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ABSTRACT

Over 200 million people are suffering from the debilitating Schistosomiasis, which has the
greatest morbidity and mortality rates in African nations. Schistosomiasis continues to be a
tropical disease that receives little attention from governments and healthcare Institutions
while having a wide range of negative impacts on society's health and socioeconomic
hardship. The establishment of precise investigation for both gut and urinary
Schistosomiasis is one of the crucial areas that are severely undeveloped. A review was
conducted to highlight immunological methods used to detect Schistosomiasis. Databases
from Science Direct, World Health Organization, and PubMed were used. Atticles for
which at least the abstract was available in English were selected for the present study.
Relevant articles were screened, duplicates were eliminated, eligibility standards were
followed, and qualified studies were reviewed. Techniques including Skin Reaction
Test/Biopsy, Indirect Immuno-Fluorescence Test (IFT), Indirect Hemagglutination Test
(IHAT), Circumoval Precipitin Test (Copt), Monoclonal Antibodies Test (Mabt), ELISA,
and others were discussed. The challenges faced by these techniques were also highlighted.
Among the techniques discussed, ELISA was found to be the most widely used as it is the
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most effective, easy to use, and could detect both chronic and acute Schistosomiasis

INTRODUCTION

The physiological and socioeconomic well-being of
individuals in vulnerable communities is severely harmed
by schistosomiasis, with school-aged children and adults
being the most infected groups with the highest morbidity
and mortality rate (Infurnari es a/, 2017). Six species,
namely Schistosoma mansoni, S. haematobinm, S. japonicum, S.
mekongi, S. guineensis, and S. intercalatum, are known to cause
schistosomiasis globally (Chernet e/ al, 2017). In Sub-
Saharan  Africa, S. mansoni (agent of intestinal
schistosomiasis) and S. baematobinm (agent of urogenital
schistosomiasis) are the two main schistosome pathogens
(Cioli and Pica-Mattoccia, 2013). Host reactions to
schistosome eggs cause the chronic disease's clinical
symptoms (Gryseels e al, 2016). Eggs from . mansoni
and S. japonicumr most frequently become lodged in the
liver or intestine's blood vessels, resulting in diarthea,
constipation, and blood in the urine (John, 2014). In cases
of severe infections, liver fibrosis and portal hypertension
may also occur as a result of systemic inflaimmation,

which can also cause gut wall ulceration, hyperplasia, and
peptic ulcer disease (Lindholz ¢ al., 2018).

Infections with Schistosoma species are mostly identified
through microscopic analysis of the patasites' eggs in
urine or stool samples taken from infected individuals
(Akinwale e al, 2011). However, the immunological
method develops are more quickly, and technically
cheaper, than microscopic examinations (Cioli and Pica-
Mattoccia, 2013). Aside from providing tests with high
sensitivity and specificity, the immunological approach in
epidemiologic studies also evaluates the efficacy of
various control methods in regions where parasitic
infections are prevalent (Barakat, 2013). These tests can
be employed even when parasites are treproducing
(Hamburger ef al., 2017).

Since some schistosome-infected individuals may exhibit
clinical symptoms in endemic areas, a review of the
immunological diagnosis is crucial for the present
situation. The methods also lead to the development of
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tools that allow treatment monitoring and also assessing
the effectiveness of chemotherapy as well as other
curative interventions (Hervé ez al, 2013; Devaney ef al.,
2010). Rates of Immunoglobulin E (IgE) to the
Schistosomes peptides have been associated in some
regions of the world with susceptibility to superinfection
after treatment (Pearson ¢ al., 2012). The effectiveness of
vaccine programs can be anticipated in the future when
anti-parasitic vaccination is available (Pennington ¢f al,
2017). The Discovery of this effective vaccine could be
greatly influenced by a study of the methods for detecting
these antigens since it will aid in identifying those people
who develop immunity to parasite infection (Fitzsimmons
et al., 2005).

Immunological Diagnosis

The identification of Scbistosomiasis is mostly based on
conventional methods (mostly microscopic examination)
(Gray et al, 2021). However, the identification of adult
worms and antigens in serum or urine has a lot of
diagnostic capabilities and it may eventually replace the
conventional techniques (Hervé ez a/, 2013). The antigens
found in serum or urine are either cathodic (circulating
cathodic antigen) or anodic (circulating anodic antigen)
(Pennington e/ al, 2017). The most common methods
include the skin reaction test/biopsy, indirect
immunofluorescence test (IFT), indirect hemagglutination
test (IHAT), circumoval precipitin test (COPT), various
monoclonal antibody tests (MADbT), and various e-PCR
formats (Deelder, 2013; Meurs ¢# al,, 2018; Knopp e/ al.,
2019). For the diagnosis of Schistosomiasis, some
immunological techniques have been put forth, but only a
select handful have been able to advance to the large field
and confirmation steps (Luciana ¢f a/., 2013).

Skin Reaction Test/Biopsy

Skin Reaction Test also known as "Biopsy" comes from
the Greek words "bio-life" and "opsia," to see," (Patton e
al, 2018). Technically, Biopsy is the removal of tissue
from living things for microscopic analysis and diagnosis
(Sanjay et al, 2014). Ernest Besnier first used the term
"biopsy" in medical terminology in 1879 (Karkera ¢/ al,
2011). The primary goal of a biopsy is to confirm a
clinical and radiographic diagnosis, guide surgical
treatment, and verify whether a lesion has been
completely removed (Kumaraswamy e a/, 2012). It is also
helpful in choosing the type of treatment to implement
for specific disorders (Catherine ¢z a/, 2008). If necessaty,
biopsy reports can also serve as medical records (Karkera
et al, 2011). In China during the middle of the 1950s,
Schistosoma adult worm skin test antigen was employed
regularly, and various epidemiological studies on skin
reaction tests were also carried out during the years 1963,
1969, and 1976 (Smithers and Terry, 2015). However, it
was discovered that test results remained low also when
given a good prediction (ILalonde ¢ al, 2015).

The method primarily usually used for skin biopsies in the
detection of Schistosoma infection is a punch biopsy
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(McManus ¢/ al, 2010). This method can be applied to
both therapeutic and diagnostic objectives (viz, punch
excision of small pyogenic granuloma, verruca, tattoo)
(Guegan et al, 2019). Any hard lesion and microscopic
vesicles that fit inside the perforation can be treated using
this technique (Thomson ez a/, 2017).

With a disposable or sterilizable punch of various sizes,
the lesion or region to be biopsied is removed. A 4-mm
punch is acceptable for non-facial lesions (Gray et al,
2011). However, biopsies of 5 mm or greater are
preferred in granulomatous disorders or conditions with
unusual features (Friedman, 2004). It is advised against
taking biopsies that are less than 3 mm since important
features could be overlooked (Krunic ez a/, 2014).

Just after the region has been put under anesthesia, the
skin is pulled in a perpendicular direction to the lines of
the skin that is at rest. With this technique, the round skin
defect is transformed into an ellipse, reducing the
possibility of dogear development after suturing (Rabello
¢t al,, 2012). The thumb, middle finger, and index finger
are used to support, rotate, and apply pressure to the
punch, whereas the index finger stabilizes and applies
pressure to the punch (Wilhelmi ez 2/, 2011). Pressing the
punch into the skin with rotating motions causes a
sensation to be felt (Zhu, 2015). This is due to punching
penetration into the gelatinous mass subcutaneous tissue
plane (Gray ez al, 2011). The wound that results from this
can either be sutured or left untreated to allow for further
healing (Krunic er a/, 2014). The face, genitals, and
mucosa, have excellent flow, heal fast, and leave little
scars (Perez et al., 2013).

It's crucial to avoid hitting the petiosteumn when doing a
biopsy on the forehead, shin, dorsum of the nose, or scalp
because doing so produces excruciating pain and agony
(Mutalik, 2018). Punch biopsy has the benefits of being
simple to do and collecting evenly shaped tissues, but the
drawbacks include the possibility of insufficient material
being retrieved and the tendency for the biopsy to exclude
deeper tissue (Zhu, 2015).

Indirect Immuno-Fluorescence Test (IFT)

Indirect Immuno-Fluorescence Test is a common method
for detecting antibodies, the indirect immunofluorescence
antigens (IFA), detects antibodies by their unique ability
to bind to parasitic antigens produced in infected cells
(Vendrame ¢# al, 2021). IFT is also called the Secondary
immunofluorescence test used as the laboratory technique
for identifying circulating autoantibodies in patient serum
also a method is employed to identify autoimmune
disorders that rupture (Grenfell ez a/, 2013). In this form
of test bound antibodies are visible after being incubated
with fluorescently labeled antihuman antibodies (Zhu,
2015). IFT is one of the cell imaging methods which rely
on the use of antibodies to mark a particular target
antigen with a fluorescent dye called fluorescein
isothiocyanate ~ (FITC) (Smith et al, 2012).
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In IFT, primary conjugated antibodies with chemically
labeled fluorophores are frequently utilized (Grenfell ¢f a/,
2013). Two antibodies ate used in indirect 1F; the primary
antibody is unconjugated, while the secondary antibody is
directed against the primary antibody and conjugated to a
fluorophore for detection (Deelder e7 a/, 2020). Studies
have shown that an indirect immunofluorescence
reaction, using paraffin-embedded sections of adult
worms, allows for the detection of immunoglobulin M
(IgM) antibodies against antigens of the parasites’
digestive tract, making it a highly sensitive method for the
diagnosis of acute and chronic schistosomal infections
(Vendrame e al., 2021). The specificity of this reaction has
also proved to be adequate (Smith ¢7 a/,, 2012).

In 1998, in a low-endemic region of Brazil, immune-
epidemiologic studies of Schistosoma mansoni infection used
IFT as a diagnostic tool (Zhu, 2015). It was discovered
that stomach fluorescence, which can appear forty-four
(44) days after infection and is always connected to acute
Schistosoma mansoni infection, can be detected by IFT using
adult worm segments (Kanamura e/ al, 2019). Once
fluorescence is found in the parenchyma and/or stomach
of the worms, frozen sections of a sample are classified as
positive for the igg Antibodies immunofluorescence test
(IgG-IFT), and as positive for the IgM-indirect
immunofluorescence test (IgM-IFT) (paraffin sections)
when fluorescence is found in only the gut of the worms
(Burlandy-Soares ¢z al., 2013).

Indirect immunofluorescence has the benefits of high
sensitivity and easy signal color change dependent on
different second antibodies that may be purchased
commercially; it is simple to obtain the second antibodies
that have been tagged (Alem ¢z a/, 2017). The advantages
of indirect immunofluorescence include high sensitivity
and simple signal color change depending on various
second antibodies that may be bought commercially; the
second antibodies that have been labeled are easy to
obtain, High sensitivity and a quicker processing time are
two advantages indirect immunofluorescence over direct
immunofluorescence; direct immunofluorescence must be
performed when there are several antibodies from the
same species (Eriksson e7 a/, 2011). The use of direct
immunofluorescence has some drawbacks; compared to
indirect immunofluorescence, the first has a lesser signal;
the second is that direct immunofluorescence is more
expensive than indirect immunofluorescence because the
labeling process is more complicated and less flexible
when there are no commercially available direct
conjugates (Hargraves, 2019).

The primary drawback of  the indirect
immunofluorescence method is the inability of the anti-
immunoglobulin  sandwich reagent to differentiate
between exogenous and endogenous immunoglobulin
(Lodh ez al, 2013). For instance, independent of the
presence or absence of additional antibodies, a sandwich
reagent of rabbit anti-mouse immunoglobulin would
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detect membrane immunoglobulin in mouse B cells. Since
rabbit or rat antimouse immunoglobulin will only weakly
or completely cross-react with human immunoglobulin,
the issue is not as serious when mouse monoclonal
antibodies are employed to stain human cells (Aryeetey e
al, 2013). By passing over human immunoglobulin-
coupled beads, antihuman antibodies from several
commercial antisera to mouse immunoglobulins have
been removed (Carvalho ¢z a/, 2012). Nevertheless, there
is a chance for the cross-reactions, hence it is necessary to
do controls in which the first antibody is not used (Enk ez
al., 2012).

Indirect Hemagglutination Test (IHAT)

An indirect hemagglutination test is a form of
immunological test in which an antigen is entrapped onto
erythrocytes of a specimen and agglutination of the
antigen-sensitized erythrocytes is induced by the action of
an antibody specific to the adsorbed antigens, said
method being characterized by the removal of
heterologous agglutinins from the serum to be tested that
may react with the homologous red blood cells used
(Ahmed, 2019).

The surface proteins that agglutinate red blood cells
(RBC) of diverse species are encoded by the nucleic acids
of different Schistosomes (Whitty e al, 2018).
Hemagglutination is the process by which Schistosoma
hemagglutinins interact with red blood cells to produce a
lattice of agglutinated cells that settle unevenly in a tube
or microtiter well and unagglutinated cells condense into a
button-like structure (Erkol ez a/, 2009).

The procedure for the hemagglutination test involved;
obtaining a parasites preparation with a known HA titer,
of the particular parasite, or determining the HA titer of
the parasites, then preparing two-fold dilutions of the
patient/test serum, say from 1:4 to 1:1024 for the test,
except for the serum control wells, add a constant
quantity of parasites to each well on a 96-well plate that is
equal to 4 HA units, 60 minutes should be given for the
plate to stand at room temperature (time varies according
to specific requirements); Red blood cells (RBC) are
added, and 30 minutes are spent incubating at 4 °C then
check out the wells (Ortu ez a/, 2017).

The IHAT kit's reagents and samples must be allowed to
reach room temperature before the test is conducted
(serum will be separated from a blood sample by
centrifugation) (Azab and El Zayat, 20106). A disposable
tube containing 0.05 ml of test serum and 1.95 ml of
buffer solution must be used to deliver the 1/40 stock
dilution of test serum (El Ganayni e/ o/, 2012). Using a
micro pipettor, deliver 50ul. of buffer solution into the
wells. After setting up the microplate widthwise, add 50ul.
of serum stock dilution in the first well that was mixed
with buffer. Next, transfer the 2ul. from the first well into
the second well, preferably using a microdilution. Finally,
discard 50pL into the wells before adding 50 pl. of the
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serum stock-dilution (from step 1) and mixing it with
buffer, the 1:80 dilutions is used as "serum control,"
which helps to prevent the occurrence of natural anti-
sheep agglutinins in some sera (Feldmeier ¢/ a/, 2013).

Suspensions of red blood cells gently jiggle One drop of
non-sensitized red blood cells was added to the seventh
well (serum control), one drop of sensitized red blood
cells was added to the eighth well (reagent control), and
one drop of sensitized red blood cells was added to the
ninth well. One "reagent control" was set up per
microplate, and the content of the well was very carefully
homogenized by lateral thrumming on the edge (do not
use orbital vibration). Read the response after two hours
(EL Ridi ¢z al.,, 2016).

The Indirect Haemagglutination (IHA) strategy utilizes
different extracts of red blood cells encapsulated with an
enzyme, typically straightforward solubilized egg antigen
(SEA), for the identification of positive patient sera via
agglutination (Gui ¢/ a/, 2019). Although this method is
not currently used, it was used in Chinese population
studies as a substitute test to identify human infection
with S. haematobinm Its social acceptability is also limited,
and because of its poor or variable precision, which
renders it inappropriate for personal management and
therapy, it can only be advised as an additional technique
for or before usages (Yu ¢z al, 2017).

Few researchers have previously studied indirect
haemagglutination (IHA) tests employing adult worm
antigens for  Schistosomiasis  diagnosis; Most of the
previously utilized IHA test kits were not commercially
accessible for use during Epidemiological application,
with a few exceptions, Sensitivity and specificity were
reported in these earlier research to range from 71 to
100% and 80 to 100%, respectively (Van Gool ez al. 2002).

The identical commercial kit IHAT developed by
Fumouze Laboratories was evaluated by (Tom-Van ez a/,
2002) for the identification of Schistosoma haematobinnr, the
study's sensitivity was 80% and its specificity was 98.9%.
The study used a cutoff of 1/160 and included only 25 .
haematobinm-infected cases (Van Gool ef al,, 2002); Kinkel
¢t al. (2012) discovered that the THA's sensitivity for S.
haematobium was 71.4% and specificity was 99.0%.

Some researchers used a commercial IHA kit (Cellognost
Stchistosomiasis H) manufactured by Dade Behring Marburg
GmbH, Germany, and the test was carried out according
to the manufacturer's instructions, it was reported that the
sensitivity of the IHA test for the diagnosis of
Schistosomiasis mansoni was found to be 83%, while the
specificity was lower (53%) (Berhanu Erko ez a/, 2009).

Circum Oval Precipitin Test (COPT)

One of the primary techniques for wuse in the
immunodiagnosis of Schistosomiasis is the Circumoval
Precipitin (COP) test, which was first described by Oliver
Gonzalez (1954). (Kagan and Pellegrino, 20106). Although
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the method is very straightforward, it was further
simplified by the use of lyophilized eggs (Revera de Sala ez
al., 2012; Yogore ¢t al., 2018). These updates were thought
to be quite useful and appropriate for surveys in rural
areas (Nosenas ¢z al, 2015; Tanaka ez al, 2015; Matsuda ez
al., 2017).

The paddock COP test has also become more useful as a
result of the recent research on the availability of air-dried
8. japonicnm  eggs (Kamiya, 2013). Additionally, a
noteworthy article on the use of microscope slides with
petforated Dubl-style tape describes how lyophilized eggs
were exposed to test blood and how the reaction was
viewed via the microscope coverslips (Lewert and
Yogrore, 2019).

For the COP test, a roll of PVC electrical insulating tape
is drilled with heated 11 mm and 5 mm tubular-cork
borers, the two holes are positioned so that they have a
common edge that opens to each other (Tanaka e/ al,
2015). The slide is normally left in a room for at least 2
days to ensure tight adhesion of the tape; otherwise,
leakage would occur through minute gaps. Then, about 10
1 of S. japonicum egg suspension containing roughly 100
eggs obtained from an 8-week infected rabbit is placed in
the large hole using a micropipette, spread evenly, and
allowed to dry (Yokogawa e7 al, 20106); this procedure is
described by Kamiya (2013), A drop of serum will be
placed in the large hole at the edge enclosing the small
hole, and a piece of cellulose tape (24 mm wide, 35 m
long, 0.02 mm thick, Sekisui Co. Ltd., Japan) is applied to
the insulating tape starting from the side of the large hole
toward the small hole with continuous gentle pressing
with the index and middle fingers, this procedure caused
the serum to enter the space between the tape and the
slide (T'anaka ez a/,, 2015).

According to preliminary investigations, just a single hole
would not be sufficient because the adhesiveness of the
tape is diminished when too much serum is applied
(Nosenas ¢ al, 2015). Therefore, a smaller hole is
requited as a reservoir for any overflow (Lewert and
Yogrore, 2019). After the final slide has been incubated
for 48 hours at room temperature, the COP response is
microscopic and examined using cellulose tape (Nosenas
et al., 2015).

The circumoval precipitin = test (COPT) is an
immunological test based on the precipitation of patient
serum with lyophilized eggs or purified live eggs identified
under a microscope, is helpful for the prognosis of S.
mansoni and 8. japonicum due to its high sensitivity (92-
100%) and specificity (96-100%) (Zhou e/ al, 2017); this
method was used in China and Venezuela to identify low
transmission zones, together with other coproscopic and
serologic testing, in a modified form as a component of a
commercial product (Dunne e/ al, 2014). The
disadvantages of this test include that it takes a very long
time (48 hours), is difficult to perform, and has a variable
period of seroconversion after treatment, according to the
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experiences reported for Venezuela (negative rate of 64%
of patients after 12 months of praziquantel treatment) and
China (negative rate of 0% after 12 months) (Alarcon e
al., 218).

Serologic assays have shown clinical value for diagnosis
by the identification of antibodies against schistosomal
antigens due to the exceptionally broad spectrum of the
reported immunodiagnostic assays (Doenhoff ez a/, 2013);
this approach is particularly useful for symptomatic
travelers or serological surveys (Webster ez al, 2019).
Current serologic tests cannot differentiate between active
infection and prior exposure in people residing in
Schistosomiasis-endemic locales, although several isotypic
assays can frequently group active or inactive illnesses
(Dunne ez al,, 2014).

Since many years ago, monoclonal antibodies have been
employed to identify circulating schistosomal antigens,
which has the advantage of semi-quantitatively identifying
active infections (Hagan e a/, 2011). A point of contact
circulating cathodic antigen (POC-CCA) assay is now
available from Rapid Medical Diagnostics, Pretoria, and
RSA to map Schistosoma infections (Colley e al, 2017).
This parallel flow cassette test allows for on-site tracking
of S. mansoni without stool samples, and it looks to be
more sensitive than the Kato-Katz assay for mapping
Schistosoma endemic areas (Rihet ef a/, 2017). This assay
will be an essential tool for conducting control programs
in new sites (Towbin ¢ a/, 2019).

Monoclonal Antibodies Test (MAbT)

Using specific monoclonal antibodies (MAbs) to identify
circulating schistosome antigens secreted by living
schistosomes in bodily fluids has while back been shown
to be a hopeful technique for detecting active infection,
assessing the effectiveness of treatment, and determining
the efficacy of upcoming vaccines (Van Etten e al,, 2014).
The antigen detection assays' typically high levels of
sensitivity have been confirmed by contrasting their
findings with those of quantitative parasitological
techniques (Deelder ¢7 a/., 2014).

Subjects demonstrated a sensitivity of 80 to 90% when
excreting at least 100 eggs per gram (EPG) of feces, and
100% when excreting at least 400 EPG. Techniques for
detecting antigens, all of which rely on the use of MAbs,
have nearly 100% specificity (Polman ez a/, 2015).
Numerous antigen error-checking assays have both high
specificities and high sensitivities; however, because they
need costly, special tools and bureaucratic procedures, it is
challenging to adapt them for use in the field (Nash,
2018).

Enzyme-Linked Immunosorbent Assays (ELISA)

It is mentioned that one form of immunodiagnostic test
that can be used to find Schistosomiasis is the dot enzyme-
linked immunosorbent assay (ELISA). To establish a
more field-applicable test format, many changes have
been recorded (Ambroise e af, 2018). The most used test
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for Schistosomiasis diagnosis is the ELISA, which allows for
detecting many antibody classes and uses several antigens
(Stete ez al, 2019).

Low specificity was discovered in early investigations on
the detection of Schistosoma antigens, which prompted
researchers to look for pure antigen preparations such as
cationic fraction 6 (CEF6), adult microsomal antigens for
S, mansoni (MAMA), S. japonicum (JAMA), and .
baematobinm. Hemocyanin from keyhole limpets, gut-
associated antigen (KLH), crude soluble egg antigens
(SEA), and soluble adult (HAMA) were initially used for
the detection of Schistosoma antigens (Olliaro ef al., 2020).

CEF6 is an isolated antigen from Schistosoma eggs that,
compared to other antigens, has the highest association
with egg production and an ELISA platform that
demonstrated 91.7% sensitivity and 90% specificity
(Dunne ¢7 al, 2017). Three field investigations conducted
in S. mansoni endemic regions of Kenya (Doenhoff e a/,
20106), Butkina Faso (Sorgho ef al, 2015), and Saudi
Arabia since the publication of that article have
continually assessed this antigen (Ghandour e# a/,2017).

The accuracy was still low, though (59%, 55%, and
17.2%, respectively). All of these investigations raised
concerns about the usefulness of the reference tests, and
the low specificity was attributed to the Kato-Katz
method's poor sensitivity, which served as the gold
standard. All three assessments' sensitivity levels were
confirmed to be high (97%, 90%, and 97%, respectively),
but their specificity was still low (59%, 55%, and 17.2%)
(Luciana et al., 2013).

According to a study conducted in Egypt employing
MAMA and HAMA as screening tests in a region where
S. haematobium has been endemic in which MAMA FAST-
ELISA had a responsiveness of 83.6% and HAMA
FAST-ELISA had an attentiveness of 98.5%. All egg-
passing subjects passed the test using the HAMA FAST-
ELISA together with the Western blot method for
additional  examination. Combining adult worm
mitochondrial antigens with both the Falcon assay
screening test enzyme was explored (Al-Sherbiny e al,
2019).

A systematic serosurvey involving nearly all Peurto Rican
Towns investigated 2,955 normal healthy blood samples
using MAMA FAST ELISA and the results showed that
15.4% of samples were positive and 10.6% had EITB
confirmation, the highest seroprevalence rates (21.1-
38.5%) were concentrated in 17 municipalities which
together showed 48.8% of all seropositive samples and
18.8% of all samples with EITB confirmation (T'sang e#
al, 2021).

The FAST-HAMA test demonstrated a positive rate of
95% in recent research, showing that it can be used as an
application required for S. haematobium contamination.

This test uses a purified HAMA antigen that is highly
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specific for S. haematobium and a unique standard curve.
Additional research is required to confirm the assay's
specificity and usefulness in real-world settings (Abdel-
Fattah ez al, 2018).

Epidemiological data on S. mansoni in Sudan and S.
Japonicum  in China found high sensitivity but low
specificity for kilodalton adult Schistosoma antigens; this
low specificity was justified by some factors, including
cross-reaction, infection with non-human Schistosoma
species, and lack of sensitivity of the parasitological
reference test; regrettably, additional assessments of the
accuracy of this methodology are not available, and this
issue continues (Wen ¢/ al., 2019).

Other Immunological Methods

Quick tests for the detection of antibodies for S.
japonicum include the dot immunogold filtration assay,
the silver-enhanced colloidal gold metalloimmuno assay,
and the colloidal dye immune filtration assay, similarly, an
immunoblot test of the S. mansoni, S. intercalatum, and S.
baematobinm membrane antigen has also been examined
for the detection of antibodies against S. mansoni (Cesari et
al., 2018).
Advantages and Drawbacks
diagnosis

Numerous different immunological methods have some
common shortcomings, including sensitivity (depending
on the standard used), intrinsic test charactetistics (such as
antigen and erythrocyte type), the prevalence of infection
in the investigated community, the potential for positive
reactions to persist after treatment, and cross-reactions
with other helminths (Sorgho ez a/., 2015).

of Immunological

Although immunological detection methods ate quite
effective, they are not frequently utilized for
epidemiological research and do not form part of the
diagnostic process for Schistosomiasis (Cesati et al., 2018).
Immunological methods are frequently criticized for their
lack of specificity and inability to discriminate between an
infection that is present today and one that was present in
the past (Utzinger er al, 2015; Worrell et al, 2015).
Alternative hypotheses for the lack of specificity,
however, include the possibility that egg-negative,
antibody-positive patients may have infections that are
missed by imprecise parasitological techniques that failed
to detect eggs in subjects with mild infections (Coulibaly
et al., 2013; Hawkins e al, 2014;), ot who received sub-

REFERENCES

Abdel-Fattah, M., Al-Sherbiny, M., Osman, A., Charmy,
R, and Tsang, V. (2018). Improving the
detection limit of quantitative diagnosis of anti-S.
haematobium antibodies using Falcon Assay
Screening Test (FAST) ELISA by developing a
new standard curve. Journal of Parasitological

https:/ /scientifica.umyu.edu.ng/

curative drug doses (King, and Bertsch, 2014; Hinz e/ al,
2017). Of course, there is also a chance that false-positive
antibody tests are brought on by antigens from other
schistosomes  (Abdel-Fattah e/ a/, 2018). Another
drawback is the gradual drop in particular antibody levels
following therapy (Corstjens e al., 2014). Additionally, in
endemic locations, blood collection is difficult to
implement under field conditions (Van Lieshout ez al,
2017). Despite these drawbacks, antibody detection is still
likely to be the best diagnostic tool for schistosome
infection in low-infected areas for some time to come.
Antibody tests may also be useful for monitoring
Schistosomiasis exposure in places that are moving toward
elimination (Barda ¢z a/, 2013).

Moving Forward

Most developing nations still rely mainly on microscopy
for the diagnosis of intestinal and urogenital Schistosomiasis.
Although this is the WHO-approved method for treating
urogenital  Schistosomiasis, many cases of intestinal
Stchistosomiasis as well as urogenital schistosomiasis go
unreported in nations with low rates of schistosome
transmission. For stakeholders and partners, finding
affordable diagnostics for highly sensitive conditions is a
difficult obstacle to overcome. Africa's endemic nations
will not be able to afford monitoring kits without
assistance from the international community. As we move
closer to the suggested eradication of Schistosomes, this
poses a barrier to tracking the effectiveness of control
measures being implemented. It is important to put more
effort into creating RDTs that are less expensive, more
sensitive, and more targeted, especially for S. haematobinm.
Last but not least, a lower price review is required for the
ELISA test kit, to make it more widely applicable and
useful in endemic areas.

CONCLUSION

Immunological detection is the form of diagnosis that
involved the use of reagents experimental approach as
diagnostic tools and approach to research the immune
system, the most popular techniques used for the
detection of Schistosomiasis infection are Biopsy, IFT,
IHAT, COPT, MAbT, and ELSA; Although
immunological methods are more specific and sensitive
than conventional methods ELISA was more often used
while conducting immune epidemiological studies of
Schistosomiasis.

Ahmed, A. Y. (2019). Validity of indirect
haemagglutination assay (IHA) in the detection
of Schistosoma haematobium infection relative

to microscopic examination. Journal of Medical

and Life Science, 1(2); 57 -64. [Crossref]

Akinwale, O. P, Kane, R. A., Rollinson, D., Stothard, J.
R.; Ajayi, M. B., Akande, D. O., Ogungbemi, M.
O., Duker, C., Gyang, P. V., and Adeleke, M. A.

Suleiman et al. /USci, 1(1): 303 — 314, September 2022 308


https://scientifica.umyu.edu.ng/
https://doi.org/10.21608/jmals.2019.68364

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

(2011).  Molecular  approaches to  the
identification of Bulinus species in south-west
Nigeria and observations on natural snail
infections with  schistosomes. Journal of
Helminthology, 85, 283-293. [Crossref]

Alarcén de N. B., Ruiz, R, Losada, S., Colmenatres, C.,
Contreras, R., and Cesari, I. M. (2018). Detection
of Schistosomiasis cases in low-transmission
areas based on coprologic and serologic criteria
The Venezuelan experience. Acta Tropica;

103:41-49. [Crossref]

Alem, M., Moghadam, S., Maliki, J., Zaidi, A., Nayak, N.,
and Li, T. M. (2017). Detection of autoantibodies
to nuclear antigen by EIA and IF techniques.
Journal of Allergic Immunology, 188: 191-194.

Al-Sherbiny, M. M., Osman, A. M., Hancock, K., Deelder,
A. M., and Tsang, V. C. (2019). Application of
immunodiagnostic assays: detection of antibodies
and circulating antigens in human
Schistosomiasis and correlation with clinical

findings. American Journal of Tropical Medicine
and Hygiene; 60:960-966. [Crossref]

Ambroise, T. P., Loizzo, T., and Desgeorges, P. T. (2018).
Human Schistosomiasis due to Schistosoma
mansoni, S. haematobium and S. japonicum.
Serological diagnosis by ELISA,
immunofluorescence, and indirect
hemagglutination]. Annal of Sociology in Belgion
Medical Tropic.; 61: 379-392.

Aryeetey, Y. A., Essien-Baidoo, S., Larbi, I. A., Ahmed,
K., Amoah, A. S, Obeng, B. B. (2013)
Molecular diagnosis of Schistosoma infections in
urine samples of school children in Ghana.
American Journal of Tropical Medicine and

Hygiene; 88:1028-1031. [Crossref]

Azab, M. E., and el Zayat, E. A. (2016). Evaluation of
purified antigens in haemagglutination test (IHA)
for determination of cross reactivities in
diagnosis of fascioliasis and Schistosomiasis.
Journal of  Egyptian and  Sociologicsl
Parasitology. 26:677-685.

Barakat, R. M. (2013). Epidemiology of Schistosomiasis in
Egypt: travel through time. Journal of Advance
Research 4:425-432 [Crossref]

Barda, B. D., Rinaldi, L., Ianniello, D., Zepherine, H.,
Salvo, F., Sadutshang, T., Cringoli, G., Clementi,
M., and Albonico, M. (2013). Mini-FLOTAC, an
innovative direct diagnostic technique for
intestinal parasitic infections: Experience from
the field. PLoS Neglected Tropical Disease., 7,
€2344. [Crossref]

https:/ /scientifica.umyu.edu.ng/

Burlandy-Soares, L. C., Souza-Dias, L. C., Kanamura, H.
Y., Oliveira, E. J., and Ciaravolo, R. M. (2013).
Schistosomiasis mansoni: follow-up of control
program based on parasitologic and serologic
methods in a Brazilian community of low
endemicity. Mem Inst Oswaldo Cruz; 98:853-
859. [Crosstref]

Carvalho, G. C., Marques, L. H., Gomes, L. L., Rabello,
A., Ribeiro, L. C., and Scopel, K. K., (2012).
Polymerase chain reaction for the evaluation of
Schistosoma  mansoni  infection-endemicity
endemicity areas of Minas Gerais, Brazil. Mem
Inst Oswaldo Cruz; 107:899-902. [Crossref]

Catherine, F. P., Samson, N. G., Kenneth, W. B., Michele,
W. P., Miriam, P. R., and Lewie, Z., (2018).
Biopsy and Histopathologic Diagnosis of Oral
Premalignant and Malignant Lesions. 74: 3.

Cesari, I, M., Ballen, D. E., Mendoza, L., Ferrer, A.,
Pointier, J. P., and Kombila M, (2018).
Immunoblot analysis of membrane antigens of
Schistosoma mansoni, Schiintercalatedrcalatum,
and Schistosoma  haematobium against
Schistosoma-infected patient sera. Parasitological
Research; 106:1225-1231. [Crossref]

Chernet, A., Kling, K.; Sydow, V., Kuenzli, E., Hatz, C,,
Utzinger, ., Van Lieshout, L., Marti, H., Nickel,
B., and Labhardt, N. D. (2017). Accuracy of
diagnostic  tests for Schistosoma mansoni
infection in asymptomatic Eritrean refugees:
Serology and point-of-care circulating cathodic
antigen against stool microscopy. Clinical and
Infectious Diseases. 65, 568-574. [Crossref]

Cioli, D., and Pica-Mattoccia, L., (2013). Praziquantel.
Parasitological Research, 90(1):3-9. [Crossref]

Colley, D. G., Cook, J. A., Freeman, G. L., Bartholomew,
R. K, and Jordan, P. (2017). Immune responses
during human Schistosomiasis mansoni. 1. In
vitro lymphocyte blastogenic responses  to
heterogeneous antigenic  preparations from
schistosome eggs, worms, and cercariae.
International Allergy and Applied Immunology.
53: 420-433. [Crossref]

Cortstjens, P., de Dood, C., Kornelis, D., Fat, E., Wilson,
R., Kariuki, T\, Nyakundi, R. K., Loverde, P. T.,
Abrams, W. R., and Tanke, H. J. (2014). Tools
for diagnosis, monitoring, and screening of
Schistosoma infections utilizing lateral-flow-
based assays and upconverting phosphor labels.
Parasitology, 141, 1841-1855. [Crossref]

Suleiman er al. /USci, 1(1): 303 — 314, September 2022 309


https://scientifica.umyu.edu.ng/
https://doi.org/10.1017/S0022149X10000568
https://doi.org/10.1016/j.actatropica.2007.04.018
https://doi.org/10.4269/ajtmh.1999.60.960
https://doi.org/10.4269/ajtmh.12-0571
https://doi.org/10.1016/j.jare.2012.07.003
https://doi.org/10.1371/journal.pntd.0002344
https://doi.org/10.1590/S0074-02762003000600025
https://doi.org/10.1590/S0074-02762012000700010
https://doi.org/10.1007/s00436-010-1798-x
https://doi.org/10.1093/cid/cix366
https://doi.org/10.1007/s00436-002-0751-z
https://doi.org/10.1159/000231780
https://doi.org/10.1017/S0031182014000626

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

Coulibaly, J. T., Goran., E. K., Utzinger, J., Doenhoff,
M.J.; Dawson, EM. (2013). A new rapid
diagnostic test for detection of anti-Schistosoma
mansoni and anti-Schistosoma haematobium
antibodies. Parasitology Vectors, 06, 29-33.
[Crossref]

Deelder, A. M., Kornelis D, Van Marck EA; Eveleigh PC,
Van Egmond JG, (2020). Schistosoma mansoni:
characterization of two circulating polysaccharide
antigens and the immunological response to
these antigens in mouse, hamster, and human
infections. Experimental Parasitology, 50: 16-32.
[Crossref]

Deelder AM. (2013). Immunology of experimental
infections with Schistosoma mansoni in the
Swiss mouse and Fasciola hepatica in the rabbit.
Acta Leiden; 39:107.

Deelder, A. M., Z. L. Qian, P. G. Kremsner, L. Acosta, A.
L. T. Rabello, P. Enyong, P. P. Simarro, E. C. M.
Van Etten, F. W. Kiijer, J. P. Rotmans, Y. E.
Fillie, N. De Jonge, A. M. Agnew, and L. Van
Lieshout. (2014). Quantitative diagnosis of
Schistosoma infections by measurement of
circulating antigens in serum and urine. Tropical

and Geographical Medicine. 46:233-238

Devaney, E., Winter, A. D. and Britton, C. (2010).
MicroRNAs: a role in drug resistance in parasitic
nematodes. Trends in Parasitology, 26:428-433.
[Crossref]

Doenhoff, M. J., Butterworth AE, Hayes R], Sturrock RF,
Ouma JH, Koech D, (2013). Seroepidemiology
and serodiagnosis of Schistosomiasis in Kenya
using crude and purified egg antigens of
Schistosoma mansoni in ELISA. Transactions of
the Royal Society of Tropical Medicine and
Hygiene, 87:42-48. [Crossref]

Doenhoff MJ, Butterworth AE, Hayes R]J, Sturrock RF,
Ouma JH, Koech D, (2016). Seroepidemiology
and serodiagnosis of schistosomiasis in Kenya
using crude and purified egg antigens of
Schistosoma mansoni in ELISA. Transactions of
the Royal Society of Tropical Medicine and
Hygiene, 87:42-48. [Crossref]

Dunne DW, Bain ], Lillywhite ], Doenhoft M]. (2014).
The stage-, strain- and species-specificity of a
Schistosoma mansoni egg antigen fraction
(CEF06) with serodiagnostic potential. Trans R
Soc Trop Med Hyg; 78:460-470 [Crossref]

Dunne DW, Butterworth AE, Fulford AJ, (2017).
Immunity  after  treatment of  human
Schistosomiasis:  association  between IgE

https:/ /scientifica.umyu.edu.ng/

antibodies to adult worm antigens and resistance
to reinfection. European  Journal of

Immunology; 22: 1483-1494. [Crossref]

El Ganayni, G. A., and M. E. Youssef. (2012). Evaluation
of adult Schistosoma mansoni and cercarial
antigens in serodiagnosis of Schistosomiasis
using IHAT and ELISA. Journal of Egyptian
Society of Parasitology. 22:555-560

El Ridi, A. M., N. T. Nasr, M. M. Ismail, H. H. Hamadto,

S. M. Rashed, and EI Saiid, A. (20106).
Comparative studies on indirect
haemagglutination test and enzyme linked

immunosorbent  assay for diagnosis  of
Schistosomiasis. Journal of Egyptian Society of
Parasitology. 16:587-592

Enk M]J, Oliveira e Silva G, Rodrigues NB. (2012).
Diagnostic accuracy and applicability of a PCR
system for the detection of Schistosoma mansoni
DNA in human urine samples from an endemic
area. PLoS One; 7: €38947. [Crossref]

Hriksson, C., Kokkonen H, Johansson M, Hallmans G,
Wadell G, Dahlgvist SR (2011). Autoantibodies
predate  the onset of systemic lupus

erythematosus in northern Sweden. Arthritis
Research and Therapy., 13(1): R30. [Crossref]

Erkol B, LegesselM, BalchalF, MedhinlG, Sori2T.
Diagnosis efficacy of Indirect Hemagglutination
Test in relation to kato method for diagnosis of

Schistosomiasis mansoni. Ethiopian Journal of
Health Sciience. 19:.2-14. [Crossref]

Feldmeier, H., and D. W. Buttner. (2013).
Immunodiagnosis of Schistosomiasis
haematobium and Schistosomiasis mansoni in
man. Application of crude extracts from adult
worms and cercariae in the IHA and the ELISA.
Zentralblogi Bakteriological Mikrobiologi
Hygiene. 255:413-421. [Crossref]

Fitzsimmons, C. M., Stewart, T. J., Karl, F. H., Jane, L.
G., Maria, Y., and David, W. D. (2005). Human
IgE response to the Schistosoma haematobium
22+6 kDa antigen, Parasite Immunology, 26: 371-
376. [Crossref]

Friedman LS. (2004). Controversies in liver biopsy: who,
where, when, how, why? Curr Gastroenterol Rep
6:30-36. [Crosstref]

Ghandour AM, Tricker K, Doenhoff M]J, al-Robai AA,
Banaja AA.  (2017). An  enzyme-linked
immunosorbent  assay using  Schistosoma
mansoni purified egg antigen for the diagnosis of
Schistosomiasis in Saudi Arabia. Transmission

Suleiman et al. /USci, 1(1): 303 — 314, September 2022 310


https://scientifica.umyu.edu.ng/
https://doi.org/10.1186/1756-3305-6-29
https://doi.org/10.1016/0014-4894(80)90004-1
https://doi.org/10.1016/j.pt.2010.05.003
https://doi.org/10.1016/0035-9203(93)90415-M
https://doi.org/10.1016/0035-9203(93)90415-M
https://doi.org/10.1016/0035-9203(84)90061-0
https://doi.org/10.1002/eji.1830220622
https://doi.org/10.1371/journal.pone.0038947
https://doi.org/10.1186/ar3258
https://doi.org/10.4314/ejhs.v19i2.69418
https://doi.org/10.1016/S0174-3031(83)80185-1
https://doi.org/10.1111/j.0141-9838.2004.00721.x
https://doi.org/10.1007/s11894-004-0023-4

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

and Royal Society Tropical Medicinal and
Hygiene. 91:287-289 [Crossref]

Gray DJ, Ross AG, Li YS, McManus DP. (2021).
Diagnosis and management of schistosomiasis.
Biomedical Journal. .; 342: d2651. [Crossref]

Grenfell RF, Martins W, Enk M, Almeida A, Siqueira L,
SilvaMoraes V, Oliveira E, Carneiro NF, Coelho
PM, (2013). Schistosoma mansoni in a low-
prevalence area in Brazil: the importance of
additional methods for the diagnosis of hard-to-
detect  individual  catriers by  low-cost

immunological assays. Members of Institutional
Oswaldo Cruz. 108: 328-334. [Crossref]

Gryseels B, Polman K, Clerinx J, Kestens L (2016). The
distribution of Schistosoma mansoni in the

Rusizi plain  (Burundi). Anal of Tropical
Medicine and Parasitology, 82: 581-590
[Crossref]

Guegan H, Fillaux J, Charpentier E, Robert-Gangneux F,
Chauvin P, Guemas E, (2019) Real-time PCR for
diagnosis of imported schistosomiasis. PLoS
Neglected Tropical Diseases. 13(9): 126-139.
[Crossref]

Gui, M., M. A. Idris, Y. E. Shi, A. Muhling, and A.
Ruppel.  (2019). Reactivity of Schistosoma
japonicum and S. mansoni antigen preparations
in indirect haemagglutination (IHA) with sera of
patients with homologous and heterologous

Schistosomiasis. Annals of Tropical Medicine
Parasitology. 85:599-604. [Crossref]

Hagan P, Blumenthal UJ, Dunn D, Simpson A] &
Wilkins HA. (2011). Human IgE, IgG4, and
resistance to reinfection with Schistosoma
haematobium. Natute; 349: 243- 245. [Crossref]

Hamburger ], Turetski T, Kapeller I, Deresiewicz R.
(2017). Highly repeated short DNA sequences in
the genome of Schistosoma mansoni were
recognized by a species-specific probe. Molecular
Biochemistry and Parasitology.; 44: 73-80.
[Crossref]

Hargraves MM (2019). Production in vitro of LE cell
phenomenon: use of normal bone marrow
elements and blood plasma from patients with

acute disseminated lupus erythematosus. Mayo
Clinical Protocol, 24(9): 234:237.

Hawkins, K.R.; Cantera, ].L.; Storey, H.L.; Leader, B.T;
de Los Santos, T. (2016). Diagnostic tests to
support late-stage control  programs  for
Schistosomiasis and soil-transmitted

https:/ /scientifica.umyu.edu.ng/

Suleiman et al. /USci, 1(1): 303 — 314, September 2022

helminthiases.  PLoS
Diseases, 1-15. [Crossref]

Neglected ~ Tropical

Hervé M, Angeli V, Pinzar E, Wintjens R, Faveeuw C,
Narumiya S, (2013). Pivotal roles of the parasite
PGD?2 synthase and of the host D prostanoid
receptor 1 in schistosome immune evasion.
European Journal of Immunology, 33 (10):2764-
72. [Crossref]

Hinz, R.; Schwarz, N.G.; Hahn, A.; Frickmann, H. (2017).
Serological approaches for the diagnosis of
schistosomiasis-A review. Molecular and Cellular
Probes, 31, 2-21. [Crossref]

Infurnari, L.; Galli L.; Bigoloni, A. Carbone, A,
Chiappetta, S.; Sala, A.; Ceserani, N.; Lazzarin,
A.; Castagna, A.; Gaiera, G. (2017) The use of
circulating cathodic antigen rapid test and
serology for diagnosis of active Schistosoma
mansoni infection in migrants in Italy, a non-
endemic country: a cross-sectional study.
Members of Institutional Oswaldo Cruz, 112,
452-455. [Crossref]

John N. C, (2014): Epidemiology and transmission
patterns of Schistosoma haematobium infections
in central Ebonyi State, Nigeria. International
journal of natural and applied sciences, 2(3): 219
- 224,

Kanamura HY, Hoshino-Shimizu S, Camargo ME, Silva
LC. (2019). Class-specific antibodies and
fluorescent staining patterns in acute and chronic
forms of Schistosomiasis mansoni. Ametican
Journal of Tropical Medicine and Hygiene; 28:
242-248 [Crossref]

Karkera BV, Shivakumar BN, Mohammed A, Vidya M,
Nandaprasad S, Hemanth M. (2011). Biopsy:
Clinical implications. Journal of Dental and Oral
Hygiene; 3(8): 106-108

King, C.; Bertsch, D. (2013). Meta-analysis of urine hema
dipstick diagnosis of Schistosoma haematobium
infection, including low prevalence and
previously-treated populations. PLoS Neglected
Tropical Diseases. 7, €2431. [Crossref]

Kinkel H.F., Dittrich B. Baumer and T Weitzel, (2012).
Evaluation of eight serological tests for diagnosis
of imported Schistosomiasis. Clinical Vaccine
and Immunology, 19:948-953. [Crossref]

Knopp S, Person B, Ame SM, (2019). Evaluation of
integrated interventions layered on mass drug
administration for urogenital Schistosomiasis
elimination: a cluster-randomized trial. Lancet

Glob Health; 7: €1118-29. [Crossref]
311


https://scientifica.umyu.edu.ng/
https://doi.org/10.1016/S0035-9203(97)90078-X
https://doi.org/10.1136/bmj.d2651
https://doi.org/10.1590/S0074-02762013000300011
https://doi.org/10.1080/00034983.1988.11812294
https://doi.org/10.1371/journal.pntd.0007711
https://doi.org/10.1080/00034983.1991.11812615
https://doi.org/10.1038/349243a0
https://doi.org/10.1016/0166-6851(91)90222-R
file:///D:/JOURNALS/USci/Submissions/For%20Formatting/Crossref
https://doi.org/10.1002/eji.200324143
https://doi.org/10.1016/j.mcp.2016.12.003
https://doi.org/10.1590/0074-02760160355
https://doi.org/10.4269/ajtmh.1979.28.242
https://doi.org/10.1371/journal.pntd.0002431
https://doi.org/10.1128/CVI.05680-11
https://doi.org/10.1016/S2214-109X(19)30189-5

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

Krunic AL, Wang LC, Soltani K, Weitzul S, Taylor RS.
(2014). Digital anesthesia with epinephrine: An
old myth revisited. Journal of American
Academic Dermatology 51:755-759. [Crossref]

Kumaraswamy KL, Vidhya M, Rao PK, Mukunda A.
(2012).  Oral Dbiopsy: Oral pathologist's
perspective. Journal of Cancer and Research in

Therapy, 8: 192-8. [Crossref]

Lalonde D, Bell M, Benoit P, Spatkes G, Denkler K,
Chang P. A multicenter (2015) prospective study
of 3,110 consecutive cases of elective
epinephrine use in the fingers and hand: The
Dalhousie Project clinical phase. Journal of Hand
Surgery in America. 30:1061-7. [Crossref]

Lindholz, C.G.; Favero, V.; Verissimo, C.d.M.; Candido,
R.RF.; de Souza, R.P; dos Santos, R.R,;
Mortassutti, A.L.; Bittencourt, H.R.; Jones, M.K,;
St. Pierre, T.G.; (2018). Study of diagnostic
accuracy of Helmintex, Kato-Katz, and POC-
CCA methods for diagnosing intestinal
Schistosomiasis in Candela, a low-intensity
transmission area in northeastern Brazil. PLoS
Neglected Tropical Diseases. 12: 234-241
[Crossref]

Lodh N, Mwansa JC, Mutengo MM, Shiff CJ. (2013).
Diagnosis of Schistosoma mansoni without the
stool: comparison of three diagnostic tests to
detect Schistosoma mansoni infection from
filtered urine in Zambia. American Journal of
Tropical Medicine and Hygiene; 89:46-50.
[Crossref]

Luciana, I. G., Martin, J. E. and Ana R. (2013).
Diagnosing schistosomiasis: where are we.
Revista da Sociedade Brasileita de Medicina
Tropical. [Crossref]

Luciana, 1. G., Martin, J. E. and Ana R. (2013).
Diagnosing Schistosomiasis: where are we.
Revista da Sociedade Brasileita de Medicina
Tropical. [Crossref]

McManus DP, Gray DJ, Li Y, Feng Z, Williams GM,
Stewart D, Rey-Ladino ], Ross AG. (2010).
Schistosomiasis in the People's Republic of
China: the era of the Three Gorges. Clinical
Microbiology and  Review;  23(2):442-4606.
[Crosstref]

Meurs L, Brienen E, Mbow M (2015). Is PCR the next
reference standard for the diagnosis of
Schistosomiasis in stool? A comparison with
microscopy in Senegal and Kenya. PLoS of
Neglected Tropical Diseases; 9:1-16. [Crossref]

https:/ /scientifica.umyu.edu.ng/

Mutalik S. (2018). How to make local anesthesia less
painful? Journal of Cutanity Aesthetic Surgery.
1:37-38. [Crossref]

Nash TE. (2018). Antibody response to a polysaccharide
antigen present in the schistosome gut. I
Sensitivity and specificity. American Journal of
Tropical Medicine and Hygiene. 27: 939-943.
[Crosstef]

Olliaro PL, Vaillant M, Diawara A, Coulibaly JT, Garba
A, (2020). Toward Measuring Schistosoma
Response to Praziquantel Treatment with
Appropriate Descriptors of Egg Excretion. PLoS
Neglected Tropical Diseases. 9: e0003821.
[Crossref]

Ortu G, O. Ndayishimiye, M. Clements, D. Kayugi and C.
Campbell J. R. (2017). Countrywide reassessment
of Shistosoma mansoni infection in Burundi a
urine-circulating cathode antigen rapid test:
Informing the national control program.
American Journal of Tropical Medicinal Hygiene.

96:664-673. [Crossref]

Patton LL, Epstein JB, Kerr AR. Adjunctive techniques
for oral cancer examination and lesion diagnosis:
a systematic review of the literature. Journal
American Dentist Association; 139(7): 896-905.
[Crossref]

Pearson MS, Pickering DA, McSorley HJ, (2012).
Enhanced protective efficacy of a chimeric form
of the schistosomiasis vaccine antigen Sm-TSP-2.
PLoS Neglected Tropical Diseases; 6: e1564.
[Crosstef]

Pennington LF, Alouffi A, Mbanefo EC, (2017). H-IPSE
is a pathogen-secreted host nucleus-infiltrating
protein (Infiltrin) expressed exclusively by the
Schistosoma haematobium egg stage. Infection
Immunity; 85: €00301-17. [Crossref]

Perez M, Lodha R, Nouri K. Skin biopsy techniques. In:
Nouri K, Leal-Khouri S,. (2013). Techniques in
dermatologic surgery. PLoS Neglected Tropical
Diseases. 75-80.

Polman, K., F. F. Stelma, B. Gryseels, G. J. Van Dam, L.
Talla, M. Niang, L. Van Lieshout, and A. M.
Deelder. (2015). Epidemiological application of
circulating antigen detection in a recent
Schistosoma mansoni focus in northern Senegal.
American Journal of Tropical Medicine Hygiene.
53:152-157. [Crossref]

Rabello ALT, Rocha RS, Oliveira JPM, Katz N,
Lambertucci JR (2012). Stool examination and

Suleiman e al. /USci, 1(1): 303 — 314, September 2022 312


https://scientifica.umyu.edu.ng/
https://doi.org/10.1016/j.jaad.2004.05.028
https://doi.org/10.4103/0973-1482.98969
https://doi.org/10.1016/j.jhsa.2005.05.006
https://doi.org/10.1371/journal.pntd.0006274
https://doi.org/10.4269/ajtmh.13-0104
https://doi.org/10.1590/0037-8682-0231-2013
https://doi.org/10.1590/0037-8682-0231-2013
https://doi.org/10.1128/CMR.00044-09
https://doi.org/10.1371/journal.pntd.0003959
https://doi.org/10.4103/0974-2077.41161
https://doi.org/10.4269/ajtmh.1978.27.939
https://doi.org/10.1371/journal.pntd.0003821
https://doi.org/10.4269/ajtmh.16-0671
https://doi.org/10.14219/jada.archive.2008.0276
https://doi.org/10.1371/journal.pntd.0001564
https://doi.org/10.1128/IAI.00301-17
https://doi.org/10.4269/ajtmh.1995.53.152

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

rectal biopsy in the diagnosis and therapeutical
evaluation of Schistosomiasis mansoni. Review
Institution Medicine of Tropical Medicine 34:
601-608. [Crossref]

Rihet P, Demeure CE, Bourgois A, Prata A & Dessein AJ.
(2017). Evidence for an association between
human resistance to Schistosoma mansoni and

high anti-larval IgE levels. European Journal of
Immunology; 21: 2679-2686. [Crossref]

Sanjay K., Prasant MC, Kedar Saraf, Kishor Patil (2014).
Oral biopsy: Techniques and their importance.
American Journal of Advances in Medical
Science; 2(3): 42-46

Smith H, Doenhotf M, Aitken C, Bailey W, Ji M, Dawson
E, Gilis H, Spence G, Alexander C, van Gool T,
(2012). Comparison of Schistosoma mansoni
soluble cercarial antigens and soluble egg
antigens for serodiagnosis schistosome
infections. PLoS Neglected Tropical Diseases 6:
e1815 [Crossref]

Smith JH, Christie JD. (2016). The pathobiology of
Schistosoma haematobium infection in humans.

Human Pathology; 17: 333-45. [Crossref]

Smithers SR, Terry RJ. (2015). The infection of laboratory
hosts with cercatiae of Schistosoma mansoni and
the recovery of the adult worms. Parasitology;
55:695-700. [Crossref]

Sorgho H, Bahgat M, Poda JN, Song W, Kirsten C,
Doenhoff M]J, (2015). Serodiagnosis  of
Schistosoma mansoni infections in an endemic
area of Burkina Faso: performance of several
immunological tests with different parasite

antigens. Acta Tropica; 93:169-180. [Crossref]

Stete K, Krauth SJ, Coulibaly JT, Knopp S, Hattendotf |,
(2019). Dynamics of Schistosoma haematobium
egg output and associated infection parameters
following treatment with praziquantel in school-
aged children. Parasitology Vectors.; 5: 298.
[Crossref]

Thomson CJ, Lalonde DH, Denkler KA, Feicht A]J.
(2017). A critical look at the evidence for and
against elective epinephrine use in the finger.
Plast Reconstr Surg;119: 260-266. [Crossref]

Towbin, H., T. Stachelin, and J. Gordon. (2019).
Electrophoretic  transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Procedure of

National Academic Science in United State of
America. 76:4350-4354 [Crossref]

https:/ /scientifica.umyu.edu.ng/

Tsang VC, Hillyer GV, Noh J, Vivas-Gonzalez BE, Ahn
LH, Pilcher JB, (2021). Geographic clustering
and seroprevalence of Schistosomiasis in Puerto
Rico. American Journal of Tropical Medicine and
Hygiene; 56:107-112. [Crossref]

Utzinger, J.; Becker, S.L.; van Lieshout, L.; van Dam, G.J.;
Knopp, S. (2015). New diagnostic tools in
Schistosomiasis.  Clinical Microbiology and
Infection. 21, 529-542. [Crossref]

Van Etten, L., C. Folman, T. Eggelte, P. Kremsner, and
A. M. Deelder. (2014). Rapid diagnosis of
Schistosomiasis by antigen detection in urine

with a reagent strip. Journal of Clinical and
Microbiology. 32:2404-2406 [Crosstref]

Van Gool T, Vetter H, Vervoort T, Doenhoff
M],Wetsteyn ], Overboosch D. (2012).
Serodiagnosis of imported Schistosomiasis by a
combination of a commercial Indirect
Hemagglutination ~ Test with ~ Schistosoma
mansoni adult worm antigens and an Enzyme-
Linked Immunosorbent Assay with S. mansoni
eggs antigens. Journal of Clinical Microbiology.
40: 3432 - 3437. [Crossref]

Van Lieshout, L.; Polderman, A.M.; Deelder, A.M. (2017)
Immunodiagnosis ~ of  schistosomiasis by
determination of the circulating antigens CAA
and CCA, in particular in individuals with recent
or light infections. Acta Tropica 77, 69-80.
[Crosstef]

Vendrame CM, Carvalho MD, Yamamoto CR, Nakhle
MC, Carvalho SA, Chieffi PP, (2021). Evaluation
of anti-Schistosoma mansoni IgG antibodies in
patients with chronic Schistosomiasis mansoni
before and after specific treatment. Review
Institutional Medicine in Tropics Sao Paulo. 43:

153-159 [Crossref]

Webster M, Fallon PG, Fulford AJ, (2019). IgG4 and IgE
responses to Schistosoma mansoni adult worms
after treatment. Journal of Infectious Diseases.

175: 493-4. [Crosstref]

Wen LY, Chen JH, Ding JZ, Zhang JF, Lu SH, Yu LL,
(2019). Evaluation of the applied value of the dot
immunogold filtration assay (DIGFA) for rapid
detection of  anti-Schistosoma  japonicum
antibody. Acta Tropica. 96:142-147. [Crossref]

Whitty CJ, Mabey DC, Armstrong M, Wright SG, and
Chiodini PL. 2018; Presentation and outcome of
1107 cases of Schistosomiasis from Africa
diagnosed in a non-endemic  country.
Transmission Royal Society of Tropical Medicine
and Hygiene. 94: 531- [Crossref]

Suleiman et al. /USci, 1(1): 303 — 314, September 2022 313


https://scientifica.umyu.edu.ng/
https://doi.org/10.1590/S0036-46651992000600016
https://doi.org/10.1002/eji.1830211106
https://doi.org/10.1371/journal.pntd.0001815
https://doi.org/10.1016/S0046-8177(86)80456-7
https://doi.org/10.1017/S0031182000086248
https://doi.org/10.1016/j.actatropica.2004.10.006
https://doi.org/10.1186/1756-3305-5-298
https://doi.org/10.1097/01.prs.0000237039.71227.11
https://doi.org/10.1073/pnas.76.9.4350
https://doi.org/10.4269/ajtmh.1997.56.107
https://doi.org/10.1016/j.cmi.2015.03.014
https://doi.org/10.1128/jcm.32.10.2404-2406.1994
https://doi.org/10.1128/JCM.40.9.3432-3437.2002
https://doi.org/10.1016/S0001-706X(00)00115-7
https://doi.org/10.1590/S0036-46652001000300007
https://doi.org/10.1093/infdis/175.2.493
https://doi.org/10.1016/j.actatropica.2005.07.025
https://doi.org/10.1016/S0035-9203(00)90077-4

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 303 — 314

Wilhelmi BJ, Blackwell SJ, Miller JH, Mancoll JS, Dardano
T, Tran A, (2011). Do not use epinephrine in
digital blocks: Myth or truth? Plast Reconstr
Surg. 107:393-397 [Crossref]

Wortrell, C.M.; Bartoces, M.; Karanja, D.M.S.; Ochola,
E.A.; Matete, D.O.; Mwinzi, P.N.M,;
Montgomery, S.P.; Secor, W.E. (2015). Cost
analysis of tests for the detection of Schistosoma
mansoni infection in children in Western Kenya.
American Journal Tropical Medicine and
Hygiene. 92, 1233-1239. [Crossref]

Yu JM, de Vlas §J, Jiang QW, Gryseels B. (2017).
Comparison of the Kato-Katz technique,

https:/ /scientifica.umyu.edu.ng/

hatching test, and indirect hemagglutination assay
(IHA) for the diagnosis of Schistosoma
japonicum infection in China. Parasitological
International; 56:45-49. [Crossref]

Zhou YB, Yang MX, Wang QZ, Zhao GM, Weti ]G, Peng
WX, (2017). Field comparison of undiagnostic
and parasitological techniques for the detection
of Schistosomiasis japonica in the People's
Republic of China. American Journal of Tropical
Medicine and Hygiene. 76:1138-1143 [Crossref]

Zhu YC. (2015). Immunodiagnosis and its role in
Schistosomiasis control in China: a review. Acta

Tropica; 96:130-136 [Crossref]

Suleiman ez al. /USci, 1(1): 303 — 314, September 2022 314


https://scientifica.umyu.edu.ng/
https://doi.org/10.1097/00006534-200102000-00014
https://doi.org/10.4269/ajtmh.14-0644
https://doi.org/10.1016/j.parint.2006.11.002
https://doi.org/10.4269/ajtmh.2007.76.1138
https://doi.org/10.1016/j.actatropica.2005.07.007

