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It was considered justifiable, in spite of the extensive world 

literature on the subject, to submit a technical paper on bilharziasis 

to the Regional Committee for, in the Eastern Mediterranean Region, the 

disease constitutes an extremely serious problem. This paper is in the 

first place intended for the public health administrator to help him to 

view the subject from its wide angles and give it his guiding support. 

In the large framework of public heal~~, a periodic summary review of an 

important health problem such as bilharziasis, is very much called for. 

The proper evaluation of the methods which are used or proposed for applica

tion should be at the disposal of the health administrator who is often 

responsible for planning and budgeting for all health activities. In 

this present paper, an attempt has been made to highlight some of the 

most important events and discoveries which have been achieved in recent 

years through research in the laboratory and field with particular reference 

to the work done in our Region. 

In view of t·he fact that bilharziasis is a problem of world-wide 

dimensions, the World Health Organization is giving considerable assistance 

to research in this field. More than three hundred million of the popula-

tion of the earth are affected Qy this scourge. This is the reason that 

research laboratories in both developed and developing countries are 

nowadays very actively working to discover or test an efficient molluscicide 

to destroy the snails or a chemotherapeutic drug to cure the patients 

satisfactorily without toxicity or side-effects. 

have been made. 

In this field advances 

There are a few molluscicides which are promising, especially the 

newer ones such as Aqualin (which is at the same time a herbicide), 

Bayluscide and ICI 24223, the latter two affect the snails in very high 

dilutions, and are therefore, easily transportable. Field work on the 

efficiency of these molluscicides, as well as on the methods of application, 

is proceeding apace. B:clharziasis Control P:!.lot Project and Training 

Centre (Egypt-49), which is assisted Qy the World Health Organization and 

UNICEF, is carrying out investigations in the field of molluscicides and 

probing the above-mentioned compounds in addition to Sodium pentachloro

phenate, with en~ouraging results. 
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The influence of irrigation and agriculture on the spread of bilharziasis 

has been a subject of study during ~~e last two decades particularly in 

Egypt, Iraq and the Sudan. In recent years, the World Health Organization's 

Bilharziasis Advisory Team has made field studies on the subject in several 

countries of this and the African Region. The significance of water 

management and utilization, combined with agricultural methods and community 

development as permanent measures in the control of bilharziasis, has been 

brought to light by various investigators, especially on large estates 

administered by central boards, such as the Gezira scheme in the Sudan and 

the new Tahrir Province in the United Arab Republic. 

In the field of treatment no great strides have been made in recent 

years. Tartar emetic has proved so far to be the drug of choice, because 

it is more effective and less toxic than other antimonials. Astiban 

(Sodium antimony mercaptosuccinate) is being probed for its prophylactic 

properties. 

The suppressive and prophylactic attributes of Astiban (sodium 

antimony mercaptosuccinate) are being proved by several workers in this 

Region and other countries. The concept of control via a chemical agent 

involves either the rendering of the patient's excreta non-infective to 

snails (suppression) or the prevention of fresh infection in the human 

host (prophylaxis). 

gical cure. 

It does not necessarily envisage radical parasitolo-

It is interesting to refer to the role of nutrition and its effects 

on the parasites in the host. In experimental animals it has been shown 

that diets deficient in certain amino acids and vitamins have profound 

effects on the course of S.mansoni infections. In some cases the worms 

did not undergo normal development and the sexual 1:,' immature worms did 

not produce eggs. This is a very interesting subject for further research 

because on the other hand protein plays an important role on the restoration 

of patients suffering from endemic diseases. In the United Arab Republic 

for instance, a meal is offered to patients attending hospitals for 

endemic diseases. This meal is composed of protein to enrich their diet 

as they are considered to be anaemic and more susceptible than well-nourished 

individuals to the toxic effects of anti-parasitic drugs. 
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The serological diagnosis of bilharziasis has been advancing as 

described in the text. Tests such as the dermal test, complement fixa-

tion, the'circumoval precipitin and the fluorescent antibody tests are 

undergoing evaluation and refinement. Their eventual importance would 

be in epidemiological studies, the detection of early cases and the 

early evaluation of a c~emotherapeutic corrlpound; because parasitological 

examination requires a period of time to elapse before judgement on the 

efficacy of a compound can be attained. The World Health Organization 

is assisting and sponsoring research work in this very interesting field. 

Reference is also made in this paper to the important subject of 

resistance. Non-suitable hosts exhibit natural resistance to the 

schistosomes, while susceptible hosts acquire resistance. Living 

schistosomes, or the antigenic materials produced by them, seem to be 

essential for the stimulation of a satisfactory resistance. Recently 

it has been shown that several thousands of X-irradiated cercariae are 

necessary to induce a partial resistance against S.mansoni in mice and 

monkeys. It is known, however, that in monkeys a year or more is necessary 

before complete resistance to S.japonicum is developed (Vogel and Minning, 

1953. In the field of immunity we are still very far from utili.dn" 

it as a practical measure of combat; but research is very much indicated 

for the sake of full investigation of the nature of the mechanism of 

immunity in the field of bilharziasis. The enzymatic chemistry of both 

host and parasite and their effects in the metabolism and chemotherapeutic 

mechanisms of the parasite, are under extensive investigation. 

It can be safely stated that the possibility of rapid decisive results 

of molluscicide control exist for limited area, whereas in large areas 

with extensive irrigation systems this method ha!3up to the .pre!3entneither 

given the required results nor "pplied adequately o.nywilere on an overall 

scale. The efforts made so far, have not attained their objectives. 

However, recent advances in molluscicide chemistry and methodical field, 

and laboratory investigations of the ecology and population dynamics of 

snails have given new hopes that the application of the recently introduced 

poweful molluscicides may very well achieve tangible results. In this 

respect, the WHO projects in the Eastern Mediterranean Region are carrying 

out investigations and training personnel with these ends in view. Water 
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resource development and community development, should receive the 

greatest attention of governments, in the control of bilharziasis. 

Central autonomous comr.1i ttees comprisinc specialists in henl th, 

agriculture, irrigation, education and community development could effecti

vely deal with such a great problem. 

The campaign against bilharziasis, like any other campaign conducted 

on a large scale, must depend on an adequate basic health structure, 

well-organized and supervised Qy experienced administrators. This can 

be achieved if the control of bilharziasis is integrated into the rural 

heal th units. A great improvement in village conditions is required, 

especially in sanitation and low-cost healthy housing. Health 'education 

has a very important r3le to play and should be included in the course 

of training which should precede the appointment of staff to the health 

units. The development of rural health services in the countries of the 

Eastern Mediterranean Region is given great attention Qy the national 

authorities as well as Qy the World Health Organization. 

II SNAIL CONTROL 

1. Molluscicides 

Of 20,000 chemical compounds, one has been found, Bayluscide (5,2'

dichloro-4'-nitrosalicylic analide; Bayer 73) which has proved very 

interesting for the reason that even in weak solutions it has the desired 

effects on the snails and their eggs and thEe miracidia and cercariae. 

Moreover, its toxicity is relatively low for the aquatic flora and it is 

innocuous to human beings. It has been found that the minimum lethal 

concentration of the product, affecting the snail-hosts of Schistosoma 

haematobium and Schistosoma mansoni is 0.2 to 0.5 p.p.m. in the laboratory 

experiments and I p.p.m. (one part per million) in the field experiment. 

The reappearance of snails in waters successfully treated occurred at the 

earliest one to three months after treatment. Reappearance in flowing 

waters, is probably caused Qy migration of snails from untreated sections. 

In standing waters it may be caused Qy flooding or other means. It was 

found that, as the solubility of the active ingredient was low, the 

ethanolamine salt of the active ingredient had a higher degree of solubility. 

For field application 70% wettable powder of Bayer 73 was prepared. The 

first batch of this powder met the standards for the laboratory trials at 



EM,IRc13/5 
page 5 

the time, but when stored for periods, it tended to decompose. Some 

early field trials carried out with this batch by Halawani yielded 

unsatisfactory results as the effective concentration was 6 p.p.m. 

According to Gonnert, however in 1958 t;,e pro ,:uctt, n uf it 70% 

wettable p, \JC:er wc:s produced whic'" cc.: :cUed with all WHO requirements 

for DDr water-disp"rGuble ~) '"der (vr;-:o 1956). 

The effectiveness of Bayer 73 is being reduced by the abundance of 

the aquatic vegetation which grows down the water course and causes 

irregular distribution of the molluscicide with the result that it is 

partially absorbed or altered by insolation. The effective concentration 

of this molluscicide kills the fish but not the arthropodes and their 

larvae. One cannot say, however, if the fish population is completely 

destroyed or only reduced in size. Higher plant life is not visibly 

damaged by Bayer 73. Submerged plants may become slightly affected but 

recover quickly. The same is true of algae. In ponds, the biological 

equilibrium is disturbed profoundly by Bayer 73, sodium pentachlorophenate 

and copper sulphate; but one month after application of one or the other 

of the two first molluscicides the equilibrium is restored. It has been 

claimed by Gonnert that Bayluscide is effective against the eggs of the 

snails in concentration ten times less than that of sodium pentachlorophenate. 

No toxic effects have been observed in persons handling this molluscicide, 

and it may, therefore, be considered harmless to human beings. Pertinent 

data concerning the absorption by snails (A.glabratus) were also collected 

with the aid of l4C-labelled Bayer 73 (radioactive Bayer 73). A single 

snail (A.glabratus) 1 en1. in diameter tcckes up c,bcut 1'1 (one :;u'1lma of active 

substance when exposed to 1 p.p.m. solution over a period of 24 hours. 

Under these conditions, the snail is killed or irreparably damaged within 

four to six hours (see G6nnert). 

A second promising molluscicide which has been recently tested is 

one produced by the Imperial Chemical Industries under the number 24223. 

Its chemical formula is iso-butyltriphenylmethylamine (C6H
5

)3= C - NH -

CH2CH- (CH
3

)2' . 
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J. Gillet and Bruaux in 1961 published comparative laboratory 

tests with the molluscicides Bayer 73 and lCl.24223 which they carried 

out on African snails of the genera Biolllphalaria, Physopsis and r.vtnnaea 

in the Congo (Leopoldville). They claimed that Bayer 73 was considerably 

more rapid in molluscicidal action than lCl.24223, and was more resistant 

to ultraviolet light, needing 24 hours of intense ultraviolet irradiation 

for its effectiveness to be seriously reduced or nullified, whereas 

lCl.24223 was rendered ineffective after only twelve hours in the same 

conditions. The latter product is also inactive against cercariae of 

Schistosoma mansoni. 

NeyUng ~.!!. sugGested that field applications ;c,f the lC1.24223 

acid salt and of Bayer 73 should produce similar results in running and 

stagnant soft water. Bayer 73 has shown a diminution of molluscicidal 

activity in hard water. 

In a comparative study on copper sulphate, sodium pentachlorophenate, 

lCI.24223 and Bayer 73, (P. Bruaux and J. Gillet), found out that in labo

ratory experiments, Bayer 73 is the most active particularly with a short 

duration period of exposure. With regard to adult Biomphalaria they 

conclude that Bayer 73 may be applied effectively over a short period, 

whereas for the other compounds better results are obtained qy a considerably 

longer application at low concentration. The only one of the four 

products which proved ovicidal at the concentration that killed adult 

snails was Bayer 73; that concentration, moreover, was low. Bayer 73 

was also 750 times more effective against cercariae than copper sulphate 

and 50 times more effective than sodium pentachlorophenate. 

~ means of a special method, (Olivier ~~, 1962), have tested 

the effect of Sodium pentachlorophenate on eggs of Australorbis glabratus 

COllected on plastiC sheets. The action of the compound was maintained 

for 24 hours at 25 to 27°C. The experiments have shown that this product 

is four to ten times more toxic on the eggs than on the adult snails. 

It was found that 0.25 p.p.m. eliminates totally the eggs of this species 

under the conditions mentioned above. These experiments suggest that in 

some situations, the control might be accomplished more economically if 

directed against the eggs. The possibility of using eggs instead of adults 

for screening potential molluscicides is also discussed. 
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Zirame: Zinc dimethyldithiocarbamate (Zirame) - a synthetic chemical 

compound that has up to the present, been used mainly for controlling 

fungal infections of plants - has recently been shown to have marked 

molluscicidal as well as fungicidal properties. In both laboratory and 

field tests this compound has proved extremely effective against the fresh 

water snail Biomphalaria pfeifferi gaudi, Bulinus guernei, Bulinus 

senegalensis, and Ifmnea caillaudi, which are abundant in the ponds, 

"marigots" and streams of Senegal. In laboratory tests of the compound, 

exposure for 24 hours to a concentration of 2 p.p.m. or for 48 hours to 

a concentration of 0.5 p.p.m. resulted in a 100 % kill of all the above-

mentioned snail vectors of bilharziasis. Zirame acts more slowly than 

copper sulphate, but it has the following advantages over the latter 

compounds: 

a) It is effective even in waters with a very hi~~ content of 

organic matter. b) It is highly diffusible, so that clearance of 

aquatic vegetation from the snail habitats before treatment is not necessary. 

c) It is stable in alkaline waters. 

In a field test carried out·in a very muddy "marigot" covered with a 

dense growth of the water plant Pistia stratiotes, it was found that thirty 

days after the application of Zirame at a dosage of 10 p.p.m. the "marigot" 

was still uninhabited by adult snails. With regard to the effect of 

Zirame on the egg-clusters of snails, it was observed in laboratory tests 

that exposure for 24 hours to a Solution containing 5 p.p.m. Zirame 

retarded, and eventually, brought to a stop the development of the .eggs, 

which died in cluste.rs. Zirame is practically non-toxic to man and 

domestic animals. As to its effect on aquatic fauna other than snails, 

at concentrations below 10 p.p.m. it is not very toxic to adult fish, but 

it kills the young fry. It has not lethal action on water beetles, 

nematodes or frogs (See Gretillat, 1961). 

2. Mollusciciding Applications 

The destruction of aquatic snails by application of molluscicides at 

th", height of the dry season may not be successful, owing to the ability 

of these snails to exist out of water. Laboratory trials and observations 

have shown that Bulinus (Phvsopsis) globosus and Biomphalaria pfeifferi are 
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able to exist out-of-doors on damp mud if protected from direct sunlight. 

Locmnaea natalensis cannot resist dryness for any length of time, but it 

is able to oviposit on damp mud. These eggs remain viable up to twenty 

days, hatch and the minute snails can exist in suitable situations out 

of water (Shiff, 1960). 

Searching to prevent the danger of transmission of S.mansoni in an 

irrigation scheme recently under development in Kenya, Teesdale, et al 
.".". --

have introduced in the canals, as soon as water started flowing into them, 

copper sulphate at a concentration of between 0.125 p.p.m., and 0.25 p.p.m •• 

It was hoped, if such technique proved efficient, that it would be possible 

to utilize. it as a routine to stop the molluscs from establishing them-. 

selves in the irrigation canals which would be newly created. However, 

due to inability to ensure a daily survey of the canals, and to reasons 

of various factors of uncertainty and variability, it was not possible 

to prove its scientific efficacy - the estimations indicated, however, 

that the doses of the higher order (which were used) had caused an effect 

harmful to the Biomphalaria which were contained in the cages introduced 

experimentally in the canals. The copper sulphate seemed to react more 

than 2 - 5 km., but at that distance, this concentration is no more lethal 

to the mollusc. The principal disadvantage of the method is the diffi-

culty in assuring constant and continuous application of copper sulphate 

under supervision day and night, month after month, in view of the 

fluctuations of the volume of water Circulating in the canals and their 

derivatives. . The available data, however, indicated that at an average 

of 0.25 p.p.m. a barrier was created which was lethal to snails which 

passed through it, but that at an average of 0.125 ·p.p.m. results were 

indeterminate. 

3. Mollusciciding in the United Arab Republic 

In Egypt, copper sulphate was introduced by Khalil for controlling 

the snails. Ismail Saleh Hilmy in 1939 in Kom-Ombo, placed a calculated 

quanti ty of copper sulphate crystals in sacks at the intakes of, as well 

as various points along snail-infested streams, after having closed them 

and drained them of water. Then, on reopening the canals, the in-flowing 

water dissolved the copper sulphate in the sacks. The distribution of 

coppep·sulphate was not homogenous. In·1941, Abdel Azim used the closed 
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method to allow one to three days action of the molluscicide in 15 to 

30 p.p.m. (quoted by Ayad). In 1945 Ayad used the shore method by 

applying 4 kg. of copper sulphate for every 50 m. length on each Side 

of the stream. 

In 1952, due to shortage of the mOlluscicide and as a matter of 

necessity and not of choice, the department of Endemic Diseases of Egypt, 

had to resort to a system allotting stringent priori ties. Accordingly, 

Halawani (1951 - 1957) introduced the so-called "focal" method, according 

to which copper sUlphate was applied to each station in which snails in-

fected with schistosome larvae were discovered. Each canal or drain is 

divided into stations, each one of them is equal to the other and of a 

certain length of the stream. Many field laboratories were established 

for the examination of snails for the presence of sChistosome-cercariae. 

Halawani introduced "radius control" as a method of control in certain 

provinces in Egypt subsequent to 1951. This method achieves the treatment 

of snail-infested canals and drains within a 500 m. radius from the 

periphery of inhabited places, regardless of whether bilharzial infection 

is discovered in the snails or not. Ayad in evaluating the various 

methods carried out in Egypt, comments that in cases where, owing to 

shortage of molluscicides, generalized snail control is an impossibility, 

and therefore, priorities have to be considered; the "radius" control 

method seems to make for the best use of the available molluscicide. In 

fact, with such a policy, stricter vigilance and more frequent checks 

and treatments of snail-infected streams should be possible. 

In Tahrir Province in Egypt, mechanical and chemical barriers were 

established in the main canal. The results were not very satisfactory, 

because the necessary continuous feeding with the molluscicide was not 

maintained, though after interruption it was resumed in 1960. The 

rate of infestation by bilharzial snails in the first half of 1957, before 

the establishment of the chemical and mechanical barriers, had been 1.03 

snails per kilometer of the total length of the irrigation system, whereas 

it was 0.70 snails/km. in the second half of that year after the establish-

ment of the barriers, 0.74 km. in 1958, and 0.52 km. in 1959. These 

figures do not signify success achieved by the method of mechanical and 

chemical screening. 
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In 1953 Elmer Berry and A. Halawani employed Sodium pentachlorophenate 

in Egypt for the first time. A successful snail control project, using 

sodium pentachlorophenate (NaPCP) was instituted in the Warraq el Arab 

area, Giza. The project tract measures about 25 krn2• and has a population 

of about 50,000 living in seven villages. The method marked a new advance 

in rnolluscicidal application. In this method the discharge of water was 

calculated b,r means of measuring the depth of the canal and the velocity 

of the current. The molluscicide was placed in water at the intake of 

the main feeder canal and also at further points downstream in order to 

maintain a concentration of 10 p.p.m. for eight hours. The area became 

free of snails within five days cf application; most of the subsidiary 

canals and some of the drains did not need separate treatment because the 

chemical distributed itself b,r the normal flow of water. Treatment of 

the population was intentionally left out in order to ascertain the value 

of a single measure in destroying snails. For the evaluation of .the 

project schoolchildren 6 to 10 years were examined for schistosomiasis. 

Within five years a decline of the incidence of this disease took.place 

among the sohoolohildren, from 40.2 % to 23.7 % in the case of S.haernatobium 

and from 5 % to 1.8 % in the case of S.rnansonL The subsequent examinations 

have shown, however, an increase in the incidence although the same regimen 

of the molluscicidal control was continuing. For this purpose the World 

Health Organization is recruiting a short-term consultant to evaluate this 

project and estimate its cost. 

According to Ayad, mollusciciding as it should be, i.e. blanketing 

the whole of the irrigation areas, such as in Egypt, has not been done, 

because if examinations of canals are carried outb,r means of the Hairston 

Scoop for instance, practically.no canal would be found to be negative. 

Such an overall application method would be very expensive except in limited 

areas such as the oasis. According to the same author, vector eradication 

including total molluscicide blanketing of the whole irrigation system is 

a budgetary impossibility and has never been tried. For this reason, 

"radiuS control" is being performed at present in about one-third of the 

"sec.tors" covered b,r snail control activities, while in the other two 

thirds, owing to shortage of molluscicides, only so-called "focal control" 

is being apPlied to obvious danger spots. The snail control activities 

now cover incompletely half of the agricultural lands of Egypt. 
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As. regards ey~luation of. the anti-bilharziasis campaign in Egypt 

(which includes treatment and snail control, other sanitary measures such 

as the introduction of potable water to a large group of the population, 

and health education), Halawani in 1955 planned house-to-house surveys 

in the same villages where Scott carried out his survey several years 

before snail control had started. The examinations of excreta for schisto

some eggs were carried out tw well-trained teams of technicians from the 

Endemic Diseases Section of the Ministry of PUblic Health. This survey 

carried out during the last decade, has shown that S.mansoni incidence 

has declined Significantly to an extent of about 70 % as compared to the 

original incidence. The incidence of this species of schistosomes is 

very IIRlch less in the southern part of the Delta than in the north. As 

regards S.haematobium there is also a decline in incidence of about 40 %. 
The general incidence among patients attending the Endemic Diseases Hospitals 

in Egypt has declined from approximately 70 % down to 40 %. An investigation 

* was carried out by Halawani and Sadek to assess the value of treatment and 

snail control. In this study the treatment centres were divided according 

to their location, in areas under snail control and areas free from snail 

control. The annual returns of positive cases between 1935 and 1956 were 

recorded. The figure for the first year was taken as representing 100 %, 
and subsequent years were calculated in relationship to this figure for 

purposes of comparison. It was considered that there was a certain 

stationary population of a definite size which was served tw one and the 

same centre. These data have shown that the curve of incidence of positive 

cases increases for approximately three years following the establishment 

of the treatment centre but afterwards the figures decline progressively. 

The older the centre, the less was the incidence of positive cases. The 

impression was also gained that in the centres in localities where fairly 

adequate snail control activities had been in progress for a 1008 time, 

the incidence was lower than in areas where no control existed. However, 

this last point requires further exploration. Together with this investi-

gation, the rates of infection in the snail intermediate hosts of bilharziasis 

in Egypt 1952 to 1956 were estimated. A decline in the case of S.haematobium 

cercariae incidence in the Bulinus truncatus was recorded in 1952 as 1.27, 

and in 1956 as 0.14, and in the case of S.mansoni cercariae in Biomphalaria 

from 3.76 (1952) down to 0.27 % (1956). Ayad recorded for 1959 further 

wUnpubl1shed 
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decline in the above-mentioned percentages i.e. 0.13 % for S.haematobium 

cercariae and 0.16 % for S.mansoni cercariae. Several millions of 

snails have been examined each year beginning in 1954. 

III WATER RESOURCES AND AGRICULTURAL DEVELOPMENT IN BILHARZIASIS CONTROL 

In the international programme ofcom~t against bilharziasis, the 

World Health Organization has formed an advisory team comprising an epide

miologist and an engineer, to .evaluate the frequency of the disease in 

the different countries., the modes of irrigation, the methods of agriculture 

and the various factors in relation to the management and development of 

the water resources. 

In an article b,y McMullen et ~ in the Bulletin of the World Health 

Organization in 1962, the results of an enquiry made in fifteen countries 

in Africa and the Middle East, were published. It has been established 

that 26 million persons are affected b,y bilharziasis among a population 

of 107 million, and that the rate of frequency varies between 4 % and 75 %. 
Far from diminishing, the figure tends to increase, because tire measures 

of combat are insufficient or are very difficult to apply where irrigation 

schemes are being extended leading to an increase in the number of potential 

brce~ng places of the mollusca. 

The close relation between bilharZiasis and the development of irrigation 

poses a grave problem. Plans for study are under consideration during the 

coming ten to fifteen years in the countries where perennial irrigation 

schemes will.be under way (five times the area of the United Arab Republic). 

Adequate methods must be envisaged among the rural population to limit 

the dangers of irrigation. 

There is not a single measure of control which can be advised for all 

the countries. In order to achieve progress in the destruction of the 

snails, efforts must be concentrated on: water management, improvement 

of agricultural and irrigation.methods, the regulation of water courses 

and dams, the rational use of molluscicides and mechanical barriers 

against the molluscs, improvement of sanitation. 

·The poverty of the agriculture-econ~, the barrenness of the cultivable 

terrain due to the defective· techniques of cultivation and' irrigation, 

aggravate not only the problem of bilharziasis bO.t also malaria and diseases 

of domestic animals. 
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If in the irrigated zones the agricultural products are sufficient 

to serve industrialization, it will be necessary to improve the health 

of the cultivator and modernize the agricultural methods. Econoll\Y of 

water is essential, and water control must be placed under one direction 

and one central control. One governmental service cannot qy itself solve 

every problem. COllaboration between the national commissions should be 

established and coordination and integration of the diverse causative 

interests should be sought with the aid of the international organizations, 

such as Food and Agriculture Organization of the United Nations and the 

World Health Organization. 

The combined control of the snails with molluscicides was introduced 

in the Sudan qy Sharaf El Din and El Nagar, 1955: and El Nagar 1958. 

This method comprises: 

a. Initial sulfation (CuS04) with 30 p.p.m.: 

b. Installation of mechanical barriers: 

c. Use of chemmal barriers, i.e. the continuous application of 

CuS04 at 0.125 p.p.m.: and 

d. Surveillance and focal elimination of the snail colonies that 

are found. 

An analysis of the surveillance records in Gezira, SUdan, reported 

in 1962, qy the World Health Organization Bilharziasis Advisory Team 

indicated that snail colonies appeared in each canal unit on an average 

of three times per year and required the focal application of the molluscicide. 

The team stated that in spite of the intriguing possibilities of the conti

nuous application method, the amount of chemical required in large and 

effective dosages over the years would prove to be quite expensive. The 

* initial sulphation of.this system costs S£ 2)8,339 and the present phase 

* of the programme costs about S£ 65,000 per year. The Gezira area involves 

about one million acres and its population includes about 500,000 permanent 

inhabitants and 200,000 migratory workers. The team recommends that if 

this method is to be used on a large scale, efficient automatic dispensers 

should be designed. 

Herbicides have found a place in the control of bilharziasis. A real 

advance in this field has been achieved qy the introduction of Aqualin which 

contains acrolein as an active principle. Preliminary field tests in 

* S£ 1 = US $ 2.88 
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California indicate that Aqualin can be used to control snails and vegetation 

in irrigation canals (van Overbeck et al, 1959). Aqualin has been tested --
in the United Arab Republic (in Egypt-49 project) with successful results. 

1. Irrigation and Agriculture 

Water management and utilization, combined with agricultural methods 

are a subject of great importance in the field of Bilharziasis control. 

It is well known that bilharziasis has spread in the United Arab Republic 

since the change from the basin to perennial irrigation. The incidence 

has increased from 3 to 7 % to the very high figure of 60 % and above. 

The increase started especially when the level of water was increased in 

the canals during 1914 to 1918. Prior to this period the land used to be 

watered Qy means of up-lift irrigation effected Qy pumps. This method 

allowed sufficient time for the land to dry up completely. The incidence 

of bilharziasis was at much lower level than at present. Moreover, more 

crops per acre of land were obtained, because the subsoil water was at a 

deeper niveau than at the present time. There are other examples where 

proper water management has resulted in very large reduction of snails, 

such as the Musayeb irrigation project in Iraq which obtains water Qy. 

gravity from the Euphrates river. These measured amounts of water are 

delivered to the individual farms on a 24-hour basis for five days, then 

there is no water for five days. In that area, arid conditions, low 

water table and the hot climate are factors which, in addition to this 

type of irrigation, prevent snails from breeding. In 'other areas such as 

in the case of Ghana where rice is cultivated and irrigated and left to 

dry out for four weeks, irrigated again.and then left out allowing the 

fields to dry for harvesting, the snail parasite cycles are upset. Under 

rapid drying of the habitat, snails die quickly, but they survive for 

several months if drying 1s .slow.. The repopulation of the habitat Qy the 

survivors has discouraged the use of the method of periodic drying as a 

control procedure. 

It is known that the infected snails die first under adverse ponditions. 

At least two months are required for a habitat to become again repopulated 

and infective. Repopulation takes at least one month, and the snails to 

become'infective four to six weeks. The value of water management and the 
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employment of irrigation and agricultural regimen might become significant, 

keeping the snail and parasite cycle continually off balance. Improvement 

of irrigation tw providing the appropriate gradients in canal systems has 

been recognized in Egypt for a long time as an important control measure. 

Canal systems that have been built with low gradients tend to fill with 

silt and become choked with vegetation. The World Health Organization 

Bilharziasis Advisory Team ( McMullen and others) reported (1962) that 

"in Gezira (Sudan) with about one mil110n acres under irrigation, the 

annual cost of vegetation removal is S£ 50,000; and for silt removal, 

S£ 250,000. Improved control measures for these two problems might result 

in the control or marked reduction of the snails. The annual savings 

that may be possible by an increased capital investment in the planning 

and construction of such schemes warrant consideration". 

Stream and watershed and land reclamation appeared to be a practical 

approach to combating bilharziasis. The ideal area for a trial of this 

method should have a series of marshes and other types of snail habitats, 

a high prevalence of bilharziasis in human popUlation and potentialities 

for agricultural development. This type of control might be suitable 

for some of the stream system in Ghana, Togo and the Ivory Coast (McMulllen 

and others). 

In Egypt, irrigation tw means of sprayinc water has been introduced 

for watering 1400 acres of sandy land in Anshas under the supervision of 

the Ministry of Land Reform. The water is conducted in pipes, to this 

large plot of reclaimed land where fruit trees, olive-trees and vegetables 

have been planted turning the desert into green soil. The irrigation tw 

spraying, in addition to the advantage of proper water management, saves 

the areas which are used for digging canals and drains and the expenses 

of weeding and cleaning the silt. Moreover, the fertilizers remain in 

the land instead of partly removed tw drainage, thus increasing the crops. 

It is evident that such a system of irrigation should be investigated in 

relation to bilharziasis control, and with regard to economy and the 

possibility of extension to new reclamation of land. The lands which 

will be irrigated from the surplus quantities which will be furnished tw 

the Great Dam of Aswan, will be watered tw means of up-11ft irrigation. 

Therefore, research should be carried out from now on to find the best 
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methods of irrigation which would control bilharziasis, and which would 

give the best yield of agricultural crops and be within economic possi-

bllities. Sound planning in this field of investigation is evidently 

of great importance for the future of the country both from the points 

of view of health and economy. 

Similar irrigation schemes where the water is conducted in pipes 

and .delivered to the fields tw field laterals are used in the Mewani Sugar 

Estates, in Kenya. This type of irrigation, supervised tw the Central 

Administration, with well-planned cycles of irrigation will efficiently 

control the breeding of snails. 

Control in ponds and reservoirs is a subject worthy of the utmost 

attention tw all authorities concerned especially the health administration. 

It was discovered in Iraq that a water reservoir which was supplying one 

of the small towns was a rich breeding place for Eulinus truncatus, with 

heavy infection with schistosomes cercariae, resulting in an extensive 

infection among the population. 

Several methods of control have been devised for the protection of 

ponds such as fenCing, or eVen biological control, such as the variety of 

ducks at Nungua which has been claimed to be a factor in control. 

2. Environmental Sanitation 

Water is the source of infection, and therefore its protection is 

called for tw means of fencing or lining the sides of the canals, with 

concrete or pitching the banks with limestones, and prevention of aquatic 

plants growing in order to check the propagation of snails; diverting 

the course of canals b.r filling the portion of the canals passing through 

the villages and changing their course so that they pass some distance 

away from the villages - at least 500 metres. 

sanitetion relating to schistosomiasis are: 

The main principles of 

a) The proper supply of safe potable water 

b) Proper methods of disposal of excreta 

Clean water is provided for 80 % of the population in the United 

Arab Republic either from underground water supplies, whenever it is fit 

for human consumption, or from surface water after filtration and chlorination 
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The rest of the popu-

lation will be provided with potable water within the following two or 

three years. Another very important measure is the provision of 

facilities for washing and bathing. Bathing pools are highly recommended 

whenever possible in order to divert children from bathing in the canals 

where they contract the infection. 

In places where potable water is not available, storage of water 

for 48 hours is a necessary measure, because the cercariae die out in 

this period. In Iraq, with the assistance of the World Health Organization, 

a filter has been devised for producing potable water from the irrigation 

canals. This is of special significance for this area because the ground 

water is too salty for domestic use and the canals are the only water 

source. 

3. Coordination of Community Development and Water Resource Development 

The integration of health measures into community development schemes 

has so far not reached its objectives. The irrigation-agriculture which 

prevails in certain countries of this Region and constitutes a source of 

infection, requires the cooperation of the population with the health 

authorities in carrying out sanitary measures. However, the available 

level of education and socio-economic conditions are not at a level 

conducive to the desired ends. It has been observed that bilharziasis is 

of higher incidence among the small landowners than among the labourers 

in the very large estates. In the latter, water management and cleaning 

of the canals limit the breeding of the snails. In the new projects 

which exist in Gezira (in Sudan) and Tahrir (in the United Arab Republic) 

where there is unified control, it was expected that bilharziasis would 

have decreased. The Tahrir and Gezira schemes are two projects that 

should be the subject of study and planning. In Tahrir, housing was pro-

vided for the tenants, and a health administration for the supervision of 

sanitation, and treatment of population. An attempt at the prevention of 

snail infestation Qy means of chemical and mechanical screens were 

instituted. The profits of this scheme both from the health and economic 

points of view have not as yet been assessed. The Gezira scheme has been 

profitable. The annual net profit during the period from 1950 to 1955 
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was about.S£ 20 million. The total cost of the dam, the canals and 

associated pumping stations was S£ 13,601,000. It is evident that full 

and efficient integration of public health should be regulated by means 

of legislation and full cooperation among all the administrations concerned 

with such schemes. These great projects which utilize water which is 

a source of wealth for the country as a whole, in the same way as the 

other natural wealth sources, would require overall planning to ensure 

the proper organization of water management and agriculture, social, 

economic, educational and health conditions of the tenants. 

80 far, with the exception of a few instances, nowhere is there an 

organizational body which is capable of managing irrigation schemes from 

all its angles. There is no single department that can cope with this 

task. Therefore, it is highly recommended that a Central Coordinating 

Commission should be established in each country and be given legal powers 

for the purpose of coordinating and integrating the various interests such 

as economic planning, irrigation, agriculture and public health in the 

development and utilization of water and related land resources. Because 

of the broad aspects of this problem and a lack of technical personnel it 

will also be necessary to enlist the cooperation of such international 

agencies as Food and Agriculture Organization and the World Health 

Organization. In this context, reference is made to the article dealing 

with the subject by McMullen, D.B., Buzo, Z.J" Rainey, M.B., and 

Francotte J., 1962. 

IV ESSENTIAL Y.NOWLEDGE OF BIOLOGY 

Thorough knowledge of the population dynamics, ecology and biology 

of the particular species of snails is essential in order to achieve the 

desired restriction of snail breeding. This principle has become recognized 

by workers in Bilharziasis Control. However, many present-day methods 

which have been directed against this vulnerable link in the life-cycle 

have frequently failed owing largely to inadequate information about the 

biology and bionomics of the snail host, and to a lack of proper understanding 

of snail-parasite relationships. Fundamental biological and ecological 

studies might also reveal other possibilities of control - for instance, by 

the use of environmental changes wnich, where practicable, might be superior 
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to molluscicides - or they might even indicate that a combination of 

methods directed against more than one link in the schistosome's life-

cycle should be used. It is also suggested that a combination of methods 

directed against two stages in the schistosome life-cycle - the snail and 

miracidium - b.1 the Judicial application of molluscicides and treatment 

of infected persons might be more efficacious than an attempt merely to 

reduce snail denSity and alter the population structure. 

Crossland described a sampling technique suitable for estimating 

the population densities of African aquatic snails in the field b.1 detailed 

examination of a plug of mud removed for the purpose. This device has 

been used in field trials with the molluscicides ICI.24223 and Bayer 73. 

Estimates of percentage kills were based on counts of the live and dead 

snails in each mud sample before and after molluscicide treatment. 

Statistical analysis of these counts suggests that most snails killed b.1 

the molluscicides were subsequently recovered, thus providing some 

confirmatory evidence of the validity of these estimates. 

V IMMUNOLOGICAL CONSIDERATIONS 

1. Acquired ReSistance to Bilharziasis 

In highly endemic areas man acquires immunity to bilharZiasis at an 

early age. The age-incidence of the disease is during Childhood. Moreover, 

the prevalence curve reaches its maximum during the second and third 

decades of life and begins to decline following this age. Children are 

the most susceptible for two reasons: one is the absence of immunity to 

bilharziasis, and the second, because they are the most exposed individuals 

to infection as a result of wading and swimming in water-channels and 

snail habitats. The experience of workers in Egypt (Halawani), have 

repeatedly confirmed these views. It has often been reported that the 

disease among children and newcomers is very severe. Actually severe 

epidemics associated with high mortality have occurred in certain villages 

in Egypt where heavily infectious habitats of snails were present inside 

or passing through them. The most favourable conditions for producing 

maximum protection are a moderate initial infection followed b.1 regular 

additional doses. During the Great Wars, European soldiers who exposed 

themselves to. infection through bathing suffered very severely from the 
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initial aymptoms.5Uch as fever and rashes; phenomena which are not observed 

among the local inhabitants. This demonstrates that resistance develops 

and builds itself up in the individual living in endemic areas and is 

absent in the newcomer. 

2. Immunity 

a) Experience in the laboratory (mice and hamsters) has demonstrated 

that experimental animals are capable of acquiring partial resistance a few 

weeks after an initial infection. In the small laboratory animals (mice, 

hamsters), the resistance is developed partially to a homologous parasite 

because a certain number of worms remain recoverable in the adult stage, 

although they are usually stunted in size. In the resistant animals only 

a few worms reach maturity and their growth is stunted as compared with 

those in control animals. The rhesus monkey on the other hand, can markedly 

gain strong immunity against S.mansoni and S.japonicum and S.douthitti. 

Provided several months have elapsed between the initial dose and the 

challenging one, immunity is complete and all the worms are destroyed before 

gaining maturity; and finally most if not all the worms, from the initial 

infection die out (quoted b.r Smithers). The baboon (Papio hamadryas) on 

the other hand retains infection of S~mansoni for years, although gains a 

certain degree of resistance through reinfection which enables him to survive 

doses of cercariae which are lethal to uninfected baboons (Newsome, 1956 

quoted b.r Smithers, 1962). In this behaviour the baboon resembles man 

and would be more suitable as a test animal. 

b) Laboratory investigations have not so far revealed the nature 

of the protective mechanism in the resistant animals. Monkeys infected 

with one sex do not show increase in the gamma-globulin as do animals 

infected with two sexes. Nevertheless, the one sex infection produces 

strong partial resistance, a fact which demonstrates that the increase 

of Y-globulin, whether due to specific antibodies or to non-specific globulin, 

is not essential for protection. FUrther research is required to prove 

whether humoral or cellular mechanisms or both play a part. 

c) There is no clear experimental evidence up to the present which 

indicates that dead worm material has succeeded in protecting animals against 

schistosoma. The same can be said of dead eggs and cercariae. Somatic 
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antigens may be highly labile and even mild physical tr~atment such as 

freeze-drying may destroy their ability to provoke a protective response. 

The immunizing factor may be the metabolite produced by the intermediate 

stages in the definitive host. 

d) Living cercariae have been employed to produce resistance in 

monkeys and small animals. 

I. Kagan (1953) found that rhesus monkeys develop resistance to 

S.douthitti 35 days after an initial homologous exposure, but he could 

find no evidence of resistance against a challenge of 700 S.mansoni 

cercariae given 34 days after exposure to 8,000 S.douthitti cercariae; 

e) Furthermore it has been shown experimentally that 5,000 cercariae 

of S.mansoni is a lethal exposure to normal rhesus monkeys. (Naimark et~, 1960). 

f) One rhesus monkey which had acquired resistance against 

S.haematobium was able to recover from a lethal exposure of 5,000 cercariae 

of S.mansoni, and developed slight protection against this latter species. 

(Meleney and Hoore, 1954). 

Similar two rhesus monkeys which were highly resistant to 

S.japonicum had shown partial resistance to challenging doses with S.mansoni 

cercariae (Vogel and Minning, 1953). One, which was challenged with 

1,500 S.mansoni cercariae, had an extended prepatent period of eleven weeks 

and then only a 10>1 egg output resulted. The second monkey was challenged 

with 500 cercariae of S.mansoni; hatching tests on the faeces were negative 

for fifteen months, although a few eggs were found later. 

g) "Dramatic reductions in numbers and size of worms developing in 

mice and monkeys immunized with non-human Formosan strain of S.japonicum 

were obtained when the animals were challenged with a human strain of 

S.japonicum. Similarly, mice initially infected with the Formosan strain 

were always partially protected against infection with the Japanese strain. 

Protection was also observed with the reciprocal exposure, but it appeared 

to be less effective and slower in developing" (Hsu and Hsu, 1961). 

h) "Attenuated cercariae by means of irradiation to induce resistance 

has been the subject of recent investigations, (Villela, Gomberg and Gould), 

exposed mice to cercariae irradiated with gamma rays from a cobalt 60 source. 
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The mice became strongly resistant to a subsequent challenge with normal 

cercariae. Smithers carried out similar work, utilizing X-rays. for 

attenuating the cercariae. 

"An X-ray dose of 3,000 roentgens preventedarw cercaria from 

surviving more than six weeks; 2,000 r. prevented all but one per cent 

of the worms from surviving beyond this time. Most worms which survived 

were retarded in development, and were unable to produce eggs. At doses 

lower than 2,000 r. a percentage of the cercariae matured and produced 

viable eggs, Most of the cercariae which had been treated with 2,000 or 

3,000 r. appeared to pass through the lungs uninhibited, but on reaching 

the liver they died during the second, third, or fourth week after exposure 

According to Smithers, rhesus monkeys exposed to cercariae irradiated at 

2,000 r. developed a good partial resistance to the challenge infection, 

although their worm burdens were surprisingly high. Examination of the 

female worms from these monkeys revealed, however, that more than half 

were 'stunted in development, and were not producing eggs. The results in 

monkeys exposed to cercariae irradiated at 3,000 r. were conflicting. 

* Hser and his co-workers have shown that rhesus monkeys can be protected 

against S.japonicum by previous exposure to X-irradiated cercariae of the 

same species. It 

Other investigations in mice seem to indicate that the acquired resistance 

developed following exposure to irradiated cercariae may be transitory 

resulting only in a delay in the development of the second infection. They 

suggested that by extending the length of time of 0bservation from challenge 

to necropsy the worm and eggs yield from vaccinated animals and their controls 

may not be significantly different. On the other hand, immunized monkeys 

survived a challenge with 4,000 cercariae and three months later showed no 

ill-effects and only a few eggs in the stools; while the controls died 

within two months from the time of challenge after passing very large numbers 

of eggs in their faeces. Halawani vaccinating mice with irradiated S.mansoni 

cercariae was unable to reach a definite conclusion and suggested that 

further work was needed in order to find out the discrepancies which arise 

as a result of utilizing different strains of the parasite and lengths of periods 

of experinlents in different animals. ** According to Perluwagora Szumlewicz, 

as previously mer.tiuned, mice killed four and seven weeks after exposure to 

* 
** 

Hser, H.F., et al. 1962. Quoted by Smithers in Ciba Foundation Symposium 1962. 

Per:lowacora Szumlewicz 1962. Ciba F':Jundation Symposium on Bilharziasrs. 
London, Churcr,ill, 1962. 
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Three weeks later, 

worms and eggs were found. Within ten to twelve weeks after being 

challenged the number of eggs in mice exposed to irradiated cercariae 

prior to challenge was similar to that found in the control mice exposed 

to challenging dose. It seems that the vaccination succeeded in pro-

ducing delay in the development of the worms introduced Qy the challenging 

dose. The standardization of the dose is, however, another important 

factor. According to Smithers two exposures of 10,000 cercariae at 

least would be necessary to produce full protection in rhesus monkeys. 

VI IMMUNOLOGICAL METHODS FOR DIAGNOSIS OF BILH,LRZIASIS 

According to Kagan and Pellegrino, the diagnosis of bilharziasis 

during the acute phase is not easy Qy means of searching for eggs in the 

urine or faeces, and it is more difficult during the chronic phase. In 

the epidemiological enquiries, recourse had to be made during a long time 

to serological techniques, utilizing various antigens. The serologiC 

proof has not been absolutely in accord with the presence of the ova in 

the excreta. 

The intradermal test method must be standardized before it can be 

used Qy workers in separate areas of the world. The best method for the 

preparation of antigen must be determined, and the evaluation studies must 

be made to designate the most satisfactory antigen. Towards this goal 

a comprehensive programme has been initiated Qy the World Health Organization. 

The establishment of an international reference skin test antigen is 

included in this programme. The ID test (the intradermal test) varies 

in sensitivity depending upon the antigen employed. The antigen of choice 

for the ID test at the present time is one made of adult schistosomes, 
* (Pellegrino, 1960). Antigens of non-schistosome species have been used 

as diagnostic antigens, but in some instances have proven to be quite 

insensitive (Hassan and Betashe, 1934; Khalil and Hassan, 1932). 

Several antigens have been employed in the complement fixation test 

(CF) in the detection of bilharziasis. Hepato-pancreas antigen has proved 

to be sensitive and quite specific. Very few workers have used cercarial 

antigen with good results. Adult worms purified antigen, however, is the 

* Pellegrino, J. (1960). quoted by Kagan and Pellegrino. Bull.\Ud.Hlth. 
Org. 1961. 
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one of choice, i a e. a delipi9.ized ad-J.l t s0histosome antigen. f,lthough 

the CF test may be of great value as a diagnostic aid in bilharziasis, 

its application in epidemiological surveys and for evaluation of cure 

requires f~rther research. 

The circumoval precipitin test (COP), (Olivier-Gonzalez, 1954b) is 

based on the precipi tat" wr.ich forms around the bilharzia ova placed on 

a slide in inactivated Gercl'll at 56°C for 30 minutes and incubated at 

37°C for 24 hours. The ssnsitivity of the COP test in detecting anti

bodies in chronic bilharziasis may make it important for use in epidemio-

logical studies. However, it is relatively new and requires careful 

evaluation. 

The "Cercar:'.arc-Ht:llen Reaktion" (CHR) of Vogel and Minning, (1949),is 

based on the formation of an envelope reaction <lround the cercariae when 

placed in a non-inactlvatec. drop of serum. This reaction is active in 

detecting early infection, and being specific will not cross-react with 

other helminth infections, but is not species or stage specific. Its 

efficiency in diagnosing chronic inf<cc'uion should be investie;ated. 

The cercarial ae;GlutinatiQ;:: test is based on the observ<ltion of Liu 

and Barcg (1950), 'uhat sera of Olon!<ey,· (Mecaca rhesus) infected experi

mentally with S. ~'2.nsoni, acquired thc vcoperty of agglutinating cercariae 

of the same Epecies. r:'he .2,ppearanc(~ of this agglutine..tion property 

coincided appro.x:!..matelH w~_th the appue.rance of eggs in the faeces. This 

test has to be evaluated in compari30n I<ith other serological tests for 

the diagnosis of bilha~ziasis. 

The miracidial immobiliz~tion test (Senter~it 1953) is based on placing 

five drops of suspersiGn of r,,'.racidia in dilutions (1:10 to 1:160) of the 

inactivated test se,oum and observing the movement. of them under the binocular 

microscope after two hours. This phenomenon is probably more of academic 

interest than' of diagnostic value. 

The haemagglutinatlon test (~jlU':1 1955a) is based on the adsoption 

of p.rotein antigens (~_~'2,:£'2i. cercariae) on to sheep red cells previously 

treated with tannic acid. Agglutinatic'n occurs when the red cells, 

covered with antigen, a~e incubated with specific antisera. 
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The flocculation test is based C!n the observation that alkaline 

extracts of adult schistosomes (S.mansoni) had the property of forming 

a coating on cholesterol crystals, which could then be used as an antigen, 

and that addition of a small amount of lecithin considerably increased 

the sensitivity of the test. This test also has a high degree of spe-

cificity, children 92 %, whereas adult chronic· cases 87.5 %, and no cross-

reaction with syphilis. Although the use in recent years of haemagglu-

tination and flocculation tests in other helminth infections portends 

their usefulness in the diagnosis of bilharziasis, they should be evaluated 

for sensitivity and specificity against other serulogical procedures for 

the diagnosis of bilharziasis. 

The search for adequate serological techniques has achieved a signi

ficant advance, but it is still short of having reached its objectives, 

mainly the perfection of a method or methods Qy means of which epidemiolo

gical investigations can be carried out with a high measure of accuracy. 

The determination of the results of chemotherapeutic studies is of 

paramount importance. Parasitological examination requires to be carried 

out over long periods in order to make sure of freedom from infection; 

the same can also be said of the complement fixation test which remains 

positive for a considerable time after a cure has been achieved. Possibly 

the circumoval precipitin is more adapted for this purpose. In man, three 

to six months must elapse before the effectiveness of chemotherapy can be 

assessed Qy searching for eggs in the stool. Most serological methods 

require a time-lapse of 8-12 months. The most sensitive methods for this 

purpose are in vitro tests with eggs and cercariae; but they are not yet 

sufficiently sensitive. The problem of determining worm burden is of 

much practical and theoretical importance; but the serological methods 

do not prove fruitful in this field either. In a masterly review of this 

subject Kagan and Pellegrino 1951, referred to the necessity for profound 

studies on the pathogenicity of bilharziasis on the function of the human 

blood groups (analysis of S.japonicum for blood group substances, revealed 

the presence of A4 B
2

and 03substances); their chemical composition of the 

antigens, their specificity in relationship to their biochemical composition, 

and the enzymes of schistosomes in particular the glutamic-oxaloacetic 
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transaminase. Tne work of Garson, Duran and Williams (1957) on 

alterations of serum glutamic-oxaloacetic transaminase during the course 

of experimental S.mansoni infection suggests that a quantitative relation

ship may exist between the amount of enzyme present and the worm burden. 

1. Fluorescent Antibodies 

The authors (Sadun, Anderson and Williams) have investigated the 

application of the fluorescent antibodies reaction in the diagnosis of 

human bilharziasis, utilizing the diffGrent stages of development of 

S.mansoni (ova, miracidia, cercariae, schistosomula, and adults). It was 

found that the cuticle of cercariae, as well as that of the schistosomules, 

and the celia of the miracidia react in a constant and specific fashion 

with the labelled serum (fluorescein isothiocY:lnate). The results being 

less neat (definite) with reactions against the adults and ova; because 

with the latter, an auto-fluorescene brown reaction often masks the 

specific immuno-fluorescent reaction. 

The rapidity, the facility of performance and the security of rGaction 

when dealing with the miracidia and the cercariae have led to the favourable 

consideration of the indirect test of the immuno-fluorescence, in the 

diagnosis of bilharziasis in the laboratory. The reaction with antiserum 

is inhibited if the antibodies are absorbed tw means of the cercarial 

antigen. FiftGen subjects being tested to the fluorescent antibody in a 

titre of 1:64 have given negative results, after absorption of the serum 

by a calculated .quantity of cercarial antigen. 

The reproducibility of the results with the indirect test utilizing 

different pools of cercariae and various lots of labelled antiglobulins 

is very good and compares favourably with the other serological tests 

employing entire organisms. A relationship exists between the early 

appearance of fluorescent antibodies and the size of the cercarial infection 

in the rhesus monkey and albino mice. The antibodies (susceptible to 

become fluorescent) appeared 3-4 weeks after infection. This time interval 

is in·inverse ratio to the number of cercariae infecting the experimental 

animal. The antibody titres increase rapidly to reach their maximum 

6-14 weeks after infection. 
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The schistosomules extracted frvm the tissues of the animals, which 

have been given an infection with cercariae, have reacted to the test of 

fluorescence in the same manner as the free forms (of miracidia and 

cel'cariae) • This is the primary serological reaction which is c8ming to 

these three stages of the parasite. These observations lead the authors 

to the bypothesis that there are different types of antibody-antigen 

complexes in the various serologic reactions applicable t,~ bilharziasis. 

VII CHEMOTHERAPY 

As is known, bilharziasis is amenable to antimony treatment. In 

the United Arab RepubliC, the trivalent antimony compounds such as potassium 

antimony tartrate (tartar emetic) and stipcphen (antimony pyrocatechol 

sodium disulphonate) are widely used. Tartar emetic is given intrave-

nously in six per cent solution every other day to able-bodied adults in 

doses of two grains three times a week for four weeks, and in reduced 

doses to children according to weight. Stibophen (Fouadin, Ripodral) is 

given intramuscularly, one-twelfth ml./kg. bodyweight for nine injections, 

either daily or every other day. 

The whole brunt of toxicity by antimonial drugs falls on the heart 

and the kidneys. Degeneration of the :1eart muscle and the tubules of 

the kidneys are the chief pathological manifestations. Stibophen was 

found (Halawani et al; 1956) to cause in susceptible individuals, in very 

rare cases haemurr'hages due to toxic capillaritis and thrombocytopenia 

and haemoglobinuria resulting in fatalities. 

Death rate due to Antimony Treatment according to the Figures of the Endemic 

Diseases Department, Ministry of Public Health (United hrab Republic) 

Three injections per week for four weeks 

'Drug Period Deaths! Cases treated Rate per million , 
'Tartar emetic 1930-1961 24 I 7,271,842 3.3 ! , 

! Stibophen (Stibophen; 
Fouadin, Ripodral) 1946-1961 l48 2,949,125 50.2 

i 

t 
I 
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According to Lu Sung-ts'e and Liu Hsien (1963) experiments in 

People's China with two, three, five, seven, ten and fifteen d/3¥ regimes 
* with a total dosage of twelve to nineteen milligrammes (T.E.) per kilogramme 

body weight were found similar to those of the twenty-day regime. The 

three-day regime, which produced mild reactions that subsided shortly after 

completion of treatment, was considered satisfactory for general use. The 

immediate cure rate approached 100% and the cumulative relapse rate at the 

end of three to six months was 29% for the three-day regime as compared 

with 22.1% with the seven-d/3¥ regime. The mortality rate from intoxica-

tion was about 0.03% per million (i.e. 300 per million). At present, 

the three-day regime has become the. most generally used therapeutic measure 

in China. About five million courses of treatment have so far been given 

to schistosomiasis (japonicum) patients. In Egypt, on the other hand, a 

prolonged regime was adopted consisting of the administration of one injection 

of tartar emetic once weekly for twelve, fourteen or sixteen weeks according 

to the intesity of infection in each individual case. The reason for 

fcllowing this scheme was due to the uncertainty with regard to the lead 

content of the T.E. nvailable whic":! was !"liG·:er tlmn BP specifications. 

Enquiries in the Research Institute in Cairo had demonstrated that T.E. with 

high lead content was more toxic to animals than T .E. conformins L BP 

standards. This was not considered, however, to be directly related to 

the lead content, but possibly due to other toxic contaminants for which 

lead serves as indicator. It was considered that this high toxicity might 

be limited by increasing the intervals between injections. However, T.E. 

now manufactured in Egypt complies with BP standards 'c,r less t··.an five 

parts per million of lead. On the CUrrent regimen. of tartar emetic once 

weekly as discussed above, an overall cure rate of about 60% is claimed. 

According to Halawani and Dawood, the results of treatment are 

satisfactory with tartar emetic and Stibophen (Fouadin, Ripodral) provided 

.that the patient (60 kg. bcdyweight ) receives a course containing 425-484 mg 

of antimony, during four weeks (three injections each week). 

The relapse rate after antimony courses varies according to age. 

It is higher in children than in adults. If reinfection is excluded, it 

amounts to 13% after six months with Stibophen, Halawani and Dawood, 1950, 

and 6 to 7 % with tartar emetic (Fultz et aI, 1961). 

* Tartar Emetic 
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According to Lu Sung-ts' e, clinical ~i~y int,.)xicati,m due to antimony, 

administered as a rapid three-day regimen, may be divided into three 

types, namely (a) cardiac intoxication, manifesting as Adams-Stokes 

syndrome, (b) hepatic intoxication, characterized Qy jaundice and hepatic 

insufficiency, and (c) acute generalized intoxication, occurring with 

hyperpyrexia, convulsion and coma but not arrythmias or jaundice. Compli

cations such as hematemesis may occasionally occur in patients with 

concurrent hepatic cirrhosis, portal hypertension and esophageal varices. 

Hot climate promotes antimony reactions leading to serious intoxication. 

The higher the temperature, the smaller the lethal~dose for mice. 

According to Lu Sung-ts' e, patients wi th ~ympt"mless pulmcnary tuberculosis 

could tolerate antimony satisfactorily. One third of the patients after 

antimony treatment showed remarkable improvement of lung lesions upon 

periodic roentgenographic examinations. BAL ehowed a definite but not 

marked antidosal effect on tartar emetic in animal experiments. There 

is little if any change in liver function tests before and after short-

course therapy. However, serum glutamic oxalacetic transaminase and 

serum glutamic pyruvic transaminase activities vlere slightly increased, 

about two to three times higher than the average normal figure. The 

mechanism, Qy which antimony causes cardiac intoxication manifesting Adam

Stokes syndrome with electrocardiogram showing paroxysmal ventricular 

fibrillation, ~has been investigated in China. However, direct effect of 

antimony on the heart per se can hardly explain all the phenomena. 

Workers in China have demonstrated in animals the inhibiting effect of 

tartar emetic on the higher nervous activity, bringing about instability 

of the subc::>rtical vegetative centres. It was found that the acetylcholine 

content and cholinesterase activity of the heart were markedly increased 

in rabbits poisoned with large doses of antimonials, a finding pointing 

to increased vagal tone. 

These data indiCate that besides the local effect of antimony on 

the myocardium, excessive vagal activity plays an important r6le in the 

genesis of antimony-induced arrhythmias. This forms the theoretical 

basis for atropine therapy. Clinical trials with atropine have proved 

that the drug is effective, but a large dose should always be used. 
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Sedatives like phenobarbital, which induce central sedation and decrease 

the vagal tone as well as myocardial excitability, are used at the same 

time. .Intravenous injections of glucose solution or fluids aimed at 

augmenting cardiac output may be used in cases with respiratory and 

circulatory dysfunction resulting from ventricular fibrillatiDn. Strict 

bed rest must be imposed in quiet and ceol place and good nursing care. 

Adrenalin, digitalis, caffein, etc. are of no avail and may even be harmful. 

Attacks of ventricular fibrillation were usually preceded by the appearance 

of excessive extrasystoles; thus extreme caution should be exercised in 

watching OVer the patient. The remote therapeutic effect obtained from 

seven-day T.E. therapy was definitely superior to that from three-day 

therapy. The rate of relapse was reduced by increasing the total dosage 

from 12 mg. to 16 mg. per kg. bodyweight. But owing to severe reactions, 

seven-day therapy is not tolerated by most patients. 

It is evi·dent that the four-week regimen is safer than the three-day 

course. However, as mentioned previously, it has been found in Egypt 

that mortality due to "Stibophen-Fouadin-Repodral" was fifteen times more 

than that due to tartar emetic. The reason for this was the subject of 

* long studies by Halawani in the United Arab Republic. Twenty-six cases 

who died after treatment with Stibophen, Fouadin or Repodral were examined 

during life and post-mortem. Death, in the majority of cases occurred 

after the fourth or fifth injection. The patient collapses suddenly passing 

rapidly into coma, becoming cyanosed, the pulse imperceptible, the pupils 

dilating, the blood pressure falling, the temperature becoming subnormal 

and the breathing sonorous. The process appears to start with intoxication 

due to pyrocatechol disulphonate of soda which is combined to antimony in 

the ring of Stibophen. This gives rise in certain susceptible individuals 

to shock affecting renal excretion which may be associated with toxic 

capillaritis, haemorrhages, and intravasal haemolysis. The retention of 

antimony gave rise to severe intoxication of the heart. Cloudy swelling 

and degeneration of the heart muscles were '1 cC:ITi1llc1n findins, as well as 

congestion of the liver and the kidneys, associated with enlargement and 

congestion of the spleen. 

* Unpublished report. 
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During life, out of the twenty-six cas€s, five exhibited haemoglabinuria, 

three patients low blood platelets (10,000 per cmm) associated with purpura 

haemorrhagica, and three patients high urea content of the blood (70 to 

130 mgm per cent). Besides other abnormal findings such as hydroncphosis 

(one case) enlarged thymus and lymphatics (one case) and internal haemorrhages 

(five cases) w8re detected. Antimony in the liver ranged between 1.4 to 

7.6 mg. in hundred grams of liver tissue. The electron microscopic picture 

of the corpuscles obtained from patients under antimony treatment was 

* abnormal. As observed by Halawani (1956) , the haemaglobin appeared 

spotty instead of being homogeneous throughout the corpuscles, a phenomenon 

described in case of denatured haemoprotein. The intoxication with the 

antimonial preparation is evidently a complicated process which requires 

further extensive investigations. 

1. Cor-pulmonale 

According to Ibrahim et~, the diagnosis of bilharzial cor pulmonale 

is usually made in clinical grounds when a patient who is infected with 

bilharziasis suffers from cardiac symptoms and clinical evidence of 

dilatation of the pulmonary artery and right ventricular enlargement. The 

characteristic X-ray picture and electro-cardiograpr.ic changes help to 

discern the diagnosis. When found out early, the condition could be 

assessed by treating an active bilharzia that may be present. This has 

to undergo a slow cours~ with long intervals in-between the infections, 

while the patient is in bed under complete rest. In advanced cases 

treatment may prove dangerous and fatal and should not be impose& in the 

presence of right ventricular decompensation. In arrested cases the 

raised pulmonary arterial pressure and the emphysema that is commonly 

present throw a big strain on the right side of the heart and limit the 

effort tolerance of the patient. This chronic incapacity, however, is 

compatible with many years of invalid life. 

TWSB and Astiban = Antimony dimercaptosuccinate was introduced as 

TWSB by Friedheim in 1954. It was first used in clinical trials in Egypt 

Qy Salem arid subsequently studied by him and his colleagues. The overall 

cure rate appeared to be 80 % or more. In the caseS treated in Egypt 

over the last seven years (some 5,000) there have been five recorded deaths. 

* Unpublished lecture delivered to the Egyptian Society of Endemic and Infectious 
Diseases in Cairo. 
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The rapid clearance of eggs and the early appearance in the excreta 

of non-viable eggs and pathological miracidia which have been observed 

with the use of TWSB compounds, including Astiban, offer some hope of 

suppression. Several workers, notably Salem and Sherif, have suggested 

that the use of these drugs on a mass scale might appreciably affect 

trClnsmission. Friedheim and de Jongh (1959), examined the effect of a 

single dose of 0.4 to 0.5 g. TWSB on the clinical picture and egg 

excretion of twenty Liberian patients suffering from S.haematobium 

infection. They observed that viable eggs were eliminated within a period 

of three to twenty-five days and reappeared slowly over the subsequent 

one to five months. 

Abdallah, Saif and Abdel Fattah (1962)administered five intramuscular 

doses of Astiban, each 4.8 mI. of 10 % solution of the drug. The maximum 

total dosage was 2.4 g. The groups which received the drug daily or 

every other day suffered from severe toxic effects, but when given twice 

weekly it was tolerated. All patients in the latter group became negative 

for eggs immediately after treatment (sixteen days from the start) except 

two, who discharged dead ova for a few days but became negative Qy the 

twenty-third and twenty-fifth days rLspectively. 

The drug may be toxic, especially Qy the intravenous route. In the 

cases treated in· Egypt over the last seven years (some 5,000) there have 

been five recorded deaths. 

The drug provides quick relief from the physical effects of the 

infection (other than complications), arld causes rapid cessation of egg 

excretion. A high proportion of non-viable eggs is often excreted within 

a week of treatment, suggesting that there may be some direct action on 

the miracidia themselves. 

Tne fatal cases reported may have been partly the result of ignorance 

or neglect of contra-indications, but this does not seem to be the case 

in the accident reported by Abdallah ~ ~ which occurred on a regimen 

which was within the total dosage recommended by him for treatment. 

It mi&~t be possible to combine the two regimens advocated by Salem 

and by Abdallah and to give a course of 4.0ml of 10 %. solution twice 

weekly to a total dose of 20.0 ml. 
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Antimony dimercapto succinate (TWSB) Astiban, in a total dose of 

0.04 gm/kg bodyweight divided in five intramuscular injections was 

tolerated by children 6 - 13 years of age. The best tolerated course 

was one in which the drug was administered intramuscularly twice weekly. 

Of twenty cases treated by Awaad (196q) ,one of the cases given tho drug 

daily, relapsed during a follow-up of two months. Vomiting was the most 

troublesome side reaction and mercaptosuccinate acid proved valuable in 

its prevention. All cases developed significant ECG changes, most 

marked in patients who received the drug daily. The changes tended to 

be reversible. Courses of twice-weekly seem to be equally effective 

as the daily, safer, and less likely to be followed by a relapse. 

Since the discovery of Miracil D the oral activity of at least three 

new types of compounds against S.mansoni has been described. Schubert 

fed infected mice relatively large amounts of certain thio-antimonial 

compounds and rid the mice of worms. Raison and Standen, and Standen 

reported on the schistosmicidal activity of aminophenosy-alkanes and of 

related compounds following oral administration to mice and other rodents 

infected with S.mansoni and S.japonicum. More recently, de Meillon, 

Ensland and Lammler described the prophylactic and curative activity of 

the drug 5616 Hoechst in mice. Later, ~mler indicated that the 

compound I-maleinyl-4-(3'-chlor-4'-methyl-phenyl), piperazine sodium salt 

(Hoechst 8688), had strong prophylactic and curative activity against 

8.mansoni parasite (Liberian strain) in mice. Luttermoser ~ ~ in 196) 

reported the oral regimens of this compound wore found to have a strong 

chemotherapeutic effect on mature infections of S.mansoni (Puerto Rican) 

in white mice and monkeys. There was no evidence of curative effect on 

a S.japonicum (Formosan) infection in a dog which was given a low dosage 

of the chemical. When it was given to mice up to 72 hours after 

exposure to 8.mansoni, it prevented many of the larval schistosomes from 

developing. This was not observed in monkeys. Liberian and Puerto-

Rican strains are more susceptible to the drug than the Egyptian strain. 

In preliminary human trials in Africa, there was some minor side reactions 

to doses of 3 to 5 mg/kg given thrice daily for ten days. Well-tolerated 

doses appeared to be insufficiently effective. 
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VIII DIET 

Luttermvser and De Witt reported in 1961 that the efficacy uf Stib:-,pLen 

for killing mature S.mansoni was compared in mice on a standard commercial 

ration and in others on semi-synthetic diets. In several tests in which 

mice received introperitoneally a dose of 100 mg/kg daily for eight days, 

it was estimated that the drug was from four to sixteen times more 

effective in eliminating the schistosomes in the animals on the semi

synthetic diets than in those on the crude cOmmercial ration. They 

suggested that variations in the results under the same regimen of treat

ment may be due to variation in the diets and that the nutritional factor 

should be taken into consideration when screening drugs. 

IX PROPHYLAXIS - CEDARWOOD OIL 

Campbell and Cukler reported in 1961 that mice kept for one week on 

a bedding of cedarwood shavings, were refractory to schistosoma mansoni 

infection when exposed by immersing their tails in a cercarial suspension. 

Immersion of the tail in ~ther solution containing 1 % cedarwood 

oil completely prevented infection in mice exposed four hours later. A 

50 % solution of cedarwo d oil in ether provided complete protection for 

three days. The prophylactic efficacy of a 20 % Cedarwood solution 

(in ether) was not impaired Qy washing the treated skin in running water 

for four hours. East Indian sandalwood oil, clove oil and pine needle 

oil have also been shown to possess prophylactic efficacy against S.mansorii. 
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