Review Article
An Overview of Schistosomiasis in Africa: Evolutional Origin and
Diagnostic Challenges

Abstract
Schistosomiasis is an overlooked tropical illness that is caused by the blood fluke that dwells
human blood vessels. It manifest as an acute yet chronic sickness and is normally found at all
developing nations with poor health services frameworks. Strong phylogenies dependent on
molecular data of species inside the family Schistosoma have been produced lately. The
impressive advancement made in understanding the connections between considerable
perceived types of Schistosoma is explored with specific consideration being given to the
discovery and investigation of parasite variety as appeared by studies on ribosomal RNA
qualities, mitochondrial DNA and Random Amplified Polymorphic DNA. Generally,
molecular phylogenies concur with perceptions dependent on morphological or life-history
attributes. Plainly the parasites of man don't shape a monophyletic group and that cozy
connections exist between parasites inside species groups, particularly in the S. haematobium
group of species. The S. japonicum group has all the earmarks of being the most dissimilar of
the species groups but then little DNA succession variety has been seen between different
isolates of S. japonicum. Diagnosis is key to all parts of schistosomiasis and decision on
individual and community treatment, estimations on prognosis and appraisal of dismalness,
assessment of chemotherapy and control estimates all require the outcomes from diagnostic
tests. Lamentably, present techniques are characterized by indicative flaws.
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1. INTRODUCTION
Schistosomiasis is infectious parasitic disease caused by trematode (flukes) of the
genus schistosome. The parasite can be classified on the basis of their morphology; they are
characterized as the most second devastating parasite commonly found in the tropical region
of the world. They cause mortality and morbidity in developing countries especially in SubSaharan Africa, although places like the Caribbean, the South America, Middle East and Asia
has reported a significant prevalence [1]. Human become infected through skin penetration
when comes in contact with an infective stage of the parasite often during various water
contact activities in an infested water containing cercariae [2]. Five major species are known
to infect humans (the first three are of most significant public health problem) S.
haematobium, S. mansoni, S. japonicum S. mekongi and S. intercalatum [3]. Other
schistosome that occasionally infects human causing dermatitis or insignificant infection
includes S. bovis and S. mattheei together with some avian schistosome. These species differ
biologically from one another and to their geographic distribution and the type of disease they
cause [3].
S. haematobium a causative agent of urinary schistosomiasis causes complication like
fibrosis, stricture and urinary tract calcification [2]. However, at the time of infection most of
the eggs become trapped in some tissues. Organ in the body like liver become infected with
S. mansoni and S. japonicum worm, on the other hand bladder and urethras are the major
organs affected by the species of S. haematobium worms [1]. The pathology is not due to the
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number of worms in the body but instead due to immunologic response to schistosome egg
that is being trapped in the host tissues. Antigen which is secreted by the egg stimulates a
granulomatous reaction involving T- lymphocyte, macrophages and eosinophils, which
initiate the clinical sign [1].
Urinary schistosomiasis is endemic in Sub-Saharan Africa including Nigeria with
substantial transmission in most of the state of the federation and high prevalence among
school age children. Inadequate basic social amenities, weak primary health-care and poor
infrastructure, facilitate transmission of schistosomiasis in the country and up till now control
program is not available due to the absence of detail distribution of the disease.
2. LITERATURES ACQUISITION
Peer-reviewed journal articles search were conducted via Medline, SCOPUS and
Google Scholar search engine. All searches were limited to, publication from 1999 to 2019
except where necessary an older publication was used. All publications were in English, and
duplicates, conference abstract, comments and short communications were removed. The
initial search result gave us 2584 articles which were screened based on the title relevance,
retaining 196 full text review articles out of which we cited 71 articles in this review.
3. EPIDEMIOLOGY
Schistosomiasis is one of the most common in the world found in approximately 76
countries more located in Africa, Middle East, South America and the Southern Asian
continent [4]. An estimation of 779 million people are at risk of infection by schistosome
with 207 million reported to have been infected, most of which are in Africa (97%) [5]. It
was estimated that at least 20,000 deaths were reported as a result of schistosomiasis
infection yearly [6].
Many African countries provide epidemiological data regularly regarding the
prevalence and extents of infection cause to humans, and associated with malacological
surveys and schistosome prevalence in snails. West African epidemiological data related to
schistosomiasis prevalence are available from Burkina Faso [7], Ivory Coast [8], and Niger
[9]. Most of the schistosome found in Africa are S. haematobium and S. mansoni as shown in
Figure 1. Previous evolutionary history, climate and environmental changes shows a
significant selection and pattern of schistosome with increase in fluctuation and pattern of the
population size, definitive mammalian hosts, including human and the snail distribution has
tremendous impact on the infection change in human social development, in addition has
immensely favoured the distribution and survival of the parasite and help in changing the
prevalence of the infection in recent years [10].However, some researchers highlighted that
establishing freshwater sites from dam irrigation system on constructed dams, site of human
settlements close to freshwater sites has relationship with potential host, with high increase in
size and number of human [5, 11, 12].
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Figure 1: Distribution of Schistosoma species in Africa

It was equally pointed out that, large rivers may not be the main source of
schistosomiasis, but waters retained by them through seasonal flooding, and extraction for
irrigation schemes and impoundment are likely to be the major transmission sites [13]. The
disease is distributed over rural and agricultural where the life style of people increases
contamination of inland water with human excreta. In Nigeria more than 200 (62%) of the
constructed dams were built in ten most endemic states, the remaining ones in twenty six less
endemic states [14]. An example of such dams located in South-West Nigeria is that of Oyam
dam found in Ogun State which were constructed in was 1984. However, there was an
outbreak of urinary schistosomiasis in some couples of years after its construction in two
resettlement communities around the dam [15].
The study of the prevalence and severity of Schistosoma infection based on age and
water contact activities has revealed that adolescents and children are most infected. The
severity of the infection is gender and age specific with globally, rate of infections peak at
age 10 to 19 years. In some areas, the prevalence in this group may approach up to 100% [16,
17]. In relation to gender, more males than females were often been reported to had higher
infection in most of the studies reviewed. In the study conducted by [18] lower prevalence
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rate of 37.2% was observed among the females when compared to their counterpart males
having prevalence of 45.5%. This attributed to the fact that males are more in contact with
the breeding site through swimming, fishing and related activities than their female
counterparts who may just visit the stream to fetch water for primary domestic activities [16].
However, other studies revealed that gender distribution of urinary schistosomiasis could
change due to some variation in behaviour and cultural practices regarding water activities
[19]. Therefore, infection pattern may be attributed to differences in geographic and
environmental setting, their cultural and religious beliefs.

4. EVOLUTIONARY ORIGIN OF SCHISTOSOMA
Schistosoma species are found throughout the tropical and developing region of the
world, namely Africa, Asia and South America (Figure 2). The distribution of schistosome
parasite is related with the egg morphology and geography of the intermediate hosts that each
species has adapted to exploit within given regions [20, 21]. S. japonicum in Asia has an egg
with minute spine and develop in operculate snails of the family Pomatiopsidae. On the other
hand, species of the S. mansoni and S. haematobium groups in Africa (and adjacent regions)
and South America (S. mansoni only) utilize pulmunate snails. Members of the former group
have eggs with a lateral spine, while the S. haematobium group has eggs with a terminal
spine, with species from both groups often sharing overlapping geographical ranges [22, 23].
Therefore, the size and shape of the egg, intermediate host specificity and the geographical
origin of isolates are sufficient to identify species infecting man.

Figure 2: Map showing the African origin Schistosoma moving over to Asia on the
Indian giving rise to the S. indicum group and diversifying into the S. japonicum suggest
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the Schistosoma ancestor remaining in Africa diverged giving rise to the S. mansoni and
S. haematobium groups.

A considerable amount of literature has been published on the origin of schistosome
which had earlier developed and reviewed, following argument for both an African and Asian
origin [23, 24]. However, it was suggested that the genus Schistosoma originated before the
separation of the super continent Gondwana land (that was made from today’s Africa,
Antarctica, South America, and Australia) for the past 150 million years [24, 25].
Moreover, are said to begun in order to exploit pomatiopsid and pulmonate snails, to which
extensive fossils records suggested that, is from Gondwanan origin. This shows that spread of
parasite were due to continental drift. Similarly suggested that ancestors of the Asian
schistosomes were translated to Asian when India separated from Africa and merge to Asia,
this gives rise to the S. japonicum and S. indicum [24]. This theory also suggest that the
remaining other African stock began to radiate over, given rise to the ancestral linage of the
S. haematobium and S. mansoni groups [23].
5. SCHISTOSOMA PHYLOGENY AND SPECIATION
Recent years, progress in advances in DNA sequencing, molecular tools also have
promoted greater records and exploration of genetic diversity of schistosome species and
their hosts [23]. A range of genetic markers have been used to construct phylogenetic trees,
the nuclear marker ribosomal RNA gene unit (18S, 5.8S, 28S, internal transcribed spacer
region (ITS). Variations in the sequences of mitochondrial cytochrome oxidase sub-unit 1
(cox1) gene were compared among some samples specimens in order to identify the
evolutionary differences, and possible similarities. Those studies show a benefit on the
knowledge of the complete mitochondrial genome of S. haematobium, and other species [26,
27], thereby enhancing population focus - studies [27]. Previous study reported that, the
genus schistosome was categorized in to 6 clades that correlate to different geographical
distributions of the parasites [20, 23, 28]. In addition, species forming S. japonicum complex
(S. ovuncatium, S. sinensium, S. japonicum, S. mekongi, and S. malayensis) are seeing basal
on the tree, the position of the clade gives an evidence for the Asiatic origins of this parasite,
it suggest an oriental origin and its colonization for both south eastern and the eastern
provinces of Asia [20, 29, 30] as shown in Figure 3.
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Figure 3: Schematic phylogeny of the interrelationships of members of the species within the
Schistosoma genus estimated with a Bayesian analysis of combined partial lsrDNA , complete
ssrDNA and partial cox1. The tree also illustrates the basal nature of Asian schistosomes, being
ancestral to the African stock due to the relative positions of S. hippopotami, S. edwardiense
(Inferred from partial cox1), Oriento-bilharzia and S. incognitum (adopted with modification
[26])

On the other hand, the second major split in the phylogeny encompasses the species
that are parasites found throughout Africa. However, there appears to be several distinct
clades within this major split, most basal lineage is S. hippopotami clade, containing both S.
hippopotami and S. edwardiense, which were both described from the western Uganda [21].
The third category within the phylogeny was described as proto-S. mansoni clade, proven to
be basal to the true African species which is represented by two species, Orientobilhazia
turkestanicum, now known to belong to the genus Schistosoma and S. incognitum [23]. Two
species are known to be found in Southern and Western Asia, throughout the Middle East,
adding more emphasis on the argument of an Asian origin for the African schistosome and
may even give an insight into different species that occurred before the colonization of the
African continent [20, 29, 31]. Moreover, African schistosomes form two distinct clades, the
S. mansoni clade (S. mansoni and S. rodhaini) and the S. haematobium clade
(S.margrebowiei, S. guineesis, S. leipri, S. mattheei, S. intercalatum, S. haematobium, S.
curassoni, S. bovis and S. kisumuensis). However, between the two major African clades is
the S. indicum group (S. indicum, S. spindale and S. nasale) which are found throughout
Southern and Western Asia suggesting a reinvasion of the Asiatic subcontinent [20, 32, 33].
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6. LABORATORY DIAGNOSIS OF SCHISTOSOMIASIS
Despite the fact that recent information is available among places of genitourinary
schistosomiasis like that of global burden of the disease, control and prevention, and other
associated morbidity, some practical issues are yet to be clarified as regard to basic diagnostic
tools associated with this public health important parasitic disease [34, 35]. The direct
microscopic sedimentation technique of urine, and examination of urine using filtration
method for the detection of schistosome ova including the indirect methods i.e. detection of
haematuria, circulating egg antigens, schistosome specific antibodies and ultrasound scans
are among others of the genitourinary system of Schistosoma infection. Therefore, many
reasons are related to the inability in the detection of genitourinary schistosomiasis, citing
example with differences in egg deposition levels and/or duration of infection which may
influence the potentiality and sensitivity in achieving the most exact and recent infection
status [36]. Conventional and new tools to diagnosis, determination of response to therapy,
and morbidity assessment are indicated under community and institutional settings in
hierarchic order (Figure 4)

Figure 4: Schistosomiasis flowchart for clinical management in community and institutional
settings. The above conventional tests, new tools were depicted according to the strength of
literature evidence (red boxes). Approaches still under investigation and/or diagnostic platforms
that show debatable results are inside the gray boxes. PM: parasitological method; US:
ultrasonography; PCR: polymerase chain reaction; RDT: rapid test FOB: fecal occult blood; CT:
computed tomography; MRI: magnetic resonance imaging.
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6.1 Filtration Technique
Membrane used in urine filtration remain a common egg concentration technique,
although the actual cases of schistosomiasis are high than what is documented after first
screening [37, 38]. This is especially among individuals who excrete few numbers of eggs
[39]. Although the sensitivity of the method can be improved by either increasing the number
of samples tested and/or sampling of a larger volume of urine, but such methods are not
easily performed. In a testing of monoclonal antibody assay [40] evidence proved that more
than eight samples are needed for the examinations of urine through centrifugation and
filtration and which are necessary before an infected individual can be identified. However,
several studies that assess the accuracy with regards to its sensitivity and specificity of urine
filtration method were not seen established. During recent time as mass praziquantel were
distributed and well informed mass education, a significant light infection were reported,
therefore, it is important that sensitivity of this diagnostic methods should perfectly be
characterized [41, 42].
6.2 Sedimentation Method
Sedimentation is an important substitute to other techniques especially filtration
methods. The sensitivity and specificity of sedimentation method was compared to filtration
of 10mls in low intensity infection, must probably because the intrinsic loss rate is lower and
the sample size larger. The presence of epithelial cells for example might likely disguise egg
of S. haematobium in the sediment. In addition menstrual blood also contaminates urine and
lysis of the red blood cells discloses ova in sediment or on filter membrane. This can record
success as few drops of 10% hydrochloric acid are added to the urine sample.

6.3 Haematuria (dipstick) Method
Haematuria is a common symptoms of urogenital schistosomiasis, usually appears
when S. haematobium eggs induced inflammation and blood vessels ruptures [43]. Reagent
dipsticks are readily available for testing presence of blood in urine (haematuria), though it
often indicates infection; however it is a non-specific marker since haematuria is not
specifically caused by S. haematobium infection [44]. Several studies carried out were able to
estimate the sensitivity, specificity, and false positive rates of the dipstick test [45, 46].
Further studies has shown that number of screening tests are possible and could be considered
in other to facilitate and improved detection rate, accurately diagnose as well as proper
estimates of incidence and prevalence of urinary schistosomiasis within sub-samples of
many populations [47, 48]. The sensitivity and specificity of two screening methods; reagent
dipstick for haematuria and urine filtration were evaluated among Ghanaian children with
light S.haematobium infection. It was highlighted that strips reagent for urine analysis yielded
a significant positive result for S. haematobium after diagnosis, with sensitivities of 70% and
97% and specificities of 59 – 80% [48, 49], showing concerns as to the possibility of this as
the overall technique for screening populations in an endemic setting.
6.4 Immunological techniques for diagnosis of S. haematobium
To date various methods have been developed and introduced to measure
immunological response using crude or purified egg and adult worm antigens in other to
detect anti- S. haematobium antibodies [50, 51]. Immunodiagnostic technique for detection
of light infections is developed by aiming to detect the presence of schistosome circulating
Antigens (SCA) in the urine, serum or antibodies specific to schistosome antigens [52]. The
commonly reported assays are Enzyme Linked. Immunosorbent Assay (ELISA) [53, 54],
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Immunofluorescence or Western Blotting (WB) [55].However, ELISA is a laboratory based
test that is useful for larger-scale operations but its importance in the field is limited [56]. The
detection of Soluble Egg Antigen (SEA) in serum and urine could be more valuable in
diagnosis; hence early treatment would be applied before irreparable damage occurs [1].
However, an antibody detection method often has its own limitations as it cannot distinguish
between current and past infection. Furthermore, it may also present a high level of cross
reactivity, molecular methods should be considered for sensitive and specific assay [57].
6.5 Molecular Based Technique
Recently, many investigators launched molecular approaches for detecting
schistosomiasis: Detection of parasite (schistosome) DNA in clinical human samples such as
faeces [58], sera [59] and urine [60], confirmed the existence of parasite DNA in the host and
provide evidence of the infection. Parasite DNA may be a helpful guideline for selecting the
appropriate treatment for schistosomiasis. In another study conducted by [61] reported that
data generated obtained from genetic techniques do not only give an insight of the history of
these organisms, also into the biology of these parasites that has direct impact on species
identification and disease epidemiology. In addition [62] demonstrated new polymerase chain
reaction (PCR) primers for the identiﬁcation and differentiation of major human Schistosome:
S. haematobium, S. mansoni, S. mekongi and S. japonicum. A considerable amount of
literature has been published on PCR methods and is proven to have improved the direct
detection of Schistosoma. DNA seems to be prepared from egg prior to PCR amplification
from urine, stool, or organ biopsy as samples [58, 60]. However, DNA is extracted from a
small volume of sample success is dependent whether sample processed contains eggs or not
[63]. Several studies have revealed that the random amplified polymorphic DNA markers
(RAPD) technique can be applied successfully to study helminths [64]. Several DNA-based
methods have been developed to investigate genetic diversity, differentiate strains and species
and an analyse phylogenies of schistosome [62]. Demonstrated that RAPD can be employed
to differentiate between strains of S. mansoni and species of Schistosoma.
In order to improve understanding of the epidemiology of the S. haematobium,
genetic variation within this species has to be studied extensively [65]. Genetic studies are
often carried out on DNA extracted from miracidia, from hatched egg, cercariae released
from the snail or adult worms, most often collected from the laboratory animals. In addition,
facilities were so limited making the practice so difficult for the isolation and storage of this
parasite. Although several attempts has been made to simplify isolation of eggs on the filter
paper since it does not require laboratory facilities, DNA can still be successfully extracted at
latter stage [66]. Mitochondrial genes have been used in molecular analysis to demonstrate
the relationship between different species, because they showed high mutation rates
compared to nuclear markers and exist in high number. Moreover, this led to their
exploitation for studying phylogenetic variation in these parasites [67, 68]. Similarly
Schistosoma phylogeny has primarily been based on alignment of multiple gene sequences.
From a handful of genes such as cox1, cox2, ITS1, ITS2, nad4, rrnl, and rrnS [21, 23]. This
might be very vital because it allows the exploration of genetic heterogeneity of parasites
among a sample and also between children coming from the same area, the methods could
also provide an insight into the knowledge of hybridization among different species after a
long period of time as it has been observed that in west Africa, S. haematobium can hybridize
S. bovis [69]. However, many children could be infected with one or more schistosome
haplotype or even species at a time [70].
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Previous studies have reported that presently there were complete mitochondrial
genomes available for 6 species of schistosome including S. japonicum, S. malayensis, S.
mekongi, S. mansoni, S. spindale and S. haematobium [68, 71]. Moreover, in 2001, Le et al.
demonstrated that the mitochondrial genomes of S. japonicum and S. mekongi displayed the
same gene order as each other and that of other digenea and Cestodes [68]. However, S.
mansoni shows several differences in gene order when compared to the species from the S.
japonicum clade. The S. mansoni type rearrangement was also seen in S. haematobium and S.
spindale [68]. The rearrangement of the gene order among African schistosome and their
descendants is of particular interest putting in to consideration the phylogenetic position of S.
incognitum and O. turkestanicum and their geographical differences. These species might
provide a clue into the exact time on when these genomic changes happened during the
inversion of Africa and the radiation of the schistosome.

CONCLUSION
The greatness of molecular methodologies for the examination of schistosomes at the
individual and community level is presently obvious, particularly for S. mansoni. Significant
inquiries remain concerning the upkeep of parasite diversity and how schistosomes react to
selection pressures either during characteristic movement through the life-push or through
medication treatment or immunization. Gene revelation and gene mapping activities are
prompting a superior comprehension of the schistosome genome and can be relied upon to
contribute fundamentally to future relative transformative examinations. Choice and
utilization of strategies ought to subsequently compare to the sort of data looked for by the
general wellbeing of the epidemiologist or the medical officer and test result interpretation
must mull over the downsides and limitations characteristic to every one of the different
diagnostic procedures.
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