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Preface

Schistosomiasis (bilharziasis) is a parasitic disease caused by Schistosoma spp. that 
belongs to trematode worms. These worms are known as blood parasites. This dis-
ease is considered both a  neglected tropical disease and a water-borne disease. The 
cardinal species are Schistosoma haematobium (1852), S. japonicum (1904), S. mansoni 
(1907), S. intercalatum (1934), S. mekongi (1978), S. guineensis, and S. intercalatum, 
though there are more than twenty different species overall. The parasite in the 
definitive host may affect many organs and systems, such as the liver, lungs, urogeni-
tal system, gastrointestinal tract, and so on. The disease may become chronic and last 
3–8 years, and in some cases even up to 20–30 years.

According to the World Health Organization (WHO), schistosomiasis affects 250 
million people, threatens 800 million people, and causes 1.9 million deaths yearly in 
endemic tropical and subtropical areas. Endemic areas include the Middle East, South 
America, Caribbean, Southeast Asia, and particularly sub-Saharan Africa. The defini-
tive host is primarily human; however, in endemic areas a variety of animals such 
as monkeys, cattle, horses, rodents, cats, and dogs are also considered  reservoirs. 
Moreover, due to global warming, the spread of the disease may increase. This level 
of incidence and urgency of schistosomiasis points to the importance of finding a 
remedy for this disease. A remedy would be beneficial not only for humans but also 
for animals worldwide. In addition, effective treatment and prevention will mitigate 
further socioeconomic losses, another consequence of the disease.

This book presents up-to-date information about schistosomiasis, including diagno-
sis, treatment, epidemiology, control, new molecular methods, and vaccine studies. 
We wish to thank the chapter authors for their excellent contributions. 

Tonay Inceboz
The Department of Medical Parasitology,

Dokuz Eylul University of Medical Faculty,
İzmir, Türkiye
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Chapter 1

Introductory Chapter: Changing 
Our Perspectives on Schistosomiasis
Tonay Inceboz

1. Introduction

Humanity in the 21st-century has made many scientific and cultural advancements. 
This development in technology improves people’s living conditions [1]. However, the 
growth of technology also causes physical deterioration of nature via many chemical, 
nuclear, and solid wastes during the use of food and energy sources or pollution of 
water [2, 3]. The ecological balance of nature is being destroyed albeit unintentionally. 
This causes logarithmic growth and mutation of all kinds of microorganisms in the 
environment, resulting in the emergence of different species [4, 5].

Schistosomiasis is a term that denotes a disease caused by parasites belonging to 
genus Schistosoma. It is a major disease affecting approximately 250 million people 
in 78 countries and many regions in the world, mainly Asia, Africa, and America 
[6, 7]. There are more than 20 species of Schistosoma (Schistosoma haematobium  
(S. haematobium) (1852), S. japonicum (1904), S. mansoni (1907), S. intercalatum 
(1934), S. mekongi (1978), S. guineensis and S. intercalatum et al.) in the tropical and 
subtropical regions of the world.

Schistosoma spp. involve humans and certain animals (monkeys, rodents, cattle, 
etc.) as definitive hosts, and snails (Biomphalaria, Bulinus, Oncomelania, etc.) as 
intermediate hosts. Since cercaria forms of Schistosoma are disseminated via con-
taminated water, they spread far and wide. In fact, the history of schistosomiasis in 
humans goes back to ancient times [8]. S. haematobium eggs have been found in the 
kidneys of Egyptian mummies. However, the first description of schistosomiasis was 
made by the German pathologist Theodore Maximilian Bilharz (1825 to 1862) by 
autopsy examinations on infected patients in Egypt. He named the worm that recov-
ered from the portal vein as “Schistosoma hematobium”. Doctor Yoshinao Fujii (1818 
to 1895) of Japan was described the symptoms of schistosomiasis. He noticed rush in 
the legs, fever, diarrhea and bloody stool among the villagers who worked in the trice 
fields of Katayama. In 1904, Fujiro Katsurada found the causative agent of Katayama 
fever and named the worm “Schistosoma japonicum”. Three years later, in 1907, S. 
mansoni was discovered as the third type of Schistosoma by Luigi Westenra Sambon 
(1865 to 1931).

Although they have been known for years, the diagnosis, treatment, and preven-
tion of schistosomiasis did not reach their full maturity. That is why it is still a major 
health problem in many countries. Even more, schistosomiasis has increased drasti-
cally and resulted in financial problems by causing chronic diseases [9]. In response 
to this, the World Health Organization (WHO) initiated a long-term program to fight 
against schistosomiasis with various methods, such as education and praziquantel 
therapy, by launching an extensive project [10].
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2. Conclusions

It is important to note once again that Schistosoma spp. are often seen in socio-eco-
nomically underdeveloped regions. When dealing with Schistosoma spp., the interme-
diate hosts (the snails), the definitive hosts (humans and certain animal species), and 
the source of infection (infective waters) should be considered [11, 12].

When we look deeper into Schistosomiasis we find that the disease can be in 
two phases: acute and chronic. Schistosoma may involve many organs in the body by 
dissemination via bloodstream. Symptoms may vary according to involved organs. 
In the acute phase; high fever, Katayama fever (specific for Schistosoma japonicum 
and S. mansoni), myalgia, fatigue, abdominal pain, diarrhea, haematuria may be 
present. However, in chronic phase of schistosomiasis, different symptoms, due to 
more specific organ infoldments, can be found such as hepatosplenomegaly, gastro-
intestinal bleeding, and abdominal pain due to ascites and periportal fibrosis, bladder 
carcinoma (specific for Schistosoma hematobium), etc. Long-term consequences can 
also lead to socio-economic burden, such as dependent life and long-term treatment 
costs [13].

The diagnosis of schistosomiasis is not always easy in humans. History taking 
is very important to “think about” the disease in differential diagnosis. Laboratory 
tests such as antigen (circulating cathodic antigen (CCA)) or antibody tests 
are the most commonly used tests in diagnosis. However, these are not “gold 
standard test” [14, 15]. The Kato-Katz technique (antigen) is a stool screening 
method (38% sensitivity) because it is the fastest and cheapest method [14, 16]. 
Serological techniques antigen tests (ELISA, IHA, and IFAT) are widely used for 
the diagnosis of schistosomiasis [17]. The diagnosis of S. japonicum is made by 
PCR (52% of the PCR positive samples were positive) [14] and PCR ELISA for S. 
mansoni (sensitivity was high (97.4%), and the specificity was more satisfactory 
(85.1%)) [18]. The commonly recommended treatment of schistosomiasis is pra-
ziquantel [19]. There have been many medications tested against schistosomiasis 
but still, there is not any good alternative in use to praziquantel.

Putting the treatment of schistosomiasis aside, we should focus on the prevention 
of the disease all over the world, and especially in endemic regions. We should con-
sider that the disturbance of ecologic balance might cause new species of Schistosoma, 
newly infected water basins, and snail types [20]. It may be more difficult to cope 
with these new forms.

In this book, we all aimed to draw attention to “schistosomiasis” and how we can 
change our perspectives to “combat” and -hopefully- eradicate this important parasite 
disease. To overcome schistosomiasis globally, we should make endeavor to respect 
nature to avoid disturbing the ecological balance, to perform new scientific multidis-
ciplinary studies, and to work as one, as in the “One Health” concept.
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Chapter 2

Epidemiology and Control of 
Schistosomiasis
Célestin Kyambikwa Bisangamo

Abstract

Human schistosomiasis is caused by the genus Schistosoma. Its prevalence and mor-
bidity are highest among schoolchildren, adolescents, and young adults. It is prevalent 
in poor communities without access to safe drinking water and adequate sanitation. 
The agents of etiology of these diseases are Schistosoma mansoni, Schistosoma haema-
tobium, Schistosoma guineensis, Schistosoma intercalatum, Schistosoma japonicum, and 
Schistosoma mekongi. Symptoms include anemia, stunting, fever, cough, abdominal 
pain, diarrhea, hepatosplenomegaly, genital lesions, and eosinophilia. Freshwater 
mollusks are suitable intermediate hosts, and the definitive hosts are the parasitized 
men. The transmission gap of disease is bridged when people come into contact 
with unwholesome water sources infested. People are infected through their usual 
agricultural, domestic, professional, or recreational activities, which expose them to 
contaminated water. Various animals, such as cattle, dogs, cats, rodents, pigs, horses, 
and goats, serve as reservoirs. Treatment of at-risk people on a wide scale, access to 
good water, improved sanitation, hygiene education, and snail control are all used 
to combat schistosomiasis. The WHO’s schistosomiasis control strategy focuses on 
reducing disease by regularly administering praziquantel to affected populations on a 
large scale. It entails the regular treatment of all at-risk populations. Disease transmis-
sion should be halted in specific countries where transmission is low.

Keywords: schistosomiasis, epidemiology, prevention, control

1. Introduction

Human schistosomiasis (or bilharzia) is a chronic disease caused by parasitic 
worms. It is a parasitic neglected tropical disease and remains, after malaria, one of 
the main sources of morbidity and mortality in high prevalence countries, with major 
consequences on the health of the population and the economy [1].

According to the World Health Organization (WHO), 207 million people may have 
schistosomiasis in the world [2]. In 2018, it was estimated that at least 229 million 
people needed preventive treatment for schistosomiasis, while the number of people 
treated was 97.2 million [3].

Ninety percent of the disease burden is in sub-Saharan Africa, where the main 
species that cause schistosomiasis in humans are Schistosoma mansoni (intestinal 
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schistosomiasis) and S. haematobium (urogenital schistosomiasis), which are  
transmitted through feces and urine, respectively [4, 5].

Victims are infected through their usual agricultural, domestic, professional, or 
recreational activities, which expose them to contaminated water. Lack of hygiene 
and certain play habits of school-age children, such as swimming or fishing in 
infested waters, make these children particularly vulnerable to infection [3].

Symptoms of schistosomiasis include anemia, stunting, fever, genital lesions, and 
irreversible organ damage [6–8].

The fight against schistosomiasis aims to reduce the number of patients by means 
of periodic large-scale treatment of populations with praziquantel; a more compre-
hensive approach, including access to drinking water, appropriate sanitation and the 
fight against gastropods, should also reduce the transmission of schistosomiasis [3].

The WHO recommends praziquantel-based preventive chemotherapy for schistoso-
miasis control; this treatment is given largely to school-aged children aged 5 to 15, who 
have the largest infection burden and may be reached efficiently through schools [9]. 
The prevention chemotherapeutic strategy is defined by the prevalence of schistosomi-
asis in the implementation unit (usually the district). A prevalence of schistosomiasis 
<10% entails the administration of preventive chemotherapy every 3 years; 10 to 49%, 
treatment every 2 years; and ≥ 50%, treatment annually [10]. The initial success in the 
prevention and control of schistosomiasis in some countries [11] had led to the WHO’s 
more ambitious vision of “a world with zero cases of schistosomiasis infection” [12].

The WHO set goals to reduce schistosomiasis morbidity (referred to as disease 
control; defined as a heavy-intensity prevalence of infection of less than 5% aggre-
gated across sentinel sites) by 2020 and eliminate schistosomiasis as a public health 
problem (referred to as elimination; defined as a prevalence of heavy-intensity 
infection of less than 1% in all sentinel sites) by 2025 in countries where human 
schistosomias By 2025, it is also hoped to have completely stopped the spread of 
schistosomiasis in some areas [12–14].

The WHO’s strategic plan provides guidance on how programs can move from 
control of schistosomiasis to elimination and interruption of transmission [12].

Owing to epidemiologic and endemicity heterogeneities of schistosomiasis, one 
may predict that the timelines for transitioning between goals will not be uniform 
across all countries.

As a result, quantitative data from program monitoring must be analyzed to 
evaluate and improve these standards. According to recent theoretical modeling, the 
2020 disease control goal outlined in the current treatment guideline is likely to be 
met in areas with low or moderate prevalence but will be missed in areas with high 
prevalence [15].

2. Epidemiology of schistosomiasis

2.1 Pathogen agents

Human schistosomiasis is caused by eight species of Schistosoma: S. mansoni  
(intestinal schistosomiasis agent), S. haematobium (urinary schistosomiasis agent), 
S. mattheei (urinary schistosomiasis agent), S. guineensis (rectal schistosomiasis 
agent), S. intercalatum (rectal schistosomiasis agent), S. japonicum (arteriovenous 
schistosomiasis agent), S. maleyensis (arteriovenous schistosomiasis agent), and 
S. mekongi (arteriovenous schistosomiasis agent) [16].
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The most causes of disease are S. mansoni and S. haematobium. People are infected 
when Schistosomes are transmitted during contact with freshwater contaminated with 
human excreta containing parasite eggs. A gastropod host must be present in the 
water for the parasite to complete its life cycle.

2.2 Simplified Schistosoma life cycle

There exist two phases of Schistosoma multiplication: the asexual phase in the 
intermediate host (freshwater mollusks) and the sexual phase in the definitive host 
(parasitized man) [1].

In people, the Schistosome eggs are eliminated in feces or urine into water (1). In 
water, under optimal conditions, the eggs hatch and release immature Schistosome 
larvae called miracidia (2). The miracidia swim and penetrate specific snail inter-
mediate hosts (3). Miracidia evolve into sporocysts within the snail (4) Sporocysts 
mature into cercaria, which are discharged into the water by the snail and 
penetrate the skin of the human victim (5). Cercariae lose their tail and become 
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schistosomula when they penetrate the skin. After that, the schistosomula move 
to the liver to mature into adults. Male and female worms become corpulent and 
move to intestinal or bladder veins (depending on their species). S. japonicum, for 
example, is found more frequently in the superior mesenteric veins that drain the 
small intestine, whereas S. mansoni is found more frequently in the inferior mesen-
teric veins that drain the large intestine. Both species, on the other hand, can live in 
either location and move between them. S. haematobium is found in the bladder’s 
vesicular and pelvic venous plexus, as well as the rectal venules. S. intercalatum and 
S. guineensis are also found in the inferior mesenteric plexus, but they are located 
lower in the bowel than S. mansoni. There, where they remain, the females begin 
to lay eggs (7). The eggs are moved progressively toward the lumen of the intestine 
(S. mansoni, S. japonicum, S. mekongi, S. intercalatum/guineensis) and of the bladder 
and ureters (S. haematobium), and are eliminated with feces or urine, respectively.

2.3 Clinical manifestations of schistosomiasis

Human schistosomiasis symptoms are caused by the body’s reaction to the para-
sitic eggs, not by the parasites themselves [1]. Many infections are symptomless. 
Following cercariae penetration, a cutaneous hypersensitivity reaction might occur, 
manifesting as tiny, itchy maculopapular sores. Katayama fever is a systemic hyper-
sensitivity reaction caused by S. japonicum and S. mansoni that can occur weeks after 
the initial infection. Systemic symptoms such as stomach pain, diarrhea, fever, cough, 
eosinophilia, and hepatosplenomegaly are among the clinical signs.

Infections with Schistosoma can cause lesions in the central nervous system. 
Ectopic S. japonicum eggs in the brain can cause cerebral granulomatous disease, and 
granulomatous lesions around ectopic eggs in the spinal cord can occur in S. man-
soni and S. haematobium infections. Persistent infection can lead to granulomatous 
responses and fibrosis in the liver and spleen, as well as other symptoms.

Various hepatic complications from inflammation and granulomatous reactions, 
as well as embolic egg granulomas in the brain and spinal cord, are associated with  
S. mansoni and S. japonicum schistosomiasis. Hematuria, scarring, calcification, 
squamous cell carcinoma, and embolic egg granulomas in the brain and spinal cord 
are all symptoms of S. haematobium schistosomiasis.

2.4 Reservoirs of Schistosoma

Cattle, dogs, cats, rodents, pigs, horses, and goats serve as reservoirs for S. japoni-
cum, while dogs serve as reservoirs for S. mekongi [1]. In endemic areas, S. mansoni is 
frequently recovered from wild primates, but it is primarily a human parasite rather 
than a zoonosis.

2.5 Schistosoma’s hosts

These parasites develop successively in two hosts: the intermediate host and 
the definitive host [1]. Intermediate hosts are freshwater snails of the genera 
Biomphalaria, (S. mansoni), Oncomelania (S. japonicum), Bulinus (S. haematobium, 
S. intercalatum, S. guineensis). The only known intermediate host for S. mekongi is 
Neotricula aperta. The definitive host is usually humans but maybe cattle.
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The hatched eggs enter a small aquatic snail, to spend the first part of their life 
there. Then the eggs become small worms, called cercariae, which swim and contami-
nate the human host, which is in contact with water, by crossing the skin, entering the 
veins, then in the digestive tract where the eggs are laid and then eliminated by the 
stools in the aquatic environment.

2.6 Risk groups

There is no natural immunity in humans. However, the slow development of 
acquired resistance to reinfection appears with age [1].

The groups most particularly exposed to the risk of schistosomiasis are school-aged 
children, teenagers, adults belonging to certain professional categories (fishermen, 
rice farmers), women who come into contact with infested water during their house-
hold chores, and entire communities in high-risk areas. The disease can manifest itself 
in intestinal or urogenital form.

2.7 Risk factors

Schistosomiasis is an important cause of disease in many parts of the world, 
most commonly in places with poor sanitation [17]. As a result, social-ecological 
processes control schistosomiasis transmission (e.g., conditions of poverty and living 
near open freshwater bodies). Humans excrete Schistosome eggs in their feces or 
urine. Miracidia infect particular snails after hatching to produce cercariae. During 
household (e.g., washing clothes or dishes) and recreational activities, Schistosome 
cercariae penetrate the unbroken skin of humans (e.g., bathing and swimming in 
unprotected open freshwater bodies).

Living near freshwater bodies (e.g., rivers, small dams, irrigation schemes, and 
lakes), socioeconomic factors that influence occupational activities (e.g., poor people 
without running water at home are more likely to contact freshwater bodies), and cli-
mate change have all been shown to facilitate schistosomiasis transmission in Africa. 
The lack of access to proper sanitation encourages open defecation, which pollutes the 
environment and increases schistosomiasis transmission.

2.8 Geographic distribution

There are many species of Schistosoma that are only known for animal infections. Out 
of the 22 currently recognized species, only eight have been reported from humans and 
of these, only three are heavily implicated as diseases of public health importance [1].

• S. sinensium, S. japonicum, S. maleyensis, S. mekongi are found in East and  
South-East Asia

• S. hippopotami in Africa

• Orientobilharzia turkstanicum and S. incognitum in Asia

• S. mansoni and Sirthenea rodhaini distributed throughout Africa. S. mansoni is 
in some South American countries (Brazil, Suriname, and Venezuela), and in 
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Caribbean (Dominican Republic, Guadeloupe, Martinique, and Saint Lucia with 
sporadic reports in the Arabian Peninsula).

• S. nasale, S. spindale, and S. indicum in West and South Asia.

• S. margrebowiei, S. leiperi, S. mattheei, S. intercalatum, S. haematobium, S. guineensis, 
S. curassoni, and S. bovis in Africa. S. haematobium is found in areas of the Middle East 
and a recent focus of ongoing transmission has been identified in Corsica. S. intercala-
tum can be found in parts of Central and West Africa, particularly in the Democratic 
Republic of the Congo. West Africa is home to S. guineensis. In Corsica, France, and 
certain West African countries, infections with hybrid/introgressed Schistosoma  
(S. haematobium, × S. bovis, × S. curassoni, × S. mattheei) have been reported.

3. Prevention and control of schistosomiasis

3.1 Prevention of schistosomiasis

There is no vaccine available but its development is underway. The best way to 
prevent Schistosoma infection is to take the following steps if you are visiting or live in 
an area where schistosomiasis is transmitted [1]:

• Scrupulously avoid contact with contaminated freshwater by swimming or wad-
ing when you are in countries in which schistosomiasis occurs. For prevention, 
swimming in the ocean and chlorinated swimming pools is safe.

• To avoid scorching, freshwater for bathing should be heated for at least 1 minute 
to destroy any cercariae, then cooled before bathing. Water that has been stored 
for at least 1 to 2 days in a storage tank, on the other hand, should be safe to drink 
without boiling.

• People who are inadvertently exposed to potentially contaminated water  
(for example, by falling into a river) should dry themselves thoroughly with a 
towel to try to remove any parasites before they reach the skin.

• Drink safe water. Swallowing contaminated water does not spread schistoso-
miasis; however, mouth and lip contact with contaminated water could lead to 
infection. Because water directly from canals, lakes, rivers, streams, or springs 
could be polluted with a range of infectious organisms, you should either 
boil it for 1 minute or filter it before consuming it. Any hazardous parasites, 
bacteria, or viruses will be killed by bringing your water to a rolling boil for at 
least 1 minute.

• Those who have had contact with potentially contaminated water overseas should 
see their health care provider after returning from travel to discuss testing.

Preventive chemotherapy has been suggested by the WHO as a morbidity  
control technique to assist reduce the occurrence, extent, and severity of infection’s 
consequences [12].
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While preventive chemotherapy cannot prevent reinfection, it can reduce egg 
production, reducing the morbidity associated with egg deposition in human  
tissue [18].

Preventive chemotherapy is given to school-aged children in endemic areas 
because they are at a higher risk of infection. In areas where the prevalence of infec-
tion is at least 10%, preventive treatment should be given to those who are at high 
risk of infection due to their occupation, such as fishermen, farmers, and irrigation 
workers, as well as women who may be exposed to infected waters while performing 
domestic chores. Pregnant and lactating women in these areas should be included in 
preventive chemotherapy campaigns as well, as they are thought to be at a higher risk 
of schistosomiasis-related morbidity [1].

3.2 Schistosomiasis control and elimination strategies

In the 1920s, Egypt launched the first mass medication administration campaigns 
in adults and children, using intravenous tartar emetic, in one of the earliest attempts 
to control schistosomiasis. Following that, a national program was implemented, 
which included disease-control techniques such as chemotherapy and/or snail control. 
The development of safe antibiotics for treating human infections, such as niridazole, 
metrifonate, oxamniquine, and praziquantel, refocused control methods on chemo-
therapy [19].

The World Health Assembly produced Resolution 54.19 in 2001, endorsing chemo-
therapy as the primary option for schistosomiasis management by mass medication 
administration. By 2010, this resolution set a goal of 75–100% frequent chemotherapy 
coverage for school-aged children (ages 5–14 years) who are at risk of morbidity [12]. 
However, as acknowledged at the 65th World Health Assembly in May 2012, this goal 
was not met [20].

In 2010, over 108 million school-aged children required treatment, with at least 
21 million receiving treatment (19%), far short of the resolution’s target. This was 
based on reports from 28 (55%) of the 51 countries where schistosomiasis preventive 
chemotherapy should have been used [21].

Integrated control of schistosomiasis strategy, combining large-scale preventive 
chemotherapy, hygiene, improved sanitation, education, provision of potable water, 
snail control, and environmental modification can lead to interruption of schisto-
somiasis transmission (elimination). There are five stages to an intensified control 
program that will result in the abolition of schistosomiasis: [22, 23].

• Morbidity management;

• Abolition as a public health issue;

• Transmission interruption (elimination);

• Post-transmission monitoring; As well as

• Verification of elimination.

As a program progresses from one phase to the next, its objectives should be 
changed, with scaled-up activities such as appropriate public health interventions 
(snail control and environmental management, WASH, One Health) and a strong 
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surveillance system in place to achieve the specific goal. It may take a country 
13–50 years to achieve transmission interruption after launching the first group of 
morbidity-control interventions, and this will necessitate many interventions  
(not just preventive chemotherapy) that are implemented effectively, sustained, and 
uninterrupted, with strong political commitment and investment.

There is no “one-size-fits-all” intervention scenario that can guarantee the eradi-
cation of Schistosoma infection because the disease is epidemiologically distinct 
throughout its geographical distribution. Transmission dynamics, disease pathology, 
the occurrence of reservoir hosts, the habitat of intermediate snail hosts, and the age 
pattern at which individuals acquire and resolve infection, as well as patterns of infec-
tion exposure, are all affected by key species and ecological differences. Furthermore, 
some countries have advanced schistosomiasis control or elimination programs, 
whereas others have yet to initiate programs based on the recommended strategies. 
Integration of schistosomiasis control and elimination activities with existing pre-
ventive chemotherapy programs to control and eliminate other NTDs should thus 
be considered. Treatment for schistosomiasis may be coordinated with preventive 
chemotherapy for lymphatic filariasis, onchocerciasis, soil-transmitted helminthia-
ses, and trachoma during the phases of controlling morbidity and elimination as a 
public health problem [24–26].

In conclusion, Schistosomiasis control focuses on reducing disease through 
periodic, large-scale population treatment with praziquantel; a more comprehensive 
approach including potable water, adequate sanitation, and snail control would also 
reduce transmission. Mass community-based or school-based treatment with pra-
ziquantel, education programs, and molluscicides to reduce snail populations are used 
to control schistosomiasis in endemic areas.

4. Conclusion

Species of the genus Schistosoma are various and widespread across the globe, caus-
ing infections in humans as well as in animals. In Africa, the public health burden of 
schistosomiasis, caused primarily by S. mansoni, S. haematobium, and S. intercalatum/
guineensis, is enormous. No vaccine is available but the best way to prevent schistoso-
miasis is to avoid swimming or wading in freshwater, drink safe water and the water 
used for bathing should be brought to a rolling boil for 1 minute. Schistosomiasis 
control is based on large-scale treatment of at-risk populations, access to safe water, 
improved sanitation, hygiene education, and snail control. Praziquantel is the pre-
ferred treatment for all types of schistosomiasis. It is efficient, safe, and inexpensive. 
Monitoring is essential to determine the impact of control interventions.
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Chapter 3

Schistosoma Mansoni Infection 
and Therapeutic Efficacy of 
Praziquantel in Preschool-Aged 
Children
Genanew Birhanu

Abstract

Schistosomiasis is one of the extreme scientific results which can be greater usual 
in sub-Saharan Africa. It impacts growth, bodily fitness, and cognitive function, 
mainly in children. The maximum not unusual place method to manipulate schisto-
somiasis is preventive chemotherapy. Though World Health Organization (WHO) 
recommends praziquantel for the manage and remedy of schistosomiasis, preschool-
aged children (PSAC) are excluded from populace remedy applications specifically 
due to paucity of statistics on reaction rate. The findings of preceding research 
accomplished to evaluate the impact of chemotherapy on schistosomiasis confirmed 
a few variation. This indicates the need for in addition research in one of the kind 
populations.

Keywords: Schistosoma mansoni, Praziquantel, therapeutic efficacy, preschool children

1. Introduction

1.1 Background

Schistosomiasis is a sickness resulting from parasitic flatworms of the genus 
Schistosoma. Clinical schistosomiasis is primarily associated with symptoms that 
include dizziness, abdominal pain, nausea, vomiting, mild diarrhea, fever, and toxic 
or allergic reactions. In some cases, however, the disease can evolve to life-threatening 
complications and causes a wide range of mortality [1]. There are around over 229 
million people currently require preventive treatment against this disease, the vast 
majority of who live in sub-Saharan Africa [2]. In 2017, an predicted 1.4 million 
incapacity-adjusted existence years (DALYs) had been misplaced to schistosomiasis, 
accounting for 8.3% of the entire sickness burden resulting from the neglected tropi-
cal diseases (NTDs) [1, 3].

Preventive chemotherapy is the number one worldwide method for controlling 
the morbidity due to schistosomiasis. It is the periodic control of single-dose oral 
praziquantel (usually given at 40 mg/kg body weight), in which praziquantel is 
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administered without preceding analysis to complete companies or aim companies, 
most importantly faculty-aged children, counting on the volume of endemicity [4]. 
The goal is to reduce diease morbidity and transmission toward the removal of the 
diseases as a public fitness problem. Periodic treatment of at-risk population will 
cure mild sympthoms and prevent infected people from developing severe, late-stage 
chronic diseases [5, 6].

However preschool-aged children (PSAC), who are individuals below the age of 
5 years, are currently excluded from preventive chemotherapy control campaigns. 
However, current research finished in exclusive elements of East and West Africa 
confirmed that during excessive endemicity regions, a good sized percentage of PSAC 
is already inflamed with Schistosoma spp., and subsequently remedy would possibly 
want to be prolonged to more youthful age companies in such excessive chance 
regions [7, 8].

1.2 Statement of the problem

The World Health Organization (WHO) introduced a road map to combat NTDs 
by 2030; the plan was introduced in 2012 and the goal is to reduce the prevalence of 
moderate and heavy infections with schistosomiasis, so it become no longer public 
health problems. By considering this, Ethiopia also set a similar goal to achieve the 
same goal by the same year using different control measures like periodic mass 
administration of preventive chemotherapy (deworming) [9, 10].

WHO recommending regular de-worming of SAC (school age children, 
5–14 years) and adults (>15 years old) who reside within disease endemic regions and 
at risk of infection with antihelminthic [9–11]. On the other hand, studies have also 
revealed that children aged 5 years and below can be commonly infected by shistoso-
miasis [12, 13]. Therefore for some, their disease-related morbidity and discomfort 
have not been averted as quickly or as successfully as possible [14].

Until recently, the parasitological overall performance of praziquantel with-
inside the more youthful youngster was not nicely known, cooccurring with the 
general loss of formal documentation and pharmacological medicinal drug of this 
drug in its use in toddlers and PSAC [15]. Hence, PSAC mostly share similar risk 
of schistosomiasis with adults that have an effect on normal deworming at the 
epidemiology and route of schistosomiasis merits extra attention to evaluate the 
effect of interventions, the adequacy of techniques implemented, and the develop-
ment made withinside the combat toward anemia. It is likewise vital to set included 
manipulate packages and compare the effectiveness of manipulate interventions 
[16]. The initial outcomes of pilot research confirmed that remedy with praziquan-
tel is secure and efficacious on this age institution for the remedy of schistosomiasis 
[16, 17]. But the state of affairs in regions endemic for schistosomiasis like Ethiopia 
is unknown [17].

Younger kids are predisposed to heavy infections with intestinal parasites due to 
the fact their immune structures are not but completely developed, and in addition 
they habitually play in fecally infected soil [18]. A look carried out in Uganda suggests 
that 42.1% of PSAC had detectable S. mansoni egg [19]. The incidence of S. mansoni in 
PSAC became 25.5% in AzaguieMakouguie and 21.6% in AzaguieM’Bromedistrics of 
Ivory Coast [20].

There is developing recognition that during excessive endemicity settings, schis-
tosomiasis is likewise not an unusual place in PSAC, and as a result those younger kids 
may want to be covered in deworming campaigns [21].
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Research is likewise had to correctly decide the protection, frequency, and sever-
ity of unfavorable occasions after praziquantel management toward schistosomiasis 
withinside the preschool-aged population [20, 22]. According to a minimum repro-
duction Kato-Katz thick smears, 35 PSAC of per-protocol population (21.9%) had 
been determined S. mansoni-positive [22]. Study carried out in Wondo Genet; South 
Ethiopia exhibits that 85.1% of children under the age of five youngsters had been 
determined to be inflamed with one or extra intestinal parasites, the superiority of 
S. mansoni rank second subsequent to Trichuristrichiura constituting 37.2% [23, 24].

In Ethiopia, numerous research assessed the significance of occurrence schistoso-
miasis among school youngsters [25, 26]. Only few research have suggested the sig-
nificance of intestinal parasitic infections among beneathneath 5 youngsters [23]. But 
the suggested findings at the protection of praziquantel in preschool-aged youngsters 
as preventive chemotherapy for schistosomiasis is not always indicated clearly [10].

Although praziquantel now no longer used as a mass preventive chemotherapy for 
PSAC for the motive of paucity of records at the efficacy and protection on this age 
group, it is getting used as first-line remedy for beneathneath 5 medical case of schis-
tosomiasis [27]. To add evidence on the usage of PZQ , this have a look at to evaluate 
the healing efficacy and protection of praziquantel in PSAC (<5 years) in a place in 
which S. mansoni endemic in SAC.

2. Literature review

Schistosomias is public health problem which mainly affects developing countries 
with major consequences for human health as well as social and economic develop-
ment. It occurs at all stages of the life, but it is more prevalent in pregnant women and 
young children. It is a critical health concern, since it affects growth and energy level 
adversely. Globally, schistosomias affects around 200 million people. Most of them 
are PSAC and school age children in developing countries [28–31].

Moderate and intense schistosomia depth is related to persistent unfavorable 
results on nutrition A and iron status, physical, intellectual, and cognitive improve-
ment specifically in youngsters, those morbidities which take a big effect at the fitness 
of youngsters [22, 32, 33]. Also the geographical distribution of PSAC is basically 
restrained to the zones wherein fashionable ailment transmission may be very high, 
for example, in regions wherein pre-national disease control programs (NDCP) 
occurrence in SAC is nicely greater than over 50% [14].

There are two major reasons why schistosomiasis is one of the public health 
problems in infants and PSAC. First, this young age group plays a great role in help-
ing to maintain local disease transmission, even though these infected children may 
be excreting fewer eggs. Besides, rinsing and washing children’s soiled clothes in 
environmental water bodies also contribute toward more cryptic contamination and 
disease transmission [15, 27, 29].

The second viable cause entails ordinary water contact. That stops the infection 
related with water and multiplied re-contamination episodes, which additionally 
ends in a modern boom of person bug burden. It is consequently in all likelihood 
that untreated infections received in early youth make contributions to worsening 
the longer time period medical image of the sickness withinside the person [14]. 
The anthelmintic drug praziquantel is the cornerstone for morbidity management 
because of schistosomiasis [14]. Emphasis is positioned on SAC, while PSAC (people 
underneath the age of 5 years) are generally excluded from preventive chemotherapy. 
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However, in exceedingly endemic areas, a large amount of PSAC is already stricken by 
schistosomiasis [29]. For that cause, there is an ongoing dialog whether or not preven-
tive chemotherapy with praziquantel ought to be prolonged to preschoolers [17, 29].

Previous findings confirmed that beaten praziquantel (forty mg/kg) administered 
to PSAC is quite efficacious with cure rates (CRs) around 90% and egg discount rate 
(ERR) above 95%, while preferred diagnostic methods (Kato-Katz for S. mansoni and 
urine filtration for S. haematobium) had been used and furnished new perception into 
the efficacy and protection of praziquantel among a ignored populace organization in 
a S. mansoni and S. haematobium co-endemic location [22].

The latest examine accomplished in PSAC in Uganda, the usage of quadruplicate 
Kato-Katz thick smears, mentioned a barely decrease efficacy of praziquantel in 
opposition to S. mansoni (CR, 80.2%; ERR, 87.9%) [14]. Another examine per-
formed withinside the identical location mentioned big concern findings as the 
general CR among 305 S. mansoni egg patent people changed into simplest 56.4%, 
with especially low CR found in preschoolers with a records of preceding praziqu-
antel treatments (CR 41.7%) [17]. PSAC in co-endemic districts of well-known 
Ivoire Coast shows excessive efficacy in opposition to S. mansoni (CR, 88.6%; ERR, 
96.7%) [22].

WHO advocates mass treatment at colleges with the frequency of treatment 
obsessed with prevalence, and intensity of shistosomiasis infection, but with magni-
fied prevalence through irrigation, ponds and dynamic water bodies, and different at-
risk populations might have to be enclosed in treatment programs [34]. In September 
2010, an off-the-cuff 2-day meeting came about in Geneva that brought along new 
proof from many countries regarding the prevalence of schistosomiasis within the 
younger kid also because of the performance of praziquantel treatment for encourag-
ing changes in its formal licensing or off-label use in treatment of young kids [35].

Studies conducted in five African countries with high prevalence of schistoso-
miasis (n = 3198) reported high CR, and significant reductions in mean egg counts 
occurred for both urogenital and intestinal schistosomiasis [32]. Recently, a report 
showed that praziquantel alone and in combination with mebendazole in the treat-
ment of S. mansoni and soil-transmitted helminthes in PSAC showed similar safety 
profiles [36, 37].

Treatment of youngsters with praziquantel is ethically warranted, is tried to be 
safe, and may be enforced with success on the bottom within the frame of preventive 
chemotherapy. This means the necessity of progressive scale-up of management at 
the national level. If the above steps are taken and pharmacokinetic studies assist to 
more optimize pragmatic dosing, praziquantel treatment gap might be closed within 
the predictable future. By giving infants and PSAC access to medication, this could 
cause real progress in the management of pediatric infection in the public health 
setting [21, 32].

3. Conclusion

The prevalence of intestinal schistosomiasis could be very hign in preschool-aged 
children which really showes a major public health problem. Children with the age 
of five have been much likely affected with the infection of S. mansoni in compari-
sion with children less than 5 years of age. Administering crushed praziquantel at a 
dose of 40 mg/kg showed good therapeutic efficacy for S. mansoni in preschool-aged 
children.
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Treatment Failure,  
Knowledge, Attitude and Practices 
Related to Schistosomiasis  
and Soil-Transmitted Helminthic 
Infections among Basic School 
Pupils
Benjamin Amoani, Gideon Kwesi Nakotey,  
Samuel Asamoah Sakyi, Karen Pomeyie and Christian Sewor

Abstract

Soil-transmitted helminth (STH) and Schistosomiasis infections remain prevalent 
in developing countries. In Ghana, periodic mass drug administration (MDA) exer-
cise has been implemented to tackle these infections, however, information on drug 
treatment failure and knowledge of the infection trend is needed for evaluating and 
modifying existing control programs. This study assessed the knowledge, attitude 
and practices (KAP) that predispose Basic School pupils to Schistosomiasis and soil-
transmitted helminth infections and determined the rate of treatment failure against 
the worms after school mass drug administration (MDA). A cross-sectional study with 
a structured questionnaire was used to obtain information on the KAP among pupils 
who had undergone a MDA (albendazole and praziquantel) exercise 21 days prior. 
A majority of the pupils interviewed had knowledge of helminthiasis. There were 
significant associations between helminthic infection and source of drinking water 
(river; p = 0.013), the number of individuals who share toilet facilities (p = 0.049) and 
garbage disposal into a river (p = 0.015). Treatment failure of 7.2% was recorded for 
all the helminthic infections. Potential drug treatment failure of albendazole against 
hookworm infection and praziquantel against Schistosomiasis infection was thus 
evident within the population.

Keywords: treatment failure, knowledge, attitude, mass drug administration,  
soil-transmitted helminths and schistosomiasis



New Horizons for Schistosomiasis Research

28

1. Introduction

Soil-transmitted helminthic (STH) infections present a great and silent burden of 
morbidity and mortality especially in poor populations [1]. It is estimated that STH 
infections affect more than two billion people worldwide, with the highest prevalence 
occurring in sub-Saharan Africa, the Americas, China, and East Asia [2]. Helminthic 
infections are caused by worms such as Ancylostoma duodenale, Necator americanus, 
Ascaris lumbricoides, Trichuris trichiura, and schistosomes. Predominantly, their mode 
of transmission is through the ingestion of eggs from food contaminated with human 
faeces that harbour the eggs of the parasite [3]. STH infections have been observed 
to be prevalent among people living in rural or deprived urban areas with low socio-
economic status, lack of potable water, and poor sanitation with children, pregnant 
women, and farmers who come into contact with the soil regularly being the popula-
tions most at risk [4]. STH infections are often associated with intestinal damage 
which results in nutritional loss thus causing poor mental and physical development 
and anaemia [5, 6]. These pathologies often lead to a low tolerance to other infections 
in infants, as well as poor birth outcomes in pregnant women [5].

In addressing morbidity and mortality associated with STH infections WHO 
has recommended the adoption of monitoring and preventive strategies such as 
promotion of WASH practices like personal hygiene, proper handling of sewage, and 
improving the quality of water supply [7]. This is also supplemented with periodic 
mass administration of antihelminthic drugs such as albendazole and praziquantel via 
school-based recovery services [7–9].

In Ghana, owing to the high prevalence of STH and Schistosomiasis infections 
often due to poor sanitary conditions, the country has for the past decades imple-
mented various control measures such as intermittent health education and deworm-
ing programs particularly for school children in helminth endemic areas [5, 10–12]. 
This however has not been complemented with research to monitor the effectiveness 
of these programs. It is thus against this background that this study was undertaken to 
assess the rate of treatment failure, knowledge, attitude, and practice of Basic school 
pupils towards STH and Schistosomiasis infections. The findings from this study 
highlight an issue of treatment failure. Therefore, this study serves as a wake-up call 
to the Ministry of Health about the possible need for a mob up exercise. The research 
also emphasises the need to promote effective control measures towards the eradica-
tion of helminthic infections in Ghana.

2. Methodology

2.1 Study design and site

This was a cross-sectional study conducted in Assin Manso within the Central 
Region of Ghana. It is located 40 kilometres along the Cape Coast– Kumasi highway. 
Most of the inhabitants are persistent farmers. The study was conducted among Assin 
Manso A and B Community Basic Schools pupils in the Assin South District, Ghana.

2.2 Study population and sample size

A total of one hundred and fifty-five (155) pupils from kindergarten to Junior 
High School who had received Praziquantel and albendazole during MDA exercises 
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were randomly selected to participate in the study. The study excluded all pupils who 
did not participate in the MDA exercise. Participants in this study were strictly pupils 
within the age range of 5 to 20 years who reside and attend school at Assin Manso 
Community Basic Schools (A&B).

2.3 Data collection

A structured questionnaire was used to collect data on the knowledge, attitude, and 
practices of the pupils. This was assessed by asking participants about the signs and 
symptoms, causes, mode of transmission, prevention, and treatment of helminthic 
infections. Participant sociodemographic data comprising of age, gender, level of 
education, occupation of parents, environmental factors concerning potable water, 
number of water bodies used in the locality and the history of helminthic infections 
were also collected. Before the commencement of the data collection process, the 
details of the research were explained to both parents and pupils before questionnaires 
were administered. The questionnaires were solely developed in clear English language.

Clean stool and urine containers were given to the students to collect stool and 
urine samples for the parasitological examination. A total of 153 students presented 
their samples to be used for the parasitological analysis to detect the presence of eggs 
and worms post Mass Drug Administration (MDA). The urine samples were taken 
between the hours of 10:00 am and 2:00 pm since this is the appropriate time for 
optimum egg shedding for Schistosoma sp. It was ensured that stool and urine samples 
were taken to the laboratory at the Department of Biomedical Sciences and kept in a 
fridge at a temperature of 4°C until ready for the analysis.

2.4 Urine analysis

About 10 mL of the urine sample were transferred into 15 ml falcon tubes and 
centrifuged at 1500 rpm for 5 minutes. The supernatants were discarded and the sedi-
ments were placed on a glass slide. The slides were covered with a coverslip and viewed 
under an X10 objective lens and X40 upon observation of a likely helminthic egg.

2.5 Saline preparation method

A few drops of saline were added to a little amount of stool in a container and the 
solution was mixed. Few drops of the resulting solution were placed on a glass slide 
and covered with a coverslip. The slide was observed under a microscope using the 
low power X10 objective lens. Upon observation of a suspicious helminthic egg, the 
X40 objective lens was used for clearer identification.

2.6 Formalin-ether concentration

A wooden stick was used to pick 1gram of stool into a beaker containing 10 ml of 
10% formalin and emulsified it into suspension. The suspension was strained through a 
double layer of wet gauze directly into a 15 ml centrifuge tube. The gauze was discarded, 
and the suspension in the tube was topped up with formalin to bring the total volume to 
7 ml. 3 ml of ether was added to obtain a total volume of 10 ml and the suspension was 
shaken vigorously. The mixture was centrifuged at 1200xg for 5 minutes. The supernatant 
was decanted and a few drops of residual fluid was allowed to flow back unto the sedi-
ment. A few drops of physiological saline were added to the sediment and re-suspended 
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to have enough fluid. A few drops of the suspension were transferred onto a microscope 
slide, covered with a coverslip and examined using the low power (X10) objective. 
The X40 objective was used upon observation of an organism or suspicious objects for 
detailed morphological examination/identification of the organism.

2.7 Ethical consideration

Ethical clearance was obtained from the Ministry of Education and Scientific 
Review Committee of the University of Cape Coast. The assent of the parents and 
teachers were also sought before samples were taken from the pupils for the study.

2.8 Statistical analysis

Data analysis was performed using IBM SPSS Version 26. The distribution of study 
participants characteristics and prevalence of helminthic infections were presented 
as frequencies. Chi-square analysis was used to assess the association between study 
participant characteristics and helminthic status. A p-value <0.05 was considered 
statistically significant.

3. Results

3.1 Demographic information

The demographic and background characteristics of the study participants are 
presented in Table 1. More than half (57.4%) of the study participants were females 
and the majority (61.9%) of the study participants were within the age group of 
10–14 years. Students in lower primary constituted the majority (31%) of the study 
participant followed by upper primary (28.6%) then, junior high school (27.4%) with 
the least being kindergarten students (11.9%). The majority (48.4%) of the study 
participants’ parents are farmers followed by small scale traders (16.1%).

3.2  Knowledge and self-reported symptoms associated with Schistosomiasis  
and Soil-transmitted helminthic infections

The knowledge and self-reported symptoms associated with schistosomiasis and 
soil-transmitted helminthic infections of the study participants are presented in 
Table 2. Out of the 155 study participants interviewed, more than half (63.9%) had 
not heard of helminthiasis, with only 32% being knowledgeable of helminthic infec-
tion. However, 45.2% of the participants thought personal hygiene is needed to fight 
against helminthiasis while (25.8%) did not know if personal hygiene affects helmin-
thiasis or not. 36.1%, 6.5%.6.5%, 3.2%, and 1.3% of the study population said they 
experienced abdominal pain, diarrhoea, vomiting, pain when urinating (dysuria) and 
blood in the urine (hematuria) respectively.

3.3  Domestic attitudes related to schistosomiasis and soil-transmitted helminthic 
infections

Attitudinal characteristics of study participants are presented in Table 3. Of all the 
participants the data shows that the majority (45.2%), (31.1%), (43.2%) of the study 



31

Treatment Failure, Knowledge, Attitude and Practices Related to Schistosomiasis…
DOI: http://dx.doi.org/10.5772/intechopen.103904

Characteristics Total (n = 155), n (%)

Gender

Males 66(42.6)

Females 89(57.4)

Age group (years)

5–9 42(27.1)

10–14 96(61.9)

15–19 17(11.0)

Level of Education

Kindergarten 10(11.9)

Lower primary 26(31.0)

Upper primary 24(28.6)

Junior High School 23(27.4)

Occupation of parents

Farmer 93(60)

Small trader 25(16.1)

Tailor/seamstress 10(6.5)

Mason 5(3.2)

Driver 12(7.7)

Hairdresser 3(1.9)

Mechanic 5(3.2)

Others 2(1.3)

Table 1. 
Demographic and background characteristics of study participants.

Characteristics Total (n = 155), n (%)

Do you know about helminthiasis

Yes 56 (36.1)

No 99 (63.9)

Do you know how to get a helminthic infection

Yes 49 (32.0)

No 72 (47.1)

Do not know 32 (20.9)

Is personal hygiene needed to fight helminthiasis

Yes 70(45.2)

No 45(29)

Do not know 40(25.8)

Symptoms and Experiences Yes No

Do you experience abdominal pain 41(36.1) 114(73.5)
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Characteristics Total (n = 155), n (%) Total (n = 155), n (%)

Source of water for drinking Yes No

Pipe water 70(45.2) 85(54.8)

Borehole 21(13.5) 134(86.5)

Rainwater 11(7.1) 144(92.9)

Dam 0(0) 155(100)

River water 56(36.1) 99(63.9)

Pond/lake 3(1.9) 152(98.1)

Well 2(1.3) 153(98.7)

Spring 2(1.3) 153(98.7)

Sources of Water for Bathing

Pipe water 49(31.6) 106(68.4)

Borehole 21(13.5) 134(86.5)

Rainwater 8(5.2) 147(94.8)

Dam 0(0.00) 155(100)

River water 56(36.1) 99(63.9)

Pond/lake 3(1.9) 152(98.1)

Well 3(1.9) 152(98.1)

Spring 1(0.6) 154(99.4)

Sources of Water for Cooking

Pipe water 65(43.2) 88(56.8)

Borehole 19(12.3) 136(87.7)

Rainwater 5(3.2) 150(96.8)

Dam 0(0.0) 155(100)

River water 55(35.5) 100(64.5)

Pond/lake 1(0.6) 154(99.4)

Well 1(0.6) 154(99.4)

Spring 0(0.0) 155(100)

Water treatment

Boil 14(9.0) 141(91.0)

Add alum 15(9.7) 140(90.3)

Strain with Cloth 8(5.2) 147(94.8)

Characteristics Total (n = 155), n (%)

Do you experience Diarrhoea 10(6.5) 145(93.5)

Do you experience vomiting 10(.5) 145(93.5)

Do you experience pain when urinating 5(3.2) 150(96.8)

Do you experience blood in the urine 2(1.3) 153(98.7)

Table 2. 
Knowledge and self-reported symptoms associated with schistosomiasis and soil-transmitted helminthic infections.
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participants use pipe water as the major source of water for drinking, bathing, and 
cooking respectively. 23.2% of the participants treat their water by allowing it to sit 
and settle with only 9.7% and 9.0% of the participants stating that they use alum and 
boiling as a mode of water treatment respectively.

3.4  Practices in relation to schistosomiasis and soil-transmitted helminthic 
infections

Practices of study participants are presented in Table 4. 66.5% of the participants 
partake in farming. Also, 82.8%, 79.4%, and 16.3% of the participants wash their 
hands with water after visiting the toilet, wash their hands with both soap and water 
after visiting the toilet and wash their hands after playing on the ground respectively. 
More than half (62.6%) cross a river when going to the farm while 51.8% out of the 
155 wear pairs of shoes when going to the farm.

3.5 Prevalence of schistosomiasis and other soil-transmitted helminths

The overall prevalence of helminthic infection among the school pupil after 
21 days of mass drug administration was 11 (7.2%). There were only hookworm and 
Schistosoma haematobium treatment failure positives cases recorded after the MDA 
of the study participants. The study observed treatment failure of 3.3% and 3.9% for 
hookworm and Schistosoma haematobium infection respectively (Table 5).

3.6 Association between risk factors and helminthic infection

Helminthic infection was significantly associated with participants’ source of 
drinking water (p = 0.013), number of individuals who share toilet facility (p = 0.049) 
and whether participants disposed garbage into a river (p = 0.015) (Table 6).

Characteristics Total (n = 155), n (%) Total (n = 155), n (%)

Filter 11(7.1) 144(92.9)

Sit and settle 36(23.2) 119(76.8)

Table 3. 
Domestic attitudinal characteristics of study participants.

Characteristics Total (n = 155), n (%) Total (n = 155), n (%)

Practices/Behaviour Yes No

Do you partake in farming 103(66.5) 52(33.5)

Do you wear shoes when going to the farm 88(51.8) 67(43.2)

Do you cross a river when going 97(62.6) 58(37.4)

Do you wash your hands with water after visiting the toilet 128(82.8) 27(17.4)

Do you wash your hands with soap after visiting the toilet 123(79.4) 32(20.4)

Do you wash your hands after playing on the grounds 95(61.3) 60(38.7)

Do you come in contact with water bodies 129(83.2) 26(16.3)

Table 4. 
Practices/behavioural characteristics of study participants (n = 155).
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4. Discussion

Helminthic infection is very common among school children in Ghana. The Ministry 
of Health has been organising periodic MDA for school pupils. However, there have not 
been followed up exercises to assess the efficacy of the MDA among the school children 
in the Assin Manso community. Therefore, this study evaluates the effectiveness of the 
MDA and the knowledge, attitude and practice related to Schistosomiasis and STHs 
infection among the school pupils. This study revealed that most of the Basic School 
pupils have low knowledge (36.0%) about the modes of transmission of helminthic 
infections. This suggests that health education on helminthic infections as a control 
measure has not been effectively instituted particularly among pupils in the area, thus 
increasing their risk of acquiring helminthic infections. This observation is consistent 
with other findings in Bangladesh [13], Kenya [14], South Africa [15] and Ethiopia [16]. 
However, the finding contradicts the report by Sady, Al-Mekhlafi [17], who recorded 
higher awareness on the modes of transmissions among rural populations in Yemen. As 
highlighted in a study by Dawaki, Al-Mekhlafi [18], individuals living in remote rural 
neighbourhoods often lack the requisite knowledge on the causes, mode of transmis-
sion, signs, and symptoms, and preventive measures of schistosomiasis due to their 
poor economic status as reported by Murnane [19].

Categories Positives (n = 153) Prevalence (%)

Hookworm 5 3.3

Schistosoma haematobium 6 3.9

Overall Helminthic infections 11 7.2

Table 5. 
Prevalence of helminthiasis after mass drug administration.

Variables Helminth Positive n(%) Helminth Negative n(%) P-value

Source of drinking

River

Yes 8(13.8) 50(86.2) 0.013

No 3(7.2) 92(96.8)

How many use toilet facility

<5 1(4.2) 23(95.8) 0.049

>5 3(3.7) 79(96.3)

Do not know 7(14.9) 40(85.1)

Garbage disposal (River)

Yes 2(20) 8(80) 0.015

No 8(5.7) 133(94.3)

Do not know 1(50) 1(50)

Associations between helminthic infection status and all other variables were assessed however, the only statistically 
significant association have been reported here.

Table 6. 
Association between risk factors and helminth infection.
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We found that the majority (70%) of the school children use untreated water for 
domestic purposes, which agrees with a report by Addo, Addo [20] in a Ghanaian com-
munity that 93% of the households do not treat their water before drinking. The con-
tinuous domestic use of untreated water is a risk factor for helminthic infections seeing 
that the river is the major source of water in the community. Unprotected surface water 
such as rivers, lakes, or springs or groundwater can easily become contaminated by 
human or animal faeces thus making the need for water treatment urgent [21].

The study also found that more than 60% of the participants engage in farming 
activities, with 62.6% reporting that they cross-river when going to their farms and 
42.6% reporting that they do not wear shoes when going to the farm. This observation 
corroborates with the studies by Midzi, Mtapuri-Zinyowera [22], who reported that 
82.6% of helminthiasis patients engage in farming. This could be an important risk 
factor for helminth infection since most of the farmers practise open range defeca-
tion and may shed some of the helminths eggs through their stools into the soil that 
could be picked up during farming practices thus increasing the risk of helminthic 
infections. Also, most of the farmers may come into body contact with water body 
sources that they cross to their various farms and these water bodies may be a major 
risk factor of schistosomiasis infection, since schistosomes present in the water bodies 
may penetrate the skin during surface body contact to cause the infections [23].

We observed that the majority (79.4%) of the children wash their hands with 
soap and water before eating, after visiting the toilet, and after playing on the 
grounds. This could be as a result of the promotion and enforcement of personal 
hygiene by school authorities, thus reducing the pupils’ susceptibility to helminthic 
infections.

4.1 Association between risk factors and helminth infection

We found a significant association between the source of drinking water and 
helminthic infections which confirms the report by Tiruneh, Geshere [24], Adu-
Gyasi, Asante [25], Simon-Oke, Afolabi [26], who identified the source of drinking 
water as a significant risk factor of helminthic infection. These studies revealed that 
the use of protected water sources such as pipe was associated with a reduced odds 
of helminthic infection [25], whereas the use of unprotected water sources such as 
rivers was associated with increased odds of infection [24]. Studies by Simon-Oke, 
Afolabi [26] also identified a high prevalence (45%) of helminthic infection among 
individuals whose major source of drinking water was the river and a relatively lower 
prevalence (10%) among pipe water users.

The study also observed a significant association between the sharing of toilet 
facilities and helminthic infections, which agrees with findings by Mahfouz, el-Mor-
shedy [27], Heijnen, Cumming [28], who observed sharing of toilet facilities as a risk 
factor for helminthic infection. This could be attributed to the poor sanitary practices 
and the ease of disease spread which could be observed at shared toilet facilities, 
particularly communal toilet facilities.

Evidence from our study also indicates that poor garbage disposal practices such as 
the disposal of refuse into the river are associated with the contraction of helminthic 
infection. This was actually in line with studies by Curtale, Pezzotti [29], Asady, Ismail 
[30], who observed that improper garbage disposal was significantly associated with 
STH infection. This results from the fact that improper disposal of waste contaminated 
with helminth into soil often facilitates the spread of STH infection, particularly 
through the ingestion of eggs.
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4.2 Treatment failure

We found a treatment failure rate of 7.2% among the school children who had received 
MDA less than a month ago. This indicates that some of the worms may have developed 
resistance to albendazole and praziquantel and this could pose a serious problem towards 
the eradication of these worms in the community. This finding is consistent with studies 
by Humphries, Mosites [31], Jaske [32], who both observed higher treatment failure of 
39% and 36.8% respectively among individuals treated with albendazole. As highlighted 
by Humphries, Mosites [31], Humphries, Nguyen [33] this high rate of albendazole failure 
raises concern about emerging resistance particularly among STH endemic communities. 
A recent study done in the middle belt of Ghana found that comorbidity of STH with 
malaria parasites could increase albendazole treatment failure among individuals [34]. 
Thus we recommend if possible to screen the school children for malaria infection before 
MDA and possibly treating individuals with concurrent infection with both antimalaria 
and anthelminthic drugs. A recent study by Djune-Yemeli, Nana-Djeunga [35] also sug-
gested that the use of Mebendazole- or Albendazole-based MDA alone among high-risk 
populations may not be sufficient to eliminate soil-transmitted helminthic infections thus 
necessitating the urgent need for new antihelminthics [36].

We found some treatment failure of praziquantel (PZQ ) treatment against 
schistosomiasis infection among the school children and this is supportive of other 
studies findings of increased treatment failure of PZQ in certain communities in 
Ghana [37–43]. This finding is also supported by a systemic review and meta-analysis 
by Danso-Appiah and De Vlas [42], who provide corroborative evidence of the 
unexpectedly low cure rate associated with the use of praziquantel.

Whilst it is unclear the reason for the relatively high prevalence of treatment 
failures being recorded globally, particularly in endemic areas, various studies have 
suggested that factors underlying this observation include; the sub-curative efficacy 
of the typical dose of 40–60 mg/kg [44], the presence of immature worms and insuf-
ficient drug uptake particularly due to unique metabolic characteristics of specific 
patients [45] and helminths comorbidity with malaria [34].

5. Conclusion

This study revealed treatment failure of both albendazole and praziquantel against 
STH and Schistosomiasis infection, respectively among the Basic school children. 
Thus, we recommend mob up screening exercises after the MDA and treatment 
of children who may still test positive. This will contribute to the prevention and 
management of helminthic infections among school children. There is also the need 
to raise awareness about the issue of MDA failure to encourage all stakeholders to 
contribute towards control of helminthic infection through the development of better 
water purification systems to provide potable water and the provision of effective 
incinerators for proper waste disposal, to promote environmental hygiene... It is also 
necessary to improve health education, to enable pupils to avoid habits that lead to 
STH and schistosomiasis.
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Chapter 5

One Health Concept against 
Schistosomiasis: An Overview
Tonay Inceboz

Abstract

Schistosomiasis (bilharziasis) is a parasitic disease caused by Schistosoma spp. 
that belongs to trematode worms. These worms are known as “blood parasites”. 
This disease is included in “neglected tropical diseases” and “water-borne dis-
eases”. The main species are Schistosoma (S.) haematobium, S. japonicum, S. man-
soni, S. intercalatum, S. mekongi, S. guineensis and S. intercalatum, though there are 
more than 20 different species. The parasite in the definitive host may affect many 
organs and systems. The disease may become chronic and lasts 3–8 years and even 
up to 20–30 years. The definitive host is primarily human; however, in endemic 
areas animals such as monkeys, cattle, horses, rodents, cats, dogs are reservoirs. 
According to World Health Organization (WHO), schistosomiasis affects 250 
million people, and causes 1.9 million deaths yearly in endemic areas. Moreover, 
due to global warming, the spread of the disease may increase. The effective way 
to fight against schistosomiasis is following the “one-health system”. Indeed, to 
overcome or “eradicate” this disease, we have to strive against different forms at 
different evolutionary stages of the worm such as, forms in humans, domestic or 
wild animals, and freshwater snails. If we combine the knowledge of professionals, 
we may achieve this goal.

Keywords: schistosoma spp., schistosomiasis, epidemiology, one health concept

1. Introduction

Schistosoma spp. spread over many continents around the world, primarily in 
Asia, Africa, and America. There are more than 20 types of Schistosoma in the world. 
This speciation is most likely due to differences in intermediate hosts and definitive 
hosts [1–3].

The 250 million cases of Schistosomiasis reported globally by WHO are 
 distributed among different countries as follows:

In Africa; Nigeria 26.21%, Ethiopia 9.57%, the Democratic Republic of the Congo 
7.74%, Mozambique 5.82%, Kenya 5.04%, United Republic of Tanzania 4.32%, 
Cameroon 4.30%, Uganda 3.66%, Malawi 2.89%, and Ghana 2.88%. Furthermore, 
there are high-risk countries such as Angola, Benin, Botswana, Burkina  
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Faso, Burundi, Central African Republic, Chad, Côte d’Ivoire, Equatorial Guinea, 
Eritrea, Gabon, Gambia, Guinea, Guinea-Bissau, Liberia, Madagascar, Malawi, Mali, 
Mauritania, Namibia, Niger, Rwanda, São Tomé and Príncipe, Senegal, Sierra  
Leone, Republic of South Africa, Eswatini, Togo, Uganda, Zambia, and Zimbabwe 
[4]. Although they are located in the African continent; Morocco, Tunisia, and 
Algeria are at low risk for schistosomiasis [3, 5, 6].

Of the schistosomiasis cases in the Americas, 95.80% are in Brazil and 4.20% in 
the Bolivarian Republic of Venezuela [4]. Schistosoma mansoni is the only species pres-
ent in Latin American and Caribbean countries [3]. It has been estimated that around 
25 million people are at risk in the Americas. The risk is a “big public health problem,” 
especially in freshwater lakes and rivers in Southeastern Brazil, whereas St. Lucia and 
Suriname are at lower risk [7, 8].

In the Eastern Mediterranean region, the prevalence of schistosomiasis is 
57.85% in Yemen, 38.36% in Sudan, 3.39% in Somalia, and 0.40% in Egypt. Iraq, 
Libya, Oman, Saudi Arabia, and Syrian Arab Republic are low-risk countries for 
Schistosomiasis. In the Western Pacific region, the Philippines (78.28%), China 
(19.37%), Lao People’s Democratic Republic (1.41%), and Cambodia (0.94%) are 
reported as endemic countries. Indonesia is an endemic country in South-East Asia, 
whereas India and Thailand have low risk. There have not been any reported cases in 
the European continent (Figure 1) [4].

The first tussle against schistosomiasis was via intravenous tartar emetic, a 
derivative of antimony, in Egypt and Sudan in 1920 [10]. Recently, WHO released a 
strategic plan under sustainable development objectives, aiming for the “total eradica-
tion of schistosomiasis,” which is an important public health target for the affected 78 
countries and others [4, 11]. “Total eradication” is defined as the reduction of serious 
forms of schistosomiasis down to <1% [12]. According to WHO’s plan (intestinal treat 
all school-age children, also treat adults considered to be at and urogenital schistoso-
miasis), praziquantel treatment is expected to decrease morbidity as well as eradicate 
the disease. Additional protection measures such as, preventing water contamination 
and increasing awareness through education are the other tools to combat the disease 
(Figure 2) [11].

Figure 1. 
This map shows the distribution of schistosomiasis in the world [9]. Link: https://apps.who.int/neglected_diseases/
ntddata/sch/sch.html
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2. Quality assurance system of the management process of schistosomiasis

2.1 International organizations

There are many programs and organizations that work towards finding solutions 
against schistosomiasis such as WHO disability-adjusted life years (DALY), World 
Health Assembly (WHA), neglected tropical diseases (NTDs), soil-transmitted 
helminthiases (STH), and waterborne diseases [11]. Defining prudential targets 
according to previous data:

2.2 Local organizations

Local organizations have pivotal roles in combatting schistosomiasis. In Brazil, for 
instance, there are many organizations fighting against the disease: Schistosomiasis 
Control Programme (PCE), Secretary of Public Health Surveillance (SVS), the 
Secretary of Health in the State of Minas Gerais (SESMG), Superintendência de 
Controle de Endemias, Instituto Nacional de Pesquisas Espaciais, Centro de Pesquisas 
René Rachou. There are also some environmental institutes in Brazil such as moderate 
resolution imaging spectroradiometer (MODIS), the shuttle radar topography mis-
sion (SRTM), Center for Weather Forecast and Climate Studies (CPTEC) [11]. This 
“fight” should be handled in coordination with the Ministries of Health, Education, 
Agriculture, and Environment in endemic regions. This would be the most logical 
solution against parasitic infections because of the different life-cycle periods in 
 intermediate/definitive hosts of the parasites.

 I guess there is a Bilharziasis Institute in Egypt.

Figure 2. 
Control of schistosomiasis.
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3. The field of Research and Development

3.1 Schistosoma species

life cycle, diagnosis, epidemiology, geographic distribution, treatment, 
 prevention, vaccines, etc.

3.2 Animals

3.2.1 Snails

Considering the “One Health Concept,” one of the most important elements 
to combat schistosomiasis is to prevent ecologic and geographic dissemination of 
Schistosoma during the development of snails [13, 14].

Infected definitive hosts, namely humans and the above-mentioned animals 
release Schistosoma eggs. When eggs become in contact with aquatic environment, 
miracidia − the second form of Schistosoma − develops in the eggs. Then, miracidia 
penetrate the snails and become still-sporocysts. These sporocysts transform into 
motile baby sporocysts by internal budding. This is followed by migration of baby 
sporocysts to the digestive system of the snails, where the sporocysts grow all their 
glands through cylinder-like processes. Many cercariae develop from tubules of 
sporocysts. Cercariae are freed from snails via rupture of the tubules. This process, 
from miracidium to cercaria, takes around 3−12 weeks [15].

Intermediate hosts for Schistosoma mansoni, Schistosoma haematobium, and 
S. japonicum are the snails Biomphalaria glabrata, Bulinus spp., and Oncomelania 
hupensis ssp., respectively. In Brazil, however, intermediate hosts for S. mansoni also 
include Biomphalaria tenagophila (Orbigny, 1835), Basilodes 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 

Figure 3. 
This map shows the distribution of Biomphalaria species in the World  (according Palasio, R.G.S., 2011) [17, 18]. 
Link: https://www.academia.edu/17716515/Pattern_of_Genetic_Divergence_of_Mitochondrial_DNA_Sequences_
in_Biomphalaria_tenagophila_Complex_Species_Based_on_Barcode_and_Morphological_Analysis
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(Paraense, 1974), B. occidentalis (Paraense, 1981), B. cousini (Paraense, 1966), and 
B. tenagophila guaibensis (Paraense, 1984).

The map (Figure XX) below demonstrates the worldwide distribution of the 
thirty-seven Biomphalaria species, the twenty-six neotropical Biomphalaria species, 
and the eleven snail species, and one subspecies naturally described in Brazil. An 
asterisk indicates S. mansoni host species [16–18].

To identify the Schistosoma from snails, many molecular-based techniques such as 
PCR, qPCR, loop-mediated isothermal amplification (LAMP), environmental DNA 
analysis (eDNA), and droplet digital PCR (ddPCR) are commonly used [15].

The relationship of snail species (intermediate host) with Schistosoma spp. as well 
as with predator fish should be investigated. This would be a good area for future 
research. It is also essential to preserve the ecological balance and prevent anthropo-
genic harm to nature (Figure 3).

3.2.2 Domestic animals

It is of utmost importance to look for faunas of infection in wild and farm animals 
as definitive hosts and snails as intermediate hosts. Definitive hosts for Schistosoma 
spp. in animals are: S. bovis in cattle; S. mattheei in sheep and goats; Cercopithecus 
sabaus in monkeys; S. indicum, S. spindale, and S.nasale in horses, swines, and dogs; 
and S. japonicum in dogs [19].

3.2.3 Wild animals

In which region, where wild animals may be infected by Schistosoma spp. should be 
considered.

In Brazil, there are shrewmice (Oxymycterus sp., Necromys lasiurus, Holochilus spp., 
Akodon spp., Sooretamys spp., Calomys spp., Proechimys sp., Cavia aperea, and Rattus 
rattus and Rattus norvegicus) infected with Schistosoma spp. (S. manoni, S. bovis, 
Sirthenea rodhaini ve S. kisumuensis). S. malayensis can be found in Mueller mice 
(Rattus muelleri) in Malaysia; however, it is rare to be present in humans. S. ovunca-
tum and S. sinesium were found in R. rattus in Thailand [20, 21].

The research in Senegal revealed that there was hybridization between S. bovis and 
S. haematobium, between S. haematobium and S. curassoni in humans, and between 
S. bovis and S. curassoni in cattle [22, 23].

3.2.4 Humans

It is important to know which Schistosoma spp. may cause infection in humans 
in different regions, and how human organs would respond in reaction to such 
infections.

If snails are infected with Schistosoma spp. cercariae can be released into the 
freshwater bodies such as lakes and rivers. Humans may become infected if these 
cercariae perforate and enter through the skin. This may cause inflammation, pap-
ule formation, and itching on the skin. In addition, if humans drink the infected 
water that contains cercariae, the infection may occur via the mucosal route [4].

Schistosoma spp. infection may cause the involvement of many organs and systems 
in human, such as the liver, lungs, heart, gastrointestinal tractus, and urogenital 
system.
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There are two phases of the Schistosoma infection in humans. In the acute 
phase, common symptoms are fever, cough, rash, arthralgia, malaise, anorexia, 
vomiting, and diarrhea [1]. “Katayama syndrome” is one of the early clinical 
effects in hypersensitive patients infected with Schistosoma spp. (Schistosoma 
 mansoni, S. japonicum). It occurs within 14−84 days of infection and is mani-
fested by nocturnal fever, cough, myalgia, headache, and abdominal tenderness 
[1, 24, 25].

In the chronic phase of schistosomiasis, clinical findings such as vaginal bleeding, 
dysuria, hematuria, anemia, bladder carcinoma (S. haematobium), hematochezia, 
cirrhosis, neurological problems, and even death may occur [1, 24].

Schistosomiasis is a treatable disease if diagnosed. Thus, awareness of this disease 
and early diagnosis is very important to eradicate it.

3.2.5 Water

Stream, river, lake, pond, waterfall, fluvial environment, flora, flood, dams, and 
drainage systems are key elements in the spread of Schistosoma spp.

Many problems are arising due to global warming, one of which is heavier flood-
ing [26]. Floodwater may lead to exposure of humans and animals to infected water, 
mainly in endemic areas. Especially, S. mansoni, S. japonicum, S. haematobium, S. 
mekongi, S. intercalatum, and S. guineensis are considered waterborne parasites [27]. 
As a result of floods, flood fighters, as well as the public, may be at risk of infection 
[28, 29]. In addition, more than 40 different animal species may become infected 
by consuming contaminated water. These animals are not only farm animals such 
as cattle and sheep but also wild animals such as mice, rats, and deer in the nature 
[30–32]. One should be cautious when grassing the farm animals immediately after 
the flood. It is also necessary to detect and isolate the infected animals. There is 
unfortunately no preventive measure of control for Schistosoma in wild animals except 
sampling and examining.

The countries especially located in endemic areas should consider their ecological 
circumstances and receive consultation before building dams. Early warning systems 
for floods should be developed. Infectivity and potential risks of snail habitats should 
be evaluated in areas surrounding dams. The preventive measures against allow-
ing the snails in drinking water and farming water springs should be taken. In the 
case of presence of infected snails in dam-water, the use of molluscicides should be 
considered [30, 33–35].

4. Education

4.1 Training of educators

Multidisciplinary international meetings should be held to define strategies for 
action plans against schistosomiasis.

4.2 Public education

People at risk − especially in endemic areas − such as young groups, soldiers, 
security forces, foresters, government officers, mountaineers, and water sporters 
should be trained periodically.
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WHO’s course of action set out the targets as eradicating schistosomiasis until 
2025 (Table 1) [61].

5. Conclusion

1. Schistosomiasis is a “neglected disease” around the world.

2. Schistosomiasis is a waterborne disease.

3. Schistosoma spp. is present in humans and animals, which are definitive hosts in 
both urban and rural areas.

4. There is a risk of an increase in schistosomiasis due to global warming in tropical 
and subtropical areas.

5. Bioturbation due to dams, factories, and drainage systems should be avoided 
since these may cause an increase in Schistosoma spp. and further differentiation 
of Schistosoma spp. into new types.

6. If necessary, double-layer gloves and waterproof boots should be used in contact 
with infected water. If there is a direct skin contact, alcohol swabs should be 
used. Drinking water should be boiled and vegetables should be cooked before 
consumption, particularly in endemic areas [35].

Considering the “One Health Concept,” all related individuals and groups, includ-
ing parasitologists, veterinarians, public health professionals, biologists, molecular 
biologists, and geographers should work hand-in-hand to prevent, detect, treat, and 
eradicate Schistosomiasis.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 6

Schistosomiasis: Discovery of New 
Molecules for Disease Treatment 
and Vaccine Development
Andressa Barban do Patrocinio

Abstract

The parasite blood flukes belonging to the genus Schistosoma cause schistosomiasis. 
Among the Schistosoma species that infect humans, three stand out: Schistosoma 
japonicum (S. japonicum), which occurs in Asia, mainly in China and the Philippines; 
Schistosoma haematobium (S. haematobium), which occurs in Africa; and Schistosoma 
mansoni (S. mansoni), which occurs in Africa and South America and the center 
of Venezuela (Brazil). Research has shown that these species comprise strains that 
are resistant to Praziquantel (PZQ ), the only drug of choice to fight the disease. 
Moreover, patients can be reinfected even after being treated with PZQ , and this drug 
does not act against young forms of the parasite. Therefore, several research groups 
have focused their studies on new molecules for disease treatment and vaccine devel-
opment. This chapter will focus on (i) parasite resistance to PZQ , (ii) molecules that 
are currently being developed and tested as possible drugs against schistosomiasis, 
and (iii) candidates for vaccine development with a primary focus on clinical trials.

Keywords: resistance of Schistosoma to PZQ , new molecules, vaccine development

1. Introduction

From the public health and socioeconomic standpoints, schistosomiasis is a 
parasitic disease with significant prevalence in most developing countries, and it is 
the second-largest neglected disease in the world [1–3]. Schistosomiasis is caused by 
digenean trematodes belonging to the genus Schistosoma. S. mansoni, S. japonicum, 
S. haematobium, Schistosoma mekongi (S. mekongi), and Schistosoma intercalatum 
(S. intercalatum) are the main species underlying the disease in humans. The three 
former species are the main causative agents of schistosomiasis [4].

The number of people living in risk areas, which cover 78 countries in tropical and 
subtropical regions, is greater than 700 million [5, 6]. Transmission is high or moder-
ate in 52 of these countries (World Health Organization, 2021). More specifically, S. 
mansoni occurs in Africa and Brazil; S. haematobium occurs in Africa; and S. japoni-
cum occurs in China, the Philippines, and some places in Indonesia. According to the 
WHO, there were about 10.1 million deaths due to schistosomiasis in the world in 
2016 [3]. However, controlling schistosomiasis depends on the diagnosis, sanitation, 
and disease treatment with praziquantel (PZQ ), a drug recommended by the WHO 
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and which has been used for over 30 years [3, 7]. In 2017, 46.3% of the population 
was treated with PZQ; 70.8% of the treated population corresponded to school-aged 
children [8, 9].

S. mansoni, S. japonicum, and S. haematobium have an intricate life cycle that 
involves different parasite forms (miracidia, sporocysts, cercariae, schistosomula, adult 
worms, and eggs), in which structural and metabolic changes occur. Their life cycle 
requires the presence of an invertebrate host and a vertebrate host (Figure 1). Snails 
belonging to the genera Biomphalaria, Bulinos, and Oncomelania (intermediate hosts) 
release cercariae into the water, which infects the vertebrate host through the skin. 
In the vertebrate host, cercariae lose their tail and develop into schistosomula, which 
reach the pulmonary artery. In the lung, schistosomula migrate to the heart through the 
venous circulation. Next, schistosomula migrate to the hepatic portal system, where 

Figure 1. 
S. mansoni, S. japonicum, and S. haematobium life cycle—(1) S. mansoni and S. japonicum worms move 
to the mesenteric veins of the intestine and are lodged in different locations. Eggs are laid, and part of the eggs is 
released in the feces. (2) Miracidia are released from eggs into the water and infect snails (intermediate hosts). (3) 
Within the snail, miracidia progress through two generations of sporocysts, to become cercariae. (3) Cercariae 
are released from the snail and penetrate the skin of the definitive vertebrate host, releasing enzymes from glands. 
During penetration, cercariae lose their forked tail and become schistosomula. (4) Schistosomula migrate to the 
dermis veins and, upon encountering the pulmonary artery, are carried to the lungs. From the lungs, they reach the 
venous circulation and travel to the hepatic portal system. (5) In the hepatic portal system, schistosomula develop 
into adult worms, where parasite sexual maturation and pairing take place. At this time, S. haematobium 
worms are not stored in the intestine, but they inhabit the bladder pelvic venous plexus and the vesicular. 
Sometimes, they can be found in the rectal venules. S. haematobium causes urogenital schistosomiasis.
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they develop into adult worms, become sexually mature, and pair. At this time, adult S. 
japonicum and S. mansoni worms move to the intestine mesenteric veins and are lodged 
in different locations [10]—S. japonicum worms remain in the upper part of the vein, 
whereas S. mansoni worms remain in the lower part and close to the large intestine. 
Thereafter, eggs are laid, and some of them are released in the feces. In contrast, S. 
haematobium worms do not lodge in the intestine, but they inhabit the bladder pelvic 
venous plexus and the vesicular, where they lay eggs and cause urogenital schistosomia-
sis. Sometimes, S. haematobium worms can be found in the rectal venules. Part of the S. 
haematobium eggs is retained, whilst the other part is eliminated in the urine [11].

Schistosomiasis is characterized by two phases: acute and chronic. Symptoms of 
acute illness include myalgia, abdominal pain, diarrhea, fatigue, fever, and, in the case 
of urogenital schistosomiasis, hematuria. Diarrhea occurs in patients with a greater 
parasite load; abdominal pain is diffuse. In chronic intestinal schistosomiasis, symp-
toms are more severe. Over time, patients have diarrhea with the presence of blood in 
stool, anemia, and retention of eggs in the anal region, not to mention hepatospleno-
megaly due to egg deposition in the liver. Hepatosplenomegaly causes granuloma 
(Figure 2) and occurs in around 10% of patients, who present periportal fibrosis 
with portal hypertension, ascites, and gastrointestinal varices with bleeding [12, 13]. 
As for urogenital schistosomiasis, it affects the urogenital system so severely that it 
causes fibrosis in the bladder and ureter, calcification in the urinary tract, and kidney 
dysfunction. The greatest concern about this urogenital disease is that it causes bladder 
cancer and sterility, and, in the chronic phase, patients have bladder injury [2].

The differences in schistosomiasis pathology are due to parameters such as ovipo-
sition, granuloma size, and modeling of interleukins, which depend on the parasite 

Figure 2. 
Slides of (a) mouse liver infected with S. mansoni showing hepatic granuloma and fibrosis caused by parasite 
eggs; purple-colored cells are eosinophils, due to inflammation in the liver (b) mouse liver not infected with  
S. mansoni.
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load, host’s immunological profile (that is, the host’s ability to respond to the parasite, 
whether the parasite is in the form of schistosomula, adult worms, or eggs), and 
parasite virulence and infectivity [14]. Therefore, the parasite and host interact in a 
co-evolutionary and complex way (interplay) that interferes with disease transmis-
sion potential and pathology [2].

Worm maturation requires that host-derived signals be translated, to generate 
adaptive and innate immune responses. Much research is still needed to unravel the 
interrelationship of Schistosoma with the immune system during worm development, 
maturation, pairing, and oviposition [15]. After worm couples are paired and oviposi-
tion starts, the host responds strongly to the eggs. Immediately after deposition, the 
eggs are surrounded by cells and proteins from the host’s homeostatic system, includ-
ing plasma proteins called egg-laying factors, von Willebrand factors, fibrin, and 
fibrinogen [15].

When it comes to schistosomiasis, egg antigens are the major problem: they are 
antigenic structures that secrete various toxic substances, the main one being SEA 
(Soluble Eggs Antigens). These toxic substances elicit the complex and multifactorial 
response in the mammalian host’s innate immune system [15]. The acute condi-
tion of the disease is characterized by the lesion around the eggs, with the release 
of interferon-ɣ and IL-10 by macrophages and IL-12 by dendritic cells [12]. Later, 
another eggshell protein, ɷ-1, is internalized in dendritic cells, directing the Th2 
response and lowering IL-12 secretion [16]. However, this does not occur in infections 
caused by S. haematobium (urogenital schistosomiasis) because the female worm does 
not encode this eggshell protein [2].

Thus, these parasites activate the immune system and form the highly organized 
granuloma that is wrapped by the Th2 immune cells, namely macrophages, eosino-
phils, and cells that secrete cytokines of numerous types, including IL-2, IL-4, IL-13, 
and IL-5, which are surrounded by stromal cells and fibroblasts. In the case of S. 
haematobium, the main interleukin is IL-5, and the fibrous granuloma has a lot of 
collagen and eosinophils. Urinary eosinophilia occurs because these cells release toxic 
substances such as eosinophilic cationic protein, neurotoxin, and granulomatous 
protein [2, 12].

During infection with S. mansoni or S. haematobium, IL-13 production by the ver-
tebrate host makes it susceptible to infection—antigens released by the eggs promote 
a polarized Th2-type response, with fibrosis developing around the eggs due to the 
release of transforming growth factor (TGF)-β [17].

In the infection period, there is a balance between the Th2 and Th1 responses. 
The Th2 anti-inflammatory effects control the immunopathology caused by the 
Th1 response [18]. In S. mansoni-infected mice, the Th2 response is epigenetically 
controlled and modulates dendritic cells and macrophages, as well as Th2 cells [2]. 
Recently, studies have been carried out to understand the molecular relationship 
between parasites and hosts. Genome integrity is essential for host cells, organisms, 
and species survival. Hence, errors in genome checkpoints trigger cellular apoptosis to 
eliminate the altered cell. However, pathogens can alter these pathways by manipulat-
ing both chromatin repair and cell signaling pathways. For this to happen, pathogens 
produce genotoxins and oncoproteins that modify the host’s epigenetic programs and 
influence metabolism. For this reason, they are called epigenators [19].

The Th2 response is crucial for granuloma maintenance and host survival. Proteins 
such as Cyclophilin A and lysophosphatidylserine (LPS), excreted from worms, 
can modulate the dendritic cell function, causing IL-10 to expand and activating 
regulatory T cells. The role of small fatty acid chains (SFACs) excreted by worms in 
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regulating immune response is not yet known, but LPS and SCFA can modify the 
TLR2 signaling pathway in dendritic cells, altering maturation and regulatory T cell 
activation [15]. In children infected with S. haematobium in Uganda, regulatory B cells 
have been shown to induce T cells to secrete IL-10; however, in a study with Kenyan 
children, TNF-alpha has been correlated with inflammation and low IL-10 levels [2].

Several studies have reported that the host’s immune response plays a role in PZQ 
effectiveness. Studies using 0-, 1-, and 3-day S. japonicum schistosomula have shown 
that the percentage of surface-exposed antigens is 86.4%, 55.2%, and 3.9%, respec-
tively. Resistance to PZQ (PZQ-R) in these stages has been related to the antigenic 
composition on the tegument surface, and in vitro research carried out with young 
S. mansoni and S. japonicum larvae (3, 7 and 14 days of maturity) has demonstrated 
that they are resistant to PZQ [20]. Currently, PZQ is the only drug of choice against 
schistosomiasis. Studies have indicated that some S. mansoni and S. japonicum strains 
are resistant to PZQ even in the adult worm stages, as seen from the many cases of 
reinfected patients following multiple PZQ administrations. This situation calls for 
the study of new therapies, such as drugs and vaccines [21].

2. Praziquantel and schistosomiasis

The WHO has planned strategies to control schistosomiasis through PZQ admin-
istration in endemic areas where the disease is highly prevalent, mainly in Africa, in 
regions such as the Nile Delta, Côte d’Ivoire, Mayuge District, and Uganda. These 
strategies have shown that the prevalence of morbidity due to S. mansoni and S. hema-
tobium may originate from PZQ-R and parasite-host-drug interactions, especially in 
areas with longer history of PZQ treatment [2, 9].

Nevertheless, the greatest PZQ-R has been detected in parasite strains maintained 
in the laboratory. After the passage of S. mansoni in seven mouse generations treated 
with PZQ subdoses, resistance emerged. In infections with a single S. mansoni sex, 
resistance was greater than in infections with two sexes of the parasite. This fact was 
later analyzed in a group of human volunteers, infected with cercariae of a single sex 
and treated with PZQ at the usual dose of 40 mg/kg for 12 weeks. After treatment, 
parasites were detected in 43% of the volunteers [9, 22]. Despite the greater PZQ-R 
found in the laboratory, the fact that a single drug exists for treating a certain disease 
must be considered seriously because variations arise from both resistant strains of 
disease-causing microorganisms and resistant tumorigenic cells.

PZQ has a series of pharmacological and pharmaceutical limitations that are 
often disregarded because the effectiveness of oral, single-dose treatment has cure 
rates between 50 and 90%, whether for single- or mixed-species infections [13, 23, 24]. 
Regarding pharmacology, PZQ exhibits suboptimal pharmacokinetics with high 
intra- and inter-individual variability and extensive first-pass hepatic metabolism, 
which results in low oral bioavailability [25]. The PZQ mechanism of action is still 
poorly understood, but it seems to affect Ca2+ absorption through calcium channel 
opening, which interferes with muscle contraction and leads to antigens being present 
in the tegument [26]. Furthermore, PZQ is only effective against adult parasites; 
that is, it has no antiparasitic action against schistosomula. Thus, even during treat-
ment, immature parasites develop into mature adult worms and continue to generate 
morbidity in reinfected patients [27, 28]. Schistosomiasis treatment with PZQ alone 
increases the possibility of resistance and hence treatment failure, especially in areas 
where infection occurs massively [13, 29]. Academically, resistance to any drug is 
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defined as hereditary sensitivity acquired by a living organism; that is, it is transmit-
ted between generations [9].

One of the consequences of PZQ-R is the increasing reproduction rate of parasites 
that survive treatment with PZQ. One of the possible explanations for this fact is that 
parasites have drug-resistant alleles, which are passed from generation to generation 
and are related to virulence [2].

Moreover, intergeneric, interspecies, and intraspecies interactions may occur 
because hosts are usually infected with more than one Schistosoma species; for exam-
ple, S. mansoni and S. haematobium. In the case of mixed infections, patient’s morbid-
ity due to hepatomegaly is lower because S. haematobium males recruit S. mansoni 
females from the portal vein to the vesicle plexus, where interspecies crossing takes 
place, with a greater number of eggs being laid in the urogenital tract [2]. Research 
has shown that patients infected with S. mansoni only have comorbidity in the 
bladder, which once again demonstrates an interaction between species and genetic 
variability and shows that the cure rate is lower in these patients than in patients 
infected with a single parasite species. This situation culminates in interspecies gene 
hybridization, with new genes being introduced. Consequently, new strains with 
greater transmission potential arise, making the disease difficult to control. This fact 
has been confirmed by genotypic analysis of S. mansoni schistosomula collected from 
patients in Senegal, who presented allelic variation at the locus L46951, where genes 
that transcribe mRNAs encoding proteins linked to egg production and fecundity are 
located. This allelic variation was increased in this lineage [2, 30].

Even the same parasite species have distinct lineages presenting greater or lesser 
infectivity and transmission in different endemic regions of Africa. This is due to 
genetic mutations caused by several factors, including environmental changes in both 
geographic regions and PZQ-R [30], which promote epigenetic changes in the parasite. 
Epigenetics is related to changes in gene expression while the DNA sequence remains 
unaltered. Epigenetics is one of the main regulatory systems of post-translational modi-
fications (PTMs) in histones, which are proteins that form a unit called nucleosome [31].

In eukaryotes, chromatin is made up of genomic DNA (gDNA), RNA, and pro-
teins. The main proteins are called histones, which are divided into isoforms. The 
main isoforms are H2A, H2B, H3, and H4, which form octamers around gDNA, 
consisting of two dimers, H3-H4 and H2A-H2B. At physiological pH, histones bear a 
positive charge and interact with the negative charge on gDNA, thereby constituting 
the basic unit called nucleosome, which closes the DNA structure. The nucleosome 
structure allows the terminal carbon and nitrogen tails (C-t and N-t, respectively) 
of these proteins to undergo PTMs [31]. The PTMs of these proteins include lysine 
acetylation and methylation (K), serine/threonine phosphorylation (Ser/Thr), and 
ubiquitination, among others. These PTMs are covalent modifications, and their  
set is called the “histone code” [32], with more than one PTM occurring in a  
histone molecule.

3. Parasite epigenetics interferes with the host’s immune response

Metabolic alterations and environmental changes (nutritional deprivation,  
temperature, and chemical agents) generate a stressful environment for living organisms. 
The stress mechanism is activated and causes activation of other regulatory mechanisms, 
including gene transcription, which generates an “epigenetic memory” in response to 
stress. This mechanism has been detected in S. cerevisiae and C. elegans [31–34].
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Studies have been carried out to understand how the molecular relationship 
between parasites and hosts works. Genome integrity is essential for host cells, 
organisms, and species survival. Thus, errors in genome checkpoints trigger cellular 
apoptosis, to eliminate the altered cell. However, pathogens can alter these pathways 
by manipulating both chromatin repair and cell signaling pathways. For this to hap-
pen, pathogens produce genotoxins and oncoproteins that modify the host’s epigen-
etic programs; that is, DNA expression, which consequently influences metabolism 
by altering the proteins that will be expressed. For this reason, pathogens are called 
epigenators. Some intracellular parasites such as Theileria parva and Theileria 
annulata encode proteins that manipulate the host’s intracellular pathways. For 
example, toxoplasma secretes the GRA16 protein, which is exported to the nucleus 
and interferes with the p53 protein pathway “checkpoint.” Studies have reported that 
Leishmania prevents or modulates the host’s immune response because it can methyl-
ate the macrophage DNA cytosine residue and silence immune response genes like 
calcium, JAK/STAT, MAPK, mTOR, and Notch [19, 35].

Some studies are being carried out on S. mansoni. As this parasite changes stages, 
metabolic and molecular alterations occur, naturally generating stress. In addition to 
environmental changes, there are nutritional differences between one environment 
and the other because the different S. mansoni forms pass through two hosts, a mam-
mal and a snail of the genus Biomphalaria, not to mention water as an infection route. 
The parasite is suitable for diverse environments due to its hereditary phenotypic 
capacity [36]. Epigenetic regulation, which is linked to hereditary phenotypic capac-
ity, occurs through “readers,” “erasers,” and “writers,” which respectively correspond 
to proteins with certain domains that recognize histone tagging; enzymes that remove 
histone labeling, such as histone deacetylases (HDACs); and histone demethylases, 
which promote both histone and gDNA labeling [37].

The S. mansoni genome comprises 363 megabases; 11,000 genes of these megabases 
encode proteins. Analysis of the parasite genome predicts methylation of 25 “readers,” 
13 “erasers,” and 26 “writers.” All this machinery is regulated during parasite develop-
ment, which makes it a target for the discovery of new drugs [36]. When the parasite 
changes stages, there are molecular changes and alterations in the signaling pathways, 
which are accompanied by “histone code” remodeling. A study using chromatin 
immunoprecipitation/sequencing (CHIP-Seq) and RNAseq from the cercaria to the 
adult worm stages has shown changes in H3K4 and H3K27 methylation. Besides that, 
when cercariae change to schistosomula, H3K27me3/H3K9me3 is demethylated, conse-
quently activating gene replication and increasing H3K9 methylation and acetylation 
above and below the transcription site. H3K4me3 is a constant mark during the parasite 
life cycle; i.e., it does not vary. Bivalent H3K4 and H3K27 trimethylation at transcrip-
tion initiation sites is a hallmark of cercariae, where these sites exist at a higher level. 
However, this feature is also present in primary sporocysts and adult worms and 
increases from miracidium to primary sporocysts, with H3K27 being a necessary hall-
mark in life cycle progression. H4K20me1 is also a strong marker in cercariae [38, 39].

Given that the parasite can act as an epigenator, to modify the host’s immune 
response to the disease, it is extremely important to know how chromatin epigenetic 
regulation occurs upon changes in temperature, pH, osmolarity, and physical and 
biochemical signals in Schistosoma species and upon alterations in the parasite/
host relationship. The first question is about how the parasite manages to survive an 
average of 5 years in its definitive host; there are cases in which it can interact for up 
to 10 years [13]. The main barrier to parasite action is the host’s immune response to 
schistosomula, eggs, and adult worms.
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With respect to S. mansoni schistosomula and adult worms, the parasite-host 
interface is still poorly studied. A large immunological barrier is known to exist 
when schistosomula infect the mammalian host, as previously mentioned. From the 
moment schistosomula leave the skin until they reach the host’s venous system and 
migrate to the lung, 3 days elapse. Eight days after infection, schistosomula reach 
the portal vein system, with few morphological changes. In this life cycle stage, the 
parasite tegument surface is modified through acquisition of molecules from the 
host. This stimulates receptors on inner membranes, aiding parasite development and 
escape from the host’s immune response. Upon reaching the portal system, parasite 
cell proliferation and cell biomass increase significantly, promoting morphological 
alterations [40].

New drugs or vaccines against schistosomiasis must be discovered—Schistosoma is 
a complex organism, which makes the discovery of new substances that can halt these 
parasites difficult. This is one of the reasons why PZQ has been used to treat schisto-
somiasis for 40 years. To overcome this issue, several investigations have been carried 
out to study PZQ-resistant Schistosoma species strains [9, 26, 41].

4. Developing vaccines and new drugs to treat schistosomiasis

Research aimed at discovering a vaccine against schistosomiasis involves select-
ing possible parasite antigens that are expressed in the intra-mammalian stages. 
These antigens activate the host’s immune system, forming memory cells. Reaction 
of immunoglobulins IgA, IgG, and IgM excreted by immune system cells is analyzed 
by the Enzyme-linked Immunosorbent Assay (ELISA) reaction with antigens from 
Schistosoma species adult worms, schistosomula, and eggs [42]. In immunology, 
ELISA is widely used for quantifying and detecting antigens and antibodies. The 
assay is performed in a high adhesion 96-well plate, and the antibody that binds to a 
specific antigen is added to the plate. Then, a chemiluminescent substrate is added, 
and the amount of antibody produced as a response to the studied antigen is detected 
through the color intensity of the sample in relation to a standard curve (Alice V. Lin).

As for the discovery of new drugs, it involves substances that act against tegumen-
tary proteins or proteins that are linked to parasite metabolism. The initial tests on the 
investigated substances are called in vitro tests: these tests are carried out on parasites 
in culture medium containing the evaluated substance. Biochemical tests (Figure 3) 
are conducted to investigate the possible mechanism of action of the evaluated sub-
stance. Examples of such tests include proteins involved in autophagy and apoptosis as 
well as scanning and transmission electron microscopy for analysis of cellular struc-
tures and tegumentary injury and verification of changes in parasite biology that lead 
to parasite death [43–51].

After the first in vitro phase for investigation of target proteins in the parasite (for 
vaccine development) or new molecules (for drug development) is performed, pre-
clinical tests are accomplished in animals (mice, rabbits, or baboons). Later, clinical 
trials (divided into phases I, II, III, and IV) in humans are carried out. Phase I aims 
to generate safety and efficacy data for both vaccines and new drugs; phase II aims 
to establish vaccine immunogenicity; phase III demonstrates the effectiveness of the 
vaccine or drug and promotes their approval by regulatory bodies, such as the FDA; 
and phase IV is when the vaccine is made available to the population.

“In 2016, Science ranked the schistosomiasis vaccine as one of the 10 vaccines that 
urgently need to be developed to make a significant impact on reducing the global 
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Figure 3. 
Scheme for discovering new drugs to treat schistosomiasis. The discovery of a new medication for schistosomiasis 
takes a long time, 10 years or more. The steps involve in vitro research when cultures of the parasites are treated 
with the study drug. If the parasite dies or if changes in the tegument and internal structures of the parasite occur, 
as detected by the methodologies mentioned in the diagram, tests on mammalian cells are performed to evaluate 
the toxicity of the substance. After this evaluation, in vivo tests are carried out. When the parasite load decreases 
by more than 80% and toxicity to liver cells is low, the substance is directed to clinical trials to determine whether 
there is a schistosomicidal effect, and if there are side effects in humans (Flavio C. Lombardo).
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burden of diseases.” In 2013, a meeting with 70 experts from the Bill and Melinda Gates 
Foundation considered that an effective vaccine against schistosomiasis should reduce 
the parasite load and pathology caused by eggs by 75%; in other words, granulomas 
in the liver and urogenital tract should be reduced. In addition, an effective vac-
cine should elicit adaptive immune response and be effective against the three main 
Schistosoma species (S. mansoni, S. haematobium, and S. japonicum) or at least against 
the two former species, which cohabit the same regions of disease infestation [52].

4.1 Vaccines

New vaccines are developed by using recombinant proteins, and their effectiveness is 
tested by verifying whether they generate an immune response when applied to mam-
mals. For the schistosomiasis vaccine, the recombinant protein system has proteins that 
are part of the surface of the parasite and that are secreted by it. These proteins have pre-
viously been selected by proteomics and transcriptome and analyzed in vitro. They are 
expressed in HEK-293 cells in in vitro culture. After evaluation of the humoral immune 
response by ELISA, preclinical and clinical assays are performed (Figure 4).

Developing a vaccine, which does not need to be 100% effective against schis-
tosomiasis, will ensure that patients are not reinfected with the parasite, especially 
in endemic areas where morbidity is high. If this goal is reached, disease control is 
achieved [11]. However, discovering a vaccine is difficult because the parasite can 
escape the host’s immune system [53]. This escape can occur through epigenetic 
changes in the parasite genome [40, 54, 55]. Additionally, the parasite can act as an 
epigenitor, interfering with the expression of proteins linked to the vertebrate host’s 
immune system through genotoxins, also called bioactive molecules. Genotoxins can 
be enzymes or inhibitors that modify histone PTM, causing a balance between resist-
ing reinfection and controlling the immune response (e.g., in relation to eggs retained 
in the liver) after treatment with PZQ [13].

The possibility that Schistosoma ssp act as an epigenitor comes from research show-
ing that Schistosoma-specific proteins play an essential role in their hosts’ biological 
processes. In this context, 100 biomolecules of great importance for helminth survival 
have been researched and identified as vaccine targets [56, 57]. No vaccine against 
schistosomiasis has been approved, but these bioactive molecules have been identified 
by new techniques, including genomics, transcriptomics, microarrays, proteomics, and 
immunological profiling [57]. Immune response against Schistosoma species is multi-
factorial and complicated because it involves IgE and several cytokines of the immune 
system [13].

Vaccines that are being tested in humans include Sh28GST (Bilvax-Phase III), 
which offers 30–60% protection; Smp80 (phase I), which offers 30–70% protection; 
Smp14 (phase I), which offers 50–68% protection; and SmTPS1 and Sm-TSP-2  
(phase I), which offer 65–69% protection [56, 57].

Techniques for producing vaccines with recombinant proteins are described below 
for further understanding of their tests. As an example, we will mention a vaccine that 
is in the test phase and which is based on the parasite protein p80, called calpain. The 
parasite protein p80 is present in the inner membrane of the tegument of adult worms 
and other S. mansoni, S. hamatobium, and S. japonicum stages. This protein accelerates 
the synthesis of proteins of signaling pathways, which in turn accelerates tegumentar 
membrane surface renewal and evasion of the host’s immune response [57].

Preclinical trials with many types of the Sm-p80-based vaccine, tested in 
mice infected with S. mansoni, have shown protection and reduced parasite load. 
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The Deoxyribonucleic Acid-based vaccine (p80-pcDNA3 DNA) reduced oviposition 
by 84% and promoted humoral immune response (IgG2a and IgG2b Ab) in animals 
and mice vaccinated with either purified Sm-p80 or p80-pcDNA3 DNA; mononuclear 
macrophages secreted high IFN-γ and IL-2 levels (Th1 response). Then, the Sm-p80 
DNA-based vaccine was tested in baboons, which had parasite-specific IgG activation. 

Figure 4. 
Scheme for discovering schistosomiasis vaccine. Vaccine development involves several steps including in vitro, and 
clinical screening. The flowchart of how this process is carried out is outlined in the figure.
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Protection was detected between 5 and 8 years after vaccination [42, 57, 58]. For 
this trial, recombinant Sm-p80 (S. mansoni) (Sm-p80 + GLA-SE) was encoded from 
the complete Sm-p80 sequence in pCold II vector for transformation into E. coli 
BL21 (DE3). Protein expression was confirmed by SDS-PAGE and immunoblotting. 
Initially, three different adjuvants were tested for vaccine formulation; the best adju-
vant was the stable oil-in-water emulsion (GLA-SE), a TLR4 glucopyranosyl lipid A 
agonist. To verify the immunization strategy, 30 baboons were used: 15 controls were 
intramuscularly injected with 5 μg of GLA-SE, while 15 baboons were intramuscularly 
immunized with 25 μg of rSm-p80 in 5 μg of GLA-SE. After vaccination, the baboons 
were infected with cercariae. Baboons were used in this study because their immune 
system resembles the human immune system. The baboons were immunized with 
a higher dose of vaccine (250 μg), in a total of three doses (0, 4, and 8 weeks) from 
primary vaccination to the third boost, and they had their parasitological parameters 
monitored to verify disease progression. Then, each baboon was infected with 1000 S. 
mansoni cercariae 12 weeks post-vaccination [59].

After vaccination and infection with cercariae, the livers of the mice and baboons 
were removed, and transcriptome was performed by using RNAseq. This technique is 
used for sequencing and expression analysis of the mRNA set. In the case described 
here, this technique was used to analyze which host genes linked to the immune 
system would be active during the development of protection due to vaccination. 
RNAseq analysis of mouse liver showed high expression of genes linked to coding of 
innate immune response proteins; inflammatory cytokines such as IL-1, IL-15, IL-18, 
and the TNF superfamily; interferon; and complement factors. In addition, high 
IL-27 levels, related to IL-12 involved in CD4+ T cell proliferation and genes related 
to adaptive immune response, were detected. In baboon liver, expression of mRNA 
related to the Th1 immune response was identified. This was associated with differen-
tiation and development of T cells, which are memory cells of paramount importance 
for immune response in the presence of parasite. CD8 and humoral responses with B 
cell differentiation were also detected [59].

When applied to mice, the vaccine mentioned above provided promising results 
with high IgM, IgA, and IgG levels and protection for up to 60 weeks after it was 
administered. At the end of the experiments, the recombinant vaccine showed 
between 30% and 70% protection. The next test, carried out on baboons, provided 
around 50% protection and 100% reduction in eggs in the liver and intestine, which 
should prevent disease transmission [56, 59]. The same vaccine was also administered 
to hamsters and baboons infected with S. haematobium, resulting in lower oviposition 
by female parasites and, consequently, reduced number of eggs in the tissues and a 
balance between the Th1 and Th2 responses [57].

For S. haematobium, a recombinant vaccine has been monovalently produced 
from the enzyme glutathione (S)-transferase (Sh28GST). The protein 28GST has 
been identified in the three main Schistosoma species, in the tegument, parenchyma, 
and genital organs of adult parasites and in schistosomula. As a vaccine, Sm28GST 
was also expressed as a recombinant protein in E. coli and purified (rSm28GST/
BCG). In pre-clinical studies carried out in mice, the immunological response elicited 
by the vaccine encompassed the immunoglobulins IgG1/IgG2a and IgG2b. Sh28GS 
(S. haematobium) promoted cross-protection not only against S. haematobium but 
also against other Schistosoma species. Immunizations with rSh28GST in adult males 
(phase Ia) showed that the vaccine had no systemic toxicity or cross-reaction with 
human GST. The volunteers showed high levels of specific neutralizing antibod-
ies against the parasite, especially after the third dose. In the screening phase Ib, 
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performed with children, satisfactory results were obtained: IgG1, IgG2, IgG3, and 
Th2 cytokines (IL-5, IL-10, and IL-13) were produced [56].

Tetrapanin proteins (TSP) are transmembrane proteins of the tegument detected 
at all stages of the parasite life cycle. TSP is exposed to the host’s immune system. 
The main TSP is Sm-TSP-2, which has been used for testing vaccine development. 
In animal models, the recombinant Sm-TSP-2 vaccine protected the animals and 
decreased the parasite load and eggs in the liver. The neutralization response of the 
animals to the vaccine involved IgG1, IgG2 Abs., and IgG3. Later, a study was carried 
out with the recombinant vaccine, Recombinant Sm-TSP-2 vaccine formulated on 
aluminum hydroxide adjuvant (Sm-TSP-2/Al), in infected volunteers from non-
endemic areas. The volunteers responded with increased IgG production. Projects 
encouraged by the Sabin Institute and in support of schistosomiasis vaccines have 
been launched, and a new recombinant vaccine, called Sm-TSP-2/Alhydrogel, is in 
phase 2 clinical trials in Brazil and the USA [57].

Another vaccine, still in pre-clinical testing for S. mansoni and S. japonicum, is 
based on a protein called Paramyosin (Pmy, 97 kDa). Pmy, which is present in the 
tegument and muscle of adult worms, tegument of schistosomula, and glands of 
cercariae, promotes the release of enzymes that help to penetrate the vertebrate 
host’s skin. Pmy is important for immune response evasion by the parasites given 
that it inhibits proteins C1 and C9 and binds to polymeric collagen and IgG, thereby 
inhibiting innate and acquired immune response activation through microorganism 
opsonization. Therefore, Pmy is linked to inhibition of host’s infection and reinfec-
tion. To test the vaccine based on Pmy, Swiss mice were immunized with three doses 
of purified Sm97. After immunization, the sera of these animals showed high levels of 
humoral immune response, linked to specific anti-Sm97 IgG1 and IgG2. Moreover, the 
parasite load, the number of eggs in the liver, and intestine of the animals decreased. 
However, this vaccine did not inhibit cercaria penetration in mice infected with S. 
mansoni, but it inhibited S. japonicum cercaria penetration through the host’s skin by 
62–86%. These data led the vaccine to clinical screening phase I, carried out in 616 
participants, to verify protection against S. japonicum reinfection. The participants’ 
protection profiles involved IgA, IgE, and IgG activation. Studies in the clinical phase 
are currently underway [57, 60].

The 14-kDa protein FABP is located in the basal part of the tegument and intes-
tinal epithelium of all the stages of the parasite life cycle, including eggs. Because 
Schistosoma species do not have the machinery to produce fatty acids, FABP is respon-
sible for the uptake, compartmentalization, and transport of fatty acids from the 
vertebrate host through the tegument of the parasite to its interior. The vaccine based 
on this protein has been produced by using the recombinant protein (rSml4/GLA-SE). 
When this vaccine was applied in rabbits and mice, it reduced the S. mansoni load by 
89% and 67%, respectively. The clinical trial phase 1, which involved 20 male volun-
teers from endemic areas in Brazil, showed that the vaccine, applied in three doses, was 
highly immunogenic and safe. The humoral immune response increased, with high 
levels of specific total IgG1 and IgG2, IgG3, and IgG4, and low levels of IgE, IgA, and 
IgM being produced. An immune response dependent on IFNγ and TNFα took place. 
The next step will be phase II trials in endemic areas of Brazil and Africa [56, 61].

4.2 New drugs

Molecules that alter the parasite tegument structure must be considered as pos-
sible new drugs because the tegument is essential for parasite survival in mammalian 
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hosts: indeed, the tegument plays an important role in evading immune response and 
acquiring nutrients from the host [53].

To date, no new molecule has reached the clinical screening phase, but several stud-
ies are in the preclinical and in vitro phases. Analyses of the transcriptome; that is, the 
Schistosoma mRNA set, have led to promising new targets against the parasite [13].

Some drugs are administered to treat schistosomiasis. One example is metrifonate, 
which has been used to treat urogenital schistosomiasis. Nevertheless, this drug 
requires that several doses be administered, and it has several side effects. Another 
drug is Oltipraz, which acts against S. mansoni and S. haematobium. However, 2 
months are necessary for the patient to be cured, so patients usually give up the treat-
ment. This drug reduces the levels of the parasite enzyme glutathione synthase, which 
facilitates worm elimination by the immune system. As for niridazole, it reduces the 
parasite glycogen levels and degenerates the female reproductive system. It is effec-
tive against S. haematobium, but protection against S. japonicum lies between 30% 
and 70%. However, today patients are no longer given the drug due to side effects on 
both the central nervous system and heart. Another problem is that this drug is no 
longer effective against S. japonicum males. The drug oxamniquine acts on S. mansoni 
by affecting the synthesis of nucleic acids, consequently impacting DNA, RNA, and 
protein translation. However, oxamniquine has been used for 20 years, so S. mansoni 
has become resistant to it [26].

The association of anthelmintic drugs with antimalarials is advantageous for 
research aimed at discovering combinations that eliminate not only the adult stage of 
the parasite but also schistosomula. Drug combinations are an alternative to treat-
ment with PZQ monotherapy [62].

Concomitant administration of OXA and PZQ to treat S. mansoni-infected mice 
has been more successful than administration of individual drugs. OXA combined 
with PZQ has been orally administered in children aged between 8 and 20 years 
infected with S. mansoni or S. haematobium, and clinical screening has been carried 
out. Oral administration of 15–20 mg/kg PZQ associated with OXA (7.5–10 mg/kg) 
reduced egg shedding by between 93% and 99% in children infected with S. mansoni. 
In children infected with S. haematobium, this combination did not succeed in treat-
ing urogenital schistosomiasis [62].

Drugs used for malaria treatment have been tested in association with PZQ in pre-
clinical trials. The combination that reduced the parasite load and the number of eggs 
went on to the clinical phase in endemic regions of Africa and Asia, where transmis-
sion and reinfection rates are high. Various combinations have been administered 
to patients infected with S. mansoni, S. japonicum, or S. haematobium. Among these 
combinations, Artesunate (AS) + PZQ and Sulfamethoxypyrazine/Pyrimethamine + 
AS can be mentioned, none of which has provided better results than monotherapy 
with PZQ [62].

Mefloquine (MFQ ), an antimalarial drug, has been considered the best in vitro 
tests performed against Schistosoma. MFQ damaged the parasite tegument, muscles, 
and reproductive and digestive systems. Therefore, MFQ was tested in combination 
with PZQ and Artemisin, to see whether these combinations would be more effec-
tive than PZQ monotherapy. Clinical trials performed on children infected with S. 
mansoni and/or S. haematobium showed that the combinations did not outperform 
PZQ monotherapy even though association with antimalarial drugs was expected to 
increase the action of PZQ against schistosomula.

Despite the importance of PZQ monotherapy, this drug does not treat granulomas 
caused by eggs in the liver. Therefore, in addition to PZQ-resistant parasite strains, 
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changes in liver histopathology are a problem in patients with chronic disease, espe-
cially in areas where reinfection occurs [62].

Recently, researchers have studied extracts of substances of plant origin, but 
most studies are in the in vitro phase. Among the studied extracts, we can mention 
(−)-6,6-dinitrohinokinin (DNK), which alters the tegument of S. mansoni couples, 
separating them and reducing the number of eggs and the rate of egg development. 
The in vivo test in mice infected with S. mansoni and treated with DNK revealed a 
smaller number of eggs per gram of tissue, which consequently reduced the size of the 
spleen and liver; the parasite load also decreased [63]. Cramoll-1,4-lectine, isolated 
from Cratylia mollis, has been shown to have antiparasitic activity in mice infected 
with S. mansoni and treated with 7 mg/kg for 7 days. Egg excretion, worm recovery, 
and granulomas decreased by 80%, 20%, and 73% in these animals [64].

Among medicinal plants with high schistosomicidal activity, Zingiber officinale 
can be cited. Zingiber has antifungal, antibacterial, and antioxidant effects. Moreover, 
it acts as anthelmintic, improving granulomatous inflammation. Due to their cost-
effectiveness, nanoparticles (NPs) have been used against infectious agents. NPs can 
enter small capillaries, which allows better absorption, entry into target tissues, and 
lower toxicity. Zingiber extract is made up of nanoparticles (GNPs) that are easy to 
purify, which facilitates its use. In pre-clinical trials, GNPs (5 mg/kg or 2.5 mg/kg) 
were orally administered 3 days/week for 5 weeks. This treatment was started 4 weeks 
after mice were infected with S. mansoni. The number of eggs in the liver was evalu-
ated: the egg load reduced by 65%, as verified by histopathology. Furthermore, worm 
recovery from infected mice decreased by 60%. Scanning electron microscopy images 
showed changes in tegument integrity, which occurred 10 weeks post-infection and 
was due to the antioxidant effect, as evaluated by enzymes linked to oxidative stress. 
Together, these results indicated that GNPs have hepatoprotective, schistosomicidal, 
and antioxidant functions [65].

Due to their anti- and pro-fibrotic function, small molecules, called microRNAs 
(miRNAs), have been researched for schistosomiasis treatment. miRNAs are small 
RNAs that are not translated into proteins. They contain around 70 nucleotides and 
are important for cellular homeostasis: they are involved in the post-transcriptional 
regulation of one-third of the protein-coding genes and hence participate in the 
activation or inhibition of cellular processes. miRNAs have been the target of research 
into the therapy of diseases such as cancer, diabetes, viral diseases, and other meta-
bolic diseases. Through molecular biology techniques, they can be detected in tissues, 
plasma, serum, and biological fluids. These techniques include Polymerase Chain 
Reaction, Microarrays, and RNA Sequencing, which together amplify nucleotides and 
sequence them in order to discover their sequences [66]. Therefore, several miRNAs 
are being studied for the therapy of diseases such as solid tumors and hematopoietic 
diseases. Examples of such miRNAs include MiR-34 and MRX34 (the liposomal miR-
34a mimic), which are in the phase I preclinical trials [67].

Along with the genotoxins produced by the parasites, which alter the host’s 
immune response [35], vertebrate host miRNAs play a role in the parasite-host 
relationship, so they have been studied as biomarkers for schistosomiasis detection 
and hepatic fibrosis gene therapy. Such studies are in the preclinical trial phase. Initial 
research has shown that miR-21 and miR-96 are involved in regulating the immune 
response and hence hepatic granuloma by regulation of the TGF β/SMAD pathway, 
linked to collagen formation. Therefore, they have a pro-fibrotic function, in contrast 
to miR-203-3p, which is anti-fibrotic. In the case of schistosomiasis, there are miRNAs 
that characterize liver changes and hepatosplenomegaly progression. Among these 
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miRNAs, we can mention MiR-223: the serum of mice infected with S. japonicum 
showed high levels of this miRNA, which returned to normal levels after treatment 
with PZQ. Other miRNAs, such as miR-2c-3p, are related to fibrosis progression in 
mice infected with S. japonicum. Therapy through miRNA silencing, whose function 
is to decrease gene transcription of pro-fibrotic genes, is being tested in infected mice 
by using viral vectors such as lentiviruses and adenoviruses. The genome of these 
vectors has antisense sequences that can inhibit host profibrotic miRNAs. In indepen-
dent experiments, the viral vectors lenti-let-7b and adeno-associated virus serotype 
8 (rAAV8)-mediate (which inhibits miR-21 and miR-96) were injected into mice 
infected with S. japonicum, to slow down the collagen production activation pathway 
and to reduce hepatic granuloma. However, these studies are initial and further 
research is needed [68].

In view of what has been explained, the development of new vaccines for 
schistosomiasis is more advanced than the development of new drugs against this 
disease. As judged from the time that PZQ , the only drug of choice, has been used, 
developing new substances that are active against the parasite is difficult. When it 
comes to evading the host’s immune response, Schistosoma species have put together 
a strategy to follow their cycle from schistosomula to adult worm, so that they reach 
oviposition while balancing the host’s TH1 and Th2 immune responses. This strategy 
allows the parasite to survive for up to 10 years in the host. Therefore, the biological 
complexity of Schistosoma species prevents reinfections with these species from being 
avoided and causes the parasite to become resistant to PZQ. In conclusion, several 
biological molecules of the parasite (genotoxins and miRNAs, not mentioned in this 
chapter) interfere in the parasite-host relationship, not to mention the vertebrate 
host’s microRNAs that alter this relationship, generating a network of molecules that 
interacts with each other. Furthermore, the biological complexity of the parasite 
involves a cycle consisting of different phases (cercariae, miracidia, eggs, adult 
worms, schistosomula, and daughter sporocysts) during which the parasite structure 
and metabolism change according to the environment in which it is inserted (that is, 
whether the parasite is in the intermediate or definitive host or in water).

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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