
1	
	

 
 

 
Schistosoma life cycle 

– facts and remaining questions 
   

 

  

 
 
 

Authors: 
Una Kristin Waldeland, Kull V13  

Camilla Christell Kopperstad, Kull H12 
 

Tutors: 
Eyrun Floerecke Kjetland, MD, PhD 

Department of infectious diseases, Oslo University Hospital Ullevål, Oslo, Norway 
BRIGHT Bilharzia Research 

Professor emeritus Borghild Barth-Heyerdahl Roald 
Institute of clinical medicine, University of Oslo, Norway 

 
 

University of Oslo 
2017 



2	
	

Table of content 
Acknowledgement .................................................................................................................................................... 3 

Grants ........................................................................................................................................................................ 3 

Introduction ............................................................................................................................................................... 4 

Schistosomiasis .................................................................................................................................................... 4 

Prevalence ....................................................................................................................................................... 4 

Signs and symptoms ........................................................................................................................................ 4 

The life cycle of the Schistosoma parasite ........................................................................................................... 6 

Materials and methods .............................................................................................................................................. 7 

Results ....................................................................................................................................................................... 8 

Nomenclature ....................................................................................................................................................... 8 

Contamination ...................................................................................................................................................... 8 

Schistosomulae .................................................................................................................................................. 11 

Route of migration ........................................................................................................................................ 11 

Morphology ................................................................................................................................................... 12 

Adult worms ....................................................................................................................................................... 12 

Route of migration ........................................................................................................................................ 12 

Time from infection to adult worms ............................................................................................................. 14 

Time from infection to production of eggs ................................................................................................... 16 

Maturation in the portal vein ......................................................................................................................... 16 

Longevity of adult worms ............................................................................................................................. 16 

Eggs .................................................................................................................................................................... 16 

Characteristics of schistosoma eggs .............................................................................................................. 16 

Shedding of eggs ........................................................................................................................................... 17 

Migration of eggs from the tissues ................................................................................................................ 17 

Miracidium ......................................................................................................................................................... 18 

Longevity of miracidiae ................................................................................................................................ 19 

Infectivity ...................................................................................................................................................... 19 

Intermediate hosts .............................................................................................................................................. 20 

The discovery of intermediate hosts ............................................................................................................. 20 

Penetration of the miracidia into the snail and development within ............................................................. 21 

Incubation period .......................................................................................................................................... 22 

Cercariae ............................................................................................................................................................ 22 

Shedding patterns .......................................................................................................................................... 23 

Longevity of cercariae ................................................................................................................................... 23 

Discussion ............................................................................................................................................................... 24 

Conclusion .............................................................................................................................................................. 25 

Sources .................................................................................................................................................................... 27 

Appendix ................................................................................................................................................................. 35 

 



3	
	

Acknowledgement 
First of all we will thank our dear tutors, Eyrun Floerencke Kjetland, MD, PhD, and Professor 
emeritus Borghild Barth-Heyerdahl Roald for taking us under their wings, for their patience 
and guidance. A special thanks to Prof. Roald for taking time to travel to Durban, South 
Africa, and helping us to get started with our research. We are very grateful to Dr. Kjetland 
for giving us the opportunity to come to Durban, getting a taste of the important work 
BRIGHT group is doing in South Africa and letting us stay in the research group’s apartment.  
 
Thanks to professor Myra Taylor for helping us to get access to the libraries at the University 
of Kwazulu-Natal. Without your help, we would not have been able do the work we had 
planned in Durban. For all practical help during our stay in Durban, we give thanks to 
Silindile Gagai, who is the administrator for BRIGHT.  
 
We also want to give acknowledgement to the librarian services at the university of Kwazulu-
Natal, Nelson R. Mandela School of Medicine, University of Oslo and Oslo University 
Hospital. We have so appreciated your help with both literature searches, ordering articles we 
needed from abroad and with using EndNote. Your help has been essential for our study, and 
we are very thankful for your expertise and patience.  
 
Finally, we wish to thank Anders U. Waldeland for great help in proof reading and in 
guidance. 
 
 
Grants 
We received grants from Magda Sæviks Stiftelse in addition to Lilly Constance og Karl Ingolf 
Larssons stiftelse. These grants enabled us to travel to Durban, South Africa and to write this 
paper. We are very grateful! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 on the front page is from “Bilharziosis” by Madden , 1907  

	



4	
	

Introduction 
The schistosoma parasite was first described in 1851. Since the late 1800, there has been 
extensive research worldwide devoted to the parasite and its infection. In the last decade’s 
publications on schistosomiasis, the schistosoma parasite and its life cycle is described in 
detail, often with no sources attached. We wonder whether assumptions have been adopted as 
“knowledge”, so we want to explore where this knowledge arose from. The aim for this paper 
is to get a more clear idea of the research in the early years (1850-1920) after discovering the 
schistosoma parasite, especially regarding its life cycle. Historical papers have been published 
on this subject, but the goal is to place this into a medical context. The intention is to draw a 
clear picture of the knowledge of the life cycle of the schistosoma parasite and while doing so 
also pointing at areas where further research is needed.  
 
We chose to focus on the life cycle of the schistosoma parasite because the pathological 
processes and the clinical presentation arise from it. By knowing the details of the life cycle, 
one may find new points of attack to break the cycle. This may lead to a discovery of different 
treatment options or ways of eradiating the disease.  
 
Although research done on all types of the schistosoma parasite is commented, our focus has 
been on Schistosoma haematobium.  
 
Before commenting our research, a short summary of the prevalence, clinical manifestation 
and aspects and life cycle of schistosomiasis as known today is presented. 
 

Schistosomiasis 

Prevalence  
In 2014 the World Health Organization (WHO) made an approximation of the schistosomiasis 
prevalence to be 258 million infected (1). The uncertainty with this estimation should be 
emphasized, and is due to a) the lack of large-scale epidemiological research on the 
prevalence of schistosomiasis, b) different design on the epidemiological research making it 
difficult to compare them and c) the focality of the disease – the distribution of the disease is 
uneven because of the widespread occurrence in populations living close to rivers and fresh 
waters while being uncommon further away from them (2). In 1992 a prevalence survey in 
Cameroon showed that the number of infected was one third of the estimated number from 
WHO (3).  
 

Signs and symptoms  
The clinical manifestations of schistosomiasis can be divided into acute infection, often 
reported as travel medicine cases in people lacking earlier exposure, whereas chronic 
infections are mostly seen in people living in endemic areas with ongoing exposure (4).  
 
The two main acute manifestations of schistosomiasis give symptoms related to a 
hypersensitivity reaction. “Swimmer’s itch” (Figure 2) is an allergic, pruriginous papulous 
dermatitis at the site of cercaria entrance, occurring approximately 24h after exposure to 
schistosoma infested water (4). “Katayama fever”, “Katayama syndrome” or acute 
schistosomiasis syndrome is a systemic antigen hypersensitivity reaction to the schistosoma 
production of eggs, seen two to twelve weeks after infection. The syndrome is characterized 
by one or more of the following symptoms: fever, joint- and muscle pain, dry cough, urticaria 
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and angioedema, abdominal pain/tenderness and diarrhea, and head ache. Usually the 
symptoms are relatively mild and resolve spontaneously (4, 5).  

 
Figure 2: “Swimmers itch”. Center for Disease Control and Prevention (CDC), (Image Number 5249) 

 
Symptoms related to chronic infection occur due to immunopathological reactions in tissues 
containing trapped schistosoma eggs (6). The most common is inflammatory and obstructive 
disease in the urogenital system, commonly seen as blood in the urine or bloody discharge, if 
infected by S. haematobium. S. mansoni and S. japonicum may cause intestinal inflammation, 
hepatosplenic inflammation and liver fibrosis. This may cause symptoms like abdominal pain, 
diarrhea, poor appetite, hepatosplenomegaly, portal hypertension or ascites (7). In addition, 
occasionally the infection involves lungs and the central nervous system, giving symptoms 
like dyspnea, hemoptysis and epileptic attacks (4).  
 
In children, chronic infection may lead to anemia, growth retardation, malnutrition, genital 
symptoms, decreased cognitive development and learning disabilities (8-10). 
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The life cycle of the schistosoma parasite 

 
Figure 3: The life cycle of the schistosoma parasites. Center for Disease Control and Prevention (CDC), (Image 
number 3417)  

Schistosomiasis is most commonly caused by five main species of parasites with different 
geographical distribution (see table 1).  
 

 Species Geographical distribution 
Urogenital 
schistosomiasis 

Schistosoma haematobium Africa, the Middle East 

Intestinal 
schistosomiasis 

Schistosoma mansoni Africa, the Middle East, the Caribbean, 
Brazil, Venezuela, Suriname 

Schistosoma japonicum China, Indonesia, the Philippines 
Schistosoma mekongi Several districts of Cambodia and the 

Lao People’s Democratic Republic 
Schistosoma intercalatum Rain forest areas of central Africa 

Table 1: Schistosoma species and their geographical distribution. 
http://www.who.int/schistosomiasis/epidemiology/table3/en/  

 
The different schistosoma species have similar life cycles, which require both intermediate 
and main hosts. Mammals get infected when they are in contact with fresh water 
contaminated with free-swimming and skin-penetrating cercariae (11). While penetrating the 
skin of the host, the cercariae shed their tails and are transformed into schistosomulae. Once 
in the human body, the schistosomulae migrate in the circulation first to the heart, then to the 
lungs, then through the systemic circulation to the liver. Schistosomulae mature into adult 
male and female worms in 4-6 weeks in the portal vein (7). When mature, they mate and 
migrate in pairs against portal blood flow to their predilection sites where the females release 
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their eggs in subepithelial vessels. S. haematobium usually affects the pelvic plexus, whereas 
S. mansoni mostly affects the mesenteric plexus. The eggs then migrate into subepithelial 
tissue and through the epithelium (personal communication with Prof. Borghild Roald). 
 
The adult worms live on average around 3-5 years, but may survive for up to 30 years (7). 
The female worms produce hundreds to thousands of eggs each day. The egg contains a 
ciliated miracidium larva and secretes proteolytic enzymes that help the eggs migrate into the 
lumen of the bladder or the intestines.  
 
Schistosome eggs reach fresh water through urine (S. haematobium) or feces (S. mansoni and 
S. japonicum). The eggs may stay viable for approximately one week in urine or feces (7). 
Eggs may however be trapped and remain in the host’s tissues where they will induce an 
immunopathological reaction (6). Once in the water, the eggs hatch and release free-
swimming miracidia. Miracidia may survive 1-3 weeks in the fresh water. In this period of 
time they must infect specific freshwater snails, their intermediate hosts (12), to continue the 
life cycle. In the snails they multiply asexually into sporocysts and further to cercariae, an 
approximately 1 mm long fork-tailed free-swimming larva (7). 
 
4-6 weeks after infection, the cercariae start leaving the snail (7, 12).  One snail, infected by 
one miracidium, can shed thousands of cercariae every day for months (7). Cercariae can live 
in the freshwater up to 72 hours while searching for a main host to start the life cycle over 
again (7, 12).  
 

Materials and methods 
In order to find the old publications and first hand descriptions on early schistosoma research 
in addition to more recent research, three strategies were used:  
 
1) Literature search in the scientific databases Medline and Zoological records was conducted 
with help from librarians at the University of Oslo.  
 
A Medline-search for the period of 1946-2016 using the key words (“schistosoma 
haematobium” OR “schistosoma hematobium”) AND (“growth development” OR “life cycle” 
OR “exp life cycle stages” OR “physiology” OR “biology”), limited to English language, 
identified 441 articles and abstracts.  
 
A Zoological records-search for the period of 1864-2016 using the key words (“schistosoma 
haematobium” OR “schistosoma hematobium”) AND ((growth OR stage OR stages OR “life 
cycle”) OR (host OR hosts)), limited to English language and articles as the document type, 
identified 245 articles. 
 
From these searches, the articles addressing the life cycle of the schistosoma parasite were 
included. Articles too detailed for us to comprehend were excluded. Also, there were some 
articles we could not get access to. We were then left with 75 articles from Medline and 30 
from Zoological records.  
 
2) Archived paper journals from 1889 to 1970 that were unavailable online were identified 
during a four-week stay (May and June 2016) in the faculty library of Nelson Mandela School 
of Medicine, University of Kwazulu-Natal, Durban, South Africa, as depicted in the appendix. 
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Not all volumes from each year were present at the library. In the journals found, articles 
containing material of the schistosoma life cycle or related were included. We also visited the 
library at the Westville campus of the University of Kwazulu-Natal to search for journals of 
parasitology and zoology. Here we did not find any journals published before 1970. 
 
3) References listed in previous published works on schistosomiasis were collected. 
Especially “Bilharzia. A history of Imperial Tropical Medicine”, a comprehensive book by 
the Canadian historian John Farley (13) was an important secondary source, helping us to 
identify many of the original publications between 1851 and 1970s. The book of Leiper 
helped us to identify research and debates of the research done in Egypt up to 1915 (14). To 
find other books on the subject, we searched through all books on tropical medicine and 
schistosomiasis in the library at Howard College (University of Kwazulu-Natal), Durban, 
South Africa. Once references were identified, we got help from librarians to get a hold of 
these primary sources. 
 
When adding articles from the databases with those scanned from the library at Nelson 
Mandela School of Medicine and those collected from references listed in previous published 
works, our collection included 307 publications. These were organized according to the 
schistosoma life cycle stages. Later some of these articles were again excluded because they 
either addressed topics outside our life cycle focus or were too detailed for our purpose. Our 
paper thus is based on 117 articles and books. 
 
Some of the early research on schistosomiasis was not written in English, but rather in for 
example Japanese, German and Portuguese. Our study is based on the English translations of 
these publications.  
 

Results 
Nomenclature  
The terminology of the schistosoma species and its clinical disease has changed over time. 
Bilharz first named the parasite worm “Distomum haematobium” (15). Later, it was referred 
to as “Bilharzia haematobium” (16). Today the scientific name of the parasite is “Schistosoma 
haematobium”. It has been difficult to identify when the new nomenclature was agreed upon. 
In 1959 however, the International Commission of Zoological Nomenclature ruled that the 
generic name schistosoma should be retained (13). 
 
The clinical disease has over the years been called “bilharzia disease” (17), “bilharziasis” 
(18), “bilharziosis” (19), “endemic haematuria” (17) and “schistosomiasis” (20). Lay people 
in Africa usually refers to the disease as “bilharzia”, and there are local names in various 
African languages, like “isichenene” in isi-Zulu. From 2009 schistosomiasis haematobium has 
been recommended by WHO to be referred to as urogenital schistosomiasis (21).  
 
To avoid confusion, we will refer the parasite as “Schistosoma” and the disease as 
“schistosomiasis” from now on.     
 

Contamination 
The suspicion of contamination related to water activities arose early, as the disease was more 
common in communities located in lowlands near fresh waters. Hirsch wrote in 1885: 
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”Opinions are still divided as to the mode in which the parasite invades the human body. The 
invariable association of the disease with sea-coasts and the shores of river estuaries, 
contrasting with its absence from the adjoining inland districts where the disease is never 
seen except in imported cases, renders it highly probable that the eggs or embryos of the 
parasite either come with the water itself or that they cling to certain aquatic animals (fishes, 
crustaceans, gasteropods or other molluscs) which become media of conveyance; they would 
thus be introduced with the drinking water or by means of plants or vegetables that had been 
in the water, or by these parasite-bearing animals; or they would enter by the skin of persons 
in the water, or even by the urethra, as has been alleged” (22) . 
 
Several researchers suggested early that contamination was related to bathing, such as Allen 
1888 and Brock 1894 (23). In 1908, Turner mentioned that a schistosomiasis research group 
in South Africa had a concern that the parasite might enter through the urethra. This caused 
them to use handkerchiefs to tie the genitals when bathing (24).  
 
The possibility of parasite infecting through the gastrointestinal system was first suggested by 
Griesinger in 1854 (25). In 1893, Sonsino, after managing to infect a small crustacean (a 
family of shellfish) with schistosoma eggs from human urine, suggested that the parasite 
entered the human body when drinking water containing crustacean. When in the human 
stomach, he proposed that “the encysted larva…is then set at liberty. Afterwards, penetrating 
the intestinal walls, it arrives in the portal vein, where, presumably, it completes its 
development” (26). The fact that the adult worms were found in the hepatic veins must have 
made this assumption feasible. Several research papers from Japan later showed that the 
cercariae could not survive in digestive juices (27). In 1927 on the other hand, Lampe stated 
to have positive experiences with infection of experimental animals through the oral mucous 
membranes by pouring water containing cercariae into their mouth (28).  
 
The close relation to swimming and everyday activity near fresh waters made many 
physicians and researchers suspect that contamination also happened by cercariae penetrating 
the skin. When reviewing the research done in Egypt up to 1915, Leiper argued for this 
perception (23). He had conducted an experiment of four monkeys where three had been 
placed in water containing cercariae and one had been given a cup of water containing 
cercariae to drink. All four monkeys became highly infected by schistosomiasis. Lutz also 
argued for the route of infection being through the skin after his experiments in Brazil in 1919 
(29).  He exposed the skin of guinea pigs and rabbits to S. mansoni cercariae. 30 minutes after 
the exposure, the water was full of tails that the cercariae had cast of when piercing the skin. 
A piece of the skin was removed 20-60 min after the exposure, and the bodies of the cercariae 
were found in these histological sections. Lutz concluded that cercariae can penetrate through 
mucus membranes when drinking contamined water, or through skin when in contact with 
water (29).  
 
Another experiment regarding the contamination route was done in Japan in 1909, described 
in detail in 1997 by Tanaka and Tsuji (30). In the astonishing experiment (see figure 4), 17 
calves were divided into four groups: 1) with protection on their legs with special boots and 
being fed contaminated water and grass, 2) with protection on their legs with special boots 
and being fed boiled water and food, 3) without protection on their legs and being fed 
contaminated water and grass and 4) without protection on their legs and being fed boiled 
water and food.  All calves were then exposed to an endemic area several hours daily for 40 
days, while the mouths of all calves were protected during this time. The calves with direct 
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contact with water in the river and mud (those not wearing boots) became heavily infected 
while those drinking contaminated water did not (30). It must be mentioned, however, that the 
translated research paper states that “there is one case of a calf which was infected slightly 
through eating”, though it is not described in further detail (31). 
 

 
Figure 4: Picture found in the article “From discovery to eradication of schistosomiasis in Japan/ 1847 – 1996” by 
Tanaka and Tsuji  

 
Through these early experiments, it was established that the schistosoma cercariae 
contaminate its main hosts by penetration of the skin. This important knowledge has been 
used to infect the experimental animals in later research. According to our sources, the 
possibility of contamination through oral mucous membranes has since then often been 
neglected. To our knowledge, schistosomiasis has been stated only to infect through skin in 
several research papers written the last few decades (6, 32). This also includes thorough 
reviews like UpToDate (4).   
  
Shiff in 1972 found that cercariae are triggered to penetrate the skin when in contact with the 
unsaturated fraction of free fatty acids. Cercariae exposed to agar plates with human skin lipid 
on the surfaces reacted by trying to penetrate the agar. The researchers tried then to expose the 
cercariae to fractions of the skin lipid, with the unsaturated fraction of free fatty acids giving 
the best results. The other fractions, free sterols in skin lipid and pure cholesterol, did not give 
any stimulating influence on the penetration of cercariae (33). In 1969 Stirewalt and Uy stated 
that temperature and the amount of cercariae are of high influence for successful penetration 
of the skin, while lighting conditions only was moderately influential (34). Several thorough 
studies have shown that the time needed for cercariae to penetrate the skin is less than 30 
minutes (29, 35, 36). 
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Schistosomulae 

Route of migration 
In 1912 Miyagawa, studying Schistosoma japonicum, published the first study we have found 
related to the migration from the skin to the portal system (37). His experiments were done 
mainly on dogs and rabbits, and started with immersing these in brook waters known to 
contain the parasite cercariae. The animals were examined after intervals of 2-24 hours by 
puncturing the femoral or saphenous veins in search for parasites. He found various sized 
worms and concluded that the schistosomulae migrated from the skin to the portal system 
through the venous system. Due to uncertainty whether the parasites also could migrate 
through the lymphatic circulation, he conducted another study where dogs (and other animals 
but not stating which) were immersed in brook waters containing schistosoma cercariae. He 
then preformed operations on them searching for parasites in the lymphatic circulation. He did 
find young worms in numerous specimens, but nevertheless concluded that the main 
migratory route of the schistosoma parasite was not lymphatic but indeed the circulatory 
system (37). 
 
Nine years later, in 1921, Miyagawa and Takemoto published a more detailed overview of the 
migration route, based on several studies, one of which was rather macabre (38). Eight mice 
were infected by Schistosoma japonicum. Pairs of two mice were sacrificed directly after 
infection and 24, 48 and 72 hours later. The head and the limbs of the mice were cut off and 
their bodies, after being fixed in formalin and paraffin-embedded, were cut in serial section. 
In another study, the internal organs (including the diaphragm and mesentery but not the 
kidneys and spleen) were cut into serial sections. In these experiments, parasites were found 
in lymph spaces, blood vessels and hair roots in the dermis and subcutis; lung tissue and 
blood vessels in the lung (including alveolar capillaries); pleural cavity; bronchial tubes and 
surroundings; blood in the left and right side of the heart; pericardium; mesenteric veins; in 
blood vessels and parenchyma of the liver; lymphatic space in peritoneal cavity and in 
stomach and intestine walls. The two researchers concluded that the migration route was as 
follows: 
 
“The young worms penetrate actively into the skin, principally into the lymphatic spaces, then 
for the most part they invade the blood capillaries or the small peripheral veins, later 
gathering in the right side of the heart. Some of those in the skin tissue pass by the lymphatic 
vessels to the lymphatic glands, in which some are arrested and killed; others, however, being 
able to pass through into the emergent veins finally reach the right side of the heart. The 
worms in the right side of the heart now pass to the lungs. They are arrested a short time in 
the lung tissue, owing to the disproportion in the size of the worms and alveolar capillaries. 
Finally, they return to the left side of the heart and are carried through the aorta to the wall 
of the gastrointestinal canal, after passing through which they reach their permanent 
residence (the portal branches in the liver) by the mesenteric veins. Some of the worms in the 
systemic circulation can directly reach the liver by the arteria hepatica” (38).  
 
The research of the migration route of the schistosomulae from the lungs to the liver has, as 
far as we have found in our available sources, been somewhat inconsistent. Since parasites 
were found in the pleura, mediastinum and diaphragm, it was postulated that they could reach 
the portal veins by “wandering” through the tissue from the lungs, diaphragm and liver (27, 
28, 38-41). A third possible route, suggested by Kruger in 1969 (42), was a reverse transport 
from the pulmonary vessels against the blood stream, through the right ventricle and atrium to 
the hepatic vein into the liver. This has been supported as a possible migration route in studies 
mapping the distribution of parasites using radio-isotope labeling of the S. mansoni and 
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haematobium cercariae by Georgi in 1986 (40). The findings of Miyagawa and Takemoto 
have however been confirmed in multiple studies (35, 43-46). In 1958 Sadun (researching S. 
japonicum) wrote:  
 
“In agreement with Faust and Meleney (1924), in our experiments most of the worms 
appeared to migrate from the lungs to the liver through the blood vessels. This was evidenced 
by the following observations: 1) The young parasites reached the liver very rapidly, 
ordinarily within 3 to 4 days whereas migration through tissues would be expected to take a 
longer time. 2) If migration through tissues had occurred to any great extent more 
schistosomula should have been observed in the pleural and peritoneal cavities, whereas only 
small numbers were found. 3) Even assuming that schistosomula in these cavities had been 
overlooked in the course of our observations, evidence of mechanical damage would have 
been observed in the diaphragm and in the liver, whereas, no sign of such damage were 
observed. On the other hand, contrary to Faust and Meleney’s observations, in our 
experiments the young worms in the liver were not generally found in the portal veins. 
Approximately only one-third of the schistosomula found in the liver of adult mice, and two-
thirds of those in the liver of suckling mice, were in the portal veins. These observations 
suggest that: 1) Some young worms reach the liver through the blood circulation, whereas 
others penetrate the parenchyma through the anterior surface of the liver. 2) Most of the 
worms reach the liver through the blood circulation, but after reaching the portal veins they 
migrate through the parenchyma and/or through the portal-hepatic venous anastomoses, to 
the central veins and back. No explanation is given for the absence of visible mechanical 
damage of liver tissue” (47). 
 

Morphology 
Microscopic studies of schistosomulae after penetrating the skin have revealed them without 
tail, and lack acetabular and cephalic glands (34, 48). The schistosomulae at this stage have 
also been found to be intolerant of water (34) and to contain haematin-like pigment in their 
gut, possibly indicating that the parasites feed of red blood cells (49, 50). An electron 
microscopic study from 1981 of S. haematobium schistosomulae showed the stepwise 
morphological development of the parasite. Worms were first found being long and slender a 
few days post-infection, then developing sensory bulbs in the gynecophoral canal and sensory 
bulbs at the posterior end. During this development, changes were also seen in the 
schistosomulae of first having rows of narrow folds in the midbody, later to be smoothened 
out and flattened (51).  
 

Adult worms 

Route of migration 
During an autopsy in Egypt, Bilharz in 1851 (15) discovered long, white helminthes in the 
portal vein. He later revealed that the worms first described actually consisted of two worms 
of distinct genders – male and female. The male worm was found to embrace a threadlike 
female worm in a fold of its body, giving it an appearance of a tail. Worm pairs were also 
seen in the mesenteric, intestinal, hepatic and splenic veins.   
 
One year later, Bilharz found the same worm pair in vessels of the urinary bladder wall at 
another autopsy (15). The female worms now seemed to be more mature than those earlier 
described. In addition, S. haematobium eggs were found in areas of the bladder mucosa.  
These eggs were similar to eggs previously found in the intestine.  
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In a publication from 1904, Katsurada presented findings of eggs 
in the stools of 5 out of 12 Japanese patients with an endemic 
disease (52). The eggs resembled, but were not exactly identical 
to those described by Bilharz. To detect adult worms, Katsurada 
autopsied a cat and found 32 schistosome worms in the portal 
vein with eggs identical to those he earlier had found in humans. 
The worms included both male and female sexes, and their 
morphology was concluded to belong to the same genus of 
trematode parasites as S. haematobium. Katsurada named this 
new parasite “Schistosoma haematobium Japonicum”.   
 
According to our available literature, the maturation and 
migration of the worms from the liver to the tissues where they 
lay their eggs was first described in the book “Bilharziosis” from 
1907 (19). The book is, however, a summary of the knowledge 
on schistosomiasis gained up to that time. Unfortunately we 
have not been able to get a hold of the first hand research 
leading to the knowledge of this book due to the lack of 
detailed references.  
 
Nevertheless, according to this book (19), worms in the portal 
and associated veins within the liver were small and not yet sexually active. In the liver, with 
a few exceptions, the male and female did not appear in couple. In the mesenteric veins and 
their larger branches, however, the worms were larger and sexually mature. Females did 
however not contain many ova and seemed to occur mostly in couples, but worms found in 
the bladder and rectum were described to be fully developed both physically and sexually and 
nearly always to occur in pairs. The uterus of the female worm now contained ova. Terminal 
spined ova were distinguished from the lateral-spined. Madden further described the 
migration (19):  
 
“From these observations it would appear that the worms travel from the liver in the veins of 
the portal system generally, to the vessels of the submucous tissue to the bladder and rectum 
and other parts of the intestine. Some even escape into systemic veins, by the way of their 
communications with the portal system, and may thus reach the lungs or other organs even 
more distant.  

It will be noted that the course of the worms is against the blood stream. This mode of 
progression is probably effected by strong muscular movements on the part of the male worm, 
which carries the female, lodged in its gynecophoric canal, with it.”  
 
The migration of worms was in 1920 explained in an experimental study by Fairley (53). 
Since Cobbold (54) had discovered worms in Sooty monkeys, Fairley infected 25 monkeys 
with either S. mansoni or S. haematobium in his experiment. Adult S. mansoni and S. 
haematobium worms were examined in the mesenteric veins. Based on the results, Fairley 
suggested that before the female lays her eggs, she leaves the male partner and moves against 
the portal blood stream to the smaller venules. In the smallest venules, the female ejects ovum 
from the genital pore. From autopsies performed immediately after death, Fairley noticed that 
the distributions of worms and eggs in the body were somewhat different for the two species. 
In infections with S. mansoni, adult worms were primarily found in the branches of the portal, 
superior and inferior mesenteric vein. S. haematobium infections also presented with adult 

Figure 5: A male S. haematobium 
holding a female enclosed in his 
gynecophoric canal. Drawn by Bilharz 
in 1851. Published in “Tropical 
Medicine and Parasitology” by Kean et 
al, 1978.  
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worms in these veins, but they were found in the greatest numbers in the pelvic plexuses, 
especially in the uterine, vesical and prostatic branches. Fairley claimed that S. haematobium 
worms reach these plexuses after migrating from the inferior mesenteric vein via the inferior 
hemorrhoidal plexus.  This correlates to the fact that in S. mansoni infections, the greatest 
numbers of ova are passed in stools, while the ova in S. haematobium infections are also shed 
in the urine. According to Leiper, Manson already in 1903 had suggested that there were two 
distinct ova with their specific predilection sites: “Possibly there are two species of Bilharzia, 
one with lateral-spined ova, despositing its eggs in the rectum only, the other haunting 
bladder or rectum indifferently” (55). Similar routes of migration from the liver to the tissues 
were later shown for S. mansoni and S. haematobium (18, 56).  
 
Although worms of S. mansoni and S. haematobium have been thought to have their 
predilection sites for migration and deposition of eggs, they can wander anywhere in the 
body. S. mansoni eggs have been found in the stomach, duodenum, gall bladder, pancreas, 
spleen, bladder, lymphatic glands and lung (53). S. haematobium have, amongst other places, 
been found in the lungs, liver, intestines, lymphatic glands and pancreas (53), in the ureters 
and renal pelvis (25), blood of the left heart (25), genital tissue (57) and seminal fluid (58). In 
addition, literature describe S. japonicum in the pancreas and appendix (59) and in the brain 
(60). Different geographical strains of the same schistosoma specie have also been shown to 
have marked differences in egg distribution (61-64).  
 
S. haematobium is thought mainly to result in a urogenital type of schistosomiasis, while S. 
mansoni and S. japonicum affects the intestines. In a study by James from 1973, 80 hamsters 
were infected by Egyptian strains and 82 hamsters by Tanzanian strains of S. haematobium 
(64). Autopsies 200 and 250 days after infection showed that 97-98 % of the total number of 
eggs appeared in the colon/rectum and liver in both strain. A couple of years later the same 
researchers performed a study comparing the development of worms in hamsters infected 
with S. haematobium from Sudan and South Africa. Approximately 98 % of the total number 
of eggs was found in the colon and liver in both strains (65). Only 31 % of the animals 
infected with the Sudanese strain showed bladder involvement, and in the cases of the South 
African strain eggs were only sporadically found in the bladder. Other publications also imply 
that haematobium worms can be mainly located in other organs than the urogenital area (66, 
67). 
 

Time from infection to adult worms 
From the available literature, we cannot conclude on the time elapsed from cercarial invasion 
to formation of adult worms. As early as in 1909 this time of development was discussed by 
Fujinami, relating to S. japonicum:  
 
“The adult mature in a comparatively short time; and even before they become fully grown, 
the reproductive organs develop. Furthermore, it is known that the male and female copulate 
very early. It does not take long for these early-mated worms to produce eggs. Eggs are found 
in the tissue shortly after the infection. Nevertheless, because of varied conditions, the process 
is never the same. It is impossible to state the exact number of days before egg production” 
(31).  
 
Several studies report that adult worms present on examination, but do not illustrate their 
exact point of maturity (61-63, 68). Fujinami’s studies on S. japonicum (31) showed 
variations in the number of days required for the adult worms to develop, and different stages 
of worm development were present in the same animal. In addition, studies have shown 
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discrepancy in maturation rate when comparing different species, S. mansoni seems to mature 
faster than S. haematobium (56, 68). 

 
In 1976, Smith et al infected hamsters with S. haematobium worms (49), and determined the 
maximum rate of development by examining the most advanced worms recovered in the 
hamster at short intervals. The following developmental stages were seen: Schistosomula 
were found in the liver 10-16 days after infection. Male worms were now wider than the 
females because of the formation of a gynecophoric canal. On day 22-28, four-five testes 
were seen in male worms and uterus in female worms. By day 29-31 well-developed male 
worms could be found in the mesenteric veins. The first pairs now occurred. Spermatozoa 
were found in male testis and ovaries in female worms. Smith claimed that as a result of 
pairing somatic growth of S. haematobium continues, while further development of genital 
organs was arrested for almost a month. On day 57 the development of the genitalia were seen 
to suddenly continue. The first observation of egg production happened on day 63-65. A large 
increase in production of spermatozoa in male worms was also seen at this point. Similar 
results were shown in Ghandour’s study from 1978 (50): the two sexes of schistosomulae 
were easily differentiated from day 24 after infection. Males had then developed a small 
testis, while uterus could be seen in female worms. Mating was first observed 28 days post-
infection. From day 53 female worms were longer than males. Eggs were seen in the uterus of 
female worms from day 61-63 post-infection.  
 

 
Figure 6: The maximum rate of development of S. haematobium in the hamster.  Smith et al 1976, Annals of Tropical 
Medicine and Parasitology  
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Time from infection to production of eggs 
The time from infection to start of egg production within the female adult worm varies in the 
different species of the schistosoma parasite. For Schistosoma haematobium, the time span 
was found to be ranging from 55-70 days (49, 56, 61, 63-66).  
 

Maturation in the portal vein 
Faust et al claimed that the growth of the young worms was dependent on ingestion of blood 
(35). Wu suggested that it is likely that portal blood has components that stimulate S. mansoni 
to develop and maintain maturation (69). This was due to the experiments of incubating 
coupled adult pairs of S. mansoni in medium containing either peripheral or portal serum from 
hamster, rabbit, rat or humans. Daily egg production was measured. The results showed that 
regardless of animal source, the portal medium gave a significant higher oviposition 
compared to the peripheral (69).  
 

Longevity of adult worms 
“Manual of Tropical Medicine” from 1919 refers to the life length of Schistosoma 
haematobium worms as “Looss thinks that it is probable that the worms may live three years 
in these vessels” (70). In 1924, Christopherson concluded the potential longevity to be much 
longer, referring to a case where a doctor, living in England, contracted vesical 
schistosomiasis in 1872 on an expedition to South Africa (71). Twenty-eight years after his 
return to England he was still passing ova in the urine. He had not been out of Europe in the 
interval, and had run no risk of reinfection. When Christopherson examined him again 42 
years after the infection, no ova were found in the urine.  
 
Several cases have later confirmed this prolonged longevity of schistosoma worms:  In 1944, 
Campbell Begg stated: “The Bilharzia fluke can live in the human body for thirty years or 
more and produce ova is a well-known observation dating from the South African War of 
1899-1902” (72). In 1949, Schistosoma mansoni infestation was found in a 32-year-old 
Puerto Rican born woman who had lived in New York City for 26 years (73) without leaving 
environs of New York. She thus must have been infected while still living in Puerto Rico. A 
similar case was presented by Berberian et al in 1953(74). Ova of both Schistosoma mansoni 
and Schistosoma haematobium were found in the appendix of a man from Eman, Arabia, who 
had immigrated to the United States 27 years earlier. In those years, he had not traveled 
neither within the United States nor abroad and was therefore unlikely to have been 
reinfected. 
 

Eggs 

Characteristics of schistosoma eggs 
Eggs of the parasite were mentioned already in the first records of the schistosoma parasite, 
when Bilharz wrote letters to Siebold in 1851-1852 (15). In the bladder mucosa he found 
“large numbers of [Schistosoma] haematobium eggs, singly or in clumps (…) The eggs had a 
thin, delicate membrane [and] a pointed appendage” (15). This appendage was subject of 
much discussion in the first decades of research of the schistosoma parasite. Bilharz wondered 
whether the spine varied, being lateral on one individual egg and terminal on another. Another 
possibility was that one of the two was an abnormality or a developmental stage of the other 
(15). Looss saw both these suggestions as possibilities, and especially argued for the latter 
option (55). In addition, he wondered if the observations of the differences in ova were simply 
due to “errors in interpretation by previous workers” (55). In 1903 Manson suggested that 
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this difference in ova morphology indicated the existence of several species of parasites 
within the schistosoma family (55). Sambon agreed with Manson, and in 1907 he gave the 
species the names Schistosoma haematobium and Schistosoma mansoni (75), “mansoni” in 
honor of Manson who suggested the existence of two species. Sambon and Looss argued 
vigorously on this topic (76). The opinion of Sambon and Manson however won ground. A 
review from 1920 by Manson-Bahr and Fairley states that the difference in ova is a distinction 
between Schistosoma species (18). 
 

 
Figure 7: Schistosoma species 
http://www.yourgenome.org/sites/default/files/images/photos/Schistosome%20eggs.jpg 
 
In 1979 Ford and Blankespoor published an electron microscopy study where they explored 
the morphological features of the surface of eggs of S. haematobium, mansoni and japonicum. 
For the haematobium eggs, characteristics were the terminal spine and a thinly spread net-like 
matrix across the surface of the shell occasionally in dense patches, blunt microspines spread 
out on the entire surface of the shell, varying somewhat in density of the microspines from 
one egg to another (77). Inside the shell, the egg is “practically filled by a fully developed 
ciliated miracidium” according to the review of Egyptian research on schistosomiasis (18). 
 

Shedding of eggs 
We found little research on the factors affecting the releasing of egg, except the following - 
McMahon found correlation between body activity of the main host suggesting that “these 
activities by means of physical or chemical stimuli may trigger the secretion of proteolytic 
enzymes of miracidia resulting in the extrusion of ova nearest to the bladder lumen” (78). 
This is supported by the findings of Bennie in 1949 (79).  
 
The number of eggs being shed varies greatly both within individual studies (80, 81) and also 
when we compared the results of different studies (61-63, 67, 80-83). 
 
A considerable amount of the shedded eggs are retained in the tissues (66). This was already 
known from the first records of the schistosoma parasite by Bilharz (15). Around the eggs, a 
local tissue reaction occurs. This tissue reaction has also been postulated to have an effect on 
the egg production as a part of the immune response (84). 
 

Migration of eggs from the tissues 
Although many eggs being shed by schistosome worms are retained in tissues, some may 
leave the body of the main host, keeping the life cycle going. Studies indicate that eggs leave 
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the main host in feces and urine (6, 85). In 1934, Faust used experimental rats, rabbits and 
monkeys to study the life cycle of the Schistosoma mansoni parasite (35). It was suggested 
that the eggs are deposited in the terminal or subterminal venules of the submucosa by the 
females in pair. From here, eggs might escape from the venule into the mucosa and emerge 
into the lumen of the intestine; they migrate out of the vessel while still within the submucous 
coat; or they might be carried back to the liver by the blood circulation. When breaking out of 
the venule in the submucosa, they might pass through the tissues into the mucosa and 
eventually be excreted, or they may be permanently trapped in the submucosa. Just a small 
percentage of eggs laid by the females are ever excreted. As infection becomes more chronic 
and tissue repair occur, the number of eggs in the stool gradually decreases (35). 
  
In 1967 Stenger et al found small holes in the egg shell when examining the mansoni egg by 
electron microscopy (86). They suggested that the holes are used to release enzymes that help 
the eggs penetrate through the submucous tissues (86). 
 

Miracidium 
The miracidium was, to our knowledge, first described by 
Bilharz in 1852 in one of the letters he wrote to his professor, 
Siebold (15). Bilharz had previously discovered the 
schistosoma worms and eggs, and now he had found mature 
embryo in the schistosoma eggs in the bladder and in the 
submucosa of the intestines in a cadaver. The embryos in the 
intestines were found to be able to tear through the egg shell, 
and in this process stretching to their full length. The 
organism that emerged had a long, cylindrical cone-shaped 
form, covered with cilia that enabled it to swim around in 
water. After the organism had swum around for some time, 
blisterlike protuberances were seen formed several places on 
its surface, eventually giving it a mulberrylike shape. It then 
lost its mobility and gradually dissolved. At this time, Bilharz 
were not able to observe the further transformation of these 
embryos, but still concluded them to belong to the 
developmental stages of Schistosoma haematobium.  

 
Faust (87) carefully studied the unhatched larvae and the free-
swimming miracidum, and claimed that hatching of the eggs 
is brought about by thinning of the eggshell to a point where 
it splits open. This was thought to be a result of swelling of 
the shell when the feces is diluted with water, supplemented 
by “boring” activity of the unhatched larva.  
 
Cobbold, in 1872 (88), presented his findings on the hatching 
of S. haematobium eggs excreted in the urine. While still in 
the urine, the eggs appeared to have neither the power nor the 
inclination on the embryo to escape. At the same time, eggs 
and larvae that have been freed, soon passed away in old 
urine.  However, when placing the eggs in pure water, there 
was a remarkable change in the behavior: “In a space of less 

Figure 8: 1. Egg with miracidium at 
rest. 2. Egg with miracidium shortly 
before emerging. 3. Free swimming 
miracidium. From “Tropical Medicine 
and Parasitology” by Kean et al. 1978 
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than two minutes, I have repeatedly seen the hitherto motionless embryo alter its shape by 
contractions, become violently agitated, and burst out of its shell in the condition of a free 
swimming animalcule” (88). When speaking of favorable condition for the eggs to hatch, 
Cobbold wrote: “The purer the medium into which the ova are transferred, whether 
accidentally or otherwise, the more rapid and perfect will be their movements and escape” 
(88). The development of the larvae was found to be accomplished in both distilled water, 
well-water and brackish water, while seawater paralyzed the free larvae. The effect of fresh 
water was also mentioned in Manson’s ‘Tropical Diseases’ from 1905 (17) and by Cawston in 
1937 (89). According to Lutz in 1919, light and temperature near 30 °C also favors hatching 
(29). However, eggs do not hatch inside the human body. These, and more details on the 
anatomy and physiology of the miracidia have later been confirmed (29, 87, 88, 90-92). 
 

Longevity of miracidiae 
Our available literature does not include information on the longevity of S. haematobium 
miracidia, neither inside the egg nor as free-swimming larvae. Only S. mansoni studies will 
thus be addressed here.  
 
Faust and Hoffman (87) in 1934 found that mature unhached miriacidia lived in formed feces 
at room temperature for 2-3 days and at 7,2-10°C. Most of the eggs remained viable for at 
least one week. In semi-formed or liquid feces at room temperature the unhatched larva hardly 
remained viable for 24 hours. 
 
Free-swimming miracidia seem to stay alive from 5 to 40 hours. Manson-Bahr and Fairley in 
1920 thought the miracidia could live for 36 hours in water (18). Faust claimed that miracidia 
live less than 24 hours (87). In 1927 Lampe et al found longevity up to 40 hours (28), while in 
1948 Maldonado et al found the average life span to be 5-6 hours (93).  
 
This variation of longevity may be due to several physical factors. In a study from 1977 on S. 
mansoni and S. haematobium miracidia (94), the miracidium survived shortest in temperatures 
25-38°C and longest in 5-22°C. At the same time the longevity of miracidium decreased 
significantly when being exposed to sunlight compared to being sheltered from the sun (94).  
 

Infectivity 
In 1924, Faust published a comparative study of the reactions on the miracidia of S. 
haematobium and S. japonicum in the presence of their intermediate hosts (95). Observations 
were made that active S. japonicum miracidia moved around in the top stratum of water, while 
miracidia of S. haematobium were equally distributed throughout the water. Ten years later, 
the same author carefully studied S. mansoni, and found that all the miracidia in the top layer 
were active (87). Miracidia that have just hatched, as well as exhausted ones, accumulate right 
above the bottom sediment of the water (87, 95). In the bottom layer unhatched eggs, empty 
shells, and occasional miracidia which had just emerged were found (87). Negative geotaxis, 
movement against gravitational force, has been confirmed for S. Mansoni by Chernin and 
Dunavan (96) and for S. japonicum by Ingals (97). For a potential intermediate host to 
become exposed to S. japonicum or S. mansoni then, it must itself pass through the top 
stratum of the water.  In contrast, according to Faust, S. haematobium miracidium can attack 
at any level because it was distributed throughout the water (95). However, authors have later 
claimed that S. haematobium has a positive geotaxis (movement towards gravity) and is 
therefore most infectious in the lower parts of the fresh water (98-101). 
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Faust suggested that ”the active mechanism of the miracidium for the specific molluscan host 
is probably a chemotactic one, in which the mucus secretion is the substance involved” (95). 
In an experimental study from 1968, Shiff confirmed the presence of a chemotaxis between 
miracidia and the snail (102). 
 
Numerous other factors have been shown to affect the behavior and infectivity of the 
miracidium: the concentration of miracidia (103, 104) and radius from the intermediate host 
(104), age of the snail (103), temperature (94, 103, 105), light (94, 101), water velocity (104, 
106), water level (107) and alkalinity (103).  
 

Intermediate hosts 

The discovery of intermediate hosts 
The early discussions regarding the intermediate hosts are scientifically very interesting. This 
is well described in the book of Leiper published in 1918 (14). In the early research, it was not 
clear whether the life cycle of schistosoma parasite depended on an intermediate host or not. 
Other parasites well known at the time, most importantly other trematodes which in many 
ways resembled the schistosoma parasite, had been shown to depend on an intermediate host. 
When trying to infect possible intermediate hosts however, the early researchers of the 
schistosoma parasite failed. Looss did many unsuccessful attempts to infect multiple possible 
intermediate hosts and concluded that in fact the parasite did not depend on an intermediate 
host (23):  
 
“All attempts made by former authors to discover an intermediary host in which this 
development is gone through have failed, and so have my own efforts. I have examined 
hundreds of specimens of all the molluscs common in the Nile Valley without finding any 
sporocyst which might have been brought into relation with the Bilharzia worms. I have 
placed quantities of free-swimming miracidia in contact with the same molluscs without 
obtaining an infection. It is easy to infect molluscs with miracidia of species which actually 
develop in them. [Schistosoma] miracidia were never seen to take any notice of any mollusc 
in their neighbourhood, whereas others developing in certain mollusc soon begin to swarm 
about it, and may, under microscope, even be observed to enter into it. The same negative 
results were observed with larvae of insects, with fishes and with plants. I am thus forced to 
the conviction that man himself acts as an intermediary host” (23).  
 
There were, however, some rapports of success in infecting intermediate hosts. Sonsino 
succeeded in infecting crustacean in 1893 (26). This was also reported in the book 
“Schistosomiasis (bilharziosis)” (108). However, it has later been showed that certain 
crustacean feed on schistosoma eggs, miracidia and cercariae (109). On a side-note this fact 
was suggested as a control mechanism in 2013 – presence of crustacean could lead to a 
reduction in infection rate in snails and less cercarial production of snails, and in this way 
could suppress the transmission of the disease (109).  
 
In 1911-1913, the Japanese researchers Fujinami and Nakamura did an interesting 
experiment, exposing dogs to waters containing numerous hatched miracidiae. No dogs 
developed the infection. Dogs, cats and cattle were then exposed to the rice fields and the 
surrounding area, and developed intense infections (14). Other Japanese experiments also 
pointed towards the existence of an intermediate host. Leiper visited Japan in 1914 and was 
convinced that this was applicable for Schistosoma haematobium as well (30). Interestingly, 
Looss stated in 1914 that the Japanese findings meant that the two schistosoma species 
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differed more than previously thought instead of being a proof of the necessity of intermediate 
hosts in the life cycle of the parasite (14). 
 
Throughout the 1900s, much research has been done to explore the intermediate hosts of the 
schistosoma parasite. Much of the motivation for this has been trying to find ways to eradicate 
schistosomiasis. This includes how the miracidium enters the intermediate host and which 
steps follow the penetration of the snail. 
 

Penetration of the miracidia into the snail and development within 
The penetration of miracidia into the intermediate hosts was portrayed through several studies 
from the 1920s. The studies presented have all been done using Schistosoma mansoni 
miracidia.  
 
In 1919, Lutz observed that the miracidia entered the snails through the antenna, but 
frequently also the rest of the head and the postantennial area (29). Lampe disagreed with 
Lutz, and on basis of his own observations he suggested that the miracidia instead entered the 
snail through the mouth (28). Maldonado and Acosta-Matienzo found that of their 110 
miracidia, 66.3 % chose the head or foot of the snail, 27.3 % chose the tentacles while 6.4 % 
chose the mantle collar. However, they pointed out the difficulty of seeing this very 
accurately (93).  
 
In 1924 Faust observed necrotic areas surrounding the miracidia and proposed that the 
parasite released proteolytic substances (95). In his study on miracidium penetration and 
development in its intermediate host post-penetration published in 1966, Wajdi reached the 
same conclusion. He also described that the behavior of the miracidia changes when getting 
near the snail, from swimming in straight lines to turn frequently and rapidly. The rapid 
movement (caused by the cilia of the miracidium) may lead to an encounter with the snail, 
and helps pressing the miracidium against the surface of the snail. In addition, the anterior 
papilla of the miracidium was seen to grow longer when it meets with the snail, possibly to 
help the penetration (110). Wajdi described the penetration of the snail in a clear manner:  
 
“The penetration gland (“gut”) produces the secretion which helps to digest the epithelial 
cells of the snail’s tissue and to loosen them. When the miracidium pushed its anterior papilla 
further into this damaged tissue it presses on these cells and makes a small opening. This 
pressure is increased by the body of the miracidium being alternately contracted and then 
suddenly extended. At that time the elongated anterior papilla has become embedded in the 
snail’s tissue. For a few minutes, further miracidial activity consists of vigorous beating of the 
cilia as well as occasional contractions and extension of the body. Within ten minutes most of 
the body is drawn inside the snail tissue. The remainder of the body follows rapidly in a few 
seconds” (110). 
 
Wajdi in 1966 also reported the events occurring post-penetration. He infected 32 snails with 
S. mansoni miracidia. At intervals of 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 days he 
killed the snails and examined serial sections for number and position of the parasites, 
showing that the germinal tissue of the miracidia is so great at the end of the first week post-
penetration that it fills the whole body of the miracidia. Around the 15th day, the daughter 
sporocysts begin to leave the mother sporocysts and wander to the digestive gland/liver or 
ovotestis of the intermediate host. The daughter sporocysts develop to cercariae, which 
emerge from the snail (110). The findings have later been confirmed by others (28, 29, 87, 
111). It has been proposed that the cercariae emerge in the distal part of the snail (87). Lampe 
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suggested more specifically through the mantle-cavity (28). A study from 1980 found that 
larval reproduction of S. mansoni and S. haematobium in snails were identical (111). The 
cercariae resulting from the same miracidium are of the same sex (112). 
 
Several studies have demonstrated that the species of the schistosoma parasite infect different 
snails species. In 1916 Leiper discovered that cercariae developed in Bulinus snails always 
produced schistosoma worms which gave rise to S. haematobium (terminal-spined) eggs, 
while those developed in Planorbis seemed to become worms which produced solely S. 
mansoni (lateral-spined) eggs (113). This specificity was later confirmed by Manson-Bahr 
and Fairley (18).  It has been well documented that within one schistosoma specie there might 
be compatibility with several snail species (29, 68, 95, 114-116).  
 

Incubation period 
S. haematobium cercariae seems to develop for approximately 4-6 weeks inside the bulinus 
snail. According to Lampe (28), Cawston in South Africa found that the first cercaria never 
escape the snail before the 35th day after artificial infection. In More’s experimental study, the 
average days from exposure to first shedding was 39,7 days in 1-7 day old snails and 41,6 
days for older snails (117). Edwards and McCullough (68) measured the time from the 
miracidial to the cercarial phase to be 32-34 days, Wright et al (62) 23 days, while Wajdi 
(115) found it to be 30-35 days.  
 
The speed of development of cercariae seems to vary according to temperature. Lo studied the 
cercarial development of S. haematobium at various temperatures (103). He discovered that 
all snails shed cercaria on the 23rd day after infection at 30°C, after 25-30 days at 
temperatures of 26-28, while at 24-26 degrees the earliest shedding was seen on the 32rd day 
and all the snails had liberated cercariae by day 40. Pfüger et al (118) also found a variation in 
development at different temperatures, here in even greater extent: Their results showed a 
incubation period of 17-19 days at 30-32°C, while it lasted at least 106-113 days at 18°C. 
None matured at 17 or 33°C.  
 

Cercariae 
According to Leiper, the early researchers believed that the schistosoma parasite, like other 
trematodes, was required to go through a transition in order to become capable of infecting a 
human (23). Looss on the other hand, thought that one could be directly infected by miracidia: 
“In man, the miracidium must develop into a sporocyst which either directly or indirectly 
generates the [schistosoma] worms (…) liver is the habitat of the sporocysts from which the 
worms later escape into the portal vein” (23). After the discovery of the snail as the 
intermediate host, where transformation from miracidia to cercariae takes place, more 
attention was given to the cercariae stage of the life cycle.  
 
The cercaria of S. japonicum was described by Miyairi and Suzuki in 1914 (119). In 1915, 
Leiper and Atkinson confirmed these observations in Japan (120). The larva was found to 
consist of two parts, a body and a caudal split (Y-shaped) tail, both covered with spines. The 
tail gives the cercaria its mobility, enabling it to travel from the intermediate host to its main 
host, but the tail is shed when the body penetrates the host. Oral (anterior) and ventral 
(posterior) suckers were seen on the cercariae, and the abdominal cavity contained large 
glands. The oral sucker was later thought to assist the cercaria to grip to objects, and in this 
way gain entrance through the skin (18). In the water, the cercariae have been seen to almost 
always float around with their tail upwards (18, 20, 87). Cercarial morphology for S. mansoni 
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and S. haematobium has been described in thorough detail in many 
published works (20, 29, 48, 87, 121, 122). 
 

Shedding patterns 
Quite a few studies have been conducted to determine the conditions that 
make the cercariae leave the snails. In 1919, Lutz (29) observed that in 
absence of light the S. mansoni cercariae did not leave their host, even at 
temperatures of 30-31° C. When the snails were exposed to sunlight, a great 
number of cercariae were obtained. Light alone, without corresponding 
heat, however, was found to not be favorable to the cercarial shedding.  In 
contrast to this, Mills et al found dissimilar shedding patterns for S. 
haematobium: “The cercariae were found to emerge from the snail, both in 
wild and laboratory infections, at a definite time of the day, i.e., between 
10.30 and 11.30 a.m. Even if the infected snails are kept in the dark, there is 
the same definite periodicity in the liberation of cercariae”(123). Many 
later experimental studies have confirmed that the greatest number of S. 
haematobium cercariae is released during periods of light (124-129) as well 
as in higher temperatures (126, 129) up to 25°C (118) to 35°C (103). A 
seasonal fluctuation has also been seen in Iraq by Mills (123) and in South 
Africa by Pitchford (126), where most S. haematobium cercariae are shed 
in the summer. 
 

Longevity of cercariae 
Most of the information on longevity of cercariae is found on S. mansoni. In 1920, Manson-
Bahr claimed that: “We already know that once ejected from the intermediate host, the 
cercaria has but from 24 to 36 hours in which to come into contact with the skin, or mucous 
membrane of the upper alimentary tract of man, its definitive host” (18). In 1927 Lampe 
stated: “The lifetime of these cercariae in water at laboratory temperature is more than 24 
hours” (28).  How this knowledge was gained, is however unknown to us.  
 
In Faust’s comprehensive studies on the life cycle on S. mansoni, the free-living existence of 
the cercariae appeared to be limited to 24-30 hours (87). Mortality was less than 5 % within 
the first 24 hours after the emigration, while it was more than 90 % by the 30th hour. 
However, in 1934 Faust stated that previous workers had found the longevity of S. mansoni 
cercariae to be 72 hours, without reference. Some years later, similar longevity was estimated 
for S. haematobium from a laboratory experiment performed by Mills (123). At temperatures 
of 34-35,5 °C the cercariae lost their activity and sank to the bottom after approximately 24 
hours.  
 
In contrast to these relatively short estimated life spans, Kuntz & Stirewalt (130) measured 
survival up to 72 hours in 1946. In their experimental study, some S. mansoni cercariae were 
allowed to die a natural death in untreated water. Examinations made at hourly intervals 
revealed longevity ranged from 40-72 hours, with an average of 50 hours. Today 72 hours is 
thought to be the upper limit of survival for the cercariae in the water. In that period of time, 
the cercaria must find a main host to infect for the life cycle to start over again. 

Figure 6: Cercariae. 
From “Tropical 
Medicine and 
Parasitology” by 
Kean et al 1978 
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Discussion 
There are several aspects with our methods that create uncertainty to our findings. When 
gathering the sources, we searched through all journals of tropical medicine in the basement 
of the library in Nelson Mandela School of Medicine in Durban, South Africa. The collection 
of journals was however not complete. We hope however, that central publications are 
referred to through other articles and thus give us the author and year published to search for 
electronically.  
 
Another aspect that created uncertainty is the lack of specific research available on all stages 
of the life cycle of S. haematobium. Before starting this literature study, we planned to focus 
on S. haematobium and urogenital schistosomiasis. During our collection of data, however, 
we noticed that much of the early research was devoted to S. japonicum and S. mansoni. 
Therefore, in order to get a picture of how the life cycle of S. haematobium was discovered, 
we had to collect information of the other species. Where a certain amount of research on S. 
haematobium has been found, these have been the preferred sources. 
 
Thirdly, because of the large extent of the topics mentioned, we have chosen to limit the 
amount of topics in this article to those we found most central in the life cycle of the 
schistosoma parasite, trying to create the clearest picture of the life cycle. 
 
The early research was done in Japan, Egypt, Brazil and Puerto Rico. We found it challenging 
to keep an overview of all of these research environments. There might be research and 
discussions that we have not come across. The Japanese and German publications are read in 
translated works. Some contents might have gotten lost in the translations. 
 
In addition, there are some uncertainties in regards to our understanding of the details of all of 
the articles read. In some of the research papers, especially the recent studies of the 
parasitology field, the level of details has occasionally exceeded our competence. We have 
chosen to trust the conclusion/abstract of these articles. We have also found it challenging to 
evaluate the methodology and statistical analyses of the articles, and have not done double-
checking of these.  
 
The methodology greatly varies in the studies. The experiments and findings have been done 
in a wide range of animals like mice, monkeys, hamsters, cows, guinea-pigs, rabbits, cats, 
dogs, ducks, chicken, and in a wide range of countries.  
 
The level of detail in parasitology research has intensified over the last centuries and the 
quantity of published works has contributed to a difficulty in reaching an overview of the 
current knowledge. This may possibly have resulted that we have lost some publications on 
the details of the life cycle.  
 
In spite of these uncertainties, we do experience that we have got an overview of the old 
literature and old research done exploring the different stages of the schistosoma life cycle, 
confirmed in later research.  
 
In our available literature, it seems that contamination through buccal mucous membrane 
many times has been left out of recent literature. Scientifically, this should be corrected in 
future literature to ensure precise reviews. In clinical medicine however, it might not be of the 
greatest importance. First of all, the cercariae might not be exposed to the mucus membrane 
long enough to penetrate. The penetration has been shown to take up to 30 minutes (29, 35, 



25	
	

36). Often buccal contents only stay here for a short period of time. Another reason that 
buccal penetration might have less implication is that rural populations often boil water for 
drinking. 
 
It seems as though there has been some disagreement on schistosomulae’s route of migration 
from the lungs to the liver. There is however a possibility that the parasites might follow 
different routes. This may be of interest both in basal research and in clinical practice.  
 
Although symptoms and clinical findings of infections of S. haematobium indicates that 
haematobium worms are located in the urogenital area (7), several of the publications on 
worm migration implies that haematobium worms can also be mainly located elsewhere (64-
67). In 1988 Agnew et al discussed this phenomenon and suggested that it may be due to 
physical barriers in the experimental animals (66). Other possibilities are a) whether S. 
haematobium always or only occasionally affects the urogenital area, b) if these large 
numbers of egg deposition in the colon and liver were accidental findings or c) whether the 
presented results were due to differences in worm migration and egg deposition in different 
geographical strains.  
 
The geographical differences in egg distribution of S. haematobium in organs presented by 
Wright amongst others might be of clinical interest because it may also cause a variation in 
clinical manifestations. There are ongoing studies that explore genetic variances within S. 
haematobium parasites of different geographical origin (personal communication with Prof. 
Borghild Roald).  
 
Several case reports shows that schistosoma worms may live and produce eggs for up to 30 
years, but the maximal longevity of the worms is however uncertain. Patients may therefore 
present with the disease decades after exposure to endemic waters.  
 
In our collection of literature, studies have estimated the longevity of the free swimming 
miracidium to be from 5 to 40 hours. Little information was found on S. haematobium. When 
thinking of ways of controlling the disease, this detail may be of interest due to how long the 
miracidium can stay viable before contact with an intermediate host.  

Conclusion  
The focus of this study was intended to explore the different stages of the life cycle of the 
Schistosoma haematobium parasite. At times, we have also mentioned the research on 
Schistosoma mansoni and japonicum. We have aimed at gaining a greater understanding of 
the early research done from 1850, and to state which of the findings in this early research has 
later been confirmed. In this manner, our hope is to gather an overview of which steps of the 
life cycle of the parasite is well documented and of which stages more research is needed. 
This is of interest because the human tissue responses and the clinical presentation arise from 
it. 
 
We found that the following stages of the life cycle were well documented:  
1) penetration of the cercariae through the skin and buccal mucous membrane of its main 
host, 2) maturation and mating of the adult worm in the portal vein, 3) route of migration of 
adult worms from the liver to the tissues being against venous blood flow to their predilection 
sites and that geographical differences have been found on the distribution of eggs, 4) the time 
from infection of the main host to start of egg production of the adult worms seen to vary 
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from 55-70 days, 5) excretion of the eggs from the main hosts through feces (when leaving 
the female worm in the mesenterical or rectal venules) or in urine (when leaving the female 
worm in the venules of the urogenital area), 6) the hatching of the eggs being dependent on 
dilution with water, 7) penetration of the miracidia into the soft parts of its intermediate host 
(fresh water snails), 8) asexually development from miracidia to cercaria within the 
intermediate hosts (including the incubation period) and 9) shedding patterns of the cercariae 
being influenced by light and temperature. 
 
The areas that we found in need of more research were the following: 1) the migration route 
from lungs to portal veins in the liver, 2) in what degree adult worms in infections of 
schistosoma haematobium are located in the veins of the bladder and intestines, 3) life span of 
adult worms, 4) time span of which the adult worm produces eggs and 5) life span of free-
swimming miracidia.  
 
We also found that the fact that penetration also can occur through of the mucus membrane 
many times is left out of many review articles and textbooks.  
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