentage of domiciles with access to the
general net of water supply, access to the water through wells or springheads, and with oth-
er access forms to the water), and to the sanitary conditions (the percentage of domiciles
with bathroom connected to rivers or lakes, connected to a ditch, to rudimentary sewage, to
septic sewage, to a general net, to other sewerage type, with bathroom or sanitarium and
without bathroom or sanitarium).

2.6. Methods

Indicator kriging and multiple linear regressions were employed to estimate the presence of
the intermediate host and the schistosomiasis disease, respectively.
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2.7. Indicator Kriging

Since information about existence of Biomphalaria is only available on municipality basis, in-
dicator kriging was used in this study to make inferences, in a grid basis, about the presence
of the Biomphalaria species (B. glabrata, B. tenagophila and/or B. straminea), intermediate hosts
of S. mansoni. The method allows spatialization of the data conditioned to the sample set of
categorical attributes, aiming at the spatial distribution and production of maps.

The categorical attributes (classes) used for this study were defined as: B. glabrata, B. tenago-
phila, B. straminea, B. glabrata + B. tenagophila, B. glabrata + B. straminea, B. tenagophila + B. stra-
minea, B. glabrata + B. tenagophila + B. straminea and No Biomphalaria totalizing eight probable
classes.

The snail attributes (class of species and localization) were distributed along the drainage
network of 15 River Basins (Buranhém, Doce, Grande, Itabapoana, Itanhém, Itapemirim, Je-
quitinhonha, Jucurugu, Mucuri, Paraiba do Sul, Paranaiba, Pardo, Piracicaba/Jaguari, Sao
Francisco and Sao Mateus), according to the methodology used by [67].

In [1], however the indicator kriging was used only at municipalities” level, but in this study
it was used for localities level.

Indicator kriging procedures were applied to obtain an approximation of the conditional
distribution function of the random variables. Based on the estimated function, maps of
snail spatial distributions along with the corresponding uncertainties for the entire state and
also map of estimated prevalence of schistosomiasis were built.

The indicator kriging result was used as a variable in multiple regression models.

2.8. Multiple linear regressions

Multiple linear regressions are a form of regression analysis in which data are modeled by a
least squares function which is a linear combination of the model parameters and depends
on one or more independent variables.

The regression analysis was applied with the schistosomiasis Ip as dependent variable, in
addition to 93 quantitative variables (28 environmental variables and 65 socioeconomic vari-
ables), and one qualitative variable resulting from the kriging (presence or absence of B.
glabrata) as explanatory variables.

The dependent variable was randomly divided into two sets: one with 852 cases (locali-
ties) for variables selection and model definition, and another with 738 cases for model
validation.

Due to the high number of independent variables, some procedures were performed for var-
iables selection. The relations among the dependent and the independent variables were an-
alyzed in terms of correlation, multi co-linearity, and possible transformations that better
explain the dependent variable.

A logarithmic transformation for the dependent variable (denoted by Inlp) was made as it
improved the correlation with independent variables.

11
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The analysis of the correlation matrix showed that some variables had non-significative cor-
relations with Inlp at 95% confidence level, and also some variables were highly correlated
among themselves, indicating that those variables could be excluded from future analysis.

Since multi co-linearity effects among the remaining independent variables were detected,
variables selection techniques were used in order to choose a set of variables that better ex-
plain the dependent variable. Variable selection was performed by the R? criterion using all
possible regressions [80].

This selection technique consists in the identification of a best subset with few variables
and a coefficient of determination R? sufficiently close to that when all variables are used
in the model.

Interaction effects were also analyzed to be included in the model. After performing the re-
sidual analysis, the chosen regression model was then validated. The final estimated regres-
sion function was computed using the entire data set (definition and validation), and it was
applied to all localities to build a risk map for schistosomiasis positivity index.

The multiple regressions were developed based on two approaches: a global model
(throughout the state) and a regional model (regionalization).

Regionalization is a classification procedure using the SKATER algorithm (Spatial ‘K'luster
Analysis by Tree Edge Removal) applied to spatial objects with an areal representation (mu-
nicipalities), which groups them into homogeneous contiguous regions [81].

Regionalization was applied in Minas Gerais to divide the state into four homogeneous re-
gions. The choice of the number of regions was based on the spatial distribution of localities
(Figure 1b) in order to achieve an adequate number of localities in each region.

The regional model was developed by doing a regression model separately in each of the
four regions formed by first applying the SKATER algorithm using environmental variables
[74].

The models validation was performed using the Root Mean Square Error (RMSE) and the
Mean Squared Prediction Error (MSPR), given by [80].

RMSE = @

AN
where I p; and I p; represent, respectively, the observed and predicted positivity index in the

i-th observation and # is the number of observations of the data model definition (i = 1,..., n).

The RMSE measures the variation of the observed values around the estimated values. Ide-
ally, the values of RMSE are close to zero. The MSPR is computed the same way as the
RMSE, but using validation samples.

The final models were applied in all 4,846 localities to estimate the positivity index.
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2.9. Simple average interpolator

The simple average interpolator (SAI) algorithm of the software SPRING [82] was used to
estimate the value of Ip at each point (x,y) of the grid. This estimative is based on the sim-
ple average of the variable values in the eight nearest neighbors of this point, according to
equation (3).

8 A~
fy) =;(ZIPZ'J ®
i=1

AN
where I p; is the estimated positivity index of the 8 neighbors of the point (x,y) and f(x,y) is
the interpolation function.
The file generated by interpolation was a grid with spatial resolution of 1 km. The purpose

of using this tool was to determine which of the mesoregions presented estimated values
above 15% (class with high positivity index).

3. Results and discussion

The GeoSchisto Database (http://www.dpi.inpe.br/geoschisto/) was created containing all
variables used in this study.

The indicator kriging result was a regular grid of 250 x 250 meters with the estimate of Bio-
mphalaria species class for the entire Minas Gerais State. The indicator kriging result is pre-
sented in Fig. 2a. The variable B. glabrata used in regression models is presented in Fig. 2b.

Species
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B s oot

| [ 5. tenagophia

B 5 svomines

: B. glabrata + B. tenagophila
B 5 oo+ 5. svoranes
[ 8 tenagoptiia + 6. straminea
I vce speces

(A) B)

T

15°00's
L

15°00'S

Species
I:l Mo 8. giabrata
| B
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20008
L

20°00°8

-—
o so o100
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S0TOW A5TOW 40°00'W S0TOW 45700W 20°00W

Figure 2. a) Kriging and (b) estimated presence of B. glabrata by indicator kriging.
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3.1. Global model

The five variables selected were: presence or absence of the B. glabrata, summer precipitation
(PC,), summer minimum temperature (TN,), winter Enhanced Vegetation Index (EVI,) and
households with a bathroom or toilet and sewage from septic tank type (V).

The final model, with R?=0.18, was:

ip= 6(77.34+0A513G+0A004Pc5+0A37TNS+0A0003Ev1“,+0‘004v31) 1 @)
Fig. 3a shows the estimated Ip for all 4,842 localities in Minas Gerais using the estimated re-
gression equation (4). Figure 3b shows the plot of the residuals, resulting from the difference
between observed and estimated Ip from 1,590 locations. In Figure 3b, dark colors (red and
blue) represent overestimated values, light colors (red and blue) underestimated ones, and
in white are the municipalities where the estimated prevalence differs very little from the
true values.

The precipitation, minimum temperature, EVI and sanitation were positively correlated
with Ip. This is consistent with the adequate environmental conditions for the transmission
of schistosomiasis. Also, the transmission depends on the presence of B. glabrata.

L L '

(A)

© 0.001-5.000 o <-10.001
© 5.001-15.000 © -10.000 - -5.001
e >15001 4 o -5.000-5.000 o
1 T Minas Gerais State 27 e 5001 -10.000 re
T e >10001 .

[1Minas Gerais State

2000's

=L
o 5o 108

v T T
S0TOW A500W 40°00"W

Figure 3. Global model: (a) estimated /p and (b) residuals.

The result of this model has the same variables (BG, TN,, Evi, and sanitation) obtained by
[74] when estimatives were done on a municipality basis, indicating a great similarity be-
tween the two global models. The difference is in the sanitation variable where the variable
obtained by [74] was related to the type of water (well or spring) and this study to the type
of sewage system (septic tank).
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3.2. Regional model

The Minas Gerais State was divided into four regions using the SKATER algorithm. Table 2
presents the number of localities in each region used for model generation and for model
validation. The regionalization can be seen in Figure 4 a.

Model Generation Model Validation Total

Region 1 (R1) 104 66 170
Region 2 (R2) 428 262 690
Region 3 (R3) 220 338 558
Region 4 (R4) 100 72 172
Total 852 738 1590

Table 2. Number of localities in each region used for model generation and for model validation.

Regression models were developed for each of the four regions with the same 94 variables
used in the global model, and the same selection procedure. Different numbers of variables
were selected in each region to determine the best regression model.

The final models generated for each region (Fig. 4c) and their R*> were:

jpl _ e(l4AO4+O.05PCw+0.01V25—1415ATS)_1 — R2-035 5)

Ip, - e(—11A63+OA68BG+0A59TN5+04OOO4EVIW+O.03V25—0.005V261) 1 = R2-021 ©)
= 0.16+0.39 BG+0.0002NDVI_—0.015V,,+0.002V;

Ip, =" 0N ) 1 o R2-038 7)

= —3.54+0.0001EVI_+0.006 PC_+0.16 TN_+0.27QTA+0.0006 V,, +0.003 V.
IP4 _ e( s s s Q 254 ) _ 1= R2=022 (8)

where: PC,, (winter precipitation), V,; (percentage of households with another form of ac-
cess to water), AT (difference of summer maximum and minimum temperature), BG (pres-
ence or not of the B. glabrata), TN (summer minimum temperature), EVI,, (winter Enhanced
Vegetation Index), V,; (percentage of residents in households with another form of water
supply), NDVI; (summer Normalized Difference Vegetation Index), V3; (percentage of hous-
ing with bathroom or toiled connected to a ditch), V,; (percentage of households without
bathrooms), EVI; (summer Enhanced Vegetation Index), PCs (summer precipitation), QTA
(water percentage in municipality), Vs, (percentage of households with water supply net-
work general) and V,;, (percentage of households without toilet or sanitation).



16

Parasitic Diseases - Schistosomiasis

(A) (B)
© 0.001-5000 o <-10.001
o 5.001-15.000 © -10.000 - -5.001
o >15.001 £| o -5.000-5.000 g
| COMinas Gerais State [2] e 5001-10.000 &
® >10.001

[ Minas Gerais State

T

0°00'S
1

20°00'8

T T T T T T
S0°0°0°W 45°00'W 40°00'W 50°00W 45°0'0'W A0°00W

Regions
1
4 2 L
. 3
4

T
2000°S

SD‘DI‘D‘W' 45'&'D‘W AO’D‘IO"W
Figure 4. Regional model: (a) estimated Ip, (b) residuals. (c) regionalization.

Figure 4a shows the estimated values of Ip for all 4,842 localities in the Minas Gerais State
using equations (3, 4, 5 and 6). Also, Figure 4b shows the residues from 1,590 locations. In
this figure, red and blue represent overestimates, cyan and magenta represent the underesti-
mated values and in the white localities with good estimate.

The regional model for Region 1 (R,) reflects the effect of sanitation (households with other
forms of water than tap water, wells or springs) and the influence of weather (precipitation
and temperature of summer). Region 1 achieved a R? value of 0.35. The model obtained by
[74] for the same Region 1 also has the same sanitation variable (percentage of homes with
another type of access to water). The relationship between temperature and disease was also
obtained by [29] and [55, 74].

The models for Regions 2 and 3 (R, and R;) show the presence of B. glabrata associated with
the effect of vegetation (Evi,) and sanitation. Among the regional models, Region 2 had the
lowest R? (0.21) and Region 3 had the highest R? (0.38).
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The model for Region 4 (R,) shows that Ip was associated with vegetation (Evi,), weather
(precipitation and temperature) and sanitation (type of water and sewage). The R? found for
this model was 0.22.

In all models the presence of B. glabrata, sanitation, vegetation index and temperature were
the most important variables. These characteristics are the same as environmental condi-
tions for the presence and development of snails (infection of the intermediate host) and
sanitation (water contamination - presence of S. mansoni cercariae) obtained by [74] which
were obtained at municipalities level.

[29] also showed that the distribution of schistosomiasis in Bahia, at municipalities level, is
related to the vegetation index (NDVI) and temperature (ATs) using sensor data from low
spatial resolution (AVHRR/NOAA).

3.3. Simple Averages Interpolator (SAI)

Table 3 presents the mean square error (RMSE) and Mean Squared Error of Prediction
(MSPR) for the global and regional models, for each region. From this table we can observe
that the mean square decreased from 10.739 to 9.979 when we used separate models for each
region. It was also noted that the RMSE of the Regional Model was smaller than the RMSE
of the Global Model for all four regions, highlighting the importance of using different equa-
tions and different variables for each region. Since the Regional Model can be considered a
better model the Simple Averages Interpolator (SAI), was applied using the known positivi-
ty index of the 1,590 localities (Fig. 5a), and using the regression estimated positivity index
of all 4,842 localities (Fig. 5b). The objective of applying SAI to all estimated Ip values is to
indicate current and potential local transmission of schistosomiasis.

Model Neuse RMSE Nyispr MSPR
R, 104 8.078 66 3.421
R, 428 12369 262 11741
= R, 220 10.042 338 10048
7 R, 100 6.164 72 8.282
total 852 10739 738 10.145
R, 104 7.576 66 3376
_ R, 428 11553 262 11577
é R, 220 9.044 338 9.538
< R, 100 6.123 72 8.291
total 852 9.979 738 9.848

n (number of localities)

Table 3. Residual analysis of the dependent variable (/p) for the models.
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Figure 5a shows clusters presence in six mesoregions (Norte de Minas, Jequitinhonha, Vale
do Mucuri, Vale do Rio Doce, Metropolitana de Belo Horizonte and Zona da Mata) with the
highest Ip values. In Figure 5b the same six mesoregions can be noticed; however two news
clusters in Sul/Sudoeste de Minas and Triangulo Mineiro/Alto Parnaiba mesoregions pre-
sented, respectively high and middle Ip values.

(A) (B)
. High : 1000 High : 1000

Low: 0
[ IMesoregions
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Figure 5. The averages interpolator: (a) /p and (b) estimated /p by Regional Model. (c) Mesoregions of Minas Gerais
State.

Thus, the Norte de Minas, Jequitinhonha, Vale do Mucuri, Vale do Rio Doce, Metropolitana
de Belo Horizonte and Zona da Mata mesoregions are endemics areas.

Sul/Sudoeste de Minas and Tridngulo Mineiro/Alto Parnaiba mesoregions are not endemic
areas, but have a schistosomiasis focus (Itajuba municipality in Sul mesoregion). The Sul/
Sudoeste de Minas mesoregion has 146 municipalities representing about 20% of municipal-
ities in Minas Gerais State and is a non-endemic area for schistosomiasis. Due to the high
concentration of cities in an area of 49,523.893 km? (which represents less than 10% of the
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area of Minas Gerais State) and a high agricultural economy, it is a region with high risk of
schistosomiasis transmission. Therefore, it would be interesting to do a detailed study in the
Sul mesoregion to determine the schistosomiasis Ip.

Also, it would be interesting to keep surveillance in the municipalities of the Triangulo
Mineiro/Alto Parnaiba mesoregion that presented B. glabrata presence.

4. Conclusions and future work

This study shows the importance of a joint use of GIS and RS to study the risk of schistoso-
miasis. Moreover, it can be concluded that the combined use of GIS and statistical techni-
ques allowed the estimation of schistosomiasis Ip. Results of the regression models
confirmed the importance of the use of environmental variables to characterize the snail
habitat in the endemic area of the state of Minas Gerais.

Results of the regression models show that regionalization improves the estimation of the
disease in Minas Gerais. Based on this model, a schistosomiasis risk map was built for Minas
Gerais. [74] and [75] also obtained a better model with the use of regionalization when esti-
mating schistosomiasis at a municipality level.

The Simple Averages Interpolator is a technique that may indicate possible local to trans-
mission and surveillance of schistosomiasis.

It is recommended the use of GPS for field surveys together and the application of this
methodology with images of better spatial resolution (10-30m) in other states for validation.
Also, we recommend using a smaller area (municipality or mesoregion) estimate for the
schistosomiasis.

The methodology used in this study can be utilized to control schistosomiasis in the areas
with occurrence of the disease and also it can be used to take preventive measures to pre-
vent the disease transmission.

Next step will be to utilize data from the PCE by localities to study other diseases such as
ascariasis, hookworm, trichuriasis, etc, using data from CBERS and/or Landsat and new
methodologies (Geographically Weighted Regression, Generalized Additive Model, etc).
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1. Introduction

1.1. Incidence of schistosomiasis

Schistosomiasisis one of the fifteen neglected tropical diseases (NTDS) namely: schistosomiasis,
ascariasis, buruli ulcer, chagas disease, cysticercosis, food borne trematodiases, hookworm dis-
ease, leprosy,lymphatic filariasis, trachoma, trichuriasis, leishmaniasis, guinea worm, trypano-
somiasis and oncocerciasis. It is a resurgent disease and Schistosoma sp. Infects well over 250
million people worldwide beside livestock [1]. Schistosomiasis (also called Bilharzias after the
German tropical disease specialist, Theodore M. Bilharz, 1829-1862) is second only to malariain
parasitic disease morbidity. Despite control programmesin place, the distribution and the num-
ber of people estimated to be infected or at risks have not reduced. Approximately, over 600 mil-
lion people in tropical and subtropical countries are at risk and of those infected120 million are
symptomatic with 20 million having severe manifestations. Schistosomiasis is endemicin many
countries, notonly insub-Saharan Africa, but the Middle East, Far East, South and Central Amer-
icaand the Caribbean.Itisendemicinabout76 countries of the world including Nigeria. Present-
ly, anestimated 3 million Nigerian children aged between 5 and 14 years areinfected.

Endemic distribution: Ten species of schistosomes can infect humans out of seventeen
recognized species, but a vast majority of infections are caused by Schistosomamansoni, S.
japonicum and S. haematobium. Today, 85% of the numbers of infected people live in sub-
Saharan Africa due to ignorance, cultural beliefs and practices and water contact patterns
where S. mansoni, S. haematobium and S intercalatum are endemic. Livestock such as cattle
harbour Schistosomabovis; sheep harbour Schistosoma curassoni among others. The crucial agent
perpetuating this disease is the water based snail intermediate host, flourishing in slow moving
waters of man-made lakes, dams, irrigations channels and other fresh water bodies important
for increasing agricultural production in developing countries.
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In Nigeria, Bulinus globosus (Morelet) and Bulinus rohlfsi (Clessin) are intermediate hosts of S.
haematobium and they are widely distributed.

Symptoms: In the early stages of infection, symptoms include cough, headache, loss of
appetite, aches and pains, and difficulty in breathing usually followed initial skin irritation.
Nausea is common in more advanced infection, accompanied by haematuria and in some cases
renal obstruction. S. haematobium infections usually come with haematuria, leukocyturia,
urinary tract complaints, tender abdomen and supra-pubic tenderness whose outcome include
chronic iron deficiency anaemia, scarring, deformity of the ureters and bladder, and chronic
bacterial super infection. These could lead to severe damage of urinary tract organs, and
ultimately to renal failure. Schistosomiasis generally is insidious, it begins harmlessly but the
end can be fatal if no attention is given to it at the onset.

Medical treatment: Current medical management of bilharziasis relies on praziquantel, some-
times in combination with oxamniquine. Praziquantel (Biltriciide®, Bayer AG, Germany) a het-
erocyclic prazino-isoquinoline, is highly effective against all species of schistosomes
pathogenic to humans. However, since its first use, praziquantel treatment has been noted not
tobe 100% effective in eliminating S. haematobium infection. In adult schistosomes, praziquantel
reduces vesication, vacuolization, and disintegration of the tegument. It also causes mature
schistosome eggs to hatch. Immature eggs remain unaffected and continue to develop to matur-
ity. Inlongitudinal studies, bladder wall pathology and hydronephrosis have been found to re-
gress upon treatment, especially in active phases of the infection. However, if chronic stricture
of the ureters has occurred, no significant reduction of the renal collecting system may result. In
such a case, surgical intervention including mechanical dilation, resection, re-implantation, for-
mation of anileal ureter, and even nephro-ureterectomy may be required.

Another concern with respect to the future of praziquantel treatment is the ever-present worry
over the emergence of drug resistance. Praziquantel has been in use for 4 decades, during
which time it has been the drug of choice for many human and veterinary parasitic infections
worldwide. The European Commission has established an International Initiative of Prazi-
quantel Use to review reports of low efficacy in clinical trials in Senegal and Egypt, and reports
of resistant S. mansoni strain isolated in the laboratory. While investigations suggest that no
emergence of praziquantel resistance in S. haematobium has yet occurred, mathematical models
predict that such resistance can be expected to occur as early as 2010. As a consequence new
drug is being actively investigated.

Vaccines: No effective vaccine is yet available against any of the Schistosoma species. The
Schistosoma Genome Project, created in 1992, has begun to yield comprehensive understand-
ing of the molecular mechanism involved in schistosome nutrition and metabolism, host-
dependent development and maturation, immune evasion, and invertebrate evolution. New
potential vaccine candidates and drug targets are emerging.

The Life Cycle and Pathophysiology of S. haematobium: When eggs are excreted into fresh water,
they hatch to release motile, ciliated miracidia (embryos) that penetrate aquatic bulinid snails,
the intermediate host (Figures 1-3). Cercariae (larvae) emerges from the snails and penetrates
the skin of humans in contact with the water (Figure 1). The cercaria (now called schistosomu-
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lum) migrates to the lungs and liver, and after 6 weeks, the mature worms mate and migrate in-
to the pelvic veins to begin oviposition. The eggs penetrate small, thin-walled vessels in the
genitourinary system. During the active phase, viable adult worms deposit eggs that induce a
granulomatous response with the formation of polyploidy lesions. During this phase eggs are
excreted. An inactive phase follows the death of adult worms. No viable eggs are present in the
urine and large numbers of calcified eggs are present in the wall of the bladder and other affect-
ed tissues. As fibrosis progresses, polypoid patches flatten into finely granular patches.

A\ = nfective Stage
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Figure 1. Life cycle of schistosomes

2. Fresh water habitats harbouring snail hosts of schistosomes

Fresh water habitats can be divided into six (6) main categories having the following
characteristics.
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Shallow Pools: These are temporary rain filled depressions, approximately 0.5m in depth,
frequently with alow electric conductivity and no aquatic vegetation. Substrate may be laterite,
topsoil, sand or even granite. Excavations: These include borrow pits formed during road
construction and deep, hand dug excavations. It is devoid of vegetation and has low conduc-
tivity. The substrates include laterite or sandy subsoil. It retains water after rains.

Small earth dam: Consist of impoundments of seasonal streams with sparse vegetation.

River and Marshes: They are characterized by having fringing hydrophytic flora and gentle
flow. They are perennial, their water supply being regulated by dams.

Irrigation Channels: The substances are concrete or clay. The channels are frequently colon-
ized by aquatic flora such as Typhaipomoea and sedges.

Reservoirs and Lakes: These are major habitats ranging in surfaces from 10 ha — 17000 ha.
They undergo marked seasonal and long-term changes in water level. The aquatic vegetation
is poor, the main colonizing plant being Typha

Figure 2. Shell of a host snail (B.globosus) ©
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Figure 3. Shell of a host snail (B.rohlfsi) ©

3. Danger of schistosomiasis

Schistosomiasis cannot be eradicated worldwide at this time; neither will many of these
diseases be cured by sophisticated health care services, epitomized by medical technology and
large hospitals due to the insidious and complex nature of the disease. Instead the development
process itself will perpetuate them [2, 3]. Irrigation projects-designed to increase the standard
of living, agricultural production to improve quality of life are often planned in or near
breeding ground for vectors of water-related diseases. For instance, the prevalence of schis-
tosomiasis in many areas around the Aswan Dam in Egypt tripled after a constant bed of slow-
moving water in open irrigation channels was provided for the snail — an intermediate host
for the disease. However, a safe adequate water supply is generally associated with a healthier
population. When Japan installed water supplies in 30 rural areas, for example, the number of
cases of intestinal diseases there was reduced by 72% - (a rather substantial decrease) showing
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that schistosomiasis may be curtailed in endemic areas when major improvements in the
standard of living have been introduced together with control of snails and reduction in both
water contamination and contact.

Focus and attention on the new challenges in control programmes for schistosomiasis as well
as priority research areas in the new century include: (1) status of schistosomiasis control
programme; (2) progress in applied field research; (3) biology and control approaches of snail
host; (4) novel approaches for schistosomiasis control; (5) pathogenesis and mobility of the
disease; (6) immunology and vaccine development; (7) screening of population for chemo-
therapy in low transmission areas; (8) sustainable intervention methods in different endemic
settings; (9) impact of animal schistosomiasis on agricultural development and importance of
its control; (10) GIS/RS application and environmental changes that are very essential (3).

4. Continental distribution of schistosomiasis

Epidemiology of schistosomiasis refers to the prevalence, incidence and intensity of infection
by a particular schistosome in man or animal. The prevalence rate gives the proportion of
subjects who are infected at a given point in time, while intensity of infection” is a measure of
vector burden of a subject or a group of subjects. On the other hand, the incidence rate indicates
the proportion of initially uninfected subjects who become infected during a given period.
Within an endemic area, focal transmission of schistosomiasis, whether human or animal, is
the most common while prevalence and intensity of infection vary widely from one locality to
another (4). Studies of the distribution of S. haematobium showed that it could be endemic with
prevalence rate of up to 85%. Prevalence of infection is usually lower in those areas closer to
the main roads than farther away, a pattern that usually coincides with urbanization including
but not limited to the distribution of piped water.

A previous cross-sectional epidemiological survey on intestinal schistosomiasis due to
Schistosoma mansoni in Wondo Genet, Southern Ethopia in 1999 was made to generate
pre-intervention parasitological and malacological baseline data to be used as a reference
in evaluation of community-based pilot control trial. The data obtained showed that for
a total of 3000 stool specimens, collected from school children enrolled in 14 schools and
microscopically examined using Kato method, the overall prevalence and intensity of
Schistosomiasis mansoni was 34.6% and 184 eggs per grain of stool (EPG) respectively.
Children excreting Schistosoma mansoni eggs were found in all of the 14 schools surveyed
with a prevalence of infection ranging from 1.9% in one school to 80.6% in another. The
overall prevalence of S. mansoni infection among males and females was 38.4% and
27.3%, respectively (P=0.0001. 95% C.I = 7.5% - 14.7%) whereas the intensity of infection
was 186 EPG and 181 EPG, respectively (P = 0.8045, 95 and C.I = 1.17% - 1.23%). Malaco-
logical surveys of 27 water contact sites revealed the occurrence of Biomphalaria pfeifferi in
8 sites out of which 3 harboured infected snails shedding Schistosoma cercariae. The re-
sult shows the necessity of initiating community-based sustainable control programme.
Similarly, (6) carried out a study on the feasibility and effectiveness of introducing active
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teaching methods into primary schools in Tanzania with a view to enhancing health edu-
cation. The focus was on personal hygiene with reference to the control of schistosomia-
sis and helminth infections. In a randomly selected group of children compared with a
comparison group, there was evidence of changes in both knowledge and health seeking
behavior. In a survey of urinary schistosomiasis and trichomoniasis conducted among
830 inhabitants of Ikao village, in Owan Local Government area of Edo State, Nigeria be-
tween October 1999 and February 2000, 178 (21.4%) of subjects excreted Schistosoma hae-
matobium ova in-their urine. School children were more infected than the farmers and
petty traders who unlike the school children do not arbitrarily get into water contact,
thus showing the importance of health education and personal hygiene. Males were no-
ticed to be more infected than females. Most of the inhabitants had infection, while in
all, urinary schistosomiasis and trichomoniasis co-infection occurred in the genito-urinary
tract of 14 (6.3%) female inhabitants.

Information on the prevalence of morbidity is needed for re-calculation of the Global
Burden of disease (WHO) due to Schistosomiasis. The data describes expression related to
logistic regression including associations between prevalence of infection and prevalence
of early morbidity (diarrhea, blood in stool and abdominal pain), hepatosplenic morbidi-
ty and later morbidity (haematemesis and ascitis). Diarrhoea, blood in stool due to S.
mansoni infection mainly occurs in communities with a high prevalence of infection. The
construction of George dams and reservoirs with changes in environmental conditions
will influence the chances for schistosome infection to human and animals to a high lev-
el. However, the most important factor in the epidemiology of schistosomiasis is the
common daily activities of villagers living in the endemic areas which constitute the risk
factors for infection. Severe disease is associated with advanced infection status with
signs and symptoms of portal hypertension dominating the clinical situations, and death
is usually due to bleeding from ruptured esophageal varices [6, 7, 8,9 ]

4.1. Advancement in methodologies for schistosomiasis survey

Recent advances in schistosomiasis epidemiological surveys have resulted in the develop-
ment of models such as Geographic information system (GIS) risk models for the snail-
borne diseases caused by Schistosoma spp. and Fasciola spp. based on climate and
satellite — retrieved data on temperature and vegetation coverage, making it possible to
describe a relationship between vegetation index (Normalized Differences Vegetation In-
dex (NDVI), land surface temperature (T(max) and disease prevalence, but with little ref-
erence to the distribution of the corresponding intermediate host snail, despite it is a key
factor determining distribution of the disease in sub-Saharan Africa. Indeed a good snail
distribution mode would probably mirror the endemic area of schistosomiasis. Snail dis-
tribution data corresponds with schistosomiasis prevalence data in relation to a forecast
model based on NDVI and T (max) data derived from the Advanced Very High Resolu-
tion Radiometer (AVH RR) on board the National Oceanic and Atmospheric Administra-
tion Satellite Series. The ‘best fit’" model included NDVI values from 125 to 145 and a T
(max) data range of 10-32 degrees C. These model included 92.3, 90.4 and 94.6% of the
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positive snail sample sites in GIS query overlay areas extracted from annual, dry season
and wet season composite maps, respectively in Ethopia. For other sites in Africa, other
NDVI and T (max) ranges may be more appropriate, depending on the species of snails
present.

Similarly, In a 4 year study a geographic information system (GIS) risk model for pre-
dicting the relative risk of schistosomiasis in Kafr Elsheikh governorate, Egypt was con-
structed. The model, using data collected on snail population bionomics-infection rates,
water quality, underground water table and cercariometry at 13 hydrologically represen-
tative sites enabling the study of role of soil type, water table and water quality at 79 of
154 rural health unit sites, validated previous models. The model permitted retrieval of
relevant data by RHU 10 (rural health unit) point location. The model for the first time
in Egypt supported Ministry of Health efforts to make more accurate control programme
decisions based on environmental predilection sites of endemic Schistosoma mansoni. The
possible utilization of acute phase proteins (APPs) in predicting severity of urinary schis-
tosomiasis among infected subjects has also been canvassed.

Presently, there is a global network for the control of snail borne diseases using satellite
surveillances and GIS. It came from a team residency sponsored by the Rockefeller Foundation
in Bellagio, Italy, 10-14 April 2000, where an organizational plan was conceived to create a
global network of collaborating health workers and earth scientists dedicated to the develop-
ment of computer-based models that can be used for improved control programs for schisto-
somiasis and other snail-borne diseases of medical and veterinary importance. The models
consist of GIS methods; global climate model data, sensor data from earth observing satellites,
disease prevalence data, distribution and abundance of snail hosts, and digital maps of key
environmental factors that affect development and propagation of snail-borne disease agents.
The collaboration plan calls for linking a “central resource group’ at the World Health Organ-
ization, the Food and Agricultural organization, Louisiana State University and the Danish
Bilharzias Laboratory with regional GIS networks to be initiated in East Africa, South Africa,
West Africa, Latin America and South Asia. An Internet site, www.gnosis GIS. Org (GIS
Network on Snail borne infections with special reference to schistosomiasis) has been initiated
to allow interaction of team members as a “virtual research group”. The sites point users to a
tool box of common resources resident on computer at member organizations, provide
assistance on routine use of GIS health maps in selected national disease control programme
and provide a forum for development projects and climate variation and the advancement
through computerized models such as Remote Sensing (RS) by earth observing satellite, a
technology particularly well suited to pinpointing constraining endemic factors. Imaging
techniques such as ultrasonography echo Doppler cardiography, computerized tomography
(CT scan) and Magnetic Resonance Imaging (MRI) introduced a new perspective, and
expanded our knowledge on morbidity [ 10,11, 12,13,14].

4.2. Morbidities associated with schistosomiasis

Three well-defined syndromes caused by Schistosomiasis infections have been revealed. The
syndromes are the stage of invasion, acute schistosomiasis (katayama fever), and chronic
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schistosomiasis. The complications of the acute and chronic syndromes have also been
reported, namely pulmonary hypertension, neuroschistosomiasis, association with salmonel-
la, and association with staphylococci, viral hepatitis B and glomerulonephritis. In most
individuals with hepatosplenic schistosomiasis the spleen is increased in size. Intestinal
schistosomiasis in individuals with low worm burdens is very difficult to diagnose and
therefore laborious to control. There is strong epidemiologic evidence linking Schistosoma
haematobium infection with carcinoma of the bladder, the utility of cytological screening for
urinary tract cancer has not been critically evaluated in S. haematobium — endemic populations.
S. haematobium infection is regarded to be associated with increased risk for cytological
abnormality such as metaplasia and hyper keratosis. Correlation exists between metaplasia
and S. haematobium infection prevalence early in life. Morbidity results from granulomatous
response to S mansoni eggs deposited in peripheral portal veins.

The resurgence and emergence of old and new infectious diseases in twenty first century is a
major source of morbidity and mortality. Recent among these are HIV/AIDS, hanta virus
pulmonary syndrome, lyme disease, haemolytic uremic syndrome, rift valley fever, dengue
haemorrhagic fever, malaria, cryptosporidiosis and schistosomiasis. Related to this are the
treatment modalities which include permissive use of antibiotics, the industrial use of
antibiotics, demographic changes, social behavior patterns, changes in ecology, global
warming and the inability to deliver minimal healthcare and the neglect of well established
public health priorities that is a source of major concern globally. Since the distribution of
schistosomiasis is focal, then if the resources available for control are to be used most effec-
tively, they need to be directed towards the individuals and/or communities at highest risk of
morbidity from schistosomiasis [15, 16].

5. Approaches in schistosomiasis control

The use of chemotherapy plays a leading role in the control of schistosomiasis. Snail control
by the use of molluscicides is being explored in integrated control programmes. The level of
effectiveness of this method however, is still subjective.It has been shown that male and female
schistosomes’ exhibit regional and sexual differences in susceptibility to chemotherapy that
represent a form of evasive strategy of the parasite. The control of schistosomiasis therefore
by molluscicides is linked to the interdependence of immunotherapy and chemotherapy. Mass
chemotherapy alone in regions of high prevalence, may provide good results initially, but it
might be unable to give a lasting effect due to great environmental variations., hence, the need
for back up approaches such as snail control.

For snail control, molluscicides such as frescon, sodium penta chlorophenate, organotin,
dinitrophenol, carbamates, niclosamide and copper sulphate are effective against aquatic and
amphibious snails and their eggs.

Combining low doses of praziquantel and oxamniquine (5 the curative dose of praziquantel
plus %5 the curative dose of oxamniquine) for instance can result in potentiating effect in
animals receiving combination therapy. Also low concentration of aridanin (0.25 mg/ml)
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reduced the production of cercariae by snails already shedding cercariae. Aridanin and Aridan
both produced profound reduction in the worm recovery of mice infected with pretreated
cercariae of S. mansoni and S. bovis, showing its efficacy at reducing the transmission of
schistosomiasis at different stages of the schistosome development.

It has been reported that snails infected with S. mansoni and S. bovis and fed with a food -
praziquantel mixture - stopped shedding cercariae for several days. Histological studies
showed that at the exact moment of this treatment, there was a total destruction of many nearly
mature cercariae. But it has also been shown that through genetic crosses between phenotyp-
ically resistant and sensitive schistosomes’ resistance to hycanthone and oxamniquine by
schistosomes is a common occurrence and that it behaves like a recessive trait, thus suggesting
that resistance is due to the lack of some factors. Presently, advocacy is for the appropriate
application of a schistosomal vaccine, which when it becomes available will expedite the
eradication of this parasite infecting greater than 200 million people and livestock [17, 18].

6. Survey, identification and distribution of species of snail hosts, in
Nigeria

Certain species of African fresh water snails are exceedingly important both from a medical
and veterinary viewpoint. However, there is dearth of literature through which these snails
can be identified in a reliable manner according to species. This is so as more species are still
being discovered. Snails” species are however identifiable using criteria spelt out in the bulletin
published by WHO snail identification center, Danish Bilharziasis Laboratory. The bulletin is
a field guides to African fresh water snails [19, 20]. Snails of interest could be identified by the
following criteria:

Bulinus rohlfsi (Clessin):

It is usually 11 x 7.7mm when fully matured but frequently smaller. The shell is usually very
light, almost white and with a low spire. The distinctly arrowhead shaped mesocone of the
lateral teeth only partially separated from the endocone.

Bulinus globosus (Morelet):

It is usually in the range of 16 x 12mm and 22.5 x 14mm but sometimes larger. The distinctive
character is the copulatory organ with a vergic sheath, which is not wider than preputium.

With a few exceptions all mollusks of medical or veterinary importance live in fresh water.
According to their great age, several of the families have an almost worldwide distribution.
Some are represented on all continents while others are missing only in South America or
Australia. Others are only known from the tropics but then, as a rule, are found in the New as
well as the Old World. Almost all members of one and the same family of fresh water mollusks
are often to great extent alike, no matter from where in the world they descend [21,22].

The determination of species is often a very difficult problem, and without sufficient experi-
ence with regard to the family and country in question, correct identification is almost
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impossible except by the use of good field guide. This is due to two factors, i.e. partly the great
variability found within most freshwater mollusks and partly the lack of good distinctive
characters. B. globosus is an infrequent species in Kano State, being found in well established
rain pools and restricted to the South of the 12° parallel. It is present in Borno State. The
distribution of B. rohlfsi is widely reported in Kano and in Ibadan and Akure in South West,
Nigeria [23, 24] and in area such as Epe in Lagos State.

In these areas, temporary water bodies (being tropical zone) are the principal foci of trans-
mission of schistosomiasis in humans. Perennial habitats were important transmission sites
that represent only a small portion of the overall problem [25].

7. Ecological factors affecting intermediate snail hosts

A combination of both abiotic and biotic factors exert their influences on the fecundity and
hence population density of snails in a given habitat. The effects of the two are interrelated
and are discussed in the following sections.

7.1. Fresh water malacology

With a few exceptions, all mollusks of medical or veterinary importance live in fresh water.
Through familiarity with the snails and bivalves within a certain area, mere looking at the shell
can help determine from which lake or river an individual snail originates. This is due to the
fresh water mollusks being influenced to a high degree by the environment under which they
live. Most fresh water mollusks prefer stagnant or slowly running water. On the exposed
shores of big lakes and in fast-flowing rivers there are few if any pulmonates whereas
prosobranchs and bivalves may be present. They are usually lacking in very acid or alkaline
water, but apart from these exceptions they can be found in all types of freshwater bodies from
the greatest lakes to small rainwater pools. In great lakes they are most plentiful in sheltered
bays with shallow water, but sometimes they live at greater depths, down to 10 meters or more
for pulmonates and 150 — 200 meters for prosobranchs and bivalves. When these snails are
absent at greater depths, the reason is lack of oxygen [26,27].

According to this report, smaller lakes, ponds, and sluggish streams are the preferred
habitat for most of the species. Presence of water lilies, as a rule is indicative of good
conditions for snail life while Nile lettuce seems to indicate poor conditions. Papyrus
swamps are also regarded as bad habitats. Certain species of freshwater pulmonates
(snails) are known to live preferably or entirely in temporary pools, even in pools that
hold water during only a few months of the year. It is known that many populations of
fresh water pulmonates are subjected to great fluctuations, which means that species
abundant at one visit might seem to be very scarce a few months later. Repeated visits
are therefore advised to be sure that all species have been found, even in small ponds. It
has been noted that temporary water bodies in the tropical zone are the principal foci of
transmission of schistosomiasis in humans. Perennial habitats are regarded as important
transmission sites that represent only a small portion of the overall problem.
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8. Habitat water chemistry parameters, snail’s availability and spread

Although the influence and effect of ecological physico-chemical properties of fresh water
(water chemistry) on snails availability, distribution and survival is in no doubt, yet no clear
picture has emerged on the overall influence they exert. Usually a very few distinct relation-
ships exist in snail ecology and there is a general lack of precise data. It is very difficult to define
and evaluate the significance of an individual environmental factor- whether physical,
chemical or biological when all may be mutually affecting one another and their combined
effect influencing a particular species or population. Fresh water snails are capable of adapting
to wide range of environmental conditions such as water bodies with moderate organic
content, little turbidity and substratum rich in organic matter and moderate light [28]. It is
known that major changes in patterns of transmission (i.e. availability of infected snail hosts)
occur after man-made disturbances of the ecosystem, whether by physical or chemical changes
to the environment. Works on the chemistry of water in different snail habitats (29, 30, 31) in
Nigeria and other countries indicate that most snails are tolerant of water differing greatly in
chemical content.

An outbreak of intestinal schistosomiasis reported at Richard — Toll, 130km from the dam of
Diama, Senegal, was the first sign that the ecological changes caused by the dam had an impact
on the prevalence of schistosomiasis. Since the main functions of the Diama dam were
prevention of seawater intrusion, provision of a reservoir of fresh water for irrigation and
domestic supply of water for municipal use in Dakar, it was suspected that it was likely that
the dam induced both physical and chemical environmental changes. In addition to increasing
the number of water bodies around the area, the Diama dam prevented salt-water intrusion
into the river and the marigots of the Delta, thereby creating new habitats in areas previously
unsuitable for fresh water snails [31].

In July 1983, salinities as high as 19.9% were recorded in the Senegal River at Richard — Toll
[32,33] showed that the dam caused a gradual softening of the Lac de Guiers water: water
mineralization has decreased 20% in the Northern part and nearly 50% in the Southern region.
At the same time the formerly important yearly variations in salinity have distinctly dimin-
ished. However, because of the dearth or non availability of physical or chemical data from
selected transmission sites at that time, it was concluded that it will be difficult predicting how
the expected ecological changes influence snail habitats, especially since it is usually not
possible to predict colonization of a particular habitat through chemical analysis of its water
content. Interesting results have been obtained showing that the hatchability of eggs, the
fecundity and survival of adult B. africanus had been adversely affected by salinities as low as
1.0%, with the most significant reductions occurring between 3.5% and 4.5% [34]. From other
recent studies it also appeared that trematode parasitism reduces the salt tolerance of the snail
intermediate hosts. A decrease in hatching of schistosome ova with increasing salinity has also
been observed. Poor survival of B globosus hatchings in water with a conductivity of 125us is
known. B. truncatus is adapted to hard water, in contrast to Biomphalaria sp. Another indication
that salinity may have been one of the major reasons for the low prevalence of schistosomiasis
in the Senegal River Basin Delta (SRB) was the existence of an endemic focus for S. haematobi-
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um infections in a village of Lampsar, 20km from the Atlantic Ocean. There B. Senegalensis and
B. globosus were the likely intermediate hosts for S. haematobium. The probable reason for the
presence of these bulinid species was the existence for a long time (more than 50 years) of
several barrages on the Lampsar River that prevented salt intrusion from the Senegal River.
There is, however, conflicting evidence on the role of salinity. The spreading of B globosus in
the Lampsar River is said to be linked to more stable levels of water bodies and increased
irrigation channels rather than reduced levels of salinity. In contrast, in the transmission sites
directly associated with water bodies in the Delta, reduction in salinity may play a role in
further spread of schistosomiasis. Thus, due to all these ecological changes, areas previously
unsuitable for fresh water snails are now providing ideal habitats. The results of these changes
are not only increases in the size of existing snail populations, but also spread and colonization
of these new habitats by other bulinid species. Influences from the parameters from various
types of snail habitats in SRB (Senegal River Basin) showed no significant variations in values
between the dry and rainy season except that temperatures were higher in the month of
October; but pH and conductivity remained within the levels of tolerance for bulinids.
Although the focal distribution of schistosomiasis is linked to water resources development,
the factors contributing to local variations in prevalence and intensities of infection are not yet
understood. No evidence in the Transvaal supported claiming that the chemical composition
of natural unpolluted water plays any part in determining vector snail habitats but that
pollutions (such as the presence of sewage or industrial wastes) and turbidity appear to have
adverse effects on bilharziasis vectors. Long term population fluctuations are greatly affected
by spates (flooding) associated with heavy rainfall, which of course will increase the turbidity
of the water bodies so affected. In the model developed, they observed the population
dynamics of the fresh water snail B globosus such as abundance changes, recruitment rates, and
mortality rates for adult snails in river habitats in Zimbabwe was such that the rate of recruit-
ment into the adult population is dependent on temperature, incorporating a time lag to allow
for growth to adult size using the mathematical model. It has been observed that the flood that
was likely to occur as a result of constructions of three (3) George Reservoirs in Yangtze, China
which could interfere with the development of snails, with the flushed beaches and migratory
settlements at certain attitude becoming snail habitats, making the reservoir area, a potential
transmission area of schistosomiasis due to dispersal of infectious resources. Also in a UNDP/
WORLD BANK/WHO special programme for Research and training in Tropical Diseases
results showed that climates and topography effectively restrict vector —borne infections to
certain geographical areas, a clear illustration of how strongly the spatial distributions of these
diseases rely on environmental factors. This then call for detailed study and analysis of various
physico-chemical parameters in snail ecological habitats, for the purpose of better under-
standing of how the diseases they transmit could be checked effectively.

8.1. pH of water bodies

Low pH could be harmful to snails. This is due to the possibility of denaturation of the mucus
on the exposed skin surface; extremes of pH i.e. low as well very high pH will be harmful to
these snails as both could denature the glyco proteins (mucus) on their exposed skin surface.
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8.2. Alkalinity

This refers to the (carbonate) CO,* and (bicarbonate) HCO; content in the water bodies.
Concentration of 50mg/L is regarded as weak, 100 mg/L as medium while 200mg/L is regarded
as strong (34,35).

8.3. Total Dissolved Solids (TDS)

The presence of sewage or industrial wastes in waters bodies is regarded as an important factor
in determining vector snail habitats, as they constitute pollutions and snails could only adapt
to water bodies with moderate organic content. Water bodies may contain suspended solids,
inorganic, organic chemicals, biodegradable organic matter, pathogenic microorganisms, and
metals. Pathogenic microorganisms and indicator pathogens are found in high concentrations
per gram of raw sewage, and if allowed to accumulate and sit, untreated water produces
malodorous emissions as a result of decomposition of organic material.

Solids in water bodies are usually measured as solid, total and dissolved total solids. A
typical water body contains solids, total as 350mg/L (Weak), 720 mg/L (Medium) and
1,200mg/L (Strong) while TDS in the range of 250mg/L (Weak); 500mg/L (Medium) and
850 mg/L (Strong) [35,36].

8.4. Color

Pure water is colorless but the presence of pollutions in water bodies give rise to varied colors.
It has been observed that vector snails appeared to prefer clean, clear water bodies to colored
water [24].

8.5. Turbidity

Snail vectors are generally intolerant of high turbidities. Intermediate host snails found in most
cases in naturally turbid water tend to decrease as the turbidity of the habitat pool increase. It
has also been shown that while a turbidity of 360mg/L (due to suspended mineral from granite
erosion) did not affect snails themselves, it prevented development and hatching of B.
pfeifferi eggs [37]. It was noted that both B. globosus and Lymndea natalensis are tolerant to this
concentration of suspended particles as their eggs hatch normally at a level of 190mg/L. The
water composition of most snail habitats is usually eutropic, having some dissolved organic
materials showing that snails are negatively affected by turbid water.

8.6. Total hardness

This is indicated by the total concentration of Ca* and Mg? ions present in water bodies,
different concentrations of calcium and magnesium ions affect the mortality rates of snails
while egg production by B. pfeifferi kept in both natural streams and artificial culture medium
with high magnesium (Mg*) and Ca*) ratios (12:4 and 19:7 respectively) is usually reduced.
B. truncatus is adapted to hard water, in contrast to B. pfeifferi. This fact may help to explain
the reason why B. truncatus was fairly widespread in the Delta (Senegal River Basin) prior to
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the building of the Diama dam. The existence of a relationship between the occurrence of B.
pfeifferiand B. globosus and low stretches of watercourses over rocks with hardness of 5 or more
in Mohs’ scale of hardness in the South —eastern Transvaal, suggesting adverse effects of hard
water on the thriving of snail hosts.

8.7. Chloride ion (CI)

The concentration of this ion is a measure of salinity of a particular water body. Salinity has
been reported to exert great influence on the availability of vector snails in a given habitat. The
hatchability of eggs and the fecundity and survival of adult B. Africanus had been adversely
affected by salinities as low as 1.0% with the most significant reductions occurring between
3.5% and 4.5%, salinity even in low value plays a major role in the low prevalence of schisto-
somiasis in Senegal River Basin Delta, where the construction work brought about reduction
in salinity resulting in new outbreaks of both intestinal and urinary schistosomiasis in the area.
A decrease in hatching of schistosome eggs with increasing salinity has also been observed.
Concentration of 30mg/L is regarded as weak, 50mg/L as medium and 100 mg/L as strong
[34,35].

9. Study sites

Fresh water bodies namely: Kanye and Rimin Gado dams (Kano), Lagoon front (Unilag,
Akoka, Lagos) and Oyan dam (Ogun-Osun river basin, Abeokuta) were surveyed for 3 years.

Two snail species (Bulinus globosus and Bulinus rohlfsi) were searched for and collected quarterly
(May — August and November —February) in these sites because they are established sites for
these snails. However, this is the first time the presence of these snails will be reported at the
Lagoon front, University of Lagos.

9.1. Kanye and Rimin Gado

Kanye is a small village, located about 45km west of Kano city. The Kanye dam is about 600 x
800 m in size, with a shallow flat and steep margin and 100% exposure to sunlight. The
vegetation consists of the aquatic plant Chara sp, which grows luxuriously during the dry
season. Also present, is the aquatic flora, sedges and waterweeds, dense Najas sp. and moderate
Typha sp. The snail species such as B. rohlfsi, B. globosus and Biomphalaria pfeifferi are abundant
in Kanye and Rimin Gado dams, which serve as a major domestic source of water supply to
the inhabitants, as only few public taps, which do not run regularly, are available. Laundry,
bathing and cattle grazing are pronounced around the dam. The second dam, located at Rimin
Gado and designated as Kanye II is located some 20km West of Kano city. The dam is a
reservoir of a shallow impoundment of a small seasonal river. It is about 500m x 800m in size.
The exposure of the surface to sunlight is 100%. The substrate is a fine sandy soil, topped by
a thin layer of clay and humus. It has the same vegetational features as Kanye (I) and contains
same snail species. Human interference through laundry, bathing, farming and animal grazing
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is very prominent.Species of B. globosus and B. rohlfsi were collected there and water samples

were taken.

208/07/07

\

Figure 4. Rimin Gado dam, Rimin Gado area, Kano, Kano state, Nigeria.

9.2. Lagoon front, University of Lagos

The Akoka Campus of the University of Lagos, an area of about 320 hectares located in the
North East of Yaba Lagos, was a part of study area. Acquired in 1962, the acquisition notice
gave the extent as 807 acres. The 320 hectares of the University of Lagos Land comprises of 174
hectares of good building ground and 146 hectares of swamp or swampy area. The swamps
are divided into the northern swamp which covers an area of 61 hectares, eastern swamp 24
hectares, southern swamp 40 hectares and the center — finger swamps 16.5 hectares.
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The Akoka Campus of the University of Lagos is located on latitude of 6°22'N - 6° 44'N and
longitude of 3°29’E. It is bounded in the west by the Ogbe River (traversed by a bridge between
Abule Oja and the main gate of the University), in the North by Akoka Ilaje, in the South by
Iwaya and East by the Lagos Lagoon.

The campus being located in the center of Lagos has the same climate as Lagos. The climate of
Lagos is of the equatorial type. All the year round, temperature is usually above 65°F and
average 85°F. There is minimal seasonal variation of about 10°F between the hottest month
(March) and the coolest month (August). Relative humidity is usually between 80% and 100%
dropping to about 70% in the afternoon during the dry season. April to October marks the
extent of the rainy season with an average annual rainfall of 1830mm. Despite the relative
flatness of the area, spatial variation is great.

9.3. Oyan Dam (Ogun-Osun river basin authority, Abeokuta)

The Oyan Reservoir is located on Latitude 7° 14” N and Longtitude 3° 13” E, at an elevation of
43.3 m above sea level. It has a catchment area of approximately 9000km? within the southern
climatic belt of Nigeria. The belt is characterized by a rainy season of about eight months
( March — October) and a dry season of about four months (November — February); a mean
annual precipitation of 1000 — 1250 mm a mean relative humidity of 75% - 100% and a mean
annual temperature of about 30°C.

The soil is generally composed of crystalline acid rocks of the ferruginous tropical type that
have been moderately to strongly leached with low humus content. It is characterized by weak
acidic toneutral surface layers and moderately to strongly acid sub-layers. The area falls within
the ‘Ibadan Group” which overlies the metamorphic rocks of the basement complex [38].

The vegetation is mainly savanna of the low forest type. This is characterized by sparsely
distributed short trees in a predominantly grass land, as a result of timber lumbering, bush
burning and cultivation of an original rain forest.

10. Methods

10.1. Collection and selection of experimental snail samples

10.1.1. Procedures

Snail sampling for species of Bulinus globosus and Bulinus rohlfsi was carried out quarterly (May
— August and November - February) during dry and rainy seasons using standard technique
involving drag scoop supplemented by manual search. The contents of the scoop were
searched by visual inspection and by inspection of the underside of boats, bamboo rafts,
floating and submerged sticks and vegetation. All snails collected from each station (i.e. scoop
and manual searches) were pooled and recorded as number of snails per site per quarter. All
snails were identified (Tables 1 and 2).
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Dam B. globosus B. rohlfsi
Rimin Gado & Kanye 293 450
Oyan 259 83
Lagoon front 158 0
TOTAL 710 533

Table 1. Total Snail catch from the study sites surveyed.

Parameter Kanye Dam Rimin Gado Lake Lagoon Front Oyan Dam
Snail species Glob Rohl Glob rohl Glob rohl Glob rohl
Snail catch 188.0 | 340.0 105.0 | 110.0 1580 | 0.0 259.0 83.0
PH at 25°C 7.2 7.3 72 5.6 5.9 6.9 5.6 7.5
Total alkalinity 1200 | 120.0 2180 | 209.6 108. | 180.0 47.0 49.0
(CaCO3) (mg /L)

Total dissolved solids 1584 | 160.2 596.6 | 618.8 296.4 | 301.2 205.8 208.2
(TDS) (mg/L)

Total Hardness (mg/L) 47.0 | 49.2 66.8 96.9 96.0 87.4 133 13.5
Calcium (mg/L) 40.0 | 42.0 29.3 30.2 324 | 289 7.6 75
Magnesium (mg/L) 7.0 7.2 37.5 66.7 63.6 | 585 57 6.0
Salinity (%) 14.3 | 139 14.7 14.1 278 | 281 2.8 2.6
Turbidity (m) 52 |50 42 6.8 3.6 37 1.0 0.9
Colour (NTU) 10 10 15.0 25.0 100 | 15.0 10.0 10.0
Biochemical Oxygen 5.0 5.8 195 20.2 14.2 14.8 5.0 4.8
demand (BOD) (mg/L)

Dissolved Oxygen 4.5 4.7 6.2 53 2.5 2.7 53 5.6
(mg/L)

Glob: B. globosus snail caught in the surveyed water bodies

Rohl: B. rohlfsi snail caught in the survey water bodies

Table 2. The median values of some physico-chemical properties of surveyed water bodies.

11. Result

Survival of snails collected during the dry season subjected to aestivation for 30 days at 25°C
was 20 B. globosus out of the 30 used representing 67.0% survival and 10 dead representing
33.0%.Similarly, 16 B. rohlfsi representing 88% survival while 2 or 12.0% died.
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26 B. globosus or 87% survived while 4 or 13.0% died during starvation for 30 days, while 18
or 78.3% of the 23 B. rohlfsi survived while 5 or 28.0% died. No mortality was recorded in the
control (fed) group.

During rainy season however, 16 B. globosus or 94.0% survived aestivation while 14 B. rohlfsi
or 82.0% survived 27 B. globosus representing 90.0% survived starvation while 23 B. rohlfsi
representing 76.0% survived starvation respectively.

Four B. globosus or 4.0% that were dead in the control group while 9 B. rohifsi or 10.0% were
recorded dead in the control group.

B. globosus in the control group survived best followed by B. rohlfsi in the same group.
Aestivating B. rohlfsi survived the least.

Surviving snails were found buried at different depths (0.2-12.0mm) in the soil mixture while
their aperture were filled with mud and were deeply retracted into the shell).

Survival was better during rainy season. The ecological conditions could be more suitable
during this period survival for B.globosus under starvation was poor during dry season
compared to rainy season while both species under feeding survived best during dry season.

There was no definite pattern in the survival but it appears that survival may be indirectly
related to the infection of these snails with schistosomes.
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1. Introduction

Parasitic diseases, among which schistosomiasis and soil-transmitted helminthiasis (anky-
lostosomiasis, ascariasis and trichuriasis), affect more than two billion people through the
world (WHO, 2012). These diseases occur mainly in tropical regions, are real public health
problems, and have a negative impact on socioeconomic development (WHO, 2008).

Cote d’Ivoire, located in West Africa, is not spared. Many parasitic diseases exist in this
country. Schistosomiasis is widespread (Doumenge et al, 1987; N'Goran et al., 1997;
N’Guessan et al., 2007; Raso et al., 2005; Utzinger et al., 2000; WHO, 2011) with prevalence
generally higher in communities around the water projects built to solve the problems of
electrical safety and / or food (Steinmann, 2006). As for soil-transmitted helminthiasis, there
is very little data on the prevalence and intensity in Cote d'Ivoire. But according to the
WHO, they are common throughout the territory [WHO, 2010.3]. The available data show
that the prevalence of hookworm infection may reach 100% in endemic communities in Cote
d'Ivoire, 71.6% of ascariasis and trichuriasis 24%. Concerning soil-transmitted helminth in-
fections, hookworm is the main parasite of our study area with 50% prevalence and less
than 10% for other affections (N’Guessan, 2003).

In this study, we seek lasting solutions to fight against schistosomiasis and soil-transmitted
helminthiasis in the ecoepidemiological context of a large dam. Our results can be extrapo-
lated in similar epidemiological settings elsewhere in Cote d'Ivoire, and other African coun-
tries. To this end, our investigations were conducted in the locality of Taabo-village
straddling the area of forest and savannah woodland. The set of two areas represents 2/3 of
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the different vegetation types encountered in this country. Parasitological monitoring con-
ducted, in such eco-epidemiological context, for two consecutive years of annual mass treat-
ment revealed a high prevalence of urinary schistosomiasis among school children.
Prevalence ranged from 94% to 74% at the beginning to the end (N’Goran et al., 2001). More-
over, the evaluation of reinfection of Schistosoma haematobium in various eco-epidemiological
systems has shown that it is faster in the context of large dams. The high prevalence and
limited reductions after mass treatments could be explained by the almost continuous trans-
mission of this parasite (N'Goran et al., 2001; N’Guessan et al., 2007).

The example of Taabo-village located near the large dam Taabo where urinary schistosomia-
sis is a real public health problem is remarkable (N'Goran et al., 1997 and 2001). Given the
importance of this disease at Taabo-village, which approach control could put important
pressure on large and sustained transmission of S. haematobium and hope to significantly re-
duce the morbidity due to urinary schistosomiasis?

In this perspective, a preventive approach and the fight against disease caused by schis-
tosomiasis and soil-transmitted helminthiasis as recommended by the World Health Or-
ganization (WHO, 2003, 2004 a and 2004b) were implemented. We believe that the
communication for behavior change associated with the ongoing management could al-
low a significant decrease in the prevalence and morbidity of these diseases. To do so,
parasitological surveys were conducted in schools before and after a control action to as-
sess the epidemiological situation. Then, teachers and Community Health Workers
(AUC) were trained to educate and support consistently the population. Finally, sociolog-
ical surveys were conducted to determine the perceptions and human factors in risk as-
sociated with the endemicity of these diseases.

2. Methods

2.1. Study area

The Taabo dam is located in south-center of Cote d'Ivoire, on the river Bandama in degrad-
ed forest area. Its construction was completed in 1979 (Sellin B. and Simonkovich, 1982). It
has a maximum depth of 34 m and a dam of 7.5 km long. The water reservoir is 630 million
m° and an area of 69 km? It is used to generate electricity. Taabo- village is 0.5

km far from the lake (Figure 1). This study area includes 3 929 inhabitants from the database
collected in 2009 by the Demographic Surveillance System of Taabo (SSD).

2.2. Parasitological surveys

From the list of the two primary schools of the study site, a school was chosen according to
the largest number of students. In the selected school, about 60 students at the rate of 10 per
classroom from the first year of the primary (CP1) to the last year (CM2) were selected by
lottery for the baseline survey and the second survey. Participation in the study was volun-
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tary. Parents or guardians of selected children were invited to sign a written informed con-
sent after explanation of the objective of the study and procedures by investigators.

Burkina Faso N

Céte i
divoire .-

Cote d’Ivoire

1000 km

Leleble

Yamoussoukro ¥

Liberia Lac Taabo a",_

Taabo-village

Abidjan Ghana

Bandama river

\\/ Asphit road . Economic capital
Atlantic ocean * Administrative capital
- Taabo lake dam A Site of study

Figure 1. Overview of the study area

The selected school children participated in parasitological surveys conducted in April 2008
before treatment and on May 2009 after one year. In 2008 as in 2009, each student gave a
urine sample and a stool sample. These samples were taken between 10 a.m and 2 p.m.

The search for eggs of Schistosoma haematobium in each urine sample was performed by the
standard filtration of 10 ml of urine on a filter Nytrel ®, then the analysis of the filter under
a microscope after coloration with lugol (Plouvier et al., 1975). The eggs of Schistosoma hae-
matobium were identified and counted.

The stools were examined by the Kato-Katz technique, which involved analysis of 41.7
mg of stool under a microscope after plating and clarification by malachite green (Katz



52

Parasitic Diseases - Schistosomiasis

et al., 1972). The readings of the slides were made after 30 to 60 min for clarification in
order to observe hookworms in addition to other helminths. The eggs of Schistosoma
mansoni and soil-transmitted helminths (Ancylostoma spp, Ascaris lumbricoides and Trichuris
trichiura) were detected and counted by species. The intensity of infection was expressed
as number of eggs per gram of stool. After microscopic examination, a quality control
was used to check the consistency of results. Prevalences and intensities of parasites
were classified into three categories: mild, moderate and heavy according to WHO classi-
fication (WHO, 2004 and 2004a).

2.3. Training of teachers and community health workers (CHW) for awareness and
treatment

During a workshop held in 2008 at Taabo city, two teachers and one community health
worker (CHW), selected per locality and by their authorities, attended a course of half a day.
They were trained to use the awareness tools and prevention on the one hand and on the
other hand administration of praziquantel against schistosomiasis and mebendazole against
soil-transmitted helminthiasis. Then they received the tablets, treatment forms and media
for awareness and health education.

2.4. Awareness and treatment

The awareness, prevention and control studies were conducted in the two primary
schools by two teachers among the school-age populations and by a CHW among the
other community members. Everyone was aware of the opportunity to treat himself ac-
cording to his convenience because drugs were available to them from teachers and
CHW. Treatment (praziquantel and mebendazole) cost per student was 100 CFA francs
in schools and 150 CFA in community during the first year. At the end of the study, all
parasitized individuals were treated with praziquantel and/or mebendazole for free for
ethical reasons.

2.5. Sociological survey

The sociological survey concerned on the one hand the school-age children (children attend-
ing school or not) and on the other hand the general population, particularly the heads of
households. The selection of children attending school was done by a reasoned choice of 12
students per class from the first year elementary classes (CE1) to the last year of primary
school (CM2). As for children who do not attend school, they have been chosen unintention-
ally on the ground during the investigation. Based on the estimated number of households,
the quota of households to be interviewed has been determined. This survey was made after
the awareness and treatment. The majority of respondents are farmers and students, the sur-
vey took place when they were free i.e in the morning (from 6:00 to 10:00) and in the eve-
ning (from 16:00 to 20:00). We collected qualitative information from focus group and
quantitative information by questionnaire.
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2.6. Data analysis

The data were analyzed using STATA software, version 9 (Stata Cooperation, College Sta-
tion, Tx, USA). The various parasites were collected in two groups of diseases: schistosomia-
sis and soil-transmitted helminthiasis. For each condition, the prevalences and intensities of
infection were calculated for each survey. the 2008 data were compared with those of 2009
by comparison test of two proportions unrelated. The treatement results of the sociological
survey have been analised by the same test.

3. Results

Both parasitological surveys were conducted in Taabo-village 1 primary school, successively
in 2008 and 2009. The age group of school children who participated in the survey is be-
tween 6 and 15 years. The urine and feces analyzes of 114 school children have identified 62
(54.4%) school children infected. Among schoolchildren examined, 42.1% are infected with
schistosomes and soil-transmitted helminths by 28.9% (Table 1). At the baseline, 37.5% of
school children were carriers of at least one parasite against 70.1% a year later. The school
children infected in the second survey appeared to be significantly (P < 0.0001) more numer-
ous than those of the baseline survey, regarding schistosomiasis (P <0.0001). For soil-trans-
mitted helminths difference is not significantly (P = 0.131). Considering prevalence of the
parasitic species, Schistosoma haematobium attained 41.2% as judged by urine analysis, and
Ancylostoma spp. (27.2%) excreted in the feces. Trichuris trichiura (2.6%) and Schistosoma man-
soni (0.9%) were rarely observed following stool analyses. Based on prevalence, urinary
schistosomiasis is the main parasite of Taabo-village.

The intensities of infections reported in Table 2, indicate that whatever the year, the majority
of the population is infected with schistosomes i.e more than 75% have a mild infection (<50
eggs in 10 ml of urine for S. haematobium and <100 eggs in 1 g of stool for S. mansoni) (WHO,
2004). Heavy infections (= 50 eggs in 10 ml of urine for S. haematobium and > 400 eggsin1 g
of stool for S. mansoni) appear to be solely due to S. haematobium. As for those who are infect-
ed by soil-transmitted helminths, they all have a mild infection (Table 2). It is of note that the
intensities of infection of these parasites remained invariant after treatment.

Awareness, prevention and treatment were made by two teachers from the school age popu-
lation and a community health worker (CHW) to other members of the community. In the
general population of Taabo-village, the number of infected individuals is estimated at 70%
and yet only 12% were treated between 2008 and 2009 (Table 3). This low rate indicates that
there was no enthusiasm in general; however it was more encouraging in schools where
32.9% were treated against 8.2% in the village.

The sociological survey involved 176 people including 78 school-age children and 98 adults.
The quantitative information reported in Table 4 indicate that schistosomiasis and soil are
considered as diseases by over 65% of respondents. However, the majority states that these
parasites do not have serious consequences on their health and more than 95% confirms that
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they are not dreadful. The concept of illness and fear is determined by a set of characters
which are: immobility, pain, costly treatment, lack of effective remedy, contagiousness, disa-
bility, lack of knowledge of symptoms and rapid death. To fight against the parasites, the
most common practice (19.4%) is the association of pharmaceutical products and plants. In
the control project against the diseases in question, the community generally wants to or-
ganize neighborhood with awareness as major roles (35.7%) and environmental health
(18.4%). According to the qualitative data, people think that these ailments do not require
treatment because they are supposed to heal over time. Also they do not know the mode of
contamination which they think would be done by drinking dirty water from the lake, span-
ning the urine of a schistosomiasis patient, or by bathing in the lake water.

Taabo-village 1 TOTAL
2008 2009
Number of subjects examined 56 58 114
Number of parasitized individuals 21 41 62
Prevalence % 37.5 70.1 54.4
Schistosomiasis
Number of parasitized individuals 13 35 48
Prevalence (%) 232 60.3 421
S. haematobium
Number of parasitized individuals 12 35 47
Prevalence (%) 21.4 60.3 41.2
S. mansoni
Number of parasitized individuals 1 0 1
Prevalence (%) 1.8 0 0.9
Soil-transmitted helminths
Number of parasitized individuals 13 20 33
Prevalence (%) 23.2 34.4 289
Ancylostoma spp.
Number of parasitized individuals 13 18 31
Prevalence (%) 23.2 31.0 27.2
T.trichiura
Number of parasitized individuals 0 3 3
Prevalence (%) 0 5.1 2.6

Table 1. Prevalence of schistosomiasis and soil-transmitted helminths before (2008) and after deworming (2009) in
Taabo lake dam in south-center of Cote d'lvoire
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Schistosomiasis

Soil-transmitted helminths

Infection intensities (%) in years

2008 2009 2008 2009
Light infection 76.9 771 100 100
High infection 231 229 0 0

Table 2. Percentages of intensities of schistosomiasis infection and soil-transmitted helminths in the Taabo lake dam

in south-center of Cote d'lvoire

Population

Workforces Treated Treated Percentage
Attending school 598 197 32.97
Not attending school 3331 275 8.25
Total 3929 472 12.01

Table 3. Percentage of treated population to Taabo-village of 2008 - 2009

They use water from Lake dam for all daily activities including laundry, washing dishes,

cooking, bathing, swimming and even sometimes for drinking when drinking water is inac-

cessible. Fishing takes place in the lake, and the water is also used to irrigate nurseries of

coffee and cocoa.

Reactions et reponses to Workforces Percentages
questions
Knowledge of diseases
Know 128 72.7
Schistosomiasis
Do not Know 48 27.3
Serious 39 22.2
Less serious 137 77.8
Know 115 65.3
soil-transmitted helminths
Do not Know 61 34.7
Serious 55 31.2
Less serious 121 68.8
Communities attitudes Non dreadful schistosomiasis 168 95.5
Dreadful schistosomiasis 8 45
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Reactions et reponses to Workforces Percentages
questions
Non dreadful soil-transmitted 172 97.7
helminthes
Dreadful soil-transmitted 4 2.3
helminthes

Practices in communities None 2 2.1
Never infected 61 62.2
Pharmaceutical products 10 10.2
Medicinal Plants 6 6.1
Pharmaceutical products + Plants 19 19.4

Control Project By neighborhood 57 58.1
Combination 2 2.1
Gender 9 9.2
No answer 30 30.6

Role in participation Decision making 10 10.2
Environmental health 18 18.4
Awareness 35 35.7
Supervision 5 5.1
No answer 30 30.6

Table 4. Results of sociological surveys conducted in Taabo-village community near the dam Taabo in south-center of
Cote d'lvoire.

4. Discussion

Parasitic diseases highlighted in the locality of the Taabo-village are schistosomiasis and
hookworm. Schistosomiasis was the predominant parasitosis. It was followed by ankylosto-
somiasis. This classification is different from the distribution observed in Africa south of the
Sahara where ankytosmosomiasis is top of the list (Hotez et Kamath, 2009). The prevalence
of these parasitoses are moderate overall. However, a high prevalence of Schistosoma haema-
tobium in the order of 60% was recorded at the end of the study in 2009 where no case of S.
mansoni infection was observed. The study area is an environment with a high prevalence of
urinary schistosomiasis as already reported by N'Goran and colleagues more than 20 years
ago (N'Goran et al., 1987).

The high prevalence of 60.3% recorded only a year later, does not demonstrate that rein-
fection is fast because we have not reviewed all of the students selected in 2008. Rather
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we made another sample because we adopted a population-based approach to see how
the home would evolve in real conditions when the population was aware and had
medicines at their disposal. On the contrary, this result reveals that the treatment did
not have a great influence on morbidity indicators such as the prevalence and intensity
of infection. It is explained by the fact that only 12% of the population was treated.
Thus, for the treatments have a significant impact, they must extend at least 75% of the
school age population and for a long-term as recommended by the WHO (2012). Based
on the categories of prevalences and intensities of infection, we offer an annual treate-
ment of the entire community with praziquantel in the case of schistosomiasis. As for
soil-transmitted helminthiasis, albendazole may also be distributed once a year. Howev-
er, all children of preschool and school age and women of childbearing age and adults
at risk should be given priority in accordance with the recommendations of the WHO
(WHO, 2004.9; 2010.3). For ongoing management, it would be appropriate after the an-
nual mass distribution campaign to,make anthelmintics available to the public through
the channels of teachers and community health worker.

It should be noted that while anthelmintics were made available to the Taabo village’s
population, very few people were treated. There was no enthusiasm for the treatment
for the simple reason that these parasites are considered by the majority of the popula-
tion as non-serious illnesses and less dreadful. For this population it is not necessary to
observe measures of prevention and fight as they think diseases are supposed to heal
over time. We think that these perceptions are a major obstacle to control actions by che-
motherapy.

To develop an appropriate approach of prevention, we must attract the attention of the pop-
ulation through advocacy and health education as suggested by Monday (Useh, 2012). This
awareness action and the population’s education aim to significantly alter his perception of
the severity of these infections, the effectiveness of existing treatments anthelmintics and the
risk behaviors. Emphasis will be placed on the causes of the outbreak of schistosomiasis, the
consequences associated with schistosomiasis and soil-transmitted to the modes of transmis-
sion of these parasites and the importance of seeking treatment for infections. However,
awareness sessions will be done with the involvement of opinion leaders such as religious
and customary authorities and groups of associations. Awareness must be held at school in
the village, in places of worship and preferably on Sunday, which is the market day or the
gathering of this farming population. These control actions will take place between Decem-
ber and February which is the rest period for farmers.

Instead of preventing people from visiting the lake shore, we suggest people to collect water
for their domestic activities early in the morning i.e before 10 am or in afternoon after 2:00
p-m. The interval between 10 am and 2 p.m corresponds to the maximum period of cercariae
emission in water during which people would better avoid attending it. Moreover, the au-
thorities should ensure that drinking water is accessible and that latrines are available. To
reduce transmission, we recommend people not to urinate and defecate in the lake or to def-
ecate far away from the lake.
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It must be noted that the relatively low percentage of 23.2% of schistosomiasis, recorded at
the beginning of the study has not yet been determined in this locality to our knowledge.
This level of prevalence could be explained by the previous effect of control actions. We can
mention as examples the mass treatment against schistosomiasis conducted in five primary
schools around the dam of Taabo and in hyperendemic primary school of Tiassalé’s district
that Taabo-village is part of it (N'Goran et al., 1997 and 1998). In addition, control activities
are performed in Taabo-village for only about a decade (Esse, 1997; N'Goran et al., 1997,
2001 and 2003). This is also probably the reason why the intensities of infection were mostly
minor. Morbidity is less severe in the population examined. Indeed, the population exam-
ined would be concerned because it is often affected by the programs against schistosomia-
sis and soil-transmitted helminthiasis. It could be that the category of population such as
adultes that do not fall often in programs against these infections have more severe lesions.
This was noted by Keita et al. Mali (Keita et al., 2009).

The prevention and control proposed above should extend at least 75% of the school age
population and make long-term as recommended by the WHO (2012). We propose to this
end a period of at least five years.

5. Conclusion

The results of this study allow us to identify an approach for prevention and sustainable
fight against schistosomiasis and soil-transmitted helminthiasis in the context of a large
dam in Cbte-d’Ivoire. It is partly based on the awareness of the population in order to
change significantly their perception of the seriousness of these infections and the effec-
tiveness of existing anthelmintics treatments. On the other hand, the population will
change habits in relation to periods of attendance at the lake and the discharge of excre-
ment in the water. This fight will be the responsibility of community and must be sus-
tained for a long term This community approach of prevention and control proposed at
the end of our study is most applicable in the context of eco-epidemiological of large
dams, where soil-transmitted helminthiasis and schistosomiasis are generally a serious,
but neglected, public health problem.
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Schistosomiasis
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Additional information is available at the end of the chapter
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1. Introduction

Schistosomiasis is a chronic water-borne infection caused by digenetic trematodes that be-
long to the genus Schistosoma. There are two main forms of the disease namely; urinary and
intestinal schistosomiasis. The major aetiologic agents of the intestinal form are Schistosoma
mansoni and Schistosoma japonicum. The less common species that have also been associated
with intestinal disease are Schistosoma mekongi, Schistosoma guineensis and the related species
Schistosoma intercalatum. Schistosoma haematobium is the only known agent of urogenital
schistosomiasis [1]. S. haematobium and S. mansoni infections have been widely reported in
all parts of Nigeria although the former predominates [2].

Schistosomiasis is transmitted by snails. Each of the species is transmitted by a snail of
a different species. The intermediate host of S. haematobium is a fresh water snail be-
longing to the genus Bulinus. It is a turreted snail with a left-handed opening when
looked at with the spire upwards. Three main species are known to harbour the larval
stages of schistosomes [3]:

* The Africanus group (sub-genus Physopsis) which are involved in the transmission of the
disease in eastern, central and west Africa

* The truncatus group (sub-genus Bulinus) which transmits infection in the near East and in
some parts of Africa and

e The forskalli group. This group has been associated with the transmission of urinary
schistosomiasis in Nigeria among other places in Africa.

S. mansoni is transmitted by flattened planorbid snails belonging to the genus Biomphalaria.
Four main groups have been associated with the transmission of intestinal schistosomiasis
in Africa. These include:
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The Pfeifferi group which are the main vectors in Africa
* The sudanica group which occur in both east and west Africa

* The choanomphala which are found in the great lakes and act as agent in Lake Victoria
and

* The Alexandrina group which occur sporadically in north, east and south Africa [3]

The intermediate host of S. japonicum are operculated snails that belongs to the genus
Oncomelania. Important species such as O. hupensis, O. nosophora, O. formosana and O.
quadrasi are involved in the transmission of infection in different areas of Asia where
the infection predominates [3].

The role of water bodies in the transmission of infection cannot be over emphasized [4].
Such water bodies include fresh water streams, water accumulated as a consequence of con-
struction of dams and irrigation projects and slow flowing or stagnant water. Although, the
main courses of large rivers may not be associated with the transmission of schistosomiasis,
but water sustained by them through seasonal flooding and impoundment may provide
avenues for the sustenance of the snail intermediate host. Water also provides an opportuni-
ty for the cercariae to survive and penetrate the definitive host. Humans are also pivotal in
the transmission of schistosomiasis. Through insanitary disposal of urine or faeces, water
bodies are contaminated with the eggs of schistosomes. Worldwide, 900 million people do
not have access to an improved water source, while an estimated 2.5 billion, half of all peo-
ple in developing countries lack access to adequate sanitation [5,6]. In rural and poor agri-
cultural communities without pipe-borne water, the locals depend on cercariae infested
streams for their economic and recreational needs thereby exposing themselves to infection.

The control of schistosomiasis involves an integrated process directed at the infected sub-
jects, snail intermediate hosts, environmental modification, health education and the provi-
sion of pipe-borne water [7]. In this review, the epidemiology, diagnosis and control of
schistosomiasis is examined in details with notes on the factors impeding the control of the
disease in Africa with inferences drawn from the Nigerian experience.

2. Epidemiology of schistosomiasis

Schistosomiasis is estimated to infect about 240 million people worldwide while an esti-
mated 779 million people (more than 10% of the world population) are at risk of ac-
quiring infection. Although, the transmission of schistosomiasis has been documented in
77 countries worldwide, only 52 of these countries are endemic for the disease, majority
of which are in the Africa continent. Forty six [46] of these countries are in Africa. Un-
like the situation in Africa, some countries in Latin America and Asia and most coun-
tries of the Caribbean and the Middle East have brought down the prevalence of
schistosomiasis and prevented severe morbidity from the infection through a concerted
public health effort. But in many of these countries, there are still endemic regions and



Schistosomiasis
http://dx.doi.org/10.5772/53553

a potential for resurgence exists [8]. About 120 million people infected with schistoso-
miasis are estimated to be symptomatic while about 20 million develop severe disease.
The disability adjusted life years due to schistosomiasis is about 1.7-4.5 million while
between 150,000 to 280,000 people are known to die as a consequence of schistosomia-
sis per year. Africa accounts for 85% of the disease burden [9,10]. Urinay schistosomia-
sis has been reported in 38 countries in Africa. Annual mortality due to S. haematobium
infection in east Africa has been estimated at 1 per 1000 infected adults [11]. In Malawi,
Save the children’s 1998 survey of schoolchildren in Mangochi found that the overall
prevalence of schistosomiasis in coastal and upland schools was 36%. In some of the
schools, the prevalence was as high as 87% [12]. In a related study in Cameroon, Mba
and Useh [13] reported urinary schistosomiasis among 39.2% of the subjects studied.
Mixed infection of S. haematobium and S. mansoni occurred in 4.5% of the subjects. The
number of infected subjects treated for the disease using praziquantel rose for 12.4 mil-
lion in 2006 to 33.5 million in 2010. It is estimated that 90% of those that require treat-
ment live in Africa. This implies that over 60% of people suffering from schistosomiasis
particularly in Africa are not able to procure treatment or have access to treatment due
to the relatively high cost of praziquantel.

2.1. Schistosomiasis situation in Nigeria

It is estimated that 30 million Nigerians are infected with schistosomiasis. When examined
against a projected population of 162 million Nigerians, it becomes clear that over 18.5% of
the populace have schistosomiasis. The problem becomes more glaring when the projected
population of infected people is examined in terms of those who carry the greatest burden
of the disease; in this case, school age children. About 23 years ago, Ejezie et al [2] published
a major review entitled “the schistosomiasis problem in Nigeria” where they highlighted the
embarrassing and increasing endemicity of schistosomiasis without any concrete plan for
control. Not much has changed almost two and half decades after. In another landmark re-
view on the “Nigerian environment and parasitic infections”, Ejezie [14] noted that “a large
proportion of the people consist of men and women who are ignorant of the rules of basic
hygiene. These people are entrapped by the worst manifestations of poverty, worsened by
infectious tropical diseases, malnutrition, high birth and death rate”. They are, as it were,
caught in the so-called vicious circle-“they are sick because they are poor, they become poor-
er because they are sick and sicker because they are poorer” [15]. The problem seems to
have grown worst. In the above publication, infection with S. haematobium was reported in
all the regions in Nigeria with a prevalence as high as 60-75% among schoolchildren in some
communities. The endemicity of S mansoni was also reported though not as wide spread as
the former. Perhaps this report and others encouraged the government of Nigeria to consti-
tute the ‘National Schistosomiasis Control Committee”. Regrettably, this Committee only
existed on paper as funds were not made available to organize operational research to delin-
eate endemic communities for treatment.

The morbidity of schistosomiasis in Nigeria reflects what has been published for endemic
countries in Africa and Asia. Infection predominates in schoolchildren aged between 5-19
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years and thereby decline following the typical “age verus prevalence/intensity convex
curve”. An earlier study conducted on urinary schistosomiasis reported a prevalence of
45.4% in Ilorin, Central Nigeria with 25.9% of infected subjects excreting 1,000eggs/10ml
urine [16]. In a related study in Adim community located in south south Nigeria, this author
and his colleagues reported an overall prevalence of 53.8% with males and females account-
ing for 53.8% and 53.9% of infection respectively. In this study, the mean haematuria, protei-
nuria and egg-output were 23.19 ery/ul, 49.9mg/100ml and 37.3 eggs/10ml urine [17]. Three
years after, in the absence of a control programme, the prevalence of urinary schistosomiasis
in this same community rose astronomically to 90.7% among children out of the school sys-
tem while those who attended school had a prevalence of 86.8% [18].

The current picture of schistosomiasis endemicity in Nigeria is very worrisome. For instance
in their investigation on urinary schistosomiasis around Oyan Reservoir, south west Niger-
ia, Akinwale et al [19] reported a prevalence that ranged from 20.39%-83.9% in some com-
munities around the reservoir. In Bida, north central Nigeria, Banji et al [20] reported a
prevalence of 28% among school children. Recently, Goselle et al [21] reported the endemici-
ty of S. mansoni in Jos, north central Nigeria. Yet another study reported on the epidemiolo-
gy of schistosomiasis in six local government areas in Plateau State, Nigeria [22]. The overall
prevalence of infection was 47.8%. Many water bodies in the study communities were colon-
ized by infected Bulinus snails. Snail infection rates varied significantly (P<0.001) between
the dry and wet seasons. Most studies on schistosomiasis are based on the school system.
Not much has been done on children out of the school system and on preschool children. In
one of such studies among preschool children in a rural community near Abeokuta, south
west Nigeria, Ekpo et al [23] reported a prevalence of 58.1% with the overall geometric egg
count of 1.17 eggs/10ml urine. There is gross lack of work on genital schistosomiasis in Ni-
geria. With a high prevalence of HIV/AIDS infection in Nigeria, it is important that this be
addressed. Genital schistosomiasis particularly in women may have helped to spread the
transmission of HIV infection.

2.1.1. Consequences of schistosomiasis infection in Nigeria

The pathology associated with schistosomiasis in Nigeria is consistent with what have been
reported in other endemic countries. The pathology of schistosomiasis is essentially a series
of chronic inflammatory lesions produced in and around blood vessels by eggs which may
be found lodged in practically any viscera or their products and sometimes by dead worms.
There are comprehensive studies in the literature on the pathology due to urinary schistoso-
miasis [24,25,26,27]. In summary disorders such as cercarial dermatitis, haematuria, protei-
nuria, calcification of bladder, uteric stricture and dilatation, hydronephrosis and squamous
cell carcinoma have been reported. Others include multi granulomatas in the bladder and
vesicle calculus. Attah [28] noted that the pathology of intestinal schistosomiasis is charac-
terized by the presence of a small superficial ulceration of colonic mucosa, with eggs and
granulomas found much more frequently in the serosa than in the mucosa; and by lesions
which are secondary to disintegration of eggs and aggravated by oviposition. Hepatic le-
sions is marked by eosinophilic infiltration of the portal tract with or without eggs. In chron-
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ic cases, the major lesion in the liver is “pipe stem fibrosis’, an enlarged liver and fibrosed
portal tract with a varying degree of portal vein destruction.

Schistosomal infection has been associated with other negative effects among Nigerian
children. These include poor attendance at school, low cognitive ability, educational
achievement and malnutrition. This is exemplified in one study in which we treated
schoolchildren with urinary schistosomiasis with PZQ and monitor its effect on educa-
tional attainment in Adim community of Nigeria. The pass rate among the cohort im-
proved following the first treatment session from 81.4% to 90.7%, latter declined to
84.2% following the second treatment session but the net improvement in performance
was statistically significant [29]. On the contrary, Ejezie and Ade-Serrano [30] showed
that anthropometric measurements in relation to age, to average marks scored and
school attendance were not found to bear any relationship to the intensity of S. haema-
tobium infection in Lagos Nigeria. Similarly, Ekanem et al [31] did not find any signifi-
cant impact of infection on anthropometric parameters, school attendance and academic
performance among infected children compared to controls in Nigeria. In Kenya, Corbet
et al [32] showed that intensity of S mansoni infection correlated with hepatomegaly,
which was more clearly related to nutritional status. Furthermore they noted that chil-
dren with hepatomegaly were significantly more stunted and/or wasted than those
without, and had less variety in their diet. Similarly, Stephenson et al [33,34] demon-
strated that children infected with S. haematobium had evidence of poor nutritional sta-
tus, with improved growth rates in children and weight gain in undernourished adults
following treatment with metrifonate or PZQ. The consequences of infection may be a
function of the morbidity of infection in the area, age, nutritional and economic status
of the infected subjects.

Educational Pre-Treatment Post-treatment 1 Post-treatment 11 X2 P
Performance N=210 N=183 N=203

Total attendance 46,902 40,269 40,402

Pupils days

Attendancerate  86.7 81.5 81.1 2.99 0.22
(%)

Days school open 257 270 245

No passed 171 166 171

Pass rate 81.4 90.7 84.2 7.2 0.027

Adopted from Meremikwu et al (2000)

Table 1. Effect of treatment on attendance and pass rate in a cohort of school children over three years
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3. Diagnosis of schistosomiasis

Diagnosis is pivotal in all aspects of the control of schistosomiasis. Feldmeier et al [35] noted
that decisions on individual and community treatment, estimations on prognosis and as-
sessment of morbidity, determination of transmission potential, evaluation of treatment and
of control measures all build on the results from diagnostic testing. The diagnosis of human
schistosomiasis is based on a combination of clinical symptoms, history of residence in an
endemic or non-endemic area, parasitological examinations, serological findings and ultra-
sonography [36]. However all presently available techniques are characterized by diagnostic
imperfections or inaccuracies. Consequently, Feldmeier et al [35] recommended that selec-
tion and application of methods should be related to information being sought while inter-
pretation of test results should take cognizance of the drawbacks and constraints associated
with the method being used.

3.1. Clinical diagnosis

The expected clinical conditions include cutaneous lesions, urticaria, eosinophilia and pul-
monary disorders. Others include haematuria, cystitis, urinary calculi and vesicular disor-
ders which should be differentiated from other disease conditions giving rise to renal
calculi, nephritis, tuberculosis, haemoglobinuria, benign and malignant papillomata. This
method of diagnosis is not very sensitive and specific. In endemic areas children may not be
able to relay their problem to the physician. On the other hand, primary health care workers
who are the first set of health workers to come in contact with infected subjects may not be
knowledgeable enough to relate this clinical presentation with schistosomiasis.

3.2. Direct parasitological techniques

Urine egg count is one of the three methods for estimating the intensity of infection; the oth-
er two, tissue egg burden and number of worm pairs, can only be determined at autopsy
[37]. The WHO [38] noted that quantitative egg count provides reliable baseline data for
studies on chemotherapy, malacology, sociology and contamination patterns in defined
communities. In the same vein, it also provides information on the transmission potential of
different population subgroups. Parasite counts are usually estimated by filtration with ny-
trel, standard filter paper (Whatman) or by centrifugation of urine. The filtration technique
which gives excellent results is applicable in the field [39]. In Africa, filtration with What-
man filter paper is predominantly used in the field and has been associated with reliable
and consistent results [17,40]. Smith et al [41] reported that in the active stage urinary excre-
tion can be used as an indirect estimate of tissue egg burden and severity of the disease and
is particularly relevant for epidemiological studies. In the inactive stage of infection, few or
no eggs may be present. Urine egg counts are of limited essence in estimating the prevalence
of severe disease in inactive stage of schistosomal disease or in older population. In a related
study, a significant correlation was found between haematuria, proteinuria, leucocyturia
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and intensity of infection as measured by egg excretion in urine [42]. The best correlation
between the reagent strip findings and the intensity of infection was obtained when the
three parameters were combined. After treatment with metrifonate, the reduction of egg ex-
cretion was paralleled by the normalization of the reagent strip findings. Analysis of day-to-
day variation demonstrated a similar low variation of the filtration technique and the
reagent strip findings. The authors concluded that polyvalent reagent strips may be a useful
tool for diagnosis of heavily infected patients under field conditions, as they permit rapid
and easy identification of subjects with high egg counts.

Unlike the eggs of S. haematobium, the eggs of S. mansoni, S. japonicum and S. intercataltum are
passed in faeces. The formol ether concentration technique may be used to demonstrate the
spined eggs of any of these parasites. The problem associated with the technique is that it is
not field application. Apart from the requirements of a centrifuge and a microscope, the use
of ether which is highly flammable poses a hazard. The Kato thick smear technique is more
widely used in field work in Africa. The samples can be prepared in the field while exami-
nation may be done later.

For community-based studies, enormous human and financial resources are expended to es-
tablish those infected before the administration of chemotherapy. A reasonable number of
skilled manpower would be required to avoid undue waste of time. In practical terms it is
usually not possible to identify infected people the same day and offer them treatment in the
field. In some instances during a re-visit for treatment, infected children may miss treatment
either because of sickness or lending a helping hand to their parents in the farm. Thus a lot
of money that ought to be used to procure treatment is expended on diagnosis. Parasitologi-
cal confirmation of eggs in urine or stool have been associated with some degree of poor ac-
curacy and sensitivity [43]. The day-to-day variations in excreted egg counts in individual
patients [44] and the uneven distribution of eggs in excreta [45] and the occurrence of imma-
ture infections [46] are some of the limiting factors. Others include the immune dependence
of schistosome egg excretion and the survival of worms after an immunological induced in-
hibition of fecundity [47]. Nonetheless, the establishment of prevalence and morbidity by
the presence of ova is necessary for understanding the epidemiological profile of different
endemic foci.

3.3. Detection of pathology and ultrasonography

The introduction of cytoscopy in 1879 [48] facilitated the visualization of bladder patholo-
gy as a consequence of S. haematobium infection in vivo. Pyelographic and histopathologi-
cal studies have been used to assess urinary tract pathology due to S. haematobium
infection in Nigeria [24,27,49]. Modern radiological techniques have finally provided a va-
riety of methods for the detection and follow-up of schistosome related morbidity. Such
procedures include various radiographic techiques, isotype investigations of the kidney
and liver, computed tomography and more recently, ultrasonography [50]. Table 2 is a
summary comparing S. haematobium-related morbidity with currently available methods of
detecting morbidity.
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CYSTOSCOPY RENAL FUNCTION  X-RAY COMPUTED SONOGRAPHY
TEST TOMOGRAPHY

A. BLADDER
Granuloma + - + + +
Sandy Patches + - -/+ + +
Ulcers + - -1+ + -/+
Cystitis + - - /+ -
Stones + - + + +
Calcification -1+ - + + L+
Polyps + - + + +
Carcinoma + - + + +
B. URETER
Hydroureter -/+ -/+ + + -/+
Stricture -/+ -/+ + + _
Dilatation/ - - + + -
Distortion
Calcification -1+ - + + S+
Polyps -/+ - + + S+
C. KIDNEY
Congestion - -1+ + + +
Hydronephrosis - -1+ + + +
Performance - + + + _

Adopted from Hatz et a/ [50].

Table 2. Comparison reflects possibility of detecting without rating efficiency and applicability.
3.4. Indirect parasitological techniques

3.4.1. Haematuria and proteinuria

The detection of haematuria and proteinuria is widely used in Nigeria and the rest of endemic
communities in Africa to diagnose urinary schistosomiasis. Haematuria arises when migrating
eggs puncture small capillaries of the viscal plexus to get into the bladder [51]. Haematuria was
the first sign to be associated with schistosomiasis [52] while proteinuria was described later.
Haematuria is usually seen at the end of urination (terminal haematuria), although haematuria
throughout micturition may be seen in some severely infected cases. High levels of urinary pro-
teinin S. haematobium infection has been linked with nephritis [53], nephritic syndrome [54] and
bladder pathology [55]. Some authors have cited the reversibility of proteinuria after treatment
tosupport the renal origin of proteinuria [56,57]. Itisnow generally accepted that bilharzial pro-
teinuriais of post—renal origin and not a sign of impaired renal function [58].

Several studies have confirmed that the detection of proteinuria and haematuria when used to-
gether is a better means to measure morbidity than when used separately [25,40,59]. In Lagos,
Nigeria, Ejezie and Ade-Seranno, [40] reported haematuria in 655 of infected children with the
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greatest intensity in patients with the highest egg output. Relatedly, Mottt et al [59] and Tanner
et al [60] noted that all children between 5-14 years with more than 50 eggs per 10ml of urine
had blood in the urine detected by chemical reagent strips. This author and his colleagues test-
ed the usage of the presence/absence of haematuria and proteinuria in monitoring the out-
come of treatment of urinary schistosomiasis with artesunate. The mean ova count,
haematuria and proteinuria of 87 infected subjects who were treated significantly reduced
from 55.5+ 1.30ova/10ml urine, 168.6+1.23 ery/uL and 458.6+ 1.4 mg/dl to 1.8+0 ova/10ml urine,
9.1+0.4 ery/pL and 65.4 mg/dl respectively (P<0.05 in all cases). We therefore concluded that re-
agent strips are reliable in monitoring the efficacy of treatment with artesunate [61].

Reagent strips are cheap, fast, simple and can be readily integrated into the primary health
care programme. But there may be gender bias in females that may lead to under-reporting
or over-reporting (false positives). The contamination of urine with menstrual blood would
yield false positive results for haematuria. A similar finding may be noted for leucocyturia
and proteinuria [62]. The usefulness of a semi-quantitative grading of haematuria as a corre-
late to intensity of infection has to be questioned in women with schistosomiasis, since the
ectopic localization of eggs in the vagina, cervix or the endometrium may lead to contact
bleeding, intermenstrual bleeding or to bloody discharge [63]. Evidence for false positive re-
agent strip readings in women has been shown in a population based study on Pemba Is-
land, Tanzania. A higher prevalence of haematuria readings were observed in women of
child-bearing age than in males of similar age, although intensity of infection and morbidity
as measured by the number of eggs per unit of urine, and as indicated by pathological ultr-
sonography was significantly less in women than in men [64]. Vester et al [65] reported cul-
ture-related biases for mass screening with urine analysis strips. About 15% of
schistosomiasis-free Sudanese girls and women circumcised either by the “pharaonic” or the
“sunna” method constantly or intermittently show mild haematuria and/or leucocyturia.
Since female circumcision is practiced not only in Muslim and Coptic societies in the Sudan,
but also in more than 40 ethnic groups in Africa and Arabia [66], false positive reagent strip
readings are expected to occur where this tradition and schistosomiasis overlap.

3.4.2. Rapid Assessment Procedure (RAP) using questionnaires

A greater proportion of money slated for the control of schistosomiasis is usually spent on
diagnosis particularly when eggs are to be counted. The fact that schistosomiasis is focal in
distribution with millions of infected subjects in endemic communities showing different
prevalence and morbidity rates compound the problem. The problem is more felt in Africa
with her lean financial resources but with the largest burden of the disease. The rapid as-
sessment procedure was conceived to maximize resources in diagnosis which could be di-
rected to possible chemotherapeutic control of infection

The RAP involves the use of a rapid and inexpensive method to identify communities with a
high prevalence of and morbidity due to urinary schistosomiasis. It is based on using simple
questionnaires to find outhow frequentschistosomiasisisin acommunity [67]. Kroeger [68] and
Rossand Vaughan [69] showed thathealth interview surveys can be used inboth developed and
developing countries to assess morbidity as it is perceived by community members, and to in-
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vestigate the utilization patterns of health services. Tanner [70] demonstrated that asking the
beneficiaries of the health system about their perceptions of disease and health problems, and es-
pecially about their priorities with regard to health related actions, can add an important ele-
ment in the health planning cycle. Lengeler et al [71] observed that indirect health interview
represents a methodical evolution of the traditional interview approach by the fact that ques-
tionnaires are not administered directly by the investigators or their field staff to the key inform-
ants. Rather, they are distributed through an existing administrative channel and self-
administered by the recipients. The school system is therefore the appropriate structure tobasea
study on the prevalence of schistosomiasis. This is anchored on the fact that those who bear the
greatest burden of the disease can be easily reached through this channel. Additionally, schools
are widely cited and are very likely to be located in remote endemic areas. Thirdly, teachers are
competentenough with minimal training to carry outan exercise of thisnature.

Several epidemiological studies are available in the literature that tested the usefulness of
this mode of diagnosis. Useh and Ejezie [72] worked on the “evaluation and validation of
the questionnaire approach for the diagnosis of urinary schistosomiasis in Biase Local Gov-
ernment Area of Nigeria among school pupils”. The questionnaire which enquired whether
pupils had urinary schistosomiasis or blood in urine in the preceding month, was adminis-
tered by class teachers to the pupils. Urines samples collected for the validation of the ques-
tionnaire diagnosis was also examined using dipsticks (by teachers and the research team).
There was a strong positive correlation between the pupils’s knowledge of schistosomiasis
as a disease and the reported presence of blood in urine (r=0.96) although the later was a
better indicator of the disease. The questionnaire technique (blood in urine) gave a compara-
ble sensitivity (85.8%), specificity (81.4%), positive and negative predictive values (96.6%
and 47.9%) to the dipstick test with values of 96.6%, 88.4%, 98% and 69.1% respectively.
Teachers were able to detect haematuria with a high degree of accuracy. We found this ap-
proach to be simple, cost-effective and reliable and recommended its usage in other endemic
settings with large land mass and dense population like Nigeria (See Table 3).

Survey TP FP FN TN SENS  SPEC PPV NPV VAL BIAS P
Method a B C d (%) (%) (%) (%) (%) (%) Value
Blood in Urine 229 9 38 35 85.8 81.4 96.6 47.9 833 88.8 P<0.001
Schistosomiasis 207 15 60 28 77.5 65.1 93.2 31.8 73.4 83.1 P<0.001
TDST 231 7 36 36 86.5 83.7 971 50.0 84.3 89.1 P<0.001
RDST 250 5 17 38 93.6 88.4 98.0 69.1 91.9 95.5 P<0.001

True Positives, TP were defined as those with ova in urine (n=267). Altogether 310 pupils were examined.
TN- True Negative, FP- False Positive, FN- False Negative

SENS- Sensitivity, SPEC — Specificity, PPV- Positive Predictive Value, NPV- Negative Predictive Value, TDST- Teachers Dip-
stick Testing, RDST- Researchers Dipstick Testing.

Adopted from Useh and Ejezie, [72].

Table 3. Comparison of the performance of different survey methods in relation to parasitologically confirmed
diagnosis
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Elsewhere, self-administered questionnaires, distributed by existing administrative channels
to village party chairmen, head teachers and school children, showed good diagnostic per-
formance for the qualitative assessment of urinary schistosomisasis endemicity. At a cost 34
times below that of the WHO-recommended parasitological screening strategy, the school
children’s questionnaire allowed the screening of 75 out of 77 schools of a rural Tanzanian
district in 6 weeks, and the exclusion of schools not at high risk for urinary schistosomiasis
with over 90% confidence. The head teacher and party chairmen questionnaires made it pos-
sible to assess the perceived importance of a spectrum of diseases and symptoms, among
which was schistosomiasis. The priority rank of schistosomiasis control was strongly corre-
lated with the prevalence rate of the disease in the community. The questionnaires also
looked at the prioritization of health among other community issues and thus contributed
important information for planning at the district level [73].

Using questionnaires facilitate immense savings in cost as well as reaching a vast land mass.
However, in areas of low school attendance, reliable information may not be collected. In-
fected but unidentified school-age children that are out of school would invalidate control
efforts, as they would continuously contaminate water bodies. Other limitations as outlined
by Chitsulo et al [67] are-

* results obtained with school children may not always be typical for the whole community
especially if a lot of the children of this age are not in school or where one sex is badly
under-represented

* the methodology does not identify which child is infected. To obtain this information, a
second step using conventional diagnostic method would be necessary

* true prevalence is usually underestimated since the method relies on re-call as those who
are mildly infected may not recall having had haematuria

* in some countries, girls and boys may perceive the disease differently or give different an-
swers to questions asked about it.

3.5. Immunodiagnosis

Immunodiagnositic methods are so far the only alternative to parasitological test. They al-
low the demonstration of specific anti-schistosomal antibodies and to a certain extent, the
tracing of circulating antigens and/or immune complexes in sera of parasite carriers [36].
Wilkins et al [55] noted that they offer the most practical assays for epidemiological studies
and patient management. They are particularly valuable if the density of the parasites (or
their developmental stages) in a specimen is very low or if the biology of the parasite does
not allow its direct demonstration e.g localization of certain stages in internal organs.

Serological procedures such as immunodiffusion, complement fixation test, indirect hae-
magglutination assay, immunoflourescent antibody assay have been used for the diagnosis
of schistosomiasis. Others include enzyme linked immunosorbent (ELISA), radioimmunoas-
sy and radio-allegrosorbent assay among others. The relevance of antibody detection in the
diagnosis of schistosomiasis has been reviewed in great details by Hamilton et al [74]. They
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concluded that due to the relative insensitivity of both parasitology and antigen detection,
antibody detection methods could find increasing use in situations of low infection intensi-
ty. The performance of antibody detection for the diagnosis of schistosomiasis has been test-
ed in Kenya. Approximately 1500 blood samples from 3 areas with endemic schistosomiasis
and from a non-endemic control area, were tested for their antibody reactivity in ELISA. The
results were compared with infection status determined by parasitological examination.
Two test antigens were used ;unfractionated S. mansoni egg homogenate (SEA) and CEF6, a
partially purified fraction of SEA containing 2 cationic antigens. Blood from patients with S.
haematobium infection cross-reacted significantly with the two S. mansoni antigen prepara-
tions, but reactivity against CEF6 appeared more specifically indicative of S. mansoni infec-
tion. There was a significant positive correlation between blood ELISA results and the
number of eggs excreted by infected subjects in the area endemic for S. mansoni only. High-
est correlation coefficients were obtained in children aged 10 years and CEF6 gave marginal-
ly higher correlation coefficient than SEA. The graphs of prevalence and intensity of
schistosome infection drawn from the serological results were similar in shape to the graph
of these 2 quantities based on parasitological results, and the results indicate that serology
merits wider use as an epidemiological tool for determining infection status in schistosomia-
sis [75]. In a different but related study, the relative concentration of IgM and IgG antibodies
to S. mansoni soluble egg antigen were evaluated in paired samples of venous blood, sera
and buffer elutes of capillary blood drops dried on filter papers [76]. The samples were ob-
tained from school children at early and chronic stages of schistosomiasis diagnosed on the
basis of history, clinical symptomatology and parasitological criteria. ELISA simultaneously
performed, revealed paired samples to display comparable antibody levels in all cases. Sam-
ples from children with early schistosomiasis had specific IgM : IgG ratios greater than 1 in
sera and blood elutes. This ratio, however was less than 1 in samples from chronically infect-
ed children. The specific advantages of this simplified technique are the use of anti-SEA an-
tibodies in finger-stick blood elutes, rather than sera or venous blood to serologically
diagnose schistosomiasis and to differentiate early from chronic infections particularly when
used for mass screening such as epidemiological surveys. Elsewhere, Mclaren et al [77]
showed that S. mansoni SEA gave a sensitivity of 92.3% in diagnosing S. haematobium infec-
tion and 96.2% for S. mansoni and a specificity of 97.4% in ELISA. Recently, Chand et al [78]
reported on the development of a new assay for the diagnosis of schistosomiasis, using cer-
carial antigens. They showed that the cercarial antigen assay was equivalent to the SEA as-
say for serodiagnosis of schistosomiasis in a non-endemic setting. Since the cercarial
antigens is more easily obtained and prepared than SEA, the authors inferred this assay may
be preferred for routine clinical use and may be amenable for scaling up.

Although the application of serological tests has, without doubt, contributed to epidemio-
logical surveys, such studies are of limited use because some of the tests lack reasonable lev-
els of acceptable sensitivity and specificity or are technically difficult to be carried out in
field surveys. Other drawbacks as outlined by Weiland [36] are;

* inability to indicate the intensity of infection or differentiate active from chronic infection

* no correlation between morbidity and sero-reactivity
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* cross-reaction with antibodies to other helminthes including animal schistosomes
* unresolved seropositivity remain for years after treatment or after an infection has died out.

The greatest impediment hindering the utilization of immunodiagnosis in third world coun-
tries particularly in Africa is lack of financial resources to procure the sophisticated equip-
ment required to carry out some of these procedures and the training of skilled manpower
to handle them.

3.6. Rapid diagnostic test

The advent of rapid diagnostic tests has facilitated the immediate treatment of subjects with
infectious diseases in the field after diagnosis. Results are usually available within 30 mi-
nutes compared to the conventional tests. Apart from its simplicity and ease of carrying out
devoid of technicality, the availability of electricity is not required. Rapid diagnostic tests
are being deployed in endemic countries for the identification of subjects with malaria, HIV
and hepatitis for prompt treatment. Encouraging reports are available in the literature on
the development of rapid diagnostic test for schistosomiasis. De jonge et al [79] developed a
reagent strip test for detection of circulating cathodic antigen in urine. In a related study,
Bosompem et al [80] showed that S. haematobium antigen complexed with complement C3
can be isolated from the urine of infected persons by using a mouse monoclonal antibody.
These investigators demonstrated that goat anti-human C3 would also detect schistosome
antigen/complement complex in urine of infected persons used as case-controls and subse-
quently developed a monoclonal antibody dipstick test on the basis of these findings. How-
ever, a lot of standardization would be required before these strips are approved by the
WHO and other regulatory organizations for deployment in endemic countries.

4. Control of schistosomiasis

The cardinal objective in the control of schistosomiasis is the reduction of morbidity and
mortality to levels below public health significance. Over the years, emphasis has shifted
from the non-realizable goal of eradication to the more realistic goal of morbidity control. In
this context, Gemmel et al [81], defined “a control programme” as the “implementation of
specific measures by a disease control authority to limit the incidence of the disease”. Such
implementation may involve specific technical interventions and perhaps legislation to en-
force compliance. The success of this type of approach is predicated on an accurate ecologi-
cal diagnosis, that is, a diagnosis of the human community, its parasitological
characteristics, its physico-geographical environmental attributes and man’s behavioural at-
titudes and customs [82].

The enormous morbidity associated with schistosomiasis which ranks it next to malaria
in terms of public health significance re-emphasizes the need for a coordinated and sus-
tainable means for the control of the disease. There is a consensus of opinion that the
control of the disease should be integrated. In this model of control, King [83] identi-
fied the applicable approaches as:
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* Population based chemotherapy

* Snail control which involves habitat modification and use of plant and chemical mol-
luscicides,

* Proper treatment of sewage,

* Good environmental engineering designs for the development of irrigation and hydro-
electric schemes to limit the availability of breeding grounds for the snail vectors

* Provision of clean and safe piped water and

* Massive health education and mobilization of the population to claim ownership of
the programme

The WHO Expert Committee on Epidemiology and Control of Schistosomiasis took a holistic
approachatthe control of the disease and noted that “comprehensive understanding of the envi-
ronment, demographic, social, human behavioural and economic factors” in schistosomiasis is
essential for the design of control programmes that are successful in the long run [84]. With the
advent of praziquantel (PZQ) as a safe and efficacious drug for the treatment of schistosomiasis,
the WHO in 1991 reinforced its 1984 recommendation to shift from transmission control (focus-
ing on the prevalence of infection) to morbidity control (laying emphasis on intensity of infec-
tion) [8]. Morbidity control will not only reduce the number of people infected but it will also
drastically reduce environmental contamination with the eggs even when cureisnot attained. A
drastic reduction of the pollution of the environment with the eggs would also reduce the chan-
ces of transmission. Should this occur at a level below public health importance, the probability
of eventual elimination of diseaseis certain with a sustained integrated approach

4.1. Chemotherapeutic control of schistosomiasis

Of all the methods of control listed above, chemotherapy is the only one that is widely used
presently in endemic areas for the control of morbidity due to schistosomiasis. Among the
first group of drugs used for the treatment of schistosomiasis included; antimonials, nirida-
zole, hycanthone, lucanthone, oxamniquine and albendazole. PZQ is currently used for the
treatment of all the species while metrifonate is active against S. haematobium only. Recently,
artemisinins earlier synthesized for the treatment of malaria infection is being used in some
endemic communities to treat schistosomiasis. The WHO [11] identified four approaches in
the administration of chemotherapy programme namely;

i Mass treatment: treatment of the entire population. This is often limited by availa-
bility of finance.
ii. Selective population treatment: treatment of infected persons identified by a diag-

nostic survey of the whole population

iii. Selective group treatment: treatment of all or infected members of a high risk age
or occupational group

iv. Phased treatment: use of the above strategies in a sequence of progressively greater
selectivity.
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Only the chemotherapeutic form of control of schistosomiasis is covered in the present re-
view. This does not in any way reduce the importance of the other methods. It has already
been emphasized above that the sustainable control of schistosomiasis involves the integra-
tion of several methods listed above. A comprehensive review on the control of schistoso-
miasis by this author can be found elsewhere [85]. In the next few paragraphs, the modes of
action of several drugs use for the treatment of schistosomiasis are examined.

4.1.1. Praziquantel (PZQ)

4.1.1.1. Biochemical properties and pharmacokinetics

Praziquantel (PZO) is the drug of choice for the treatment of schistosomiasis. It is a broad
spectrum anti-schistosomal which is principally active against the adult stage of all the
schistosome species infective to man. It is a 2-cyclohexycarbonyl 1,2,3,6,7,11b-hexahy-
dro-4H-pyrazino(2,1-a Isoquinolin-4one) compound with a melting point at 136-140C. It was
developed in the laboratories for Parasitological Research of Bayer AG and Merck KGaA in
Germany (Elbert and Darmstadt) in the mid 1970s. It has a molecular mass of 312.411 with a
serum half life of 0.8 to 1.5 hours in adults with normal liver and kidney function and is
mainly excreted in urine. PZQ is a white crystalline powder with bitter taste. It is stable un-
der normal storage conditions. Although, it is insoluble in water, it is soluble in chloroform,
dimethylsulfoxide and ethanol. It is sold as a racemate mixture consisting of equal parts of
‘laevo’ and ‘dextro’ isomers, of which only the laevo component displays anti-schistosomal
properties.

The recommended dose of PZO is 40 mg/kg body weight. The drug is available as a 600mg
tablet. The quality of PZQ (proprietary and generic) currently available in the market is
quite high and acceptable. Thirty four [34] PZQ samples from different manufacturers were
collected at the user level in various countries and subjected to quantitative analysis of ac-
tive ingredient, purity, disintegration and dissolution in accordance with established phar-
macopoeial standards. The results showed that most of the samples were of high quality
except two samples from the same manufacturer that had no PZQ [86]. About 90% of the
damage done to organ function is known to reverse six months following the administration
of PZQ. Although it is exceptionally well tolerated, reported side —effects include abdominal
discomfort, nausea, headache, dizziness, drowsiness and pyrexia especially in subjects with
high egg counts [87].

4.1.1.2. Mode of action of PZO

The mode of action of PZQ has been extensively reviewed elsewhere [88,89]. The exact
mechanisms of action of PZQ is still poorly understood. PZQ is known to induce rapid calci-
um influx that distort the morhoplogy and physiology of schistosome. Jeziorski and Green-
berg [90] showed that the B subunits of voltage-gated Ca*" channels is the prime molecular
target of PZQ. It has recently been reported that cytochalasin D abolished the schistosomici-
cidal activity of PZQ but calcium influx into PZQ exposed schistosomes was not halted. This
therefore raises doubts whether calcium influx is essential in the antischistosomal activity of
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PZQ [91]. PZQ induces contraction of schistosomes which manifest in paralysis in the con-
tracted state. Additionally, vacuolation and blebbing near and on the surface of the worm
have equally been reported [92].

PZQ is known to increase exposure of antigens on the worm surface. It is believed that this
in turn renders the worm more susceptible to antibody attack. Doenhoff et al [93] inferred
that this drug induced antigen exposure is assumed to account for the synergistic effect be-
tween PZQ and the host antibodies in killing worms invivo. Recently, it has been shown
that PZQ seems to interfere with adenosine uptake in cultured worms. This may have thera-
peutical relevance given that the schistosome is unable to synthesize purines such as adeno-
sine de novo. It may be assumed that the drug interferes with schistosome’s obligate need to
acquire adenosine from its host. This is confounding as a relationship between Ca? channels
and adenosine receptors has been demonstrated in cells of some other animals and adeno-
sine can antagonize Ca? release. This informs the inference drawn by Angelucci et al [94]
that PZQ-induced Ca?* influx and adenosine receptor blockade may be connected.

4.1.1.3. Oxamniquine — Molecular structure and pharmacokinetics

Oxamniquine was first described in the late 1960s. The compound is 6-hydromethyl-2-
isopropyl-aminomethyl-7-nitro 1,2,4-tetrahydroquinoline. It is produced by biological
processes. The drug is administered as 15mg/kg body weight for adults while children
are treated with 20mg/kg given in two doses of 10mg/kg each in an interval of 3-8
hours. It is extensively metabolised through oxidation process. The metabolites are active
and excreted in urine. The side effects are mild, transient and well tolerated especially
when given after a meal [95].

4.1.1.4. Mode of action

Unlike PZQ, the mechanism of action of oxamniquine is fairly well understood. Oxamni-
quine is only active against S. mansoni but not effective against S. haematobium and S. japoni-
cum. The active ingredient is tetrahydroquinoline which acts on the adult S. mansoni and
immature invasive stages, with males more susceptible than the females. Its anticholinergic
effect, which increases parasite motility and inhibits nucleic acid synthesis, has no notable
effect on the other Schistosome species [96]. The mechanism of action of oxamniquine is relat-
ed to irreversible inhibition of nucleic acid metabolism of the parasite. The drug is activated
in a single step, in which the Schistosoma enzyme converts the oxamniquine to an ester, and
spontaneously dissociates resulting in an electrophilic reactant and alkylation of the Schisto-
soma DNA. Worm death is associated with the formation of sub-tegumental vesicules in
adult parasites. Different responses are observed after therapy, with less specific morpho-
logical alteration and hepatic shifts, occurring over a period of six days post treatment [95].

4.1.1.5. Metrifonate

Metrifonate was initially introduced as an insecticide in 1952, but later in 1960, it was
used to treat helminth infection. The drug also refer to as trichlorophone is a organo-
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phosphorus ester which is only active against S.haematobium. It is rapidly absorbed, me-
tabolized and excreted. The metabolic pathway yields DDVP (2,2-dichlorovinyl
dimethylphosphate), a cholin esterase inhibitor which is the active compound. The mech-
anism of action is not known. It is relatively cheap and is not toxic. Metrifonate is ad-
ministered as 7.5-10 mg/kg body weight, given in three divided doses in two weeks
interval. Among the side effects reported following the administration of the drug in-
clude abdominal pains, diarrhoea, fatigue and muscular weakness which dissipates with-
in 12 -24 hours [97]. The reasoning behind the widely spread dosage has to do with its
inhibitory effects on red cells and plasma cholinesterase.

Metrifonate is not currently used for the treatment of urinary schistosomiasis. Several rea-
sons account for this. One of which is poor compliance by patients as a result of the spacing
and multiple dosing. The second reason is reduced level of efficacy. For instance, Mgeni et al
[98] reported a cure rate of 40% and egg reduction rate of 90% in Zanzibar. Lastly, the ad-
vent of PZQ with its superior efficacy rate and broad spectrum activity meant that it was no
longer cost effective and sustainable to rely on metrifonate.

4.1.1.6. Artemisinin and its derivatives — Biochemical characteristics and pharmacokinetics

The artemisinins though syntheised for the treatment of malaria is the newest drug used for
the treatment of schistosomiasis. Unlike PZQ, which is active against the adult stages of the
parasite, artemisinin is active against the immature stage of parasite. It is a sequitterpene
lactone with a peroxide group, obtained from the leaves of the plant, Artemisia annua which
are grown in Central Europe, China, USA and Argentina among others. The major deriva-
tives of artemisinin are artesunate, artemether, arteether with dihydroartemisinin as the
principal active metabolite. Primarily they are antimalarials, but the anti-schistosomal prop-
erties were discovered by Chinese scientists in the 1980s especially for the treatment of S ja-
ponicum infection [99]. They are well tolerated with only minor side effects.

4.1.1.7. Mode of action of artemisinin

The precise mode of action of this drug is not known. Artemether is the most potent. It ex-
hibits the highest level of activity on one to three weeks old liver stages of the parasite.
When a dosage of 6mg/kg weight is administered, it kills the schistosomulas during the first
21 days. The invasive and adult stages are less affected and the adult females are more sus-
ceptible than the males [100]. Following treatment, artemether induces severe and extensive
tegumental damage and significant reduction in glycogen contents through the inhibition of
glycolsis, but the onset of this alteration is slow. It also hinders the development of egg lay-
ing adult worm pairs [101].

PZQ is currently the drug of choice for the treatment of all forms of the disease. It is safe and
well tolerated. Readers are referred to a very detailed review on “praziquantel: its use in
control of control of schistosomiasis in sub-Saharan Africa and current research needs [89]
and “praziquantel: mechanisms of action, resistance and new derivatives for schistosomia-
sis” [88]. Elsewhere, we reported on the high efficacy and tolerability of PZQ [102] and arte-
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sunate [103] for the treatment of urinary schistosomiasis in Nigeria.These authors noted that
despite the fact that PZQ is being widely used, there is no clinically relevant evidence for
resistance to date, but worrying low-cure rates have been recorded in some studies. They
also observed that there is also no assurance that PZQ and/or Schistosomes are in any way
unique and that resistant organisms will not be selected as a result of widespread usage. Ar-
tesiminis and the related 1,2,4-trioxolanes are now promising antischistosomal compounds,
as are inhibitors of a schistosome-specific bifunctional enzyme, thioredoxin-glutathione re-
ductase. In some endemic communities, artesunate is also used for the treatment of malaria
singly or in combination. Therefore, where artesunate is used for the treatment of urinary
schistosomiasis, resistance may likely develop to malaria. It is pertinent to do an analysis on
why schistosomiasis is still highly endemic in some parts of Africa including Nigeria when a
potent drug is available for the management of the disorder.

4.1.1.8. Impediments of control of schistosomiais

Several factors are responsible for the continuing endemicity of schistosomiasis in Africa.
Some of the factors are examined below;

4.1.1.8.1. High cost of PZQ

Richards [104] identified community-based annual mass drug administration with safe and
effective oral drugs as the principal strategy for the control of onchocerciasis, lymphatic fi-
lariasis and schistosomiasis. It has been demonstrated that annual treatments with the mi-
crofilaricide ivermectin (Mectizan, donated by Merck &Co., Inc.) prevents severe eye disease
and skin manifestations of onchocerciasis while the transmission of LF by mosquitoes can be
interrupted in Africa by annual single-dose combination therapy with ivermectin and alben-
dazole (donated by GlaxoSmithKline) [105]. Mass distribution of PZQ can significantly re-
duce schistosomiasis morbidity [106]. However, unlike ivermectin and albendazole, PZQ is
not donated and costs approximately US $0.20. Schistosomiasis is a disease that affects poor
rural agricultural workers who in most cases cannot afford the cost of PZQ. This is one of
the greatest impediments in the control of the disease.

4.1.1.8.2. Lack of political commitment and provision of finance

Until recently, there was no sustained political and financial commitment by the WHO
and her health-related agencies and governments of schistosomiasis endemic countries
towards the control of schistosomiasis. The success story reported in the control of schis-
tosomiasis in Brazil, China, Egypt, Laos and the Philippines [10,107,108] is an encourage-
ment that the disease can be controlled when the right programmes and processes are in
place. Over the years, emphasis on funding of infectious disease control was placed on
HIV/AIDS, malaria and tuberculosis/leprosy. That informed the categorization of schisto-
somiasis as one of the neglected tropical diseases. However, the situation changed dur-
ing the 54" World Health Assembly held in May, 2001 where resolution WHA 54.19
namely that at least 75% of school-age children in the high-burden regions should be
treated regularly with PZQ. This was further enhanced by the launch of the Schistoso-
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miasis Control Initiative [SCI] supported by a US$ 30 million grant from the Bill and Me-
lina Gates Foundation. The SCI is a partnership between Imperial College, London, UK;
the Seattle-based Gates Foundation, WHO, Geneva; Harvard School of Public Health,
Boston and high-burden country representatives. This renewed interest has encouraged
the Carter Centre to be involved in the control of schistosomiasis in Nigeria. The Centre
is assisting in the control of schistosomiasis in three states namely; Plateau, Nasarawa
and Delta. The Centre is doing this by using the grassroots distribution system of health
workers and village volunteers for onchocerciasis to also deliver health education and
conduct mass drug administration with PZQ annually in areas affected by both para-
sites. Since 1999, this programme has delivered a cumulative total of 1,079,335 treatments
with PZQ. Studies in a sample of villages in two areas showed a reduction in prevalence
of bloody urine assessed by dipsticks from 47% in 1999 to 8% in 2002, after just two
years of annual treatments [109]. This success means that LF, onchoceriasis and schisto-
somiasis can be treated by community health workers at the same time thereby saving
enormous cost as a recent clinical trial in Thailand found no clinically relevant pharma-
cokinetic changes or adverse reactions when ivermectin, PZQ and albendazole were giv-
en concurrently [110]

4.1.1.8.3. Lack of strong health system

The health system of many countries in the developing world are not synchronized and in-
tegrated. This renders the delivery of health packages difficult and cumbersome. However,
there is a conseneus that strong, well integrated and effective health systems are essentials
to reduce disease burden and to achieving the health related MDGs. A Strong health sys-
tems typically consist of seven building blocks [111,112]. These include: service delivery,
governance structures, financial mechanisms, human resources, medicines and technology
supply system, health information system and participatory community mechanisms (peo-
ple). In an ideal situation, these seven components must exist and work together to generate
quality (accessible, equitable, responsive health care)

4.1.1.8.4. Health failures

Failures associated with the planning and delivery of healthcare are critical issues that
should be targeted to ensure success in the control of infectious diseases including schisto-
soimasis. In this context, Mahoney and Morel [113] argued that innovation disparity has cre-
ated 3 kinds of “health failures” namely “science failure, market failure and public health
failure”. Science failure refers “to a lack of knowledge and tools to address health problems
e.g there are still no effective vaccines or drugs for schistosomiasis”. Market failures happen
“when stock-outs occur due to high demand or when the purchase costs of drugs, vaccines
and health interventions prevent the poor from accessing them”. Often the new drugs and
diagnostics are very expensive to develop and /or require sophisticated technical and health
infrastructure for optimal use. Public health failure arises “due to lack of good governance,
transparency and effective delivery systems and a clear articulation of priorities and val-
ues”. Political and economic instability, cultural and religious barriers and shift in govern-
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ment priorities can block the uptake and implementation of health innovations. This is
particularly true in Africa where frequent changes of government and dislocation of com-
munities as a result of natural disasters and inter and intra-tribal wars have contributed to
hinder outcome of disease control programmes.

5. Development of a schistosome vaccine

Despite the existence of effective chemotherapeutic agents, progress towards controlling
schistosomiasis has been slow. Additionally, the possible development of resistance to
PZQ and other compounds, rapid re-infection and the overall economic cost, demand
that other approaches be pursued [114]. Butterworth et al [115] argued that the aim of
vaccination is to reduce morbidity. As in the various animal models, immunity in hu-
mans appears to be frequently incomplete. “Immune” adults often do become infected,
but at lower intensities than “susceptible” children. Several investigations have con-
firmed that the severity of clinical disease is dependent on intensity of infection rather
than simply the presence or absence of infection [116,117] implying that even an incom-
plete immunity may be of considerable value.

An excellent review on the search for a schistosome vaccine was published not too long ago
[118]. These authors rightly chronicled the search for the discovery of candidate vaccine
molecules to have transited through mining crude extracts, monoclonal antibody targets, an-
ti-idiotypes, expression library screening and immunogenicity. The early disappointment
that was recorded with the vaccination of mice with crude worm extracts or purified compo-
nents, followed by cercarial challenge [119,120] and utilizing the idea of concomitant im-
munity [121] were equally reviewed. Wilson and Coulson [118] concluded that the
sequencing of S. mansoni transriptome and genome and the development of proteomic and
microarray technologies has drastically improved the possibilities for identiflying novel vac-
cine candidates, particularly proteins secreted from or exposed at the surface of schistoso-
mula and adult worms. The parameters of an attenuated schistosome vaccine has been
evaluated in the Olive Baboon [122]. Five exposures of baboons to the attenuated schisto-
some vaccine gave greater protection than three exposures, but this attenuation was not sus-
tained when challenge was delayed. Within the scope of the data collected, faecal and
circulating antigen levels did not accurately predict the observed worm burdens. Levels of
immunoglobulin G at challenge correlated best with protection, but there was little evidence
of a recall response. In a related study in baboons, Coulson and Kariuki [123] showed that
neither a preceding infection, terminated by chemotherapy, nor an ongoing chronic infec-
tion affected the level of protection. Whilst IgM responses to vaccination or infection were
short-lived, IgG responses rose with each successive exposure to vaccine.

The greatest hope for the discovery of a schistosome vaccine lies in Sh28GST which has al-
ready undergone Phases 1 and 2 human trials [124]. No adverse side effects were recorded
in human recipients and high titres of antibodies were elicited in Phase 1 and phase 2 trials
[125]. The results of phase 3 human trials is being awaited. As noted by Curwen et al [126]
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and Dillion et al [127], current advances in post-genomic techniques are providing new ave-
nues and hope to identify the secreted and surface-exposed antigens that mediate protec-
tion. The search must be sustained as vaccination is the most cost-effective and sustainable
means of controlling endemic infectious diseases.

6. Conclusion

Schistosomiasis is still endemic in many parts of Africa particularly Nigeria. Activities
related to electric power development/generation and agriculture have extended areas
of endemicity just as new foci of infection are being described. The control of schistoso-
miasis requires an integrated process. However, chemotherapy with PZQ is the main-
stay for the control of the disease in the short-term. Poverty on the part of infected
subjects, lack of deployment of political and financial resources by disease endemic
countries are the major factors limiting the control of the disease. The global economic
recession has contributed in reducing financial resources available through bilateral and
multilateral avenues for the control of the infectious diseases just as increase in interna-
tional travels and tourism have led to the reporting of “imported schistosomiasis” in
non-endemic countries.

Recommendation

The following recommendations are suggested for the control of schistosomiasis;

* Governments of disease endemic countries should show serious political and financial
commitment towards the control of schistosomiasis. Overall, the health sector should be
funded in line with the recommendation of the WHO.

* Pharmaceutical companies should be encourage to donate PZQ free as is obtainable with
albendazole and ivermectin or in the alternative reduce the cost of the drug.

* The delivery of PZQ should be integrated into ongoing programme of distribution of
ivermectin and albendazole by community health workers as it has been shown that tak-
ing the three drugs concurrently is safe and effective

* There should be a deliberate policy of providing piped water in endemic communities to
reduce the chances of coming in contact with cercariae infested water bodies

* Researchers should be encouraged to develop rapid diagnostic and cost-effective test
based on antibody detection which can provide results within 15-20 minutes in the field
for the diagnosis of schistomiasis and instant treatment.

* More researches are required to hasten the development of a vaccine for schistosomiasis.
This is the only means of long term control of this disease.
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1. Introduction

Schistosomiasis is a parasite chronic disease caused by the helminth of genus Schistosoma. The
infection is common in parts of Africa, South America, Middle East, Caribbean and Asia where
it is a leading cause of morbidity and mortality [1]. Recent estimates suggest there are 700
million people at risk worldwide with almost 200 million infected in Africa alone [2]. In Brazil,
the schistosomiasis infection is caused by Schistosoma mansoni, where estimates suggest a range
from 2.5 million [3, 4] to 12 million people infected [5]. In the state of Minas Gerais, schistoso-
miasis mansoni is prevalent in 519 out of 853 municipalities, with an estimated number of one
million infected people in an area of 300.000 km? [6].

One of the greatest public health problems in countries where the disease is highly endemic,
including Brazil, is schistosomiasis control for the following reasons: (a) large intermediary
hosts dissemination and their escape mechanisms from molluscicides and from biological
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control due to high costs and low efficacy; (b) high charges associated with implementation of
sanitary conditions and water supply and the intense contact of rural population with polluted
water, as well as engagement in agricultural and fishing activities; (c) the long time needed for
sanitary education and for the community to adhere to controlling programs; (d) individual
or massive treatment has been shown efficient for controlling the morbidity, but not for
reducing prevalence due to reinfection; (e) individual protection is unlikely, except for specific
groups of exposed people; (f) until the current days, there is no effective vaccine for preventing
schistosomiasis [7, 8].

According to previous data published by our group [9, 10], the proliferation of rural
tourism in endemic areas may be an important contributing factor to the outbreak of
schistosomiasis cases. The preservation of natural environment on the site, in order to at-
tract visitors from urban centers, unintentionally contributes to create an ideal habitat for
the intermediate host. Additionally, most areas chosen for leisure activities accommodate
rural communities without any type of sanitation and, thus, represent a permanent risk
of contamination of the flowing water.

In this context, visitors from urban areas, who never had previous contact with the parasite,
contract the infection, and develop acute schistosomiasis [11]. Acute schistosomiasis is
associated with a primary exposure and is more commonly seen in non-immune individuals
traveling through endemic regions [12]. The clinical symptoms most commonly observed in
such patients include fever, general weakness, headache, nausea, vomiting, diarrhea, anorexia,
colic, weight loss, dry cough and hepatosplenomegaly accompanied by marked eosinophilia
and leucocytosis [13-16]. However, these clinical symptoms may be confused with a number
of infections such as visceral leishmaniasis, typhoid fever, malaria, tuberculosis, viral hepatitis,
mononucleosis and bacterial infections [17]. Hence, the diagnosis of acute schistosomiasis
becomes a challenge for the assistant doctor due to the wide diversity of non-specific symptoms
presented by the patients; in addition, the presence of eggs in stool may not to be easily detected
by parasitological examination in this phase of the infection.

Abdominal ultrasound is a complementary tool often used to assist the diagnoses of the
S. mansoni infection, mainly on the study of the liver damage caused by the chronic in-
fection. It is an inexpensive method, not radioactive or invasive, which provides immedi-
ate results and can be used for epidemiological fieldwork in endemic areas. The hepatic
ultrasound pattern in patients with severe hepatosplenic schistosomiasis is characterized
by pronounced periportal thickening. However, reports of ultrasound studies in patients
with acute schistosomiasis are still scarce [18], and additional trials are necessary to eval-
uate the benefits and limitations of the ultrasound as a tool of clinical evaluation at the
acute phase of the S. mansoni infection [19].

From the immunological point of view, the acute phase of the infection is characterized
by a series of humoral and cellular immunological events. Hiatt et al. [20] showed eleva-
tions of IgG, IgM, IgE, and high titers of total antibodies in serum of acute patients that
indicated the illness is associated with intense immune activity, while the magnitude of
the IgE responses was related to the intensity of the infection. De Jesus et al. [16]
showed that there was no significant difference in total IgE level between patients with
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acute and chronic schistosomiasis. In addition, Caldas et al [21] showed that specific IgG,
IgM and IgE titers against egg and worm antigens in acute patients do not differ from
those presented by chronic patients. Regarding cellular immunological events, nitric ox-
ide (NO) represents an important and versatile messenger in biological systems, and it
has been identified as a cytotoxic factor in the immune system, presenting anti- or pro-
inflammatory properties under different circumstances [22]. Oliveira et al. [23] demon-
strated that human peripheral blood mononuclear cells (PBMC) are capable of in vitro
NO production and the inhibition of its production through the addition of N omega-ni-
tro-L-arginine methyl ester (L-NAME) is responsible for an exacerbated granulomatous
reaction.

In this report, we evaluated the clinical/laboratorial parameters and ultrasonographic fea-
tures of patients who suffered acute schistosomiasis resulting from a simultaneous expo-
sure in a country house in the metropolitan area of Belo Horizonte, Minas Gerais State,
Brazil.

2. Population, materials and methods

2.1. Study population

The patients evaluated in this study acquired the acute phase of S. mansoni infection in a
country house in the rural district of the municipality of Igarapé in the metropolitan area
of Belo Horizonte, Brazil. The country house is frequently leased during the weekends
and long holidays. It is a large house with a pool of water supplied by a stream. Beside
the pool, the water from the stream was channeled into open channels to form a shower.
During the inspection of the country house, researchers at the Research Center Rene Ra-
chou (CPqRR) — Oswaldo Cruz Foundation, at the Brazilian Ministry of Health detected
that the place did not have basic sanitation. All the water used was damped, discarded
in a dam located near the house. Out of forty-two individuals who were in the country
house, thirty-eight participated in the study and were previously evaluated. After a pre-
liminary assessment, we found that nineteen infected patients had been treated previous
to our evaluation and five patients did not fulfill the inclusion criteria described below.
Therefore, these patients were excluded from the study apart from other four subjects
who had negative stool examination for S. mansoni. Thus, the group of patients evaluat-
ed was composed by ten individuals, five women and five men, aging 14 to 31 years,
with parasite load ranging from 8 to 768 eggs per gram of feces (epg).

To participate in the study, patients in the acute phase of schistosomiasis have fulfilled
the following criteria for inclusion: age between 10 and 65 years; did not report having
received any treatment with anti-helminthic drugs in the last 24 months; diagnosis of
acute schistosomiasis mansoni based on epidemiological data (recent contact with S. man-
soni cercariae-contaminated water), clinical symptoms (acute enterocolitis, nausea, vomit-
ing, abdominal pain, fever, headache, weight loss, cough, cercarial dermatitis,
hepatomegaly and splenomegaly) and laboratory data (eosinophilia and viable S. mansoni
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eggs in stool). Each volunteer or their legal guardian signed their informed consent. In
addition, we also excluded from this study all patients who had one of the following
conditions: unable to hold examinations proposed; alcoholism, defined as above average
weekly consumption of 420 grams of ethanol (daily average over 60 g of ethanol) [24];
pregnancy, defined by laboratory criteria; significant anemia defined as hemoglobin less
than 10 g/dl [25] and any other significant systemic disease, acute or chronic, that could
interfere with the results of the proposed methods.

After blood collection, all patients who had positive stool examination for S. mansoni, regard-
less of participation in the study, were submitted to treatment with the standard Brazilian dose
of Praziquantel (50-60 mg/kg).

A group of healthy volunteers formed by nine individuals, one woman and eight men aged
25 to 42 years, blood donors of the blood bank of Hospital Felicio Rocho, Belo Horizonte, Minas
Gerais, Brazil constituted a control group (CT). Itis important to mention that these individuals
were screened and selected after serological tests for negativity for Chagas disease, leishma-
niasis, human immunodeficiency virus (HIV), hepatitis, and did not report previous infection
with S. mansoni.

The study was carried out according to the National Health Council resolution 196/96, which
regulates the research involving human beings, and was approved by the Ethics Committees
of the Faculty of Medicine, Federal University of Minas Gerais, Oswaldo Cruz Foundation,
and the Brazilian National Committee on Ethics in Research.

2.2. Parasitological examination

Parasitological examination was performed using the Kato-Katz method [26]. The presence
and the number of S. mansoni eggs per gram of feces were determined through examination
of six blades per one stool sample for each patient. The results are presented as the arithmetic
mean of number of eggs. The Kato-Katz method is the method of choice to measure infection
level and has been used extensively in epidemiological studies.

2.3. Evaluation of clinical parameters

All the individuals who came into contact with water contaminated by cercariae were
subjected to a detailed history, performed by a physician of our team. The survey used during
this study contained data referring to number of the protocol, name, gender, age, education
and place of birth and questions about the clinical symptoms/signs such as fever, diarrhea,
nausea, vomiting, abdominal pain, cough, weight loss, headache, asthenia, facial edema and
cercarial dermatitis.

2.4. Evaluation of hematological parameters

Peripheral blood was collected in 5 mL vacuum tubes containing ethylenediamine tetraacetic
acid (EDTA) as anticoagulant (Vacutainer, Beckton Dickinson, CA, USA), approximately 40
days after contact with contaminated water by cercariae and only once prior to treatment with
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praziquantel. The hemograms were performed in automated hematological electronic counter
(Coulter MD18, E.U.A). The parameters measured were hemoglobin, number of erythrocytes
and hematocrit values as well as total and differential counts of leukocytes including absolute
counts of eosinophils, neutrophils, lymphocytes and monocytes.

2.5. Total IgE measurement

The plasma levels of total IgE antibodies were quantified using Colorimetric Immunoenzy-
matic kit (SYM Total IgE, Symbiosis Diagnostic, Brazil). Aliquots of 25 uL of plasma and
six standards (Reagent kit SYM Total IgE Symbiosis Diagnostic, Brazil) at concentrations
of 0, 5, 25, 50, 150 and 400UI/mL were dispensed in duplicates in wells of flat-bottomed
plates, previously sensitized with streptavidin, together with 100 uL of monoclonal anti-
human IgE conjugated to biotin (Reagent kit SYM Total IgE Symbiosis Diagnostic, Bra-
zil). The plates were incubated for 30 minutes at room temperature in the dark and
washed five times with 300 pL/well of wash solution (Reagent kit SYM Total IgE Sym-
biosis Diagnostic, Brazil). Subsequently were added 100 uL of a second monoclonal anti-
human IgE conjugated to peroxidase. The plates were incubated for 30 minutes at room
temperature, in the dark, and washed five times with 300 uL/well of wash solution.
Then, 100 puL of chromogen-substrate solution (tetramethylbenzidine-TMB) (Reagent kit
SYM Total IgE Symbiosis Diagnostic, Brazil) were added by well, and the plate was in-
cubated for 15 minutes in the dark. The reaction was stopped by adding 100 uL of 1IN
sulfuric acid (H2504) per well (Reagent kit SYM Total IgE Symbiosis Diagnostic, Brazil).
The optical density of samples and standards was measured in an automatic reader (Mo-
lecular Devices Versa Max, California, USA) using a 450 nm filter.

2.6. Nitric oxide plasma levels

The plasma levels of nitric oxide were quantified using Immunoenzymatic kit QuantiChromTM
Nitric Oxide (Quantitative Colorimetric Determination of Nitric Oxide, BioAssay Systems,
USA). The assays were performed according to the manufacturer's recommendations. The
deproteination of samples was made by adding 80 mL of zinc sulfate (ZnSO4) 75 mM final
concentration and 120 mL of sodium hydroxide (NaOH) 55 mM final concentration. Samples
were centrifuged at 400 g for 5 minutes at 4°C. Then 70 mL of glycine buffer was added in each
sample. Afterwards, aliquots of 100 pL of plasma and eight standards at concentrations of 0,
5,10, 15, 20, 30, 40 and 50 uM mL were dispensed in duplicates in 1.5 mL tubes. Then, samples
were placed in the presence of cadmium activated with 200 mL of Buffer Activation and
incubated for 15 minutes. The samples were transferred in duplicates to their respective wells
in flat-bottomed plates and added to 50 mL of reagents A and B. The optical density of samples
and standards was measured in an automatic reader (Molecular Devices Reader-Precision,
USA) using a 540 nm filter.

2.7. Evaluation of hepatic enzymes

For the analysis of hepatic functions for the study group, plasma concentration of the en-
zymes ALT (alaline amino transferase), AST (aspartate amino transferase) and y-GT
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(gamma-glutamyl transferase) were quantified by kinetic method using ALT/GPT Liqui-
form, AST/GOT Liquiform and GAMA GT Liquiform kits (Labtest Diagnostic, Brazil) in the
device Wiener Lab Metrolab 2300 plus (Model CM-200). The results were expressed in
UI/mL.

2.8. Ultrasonographic analysis

Ultrasonographic evaluation was performed using a Nemio SSA/550* machine (Toshiba,
Town, Japan) with a 3-MHz sector probe for patients > 10 years old and a 5-MHz probe
for patients under 10 years old. The group of healthy individuals non-infected with S.
mansoni (CT group) consisted of twelve volunteers, paired by sex and age with the in-
fected patients. Seven acute patients, three women and four men aged 14 to 31 years old
have had ultrasonographic evaluation. All study population was examined by the same
physician (MCBA). Liver size, portal-vein diameter, thickness of the central walls and pe-
ripheral portal branches, spleen size and splenic vein diameters were assessed as descri-
bed [27, 28]. The liver was also examined for surface smoothness. Portal vein diameter
was measured at its entrance into the liver and its bifurcation inside the liver. The
spleen was evaluated by using oblique and longitudinal scanning of the left upper quad-
rant. The gallbladder was examined for wall thickness and stones. The periportal thick-
ness was evaluated according to previous established criteria by [27-29].

2.9. Statistical analysis

The statistical analysis of the data was made through GraphPad PRISM® 5.00 software release
for Windows (La Jolla, CA, USA). Student's t test was used for parametric data comparison
between two groups, while for non-parametric data we used the Mann-Whitney test. In all
cases, the data were considered significant at P < 0.05.

3. Results

3.1. Demographic data and intensity of S. mansoni infection

Out of forty-two people who were present in the country house, thirty-eight (90.5%) partici-
pated in this study and reported contact with water contaminated with cercariae. Out of these,
thirty-four (89.5%) had eggs of S. mansoni in their feces and four (10.5%) were repeatedly
negative. According to criteria previously mentioned, twenty-four patients were excluded
from the study and ten patients were considered to be on an ongoing acute phase of schisto-
somiasis. In the acute group (ACT), there were no significant differences in age between
females and males (23.0 = 7.8 and 19.8 + 4.5 years old, respectively, p value = 0.45) and the
intensity of infection did not differ regarding gender, (205.6 + 318.5 and 98.4 + 70.7 eggs/g of
feces, respectively, P value = 0.50). The ACT group presented parasite load ranging from 8 to
768 eggs per gram of feces (152.0 +224.7).
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Subjects
Parameter
Total individuals Evaluated individuals Acute patients
Number of subjects (%) 42 (100%) 38(90.5%) 10(23.8%)
Age
Range 01-65 01-65 14-31
Mean + SD 22.4+15.2 225+155 21.4+6.2
Median 215 20.5 225
Gender
Female 25 (59.5%) 22 (57.9%) 05 (50.0%)
Male 17 (40.5%) 16 (42.1%) 05 (50.0%)
Parasitological Examination
Negative -—-- 04 (10.5%) 0
Positive - 34 (89.5%) 10 (100%)
Egg counts (eggs/g of feces)
Range - 0-768 8-768
Mean + SD -—-- 50.8+132.2 152.0+224.7
Median --e- 10.0 86.0

Table 1. Characterization of the study population
3.2. Clinical manifestations

The magnitude of clinical manifestations of schistosomiasis varies from light to severe
intensity. Two patients showed serious clinical symptoms and required hospitalization due to
the severity of the disease. The patients reported the onset of symptoms 20-30 days after water
exposure. Headache and fever (60.0% and 50.0%, respectively) were the most common
symptoms among patients, followed by diarrhea and weight loss (both 40.0%). Other clinical
symptoms/signals were also recorded such as nausea/vomiting, abdominal pain, cough,
asthenia, facial edema (each one with frequency of 30.0%) as well as urticaria and cercarial
dermatitis (both 10.0%).

Table 2 highlights the main features observed in different human studies evaluating acute
phase of schistosomiasis mansoni performed in distinct brazilian states such as Pernambuco,
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Sergipe and Minas Gerais. Although in these studies the frequency of exposed/infected
individuals was similar ranging 90-100% and the incubation period has also occurred in
comparable times such 20-30 days, we have observed strongly heterogeneous symptoms
between them. Nonetheless, our study demonstrated some similar clinical symptoms in
comparison to those found by Barbosa et al. 2001b [30] like the frequency of fever (50.0% and
54.0%, respectively), cough (30.0% and 33.0%, respectively) and urticaria (10.0% and 8.0%,

respectively). However, other parameters presented distinct results like the frequency of

headache (60.0% and 33.0%, respectively) and diarrhea (40.0% and 25.0%, respectively).

Barbosa Et Al.

Barbosa Et Al.

De Jesus Et Al.

Parameters This Study
2001a [15] 2001b [30] 2002 [16]

Number of patients 1 12 31 10

) llha de Itamaraca Escada Aracaju Igarapé
Site/State

Pernambuco Pernambuco Sergipe Minas Gerais
Exposed/infected 92% 100% 92% 90%
Incubation period
15-30 20 20-30 20-30
(days)
Headache 36% 33% 87% 60%
Fever 100% 54% 90% 50%
Diarrhea 64% 25% 81% 40%
Cough 91% 33% 91% 30%
Abdominal pain 64% N.E. 93% 30%
Urticaria 18% 08% N.E. 10%
Cercarial dermatitis 100% N.E. N.E. 10%
Hepatomegaly 75% N.E. 35% 86%
Transaminases
36% N.E. 38% N.L.

(increase)

N.E. - not evaluated

N.L. - normal levels

Table 2. Main features observed in different human studies evaluating the acute phase of schistosomiasis mansoni
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3.3. Plasma levels of total IgE and nitric oxide

The plasma levels of total IgE and nitric oxide from the ACT group are illustrated in Figure
1. The analysis of the results showed that the ACT group presented a significant (P < 0.05)
increase of these parameters as compared with the CT group.

3.4. Hematological profile

The main findings related to the hematological profile from the ACT group are illustrated in
Figures 2 and 3. The analysis showed a significant reduction in the concentration of hemoglo-
bin in the ACT group as well as an increase in the total leukocytes count as compared with the
CT group. Increased total leukocytes were reflected in the absolute values of lymphocytes and
eosinophils also increased in the ACT group as compared with the CT group. No significant
difference was found between these two groups regarding other analyzed parameters such as
number of erythrocytes, percentage of hematocrit, and absolute values of neutrophils and
monocytes.
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Figure 1. Total plasma IgE and nitric oxide (NO) levels in acute schistosomiasis patients (ACT=10) and non-infected
individuals (CT=09). The results are expressed in box-plot format. The box stretches from the lower hinge (defined as
the 25th percentile) to the upper hinge (the 75th percentile) and therefore contains the middle half of the scores in
the distribution. The median is shown as a line across the box. Therefore 1/4 of the distribution is between this line
and the top of the box and 1/4 of the distribution is between this line and the bottom of the box. Significant differen-
ces (connecting lines) were considered at P < 0.05.
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Figure 2. Hematological profile (hemoglobin-g/dL, erythrocytes/mm? and percentage of hematocrit) from acute
schistosomiasis patients (ACT=10) and non-infected individuals (CT=09). The results are expressed in box-plot format.
The box stretches from the lower hinge (defined as the 25th percentile) to the upper hinge (the 75th percentile) and
therefore contains the middle half of the scores in the distribution. The median is shown as a line across the box.
Therefore 1/4 of the distribution is between this line and the top of the box and 1/4 of the distribution is between this
line and the bottom of the box. Significant differences (connecting lines) were considered at P < 0.05.
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Figure 3. Total and differential leukocyte counts from acute schistosomiasis patients (ACT=10) and non-infected indi-
viduals (CT=09). The results are expressed in box-plot format highlighting the gap of 50% of data set measurement
for absolute values in mm? of each leukocyte subset analyzed. Significant differences (connecting lines) were consid-
ered at P<0.05.

3.5. Profile of hepatic enzymes

Acute patients presented levels of ALT, AST and y-GT enzymes similar to reference values
and there were no significant differences between these levels and those presented by CT
group. (Table 3).
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Hepatlc E Control Group Acute Patients
epatic Enzymes
P Y (N=9) (N=8)
ALT (alaline amino transferase)
‘ 125+11.2 8.6+5.5
(3-50 U/mL)
AST (aspartate amino transferase)
. 18.7+5.9 23.0+6.7
(12-46 U/mL)
-GT (gamma-glutamyl transferase
v (9 9 y ) 23.4+99 339+16.6

(9-61 U/L)

Values are represented as mean + standard deviation

" Reference values

Table 3. Hepatic serological tests in the study group

3.6. Ultrasonographic analysis

The results demonstrated that the ACT group presented some significant differences as
compared with the CT group: medium increase in the measurement (in mm) of longitudinal
left/right lobe of liver (117.4 +19.7 and 99.0 + 12.3 or 150.1 + 18.2 and 102.2 + 16.0, respectively),
size of longitudinal spleen (110.6 + 16.3 and 91.2 + 12.7, respectively) as well as dimension of
Hilar portal vein wall (3.4 + 1.0 and 1.5 + 0.3, respectively) (Table 4). Periportal lymph node
enlargement was observed in six of seven patients (85.7%). The periportal lymph nodes were
larger, round or ovoid in shape and sharply defined with thin halos surrounding hypoechoic
areas (Figure 4). An additional ultrasonographic feature observed was an incipient periportal
echogenic thickening named as grade I fibrosis (Figure 5).

i Control Group Acute Patients
Site Of Measurement

(N=12) (N=7)
Longitudinal left lobe of liver 99.0+12.3 117.4+19.7*
Anteroposterior left lobe of liver 46.7 +10.0 53.3+10.9
Longitudinal right lobe of liver 102.2+16.0 150.1 +18.2*
Anteroposterior right lobe of liver 68.6+11.9 63.4+9.6
Longitudinal spleen 91.2+12.7 110.6 £ 16.3*
Anteroposterior spleen 35.1+6.3 435+ 11.1
Portal vein 10.0+1.2 99+19
Hilar portal vein wall 1.5+0.3 3.4+1.0%
Splenic vein 6.4+13 7.1+14
Superior mesenteric vein 6.7+ 1.1 7.1+13
Periportal lymph node N.V. 1.8+1.0*

Values are represented in mm as mean + standard deviation
* Statistical difference (p < 0.05)

N.V. - not visualized (normal abdominal lymph nodes are usually not visualized by sonography)

Table 4. Ultrasonographic features of the study group
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Figure 4. Representative ultrasonographic images of periportal lymph nodes from acute schistosomiasis patients. The
arrows indicate larger lymph nodes, ovoid in shape (a) and rounded (b) with thin halos surrounding hypoechoic areas.
Ultrasonographic analysis was performed with a Nemio SSA/5502 machine (Toshiba).

(a)

Figure 5. Representative ultrasonographic images of liver from acute schistosomiasis patient (a) and healthy volunteer
(b). The arrows indicate incipient periportal echogenic thickening (a) and no periportal echogenic thickening (b). Ul-
trasonographic analysis was performed with a Nemio SSA/5502 machine (Toshiba).

4. Discussion

The transmission of S. mansoni may vary depending on the ecology of the disease and the social
standing of the population in which it occurs. The prevalence and intensity of the infection is
subject to cultural practices, specific for each locality or situation and usually associated to
economic, domestic or leisure activities [15, 31].

During the last decades, the traditional epidemiological pattern showed a tendency to
change. Accelerating migration from the countryside to cities threatened to overwhelm
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existing water and sanitation systems, and to increase urban schistosomiasis [9, 32, 33].
In Brazil, especially in urban areas, acute schistosomiasis outbreaks were observed and
documented with a certain frequency [9, 14, 15, 17, 34-36]. The increase of acute schisto-
somiasis cases also indicates that a non-immune fraction of the population became ex-
posed to the disease [9, 10, 36].

The incidence of the acute form of schistosomiasis mansoni is certainly underestimated. This
illness has been mainly described as a disease of travelers. Many scientific publications
concerning this acute disease refer to groups of tourists, fishermen or sailors originally from
a non-endemic country who have visited a tropical zone [17, 37, 38]. However, as schistoso-
miasis is a focally distributed infection [17, 39, 40], the acute form is also diagnosed in inhab-
itants from endemic countries who do not live in endemic areas. Nevertheless, acute disease
is seldom recognized in infected patients from endemic areas. According to Lambertucci [41],
acute schistosomiasis is most evident in primary infection in non-immune individuals. Among
people living in endemic areas, the acute phase may pass undiagnosed. Because in endemic
areas exposure to infection occurs early in life, symptoms would be inconspicuous and
diagnosis not even suspected.

The clinical features of the acute phase of schistosomiasis mansoni present a wide spec-
trum [42, 43] and the relative contribution of host and parasite factors in the pathogene-
sis of the disease is not completely elucidated [20, 43-45]. According to Neves [46], the
clinical forms of the disease will depend on the interaction of at least three sequential
events: (a) the evolution phase of the worms, whether before or after oviposition and the
deposition of eggs in the tissues; (b) the organ predominantly involved by young or ma-
ture worms and by their eggs; and (c) the type and the qualitative/quantitative deviation
of the total and local host response to antigenic products derived from the disintegration
of schistosomula, adult worms and their eggs.

The main clinical findings presented in our study such as headache, fever, diarrhea and weight
loss were consistent with those found by other authors [9, 15-17]. Different intensities of clinical
manifestation are observed in patients with acute schistosomiasis, some of them evolved with
a relatively severe picture while others with mild symptoms. In our study, we have also
observed a similar profile.

The development of non-apparent clinical form characterized by blood eosinophilia and
a positive immediate cutaneous reaction in the initial phase of the S. mansoni infection
was described by Rocha et al. [47]. According to previous data in the literature [13, 15,
16, 43], patients with acute phase of schistosomiasis in our study had an increased abso-
lute number of eosinophils in comparison to reference data ranging between 400 to 600
cells/mm?® [48]. Eosinophils are thought to play a major role in a variety of human dis-
eases, including allergic inflammation, malignancy, and host defense against helminth in-
fections. However, the exact role(s) of eosinophils in schistosomiasis regarding
immunopathology remains unclear. Eosinophils may participate in Ab-dependent protec-
tive immune responses [49]. Human eosinophils express IgE receptors that participate in
an IL-5-dependent Ab-dependent cell-mediated cytotoxicity reaction against schistosomu-
la in vitro. Eosinophils also mediate the destruction of miracidia and schistosome eggs
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[50]. Experimental studies have shown that the eosinophilia would be induced by type 2-
cytokines as interleukin (IL)-4, IL-9, IL-13 and mainly by IL-5 [51]. According to Rocha et
al. [43], the eosinophilia may be considered a possible pathogenic factor in acute schisto-
somiasis. The specific granules of the eosinophil contain lysosomal hydrolases as well as
several cationic proteins like the major basic protein (MBP) [43, 52], the eosinophil cati-
onic protein (ECP) and a neurotoxin, the eosinophil-derived neurotoxin (EDN), besides a
peroxidase [43, 53]. The MBP in low concentrations is toxic to schistosomula but this ac-
tion is non-selective since mammalian cells can also be damaged [43, 54, 55]. Both perox-
idase and ECP are also toxic for helminths and mammal cells [43, 56, 57]. The cytolysis
or eosinophil degranulation with the release of granule proteins can contribute to the
genesis of local pathological alterations causing dysfunction or damage to the cells, espe-
cially when a great number of eosinophils are involved [43, 53, 58].

According to this report, acute patients presented increased plasma levels of IgE and ni-
tric oxide as compared with the CT group. Our result is similar to the data published by
De Souza et al. [59], which evaluated the humoral immune response through quantifying
of the total IgE levels from patients with acute clinical form of schistosomiasis. Thus, we
suggest that total IgE may be related to disease morbidity, as established by Pereira et
al. [60]. Nitric oxide (NO) has been identified as an important cytotoxic factor and versa-
tile messenger in the immune system being responsible to induce both anti- and/or
proinflammatory effects [61]. There are broad direct and indirect evidences that NO can
act as an anti-schistosomal and antiparasitic molecule [62-64]. Moreover, NO produced
by human leukocytes has been shown to kill larval schistosome parasites [64, 65]. Stud-
ies in experimental models of acute schistosomiasis showed that the inhibition of iNOS
resulted in cachexia and exacerbated hepatic pathology, suggesting that in schistosomia-
sis, NO limits hepatocyte damage [66-68].

From two to eight weeks after a first contact with natural water infested by Schistosoma
cercariae, susceptible infected patients may present a syndrome comprising a period of 2
to 30 days of fever, diarrhea, toxemia and weakness, weight loss, abdominal pain, cough,
mialgya, and arthralgia, edema, urticaria, nausea/vomiting and hepatosplenomegaly [7].
Until recently, acute schistosomiasis diagnosis was only based on epidemiological and
clinical features, presence of S. mansoni eggs in stools and eosinophilia. However, the di-
agnosis becomes a challenge to the physicians due to the non-specificity symptoms as
well as the lack of positivity of the subjects for S. mansoni eggs in feces in earlier stage of
the infection. In this context, abdominal ultrasound can be a complementary tool to as-
sist the diagnoses of the S. mansoni infection. The ultrasonographic findings presented in
this study were consistent with those described by Barata et al. [11]. According to this
report, ultrasonographic evaluation showed non-specific increase in the size of liver, in-
cipient periportal echogenic thickening, in addition to lymph nodes easily identified in
the periportal region. The authors have also performed a histological liver analysis from
hepatic biopsies of three patients, and the data demonstrated that the periportal thicken-
ing seen on ultrasound was probably produced by inflammatory infiltration of the portal
tracts caused by schistosomiasis, which disappeared after treatment with oxamniquine.
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However, liver biopsy is an invasive procedure that is seldom justified. It is important to
mention that the ultrasonographic features of the lymph nodes, liver and spleen in acute
schistosomiasis, although highly sensitive, are not pathognomonic of acute schistosomia-
sis, and are also seen in other infectious diseases such as acute hepatitis and other viral
diseases [19, 69, 70].

Normal abdominal lymph nodes are usually not visualized by sonography. Neoplastic
lymph nodes are generally rounded and hypoechoic, sometimes with an irregular shape
and borders [19, 71, 72]. Lymphomas can also affect periportal and peripancreatic lymph
nodes, but there is generally an extensive involvement of other abdominal Ilymph nodes,
mainly retroperitoneal, that is almost anechoic and usually rounded. In this circum-
stance, the liver and spleen are enlarged and can show focal lesions [19, 72]. Patients
with acquired immunodeficiency syndrome (AIDS) can also show hepatoesplenomegaly
and abdominal lymphadenopathy, but the echogenicity of the liver is usually increased.
Tumors related to AIDS, such as Kaposi’'s sarcoma, have also been reported as a cause of
lymphadenopathy [73]. Mesenteric and periportal lymphadenomegaly is a common find-
ing in blastomycosis and these are almost anechoic [19].

In the current study, we have also evaluated the liver function of acute schistosomiasis
patients by the ALT, AST and y-GT assessment. Comparing with other studies in litera-
ture [15, 16], we did not observe changes in any of the enzymes evaluated, suggesting
that the hepatocellular function is preserved or minimally compromised in the study
population. In patients presenting intestinal or hepatointestinal clinical form of schistoso-
miasis,it has been observed that the liver function is maintained. In those patients show-
ing the hepatosplenic form, liver function related to protein metabolism was in general
changed, but rarely this function is compromised in a broad spectrum. Only after repeat-
ed blood spoliation, in the terminal stage of illness, there is strong involvement of the
liver parenchymal. According to some authors, when liver cell damage occurs there is an
increase of ALT and AST levels, but in the S. mansoni infection this type of injury is not
commonly observed [74, 75]. On the other hand, the most important cause of increased

v-GT levels is the chronic stimulation of the microsomal fraction of hepatocytes and the
presence of cholestasis [76]. According to Martins & Borges [77], the chronic stimulation of the
microsomal occurs only in patients with hepatosplenic form of schistosomiasis. Kardorff et al.
[74] observed that the increase of y-GT occurs only in patients with severe periportal fibrosis,
irregular texture liver and collateral vessels.

5. Conclusion

In conclusion, the data presented here suggest that alterations identified by analyses of clinical/
laboratorial parameters and ultrasonographic features, although not specific, are compatible
with the acute phase of Schistosomiasis mansoni and provide a reliable complementary tool
for the diagnosis of the infection.
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1. Introduction

The human central nervous system (CNS) may be affected by infections of several species in
the Schistosoma genus that infect men. One of the CNS clinical presentation is the spinal cord
schistosomiasis, a potentially severe disease, yet, for a long time, a poorly recognized clinical
presentation of Schistosomiasis. However, recently, probably as a consequence significant
improvements in diagnostic methods, more attention is being given to this clinical form of
Schistosomiasis. This emerging medical and scientific interest about the spinal cord schisto-
somiasis has allowed a better comprehension of its clinical impact and importance as a pre-
viously unrecognized public health problem.

Schistosomiasis is among the parasitic diseases with the highest epidemiological impor-
tance in the world. According to the World Health Organization, schistosomiasis occurs
in 76 countries and 230 million individuals require treatment annually [1,2]. Of these,
about 100 million present some clinical manifestation and 20 million present severe
forms of the disease [1-5]. Annually, over 200.000 people die as a consequence of schis-
tosomiasis. In the year 2010, around 33.5 million people were treated. Despite advances
in the control of the disease, with lowering of mortality and morbidity, schistosomiasis
still represents a challenge to public health and has increased its area of transmission
throughout the years [2]. Since it hits the poorer regions of the world, being associated
with precarious sanitary and adverse social-economical conditions, this disease has been
neglected. With the increase of migratory flow and adventure tourism travels, innumera-
ble schistosomiasis cases have been occurring, even in non-endemic countries [6-13].
Schistosomiasis is a disease caused by trematode worms, belonging to the Schistosoma
genus. There are many species which affect man in different clinical manifestations,
elimination methods, intermediary hosts and geographical distribution. These species
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share the same pattern in reproductive cycle, the transmission occurring through eggs, a
proportion of which are eliminated through urine (S. haematobium) or feces (S. mansoni,
S. japonicum and others). These eggs release larvae (miracidium) that infect freshwater
molluscs in which the parasites multiply through asexual reproduction. These molluscs
release aquatic larvae (cercariae) that actively penetrate the skin of a new, vertebrate
host. These larvae become adults that inhabit inside the veins in the digestive system (S.
mansoni and S. japonicum) and of the urinary system (S. haematobium). The geographic
distribution of each species is varied and depends on the presence of molluscs capable
of serving as hosts (each Schistosoma species has different molluscs as hosts). Precarious
sanitary conditions also contribute in the definition of locations where schistosomiasis
occurs [14]. Schistosoma mansoni occurs in 74 countries located in Africa, the Middle East,
South America and the Caribbean. Its eggs measure about 60 x 140 um, with lateral
spine and are eliminated in the feces, being a main cause of intestinal, hepatosplenic,
cardiopulmonary and cerebral diseases, aside from being the main cause of spinal cord
schistosomiasis. S. haematobium occurs in Africa and in the Middle East and its eggs
measure about 60 x 150 um, with terminal spine, are eliminated in the urine and on
rare occasions in the feces, being the mains cause of urinary diseases and spinal cord
schistosomiasis. S. japonicum, S. mekongi and S. malayensis occur in Asia (they are also
called S. japonicum-like); eggs measure about 60 x 100 um, lack spine and are eliminated
in the feces, causing hepatic diseases, cerebral neuroschistosomiasis, although there have
been rare reports of cases in which spinal cord schistosomiasis was caused by S. japoni-
cum. S. intercalatum occurs in Africa. Eggs are eliminated in the feces. It causes mild in-
testinal disease but not neuroschistosomiasis, being the least important species, clinically.
The presence of spines in the eggs of S. mansoni and S. haematobium might explain why
medullar and cerebral neuroschistosomiasis are more common in these species. Spine
makes it more difficult for the eggs to travel through the vertebral veins, causing them
to be stuck in the lumbar or thoracic spinal cord. S. japonium's eggs, being smaller and
lacking spine, migrate more easily to the brain through these veins, crossing the spinal
cord without sticking to it. There are, still, species belonging to the Schistosomatidae fami-
ly (ex: Trichobilharzia regenti) that can cause cercarial dermatitis (or summer’s itch) with-
out, however, reaching adult life in men and, therefore, not having any major clinical
importance.

2. Clinical forms of schistosomiasis

2.1. Acute phase

Acute forms are basically cercarial dermatitis or summer's itch, cutaneous lesion secondary
to the penetration of the skin by the cercaria, and Katayama's fever (or syndrome), which is
also called acute or toxemic schistosomiasis and occurs, in genera, after three to nine weeks
of cercariae penetration, when they have already become adult worms and start laying eggs.
Toxemia is secondary to hypersensitivity reactions to the parasite, being characteristic to pa-
tients who do not reside in endemic areas and that are exposed to contaminated water bod-
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ies [15,16]. This form presents with fever, chills, cough, weakness, weight loss, diarrhea,
vomiting, urticarial reactions, hepatosplenomegaly and eosinophilia. These manifestations
last, in general, a few days but can last months and, in rare cases, be fatal. These patients
present big periovular necrotic-exudative granulomas dispersed throughout the intestines,
liver and other organs [17], and generally present spontaneous clinical improvement after a
few weeks, but treatment associating schistosomicides and corticosteroids reduce the persis-
tence time of symptoms and prevents evolution into the chronic phase.

Species Regions where it occurs ~ Main affected organs Most common neurological
forms

S. mansoni Sub-Saharan Africa, Brazil,  Liver, spleen and intestines  Spinal cord schistosomiasis
Egypt, Middle-East, other (mainly) and cerebral
regions in Africa and in the schistosomiasis
Americas

S. haematobium Sub-Saharan Africa, Brazil, ~ Bladder, urethra and ureter Spinal cord (mainly) and
Egypt, Middle-East, other cerebral schistosomiasis

regions in Africa

S. japonicum and S. China, South-East Asiaand  Liver, spleen and intestines  Cerebral schistosomiasis
Japonicum-like Pacific islands (mainly) and spinal cord

schistosomiasis

Table 1. Geographic distribution, usually affected organs, and most frequent neurological forms according
Schistosoma species

2.2. Chronic phase

Schistosomiasis' chronic phase is frequently asymptomatic. Symptoms occur with more
frequency in patients who are repeatedly exposed to transmissions focuses and end up
developing high worm burden. Chronic forms depend on the involved species. Schisto-
somiasis mansoni chronic forms are usually classified as: intestinal, hepatointestinal, hep-
atosplenic and decompensated hepatosplenic. In the intestinal and hepatosplenic forms
patients usually do not present significant symptoms, but when present they may in-
clude abdominal discomfort, fecal urgency, episodes of diarrhea with eventual mucus or
blood. Hepatic lesions are caused by egg embolism secondary to inflammatory reaction,
but without significant clinical repercussions. With progression of infection and chronic
inflammatory process, these patients may present significant periportal fibrosis, leading
to portal hypertension. This phase is called hepatosplenic and the patient may suffer as-
cites and severe esophageal varices [17]. Schistosomiasis japonica may cause the same
kinds of manifestations, although liver function is usually more compromised. In schisto-
somiasis haematobia, oviposition may cause bladder inflammation, alongside blood in
the urine and urinary urgency. Lesions in the urinary tract may cause fibrosis and uri-
nary obstruction, leading to obstructive uropathy and increasing the risk of bladder can-
cer. These chronic forms depend fundamentally on high worm burdens, therefore they
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are diseases that affect mainly inhabitants of endemic areas. For instance, hepatosplenic
forms of schistosomiasis mansoni are more frequent in areas with high endemicity and
very rare in areas of low endemicity. Differently, ectopic forms of schistosomiasis occur
as consequence of egg or work accumulation in any organ of the patient and, therefore,
is not related to high worm burdens. Thus, it can occur in patients of endemic areas or
in patients of non-endemic areas with casual exposure to the focus of transmission.

3. Spinal cord schistosomiasis

The human central nervous system (CNS) may be affected by infections of several species in
the Schistosoma genus that infect men, excluding S. intercalatum. Curiously, other species of
Schistosomatidae, such as Trichobilharzia regenti, may cause brain or medullar lesions in wa-
ter birds, but in man causes only swimmer's itch [18-20]. The first human case of neurologi-
cal lesion cause by Schistosoma was described in 1889 by Yamagiwa in the necropsy of a
patient with epilepsy that presented cerebral granulomas. It is curious that S. japonicum life
cycle was described 15 years later, a fact that allowed the a posteriori identification of the
eggs present in those granulomas [21,22]. In 1905, Shimamura and Tsunoda demonstrated
for the first time the presence of S. japonicum in the spinal cord of a patient with transverse
myelitis. Despite the fact that S. japonicum was the first species described as a cause of spinal
cord medullar lesion, this species has been the less frequently associated with such lesions in
the Schistosoma genera. The first case of medullar lesion caused by S. mansoni was described
in 1930 by Muller and Stender and found in a 26 year old patient who had been to Brazil. In
1948, Faust published a review on the 82 cases of ectopic schistosomiasis described thus far
[23]. Among these, there were 56 patients with brain compromising and 8 with medullar le-
sions in the spinal cord. In that occasion, the author highlighted the importance of this form
of disease, given that the number of cases was not inconsiderable and that the consequences
were, in general, devastating. “In reports of the cases, it has been customary that most au-
thors address ectopic schistosomiasis as rare or really rare. These designations are no more
applicable, despite these syndromes being relatively infrequent” [23]. In the same year, Kane
and Most wrote yet another review article on literature concerning neurological lesions
caused by Schistosoma, including the medullary and brain forms, and called attention to the
occurrence of 25 cases of cerebral neuroschistosomiasis japonica among north-American sol-
diers in the Second World War, between the years of 1944 and 1946 [24]. In this study, 88%
(22 cases) of the initial fecal exams of North-American military patients with cerebral neuro-
schistosomiasis japonica were negative for eggs in the stool samples in the first examination
and that 40% (10 cases) remained negative after several serial examinations. All patients had
confirmation of Schistosoma eggs in pathological anatomy examinations, obtained through
CNS biopsy or necropsy. The author, at the time, already said that “Cautious and repeated
fecal examinations are important for clinical diagnosis, but specific treatment must not be
postponed if there are adequate evidence for presumptive diagnosis, even because all fecal
examinations may be negative for eggs even when the patient already shows neurological



Spinal Cord Schistosomiasis
http://dx.doi.org/10.5772/53771

symptoms”. Despite the fact that the authors were referring to cerebral neuroschistosomiasis
japonica, the same advice is valid for spinal cord schistosomiasis today.

Up until the 1980's, medullar lesion caused by Schistosoma was, in most published cases,
confirmed through fragments of nervous tissue obtained through biopsy or necropsy. In
1985, Scrimgeour and Gedjusek published a scientific literature review of the years between
1930 and 1984 in which they identified 52 cases of spinal cord schistosomiasis mansoni and
12 cases of spinal cord schistosomiasis haematobia, confirmed by pathological anatomy me-
dullar examinations. On the occasion, the authors highlighted the importance of suspecting
neuroschistosomiasis in any patient who had been exposed to the risk of infection and pre-
sented neurological manifestations [25]. The authors reaffirmed that the patients in general
had no previous manifestation of schistosomiasis and that only 22% of S. mansoni carriers
had eggs found in their feces or rectum biopsy and only 25% of the S. haematobium carriers
had eggs found in their urine or feces [25]. This difficulty in finding the eggs is not casual,
nor an abnormal occurrence. It is part of the disease's laboratory findings pattern [26]. De-
spite having already done some serological examinations that could have confirmed infec-
tion by the parasites even without finding eggs, the diagnosis of spinal cord schistosomiasis
was still very complicated and controversial at that time, specially because there were no de-
tailed imaging examinations. Some studies already used presumptive diagnosis criteria, in
which the presence of lower thoracic or high lumbar medullar symptoms, the demonstra-
tion of exposure to Schistosoma through parasitological or immunological methods, and the
exclusion of other causes for myelitis were enough for attributing the clinical manifestation
to spinal cord schistosomiasis [27]. There were, still, some divergences in the literature re-
garding the acceptance of the parasitological e/or immunological methods for case confirma-
tion, but the risk of sequelae involved in biopsying the medulla led to the confirmation of
the diagnosis through pathological anatomical methods being abandoned [28-31]. In the last
decades, spinal cord schistosomiasis diagnosis has been reached through confirmation of
Schistosoma infection using pararitological or serological methods associated with the exclu-
sion of other causes for myelopathy [32-37].

With the technological improvement in the field of immunological methods and imag-
ing examinations, including the introduction of Computerized Tomography (CT) and,
mainly, Magnetic Resonance Imaging (MRI), differential diagnosis with other causes of
myelopathy has become easier. This can explain, at least in part, the great amount of ar-
ticles being published in this area [22,38-44]. With the increase in interest for adventure
tourism, a growing number of spinal cord schistosomiasis cases, who live in non-endem-
ic areas and are infected in their leisure time, have been described in the literature. Spi-
nal cord schistosomiasis, which had been considered a rare disease from the beginning
of the 20th century to the early 80's, now appeared to have been, in fact, under-recog-
nized. In the last years, it has attracted more and more the interest of researchers and is
considered one of the forms of schistosomiasis that must be reevaluated from the point
of view of disease burden by Public Health Organizations [45].

There are, in the literature, studies that allow an evaluation on the incidence or prevalence
in the population with schistosomiasis or exposed to the risk of schistosomiasis. In biblio-

125



126

Parasitic Diseases - Schistosomiasis

graphical studies of international literature between 1930 and 1984, 64 patients were identi-
fied (12 with S. haematobium and 52 with S. mansoni) and described in the literature [25].
Another bibliographical study published, which included 12 years worth of publications,
identified 280 patients with described in the literature [21]. This sudden increase in the num-
ber of publications regarding this disease reiterates the hypotheses that the improvement in
diagnostic methods has allowed an increase in the recognition of this disease. Thus, neuro-
schistosomiasis must now be recognized as a problem to be considered by the developers of
public policies.

The proportion of patients who go from schistosomiasis to spinal cord schistosomiasis is un-
known. But a study done in Bahia with 212 patients with non-traumatic medullar lesion
shows that 9.9% (21 cases) of patients had schistosomotic etiology [30]. In another, similar
study performed at the Sarah Kubitschek Hospital, in Brazil, with 231 patients, this etiology
corresponded to close to 6% of the patients (13 cases) of non-traumatic medullar lesion seen
in 4.5 years [36]. There are several indications that this disease has been under-diagnosed
[46-49] in endemic areas because of the difficulty of access to more sophisticated diagnostic
methods and, in more developed areas, because of the lack of knowledge on the part of the
doctors about this disease [26]. This situation has been changing in the last years, particular-
ly in Brazil, due to the improvement in diagnostic tools and better access to medical atten-
tion in the country. This may explain the increase of cases in patients of this country that are
reported in the literature.

Knowledge of the epidemiological profile of the patient with spinal cord schistosomiasis can
be obtained based on case reports or serial cases [26, 42, 50-52]. Spinal cord schistosomiasis
occurs more frequently in male patients, with ages between 15 and 50, having low worm
burden, up until then not presenting symptomatic neuroschistosomiasis, presenting intesti-
nal and hepatointestinal forms, living in non-endemic areas (who had an eventual exposure
to risk of infection) or in endemic areas.

There are several indications that a greater risk for spinal cord schistosomiasis cases in pa-
tients is present for patients with low worm burdens [53-55]. This means that spinal cord
schistosomiasis can occur in patients with low risk for severe hepatosplenic forms. They are
patients who do not present symptoms relating to the digestive tract, which often may lead
the assisting physician not to think of schistosomiasis diagnosis. Other patients, aside from
not having digestive symptoms, are not frequently exposed to the risk of transmission, mak-
ing the diagnosis even harder. Examples of said patient profile are tourists who have been
only sporadically exposed in areas of schistosomiasis transmission [27, 56, 57], patients who
live in urban areas who, usually, have sporadic contact with transmission focuses [58], resi-
dents of areas that are recent focuses of transmission [56], and residents of areas with low
prevalence for schistosomiasis [26].

Despite the severity of sequelae and disabilities caused by spinal cord schistosomiasis, this
form of schistosomiasis is still not being considered in the development of public policies
that aim to control the morbidity of schistosomiasis [1, 45, 58].
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4. Physiopathology

Knowledge on spinal cord schistosomiasis physiopathology has greatly improved in the last
years, although some blanks still remain. It is known that periovular granulomas play a cen-
tral role in medullar lesion [54, 55]. Although signs of vasculitis with immune complexes de-
posits close to the granulomas can be found [59], it is believed that these findings have a
secondary role in the lesion. The mass effect produced by the granuloma and the edema that
surrounds it may lead to the compression of internal structures to the spinal canal, causing
secondary and definitive ischemic lesions. The eggs get to the medulla via the Batson venus
plexus through embolization or through anomalous worm migration, in which case they
would lay their eggs next to the medulla [54, 55]. This plexus was first described in 1940 by
Batson, who intended to explain a mechanism for metastases being dispersed to the CNS
[60]. It is a network of valveless veins that connects the inferior vena cava to the veins in the
vertebrae. This plexus allows the embolization of eggs without the need for collateral circu-
lation or arteriovenous shunts, seen only in the hepatosplenic and cardiopulmonary forms
of schistosomiasis. The eggs of S. mansoni and of S. haematobium are larger, oval-shaped and
have spine (terminal in S. haematobium and lateral in S. mansoni), which may explain why
these species are associated with different neurological manifestations, most of them attrib-
uted to lesions in the lower levels segments of spinal cord, and, less frequently, higher mani-
festations in the spinal cord's medulla [54]. S. japonicum eggs are smaller, lack a spine, and
are round, allowing them to reach the brain more easily through these anastomoses, causing
a smaller proportion of medullar lesions. The probability of these eggs getting to the places
where the lesion occurred through ectopic oviposition is reinforced in some situations, in
which several eggs are found very close together, or even creating cordons. Aside from that,
worm couples were found near these locations in medullar veins. The highest proportion of
causes occurring in man can be explained by their greater exposure to focuses of transmis-
sion and by differences in pelvic anatomy between both sexes [54].

The greater proportion of spinal cord schistosomiasis cases in patients who present the
initial form of schistosomiasis when compared to the ones who present the advanced
form appears to have immunological and hemodynamic reasons. Pittella and Lana-Peixo-
to studied extensively the occurrence of Schistosoma eggs in necropsy nervous tissue
samples, and found eggs in 26% of the patients who presented hepatosplenic forms and
61,1% of the patients who presented cardiopulmonary forms [53, 61]. Periovular reac-
tions in the CNS are intense in patients presenting medullary forms of neuroschistoso-
miasis, with periovular necrotic-exudative granulomas that are typically found in the
initial stages of the disease (Figures 1 and 2).

Patients with hepatosplenic and cardiopulmonary forms usually present discreet periovular
reaction, without granulomatous response or with smaller granulomas, in non-productive
stages and located in several regions of the CNS [53-55, 61, 62]. Only 10% of the patients
who had eggs in the CNS in the necropsy, and presented these advanced forms also present-
ed neurological symptoms when alive. [53]. One of the suggested mechanisms to explain
egg dispersion in cases of patients with hepatosplenic and cardiopulmonary schistosomiasis
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is that the eggs would get to the CNS by bypassing through collateral portal-like circulation
and intrapulmonary arteriovenous shunting, secondary to hemodynamic alterations com-
mon to these advanced forms of schistosomiasis. In these cases there is major egg dispersion
through the CNS through anastomoses, but few of these eggs cause symptoms given that
the inflammatory response in these patients is usually discreet. In patients presenting schis-
tosomiasis in the intestinal and hepatointestinal forms, the most viable way for the worm
couples to reach the CNS is Batson's plexus and, therefore, the most common neurological
forms are medullary.
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Figure 1. Periovular reaction with granuloma in spinal cord biopsy fragment of a patient with neuroschistosomiasis
caused by Schistosoma mansoni infection (Optical microscopy, hematoxiline eosine method).
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Figure 2. Periovular reaction with granulomatous response in spinal cord biopsy fragment of a patient with neuro-
schistosomiasis caused by Schistosoma mansoni infection (Optical microscopy, hematoxiline eosine method).
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5. Schistosomiasis and immune response

During the disease's evolution, immune responses change over time, there being several cy-
tokines that participate with different responses at each moment. Immediately after infec-
tion by Schistosoma, there is a predominance of T-helper (Th) lymphocytes in action,
producing interferon gamma (INF-v), interleukin (IL)-2, and tumor necrosis factor (TNF)-a.
This stage usually lasts an average of 5 to 6 weeks in murine models that corresponds to the
acute phase of the disease (Katayama Fever) in humans [63-65]. With the evolution of the
disease, this response is substituted by Th2 type and its associated cytokines are IL-4, IL-5,
IL-10 and IL-13. At this stage, it is more common for spinal cord schistosomiasis to happen,
as shown by the elevated concentration of these cytokines not only in the CSF, but also in
the blood and serum from patients with spinal cord schistosomiasis [66]. Concentration of
THI type cytokines found in patients with spinal cord schistosomiasis was also lower than
in patients from the control group. In other words, spinal cord schistosomiasis seems to be
more common in patients who present TH2 type of immunological responses, correspond-
ing to the initial chronic phase of the patient with schistosomiasis, right after the acute phase
of the disease, but that may last for years. CD4+ T-cells (T-helper) play a central role in the
formation of the granuloma, so much so that in rats without a thymus there is no formation
of granulomas and patients with CD4+ T-cell depletion granulomas that may form are, gen-
erally, smaller [63-65].

With the evolution of schistosomiasis, TH2 polarized response is attenuated by suppressor
T-cells, which modulate immune response, diminishing the production of cytokines, inhibit-
ing the formation of granulomas, and diminishing the size of the granulomas that do form
[63-65], a situation which has been observed in patients with hepatosplenic and cardiopul-
monary schistosomiasis. This may explain the reason why there are many patients with ad-
vanced forms who present multiple eggs in the CNS, without inflammatory reaction around
them and that, therefore, do not elicit any symptom [54, 55, 66].

6. Clinical manifestations

The typical clinical manifestations of spinal cord spinal cord schistosomiasis is acute or
subacute and presents with lumbar pain with or without radiation to lower limbs,
evolving with diminishing of muscular strength in these limbs, with the possibility of
presenting, in addition, sensory alterations such as hypoaesthesia, paresthesia and dyses-
thesia [26]. Clinically, there may be myeloradicular or radicular compromising of the
medulla, with lesions in several segments of the medulla. Lesions which are higher in
the spinal cord and in a functional section of the medulla may present signs of pyrami-
dal liberation, such as Babinski's or hyperreflexia in the lower limbs. Lower lesions may
present themselves as cauda equina syndrome with hypo- or areflexia in the lower
limbs and unresponsive plantar-cutaneous reflex. Patients with spinal cord schistosomia-
sis usually present fecal and urinary retention, or other sphincter alterations, aside from
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erectile dysfunction [26]. The amount of time between the beginning of the symptoms
and the establishment of the complete manifestation normally ranges from a few days to
a couple of weeks [21, 26, 66-68]. In general, these patients do no present systemic
symptoms. Some patients may present cephalalgia, vomiting and other signs of menin-
geal irritation, such as Kernig's, Brudzinski's or nuchal rigidity [67]. When there is radi-
culopathy, patient may present Lasegue's sign. Spinal cord schistosomiasis' typical triad
is diminishing of muscular strength, with sensory alterations in the lower limbs associat-
ed with bladder dysfunction, this triad is found in 92,6% of the cases [26].

7. Diagnosis

Spinal cord schistosomiasis' diagnosis it not always simple, but there is a consensus that an
adequate diagnosis must include typical clinical manifestation (medullar and/or radicular
symptoms), proof of exposure to Schistosoma through parasitological or immunological
methods, and exclusion of other possible causes of myelopathy [26, 27, 32-37, 67-69].
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Figure 3. a-c). Sagital magnetic ressonance imaging in T1 phase (Figure 3a), no contrast T2 phase (Figure 3b), and
contrast T2 phase (Figure 3c) in a spinal cord schistosomiasis patient.

8. Imaging examinations

MRIs are very important when investigating spinal cord schistosomiasis and may show im-
portant data about the location and extension of the lesions. Although it's not a examination
that can define completely the etiology, it may collaborate to differential diagnosis by show-
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ing inflammatory lesions and ruling out tumorous lesions. The affected area may present
with increased volume or just an increase of paramagnetic contrast caption (Figures 3a, 3b,
and 3c). The most frequently found aspect is a granulated pattern that may not be exclusive
to, but is highly suggestive of, spinal cord schistosomiasis (Figures 4 and 5). A CT picture
has a lower sensibility and, in some cases, may show evidence of increased volume or just
high contrast caption [30, 38, 39, 41, 43, 44, 50, 68-71].
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Figure 4. Sagital magnetic ressonance imaging (T2 phase) in a spinal cord schistosomiasis patient. It is observed a
granular impregnation of gadolinium magnetic contrast in thoracic-lumbar spinal cord.

9. Laboratory examinations

Nonspecific examinations may suggest the etiology in a clinically suggestive patient. Rou-
tine CSF examination may show alterations in a high percentage of the cases, such as in-
crease in proteins in 95% and of leukocytes in 98% of the cases, generally with
predominance of lymphocytes and presence of eosinophil granulocytes in 40.8% of the cases
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[28]. Despite being highly suggestive of spinal cord schistosomiasis, pelocytoses, high pro-

tein concentration and eosinophilia in CSF are not always present [28].
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Figure 5. T2 phase axial magnetic ressonance imaging in a spinal cord schistosomiasis patient. It is observed a hyper-
signal in the thoracic-lumbar spinal cord levels.

Identifying the Schistosoma infection through the presence of eggs in the feces (S. mansoni
and S. japonicum) or urine (S. haematobium) presents less sensitivity than immunological ex-
aminations. In the case of S. mansoni, sensitivity varies depending on the methodology and
the number of samples being 15.4% [36], 40.0% [26], or 42.5% [42]. Among the several techni-
ques for parasitological examinations, the one which presents the highest sensitivity for S.
mansoni is Kato-Katz. A study in which 3 to 5 serial fecal samples were collected detected
eggs in the feces of 59.4% of the patients [51]. Rectal biopsy, when identifying eggs, shows a
positivity ranging from 57.5% [42] to 88,9% [51]. Given that parasitological examinations
may be considered to have 100% specificity, any of these tests returning a positive must be
considered proof of Schistosoma infection, but it may not exclude schistosomiasis when re-

sults come back negative.
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There are several immunological examination techniques to be used in the serum or CSF.
The most used ones try to reveal the presence of antibodies which are specific for soluble
egg antigens (SEAs), antigens from the digestive tube of adult worms, or antigens from cer-
cariae. The most used serology techniques are ELISA (Enzyme-linked immunosorbent as-
say) or indirect immunofluorescence assay. Immunological blood examinations have a
sensitivity varying between 80% and 97% and when tested on CSF sensitivity may vary be-
tween 56% to 97% (22, 26, 35, 68, 69, 72]. Immunological examinations must be considered as
strong evidence of active Schistosoma infection, even though many patients who have been
cured of the parasites still test positive for a long time and also that there is a chance of
cross-reaction with other parasites. Biopsying the medulla is only done, nowadays, in cases
when after extensive investigation, the need to rule out tumors is still present [26, 51, 68, 69,
72, 73]. It becomes apparent that no examination may be considered as gold standard for the
diagnosis of Schistosoma infection and, therefore, analysis of specific examinations must oc-
cur alongside analysis of clinical and epidemiological aspects. Also, results from imaging ex-
aminations and presence of eosinophil granulocytes in CSF or eosinophilia in peripheral
blood must be considered.

A proper investigation must be done to exclude other causes for the medullar and/or
radicular lesion, such as bacterial infections (e.g. tuberculosis, syphilis, abscesses), viral
infections (e.g. cytomegalovirus, poliovirus, enterovirus, HZV, HSV-1, HSV-2, HIV,
HTLV-I) parasitic diseases (e.g. cysticercosis, toxoplasmosis), fungal infections or non-in-
fectious, such as neoplasia, systemic lupus erythematosus, auto-immune vasculitis, dia-
betic vasculitis, B12 vitamin deficiency, multiple sclerosis, Guillan-Barré Syndrome,
among others [26, 51, 68, 69, 72, 73].

10. Treatment

Treatment is done through the use of corticosteroids and schistosomicides. The corticoste-
roids will diminish the inflammation and lead to regression of the granuloma, being even
more important than the schistosomicide. The latter will eliminate the egg production by
killing the adult worms and indirectly diminish the production of soluble egg antigens,
which are important stimuli for the granulomas. In a few cases, surgical procedures may be
necessary to decompress medullar structures. In other cases, treatment is clinical [26, 51, 73].
The schistosomicide may be oxamniquine (15 mg/kg dose for adults and 20 mg/kg for chil-
dren with up to 5 years of age) or praziquantel (60 mg/kg for children with up to 15 years of
age and 50 mg/kg for adults), both in a single dose [73]. The corticosteroid dose is the equiv-
alent to prednisone 1 mg/kg/day, and must be administered for 6 months, with careful sus-
pension, given that patients may present relapses during the process.

In addition, complementary care involves adequate integral approach with psychosocial re-
habilitation and motor physical therapy, intermittent bladder checking, prevention of pres-
sure ulcers, among others. Special care must be taken regarding urodynamic aspects [26, 70,
73]. The use of laxatives or enema may be needed for patients with fecal retention.
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11. Prognosis

Evolution depends, fundamentally, on early diagnosis and care, better prognosis being asso-
ciated with an early introduction of the treatment, and particularly the introduction of glu-
cocorticoids [26]. Although symptoms and urological functional alterations do not always
respond well to adequate treatment, despite its being started precociously [26, 70, 74, 75].
Patients may recover motor function, sensitivity, sphincter and erectile function control, or
they may end up with any combination of absence or recovery of some of the aforemen-
tioned functions. Urodynamic alterations have not shown significant improvement in pa-
tients who underwent protocol treatment. Ferrari and colleagues (2004) found complete
recovery in 31.7% (20) of the patients, 28.3% (18) of the patients presented partial recovery
with no functional limitation, 25.4% (16) patients presented partial recovery with functional
limitation, and 14.3% (9) of the patients did not improve at all [51]. There were no deaths in
this case series. Among the sequelae are paraplegia, paraparesis, dysfunction in the bladder
or anal sphincter, sexual dysfunction, definitive sensitivity loss in the affected areas or even
paraesthesia and dysesthesia [26, 30, 51]. Detailed studies on the urological aspects, done by
Lima (2004) in the Hospital da Restauragao in Recife, PE, show that after 9 months of treat-
ment 52 (80%) of 65 patients, showed alterations in urodynamic examinations and 45
(69.2%) showed alterations in voiding cystourethrogram [74].

12. Perspectives

Several factors can actively contribute to the increase in the identification of spinal cord
schistosomiasis cases, such as: improvement in diagnostic resources, increase in ecotourism
activities with greater exposure of the population to risk of infection, growth of the trans-
mission area, even in urban areas, and lowering of high parasitical loads, without diminish-
ing of the global prevalence of schistosomiasis. There is need of investing in the study of
spinal cord schistosomiasis, focusing epidemiological aspects such as: prevalence and inci-
dence, relations between general schistosomiasis incidence and spinal cord schistosomiasis,
prevalence and incidence in areas of high and low endemicity, and predisposing factors. De-
spite how successful controlling the hepatosplenic and cardiopulmonary forms has been
throughout the years, control instruments used currently have not shown themselves as suf-
ficient to control the spinal cord schistosomiasis problem. More studies are needed for im-
proving the understanding on the real prevalence of the medullary forms of schistosomiasis.
Changes in the Health Surveillance Systems are needed to improve control of schistosomia-
sis, aiming at a better understanding of the schistosomotic morbidity, particularly that of
spinal cord schistosomiasis. It is not surprising that schistosomiasis control politics, based
on parasitical diagnostic and treatment of the infected, have not been able to reduce the
morbidity of the disease due to medullar lesions, since most patients who present this form
of schistosomiasis have low worm burdens and present with negative fecal examinations.
To reach effective control of spinal cord schistosomiasis, the introduction of more sensitive
diagnostic methods and the development of more effective medicines for diagnosis and
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treatment of mild forms of schistosomiasis with low worm burdens will be needed in the
basic health systems. For an initial diagnosis, the possibility of immediate introduction of se-
rology as a diagnostic instrument in the Basic Health Units. This examination can be used as
diagnostic in those patients who are still untreated. But more studies will be necessary for
the development of more effective medicines and of more sensitive methods for parasitolog-
ical removal. It is also important to disclose the occurrence of this form of schistosomiasis, as
well as capacitating professionals for attending these patients, particularly in endemic areas
and recently formed focus points. A secondary gain of disclosing information on the exis-
tence of severe forms may be the population increase in attendance to control measures for
this disease.

Differential diagnosis:

e Bacterial infections: tuberculosis, syphilis, abscesses, Lyme's disease.

e Viral infections: cytomegalovirus, poliovirus, enterovirus, HZV, HSV-1, HSV-2, HIV, HTLV, EBV, HBV.

e Other infections: cysticercosis, toxoplasmosis, Chagas disease, fungal infections

¢ Non-infectious: neoplasia, systemic lupus erythematosus, auto-immune vasculitis, diabetic vasculitis, B12 deficiency,

multiple sclerosis, polyradiculopathy, Guillan-Barré Syndrome, spinal disc herniation, syringomyelia

Typical clinical manifestation:

e Lumbar pain with or without radiation to lower limbs
¢ Paraesthesia or diminishing of lower limb sensitivity
¢ Paraparesis or paraplegia

¢ Anal and bladder sphincter dysfunction

¢ Evolution is generally acute or subacute (between 2 to 60 days)

Presumptive diagnosis:

¢ Low thoracic or high lumbar medullar symptoms,
¢ Proof of exposure to Schistosoma ssp through parasitological or immunological methods and

¢ Exclusion of other causes for myelitis

Typical epidemiological profile of patients with spinal cord schistosomiasis:

¢ Ages between 15 and 50

¢ Predominantly male

* Low worm burden

¢ Patients thus far do not present symptomatic schistosomiasis or present intestinal and hepatointestinal forms (IS or
HIS)

¢ Patients may reside in endemic areas or non-endemic areas, with eventual exposure to risk of infection
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1. Introduction

1.1. Comorbidity of S. mansoni infection and hepatitis B

In Brazil, despite decreases in the prevalence rates of schistosomiasis and in the frequency of
severe forms, the targets for transmission control have not been reached. This should be taken
to be a warning sign indicating that schistosomiasis must not be neglected in this country
(Conceigao & Coura 2012). It is also important to emphasize that co-infections such as the
hepatitis B and C viruses play a role.

One of the few studies involving comorbidity with hepatitis B was conducted by Serufo et al.
(1998). Two areas with schistosomiasis infection in Minas Gerais were correlated: one endemic
and the other, a controlled non-endemic area, where it was shown that schistosomiasis did not
change the course of hepatitis B. This had previously been emphasized by Andrade (1965) and
Prince (1970), in studies on patients in different geographical regions.

Lyra et al. (1976) compared cases of hepatosplenic schistosomiasis (HSS) and control cases of
the hepatointestinal form of the disease, including cases with a variety of illnesses. They found
that the patients with HSS were carriers for HBsAg more frequently than the other groups
were. Bassily et al. (1979, 1983) detected hepatitis B surface antigen in cases of hepatosplenic
schistosomiasis. Pereira et al. (1994) did not find any significant difference in the frequency of
these markers for hepatitis B between patients with the hepatointestinal form of schistoso-
miasis, the hepatosplenic form and controls. Conceigao et al. (1998) evaluated the prognosis
for individuals infected with S. mansoni and carriers of hepatitis B virus, among patients
attended at the Teaching Hospital of the Federal University of Rio de Janeiro, Brazil. Non-
significant predominance of HBsAg, anti-HBsAg and anti-HBc was detected among patients
with the hepatosplenic form of schistosomiasis, who presented greater severity of clinical
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evolution, with a higher frequency of hematemesis and/or melena. In addition, development
of macronodular cirrhosis was observed, with worse prognosis than for patients with the
toxemic and hepatointestinal forms. However, Serufo (2000) considered that this kind of
association was a fallacy.

Al-Shamiri et al. (2011) determined the disease prevalence and its relationship with hepatitis
B and C viruses among 1484 school children aged between 5 and 16 years in five areas endemic
for S. mansoni and S. haematobium. The overall prevalence was 20.76% for S. mansoni and 7.41%
for S. haematobium. There was a correlation between S. haematobium and hepatitis B, but no
association between S. mansoni infection and the hepatitis B and C viruses.

1.2. Association between S. mansoni infection and hepatitis C

In Egypt, HCV together with schistosomal parasite infection is the biggest risk factor for
chronic liver disease. In most Egyptian patients, HCV genotype 4 is highly prevalent (Halim
et al. 1999).

Kamal et al. (2000a) showed that patients with concomitant HCV and schistosomiasis were
characterized by more advanced liver disease, higher HCV RNA titers, higher incidence of
cirrhosis and hepatocellular carcinoma, and higher incidence of liver-related morbidity and
mortality. Kamal et al. (2000b) concluded that patients with chronic hepatitis C and schisto-
somiasis co-infection responded poorly to interferon therapy and had higher relapse rates than
among patients solely infected with chronic HCV.

However, some authors like Gad et al. (2001) and Kamel et al. (2002), in Egypt, mentioned that
there appeared to be no epidemiological association between hepatic schistosomiasis and
infection by the hepatitis C virus. Also in Egypt, Madwar et al. (1989) evaluated the hepatos-
plenic forms of the disease and did not show any correlation with serological indicators for
hepatitis.

Lambertucci et al. (2005) emphasized that the studies on comorbidity of schistosomiasis and
viral hepatitis lacked representative samples of inhabitants and control groups. They con-
cluded that the evolution to chronic hepatitis and hepatic cirrhosis was related to the natural
history of hepatitis.

Conceigao et al. (2008) presented previous results from a study developed in Itaobim, a rural
area of Minas Gerais, Brazil, with the aim of identifying the clinical repercussions of S.
mansoni infection associated with hepatitis due to the B and C viruses. There was no statistical
difference in the viral hepatitis B and C rates among S. mansoni infected patients, in comparison
with a control group without positive parasitological examinations. From an investigation in
the rural area of Jequitinhonha Valley, in Minas Gerais, Conceigao et al. (2009) did not find any
positive association between serological indicators for hepatitis B or C and severe clinical forms
of Manson'’s schistosomiasis.

The comorbidities that affect the course and response to anti-hepatitis C therapy include
schistosomiasis, iron overload, alcohol abuse and excessive smoking. These co-infections
negatively affect the course and outcome of liver disease, often reducing the chance of
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achieving a sustained virological response with PEGylated interferon and ribavirin treatments.
Patients with chronic hepatitis C (CHC) infection and concomitant schistosomiasis respond
poorly to IFN therapy and have higher relapse rates than among patients with HCV infection
only (El-Zayadi 2009). There was no interaction between S. mansoni infection or disease and
the prevalence or severity of hepatitis C in surveys that were conducted among 2038 Egyptians
and 2120 Kenyans (El-Zayad 2009).

2. Research methods

The research methods used for preparing this chapter were based on articles written by our
group and by other authors in the literature on the topic of Epidemiology of Schistosomiasis
in Brazil, which were published in journals and books in Brazil and worldwide, and in MSc
and PhD theses that are available through the internet, in the Oswaldo Cruz Foundation
(Fiocruz) libraries, and in the School of Medicine of the Federal University of Rio de Janeiro
(UFR]J). Reference was made to protocols and records used in clinical studies and in endemic
areas, among the inhabitants, with clinical specifications and socioeconomic conditions. This
work also used statistical analysis methods to evaluate whether the results obtained presented
significant differences.

3. Conclusions

* Most authors have not found any positive association between serological indicators for
hepatitis B or C and the severe clinical forms of schistosomiasis mansoni;

* Comorbidities such as infections due to the hepatitis B and C viruses may worsen the
prognosis for the clinical evolution of hepatosplenic schistosomiasis.
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1. Introduction

Schistosomiasis is a parasitic disease with great social impact, being regarded as a relevant
public health issue in 76 countries in Africa, Asia, and South and Central Americas [1, 2]. It
is one of the main water-borne parasitic diseases in the world and it continues to be a major
cause of morbidity and mortality, disabling and killing thousands of people every year.
Considering that, both public health bodies and pharmaceutical companies need to more
diligent regarding that issue [3, 4].

The parasite that causes schistosomiasis mansoni is the Schistosoma mansoni, an intravascular
digenetic trematode from the family Schistosomatidae. In Brazil, where only that particular
schistosome can be found, there are 25 million people living in endemic areas, from which 4
to 6 million are infected, which makes the country the most affected by intestinal schistoso-
miasis in all Americas. Popularly known as barriga-d’agua (water belly) in Brazil, the dis-
ease is transmitted by planorbides from genus Biomphalaria [5, 6].

The transmission occurs when an infected definitive host eliminates viable eggs of the para-
site through stool, getting in contact with bodies of fresh water and contaminating them.
Therefore, the disease is directly related to fast urban growth and lack of resources such as
safe water supply and adequate sewage system in peri-urban areas [7]. The pathology of the
disease is characterized by having two phases, acute and chronic, which are dependent on
the life stage of the parasite, as shown in Figure 1.
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Figure 1. Cycle and pathology of schistosomiasis mansoni.

According to [8], environmental degradation is a determining factor to the dissemination of
the disease, even more than poverty and underdevelopment. The authors also consider that
some factors contribute to both development and maintenance of schistosomiasis mansoni
breeding sites, such as subsistence cultivation; perennial cultivation; flooded areas; mean-
ders and natural channels; springs and taps; environments likely to be polluted by human
waste; fish-breeding ponds; ponds or watercourses used for sport fishing, washing of uten-
sils, and bathing; sand deposits on river banks with no vegetation; large debris and garbage
deposits and activities along watercourse banks. As a result, the authors believe that the dis-
tribution of the disease is not as random as it seems, and that the localities with concentra-



Tegument of Schistosoma mansoni as a Therapeutic Target
http://dx.doi.org/10.5772/53653

tion of cases are associated with human activities that interfere with both landscape
structure and human behavior, so there is a relationship between land occupation and
health decline. In reference [9], the authors have recently confirmed this hypothesis by re-
porting the rise of the disease in the state of Bahia (Brazil), particularly in the town of Lauro
de Freitas, which full ongoing economic growth is attracting intense human migration,
which results in disordered urban occupation and environmental disturbances, increasing
the risk of expanding the endemic area. Because of that, schistosomiasis mansoni is consid-
ered one of the most critical health issues in Brazil, occurring in 19 states (out of 26 states
and one Capitol) [9, 10].

2. Therapeutics of schistosomiasis mansoni: Searching for new
alternatives

Several intervention measures can be taken to reduce the morbidity of the disease, as well
as, to prevent or interrupt the transmission of the parasite from the mollusk intermediate
host to humans. Such measures include chemotherapy, environmental sanitation, mollusk
control, safe water supplies, and environmental education.

Chemotherapy provides a double benefit: it reduces both the morbidity caused by the
presence of adult worms in the human host and the number of eggs eliminated to the
environment [11].

There are only two drugs available for the treatment of schistosomiasis mansoni, i.e., oxam-
niquine and praziquantel. However, since the former has side effects on the human organ-
ism (mutagenic and carcinogenic effects, as well as effects on the central nervous system), its
production and commercialization are controlled and reduced. Therefore, praziquantel has
been practically the only drug available for that treatment since the 1970s [12-14]. To exacer-
bate the situation, cases of tolerance and resistance of S. mansoni to the treatment with both
drugs have been recently reported, which raises the need to develop new drugs and forms
of controlling the disease [15-17].

In this context, research with medicinal plants becomes a viable alternative, especially in
countries with large biodiversity and rich cultural and ethnic diversity, like Brazil, because
of the resulting accumulation of local traditional knowledge, which is passed from genera-
tion to generation and includes the use and management of medicinal plants as home rem-
edies [18]. Furthermore, there are about 100,000 catalogued plant species in Brazil, and their
active ingredients are mostly unknown, as only 8% of those species were studied regarding
their chemical composition and therapeutic properties [19]. In recent years, the scientific
community has been conducting in vitro and in vivo tests to examine a variety of essential
oils, extracts and isolated compounds from different species with respect to their schistoso-
micidal potential.

In the last few years, our research group carried out in vitro and in vivo tests using three
species of Brazilian medicinal plants — Baccharis trimera (Less) DC., Cordia verbenacea DC
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and Phyllanthus amarus — on adult S. mansoni worms. The three species are widely used
in Brazilian folk medicine in the forms of infusion and tea on account of their anti-in-
flammatory properties.

Amongst the several criteria analyzed by our research group to evaluate the therapeutic effi-
ciency of the tested plants, the morphological changes in the tegument of the worms (both
males and females) were considered essential, due to the fact that literature reports the dam-
age caused to that structure as cardinal in causing the parasite’s death, and studies for the
development of new schistosomicidal drugs have been setting it as a target [20].

3. The importance of the tegument of Schistosoma mansoni

The tegument of S. mansoni plays a key role in its protection against the action of the host’s
immune system, as it is renovated every six hours [20]. In addition to that, it is capable of
absorbing nutrients and molecules and synthesizing some proteins [21-24]. That structure is
also extremely important for the success of the infection and the survival of the worm in the
host [25-27]. For all those reasons, it has been vastly studied since the end of the 1960s.

3.1. The analysis evolution of the tegument of S. mansoni: From optical to electron
microscopy

Before microscopy techniques were available for the evaluation of the worm ultrastructure,
little was known about the importance of the tegument of S. mansoni. The first detailed stud-
ies on that structure were carried out in the 1940s, when Gonnert [28], using light microsco-
py, described the differences between S. mansoni males and females, including the fact that
males have more and larger thorns.

With the emergence of transmission electron microscopy (TEM) and scanning electron mi-
croscopy (SEM) there was a revolution regarding the ‘appearance’ of the worm and the de-
scription of its sexual dimorphism. By using electron beams that either pass through (in the
case of TEM) or scan the specimen under analysis (in the case of SEM), electron microscopy,
which was developed in the 1930s, had a significantly higher resolving power than optical
microscopy, allowing for a detailed observation of samples.

According to [29, 30], S. mansoni was the first digenetic trematode to be examined under
electron microscopy. For that reason, the ultrastructure of that helminth has been more often
studied than the ultrastructure of any other digenetic trematode. By the end of the 1960s and
beginning of the 1970s, electron microscopy was used in studies on schistosomiasis mansoni
to confirm details of the parasite’s tegument and thus allowed for interpretation of the func-
tions of that structure.

In 1968, Hockley [31] described the surface of the worm using SEM, pointing out, for in-
stance, the presence of thorns in the more internal portion of the oral sucker in both sexes,
and the fact that the ventral sucker (acetabulum) is longer and more conspicuous in males.
Still according to that author, the genital pore was detected in both sexes in the form of an
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opening placed posteriorly to the ventral sucker. The author also reported the presence of
tubercles on the dorsal surface of male worms starting from the posterior portion of the ven-
tral sucker, both sides being covered by thorns. The number of such tubercles starts to de-
crease from the posterior lateral edges of the dorsal surface.

Furthermore, Hockley [31] observed that in the areas between the tubercles the parasite’s
surface is rugged, with several grooves, as well as a few isolated thorns. On the male worm
lateral edge, which bends to form the gynaecophoric canal, the author noticed the presence
of large thorns whose function is to capture the female in the canal. Finally, he noticed that
females also presents more thorns at the final portion of their surface, but in less quantity
than males. Senft and Gibler [32] termed such thorns sensory papillae.

Using TEM, Hockley and McLaren [33] concluded that the surface of S. mansoni consists of
two opposite lipid bilayers very close to each other and having the form of a cell membrane.
Since the tegument does not have lateral membranes, its cytoplasm extends as a continuous
unity, or syncytium, around the body of the worm. According to the authors, that syncytial
complex is the main route of nutrient absorption (glucose, amino acids, among others), me-
tabolite excretion (lactic acid and others) and protection against attacks by the host’s im-
mune system, whereupon it is a crucial target of drugs with schistosomicidal activity.

From the 1980s on, after the establishment of the therapeutics of schistosomiasis mansoni,
TEM and especially SEM were also used in an attempt to clarify the action mechanisms of
the drugs used in the treatment for the disease, i.e., oxamniquine and praziquantel.

Becker et al. [34], by means of SEM and TEM, realized that worms subjected to oxamniquine
showed tegumental vacuolization. Using SEM, Kohnetal. [35] noticed that the drug was produc-
ing changesin the structure of the worm on tegumental, muscular and parenchymallevels, caus-
ing bubble-like lesions. Magalhaes-Filho et al. [36] also noticed vacuolization, destruction of
tubercles in male worms, and surface erosion. Recently, praziquantel has been subjected to fur-
ther studiesbecauseitstillis the mostused drugin the treatment of all types of schistosomiasis.

Using SEM and TEM, Shaw and Erasmus [37] observed extensive damage to the structure of
S. mansoni specimens subjected to praziquantel, including vacuolization of the tegument and
subtegument of females, and destruction of the tegument and musculature. In males, in ad-
dition to vacuolization and destruction of the parenchymal tissue, mainly in the dorsal re-
gion, loss of cytoplasm, and structural damages to the musculature could be observed. It
was noticed that male worms showed more damage in the tegument than females.

Actually, the action mechanism of praziquantel on S. mansoni has yet to be fully understood.
On the other hand, there is no doubt that studies using SEM and TEM were important in the
search to solve that puzzle.

The morphological changes that praziquantel causes to the tegument and in the sarcoplas-
mic membranes of the parasite are thought to be followed by an increase of antigen expo-
sure on its surface. The antigens are identified and connected with the host’s immune
response required to complement the activity of the drug [38, 39]. Therefore, praziquantel is
believed to interact with the host’s immune system to kill the parasite. The last effect of the
drug is the rupture of the surface of the worm, leading to its death [40].
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In view of the fact that certain strains of the parasite have proved to be tolerant and resistant to
the treatment with oxamniquine and praziquantel, it has become necessary to test new drugs.
Electron microscopy has been used since the 1990s to know if such drugs are active against the
worm by observing the damages caused to its tegument. Many studies using SEM have shown
that drugs active against S. mansoni are responsible for severe damage to its tegument.

Some drugs, which had their schistosomicidal activity studied, have proved capable of pro-
ducing tegumental changes. Albuquerque et al. [41] noticed that imidazole derivatives caus-
es damage to the oral sucker in males, in addition to reducing and disorganizing the
tubercles. In females the authors noticed erosion and peeling of the tegument, rupture of the
surface membrane, and the complete disappearing of sensory structures.

Manneck et al. [42] observed that mefloquine causes higher degree of changes to the tegument
of schistosomula and adult females, including peeling and bubble formation. Tests with that
drug have also been carried out with other Schistosoma sp. (e.g., S. japonicum, which causes in-
testinal schistosomiasis), and these were the effects described: peeling in males and females, fu-
sion of thorns in males, collapse of the sensory papillae, and erosion on the suckers [43].

In assays carried out with arachidonic acid, El Ridi et al. [44] showed extensive changes in
the aspect of tubercles in males, including reduction in size and loss of thorns. The suckers
also underwent changes such as oedemas and loss of thorns.

Other authors used SEM to attest the activity of natural compounds on the tegument of the
worm. Shuhua et al. [24] reported that artemether, a derivative compound of artemisinin,
which is extracted from Artemisia annua, causes damage to the tegument of both males and
females, including peeling, which was more intense in females — not surprisingly, as artemi-
sinin itself is most effective against females [45]. Oliveira et al. [46] noticed extensive peeling
on the tegument of male and female worms, destruction of tubercles, thorns and sensory
papillae, and changes in the suckers (oral and ventral) after in vitro exposure to essential oil
of Baccharis trimera over an incubation period of 24 hours.

3.2. S. mansoni tegument analysis method

Nowadays, other techniques are being used in an attempt to evaluate the activity of candidate
drugs on the tegument of the worm. One of them is confocal laser scanning microscopy (CLSM),
which, like SEM, provides three-dimensional images. The confocal microscope was developed
in 1950, butitonly became popular for analysis of biological samples in the 1970s [47-50].

Moraes et al. [27-51] used confocal laser scanning microscopy to analyze the activity of pi-
plartine (isolated from Piper tuberculatum) on the tegument of S. mansoni adults and schisto-
somula, and reported reduction in the quantity of tubercles in males and damage to the
surface membrane of schistosomula. Moraes [51] proposed the use of both CLSM and SEM
to perform a quantitative analysis (by counting the tubercles in a specific area) of the dam-
age caused to the tegument of worms used in drug testing.

Another way to evaluate tegument damage caused by candidate drugsis to use an inverted op-
tical microscope during in vitro assays. Magalhaes et al. [52] and Moraes et al. [51], for example,
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reported damage to the tegument of S. mansoni specimens subjected to in vitro assays with Dry-
opteris sp. and Piper tuberculatum, respectively, considering them either moderate or severe.

Therefore, there are other methods besides electron microscopy to evaluate the activity of a
drug or candidate drug on the tegument of S. mansoni. Such methods can be classified as
qualitative (i.e., it is only possible to notice changes, not to measure them), quantitative
(changes can be quantified, i.e., it is possible to count and compare, for instance, the number
of tubercles in male worms subjected to the tested sample with the number found in the
control group), and qualitative-quantitative (in this case, changes can be both visualized and
quantified). Table 1 presents that classification.

Method Classification Advantages Disadvantages References
Inverted Optical Qualitative - No special preparation is required to -Analysis criteria are subjective:  [51,52,53-57]
Microscope (used visualize the sample damages must be evaluated
during in vitro -Damages to the tegument can be visualized  subjectively, e.g., they are
tests) live, whilst the in vitro experiment is carried reported as intense,

out intermediate, moderate, or even

-Itis possible to analyze a higher range in less  absent

time
Confocal Laser Quantitative - Allows damages to be quantified through -Sample has to be prepared [51]
Scanning three-dimensional images, especially onthe - Expensive
Fluorescence tegument of male worms, where the number - Complex to operate
Microscopy of changed or damaged tubercles is counted  -High-intensity laser light

-Provides images of great contrast even with - Chemical labeling

weakly fluorescent specimens

-Three-dimensional images with a resolving

power of 0.1-0.2 pm, providing many details

of the surface of the worm
Transmission Qualitative - Allows for the analysis not only of damages - Sample preparation is a delicate [43, 58, 59]
Electron caused to the tegument of the worm but also  and difficult work
Microscopy of changes in its musculature and internal - Tegumental damages cannot

organs be statistically quantified

- Excellent resolution (< 0,2 nm) - Expensive
Scanning Electron  Qualitative/ - Three-dimensional images with high angular - Sample has to be prepared [24, 46,58]

Microscopy Quantitative

resolution (~10 nm), providing many details of
the surface of the worm

- Like in confocal laser scanning fluorescence
microscopy, damages to the tegument can be
quantified

- High-quality three-dimensional images, ideal
to analyse the texture, topography and

surface of the worm

- Expensive

Table 1. Methods to analyze damage to the tegument of S. mansoni specimens subjected to either in vitro or in vivo
tests for evaluation of candidate drugs: classification. Sources: [60-63].
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Our research group has evaluated the activity of different fractions of B. trimera, C. verbena-
cea and P. amarus on the tegument of adult S. mansoni males and females using SEM. We un-
derstand that this method provides important data regarding tegumentary changes because
its high angular resolution provides high-quality images that allow us to analyse the para-
site’s surface in detail.

4. Methodologies used in scanning electron microscopy for studies of S.
mansoni

On account of their naturally hydrated condition, biological samples are relatively complex
to process, and only hard objects (e.g., seeds) can be observed through SEM with minimum
preliminary treatment. Therefore, the preparation of a biological sample for SEM includes
various stages [60, 64].

From the first observations using SEM to the present ones, it can be noticed that the method-
ology for S. mansoni worms preparation has significantly varied from one author to the oth-
er. Nevertheless, the steps for preparing the worms have always been respected: fixation,
washing to remove the excess of fixatives, post-fixation in osmium tetroxide, dehydration at
growing concentrations of ethanol, critical point drying, mounting on aluminum stubs, gold
sputtering, and observation under a scanning electron microscope. Table 2 shows differen-
ces in the methodologies for preparing S. mansoni specimens for SEM analysis.

Although some methodologies for preparation of S. mansoni samples for SEM use phosphate
buffer, some authors use sodium cacodylate buffer. Considering that, an experiment was
carried out in order to evaluate possible differences between the use of such biological buf-
fers. A protocol was used, and only the biological buffer was changed:

1. Fixation in Karnovsky (2.5% glutaraldehyde and 4% paraformaldehyde) with buffering
pH between 7.0 and 7.3 (adjusted with 0.2 M HCL) with 0.1 M sodium cacodylate buffer sol-
ution or 0.1 M phosphate during 48 hours; 2. Washing in 0.1 M sodium cacodylate buffer or
0.1 M phosphate for one hour, changing the solution every 15 minutes; 3. Post-fixation in 1%
osmium tetroxide for one hour; 4. Washing in 0.1 M sodium cacodylate buffer or 0.1 M
phosphate for 30 minutes, changing the solution every 10 minutes; 5. Dehydration at grow-
ing concentrations of ethanol (50% and 70% during 30 minutes, changing the solution after
15 minutes; 90% and 100% during 30 minutes, changing the solution every 10 minutes); 6.
Drying of worms in a critical point dryer; 7. Mounting of the samples on aluminum stubs; 8.
Gold Sputtering; 9. Observation under a scanning electron microscope

Figures 2 to 7 present images obtained with different buffers. It could be noticed that the
samples subjected to phosphate buffer showed inferior fixation as compared to sodium ca-
codylate, since the worms became malleable and, especially males, seemed to dehydrate. For
that reason, sodium cacodylate buffer was used in the subsequent assays. However, it could
also be noticed that the use of Karnovsky solution in fixation, as well as the long period in
which the samples stayed therein, rendered the worms stiff, friable and hard to manipulate.
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The use of 2.5% glutaraldehyde as fixative for a shorter incubation period (24 hours) was,
thus, adopted by our group.

Figure 8 shows the standardized protocol that was applied to all SEM assays with the stud-
ied plant species, i.e., B. trimera, C. verbenacea and P. amarus. The samples were mounted on
aluminum stubs, placed in a Balzers critical point dryer, model CPD 030, and a Bal-Tec/Balz-
ers sputtering system (Sputter Coater), model SCD 50, and then were analyzed under a Jeol
scanning electron microscope, model JSM 5800LV.

Methodology Type Advantages Disadvantages References

- In addition to not causing protein - When kept in alkaline
coagulation, AG is incorporated into  medium at 4°C, there
o tissues (additive fixative), promoting can be polymerisation,
Pre-fixatives  Glutaraldehyde (AG) o ) [65-67]
good structural fixation which reduces the
- Maintains good fixation quality up ~ osmolarity of the

to 30 days if kept at -20°C solution

- Methanol
concentration varies
from 11% to 16%,
Formalin - Low cost extracting most of [68,69]
cytosol and cell
membrane, providing
bad fixation conditions

- Paraformaldehyde penetrates 5

times faster than AG, but, because

Karnovsky (2.5% its fixation power is lower, it
glutaraldehyde and promotes a weaker initial - Combined use of two (70-72]
4% stabilization, which will then be toxic substances
paraformaldehyde) complemented by AG. As a result,
the solution will have more
osmolarity

- Absence of phosphate ions that ) ) )

. . . - Highly toxic, partially
can interfere with cytochemical . o
. for having arsenic in its
) ) studies N
Buffer solution  Sodium cacodylate ) » composition [65,67,70,71]
- Preservation of the activity of )
) ) - Its disposal demands
certain enzymes and resistance to .
o ) ) . special care
contamination, as it contains arsenic
- It is more physiological than - Can produce artefacts
Phosphate sodium cacodylate buffer, not in the form of electron- [24,41]
having toxicity dense particles

Table 2. Methodological differences for the preparation of S. mansoni specimens for SEM. Sources: [73, 74].



160

Parasitic Diseases - Schistosomiasis

Sodium Cacodylate Group — mated worms
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Figure 2. Scanning electron microscopy of adult S. mansoni using sodium cacodylate buffer. A-B — mated S. mansoni
worms; m: male worm; f: female worm; cg: gynaecophoric canal, vo: oral sucker, Va: ventral sucker.

Sodium Cacodylate Group — Tegument
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Figure 3. Scanning electron microscopy of the tegument of adult S. mansoni worms using sodium cacodylate buffer.
A - tegument of male worm; B — tegument of female worm. t. tubercles. ep — excretory pore.
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Sodium Cacodylate Group - Suckers
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Figure 4. Scanning electron microscopy of S. mansoni male worm suckers using sodium cacodylate buffer. vo. oral
sucker; va. ventral sucker; f. female worm.

Phosphate Group — Mated Worms
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Figure 5. SEM of adult S. mansoni worms using sodium phosphate buffer. A- male worm; f- female worm; B- male
worm; vo- oral sucker; va- ventral sucker. cg- gynaecophoric canal.
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Phosphate Group — Tegument
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Figure 6. SEM of the tegument of adult S. mansoni worms using sodium phosphate buffer. A — tegument of male
worm; B - tegument of female worm. t: tubercles.

Phosphate Group - Suckers

Figure 7. SEM of adult S. mansoni worms suckers using sodium phosphate buffer. A- male worm, genital pore high-
lighted (pg).
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2.5% Glutaraldehyde Fixation
(for 24 hours)

Washing: 0.1 M Sodium Cacodylate Buffer
(1 hour, changing 1he* solution every 15 minutes)

Post-fixation in 1% osmium tetroxide
(1 hour)
v

Washing in 0.1 M Sodium Cacodylate Buffer

(30 minutes, changing the solution every 10 minutes)

50%
70 ‘;) } (30 minutes, changing the solution every 15 minutes)
Dehydration in ethanol

90% } (30 minutes, changing the solution every 10 minutes)
100 %
v

Critical point drying of the sample
v
Mounting of the sample on aluminum stubs

v

Gold sputtering of the sample

Observation of the sample under a scanning electron microscope

Figure 8. Protocol used by our research group to prepare S. mansoni specimens for scanning electron microscopy.

5. Study of the activity of medicinal plants on the tegument of S.
mansoni: Baccharis trimera (Less) DC, Cordia verbenacea DC and
Phyllanthus amarus

The species B. trimera, C. verbenacea and P. amarus, whose activity on the tegument of S. mansoni
was evaluated, are widely used in Brazilian folk medicine. The studied plants were obtained
from the Experimental Field of the Chemical, Biological and Agricultural Pluridisciplinary Re-
search Center (CPQBA), Paulinia (22°45'40" S — 47°09'15" W), Sao Paulo, Brazil. The following
fractions were tested, all of them coming from the aerial parts (flowers and/or inflorescences).

A - Baccharis trimera B- Cordia verbenacea C- Phyllanthus amarus

Figure 9. B. trimera, C. verbenacea and P. amarus specimens. Source: CPQBA, Unicamp, 2011.
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* Baccharis trimera (Less) DC

The species B. trimera (Figure 9-A), known in Brazil as “carqueja-amarga”, belongs to the fam-
ily Asteraceae and is used in folk medicine for the treatment of many diseases, in particular
hepatic ones. The plant allegedly has tonic, mouth-healing, antipyretic, analgesic, anti-dia-
betic, and anti-inflammatory properties [75-81]. It is native to the South and Southeast re-
gions of Brazil, also being found in Argentina, Bolivia, Paraguay and Uruguay [82].

B. trimera was used in in vitro assays in which mating worms were kept in RPMI-1640 medi-
um with penicillin/streptomycin, incubated in a controlled environment (5% CO, and 37°C)
[53], and exposed to a fraction hexane fraction, obtained from the fractionation of dichloro-
methane extract, in lethal concentration of 130 pg/mL for 24 hours. After that period, the
worms were prepared for SEM, also according to the protocol shown in Figure 8.

The hexane fraction of B. trimera caused changes to the tegument of both males and females
and on the oral and ventral suckers. The tegumental peeling was particularly worth noting
(Figures 10 to 12).

0011 100X 10KV

Figure 10. SEM of a S. mansoni adult couple after in vitro exposure to hexane fraction obtained from the crude di-
chloromethane extract at the lethal concentration of 130 ug/mL, over an incubation period of 24 hours. m- male
worm showing changes in its oral (vo) and ventral (va) suckers, as well as destruction of its tequment; f — female
worm with tegumental peeling on its body surface.
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Figure 11. SEM of adult S. mansoni specimens after in vitro exposure to the hexane fraction obtained from the crude
dichloromethane extract at the lethal concentration of 130 ug/mL, over an incubation period of 24 hours. B. Male
worm, destruction of tubercles and thorns on its tegumental surface. C. Female worm with extensive tegumental
peeling on its dorsal surface.
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Figure 12. SEM of adult S. mansoni specimens after in vitro exposure to the hexane fraction obtained from the crude
dichloromethane extract at the lethal concentration of 130 pug/mL, over an incubation period of 24 hours. D. Male
worm with changes in the oral (vo) and ventral (va) suckers. E. Female worm with changes in the suckers and tegu-
mental wrinkling and erosion.

* Cordia verbenacea DC

C. verbenacea (Figure 9-B), also referred to as C. salicina, C. curassavica, C. cylindristachia, Litho-
cardium fresenii, L. salicinum and L. verbaceum, is popularly known as erva-baleeira or salicina
in Brazil. It belongs to the family Boraginaceae and is widely distributed along the Brazilian
coast, being found mainly in the littoral zone extending from Sao Paulo to Santa Catarina
[83]. Species of the genus Cordia are present in tropical and subtropical areas of Asia, South-
ern Africa, Australia, Guyana, and South America [84]. Several compounds are found in
their aerial parts, including tanins, flavonoids, mucilage, and essential oils. Such parts, along
with leaves and inflorescences, have been used in folk medicine in the form of infusions and
alcohol extracts because of their antiulcer, antimicrobial and antirheumatic activities, and
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tonic, analgesic and anti-inflammatory properties [83,85,86]. In view of the variety of chemi-
cal groups found in extracts of C. verbenacea and their alleged biological properties, that
plant is an important material for pharmaceutical research [87].

C. verbenacea were used in in vivo assays with mice Balb/c (Mus musculus), infected with 70
cercariae of S. mansoni (BH strain) by tail immersion [98], and kept in an isolated environ-
ment. Forty-five days following infection, the animals were treated orally by esophageal in-
tubation with 300 mg/kg, administered in a single dose, of fraction 3, obtained from the
fractionation of the organic fraction, originated from the ethanol extract [99], with a specific
concentration of the tested fraction. Fifteen days after treatment, the animals were euthan-
ized by cervical dislocation. The worms were collected by perfusion of the hepatic portal
system [100], and washed in 0.9% NaCl solution and subjected to the protocol shown in Fig-
ure 8 in order to be analyzed by scanning electron microscopy.

Fraction 3 of C. verbenacea caused an erosion on the tegument of both male and female
worms. Formation of vesicles and adhesion of host’s cells to the surface of worms (Figure
13) were also observed. No damages to the sucker were found.

* Phyllanthus amarus

The plants belonging to the genus Phyllanthus are widely distributed in most of the tropical and
subtropical countries (in both hemispheres) and include between 550 and 750 species. It is be-
lieved that around 200 species of that genus are distributed in the Americas, chiefly in the Car-
ibbean and in Brazil [88, 89]. In Brazil, the plants of that genus are popularly known as stone-
breaker (“quebra-pedra” in Brazilian Portuguese) because they are recognized by their diuretic
properties in Brazilian and other countries’ folk medicine, being used in the treatment for kid-
ney and bladder disorders. In addition to helping the elimination of kidney stones, they com-
bat intestinal infections, diabetes and hepatitis B [88-90]. The interest in plants of the genus
Phyllanthus has been considerably increasing, especially for the species P. amarus (family Eu-
phorbiaceae) (Figure 9-C), which is scientifically one of the most studied, many of its com-
pounds having already been isolated and chemically identified. P. amarus has a long history of
usage in folk medicine because of its rich medicinal effects, being reported to possess potent
hepatoprotective [91, 92], anti-inflammatory, analgesic [93-94], hypoglycaemic [95], antiplas-
modial (against Plasmodium berghei) [96], and antioxidant [97] properties.

P. amarus were used in in vivo assays with mice Balb/c (Mus musculus), infected with 70 cercar-
iae of S. mansoni (BH strain) by tail immersion [98], and kept in an isolated environment. Forty-
five days following infection, the animals were treated orally by esophageal intubation [99],
with the butanolic fraction 2 in the concentration of the 100 mg/kg for three days. Fifteen days
after treatment, the animals were euthanized by cervical dislocation. The worms were collect-
ed by perfusion of the hepatic portal system [100], washed in 0.9% NaCl solution and subjected
to the protocol shown in Figure 8 in order to be analyzed by scanning electron microscopy.

The butanolic fraction 2 of P. amarus caused damage to the male worms’ tegument, includ-
ing perforations, changes in the tubercles, peeling, and formation of vesicles and protuber-
ances. Contraction and swelling were noticed in the region around the suckers (Figure 14).
No damage were found in the tegument of females. This fraction did not cause the separa-
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tion of coupled worms, thus female worms remained in the gynaecophoric canal protected

from the action of the butanolic fraction 2.

Figure 13. SEM of adult S. mansoni specimens after in vivo assay with fraction 3 obtained from the organic fraction of
C. verbenacea at the concentration of 300 mg/kg. A-B. Male and female worms, respectively, showing peeling of the
tegument. C-D. Male worms showing adhesion of host’s cells to its tegument and formation of vesicles. et — erosion of
the tegument; ch — host's cells adhered to the surface of S. mansoni; I - host's leukocytes; dt — destruction of the tegu-

ment; v - vesicle.
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Figure 14. SEM of adult S. mansoni specimens after in vivo assay with butane fraction 2 from butane extract at the
concentration of 100 mg/kg/3 consecutive days. A. Area of the gynaecophoric canal showing perforations (p). B. Rup-
ture of tubercles (rtb) and peeling (d) on the tegument of a male worm. C. Peeling (d) and destruction of tubercles
(dtb). D. Formation of several vesicles (v). E. Formation of protuberances (pt) on the tegument. F. Contraction of the
ventral sucker (cvv) and swelling (i) of the region around the suckers.

6. Conclusions

* The combined use of 0.1 M sodium cacodylate buffer and 2.5% glutaraldehyde and the
reduction in fixation time provided more distinct images with no artefacts, in contrary to
the combination of Karnovsky solution with 0.1 M phosphate buffer.
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* The tested fractions of B. trimera, C. verbenacea and P. amarus caused tegumental changes
in adult S. mansoni specimens, including peeling or erosion of the surface membrane, for-
mation of vesicles, destruction of tubercles, and modifications in the suckers. It is worth
noting that such changes were more intense in male worms.

e Since the tegument of S. mansoni is a major chemotherapeutic target, we can infer that the
fractions of B. trimera, C. verbenacea and P. amarus have a promising schistosomicidal ac-
tivity, more studies being needed in order to isolate and identify their compounds active
against the worm and to understand their mechanism of action on the tegument.
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1. Introduction

The field of schistosomiasis vaccine has suffered from several entrenched dogmas, which
have delayed progress.

The first dogma states that the main mechanism of innate and acquired immunity-related
parasite attrition is antibody-dependent cell-mediated cytotoxicity (ADCC). ADCC has been
shown to effectively mediate killing of 3-, 18- or 24 hr-old schistosomula in human, mouse,
and rat models. However, this phenomenon is of no in vivo relevance as larvae of this age
are still in the epidermis, impervious to host immune attacks. Intact, healthy older larvae,
pre-adults and adult schistosomes are entirely invisible to the immune system, and thus, are
never threatened by ADCC in vitro or in vivo. Concurrently, the immune effectors “hunt”
for larvae in the pulmonary capillaries, proposed by von Lichtenberg et al. in 1977 [1] as a
plausible mechanism for resistance to infection, was entirely neglected, and never men-
tioned or referred to.

Second dogma is to consider parasite surface membrane antigens of great importance as
vaccine antigens, because they reside at the host-parasite interface, and were shown to in-
duce robust immune responses. However, schistosome surface membrane molecules are
hidden, inaccessible to host antibodies, and accordingly, induced immune effectors are un-
able to interact with the parasite.

Third, stressing that Thl immune responses are the pillars for acquired immunity to
larval infection in mice. This dogma is entrenched notwithstanding the numerous re-
ports documenting the importance of exclusive type 2 immune responses in rat, monkey,
and human schistosomiasis, and despite that larval antigens induce principally Thl relat-



180

Parasitic Diseases - Schistosomiasis

ed cytokines and antibodies that are not entirely protective in mice. Enhancement of
these Thl responses during mouse immunization, via the use of Thl-biased constructs
and adjuvants, consistently elicited only partial resistance, with candidate vaccine anti-
gens discarded one after the other.

This review aims to dispel these dogmas and opens a new avenue for the development of a
remedy and vaccine for schistosomiasis.

2. Body

2.1. Schistosomiasis

Schistosomiasis, also known as bilharziosis, bilharzia, or snail fever, is endemic in 74 coun-
tries of the Developing World, infecting between 391 and 600 million people worldwide.
with close to 800 million, mostly children, at risk [2,3]. The disease burden is estimated to
exceed 70 million disability-adjusted life-years [4]. The causative agents are flatworms, dioe-
cious (separate sex) trematodes, of the family Schistosomatidae, with Schistosoma mansoni
and Schistosoma haematobium responsible for the largest numbers of human infections. The
infective stage, the cercaria, invades host skin, and stays in the blood- and lymph-free epi-
dermis for a minimum of 40 and up to 72 hr, impervious to innate immunity effectors [5,6].
The parasite develops into a schistosomulum, exchanging the classical outer membrane for a
double lipid bilayer covering [7], and releasing in the process of physiological and biochemi-
cal changes numerous enzymes and other molecules, which may interact with the innate im-
munity receptors on keratinocytes and Langerhans cells [4,8-11]. The innate immunity cells
proceed to activation of the acquired immune system, and produce cytokines that shape the
amount and direction of the adaptive immune responses to the developing parasite [4,8-10].
Schistosomula then penetrate dermal blood vessels, and remain intravascular for their life
span, and therefore, schistosomes of the genus Schistosoma are known as blood flukes [12].
The schistosomula travel via the pulmonary artery reaching the lungs within 4-6 and 6-10
days for S. mansoni and S. haematobium, respectively [13], painstakingly negociate the lung
capillaries, then migrate to the hepatic portal vessels, where they start to actively feed, ma-
ture, and copulate. It is important here to recall that developing (and mature) schistosomes
live in the blood vessels and capillaries, and hence, released, excreted, or secreted molecules
are blood-borne products, which likely access macrophages, dendritic cells, and B cells in
the spleen rather than the lung tissue draining lymph nodes. It is documented that develop-
ing schistosomula products elicit predominant T helper (Th) Thl and Th17 immune re-
sponses, dominated by interferon-gamma (IFN-g) and interleukin (IL)-17, and IgG2a and
IgG2b antibodies [14-19]. The male carrying the female in the gynaecophoric groove, the
schist, then migrates to the mesenteric venules (S. mansoni) or the vesical capillaries around
the urinary bladder (S. haematobium). Hundreds of eggs are deposited daily. Eggs exit the
host via the intestine with the feces (S. mansoni) or the urinary bladder, with the urine (S.
haematobium) to continue the life cycle in compatible snails [12,20]. Numerous eggs are re-
tained in the host tissue, inciting intense immune responses to the parasite egg antigens,
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characterized by granulomas formation around the eggs and progressive liver (S. mansoni)
or urinary bladder (S. haematobium) tissue damage and fibrosis [21], and dominated by Th2
cytokines [14,15].

Skewing of the immune responses of patently infected hosts towards the Th2 axis may be
the reason whereby infection with schistosomes increases the severity of subsequent infec-
tion with other pathogens namely Plasmodium falciparum, Leishmania, Toxoplasma gondii, My-
cobacteria, Entamoeba histolytica, Staphylococcus aureus, or Salmonella [22, and references
therein]. Schistosomiasis also may predispose individuals to infection with human immuno-
deficiency (HIV) and hepatitis C (HCV) virus, and increases resulting disease persistence
and severity [2,23,24]. Individuals with schistosomiasis haematobium are at great risk for
HIV infection, and for cancer development [24,25], afflictions all requiring robust Thl re-
sponses for control and elimination [26].

2.2. Control

2.2.1. Molluscicides

Schistosome species require 2 hosts, a definitive mammalian and an intermediate freshwater
snail host, for completion of the life cycle. Schistosoma mansoni and S. haematobium eggs re-
lease the miracidium, which must find a snail of the genus Biomphalaria and Bulinus, respec-
tively for asexual reproduction, whereby infection of a compatible snail with a single
miracidium results in production of thousands of infective cercariae [12,20]. The prevalence
of schistosomiasis is linked to compatible snail distribution. Accordingly, breaking the
dreadful cycle may well be accomplished via elimination of the obligatory intermediate
snail host.

Snails of the Biomphalaria and Bulinus spp. live under water, and all molluscicidal measures
must take into account vegetation, fish, ducks, and other animals habitat, as well as water
quality for drinking and irrigation, rendering control of snails with chemicals, such as acro-
lein, copper sulfate, and niclosamide, a particularly costly approach [2,27].

2.2.2. Sanitation and health education

People acquire schistosomiasis while farming, fishing, bathing, washing, and performing
recreational activities in the vicinity of water bodies contaminated with infected snails. Ac-
cordingly, safe water supply, improved sanitation, and health education are mandatory in
order to effectively reduce (and eventually eliminate) the very significant global burden of
disease due to schistosomiasis and other helminthic parasites, yet are unavailable in numer-
ous countries due to poor economical, social, and political conditions [2-4].

2.2.3. Praziquantel

Praziquantel (PZQ), a pyrazino-isoquinoline derivative, FW 312.41, is practically now the
single cost-affordable, and relatively safe and effective oral drug for mass treatment of hun-
dreds of millions of individuals afflicted with schistosomiasis mansoni, schistosomiasis hae-
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matobium, and schistosomiasis japonicum as well [2-4,21]. Due to its hydrophobic nature
and small size, PZQ inserts itself into the parasite outer lipid bilayer membrane, leading to
its vacuolization, blebbing, and disruption [28]. Several reports documented the ability of
PZQ to bind and polymerise actin [29-34]. Actin-based membrane skeleton (the fence) lies
beneath the inner leaflet of the plasma membrane [35], and accordingly PZQ-parasite actin
binding and subsequent polymerization may explain the severe muscle contraction and the
paralysis worms undergo immediately upon exposure in vitro to PZQ. This mode of action,
if proven to be true, suggests that PZQ treatment might not be entirely safe for children, per-
sons with cardiovascular afflictions, and pregnant women [36].

Even if absolutely and entirely safe, PZQ treatment is not 100% proof and does not prevent
reinfection or diminishes prevalence [37], necessitating periodic examination and repeated
treatments, and thus, exacerbating the possiblity of the emergence of parasite resistance to
the drug, a threat that has already materialized in several settings [38,39].

2.2.4. Vaccine status — Documented target: The lung-stage schistosomula

The hope for development of a schistosomiasis vaccine stems from the strong, and reprodu-
cible, protective immunity obtained after immunization of experimental hosts with radia-
tion-attenuated (RA) cercariae [1,40], and the documented human resistance to infection
(endemic normals), or reinfection after chemotherapy [41-43]. Sera and spleen cells of RA-
vaccinated, and worm antigens-protectively immunized mice were used for identification of
the potential protective target antigens. These studies resulted in identification, cloning,
gene expression and assessment of protective potential of a plethora of molecules, among
which S. mansoni irradiation associated vaccine antigen, IrV-5 [44], glutathione-S-transferase,
GST [45], triose phosphate isomerase, TPI [46,47], paramyosin [48], fatty acid binding pro-
tein, Sm 14 [49], the surface membrane antigen Sm23 [50], the calcium-dependent cysteine
protease, calpain [51], enolase [52,53], and calreticulin [54-56]. Reactivity of serum antibodies
and peripheral blood mononuclear cells of resistant humans with fractionated worm mole-
cules succeeded in identification of S. mansoni glyceraldehyde 3-phosphate dehydrogenase
[567-61] as a potential candidate vaccine antigen. These molecules were used in conjunction
with different adjuvants, namely complete (CFA) and incomplete (IFA) Freund’s adjuvant
for mouse immunization, leading to only hardly significant (P < 0.05) of some 30-35% reduc-
tion of challenge worm burden. Except for Sm23, these molecules are all cytosolic, and the
poor protective capacity was ascribed to their inability to interact with the host immune sys-
tem effector molecules.

Sm 23, an outer S. mansoni surface membrane antigen was among the molecules thought to
be a target of protective immunity and of potential importance due to its residence at the
host-parasite interface [50]. The full length molecule in a plasmid or recombinant form failed
to lead to highly significant, consistent, or reproducible protection despite of their use in
combination with a number of different adjuvants [62-64]. The S. mansoni integral surface
membrane proteins tetraspanins (TSP)-1 and TSP-2 encoding cDNA were cloned, se-
quenced, and expressed and shown to elicit protection levels of 57% and 64% (TSP-2) and
34% and 52% (TSP-1) for mean adult worm burdens and liver egg burdens, respectively,
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over two independent trials in CBA/CaH mice [65]. The protection levels were not repro-
duced using S. japonicum counterpart, whereby mice immunized with the recombinant pro-
tein of a single TSP-2 subclass showed no protection, while immunization with a mixture of
seven recombinant TSP-2 subclasses provided a moderate protection [66]. A recent study
used S. mansoni TSP-2 extracellular loop 2 region in conjunction with alum and CpG as adju-
vants leading to extremely variable protection levels against challenge infection within co-
horts of highly inbred C57BL/6 mice [67]. An S. mansoni stomatin-like protein, a tegument
protein located at the host-parasite interface, engendered in immunized mice a partial pro-
tection of 30-32%, associated with specific IgG1 and IgG2a antibodies and elevated produc-
tion of IFN-g and tumor necrosis factor (TNF), while no IL-4 production was detected,
suggesting a Thl-predominant immune response [68]. A schistosomular tegument prepara-
tion (Smteg) was used for C57BL/6 mice immunization, subcutaneously, on days 0, 15, and
30, resulting in significant antibody production, increased percentage of CD4 + IFN-g+ and
CD4 + IL-10+ cells in spleen and increased production of IFN-g and IL-10 by spleen cells, but
failed to reduce parasite burden, female fecundity and morbidity [69].

Sm23-, tetraspanins-, and other tegument-associated molecules- based protection was ascri-
bed to specific antibody interaction with the molecules residing at the host-parasite inter-
face, followed by binding to effector cells, which are able to elicit vigorous complement, and
antibody-dependent cell-mediated cytotoxicity (ADCC) [65,67]. Indeed, ADCC was shown
to be effective in killing a substantial proportion of 3-, 18- and sometimes 24-hr-old schisto-
somula [70-76], a phenomenon of limited in vivo relevance since larvae of that age still re-
side in the epidermis, impervious to any immune attack. On the other hand, older larvae,
migrating schistosomula, pre-adut and adult worms surface membrane antigens are inacces-
sible to antibody binding [77,78], and thus, not threatened by ADCC. According, surface
membrane, like cytosolic, antigens may not be considered for effective vaccination against
schistosome infection.

No vaccine antigens appeared available, while we were striken by the paradox of lung-stage
schistosomula being documented as the target of innate and RA vaccine immunity [1,40],
and obtaining nutrients essentially via the tegument, while their surface membrane are en-
tirely hidden, inaccessible to specific antibody binding.

3. The enigma of the lung-stage schistosomula

3.1. Lung-stage schistosomula strive without feeding in lung capillaries while surface
membrane molecules are entirely hidden, inaccessible to specific antibody binding

Migrating schistosomula usually do not ingest erythrocytes because of their undersized
mouth [79], and import sugar, fatty acids, and other nutrients directly across their tegument
and into their internal tissues via membrane-spanning transporters [80-82]. Paradoxically,
no specific antibody is able to bind to lung-stage larvae surface membrane antigens, as
judged by several serological tests, namely indirect membrane immunofluorescence
[1,40,77,78,83-89]. We were unable to visualize the presence of the glucose transporter
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SGTP4 on the surface membrane of intact in vitro cultured or ex vivo 5 -7 day-old schistoso-
mula, using specific antibodies and indirect membrane immunofluorescence [90]. Entire fail-
ure of larval surface membrane antigen detection does not give support to the contention
that the tegument is bounded externally by a single lipid bilayer, overlain by a laminate se-
cretion containing numerous proteins and molecular complexes [82,91], and was previously
ascribed to shedding of antigenic molecules [86], masking by host proteins [85,88], or intrin-
sic biochemical modifications of the outer membrane [77,83,84,87, 89].

3.2. Attempts to expose the lung-stage and adult worm surface membrane antigens to
specific antibody binding

In an attempt to overcome the lack of exposure of S. mansoni and S. haematobium lung stage
larvae apical membrane antigens to specific antibody binding, we started by manipulating
potential cues for increased surface antigenic expression, such as lack of glucose and amino
acids, and extremes of pH or HCO; concentration. All such trials failed to alter the negligi-
ble S. mansoni larval reactivity with RA vaccine and infection sera in membrane indirect im-
munofluorescence (IF). It was then thought that incubation of ex-vivo lung stage
schistosomula in strongly hydrophobic medium might induce exposure of outer surface
membrane hydrophobic sites, where antigenic molecules could be sequestered. Lung-stage
schistosomula were, therefore, incubated with sera diluted in sterile corn oil. It is of note
that corn oil essentially consists of poly- (linoleic acid, 45.9 to 55.5 %), and mono- (olecic
acid, 28.4 to 36.9 %) unsaturated fatty acids, and contains 1 to 2% unsaponifiables particular-
ly rich in sterols and tocopherols. Schistosoma mansoni [92] and S. haematobium (Figure 1) ex-
vivo lung-stage schistosomula could readily bind specific antibodies of RA vaccine or
infection sera in the fluorescent antibody test, following incubation in corn-oil in a concen-
tration- and time-dependent manner.

Figure 1. Assessment of the serological reactivity of S. haematobium lung-stage schistosomula by IF. Seven days ex
vivo larvae incubated with control (A,C) or RA vaccine (B,D) serum diluted 1:50 in RPMI medium, before (A,B) or fol-
lowing incubation for 6 hr with 90% oil (C,D) were tested in IF and photographed under ultraviolet microscopy. x 200.

Since incubation of lung-stage parasites in corn oil led to exposure of antigenic sites in a con-
centration and time-dependent fashion, it was suggested that corn oil lipids may mediate ef-
flux of cholesterol or phospholipids from the worm outer membrane, leading to changes in
lateral diffusion of surface antigens that resulted into a dramatic increase in the avidity of
antibody binding. Treatment with the membrane-impermeable, cholesterol-extracting drug
methyl-b-cyclodextrin (MBCD), followed by visualization of surface membrane cholesterol
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by staining with filipin III, a fluorescent polyene antibiotic, widely used for the detection
and the quantitation of cholesterol in biomembranes, allowed us to examine the role of cho-
lesterol in surface membrane antigen sequestration of S. mansoni and S. haematobium ex vivo
lung-stage larvae. Evaluation of cholesterol content and distribution by filipin staining dem-
onstrated that MBCD efficiently extracts cholesterol from the surface membrane of S. manso-
ni and S. haematobium lung-stage larvae [93,94]. Treatment of S. mansoni ex-vivo lung-stage
larvae with MBCD consistently and reproducibly led to considerable binding of specific an-
tibodies to the outer membrane surface. The data, thus, suggest that depletion of cholesterol
from the outer membrane of S. mansoni lung-stage schistosomula corrects their failure to
bind antibodies in the fluorescent antibody test. However, S. haematobium larvae treated
with 2.5, 5.0, or 10 mM MBCD were consistently negative following incubation with either
control or RA serum in the fluorescent antibody test. Hence, the results indicated that al-
most complete depletion of cholesterol from the surface membrane of S. haematobium larvae
did not modify the negligible binding of specific antibodies by the surface membrane anti-
gens. This means that S. haematobium and S. mansoni ex vivo lung-stage larvae differ regard-
ing the contribution of cholesterol to the sequestration of surface membrane antigens [93,94].

3.3. Solving the schistosomula lung-stage enigma and predicting the existence of a
parasite tegument-associated neutral sphingomyelinase (nSMase)

The data together strongly supported the contention that antigenic molecules persist on the
surface of ex-vivo lung-stage schistosomula [89-91], yet are entirely inaccessible to specific
antibody binding, in part due to cholesterol sequestration. Surface membrane antigens of S.
mansoni and S. haematobium ex vivo lung schistosomula were, however, readily exposed to
specific antibody binding following incubation in corn oil as mentioned above. It was hy-
pothesized that corn oil unsaturated fatty acids (FA) might activate parasite surface mem-
brane-bound neutral sphingomyelinase (nSMase), leading to hydrolysis of surface
membrane sphingomyelin (SM), and subsequent decrease in outer bilayer lipid rigidity and
permeability. At variance from MBCD, incubation of lung-stage schistosomula with unsatu-
rated FA, such as corn and olive oil, or arachidonic acid (ARA), led to exposure of the, other-
wise concealed, surface membrane antigens of S. mansoni and S. haematobium alike. In that
respect, S. haematobium appeared more sensitive than S. mansoni, requiring lower unsaturat-
ed FA concentrations and shorter incubation periods [95, and references therein].

Evaluation of cholesterol amount and distribution by the filipin staining method indicated
that unsaturated FA did not appear to elicit exposure of schistosomular surface membrane
antigens via cholesterol extraction, as previously suggested. While a definite proof needs
and remains to be established, some lines of evidence support the hypothesis that unsaturat-
ed FA might elicit larval surface membrane antigen exposure via their ability to stimulate a
putative tegument-associated nSMase, with subsequent SM hydrolysis, and access of anti-
bodies [95,96].

We have been able to demonstrate that 1- intact healthy ex vivo schistosomula, display-
ing equilibrium in SM synthesis and hydrolysis, allow molecules of less than 600 Da to
access their surface membrane molecules. 2- Ex vivo larvae exposed to conditions condu-
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cive to nSMase inactivation (pH less than 7.2, high concentrations of nitric oxide or hy-
drogen peroxide), do not allow neither antibodies nor even very small molecules (less
than 600 Da) to access their surface membrane molecules [96]. Sphingomyelin appears
critical in maintaining the rigidity and impermeability of the parasite outer lipid bilayer,
likely via the ability of hydroxyl and amide groups in the interfacial region of sphingoli-
pids to form with water molecules a tight netwok of hydrogen bonds [96, and references
therein]. Recently, quasi-elastic and inelastic neutron scattering experiments on S. manso-
ni and S. haematobium worms and larvae have been performed. The obtained experimen-
tal findings suggest that the larva-medium interaction is triggered by the hydrogen bond
network. Furthermore, the strength of that hydrogen bond network-based interaction ap-
peared to be higher for S. mansoni larvae than adult worms and for S. mansoni than S.
haematobium [Federica Migliardo, Unpublished Observations]. 3- Inhibition of ex vivo lar-
vae SM synthesis or moderate nSMase activation (exposure to low concentrations of un-
saturated FA, especially ARA) allows specific antibody access and visualization of
surface membrane antigens. Exposure of ex vivo larvae to conditions conducive to exces-
sive nSMase activation (hypoxia, high concentrations of unsaturated FA, notably ARA)
lead to their irreversible attrition [96, and references therein].

3.4. Evidence for the existence of parasite tegument-associated nSMase and its activation
by arachidonic acid

In 2006, we predicted, and provided evidence for, the existence of a schistosome tegu-
ment-associated Mg?*-dependent nSMase, which is able to hydrolyze some SM mole-
cules, thus allowing nutrients, but not host antibodies, to access proteins at the host-
parasite interface [96]. Excessive activation of the elusive nSMase using the unsaturated
FA, ARA led to larval and adult worm surface membrane antigens exposure and eventu-
al attrition [95-97]. The identification and sequence of S. mansoni putative nSMase was
reported by Berriman et al. in 2009 [98; Accession number XP_002578732.1]. The mole-
cule of 70.99 kDa was shown to consist of 631 amino acids (aa) with an N-terminal, 300
aa Mg"-dependent exonuclease/endonuclease/ phosphatase (EEP) superfamily catalytic
domain, and predicted 7 transmembrane regions at aa locations 355-377, 392-414,
435-457, 461-483, 527-549, 564-586 and 595-617 (genedb. org/ gene/ Smp_162880). The S.
mansoni putative nSMase showed about 52% homology with the amino terminal 300 aa
of Mus musculus and human nSMase 1, which consists of 419 and 423 aa, respectively,
an exonuclease/endonuclease/phosphatase superfamily domain at the N-terminus, and
two transmembrane domains at the C-terminus.

Using primers based on the published sequence of S. mansoni nSMase, El Halbousy, Tallima,
and El Ridi (personal communication) succeeded in cloning and sequencing 836 bp near the
5 end of S. haematobium nSMase-encoding mRNA. The predicted aa sequences correspond-
ed to aal8- aa277 in the S. mansoni counterpart with 96% identities and 98% positives (Figure
2), and contained the conserved domains characterizing the EEP superfamily.
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SHnSM 1  FPSSTVRKEDRVNAIAAXLSVGDFDVILLQEIWLESDYRKLRNILDEKYPYSNYFYCNLI 60
FPSSTVRKEDRVNAIA+ LSVGDFDVILLQEIWLESDYRKLRNILDEKYPYSNYFYCMLI
SMnSM 18 FPSSTVRKEDRVNAIASKLSVGDFDVILLQEIWLESDYRKLRNILDEKYPYSNYFYCNLI 77

SHnSM 61 GTGMCIFSKWTIECVFTHPFTTNGYPHLIHQADYYCGKGIGLARITSKEGFRINFYVTHL 120
GTGMCIFSKWTIECVFTHPFT NGYPHLIHQADYYCGKGIGLARITSKEGFRINFYVTHL
SMnSM 78 GTGMCIFSKWTIECVFTHPFTANGYPHLIHOADYYCGKGIGLARITSKEGFRINFYVTHL 137

SHnSM 121 IARYELDRMLDKYNGHRISQLVEIMEFVRMTSTGSDAINITGDFNLESNTSAIELFSTSL 180
IARYELDRMLD+YNGHRISQLVE+MEFVRMTSTGSDAIITGDFNLESNTSAIELFSTSL
SMnSM 138 IARYELDRMLDRYNGHRISQLVEVMEFVRMTSTGSDAIIITGDFNLESNTSAIELFSTSL 197

SHnSM 181 KLSDAWLNNTVALKNTNITELESEGCTCDRADNPYRNQLWTNTYGNGERLDYIFYRSGPS 240
KLSDAWLNNTVALKNTNIT+LESEGCTCDRADNPYRNQLWTNTYGNGERLDYIFYRSGPS
SMnSM 198 KLSDAWLNNTVALKNTNITDLESEGCTCDRADNPYRNQLWTNTYGNGERLDYIFYRSGPS 257

SHnSM 241 1IDSFHIPSYAKLYCDSCWF 260
IIDSF+IPSYAKLVCHSCW
Sbjct 258 IIDSFYIPSYAKLVCNSCWL 277

Figure 2. Homology between predicted amino acid sequences of S. mansoni (SMnSM) and S. haematobium (SHNSM)
neutral sphingomyelinase.

A systematically improved high quality genome and transcriptome of the human blood
fluke S. mansoni was recently reported by Protasio et al. (unpublished observations), where-
by sequence for S. mansoni putative nSMase was now shown to encode 431 (CCD60196.1)
and not 631 (XP_002578732.1) aa and 100% identity with the latter sequence only for the first
345 aa, as only 2 transmembrane domains were identified near the carboxyl end, between aa
325 and 375.

It is of note that the whole-genome sequence of S. haematobium was recently published [99],
and reported the coding sequence (1038 bp) of an S. haematobium putative neutral sphingo-
myelinase (http://www.schistodb.net; Sha_103241), encoding 345 aa, with 3 transmembrane
domains at the carboxyl end. Blasting of our SHnSM sequences with Sha_103241 revealed
94-97% homology. However, the sretch of SHnSm aa33-116 (highlighted in Figure 2), which
contained EEP superfamily signature sites and showed complete homology with the S. man-
soni counterpart, was lacking in Sha_103241 published sequence.

Antibodies specific to S. mansoni nSMase were generated in mice, immunized with peptides
based on the molecule predicted aa sequence, synthesized as multiple antigen peptide
(MAP) constructs. We were able to confirm the presence of the enzyme in adult male and
female S. mansoni and S. haematobium tegument as judged by enzyme-linked immunosorb-
ent assay (ELISA) and membrane and cytoplasmic IF. We were also the first to measure
nSMase enzymatic activity in Triton X-100-solubilized surface membrane (Sup 1) and whole
worm soluble (SWAP) molecules of male and female S. mansoni and S. haematobium. Neutral,
but no acidic, sphingomyelinase activity was readily detectable by the Amplex Red Sphin-
gomyelinase Assay, and increased with incubation time and protein amount. The nSMase
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activity of Sup 1 and SWAP of male and female S. mansoni and S. haematobium adult worms
was significantly (P < 0.05 - < 0.0001) increased following exposure to 125 or 250 mM linoleic
acid, ARA, docosahexaenoic acid, or phosphatidyl serine, with ARA consistently showing
the highest nSMase activating potential [100].

4. Arachidonic acid as a remedy for schistosomiasis

Since incubation of S. mansoni and S. haematobium ex vivo larvae [95,96] and adult worms
[97] with ARA leads to exposure of surface membrane antigens and eventual attrition, it was
rational to propose ARA for chemotherapy of schistosomiasis. ARA could be schistosomici-
dal per se, and additionally would expose the parasite surface membrane molecules to host
antibodies-mediated attack, thus eliciting drug and immune system synergy.

In our studies, pure ARA from Sigma was used for in vitro and preliminary in vivo
studies, while ARA from Martek was used for in vivo studies [101,102]. We have dem-
onstrated that 5 mM pure ARA (Sigma) leads to irreversible killing of ex vivo larval, ju-
venile, pre-adult and adult S. mansoni and S. haematobium worms, within 1- 5 hr,
depending on the parasite age, and the fetal calf serum concentration. ARA-mediated
worm attrition was prevented by nSMase inhibitors such as CaCl, and GW4869. Electron
microscopy studies revealed entire disruption of the outer lipid bilayers, the strength of
which correlated with ARA concentration. These consistent and reproducible findings in-
dicate that ARA is schistosomicidal per se [101].

ARA-mediated S. mansoni and S. haematobium worm in vitro attrition was reproduced in
vivo whereby a series of 20 independent experiments, using BALB/c or C57BL/6 mice or Sy-
rian hamsters, indicated that oral administration of 300-2500 mg/kg ARA in a pure form
(Sigma), included in infant formula (Nestle), or capsules (X Factor, Molecular Nutrition), on
2 consecutive days, consistently led to between 50 and 80% decrease in S. mansoni or S. hae-
matobium worm burden [101,102]. ARA-mediated attrition in vivo appeared to be associated
with high titers of serum antibodies to tegumental antigens, because it was significantly
higher when treatment was started at 8, rather than 5 or 6, week post infection with S. man-
soni. Immune responses to adult worm tegumental antigens are certainly powerful in adults
and children with patent or chronic schistosomiasis, and ARA is already marketed for hu-
man use in USA and Canada for proper development of newborns, and muscle growth of
athletes. Accordingly, it is recommended to start pre-clinical and clinical studies in human
volunteers for development of ARA as a safe and cost-effective remedy to schistosomiasis,
especially that no ARA-related adverse effects were seen in any experiment in mice or ham-
sters [101-103].

5. Larval excretory-secretory products as vaccine candidates

Schistosome cytosolic and surface membrane antigens are entirely hidden, inaccessible to
the host immune system effectors. As spelled out by Patrick Skelly [104], “schistosomes
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have achieved invisibility”, and if it were not for the parasite “scent”, the excretory-secreto-
ry products (ESP), a schistosomiasis vaccine would be as good as over.

Excretory-secretory products of cercariae, in vitro cultured and ex vivo lung-stage schis-
tosomula, and adult worms of S. mansoni, S. japonicum [8,17,105-111], and S. haematobium
as well [99] have been identified in several studies, and were found to be dominated by
actin, enolase, aldolase, GST,TPI, glyceraldehyde-3 phosphate dehydrogenase (SG3PDH),
thioredoxin peroxidease (TPX) = peroxyredoxin, proteases, and calcium-binding proteins,
namely calpain.

Cercarial ESP would activate innate immune cells in the epidermis and dermis
[8-11,111-117], but would not be targeted by antibody or complement products in the blood-
and lymph-free epidermis. In the dermis, larval ESP may interact with host innate effectors,
such as natural antibodies, serum lectins and complement components, resulting into in-
flammation that would facilitate the parasite entry into dermal blood capillaries. Schistoso-
mula then migrate via the venous system in relatively large vessels, whereby ESP are
quickly “washed” away by neutrophils and monocytes. In contrast, lung-stage larvae ESP
likely stagnate in the narrow, convoluted, and notably thin-walled lung capillaries and liver
sinusoids. These sites are the most strenuous of the journey, an occasion for the parasite to
get rid of the less fit “members”, and an explanation for the lung-stage and pre-adult larvae
being documented as the target of innate and acquired resistance to schistosomiasis [1,118].
Adult worms reside in vessels, which are neither narrow nor thin-walled, and accordingly,
the large ESP amounts they release are rapidly pinocytosed or phagocytosed, and transport-
ed away from the worms for stimulation of rather innocuous immune responses in the
spleen, the principal target for intravascular antigens.

6. The plausible mechanism of innate and immune attrition of invading
larvae

Migrating larvae ESP presented by blood monocytes and dendritic cells trigger Th lympho-
cytes in host spleen for production of predominantly Th1 (IFN-g and TNF) and Th17 (IL-17)
cytokines [14,15,17-19], especially if the host was previously RA-vaccinated [16,118] or im-
munized with vaccine candidate antigens in conjunction with Th1l adjuvants [62-68]. Addi-
tionally, larval ESP- antibody complexes may activate immune effector cells via FcR
binding. Stimulated monocytes produce nitric oxide and reactive oxygen products [119],
which are lethal to near-by schistosomules; however, these toxic molecules inhibit the para-
site tegument-associated nSMase activity, leading to outer membrane entire impermeability
[95,96,120,121]. Neutrophils recruited and activated by Th17 cytokines likely ensnare larvae
in their extracellular traps, yet secrete proteases and other enzymes that might all be ineffec-
tive because of the worm tight lipid bilayer and inaccessibility of surface membrane mole-
cules [119,122,123].

Eosinophils also produce extracellular traps, and their basic molecules would be severely
toxic to captured schistomula [124,125]. Basophils release cytotoxic basic molecules, and
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most importantly, pharmacologic mediators able to modulate endothelial integrity, thus en-
couraging larvae to escape extravascularly to a certain demise [126]. Indeed, that attrition
mechanism was shown to be of great importance in resistance to challenge infection in the
RA model [118]. However, eosinophils and basophils are recruited and activated by type 2
cytokines [125,126], and thus, are prevented from active participation in the hunt for devel-
oping larvae [1,19] following infection of naive and antigens/Th1 adjuvant-immunized mice.
Nevertheless, attempts to vaccinate mice against schistosomiasis uniformly aim at enhanc-
ing Thl immune responses, in spite of the documented role of Th2 cytokines, namely IL-4,
in protection of RA immunized mice [127-130]. Also in rats, sterile resistance to S. mansoni is
associated with production of IL-4, IL-5, and IL-13, while susceptibility is accompanied with
elevated expression of IFN-g [131,132 ]. In humans, a good association was previously ob-
served between serum IgE production and resistance to infection after chemotherapy
[41-43]. Indeed, Fallon et al. [133] reported that “adult resistance and child susceptibly to re-
infection after chemotherapy have been described for all 3 Schistosoma species that most
commonly infect man. For all 3 parasite species, the immunological correlates of this age-
dependent resistance are associated with type 2 responses”. These findings were entirely
confirmed in recent studies [134-136].

7. The road to a sterilizing schistosomiasis vaccine

Larval ESP are innumerable, among which we have selected those eliciting the weakest Th1
and Th17 responses, namely SG3PDH in a recombinant (rSG3PDH) form and a TPX MAP
construct [19,110]. Nevetheless, it was critical to use an adjuvant that would skew the larval
immune responses towards the Th2 axis. In contrast to incomplete Freund’s adjuvant, alum,
polyinosinic-polycytidylic acid, and peptidoglycan, the Th2 master cytokine, thymic stromal
lymphopoietin (TSLP), succeeded in directing the ESP-mediated immune responses towards
a Th2-biased profile in prototypical Th1 (C57BL/6) and Th2 (BALB/c) mice [110,137]. There-
after, we have immunized outbred, akin to humans, mice with rSG3PDH and TPX MAP in
conjunction with the type 2 cytokines, TSLP, IL-25, or IL-33 [138, and references therein]. Re-
sults of 8 independent experiments indicated that these formulations elicited IgM, IgG1, and
IgA specific antibodies, and an increase in ex vivo spleen cells release of IL-4, IL-5, and IL-13
correlated with consistent, reproducible, and highly significant (P < 0.0001) reduction of 62%
to 78% in challenge S. mansoni worm burden [138]. Similar studies using S. haematobium are
now in progress.

8. Conclusion

Improved selection of larval ESP, singly or in a mixture, and type 2 adjuvant is expected to
result into a sterilizing vaccine against schistosome infection. Concurrent development of
ARA, a nutrient, a component of our cell membranes, for chemotherapy of infection in un-
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immunized individuals, will likely lead to full control, and eventual elimination of schisto-
somiasis.
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