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INTRODUCTION. 

Bilharziasis ranks with Tuberculosis and Malaria as the three 

most important endemic diseases of man in Rhodesia. The prominence 

given to bilharziasis in the endemic diseases pattern arises from its 

high prevalence, particularly in the African population. 

It is probable that bilharziasis was endemic in t he conntry even 

prior to the arrival in the conntry of the European settlers in 1890, 

but it was not nntil Orpen (1 915) described the results of a small 

s\U'vey that local infections were proven. He r eported 182 (31 per­

cent) urinary infections in 592 African prisoners examined in the 

Salisbury gaol. In the ensuing 1 5 years there was only scanty 

evidence of the prevalence of the disease. However, in the decade 

1 931 to 1 940 the .Annual Public Health Reports of Southern Rhodesia 

indicated increasing prevalence,and this stimulated interest in the 

problem and led to the establi shment in 1 939 of a specialised labora­

tory to stuqy the parasites causing the disease. The unpublished 

records of this laboratory indicate tha t in more recent years the 

disease has increased not only in prevalence but also in its intensity 

in infected individuals. Surveys show that the urinary form of the 

disease is more widespread than the intestinal form. Both forms are 

becoming more prevalent but the rapid increase of the l atter, considered 

by most authorities to be the more severe, indicates t hat a greater 

importance must be accorded to it in the future. The increasing 

gravity of the situation has accentuated the need for continued 

research in all aspects of the parasites and their host relat ionships. 

The reason for the increase in prevalence and intensity can be 

found in the extensive agricultural development which has taken place 

in the last two decades. In the course of this development the pro-

gramme of water conservation has r esulted not only in the construction 

of large numbers of s t able artificial reservoirs, but also in more 

permanent wat ercourses. The more numerous waterbodies, particularly 

the l arge numbers of stable and permanent waterbodies , have led to 
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greatly increased snail populations, with a consequent increase in the 

incidence of the infections. 

Prior to this programme of intense agricultural development, 

records show that transmission was at a low level in most areas of the 

country. This i s probably because the natural ecological situations 

of Rhodesia do not in themselves provide the conditions shown by 

Shiff (1964a, 1964b) to be necessary for the establishment of dense 

snail populations. Shiff demonstrated that, of the three species of 

snails concerned with the transmiss ion of bilharziasis in Rhodesia, 

only ~us (Physopsisl gl obosus (Morelet) and Bulinus (Physopsis ) 

africanus (Krauss) have the ability to maintain their species in the 

small temporary v1aterbodies. He showed that the third species , 

Biomphalaria pfeifferi (Krauss ), is not adapted to survive seasonal 

desiccation since it has not the ability to reproduce rapidl y enough, 

during short periods of suitable conditions, to re- establish popula­

tions decimated by desiccation. Previously this species was probabl y 

found only in the few permanent rivers. T~e numerous permanent water-

bodies constructed in the course of the recent water conservation 

programme have provided conditions well suited to all three species, 

and the populations are now dense , The records of field surveys by 

the Bilharziasis Research Laboratory show t hat there has been a con­

current increase in the prevalence of both forms of the disease . 

The extension of this agricultural development programme to the 

hot low-lying areas in the south and the north of t he country, and 

particularly the development in these areas of irrigation farming 

with its dense human settlement , can be shown to lead to intense 

perennial transmission of the infections (McMullen: Restricted Report, 

1 961 ). The economic development of Rhodesia demands the establi sh­

ment of extensive irrigation syst ems in these areas . When these 

syst ems a r e fully expanded,it is estimated that the production of 

sugar alone will support nearly one million people who will be con-

centrated in a small area. If no preventive measures a r e t aken, 

the disease in these ar eas must be expected to reach the l evel of 



- 3 -

prevalence and intensity hitherto reported only from Egypt. 

There are several possible methods of interrupting the trans­

mission of the parasite. Clarke et al. (1960) and Clarke (1960) 

have shown that it is possible to reduce the transmission by the 

control of the snail populations with chemical molluscicides. 

It has also been shown that snail populations can be reduced by 

environmental control (Pesigan ~· 1958). However, at present 

·complete eradication of the sr~ils cannot be contemplated, and control 

measures must be directed to give maximum benefits in the form of 

prevention of illness and disability. Control measures in the past 

l1ave been aL~ed too often solely at reducing t he snail populations. 

Insufficient consideration has been given to reducing the infections 

in ~~ or reducing the morbidity r esulting from these infectionso 

To obtain m~~mum control of the infections and the morbidity, the 

existing methods of control must be so employed as to take advantage 

of any natural processes, for example in the host-parasite relationship, 

which in themselves help to limit these infections. One such natural 

process which requires inves t i gation is the possible development of 

aOiuired resistance or immunity to infection. The term resistance 

is used here to describe the ability of a host to resist or withstand 

an infection by a parasite. Resistance may be innate, or it may be 

a01uired as a result of an infection with the parasite. It may be 

temporary or permanent, partial or absolute. Resistance is used to 

describe any abilit y , whatever its nature, to withstand infection, 

and it includes immunity. This is a host response to a parasite 

which may protect the host against further infection, or prevent the 

development of an infection, or it ~~y inactivate or even cause the 

death of the parasites of an existing infection. This then is the 

purpose of the present invest igati on : to study the effects of 

acquired resistance or immunity to Schistosoma spp. in man. Little 

is known of the mechanisms of resistance or immunity in helminthic 

infections and t hey may not be the same as those of bacterial or 

virus infections,which ar e well unders tood. However, the purpose 
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of this study is to investigate the results and effects of resistance 

on the course of initial or subsequent infections, and no detailed 

consideration is 'given to the mechanisms of resistance, the way in 

which it acts , or t he processes by which i t is developed. 

Bilharziasis has been repeatedly described as essentially a 

disease of children (Manson-Bahr, 1958; Honey and .Gelfand, 1960) and 

it has been stated that this is because, by the time they have reached 

adulthood, the people have developed a resistance or an immunity to 

t he infections (Dixon, 1934; Gerber, 1952). It has also been stated 

that it is a disease of non-indigenous people because such people have 

had no exposure during childhood by which to develop resistance (New­

some, 1956, quoting Fujinami, 1916). For the hyperendemic irriga tion 

areas of the hot low-lying southern areas of Rhodesia, l abour is being 

r ecruited largely from the western parts of the country where urinary 

infections are uncommon and intestinal infections are rare. Many of 

these people show no indications of previous exposure to infection. 

It is necessary to study the effects of exposing such people to intense 

transmission of both forms of the disease. The economically produc­

tive adults may well be severely affected by intense infections, with 

a consequent interference with the economic efficiency of these vital 

irrigation programmes, 

One of the important effects of control programmes, or of the 

movement of people from non-endemic or hypoendemic areas to hJrper­

endemic areas, would be the devel opment , under certain circumstances, 

or the destruction under others, of aOiuired r esistance or immunity, 

if in fact immunity is a feature of the hos t-parasite r elationship 

in bilharziasis . 

The present investigation involves the study of the influence 

of resistance, if it occurs, on the host-parasite relationship in 

bilharziasis under different conditions of incidence and transmission 

of the two species of the genus Schistosoma Vfeinland, which commonly 

infect man in Rhodesia . These two species are S. mansoni Sambon 

and S. capense (Harley) . I t is usual to r ef er to the species which 
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causes the ur:inary form of the disease in Africa as S. haematobium 

(Bilharz), but on the authority of le Roux (1958), and because of 

differences :in the snail host and the clinical manifestations, 

Harley's species has been accepted for the purposes of this study as 

being distinct from S. haematobium. S. capense will therefore refer 

to the urinary species of southern Africa. 

Studies of the development of acquired resistance in laboratory 

animal s by follmv:ing an initial immunis:ing infection with exposure to 

subsequent "challenge" infections give direct evidence of r esistance 

in animals . However, in man it is seldom possible to obtain such 

direct evidence and the fevr human experiments must be supported by 

indirect evidence derived from epi demiological studies. As stated 

by Vogel (1958), the experimental reinfection of human volunteers is 

t he only completely reliable method of demonstrating the presence or 

degree of acquired resistance. Until such proof is available, 

conclusions must be based on epidemiological evidence supporting 

analogies between the courses of :infections in man and in experimental 

animals . 

Geographical conditions which may influence transmission of Schisto-

~ spp. in Rhodesia . 

The term transmission is used here to refer to the passage of 

parasites from host to host; it may also refer to the degree of the 

passage of infections . It is reflected in the :incidence of infection, 
, 

which i s the number of new infections contracted in a community in a 

specified period of time. 

The l evel of transmission of Schistosoma spp. is influenced by 

sever al geographical factors, :including 

(a) the density of the hUIDQn population (Pitchford, 

1 958); 

(b) the density of snail populations, which is 

influenced by temperature , rainfall and perma-

nence and size of ·waterbodies (Shiff , 1964a, 1964-b) . 
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Rhodesia occupies an area of south central Africa of 389,000 

square kilometers lying between the Zambesi and Limpopo rivers 

(15° to 22°S. latitude and 26° to 34°E. longitude) . There is a 

broad ridge running across the country from the south-west to the 

north-east which forms the central plateau and watershed of the major 

rivers. From this ridge the river systems drain to the north into 

the Zambesi river, and to the south into the Sabi and Limpopo rivers. 

The European population of Rhodesia is at present 217,000 and 

there are 3, 900, 000 Africans. The population ;is cone en trated on the 

central p l ateau. The hot low-J.si.ng areas to the south and north .. of 

the .. country remained. sparsely populated,. and ·tota.J.J.,y undeveloped until 

t he control .. of malaria in. recent . ,ye~s allowed the sett~eJ;Uent of th~ 

areas. The _:populati.on. _of the low altitude areas is now increasing,.. 

particularly in well defined isola ted communities such as i.rTigation 

settlements. 

The climatic conditions of the central plateau of Rhodesia permit 

the definition of four distinct seasons. The main r ainfall occurs 

during the summer in a short season lasting from December to Feb~. 

From March to May there is a period of little rain, with moderate to 

high temperatures. This is followed by the winter lasting from June 

to August, when virtually no rain falls, and when temperatures vary 

diurnally from below freezing point to as high a s 20°C. Lastly, from 

September to •: i d-D::::cenber is the hot , d.ry season, relieved during 

November and December by occasional heavy showers of rain. The mean 

annual r ainf a ll of the central plateau varies from over 90 em. in the 

north-east, to below 30 em. in the south-west . 

The low altitude areas have similar seasons, but the rainfall is 

less , and the seasonal temperature variations are less marked. The 

t emperatures ar e considerably higher. The mean annual rainfall is 

usually below 25 em., and in some areas it may be below 1 5 em. 
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PART I. 

METHODS AND TECHNIQUES o 

The methods and techniques employed in the course o£ this stuqy 

have been followed with rigid attention to detail and, because small 

variations in technique would be r eflected in the results, full details 

of the methods and techniques are given. 

1 • URINE EXAMJNATION o 

A. Collection of Specimens. 

Bennie (1949) and Jordan (1963) have both reported on the 

diurnal variations in the output of S. haematobium eggs in urines from 

infected individuals. Bennie used a sedimentation technique by which 

she obtained an estimate of the nnnber of eggs in the whole urine speci­

men; Jordan counted the eggs present in 1 Onl. of the urine. Both 

demonstrated that maximum egg release took place at the middle of the 

day. Jordan showed that there was a regular increase in egg release 

f rom relatively small nunbers in the early morning to a peak occurring 

between noon and 2 p.m. For practical r easons it was not possible for 

urine samples _to be collected at the period of peak egg output, and it 

was necessary t o limit the time of collecting of specimens to the period 

between 9 a.m. and 2 p . m. 

In all the cases the name , sex, age, length o£ residence in the 

area, and the history of previous treat ment for bilharziasis were 

recorded for each person exaoined. Great difficulty was experienced 

in assessing the ages, particularly o£ the children, because it is rare 

for an A£rican to b e sure of his age. In an attempt to ensure a 

minimum of error , consideration was given to the following points in 

the assessment of the age o£ each individual: -

(a) the individual was questioned regarding age; 

(b) an independent assessrJent of age was made by the 

investigator; 

(c) an intelligent, educated meober of the community, 
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usual~ a school-teacher, was asked to give 

information on the individual; 

(d) in some cases the individuals were quest ioned on 

their memories of abnormal seasons or important 

events . In many cases, questioning of parents 

in this way gave accurate estimati on of ages of 

children. From all this available information, 

an assessment of the age of each individual was 

made. 

Throughout all the surveys,results of the examination of persons 

having had treatment for the disease, within a period of three months 

prior to the survey, were disregarded in the ana~sis of results. 

A commonly occurring fault in reported urine examination surveys 

has been the lack of standardisation of the methods of taking sampl es. 

Most reports refer to the number of eggs in 1 Oml. of urine, without 

reference to the total volume of urine or the time the urine was 

retained in the bladder . Since egg counting should attempt to 

measure the rate at which eggs are passing through the bladder, it 

appears more logical to relate the number of eggs counted t o the time 

they have taken to pass into the bladder, rather than to a standard 

volume of urine. This argument becomes more acceptable when it is 

realised that marked variations in renal activity occur in individuals, 

the results of surveys showing that the vol ume of urine passed in one 

hour varies from below 1 Oml. to over 1 OOml. For this reason, in the 

majority of surveys undertaken in the course of the present study, 

the total egg output was estimated from a urine sample representing 

exactly one hour of urine collection in the bladder, and therefore to 

one hour of egg passage into the bladder. 

The subjects to be examined were first made to empty their bladders 

into large, wide-mouthed, screw-capped bottles. These bottles were 

collected as evidence that the bladders had been emptied. After 

exactly one hour a second specimen was collected in a 200ml. , wide­

mouthed, screw-capped bottle . To f acilitate the organisation and 
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managenent of surveys covering large numbers of people, they were 

arranged in groups of twenty> each with a colour code. In this way 

it was found possible to ensure that the second specimens were passed 

without delay a t the end of the hour period. 

When these urine sa~ples were collected they were imnediately pre­

served by the addition o:f 1 nl, o:f an aqueous solution of merthtola.te and 

sodium citrate . This quantity of solution contained sufficient of the 

chemicals to give final concentrations of not less than 0.01% and 0.1% 

respectively. Each urine specimen was measured for volume, allowance 

b eing oade for the 1 nl. of preservative solution. The preserved 

specimens were then returned to the l aboratory for examination. 

Two routine procedures were used :for the examination of the urine 

specimens for eggs and for the counting of the eggs ; these were the 

direct sedinent examination method, and a nodification of the nethod of 

Bell and Bradley (Bell: personal communication). 

B. Direct Sediment Exanination Method. 

The whole specinen was allowed to stand in its bottle for 30 

minutes to all ow the sediment, including the eggs, to be deposited; it 

was then decanted slowly and steadily to prevent the disturbance of 

the sediment, to leave 1 2 to 14r.Jl. of urine containing the sediment in 

the bottle. The bottle was vigorously shaken and the contents trans­

:ferred to a 15nl. conical centrifuge tube and centrifuged :for one 

minut e at approximately 1 ,500 r.p .n. The supernatant urine in the 

centrifuge tube was carefully decanted t o leave 0.5ru. of the urine, 

with the sediment , in the tube . This particular operation proved 

dif:ficul t and it wa s impossible to ensure tha t exactly 0. 5ml. was left 

since expense precluded the use of graduated tubes for surveys of this 

magnitude . The tube was then flicked several times with the finger s 

to bring t he sediment into suspension, and 0.05ml . of the suspension 

was removed with a pipette for microscopic examination. 

Where eggs wer e present they were counted. If no eggs were found 

the tube was again agitated and a large drop was poured onto a slide 

for further examination. The number of eggs on the slide was accep-
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ted as representing one tenth of the total number of eggs present in the 

whole specimen of the urine. If no eggs were fo1.md in the initial 

measured 0.05ml. sample but were present in the second examination, no 

count was made, the result being recorded simply as 0. 

necessary for statistical analysis of results. 

This was 

This method of sediment examination, although satisfacto~ for 

prevalence surveys, was not fully satisfacto~ for estimating egg pro­

duction because of errors inherent in the technique. 

C. Modified Me~.<L.?f Bel]. and Bra dle,J: (Bell: personal communi­

cation.) 

This technique gave the most consistent results when egg 

counts from urine samples were required. The apparatus designed and 

made for the purpose is pictured in Fig. 1 • 

The apparatus consists of a sintered glass filter disc 3 em. in 

diameter, inlaid in a plastic base plate, leading to a powerful suction 

pump. Above the plastic plate is a 1 Oml. graduated pipette a ttached 

through a two-way valve to a pipette filler bulb on the one side, and 

a reservoir of strong detergent solution on the other. A rubber bulb 

pressure pump is used to force the detergent through t he system when 

required. A brass cylinder, 7 om. in length with an internal diameter 

of 3 em., completes the apparatus : this cylinder is heavy, weighing 

450 gm. to ensure the tight seal b etween it and the filter paper 

required to prevent leakage. 

The preserved urine sample is thoroughly shaken to obtain an even 

distribution of any eggs present , and a 1 Oml. aliquot is drawn up into 

the pipette, using the pipette filler bulb. A 5 em. square of Whatman 

No . 1 chromatographic grade filter paper is placed over the sintered 

glass disc and moistened with water to ensure contact with the plastic 

base. The brass cylinder is pl aced on the filter paper directly over 

the filter disc, the correct position being located by guide blocks. 

The suction pump is operated and the urine sample is run into the 

brass cylinder from the pipett e . 'rhe p owerful suct ion usually draws 

the fluid through the filter paper in a matter of seconds, leav:i..ng 
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Figure 1 . Modifi0d Bell- Bradley apparatu s (Bell: personal 
communic~tion) for recovering eggs of Schistosoma spp. from 
urine . 

A tuhe fro~ r eservoir of deter~ent solution 
B gl::tss two- "ray valve 
C rubber pipette fill er 
D graduated pipette 
E bra ss cylinder 
F f i l ter paper on sintered glass filter di sc 
G tube from fil ter to suct i on apraratus . 
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the eggs an the paper. The direction of the two- way valve is then 

reversed and t he pipette is flushed tmder pressure with detergent. 

The end of the pipette and the brass cylinder are then washed vath a 

strong jet from a wash bottle. When all the '·.'e.sh:Lng fluiC. has been 

drawn through the paper, the latter is removed and floated onto a 

large drop of a saturated aqueous solution of ninhydrin on a glass 

pl ate, then dried and developed for colour in a hot-air oven at 60°0. 

for one hour. 

The filter paper is examined through a standard microscope at a 

magnification of 40x. The eggs are distinct , having a dark blue-

black colour (Fig . 2) and it is simple to distinguish between the eggs 

of S. capen~ and !?· mansoni. 

2. STOOL EXAMINATION. 

The collection of stool specimens for surveys follows a similar 

pattern to the collection of urine specimens and the name, sex, age, 

length of residence in the area, and the history of previous treatment 

for bilharziasis was recorded for each person examined. Waxed paper 

cartons were issued to each person and they were asked to produce 

specimens on the same day. After the cartons were returned approxi-

mately 10 gm. of each faecal sample was transferred to a 200ml. wide­

mouthed, screw-capped bott le, and emulsified in approximately 30 ml. 

of 1 C/fo formalin in 1% aqueous saline. The emulsified stool sample 

was returned to the centra l laboratory for examination. 

In the next stage in t he prepar ation of the sample for examina­

tion, the emulsified specimen was diluted with a large volume of 1% 

saline solut ion and strained through a fine copper gauze having a 

pore size of 0.1 5 square mm. The str ained suspension was repeat-

edly washed in saline by allowing the sediment to settle and then 

decanting the liquid. After the final washing the supernatant 

fluid was reduced to 10 to 15ml., including the sediment; this was 

transferred to a 15ml. conical centrifuge tube, shaken with 0.5ml. 

of ether and centrifuged for one minute at approximately 1 ,500 r.p.m. 
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Figure 2. . S.capense eggs trapped on filter paper by modified 
Bell and Bradley apparatus. Stained ,.,i th saturated aq_ueo us ninhydrin. 
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The plug of fat left by the evaporated ether was removed with a needle 

and the tube decanted to leave approximately 0.5ml. of the liquid and 

sediment. After violent agitation, a drop of the suspension was trans-

ferred to a slide and examined for eggs. It was not found necessary 

to stain the eggs. 

3. FLUORESCENT ANTIBODY TEST SURVEYS. 

The methods used were modified from the indirect fluorescent anti-

body techniques of Sadun et al ~-. ( 1 960, 1 961 a) , Anderson et al. ( 1 961 a, ..---¥'·-
1 961 b), and Cookson ( 1 963) • 

., 
A. Collection and Processing of Blood Samples. 

The name, sex, age, length of residence in the area, and the 

history of previous treatment for bilharziasis were recorded for each 

person to be tested for antibodies. The third finger was cleaned 

with a sv~b soaked in alcohol and, using a No. 6D triangular section 

surgical suture needle, the finger was punctured and several drops of 

blood were squeezed out onto a strip of Whatman No. 1 filter paper. 

Sufficient blood was collected to saturate an area of filter paper of 

approximately 5 square em.; it was allowed to dry, and the sample 

could be stored in the dry state for several months if necessary. 

The blot of dried blood was carefully cut out, rolled into a 

cylinder and introduced into the bore of a 6 em. length of tygon tube 

of 4 mm. internal diameter, one end of which was blocked with a steel 

ball-bearing of 5 mm. diameter. 0.1ml. phosphate buffered 0.9.% 

saline, pH 7.1, 0.~ M., was introduced into the tube using a syringe 

fitted with a 22 gauge needle. The tube was then rolled between the 

thumb and fore-finger to ensure thorough wetting of the paper and 

dried blood, and allowed to stand for one hour. At the end of this 

period the tube was again rolled b etween the thumb and fore-finger 

and then, using a very small engineer's vice, the eluate was squeezed 

out of the tygon tubing into a small glass centrifuge tube (7 em. 

long, 5 mm. internal diameter) containing the cercariae to be used as 

t he source of antigen. 
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B. Collection and Preservation of Cercariae for use as 

Antigen Source. 

The cercariae were obtained from laboratory-bred Biompha­

laria pfeifferi and Bulinus (Physopsis) globosus exposed previously 

to three miracidia each of S. mansoni and S. capense respectively. 

The infected snails were placed in tubes each containing a small quan­

tity of water, and allowed to stand for one to two hours under strong 

light to stimulate the release of cercariae. After this period, the 

water from each tube was strained through surgical gauze to remove 

debris and snail faeces, and then pooled. Buffered formalin solution 

was added to give a final concentration of 5% formalin in a phosphate 

buffered solution of pH 7.1 . The container was allowed to stand for 

one hour to allow the now dead cercariae to sink to the bottom, and 

the supernatant liquid was decanted. The cercariae were washed in 

buffered formalin and the final volume adjusted so that 0.5m1. of the 

buffered formalin contained approximately 100 cercariae. To this 

suspension was added sufficient commercial counter stain (Difco F.T.A. 

counter stain), consisting of bovine albumin conjugated to lissamine 

rhodamine RB.200, to give a final concentration of 1 : 200. This 

resulted in the coating of the cercariae with the rhodamine con juga ted 

bovine albumin which prevented mechanical absorption of the fluores­

cent Coomb's serum used in the indirect fluorescent antibo~ test. 

The cercarial suspension v~s stored at 4°C. for a maximum of four 

weeks in phosphate buffered saline pH 7e1, 0.01 M., containing 5% 

formalin. 

C. Preparation of Fluorescein l abelled Coomb's Serum. 

Crude Coomb' s serum (goat, r abbit or horse anti-human serum), 

purchased commercially as a lyophilised powder, wus reconstituted in 

distilled water to its original volume, then diluted to three times 

its original volume in sodium carbonate-sodium bicarbonate buffer, 

pH 9.0, 0.5 M. Fluorescein iso- thiocyanate was dissolved in the 

minimum quantity of acetone from which all traces of water had been 
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removed. This acetone solution was added drop by drop to the buf-

fered Coomb's serum solution which was stirred as vigorously as 

possible without frothing, at 4°C. Sufficient fluorescein solution 

was added to allow 3 mg. of fluorescein iso-thiocyanate for each 

millilitre of original Coomb' s serum. 

Conjugation was allowed to take place over a period of 24 hours, 

the solution being stirred constantly and kept at 4°C. for the whole 

period. After conjugation, the globulin fraction was collected by 

chromatographic separation through a sephadex column. The pH of the 

globulin solution was adjusted by dialysis in phosphate buffered 

saline solution (P.B.S .) pH 7.1, 0.01 M. 

The reactivity of the f luorescent anti-human gl obulin, which 

could be stored for long periods at -4?c., was assessed by titre 

estimations against lmown schistosome anti-sera, using the indirect 

te~ue . 

D. The Fluorescent Antibody Reaction. 

In t he indirect fluorescent antibody technique the known 

antigen, the cercariae, was reacted with the test human serum - in 

this case the eluate from the blood collected on filter paper. The 

presence of the antigen-antibody complex vvas demonstrated using the 

fluorescent ant i-human globulin. 

Prior to use, the cercariae were repeatedly washed in P .B.S . by 

centrifugation, removal of the supernatant, and resuspension in fresh 

P.B.S. Af'ter the final washing as much of the fluid as possible was 

removed to l eave a small knot of cercariae in the bottom of the tube. 

The eluate from t he blood-soaked filter paper (as much as 0.06m1. 

can be recovered) was run into the tube and the cercariae and the 

test serum eluate were gently agitated together for 30 minutes a t 

room temperature . The cercariae were again washed three times in 

P.B.S. and, after the final washing, as much fluid as possible was 

r emov ed. o.05ml. of the fluorescein conjugated anti-human globulin 

solution was run into the tube and agitated with the cercariae for 

15 minutes . Again the cercariae were washed three times in P . B.S. 
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and drained of excess fluid, and two to three drops of 1 CPfo glycerine 

in P.B.S. were added to prevent drying out of the cercariae. 

The cercariae were transferred to a slide and examined at 50x 

magnification through a microscope fitted with a source of ultra­

violet light. Filters were used to give UV or UV-blue light and an 

ultra-violet exclusion filter cap was fitted over the eye-piece of 

the microscope . 

Negative tests where no schistosome antibody was present in the 

t est serum showed only the brick-red colour of the rhodamine on the 

cercariae; in positive tests, with serum containing the antibody, 

the rhodamine colour of the cercariae was overlaid by the very strong 

yellow-green fluorescence of the fluorescein labelled Coomb's serum. 

The degree of overlay of the fluorescein over the rhodamine varied 

and a test was read as positive if the periphery of the image of the 

cercaria Showed a bright and distinct fluorescein fluorescence (Figs.3 

and 4-). 

4-. INTRADERMAL TESTS. 

Antigen for use in intradermal tests was prepared from adult 

worms by the methods of Melcher (194-3) from worms recovered from 

infected mice by perfusion of the mesenteric veins, the portal vein 

and the liver. As well as this, antigen prepared by the same method 

was obtained from the World Health Organisation. 

The name, sex, age, length of residence in the area, and the 

history of previous treatment for bilharziasis were recorded for each 

person examined. The scapular r egion of the back was cleaned with 

a swab soaked in alcohol and, using two 1 ml. tuberculin syringes 

fitt ed with 27 gauge, 1 em. long platinum needles which could be 

flame sterilised, 0.05ml. of each of the antigen and a control solu­

tion were injected intradermally, about 6 em. apart in the cleaned 

area . The result was read after 15 minutes and the test was regar­

ded as positive if the ant igen wheal had increased in size to twice 

the diameter of the control wheal, or to over 1 square em. in area 

(Fig. 5). A permanent record of the result of the test can be made 



Figure 3. Cercaria used for the fluorescent antibody test. 
Brick red coloud indicates that no antigen-antibody reaction 
has taken pl ace. 

Figure 4. Cercaria used for t he f luorescent antibody t est . 
Yellow 5Teen colour superimposed on the original brick red 
indicates that antibodi es were present. 
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by outlining the wheals with a ball-point pen and pressing an alcohol­

moistened piece of paper against the marks, the ball-point outline 

being transferred to the paper (Fig. 6). 

5. EXPOSURE OF MICE TO INFECTION. 

The mice used in experimental infections were exposed to the 

cercariae by one of two methods, the first by subcutaneous introduc­

tion of the ·cercariae, and the second by p ercutaneous exposure . 

A. Subcutaneous Exposure to Infection. 

Cercariae were collected £rom laborator.y-bred snails exposed 

originally to three miracidia each, The sna ils were placed in small 

quantities of water in tubes and exposed to strong light for an hour 

to stimulate the release of cercariae. After this period the water 

samples with the c'ercariae from a m.jnimum of ten snails were pooled 

after straining through a fine nylon mesh o£ surgical gauze to remove 

solid debris and snail faeces. The number of cercariae in a unit 

volume of water was estimated by counting the numbers in small 

aliquot samples. 

Each mouse was held by the skin of the dorsal sur£aoe of the 

neck and by the tail, and the r8:luired quantity of cercarial suspen­

sion was introduced subcutaneously in the dorsal thoracic region 

using a 2ml. hypodermic syringe fitted with a 20 gauge, 3 om. needle. 

Care was taken to ensure that the cercaria e were not more than four 

hours ol d when used, 

B. Percutaneous Exposure to Infection. 

Cercariae were collected and counted as for the method of 

subcutaneous infection. 

Prior to exposure the !!lice were made to paddle in water 

approximately 1 em, deep for ten minutes to stimulate defaecation 

and urination. The r8:luired number of cercariae were added to suf-

ficient water in a separate container, usually 10 to 1 2 em. in 

diameter, to give a depth of water containing the cercariae of 1 to 
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Figure 5. Test wheal (l eft) and control wheal (right) 15 minutes 
after intradermal inJection of antigen and control in a person 
with chronic bilharziasis . 

. 
• 

Figure 6 . Transfer of inked outline of wheals to aJ.cohol 
moistened paper . Test wheal (A) and control wheaJ. (B).from 
same test as illustrated in fig . 5. 
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2 em. Each mouse was exposed individually by making it paddle :in 

the :infected water for one hour before being transferred back to the 

cages. 

6. FERFUSION OF MICE TO RECOVER WORMS. 

The procedure used was modified froo t he methods of Yolles e t al. 

(1947) . The nice were killed by ~1tra-peritoneal injection of an 

excess of nembutal which not only killed the mice but also narcotised 

the worms in the mesenteric veins, causing them to be swept back to 

the portal vein or the l iver. The animal was skinned by tearing the 

skin from t he umbilica l area and stripping i t off from the whole 

thora cic and abdominal r egion with a single pull. The abdominal 

wall was also r emov ed by tearing it with a single pull. Not only 

did the tearing off of the skin and abdominal wall sa.ve consi der able 

time but it also resulted in less blood loss than encountered when 

the animal was ca r efully di ssected. The rib cage was cut away wit h 

scissors , car e being taken to prev ent cutting any large artery or 

vein. The aninal was held over a large conical flask and the hepatic 

porta l vein was cut. A pulsating t hrust of isotonic saline was intro-

duced through a 20 gauge , 3 em. syringe needle into t h e inferior vena 

cava , with the needle point in the d irection of t he liver and almost 

in the hepatic sinus . The pulsating thrust of saline was delivered 

a t approximately 20 thrusts a minute a t a pressure between 0.6 and 

0.8 Kg./square em. After 10 to 15 seconds of perfusion of the liver 

the needle was transferr ed to the t hor acic aor ta where it was sli d 

into the aorta for approximately 1 em. towards the abdomen, with the 

point reaching the position of the diaphragm. Again perfusion was 

maintained for 15 sec onds before the needle was removed and the 

animal washed in sal ine solution to free a.ny worms wedged in the 

per i t oneal cavity. 4% sodium citrate solution in water was added 

to the perfusate in the j ar to prev ent t he formation of blood clots 

and a few drops of 1% saponin solution were added to induce haemo­

lysis . The worms were recovered from the sludge that settl ed to 
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the b ottom of the jar. After perfusion, the mesenteric veins were 

examined for the presence of any remaining worms but it was seldom 

tho.. t any were fonnd. The liver was also removed, crushed and 

examined for worms. 
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PART_lJ.. 

THE DEVELOPMEN'I~ lli ANIMALS OF A<l;l UIRED RESISTANCE TO INFECTIONS 

OF SCHISTOSOMA SPP. 

It is not possibl e to draw direct analogies on the changes in the 

course o£ infec t i ons of Schistosoma spp., and on the host parasite 

relationships, b etween experimental animals and man, However, i£ such 

analogies can be supported by direct or indirect evidence of similar 

changes in man, then they are more justifiable. Consequently, there 

bas been considerable interest in the demonstration in laboratory 

animals of a~uired resistance to schistosome infections . Acquired 

resistance is the protection against infection which is developed in an 

animal as a result of a previous infection, or as a result of artificial 

immunisati on. 

Many animals have been used to demonstrate developed protection 

against schistosome infections . The most commonly used l aboratory 

host animal is the rhesus monkey Macaca mulatta. This monkey has been 

used to demonstrate acquired resistance to S. mansoni and S . ~~onicum 

infections. I ts use has both advant ages and disadvantages . 

M. mulatta has a strong natural resistance to infection by both these 

species of parasite, and infections die out within four years. 

However, it can be used for the demonstration of acquired resistance 

since this develops rapidly. Since the animal is refractory to the 

infections, any demonstra ted resistance or immunity must be considered 

to be both innate and acquired. Monkeys of the genus Ce.rcO'eithecus 

have al so been used for experimental purposes. This monkey is also 

illl.suitabl e since it is highly susceptible to infection, and the infec­

tions are persistent; little resist ance can be demonstrated. The 

rabbit Oryctolagus cunicul~, the white rat Rattus rattus, the golden 

hamster Mesocricetus auretu~, and the white mouse ~musculus, have 

also been widely used. Most experiments to investigate acquired 

resistance in animals have involved the use of the parasite species 

S. mansoni or S. japonic~, but some worker s have used the allied 
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parasite Schistosomatium douthitti. No controlled experimental 

immunological studies using either §~ capense or S. haematobium have 

been reported. 

None of the reported investigations on acquired resistance can be 

accepted as dealing with a parasite in its natural definitive host, and 

the results may therefore r eflect not only acquired resistance but also 

the additive effects of innate resistance. In some cases, however , 

the acquisition of resistance mey be hindered by high susceptibility. 

In all such experiments, therefore , the r esults can only be accepted 

as applying to the particular host species used, and not to any other. 

In the majority of the reports, resistance has been demonstrated 

by following an initial infection or series of infections, referred to 

as the immunising infections ; vath a heavy later infection, referred 

to as the challenge infection. The results are compared with those 

from control animals which have received t he ~uivalent of the challenge 

infection without the immunising infection. The resistance may be 

manifested in many ways . Th~.: number of eggs passed by the animal 

may be l ower than in the controls, the number of worms rna turing from 

the challenge infections may be decreased, and these worms may be 

stunted, In addition, the pathol ogical changes resulting from the 

infection may be lessened, and the animals may be able to survive 

challenge infections which would be l ethal to non-immune animals. 

The immunising effects of infection with attenuated but still living 

parasites, achieved by exposing the animals to irradiated cercariae 

have been studied. There have been reports on the effects of anti­

genic stimulation \vith runtigens derived from dead worm material 

( som~tic antigens) and from secretory or excretory material (meta­

bolic antigens). The demonstration of passive transfer of 

resistance by the transfer of serum from immune to non-immune 

experimental animals has also been attempted. 

Challenge infections have been most often in the form of super­

infection where the animal has been exposed to infection additional 

to the still living immunising infection. However , the effects of 
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re-infection, where the animal is exposed to challenge infection after 

the death of the original immunising infection, have also been r eported. 

This difference is important since if t he protection persists after the 

death of the worms of the immunising infection, and after the removal 

or decay of any anti genic mater i al, e.g. eggs, it indicates a true 

immune response which is independent of the presence of antigen . 

The decrease in the numbers of worms maturing from challenge 

infections in immunised animals, compared with normal animals subjected 

to the same infections, was first reported in detail by Vogel and 

Minning (1953), who studied the course of infections of S. j aponicum 

in rhesus monkeys. They r eport ed almost compl ete protection conferred 

on the monkeys after periods of up to 30 months, with few of the 

challenge cercariae maturing into adult worms. The monkeys were able 

to withstand without ill-effect repeated challenge exposures to double 

the number of cercariae which would have been lethal to non-immune 

monkeys. They also r eported that some of the monkeys were treated 

with drugs for the immunising infections after periods of up to 600 

days, and then challenged to normally lethal numbers of cercariae. 

These animals also survived the infections and, when subsequently 

sacrificed, no worms were recovered and no eggs were found in the 

liver. In spite of t he use of rhesus monkeys for these experiments~ 

the results are valid since adequate non-immunised control monkeys 

were also used. However, there can be no proof that, after the 

chemotherapeutic treatment, there was no antigenic material from the 

dead worms remaining in the monkeys a t the time of the challenge, 

Kagan and Lee (1953) found t hut> in mice 5 resistance to 

S. douthitti was destroyed by chemotherapeutic treatment. However, 

t hey had allowed a maximum immunising period of three months between 

t he initial infection and the drug trea tment, and this is possibly 

too short a time to all ow for the development of a permanent inununity" 

Vogel and Minning (op. cit.) working on a longer immunisation period, 

found that almost perfect protection was possible even after using 

only male cercariae for the immunising infection, and after drug 
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t~eatment the challenge reL~ection resulted in the recover,y of only 

very few eggs. The available data, therefore, indicates that rhesus 

monkeys are able to develop a permanent immunity which persists after 

the removal of living worms, m1d probably of antigenic material. The 

fact that the work of Vogel and Minning was undertaken in rhesus 

monkeys detracts slightly from the value of t he results. 

Kagan (1952) reported a stunting of S. douthitti worms in challenge 

infections in previously immunised mice even after single sex immuni-

sation. He found that female worms gave rise to more complete 

resistance than a male worm infection, but t hat the stroneest 

resistance, as demonstrated by t he stunting of surviving worms, 

resulted from bisexual infections. Meleney and Moore (1954) found 

little evidence of resistance to S. mansoni in rhesus monkeys following 

a single sex immunising infection. However, they had allowed for an 

immunis:illg period of only 11 to 1 2 weeks which is possibly too short a 

time for the development of resistance under these circumstances, 

Smithers (1962a ) reported that resistQnce to male worm infections took 

longer to develop than the r esistance to infections of both sexes. 

Olivier and Schneidermann (1 953) studied the course of§. ma~Eoni 

infections in white mice and hamsters and they reported decreased worm 

loads :ill Lllillunised animals following heavy challenge exposure, and 

also that vmat was presumed to be an a01uired resistance delayed the 

dea th of the immunised mice after these heav-J challenge exposures. 

Thompson (1954), working with S. man.§2!1i :ill mice, reported some 

evidence of acquired resista11ce following r epeat ed light :illfections, 

but little resistance resulting from singl e orig:illal infections. 

He suLges t ed that man ' s ability to survive in endemic areas was more 

the r esult of a natural resistance than of acquired r esist ance, and 

he ~uestioned the strong r esist ance reported by other authors . 

Kagan (1958), working with ~~outhitti infections in mice, also 

r eported that repeated light exposure to infections of both sexes 

increased t he resistance. Lurie and de Meillon (1957) r eport ed 

that, in mice exposed in this manner to infecti ons of S. mansoni, 
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only 1 .5 percent of the cercariae developed into adult worms 

compared with a recovery of 23.5 percent from a single exposure to 

approximately the same total number of cercariae . They also 

showed that the pathology of the disease followed a different course, 

developing more slowly after repeated infections than after a single 

exposure. However, after .::1. period of 24 weeks the extent of patho­

logical change was the same for both types of exposure. They found 

that the infections resulting from a single exposure showed a 

tendency to spontaneous cure after 40 to 4 8 weeks. No great 

importance was attached to this finding although it probably r epre­

sents the d0velopment of the strongest r esistance . 

Newsome (1956) irnmunised baboons (Bapio_hamadrj[as) with 

S. manZ9El: and he found that they could subsequently withstand many 

more cere<:.riae than the number which normally proves lethal for this 

species of host. Hi s animals were eventually able to withstand 

challenge exposures of over 100,000 cercariae without marked ill­

effect. This represents a colossa l infection and the ability of 

the an~s to withstand this infection demonstrates a very strong 

protection. Vogel (1958) also reported on the ability of animals 

to survive normally lethal exposures to infection. Working with 

S. j aponicum infections in rhesus monkeys he found that tl1e level of 

l ethal exposure was between 400 and 600 cercariae. When he a ttempted 

to immunise an animal with 200 cercariae and then chal lenged after 

nine months with just over 600 cercariae, the animal died whereas if 

he immunised the animal with 250 cercariae and then chall enged after 

a year, again with 600 cercariae, eggs were passed but the animal 

survived t he infection. 

The significru1ce of these results lies in the demonstration 

that the numbers of c ercariae used in the immunising infections, and 

the l ength of time the immunisation is allowed to Qct, ar e critical 

factors in the development of resistance. A subsequent re- challenge 

·with 1 , 200 cercariae 1 8 months after the irnmunising infection 

r esulted in very few eggs, and no deaths took place. von Lichten­

berg and Ritchie (1961) studied§.~~ infections in rhesus 
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monkeys and they found that the resistant animals were able to survive 

two challenge exposures, each to well over double the numbers of 

cercc.riae normally lethal to the monkeys. In a carefully controlled 

series of experiments they observed that almost complete protection 

against subsequent super-infections was developed in the monkeys. 

They reported a decrease in the numbers of worms maturing from the 

challenge infections from 51 , 14 and 29 percent :in non-resistant 

control animals to 10, 9, 10 and 0.2 percent in four test nnimals 

sacrificed after the challenge infections. They observed that the 

few worms which did reach maturity were stunted in size. They a lso 

studied the cellular reactions to the li1vading par asites of the two 

challenge exposures and they claimed to show a true cellular resistance 

in the resistP.nt animals. The schistosomulae t~nded to die in three 

sites, in the skin, in the lungs and in the portal system, with greatly 

reduced histo-pathology in the host, although there was a temporary 

but severe local reaction round the invading schistosomulae. Of the 

few schistosomulae that did reach the portal system, most were stunted 

and short lived. Their claim tha t this demonstrated true cellu.J_ar 

resist~ce must be accepted. 

Davis et ~· (1963) comp~ed the r esults of exposure of resistant 

and non-resistant rhesus monkeys to 10,000 cercariae of S. manson:i. 

They demonstrated a more marked skli1 reaction in immune monkeys even 

when the site of the chr_ll enge infection was separated from the site 

of the previous imlr.1mising infection. Many of the cercariae were 

found to have died in the skin, and fewer worms were recovered from 

the animals when they were sacrificed. 

Ritchie et al (i963) immunised oice~ r a ts and hamsters with 

S. mansoni and then subsequently challenged with the same species. 

·,7ith an immunising period of 24 weeks between the initial and 

challenge infections there was a marked decrease in the nunber of 

worms recovered at autopsy, illustrating the development of strong 

resistance. However, when ::~ longer time was a llowed to el apse 

b etween th~ t wo li1fect:ions, the degree of resistance, appeared to 
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decrease. 

The examination of the pattern of egg release by infected animals 

furnishes additional evidence of the development of r esistance. Cram 

and Files (1947), Standen (1949), Meleney and Moore (1954) and von 

Lichtenberg and Ritchie (1961 ) al l repor ted on the decrease in egg 

release f r om rhesus monkeys infect ed with S. mansoni after an initial 

period of high egg production. They also demonstra ted that there was 

little or no subs~uent increase in the egg release after challenge 

infections. Vogel and Minning (1953) reported that when rhesus 

monkeys were exposed to infection by S. japonicum, egg production rose 

to a peak in the early months of the infection, then production 

decreo.sed and than stopped altogether. Challenge infections after the 

period of peak egg production r a ised the production for a further short 

period, but never to the level of the first peak . Vogel (1958) con-

firmed this finding even when the chall enge infection was at an 

abnormall y high l evel. Hsl':t o.nd Hs~ ( 1 961 a) observed marked differ­

ences between animals immunised with the Formosan strain of 

S. japoni2um and non-resistant animals when both groups were challenged 

with the Japo.nese strain of the same species. The :i.r.ununised animals 

produced fewer eggs and they survived l onger than the non-resistant 

animals. This is particularl y interestin~ sb1ce the Formosan s train 

of S. japonicum does not mature in either man or rhesus monkeys and 

therefore infection with "this strain i s similar to the use of attenu­

ated cercariae. 

Ritchie et al.(1964) s tudied the egg production in ~copithecus 

sp. infected with S . mansoni. The monkeys were the St. Kitts green 

monkeys - no species name vrcts given. Only a slight decrease in egg 

production wz:.s observed in this monkey which r etains its infection 

much longer than the rhesus monkey. 

Naimark ~· (1 960) conducted a detailed e~~ination of 

S. mansoni infections in rhesus monkeys. Resistance ~as demonstrat ed 

by a docreaee in egg production arter the p eak of' produc ti.on and his to­

logical examination of the monkeys a t autopsy showed that this was the 

result of death of the worms. The decr ease in egg production could 
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not have been due to death of the worms or to fibrotic obstruction of 

egg passage through the bowel wall. They demonstra ted the variations 

in r esponse by individual hosts and the influence of the initial 

exposure patterns on t he subsequent development of resistance. 

The results of Nainark and his co-workers were confirmed by 

Jachowski et al. (1963) who also studied S. mansoni infections in rhesus 

monkeys . Since it is ethically impossible to conduct such studies in 

man, but since it is apparent that simil ar trends in egg production 

t ake place in man, this work on monkeys i s discussed in detail. 

This work was not designed to show the patterns of egg release but the 

authors r ecorded egg production from monkeys which had single , doubl e 

or repeated exposure to infection, and t he results ar e essentially 

similar to those of other workers. 

Jackowski and hi s co-aut hors exposed r hesus monkeys t o three 

different exposure patt erns. Group A, comprising four monkeys , was 

exposed to a single infection of 1 , 000 cercariae; group B, made up 

of two monkeys , ·was exposed to two infections of 500 cercariae with 

a seven month interval between exposures ; group C, comprising two 

monkeys, r eceived multiple exposures of between 25 and 50 cercariae 

for each exposure a t 35 day intervals. The faeces of all these animals 

were examined at 50 day intervals for the first 23 months after the 

initial infections, and at 100 day intervals for the next 17 months. 

Esti1nates were made of the numbers of S. mansoni eggs per gran of 

faeces. These results are given in Table 1 and Figure 7. 

The results illustrate that the ~~-~ egg production rises 

to a peak and then, sl owly or r2.pidly , decreases and this pattern i s 

influenced by the worm burden and the pattern of exposure. Single 

heavy exposure resulted in a very r apid rise in egg production which 

r eached a peak approxDJat ely three to four months after infec t i on. 

Thereafter, egg product ion decr eased rapidly to 1~1 numbers aft er six 

months and production virtually ceased after 21 months of infection. 

Where two exposures were given, Hi th an int erval of seven months 

between the exposures, egg production r emained l ow until after the 
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TABLE 1. 

From Jachowski et al_. (1963) :Egg production ~rom three groups of M. mulat~. monkeys exposed 
to different patterns of infection of S. mansoni. 

9>:roup A monkeys received a single immunising infection of 1000 cercariae and they were 
challenged to 500 and then 5000 cercariae at different times after 700 days. 

Group B monkeys received two immunising infections at 250-day interval. 
Group C monkeys received repeated exposures of between 25 and 50 cercariae every 35 days. 

Eggs per gram of faeces 

Group A monkey 1 0 76 395 712 117 32 16 0+ 0+ 0 0+ 0 0 

2 0 57 279 88 22 1 1 0+ 0+ 1 1 0+ 0 

3 0 28 342 207 18 4 7 4 3 0+ 0+ 0+ 0 

4 0 89 324 55 27 5 3 0+ 0 

5 0 0 0 0 0 0 0 0 0 

Group B monkey 1 0 2 6 12 8 3 54 147 70 1 8 46 24 38 

2 0 2 0+ 0+ 0+ 0+ 8 35 55 2 25 13 20 

Group C monkey 1 0 0 8 23 112 85 193 174 164 128 127 8 0+ 

2 0 0 7 4 35 133 185 313 490 222 74 7 7 

1 2 3 4 5 6 7 

Time, in hundreds of days. 

0+ = Mean count less than 1 egg per gram of faeces. 

0 

0+ 

0+ 

31 

13 
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7 

8 

0 0 0 0 

1 0 0 0 

0+ 1 0+ 2 

4 0+ 2 0+ 0+ 

4 2 15 3 1 

9 10 11 12 13 
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second exposure, after which there was a rise to a peak t en months 

after the first exposure. The subs~uent fall in egg production was 

not rapid and, although by the 30th month the egg production was low, 

the monkeys never ceased passing eggs . 

Where multiple exposures were given~ egg production increased 

slowly to a high peak 1 3 months after the initial infection and i t 

t hen dropped slowly to a low level ·without actually ceasing. The 

peak was reached after exposure to only 500 to 600 cerc:1riae which was 

only just over half the number given to groups A and B. 

When comparing groups A and B it is clear that the decrease in 

egg production in group A was not the r esult of natural senescence of 

the worms, since in group B egg production continued for a much longer 

time, even after the second exposure. The decrease must then have 

been the result of sone change in the host parasite relationship. 

Whether this was the result of antibody formation or not, there was a 

protection conferred on the hosts. Group A was subs~ uently challenged 

with 5 , 000 cercariae , nornD.J.ly sufficient to kill monkeys of this 

species, 22 mon·ths after exposure, and again at a later date. 

v~s no increase in egg production. 

There 

It appears ti1at the strongest resistance was acquired after a 

single heavy exposure. In the series with l ow level multiple 

exposures, the final peak of egg production was reached after a 

longer period and resistance developed more slowly. These differences 

in egg production following the three patterns of exposure to infection 

p.::tssed alBost unnoticed by the .::tuthors, yet the results illustrate 

clearly the different courses followed by the infections. They show 

that the rate of development of resistance is dependent on the nature 

of the exposure to infection. 

Resistance ha~ nlso been reported following infection with 

attenuated cercariae, where a ttenuation is effected by exposure of 

the aninals to irradiated cercariae. Under these conditions the 

cercariae develop into .::J.dult worns but they do not b ecome sexually 

mature. No eggs are laid and there is no-appreciable pathogenesis. 
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Villella et al. (1961) reported resistance to challenge exposures 

of S. oansoni in mice previously exposed to irradiated cercariae, and 

Hs~ et al. (1 962) claincd t o have developed absolute resistance to 

S. japonicun in some rhesus monkeys previ ously ir.rr1unised vdth irradiated 

cer~triae of the s~e species. 

Erickson and Caldwell (-1 962) reported a considerable worm reduction 

from chal lenge exposures of r~ts previously exposed to irradiated 

S . mansoni cercariae , and Soithers (1962b) obtained similar results for 

the same parasite species in rhesus monkeys. Radke and Sadun (1963) 

demonstrated resistance in trice following iomunisation with irradiated 

S. mansoni cerc~riae . Pcrlowagora- Szumlewicz and Olivier (i963) and 

Perlowagora-Szumlcwicz (1964) doubted the full validity of the 

previously reported results because they found that the naturation of 

the challenge infection was not prevented but delayed. However, t hey 

also reported sone degree of resistance in mice previously exposed to 

irraqiated cercariae of S. mansoni. There is little doubt that resis­

tance can result from exposure to uttenuated cercariae but the thorough 

investigations of Perlowagoru.-8zuolewicz in 1 964 show that experimental 

results must be interpreted with care. 

colle.:.J.gues rEquire confiroation. 

The bold claios of Hs~ and his 

The use of SO!ilatic or r.1etabolic antigens to stinulate the develop-

ment of resistance has also been atteopted but w~th inconclusive results. 

Moore et al. (1963) obtained. sor.1e indications of transient resistance 

in nice following injection of sooatic antigen derived from S. mansoni 

eggs, but there was no significant decr ease in the numbers of wor ms 

recovered aft er challenge infections. Vogel and 1linning (1953) and 

Vogel (1958, 1962a) r eported a t otal l ack of r esistance in rhesus 

monkeys previously inoculated with somatic S. j aponicum antigens . 

Smithers (1962c) reported similar results with S. mansoni antigens in 

rhesus monkeys, as did RitChie ct al. (1962) vath S. mnnsoni antigens 

in mice . However, Watts (1949) reported that intra -cutaneous inocu-

lation of mice with sooatic antigen from adult S. oansoni worms 

resulted in a significant decrease in nuobers of worms recovered after 
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challenge infections, and Sadun and Lin (1959) reported tha t metabolic 

anti gens inoculated into mice al so resulted in a protection against 

challenge infection. Levine and Kagan (1960) dcnonstrat~d an increased 

surviva l time after challenge infection in mice previously inoculated 

with metabolic antigens derived f rom the cercari ae and adult worms of 

S. douthitti. 
-~ 

As suggested by Vogel (1958) , the use of more concen-

trated metabolic antigens nay give r.10re conclusive r esul ts . 

In order to denonstrate the presence of circulating protective 

antibodies , it is desirable to show a passive transfer of resistance 

where a non- immune animal is protected follo~T.ing the injection of serum 

frou an i.mnune animal . Vogel and Minning (1953) , Stirewalt and Evans 

(1953) and Levine and Kagan (1960) al l attempt~d this passive transfer 

of protection>without result. However, Sadun and Lin ( 1 9 59), working 

with S. japonicum in mice, claimed to have demonstra t ed serological 

pr ot ection vdth passive transfer , and Bruce ru1d Sadun (1964) r eported 

that serum transfer from r esistant rhesus monkeys , previously infect ed 

with S. mansoni, to rats resulted in significant reduction of numbers 

of worms maturing from challenge infections. 

It has yet to b e proved th<- t resistance vrill result from passive 

transfer or from antigenic s t ioulation. It i s particularly desirable 

to show passive transfer of protection if this i s possibl e, because 

passive transfer indicates a resi stance which r esult s f rom circulating 

protective antibodies. The work of Sadun and Lin in 1 959 indicated 

protection from passive transf er , but this has never been r epeated. 

The subsequent work of Bruce and Sadun (1 964) cannot be accepted as 

demonstrating passive transfer since they used the white rat for the 

experiment and this animal is hi ghly r efr actory to S. nansoni. 

The development of acquired resistance after living inmunising 

infections has been conclusivel y demonstrated. Very little informa-

tion is as yet available on the conditions of ir~unising infections 

which give rise to the str ongest resist~~ce . However , ther8 have 

been sone observations on the degree of resistance developed after 

single or multiple infections and there are indications that the 
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period of immunisation and thv level of the imnunising infection are 

importcm t. There have been no r~ports of investigations desi gned 

to assess the import ance of these factors which appear to influence 

the rate ~d degree of the development of resistance. 

Immunisa tion ~ection experiments to demonstrate the developnent~ 

acquired resistance in animals. 

The phenomenon of resistQllce acquirecl by animals infected with 

bilharziasis h~s been clearly demonstrated by many workers but it was 

considered necessary to att empt to sho . .r, in l aboratory animals, that 

the circumst~ces of the immunising infections influence the rate and 

degree of the development of rusistance. The wor k of o t her authors 

has given sonc indications of this but these indications have been 

incident~l, and there has been no attempt at quantitative assessment 

of the degree of r esi stance devel oped under different circumstances of 

imnunising infection< 

Because of the difficulties in obtaining laboratory hosts of 

S. capen~ in sufficient nunbcrs t o give valid dat a on resis tance$ the 

experimental immunisation-challenge infections have been l~Jited to 

infections of S. ~ansoni in nice. All the cercariae used for infec-
' -

tions were derived fran. laboratory bred and infected B. pfe:i,ffe_£i 

snails. Except in the series using inmunising infections of one sex 

onl y, the cercariae for each ex-periment wer e drawn from :1 pool ed source 

derived from at least ten snails in an attenpt to ensure that both male 

and fem~lc cercariae were present. A niniDU!il of 30 mice were used for 

any group of nny series, and all the r.1ice were between one and t wo 

months old at the times of first exposure. 

The observ:;.tions of other workers indicate that there ar-e four 

factors of importance which influence the degree and rate of develop-

ment of resistance in m~lo .::..s well as in nan. These factors are: -

(u. ) t he numbers of cercariae of the innunising exposure; 

(b) t he period f or which the iomunising inf~ction is 

present in the anir.ml before it is subjcctecl to 

challenge exposure; 
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(c) the pattern of exposure to th0 imnunising infec­

tions; 

(a) the presence or absence of eggs fron the worms 

of the iomunising infections. This last 

factor was believed to be important because 

Olivier-Gonzalez (1954) had demonstrated that 

eggs were very strongly antigenic. The 

reports of several workers, including Kagan 

( 1 952), Meleney and t1!oore ('I 9 54) and Smithers 

(1962a) also indicated that strongest resistance 

r esulted from bisexual infections. 

It was decided therefore to attempt to show that these four factors 

do in fact influence the development of acquired r esistance. Using a 

procedure involv:i.J.1.g ililP.lunising and challenge infections, these four 

factors were exanined in comparison with a predeternined standard arrange­

ment of infections which had been shown, in prelininary experiments, to 

give rise to strong r esist ance" This standard arr angement of infec-

tions involved a single subcutaneous iBmunisli1g exposure to 50 cercariae 

of both sexes, followed after a period of six months by a single 

percutaneous challenge exposure to 250 cercariae of both sexes. The 

mice were killed, examined and perfUsed two months after the challenge 

exposure. 

Subcutaneous injection was chosen for the inmunising infection 

because data f rom preliminary experiments indica t ed that subcutaneous 

exposure , of all the nethous of infection, gave the most uniform 

recovery of worns maturing fron infections. These preliminary obser-

va tions were confirraed by ~nnert (personal conounica tion ) Since 

it has been indicated (von IJichtenberg and Ritchie, 1 961) that many 

cercariae of challenge e~-posures are killed in the skin in resistant 

animals, it was considered necessary to use the percutaneous route of 

infect ion for all challenge exposures, to allow maximun1 opportQ~ity 

for resistance to influence the course of the infection. 

All wonas recovered from the r.Qce were separated int o two groups 
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according to sex, countc~ and oeasured for length. A weighed portion 

of liver fron each oouse in the first experioental series was crushed 

between two glass slides and exaoined through a oicroscope fitted with 

a source of ultra-violet light. The eggs in the liver were clearly 

visible, having a bri~1t orange autofluorescence which contrasted with 

the dull green autofluorescence of the liver tissue, and they were 

easily counted. Estim:.tes were thus oade of the nurabers of eggs per 

grao of liver. 

For each variation in exposure patt ern, number of imounising 

ce:rcariae, or i nounising period in the imraunisa tion-challenge experi­

oents, n. control group of Dice was exposed to sinilar infection for the 

same period. The control group was killed without challenge exposure . 

These control groups were tert;'led the i.r:u1unised controls. A large group 

of mice received the equival ent of the chn.llenge exposure without 

previous immunising exposure, and these were killed, exanined and per-

fused two oonths after the exposure. This control group was terr.1ed 

the challenge control. It was intended that there would be parallel 

challenge controls in all experimental seri es, but the numbers of nice 

av~ilable precluded this a rrange.r.1ent and a single series of ov er 1 00 

chulls1ge control mice had to be accepted for all experiments. 

In the interpretn.tion of the significance of the r esults of 

perfusion for the nunber of woros naturing from any infections, the 

transfornation .,/ni + 1 has been used, where 11j_ i s the noober of worras 

r ecovered fron Jach oouse . The reasons for the use of this transfor-

mation ar e given in the append:L"'C (page 145) 

The effects of different patterns of exposure on the developncnt 

of r csis tE~nce in the nice wer e exanil1ed in four experioent al series , 

each designed to exn.nine one of the f our factors considered to be of 

inport:->nce in the developnent of resistance . 

This ex~erinental series involved varying the level of the immuni­

sing exposure, with o.ll other conditions being kept to the s tandard 
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arrangement. Three groups of 30 nice were used. In the first group , 

1A, each mouse was injected vath 50 cercariae, according to the 

stD..ndard arrangeoent for imounising and challenge infections , and 

the r esults froGl this group were used for cooparison in subsequent 

experincnto..l series . The nice of group 1 B r eceived single iramunising 

exposures of 25 cercario..e, and those of group 1 C r eceived 1 00 cercariae. 

All groups were chullenged after six months t o 250 cercarjJ..:.e by 

percuta neous infection, and killed aft er a further two nonths . 

The results f or this series, gi ving the nUBbcrs of worms recovered 

and. the r elevant square root transforoation anal yses, are g iven in 

Table 2 . Table 3 gives the cooparison between these anD.lyses and 

tl1ose of the ch~llenge c ontrol s . Since the immunised and chall enged 

mice were exposed to greater t ot al nuobers of cercariae than the 

chall enge controls, it was necessary to introduce corrections based on 

the results of t he i l!lElunised cobtrol groups. The derivation of these 

corrections is discussed in the appendix 1 (page 1 4-5 ) • The r esults 

for the cha llenge control and the i nnuni sed control groups are 

pr esented in Table 4. 

The r esults show that the difference between the transfornation 

means of group 1A originally exposed to 50 cercariae, vdth an immuni­

sation period of six months, and the cha llenge control group, was . 

2.03. The standard error of difference was 0.48, showing a signifi­

ec.mt decrease in worm nuobers fro~ the cha l l enge exposure in t he 

immunised mice, 

The difference between me.J.ns of group 1 B, exposed to an 

irar.J.unising infection of 25 c ercariae, and the chall enge control group 

was 1 . 6, with a standa r d error of difference of 0. 40 , again showing 

a significant reduction in woro burden. For group 1 C, exposed t o 

1 00 i..r:u:lunising cercariae , the difference between the aeans was 2. 22 

but the high standard error of difference of means of 1 • 68 detract ed 

from the significance of this difference. 

When comparing groups 1A, 1 B and 1 C of this first series, the 

corrected means showed no statistically significant difference in 



TABLE 2. 

Series 1. Ef£ects o£ worm load on the devel opment o£ resistance. Results o£ perfusion o£ 
mice exposed to t hree levels o£ i mmunising infection of S. rnansoni, challenged 
a£ter six months, and killed and perfused after a furt her two months . 

I 
I 

Group A Group B Group C 

Number o£ mice exposed to iE~unising infection 30 30 30 

Number of cercariae used for immunising infection 50 25 100 

Number of mice surviving to date o£ challenge exposure 14 1 9 11 

Number of mice surviving to date of per£usion 12 19 6 

Total number o£ worms r ecovered 201 534 184 

Sun o£ -/ni + 1 , where ni is the number of ·worms 
r ecov er ed £rom individual mice 47.17 98.08 25.01 

Mean value \l"ni + 1 3 . 93 5.16 4.1 7 

Standard devia tian --~~ + 1 + 1.59 ± 1 • 62 ± 4.10 

Range o£ values of -Vrlj_ + 1 1 .00- 7 0 21 1. 00- 8. 49 1 .00-10.59 

• I 

.f"' 
0 



TABLE 3. 

Comparison of results of perfusions. af Series 1 mice and controls. 

Mean of ~+T for t est groups , where ~are the 
numbers of worms recov ered froLl individual mice 

Correction for immunised controls 

Corrected mean for test group 

Mean of -/Uj_ + 1 for challenge controls 

Observed difference between means 

Standard error of difference between means 

,__., 

Group A 

--
3.93 

1 . 1 0 

2.83 

4.86 

2.03 

0.48 

Group B 

5.16 

1 • 91 

3.25 

4.86 

1 • 61 

0.38 

I I Group C 

4.17 

1 .53 

2. 64 

4.86 

2.22 

1 .68 



TABLE 4. 

Control Groups: Results of' perf'usion of' mice in iomunised control and c:ba llenge control groups~ 

NU@ber of' nice exposed 

Nnnber of' nice surviving to elate of' pcrf'usion 

Total nuober of' cercariae used 

Nuober of' exposures 

NUI:Jber of' cercarin.e used f'or individua l exposures 

Time in weeks separating exposures 

TiDe in nonths between first exposm~e and perf'usion 

Nunber of' worms, nn.le and fenalc, recovered 

SU@ of' -/ni + 1 , where ni are the nunbers of' woriJs 
recovered from individual mice 

Mean of' -/~ + 1 (m) 

Standard deviation of' -1~ + 1 (S.D.) 

Range of values of' -.,!~ + 1 

Correction f'or immunised controls (m - 2 S.D. ) 

Experir.lental series f'or which correction is used 

I 
! Cha llenge 

Control 

11 0 

101 

250 

1 

250 

-
2 

2506 

490.99 

4.86 

+ 1.48 -
1 • 00- 9.38 

-
-

Innunised Control Groups 

I II 

30 30 

24 15 

50 25 

1 1 

50 25 

- -
8 8 

168 90 

65.18 37.40 

2.72 2.49 

+ ... o. 81 + 0.29 

1.41 - 4.69 1.41-4.69 

1.10 1 • 91 

1A,2A,B,C ,4 1B 

III 

30 

9 

100 

1 

100 I t 
- I 8 

158 

37.1 8 

4.13 

± 1 .30 

2 . 24-7. 00 

1 .53 

1C 
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numbers of worms recovered although there was an indication of great est 

r eduction in group 1 A. 

Series 2. 

The second series was designed to evaluate the effects of varying 

the period between the iciounising and challenge exposures. 

In this series, two groups of 30 nice were exposed to 50 cercariae 

each. Group 2A was challenged after three :sonths and group 2B after 

nine months, and these two groups w~re conpared with the challenge 

control and with group 1 A of the first series, in which the mice were 

also exposed to an immunising infection of 50 cercariae, but they were 

ch'lllenged aft er six oonths. The results for the two groups of this 

series are presented in Table 5. Table 6 gives the comparisons between 

t hese results, vdth the corrected neans , and the results of the challenge 

controls. 

The difference between the tro.nsforDa tion Deans of group 2A and 

the challenge control was 2.09. The standard error of the difference 

was 0.37, indicating a significant decrease in mmbers of warns maturing 

from the challenge infection. The difference between the Deans of 

group 2B and the challenge control was 2. 06, with a standard error of 

0.60, a.gain showing a significant reduction in worn burden . There 

were no significant differences between the neans of groups 2A and 2B 

of the second series, or between eit her of these groups and group 1 A 

of the first series . 

Series 3. 

In the third experirJental series an attenpt was Llade to compare 

the resistance developed as a result of inmunising exposures of 

different patterns. Three groups of 60 nice were exposed to infec-

tion; the mice of group 3A each r eceived five exposures to only ten 

cercariae f or each eJ-:posure, with 1 4 dn.y intervals b etween the 

exposures; group 3B r eceived two exposures of 25 cercariae with an 

interval of 28 days between exposures; group 3C received two 

exposures of 50 cercariae, ag-l.in with an interval of 28 days between 



TABLE 5. 

Series 2. The influence of duration of irr~m!ising infection on the development of resistance. Results 
of perfusion of mice exposed to 50 cercariae, and challenged after three months or nine mon~1s 
to 250 cercariae. The results from Group 1 A are included for comparison. 

. 
Group 2A Group 2B Group 1A 

(from Table 

Number of mice exposed to immunising infection 30 30 30 

Period of irnmunising infection, in months 3 9 6 

Number of mice surviving to date of challenge 
exposure 26 18 14 

-
Number of mice surviving to date of perfusion 18 7* 12 

Total number of worms recovered 117 114 201 

Sum of -v'~ + 1 , where ni r epresents the 
number of worms from each mouse 69.58 27.32 47.17 

Mean value of -{ni + 1 3.87 3.90 3 . 93 

Standard deviation of ;/ni + 1 ± 1 .46 ± 1 .55 ± 1 .59 

Range of values of ;/~ + 1 1 .00-7.14 1. oo-6.08 1. 00-7.21 

I 

* = 4 tri.ce killed in error, (of original 11 ) c 

?) I 



TABLE 6. 

Comparison of results of perfusion of Series 2 mice and controls. 

~-----------------~·--· -----------------------------

Mean of ~1· for test groups, where ni represents 
the numbers of worms for each mouse 

Correction for immuni sed controls 

Corrected mean for test group 

Mean for challenge controls 

Observed diff erence betvreen meuns 

Group 2A Group 2B 

~·-------------------~----------

3. 87 3.90 

1.10 1 .1 0 

2. 77 2.80 

4. 86 4 . 86 

2.09 2. 06 

0.1 8 0.60 

~ 
\J1 
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exposures. Three months after the firs t exposures, the surviving mice 

of each group were divided equall y into two l ots, one of which vvas 

subjected to challenge exposure of 250 cercariae, and the other was 

l eft without challenge as the immunised control. The chall enged mice 

were killed, examined and perfused two months after the challenge 

exposure. The i mmuni sed controls were killed at the same time. 

The r esults of the challenge groups a re given in Table 7, and Table 8 

gives the comparisons between these results , wit h the corrected means, 

and t he r esults of the challenge control s. Table 9 gives the results 

of the immunised control groups for thi s series. 

In the groups 3A and 3C there were no significant reductions in 

the numbers of worms recovered after the chullenge exposures. 

Howev er , in group 3B, which received 25 cercariae for each of t wo 

immunising exposur es, ther e was a s i gnificant reduction in worm 

numbers recovered aft er challenge . Tne difference in the transfor ­

ma.tion means of this group and the chal lenge control was 1 .13 , with a 

standar d error of difference of 0. 20. Gr01I.f? 1 A of the first series 

·uhich received a single immunising exposure of 50 cercariae, showed a 

gre~ter r eduction of worm burden t han group 3A, which r eceived the same 

tot al number of cercariae divided over f ive different exposures . The 

difference in the tru.nsformation means ·was 1 . 54- with a standard error 

of difference of 0.66. Ther0 was a lso an indication of greater reduc-

tion in group 1A than in e,roup 3B, which received two exposures of 25 

cercariae, but the difference in the mea.Yls was not fully significant. 

There was an indication, which was not verified statistically, of a 

great er reduction in wor1:1 burden in nice of group 1 C, immunised with 

a single exposure of 1 00 c ercario.e, than in the mice of group 3C 

immuniscd ·with the same total number of cercariae in two exposures of 

50 cercariae for each exposure . In this case the difference in the 

means was 1 . 70, but the low numbers of surviving mce, and the large 

number of wor:ns (112) recovered fron one mouse in group 1 C, resulted 

in a very high value for the standard deviation within that group. 

Consequently t here was a high standard error of difference between 

the means of the two groups of 1 • 72 . 



TABLE 7. 

Series 3. The eff'ects of' dif'f'er ent exposure patterns on the development of' resistance. Results of' perf'usion of' 
three groups of' mice exposed under dif'f'erent conditions and challenged a.:fter three months to 250 cer-
cariae. Results f'rom Group 2A are included f'or comparison. 

Number of' mice exposed to immunising infection 

Total number of' cercariae used 

Number of' immunising inf'ections 

Number of' cercariae f'or each exposure 

Intervals, in weeks, between exposures 

Number of' mice surviving to date of' perf'usion 

Tota l number of' worms recovered 

Sum of' ....;i1i + 1 , where ni represents the 
number of' worms recovered f'rom each mouse 

Mc3Il value -tlni +1 
Standard deviation of' ..y'ni + 1 

Range of' values of' .,jili + 1 

--1~---+----t-----t---Gr_o_up_2A---I .. . Group 3A Group 3B Group 30 (From Table 5 ) 

30 
50 

5 

10 

2 

18 

436 

86.34 

4.80 

1.53 

2, 24- 6.93 

30 
50 

2 

25 

4 

19 

351 

83 .15 

4.38 
0.58 

3.74-6. 08 

30 

100 

2 

50 
4 

20 

489 

94.73 

4. 74 
1.77 

2.00-9.27 

30 

50 
1 

50 

18 

117 

69.58 

3. 87 

1.46 

1.00-7.14 



TABLE 8. 

Comparison of results of perfusion of Series 3 mice and controls. 

Group 3A Group 3B 

Mean value of -/ni + 1 for test 
groups, where ni r epresents the 4 . 80 4.38 
number of worms f or each mouse 

Correction for immunised control 0.43 0.65 

Corrected mean for test group 4.37 3.73 

Mean for challenge controls 4. 86 4 .86 

Observed difference between means 0.4-9 1.13 

Standard error of difference 0.39 0.20 

Gr.:>up 3C 

4. 74 

0.40 

4.34 

4. 86 

0.52 

0.42 

I 

.f::-
0) 

I 



TABLE 9. 

Results of perfusion of mice of immunised controls. 

______,_,-=--·-~------------·-

Immunised control groups 

3A I (from ':['able 

Number of mice exposed 

Number of mice surviving to date of pcr~usion 

Total nunber of cercariae used 

Number of exposures 

Number of cercariae used for individual exposures 

Time~ in weeks, separating exposures 

Time, in months, between first exposure and perfusion 

Total number of worms, male and female, r ecovered 

Sum of ...,/ni + 1 where ni is the number of worms 
recovered from individual mice 

Mean of -v'rii+1 (m) 

Standard deviation of -v'ni + 1 (S.D . ) 

Range of values of -v'ni + 1 

Correction for immunised controls (m- 2 x S.D.) 

-------~j_ 

-

30 

24 

50 

1 

50 

-
8 

168 

65.1 8 

2.72 

± o. 81 

1 .41 -!1-. 69 

1.10 

4) 3B 30 

30 30 

I 
19 20 

50 50 

5 2 

10 25 

2 4 

5 5 

47 39 

33-30 32.91 

1.75 1 • 65 

± 0.66 + 0.50 

1 ,.00-3.00 1 .. 00-2 .65 

0.43 0, 65 

-

·-

3D 

30 

25 
100 

2 

50 

4 

5 

53 

41 . 47 

1 • 66 
+ 0.63 

1 .00-2.65 

0.40 

I 



- 50 -

Series 4. 

The fourth and final experimental series was designed to determine 

if a single sex immunising infection would stimulate the development of 

resistance in mice. Thirty mice were exposed to 50 cercariae each, as 

a single ir.lmunising exposure. Each mouse received cercariae from one 

snail only. The snails were previously exposed individually to only 

one miracidium each. Since the sex of the cercaria is determined on 

the sex of the miracidimJ, this ensured that each mouse received an 

inununising i.nf'ection of only one sex. Additional mice were exposed to 

the cercaria e from each snail. These wer e killed without challenge 

infection t o verify tha t only one sex of worm was present. The experi-

mental mice wer e challenged after six months to 250 cercariae of mixed 

sexes, and killed and perfused two months after this challenge infection. 

TP.e results of this f ourth series are presented in Table 1 0. There was 

a slight, but statistically significant reduction in worm burden 

r esul ti..11g from the challenge i.nf'ection; this difference between the 

transformation means ~s 0. 57, with a standard error of 0.25. 

It was sta ted earlier that all the ·flarms recovered by perfusion 

were separated into two groups according to sex, and tha t they were 

measured f or length. No statistically significant differences in the 

numbers of worms of each s ex L1atttring from any of the challenge series 

could be detected, and there was no evidence of stunting of surviving 

worms. It has also been stated that estimates were made of the 

numbers of eggs per gram of liver for all the mice in the three groups 

of the first seri es , and f or the mice of t he chall enge control group. 

There was no appar ent decr ease in t he number s of· eggs in the livers 

of t he :inmunised raice . 

Conclu~_i_orl_s._~r_o~P:l._-~al infection experiments . 

These s ~:1all series of infection and chall enge experiments using 

~mansoni in mice gi ve some indicati on of t he important influence 

which the pattern of :i.nu:lunising i,.J.fect ion bears on the s ubsequent 

development of' r esi stance. Over 700 mice wer e used in t he four 



TABLE 1 O. 

Series 4. The results of immunising infections of one sex on the development of resistance in mice. 
Comparison with Group 1 A f'rom Series 1 of numbers of worms recovered after challenge 
exposures to 250 c ercaria e of both sexes. 

Number of mice exposed to immunising infection 

Number of' cercariae used 

Period of immunisation, in months 

Number of' mice surviving to date of perfusion 

Total number of worms recovered 

Sum of' -/ni + 1 where ni represents the number 
of worms recovered f'rom each mouse 

Mean value -y'ni + 1 

Standard deviation of' y/ni + 1 

Corrected means (correction from immunised control 

Observed difference between means of test mice and 
challenge control 

Standard error of difference 

Test Group 4 

30 

50 (males only) 

6 

23 

664 

124.00 

5-39 

0.92 

4.29 

0 .57 

0.25 

Group 1 A 

30 

50 (both sexes) 

6 

12 

201 

47.17 

3.93 

1.59 

2.83 

2.03 

0.48 
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experimental series, but this number was only suf'ficient to indicate 

that different patterns of exposure influence the development of resis-

tance. However, the results indicate that it would be possible to 

obtain quantitative assessment of the rate and degree of development 

of resistance under different conditions of exposure. 

The most important facts which are apparent from the results are 

the great variations in individual susceptibility to infection, and 

the variations in the development of resistance in individual mice. 

In all the experiments there were marked differences in the numbers 

of worms recovered, despite the carefully standardised procedures of 

exposure. Examples of this can be taken from the challenge control 

group where 87 worms were r ecovered from one mouse, but no worms from 

another , and from the immunised control group exposed to a single 

infection of 50 cercariae, where only one worm was recovered from one 

mouse, and 21 from another. These two examples illustrate the dif-

ferences essentialLY of susceptibility. Examples of differences in 

initial susceptibility, and probably, in host responses, can be t aken 

from group 1A, with worm recoveries from individual mice varying from 

nil to 51 , and from group 1 C, where the varia tions were from nil to 11 2. 

In drawing deductions from the results of all these experiments> 

it must a l ways be remembered that the results ar e taken only from the 

mice surviving to the date of perfusion. The mice with the least 

resistance and greatest susceptibility die before they can be"examined. 

However, the mortality after the challenge infections was generally 

low, and the deaths occurring between immunising and chal lenge infec­

tions were compensated by t he deaths in t he immunised controls. 

It is apparent that, in mice infected with S. mansoni, the most 

important single factor exerting an influence on the development of 

resistance is the number of cercariae used for the immunising infec-

tion. In this series a single immunising exposure to 50 cercariae 

resulted in t he most significant resistance. A light infection 

will develop resistance either more slowly, or to a lesser extent. 

The exposure of group 1 B to 25 c ercariae , with an immunising period 
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of six months, resulted in resistance, but to a lesser degree than the 

exposure of group 1A to 50 cercariae for the same immunising period. 

A ver y heayy immnnising exposure, as in groups 1 C or 3B results in a 

high mortality, and there is also an indication of immunological 

paralysis, where the development of resistance is limited by the 

weakening of the animal by the disease resulting from the heayy infec-

tion. 

The results of these experimaDts indica t e that greater resistance 

to superinfection is developed in animals receiving a single initial 

immnnising exposure than in :mimals r eceiving two or more exposures 

wit h the same total number of cercariae. This is contrary to the 

r esults of Thompson (1954), Lurie and de Meillon (1957) and Kag:m (1958) 

who found that repeated light infections in animals resulted in the most 

appreciable r esistance. It is also contrary to the assumptions made by 

Manson-Bahr (1958) that repeated li~1t infections in man would give rise 

to greatest resistance . It is not contrary to the conclusions drawn by 

Gerber (1952) who, reporting on the epidemiology of S. haematobium 

infections in man in Sierra Leone> suggested that maximum protection 

was conferred on people receiving a moderate initial eA~osure, followed 

later by regular re-exposure. Gerber maintained t hat, to achieve this 

protection, the intervals between the initiQl and subsequent exposures 

should extend over a season with no transmission of infection. 

The results indicate tha t resistance is developed very rapidly in 

mice since there was significant resistance in group 2A, exposed to 50 

cercariae and challenged after only three months " The differ ences in 

the degree of resistance resulting from exposure to 50 cercariae in 

the three groups 2A, 1 A and 2B, in which the immunising periods were 

three, six and nine months respectively, were insignificant, and it 

must be concluded that the duration of the immunising infection is not 

as important a factor as the worm burden in its influence on the 

development of r esistance. This contradicts the results of Ritchie 

et al. (1963) who reported strong resistance in small l aboratory 

animals after six months of infection, but a decreasing r esistance 
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after longer periods of 12 months or more. 

Single sex infections gave v~ poor resistance response although 

there was a slight decrease in the numbers of worms maturing from 

chall enge exposures. 

There was no evidence of stunting of worms of the challenge infec­

tions of immunised mice, and there was no apparent difference in the 

effects of resistance on the two sexes of worms. The methods used 

were not sufficiently sensitive to detect any differences in the 

numbers of eggs in the livers of resistant and non-resistant mice. 

These four series of experimental infections in mice confirm the 

reports of other \~rkers that, following on initial infections, 

providing that these are neither too li&~t nor too heavy, there is 

developed in mice a protection which manifests itself as a resistance 

against subsequent challenge infections. 'rhese series also indicate 

the important influ~~ce exerted on the development of this protection 

by the nature of the initial immunising infection or infections. 

The majority of authors suggest that the mouse, unlike the rhesus 

monkey, only develops a partial protection against either re-infection 

or superinfection, and, o.s discussed later , the same is possibly true 

for man. Although close analogies are not permissible, it is 

possible that man reacts in a similar mru1ner to differences in the 

nature of the initial infections. 
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PART III. 

EVIDENCE OF THE DEVEf.,OPMENT.J IN MAN, OF A(liUIRED RESISTANCE 

TO INFECTIONS OF SCHISTOSOMA SPP. 

Kagan (1958) quotes the generally accepted cl assification of 

immune states listed by Boyd (1956), outlining this classification as 

follows: 

I. Innate Immunity (constitutional or racial). 

II. Acquired I mmunity. 

1. Active (a). Infection (natural) 

(b) , Vaccination (artificial) 

2. Passive (c). Natural (congenital) 

(d). Artificial (serum transfer). 

The epidemiological data discussed later indicates the occasional 

existence of innate immunity in man, but it is insufficient to warrant 

any definite conclusion. Since the degree of such immunity would 

probably not be affected by differences in extent and nature of expo­

sure, further consideration of innate immunity is not require~ for the 

present i.'Ylvestigation. It is probable that natural, passive immunity 

does ocC'Lli', since some indi vidua.ls can l ive in an endemic area without 

ever showing any indications of infection, although they are undoUbtedly 

often exposed to infection. In such people, even repeated parasit e-

logical and serological tests fail to detect any signs of infection. 

There is as yet no definite evidence of artificial i mmunity, 

either by vaccination or by serum transfer. 

Further consideration will therefore be given only to active 

acquired immunity resulting from infection. 

If it can be accepted tha t the development of resistance is an 

active process, then it is necessary to investigate the nature and 

extent of the effects of this resistance; it is not necessary, for 

the purposes of the present investigation, to examine the mechanism 

and processes l eading to the development of the resistance. The 

natural ideal situation for the survival of the parasit e species 



- 56 -

vrould be the development of a degree of resistance which would prote~t 

the host from a continued accumulative invasion by parasites which 

would eventually kill the hcst and, therefore, its parasites. At the 

same time it would not be to the advantage of the parasite species if 

the degree of resistance was great enough to overcome both the initial 

infection and any subsequent re-infections . In practice it would 

appear that the degree of resistance will vary with different conditions 

of immunising infection, and, as with many of the bacterial or virus 

diseases, available evidence indicates tha t t here is a considerable 

variation in resistance response between individuals. In addition, 

it appears that even in highly resistant individuals the acquired 

resistance can be overcom'-- in certain circumstances. Such circum-

stances include the general weakening of body resistance by concurrent 

illness, and exposure of the infected individual to overwhelmingly 

heavy infection. 

Vogel (1958) stn.ted that 11 experimental re-infection of human 

volunteers is the only completely reliable method of demonstrating the 

presence or absence of this resistance in human beings. Once such 

proof is available, conclusions based on analogies between animals and 

human beings will be more justifiable than hitherto. 11 However, even 

if it proved possible to conduct a series of human experiments 

involving challenge infections following controlled initial immunising 

infections, quantitative interpretation would be difficult without 

surgical exaroina tion to determine worm numbers and activity. This 

is clearly impossible and the best that can be expected from human 

experiments is a qualitative assessment of acquired resistance . At 

present it i s necessary to depend on the limited direct evidence 

from two small and inconclusive series of human challenge exposures 

for the presumption of the development of acquired resis t ance , and on 

an extensive r ange of indirect evidence for the quantitative 

evaluation of the importance of this r esistance. 
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The indirect evidence is derived from: 

(a ) the presumption t hat immunogenic processes are 

active in infected persons since antibodies 

can be detected in these people; 

(b) from the interpretation of the results of t he 

epidemiological investigations, which demon­

strate a pattern of distribution of the 

disease :in relation to age which can only be 

explained by acceptance of the concept of 

acquired resistance, and 

(c) conclusions based on analogy between animals 

and m9.n . 

Human Volunteer Experiments to Demonstrate Active, Acquired Resistance. 

Very few human volunteer experiments to demonstrate the development 

of active a~uired resistance resulting from infections have been 

reported in the literature, and of these only the work of Fisher (1934) 

furnishes direct evidence of the development of this resistance; a 

further small series of two attempts to infect human volunteers was 

undertaken in Rhodesia, and the resul ts of this series supports the 

results reported by Fisher. 

Fisher noted that the peak of prevalence of S. intercala tum 

infections in the African communi ties of certain villages occurred 

between the ages of 5 and 15, and that there was a marked falling-off 

in the prevalence with increasing age to the extent that no infections 

were detected in persons over 35 years old. He argued that the 

fall-off was the result of the development of resistance, and, in an 

endeavour to further demonstrate this, he exposed six volunteers to 

infection. All six were ms.les b etween the ages of 35 and 40, and 

all were fishermen with the implied history of frequent contact with 

infected wat er . In each case stool specimens were examined twice 

but no eggs were found. The men wer e exposed to mixed freshly shed 

cercariae from a number of snails; exposure was by total immersion 

of the arm for 1 5 minutes. At t he same time mice were exposed to 
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cercariae from the same source, and at subsequent rutopsy these mice 

were found to be harbouring S. inte:rcalatum worms of both sexes. 

After exposure the men complained of pruri tis but none showed any 

illness. Stool specimens from each volunteer were examined at 

3 months and 6~ months after exposure but no eggs were found. After 

8 months three of the men w~re found to be passing a few eggs in the 

faeces, but repeated examinationsof the other three were negative. 

Some time later (the period was not specified) five of the men were 

traced and again examined; in each case a careful search failed to 

reveal any eggs. Fisher emphasises that at no stage was any 

clinical manifestation of the infection apparent in any of the men. 

This experiment demonstrated that these six men, even those who 

had passed a few S. intercalatum eggs, were resistant to infection. 

However, S. intercalatum is not a COQBOn species and it is l imited in 

its distribution to certain areas of the former Belgian Congo. 

It has yet to be demonstrated that man is the definitive host for this 

species which is possibly synonymous with S. mattheei. If this is 

the case it is difficult to accept the results of the experi ment as 

applying also to essentially human parasites such as s. capense or 

S. mansoni. 

A similar criticism may also be ~ade to the series of two human 

volunteer exposures to infection carried out in Rhodesia . Two 

volunteers, one a man aged 26 (v.c.) and the other a woman aged 24 

(z .L.) , were exposed to large numbers of cercariae derived from a 

number of "wild" infected Bulinus (Pbysopsis) g1obosus snails; at 

the same time , two baboons (Papi o ursinus ) were also exposed to 

c ercariae fro~ the same source . The two volunteer s had had frequent 

exposure to irlf ected water throughout their l i ves, but neither had 

any history of previous infection, in spite of repeat ed examinations 

of urine and stool specimens. 

Neither of the volunteers passed any eggs during a period of 

observation l asting over one year after exposure , but the baboons, 

however , were found at autopsy approximately 6 months after exposure 
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to be harbouring worms which were identified by Alves (personal com­

munication) as S. haematobium and S. mattheei. This identification 

is suspect, and it is possible that all the worms were S. mattheei. 

This experiment was rmdertaken prior to the publication of the paper 

by le Raux (~958) on the species of Schistosoma and the designated 

S. haematobium by Alves would r efer to the southern African species 

S. capen~. Prior tole Raux's report , the two species were regarded 

as synonymous. 

The human volunteers each iu~ersed the forearm and elbow for one 

hour in water conta ining approximately 3,000 cercariae. Each 

experienced a pronounced and unpleasant dermatitis which appeared 

before the :f'ull period of the exposure had expired, and which gradually 

subsided over a period of two weeks . Prior to exposure 1 both volun-

teers had been repeatedly tested for infection by specimen examinations, 

but no eggs were found. No eggs were ever found in the excreta of 

the baboons. The two volunteers were also t est8d by the intradermal 

test, with negative r esults, and differential blood counts showed less 

than 4 percent eosinophil cells. Specinen examinations, intradermal 

t est s (using antigen of cercarial origin) and further differ ential 

white cell counts were undertaken eQch week after exposure for a 

period of ~ 3 weeks on the male volunteer, and 1 8 weeks on the female 

volunteer; thereafter, spec in en examinations were done at approxi­

mately one month intervals for over a year. At no time were 8ggs of any 

species of Schistosoma found. Table ~1 gives the r esults of intra-

dermal tests and the differentia l white cell counts. I t will be 

seen that the male volunteer gave a positive skin t est r eaction from 

the third week, and that both demonstrated an increased eosinophilia 

from the t hird to the sixth week aft er exposure, subsiding to 4 per­

cent or less after eight weeks . In the male, however, a sudden 

increase in eosinophilia took place in the 1 2th week, and this 

corresponded to a return of a positive skin t est reaction. During 

this t'vo-week period the person suffer ed from an attack of enteritis 

with severe diarrhoea. 
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TABLE li· 

Results of Intradermal tests and eosinophil counts in two human 
volunteers experimentally exposed to infection. The results 
are given for the day of exposure and thence for intervals of 
one week for 1 8 weeks after exposure. 

Male Volunteer (v.c.) Female. Volunteer (Z.L.) 

Intradermal Eosinophilia Intradermal Eosinophilia 
test (per cent) test (per cent) 

!--· .,-
Exposure date (7.2.1952) negative 3 negative 4-

1st week after exposure negative 3 negative 6 

2nd II II II negative 4 negative 8 

3rd II II II positive 8 negative 10 

4th II II II positive 8 negative 15 

5th II II II positive 8 negative 9 

6th II II II positive 7 negative 8 

7th II II II doubtful 3 negative 3 

8th " II II doubtful 4- negative 4-

9th II II II doubtful 3 nega tive 4 

1Oth II II II doubtful 7 negative 3 

11th II II II positi ve 11 negative 2 

I 12th II II II positive 4- negative 3 
I 

13th II II II not done not done negative 5 

14th II If II not done not done negative 4 

15th II 11 If not done not done negative 4 • 

I 16th If II II not done not done negative 4 

17th II If It not done not done negative I less than 4 

18th II II II i not done not done n egative l ess than 4 

- ---
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These experimental infections indicate that although the 

parasites undoubtedly entered, as evidenced by t he dermatitis, they 

probably failed to mature; in any case, no eggs were found. 

Newsome (1956), Vogel (1958) and others have indicated that the 

parasites in resistant animals face maximum mortality in the period 

between two weeks and three weeks after exposure, and the rise in 

the eosinophil count in the two volunteers is consistent with this. 

It should be added tha t one of the volunteers (z .L.) subsequently 

was exposed to S. mansoni cercariae under natural conditions, and · 

she contracted the disease. The other volunteer (V.C.), in spite 

of repeated exposure to cercariae under natural conditions, which 
• 

must have included cercariae of both S. mansoni and S. capense, has 

never been found to be passing eggs of either species of Schistosoma. 

This series is even less conclusive than that of Fisher, but 

again there is a demonstration of resistance to schistosome infection. 

The fact tho.t one of the volunteers subsequently contracted an 

infection of S. mansoni is in no way contradictory to the concept of 

acquired resistance, since there is evidence that protective resistance 

is, at least to some extent, species specific in action. 

Further direct evidence of r esistance is given by the records of 

individuals in which the resist~ce apparently persists after chemo-

therapeutic treatmm1t. Government employed irrigation engineers and 

field workers in Rhodesia a re comp.elled by the nature of their duties 

to suffer repeated exposure to infection, since they have contact with 

wa.ter known to be infected. Many of these workers ar e thoroughl y 

tested for bilharziasis, by repeated speci men tests, each year, and if 

any are found t o have contracted the disease , they are immediately 

t reated for it, usually with a drug having an antimony base . There 

are records of several of thee vmo, despite r epea ted exposure, have 

never developed active infections. Two others , r ecruited 1 0 years 

previous to the last tine they were exrunined, showed signs of chronic 

infections when they were first exnnined shortly aft er they were 

recruited. They received trea twent ~nd, although they were r epeat-
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edly exposed to re-infection during the next 1 0 years, they have never 

again been ~ound to b e passing eggs, nor has there been any clinical 

sign o~ the redevelopment o~ active infection. 

The direct evidence, ~rom human ~ections, o~ resistance is 

insuf~icient to warrant a ~irm conclusion that resistance to bilhar-

ziasis is acquired by man. This ~ormation can be supported by the 

indirect evidence that antigen-antibody reactions occur, showing that 

immune responses in t he host are possible, and also by epidemiological 

evidence. 

Antigen-antibody Reactions in Immunological Tests as Probable Evidence 

o~ Parallel Protective Responses. 

It has yet to be proved that a person with a parasitic infection 

can develop circulating antibodies which will a~~ord a protection 

against t he parasite. However, there are circulating antibodies in 

the serum o~ such ?Jl infected person, and these antibodies can be 

detected by serological tests. These detectable antibodies are not 

necessarily protective in action. The distinction must there~ore be 

made between det ectable and protective antibodies. Although the 

pr esence o~ detectable antibodies in serum does not constitute proo~ 

o~ the concurrent existence o~ protective antibodies, they are pro­

duced by the same stimulus. Evidence o~ the presence o~ detectable 

antibodies indi ca t es that the host is capable o~ an immune response 

to the presence o~ the parasite. The presence o~ detectable anti­

bodies there~ore indicates the probability that the host is able to 

produce protective antibodies. 

A large number o~ diver se diagnostic techniques have b een 

developed to detect the circulating antibodies r esulting ~rom a 

parasitic in~ection , and gener all y these techniques ar e but minor 

mod~ications o~ tried and proven immunodiagnostic techniques ~or 

the ident~ication o~ bacterial or virus diseases . The ~act that 

these techniques can be used to detect infections in man o~ any o~ 

the species o~ Schistosoma is evidence o~ immunological activit.Y 

resulting ~rom schistosome infection. I~ there is immunological 
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activity, it is l ogical to assume t hat protective responses to the 

infection are possible. 

The potential value of imm~~odiagnosis was early recognised. 

Yoshimoto (1910) demonstrated the feasibility of serological diagnosis 

of S. japonicurn infections in man with a small series of satisfactory 

complement fixation tests using as antigen an alcoholic extract of 

adult worms. Fairley (1919) used a saline extract of crushed l ivers 

from snails infected with either S. mansoni or s. haematobiurn. He 

found that either antigen gave good complement fixation results for 

the detection of antibodies in the sera of patients infected with 

either species , or even of other species. Le Bas (1922) believed 

the antigen to be associated with protein but Fairley (1925) claimed 

that the antiga~ was lipoidal in origin. 

that both components might be antigenic. 

Neither author recognised 

Antigens for use in imrnunodiagnostic techn~ues have been derived 

from every stage in the cycle of t he schistosome worm, and even from 

the excretions and secretions of the different stages . In addition 

to this, antigens have been prepared in different ways and successful 

reactions have been obtained using different fractions of high purity 

derived from both protein and non-protein components of originally 

crude extracts of the parasites. This indicates the compl exity of 

antigenic fractions which can be derived from any crude extract of 

adult worms or of other stages of t he cycle. 

Considerable attention has been given to the specificity of the 

immunodiagnostic responses. Some authors have claimed to have 

observed species specificity in that stronger responses are apparent 

between antigens and their homologous antibodies , whereas reactions 

between antigens of one species and antibodies of another ar e weaker 

rr 11 ( 6 ) . although clearly demonstrable . Hsu and Hsu 19 'lb cla~m to have 

shown differences even between geographic strains of the same species-

S. japonicurn. Most authors stipulate an intrageneric relationship 

in antigen-antibody response, but several have reported cross reac­

tions between the genus Schist osoma and other gener a , including 
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Fasciola , reported by Hassan and Betashe (1934), Heterophyes, 

reported by Sheri£ (1962) , and Trichinell~, reported by Anderson 

( 1 960). 

In the course of this study, antigens were prepared according to 

the methods of Melcher (1943) from adult worms of both Fasciola 

gigantica and Schistosoma mansoni . Both antigens wer e used simultan-

eously for intradermal t ests in a series of 6 volunteers. The 

correlation of results was complete not only in the 5 individuals 

giving skin reactions, but al so in t he one person who showed no 

reaction. 

It is l ogical to assume that a crude antigen, with cross reactions 

between related gener a, in fact may have components which show species 

specificity. Anderson et al. (1963) have r eported on cross 

absorption studies vath S. mansoni and Trichinella spiralis . They 

empl oyed antigens adsorbed on cholesterol-lecit~JU! crystals, vdth 

which they absorbed homologous anti bodies from sera of peopl e infected 

vrith either S. mansoni or T. spiralis. Although cross reactions t ook 

pl ace 'vith unabsorbed sera, genus specific. reactions were r eported 

following the absorption. This implied that t he anti bodies produced 

as a result of infection of either species were of at l east two groups •. 

The first were common antibodies which reacted vvith antigen of either 

species , and the second group of antibodies were specific in reaction 

with antigens. Absorption, with S. mo..nsoni antigen, of the common 

antibodies in a serum from a patient in£ect ed with T. spiral is 

removed the common antibodies , and left only antibodies which were 

specific for T. spiralis. Similarly, absorption of common antibodies 

from sera of people infected with S. mansoni left antibodies which 

would reac t only with the S. ma§hbni ~ntigen. This demonstrated that 

different antibody fractions are present in serum of an in£ected 

per son. 

The fluorescent antibody t est for bilharziasis, ext ensively 

used for epidemiological surveys in the course of this study, was 

described by Sadun et al. (1 960) and Cookson (1 963). It is perhaps 
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the most sensitive and reliable of serological techniques for the 

diagnosis of bilharziasis, comparing for sensitivity only with the 

complement fixation test. The use of minute quantities of dried 

blood, collected on filter paper (Anderson et al. 1961a and Sadun 

et al • . 1961a~ and the use of preserved and counter-stained cercariae 

(Anderson ~tal. 1961~) add very greatly to the practical usefulness 

of the test. 

Cookson (op. cit.) described the use of both the direct and the 

indirect fluorescent antibody techniques. In the direct method, which 

is impracti cal f or routine use, the test serum is conjugated with a 

fluore scent stain; after subsequent incubation with the appropriate 

particulate source of ~tigen, the reaction can be detected by 

observing a coa t ing of the antigen source by the fluorescent antibody. 

In the indirect or sandwich technique, which is sui t able not only for 

routine diagnosis in individuals, but also for epidemiologLcal surveys, 

the tes t serum is reacted with t he antigen and the reaction is detected 

by the subsequent use of conjuga t ed fluorescent anti-human antiserum. 

The results of a series of comparative diagnostic trials under­

taken in three communities in Rhodesia, in which the reliability of 

the fluorescent antibody test was asses sed in people who were also 

thoroughly t ested for infection by stool and urine examinations, are 

summarised below: 

A total of 666 peopl e were t ested by both methods; of t hese 

307 (46 percent) were found t o be passing eggs of either S. mansoni 

or S. cap~ or both . .Of t hese l atter known infected p eopl e , 29 

(9 per cent) gave negative r esult s with the fluor escent antibody t est , 

and 278 ( 91 percent) gave positive r esults. 359 people wer e not 

f ound t o b e passing any eggs , a l t hough failure t o find eggs in t he 

s tool or urine does not pr eclude the possibil ity of active infect ion. 

Of t hese 359 peopl e , 1 98 (55 percent ) gave negative , and 16'1 (45 per-

cent) gave positive fluorescent antibody r esul t s . The r esults of 

the f luorescent antibody t ests t herefore corresponded t o t hose of 

the specimen examinations in 1+76 (71 • 5 per cent) of t he 666 people 
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tested, since there was a nega tive correlation in 198 people and a 

positive correlation in 278 people. The results of the fluorescent 

antibody tests and specimen examinations failed to correlate in 1 90 

(28.5 percent) of the people. 

The greatest apparent error lies in the 161 (45 percent) of 359 

people who gave positive fluorescent antibody test results but who 

were not found to be passing any eggs. The proportion of people in 

this category has been found to increase with age; this is believed 

to be an effect of the development of resistance, and the data to 

support this belief are presented later in this section. 

A slide flocculation reaction v~s reported by Anderson (1960) 

when he empl oyed washed cercaria l antigen adsorbed on cholesterol­

lecithin crystals. The test is reported to be highly sensitive. 

A modification of this test was described by Sadun ~· (1963) in 

which a very rapid test could be done under field conditions, on 

special cards rEX.Iuiring only three drops of blood derived from a 

finger prick. In the course of the present investigation, an 

a ttempt was made to use this plasma card test for epidemiological 

surveys. 153 people were tested by this method and also by urine 

and stool examinations for eggs of s. capense or.§.: mans~. 

99 people were definitely infected vii th bilharziasis since eggs were 

found in the specimens; of these, the plasma card test failed to 

detect 27 (27 percent). 54 people were not found to be passing 

eggs; of these, 31 (57 percent) gave positive flocculation of the 

antigen-carbon suspension , and 23 (43 percent) failed to do so . 

Because of the indefinite results, the use of the test v~s discon­

tinued. It has been suggested by Sadun (personal communication) 

that the cause of the poor definition in t he tests ~vas the aging 

of the antigen. 

The skin tests provide an indirect means for detecting antigen­

antibody interaction through the resulting host tissue response. 

Since these tests depend on tissue reBponse they possibly give an 

indication of the relationship between detect able antibodies and 

r esist ance to infection. 
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The first reference to an intradermal test, giving a rapid result 

when an antigen was injected intradermally came from Fairley and 

Williams (1927) who used an antigen derived from crushed livers of 

infected snails. Alves and Blair (1946) used a phenolic extract of 

cercariae dried on filter paper, and they found that it gave satisfac­

t ory results when used as a negative screening t est. They, and many 

subsequent workers, considered that the t est might be used as a 

criterion of cure. However, in the present investigation there were 

a number of apparently false positive reactions which indicate , as 

others have suggested, that individuals :remain positive to the skin 

test for a considerable period after apparent cure. 

Antigens for use in intradermal tests have been prepared from 

almost every stage in the l ife cycle of the parasite. There have 

been differences in results, particularl y using whole worm or egg 

antigens , which suggest stage specificity of response, and Kagan (1958) 

suggests that this fact may be used as a criterion of cure. 

In a series of comparative diagnostic trials undertaken in two 

communities in Rhodesia, a total of 51 9 people were tested by intra­

dermal tests, using the World Health Organisati on reference skin test 

antigen, and by examination of urine and stool specimens. 261 were 

found to be passing eggs , and of these known infected people 214 (82 

percent) gave positive skin test response, but 47 (18 percent) failed 

to show a response. The majority of these failures of the skin test 

occurred in young children, and it is believed that there is a 

tendency for the skin test to fail to detect very new infections . 

Of the 258 people who were not f01.md to be passing eggs, 1 52 (58 per­

cent) gave positive reactions; as with the fluorescent antibody test 

for bilharziasis the data for skin t ests for bilharziasis illustrates 

that a higher proportion of apparently false positive reactions occur 

in older people. These data are discussed later in this section and 

it is believed tha t this is an effect of the development of resistance 

to the disease. 
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Numerous other immunological tests have been evolved for detecting 

antibodies of a schistosome infection. These tests are essentially 

only minor modifications of the tried and proven diagnostic procedures 

used for studies on virus and bacterial infections. These procedures 

are used only to demonstrate detectable antibodies, and they do not 

necessarily indicate the concurrent presence of protective antibodies. 

However, the formation of precipitates round schistosomulae when they 

are incubated in immune serum is possibly an indication of the presence 

of circulating antibodies which afford a protection to the host against 

invading parasites. Newsome and Robinson (1956) incubated schistosomu-

0 lae at 37 C. for 48 hours in immune serum. They observed that 

precipitates were formed at the oral sucker and at the excretory pore 

of schistosomulae which had been allowed to develop for 14 to 21 days 

from the time of invasion of the host. Rob~>son (1956) demonstrated 

that this precipitate developed only with young worms - of up to three 

weeks development; after this age, no precipitates were formed. 

Newsome and Robinson (op. cit.) concluded that the formation of these 

precipitates was partly responsible for the great reduction of invading 

parasites which occur in resistant hosts. The reduction has been shown 

by Olivier and Schneidermann (1953) and by Vogel and Minning (1953) to 

occur mainly in the lungs 10 to 14 days after invasion, and this is 

consistent with the age at which greatest precipitate formation occurs. 

The formation of this precipitate on schistosomulae may be an 

indication of the protective nature of serum from resistant animals, 

and the fact that the stage at which this occurs corresponds to the 

stage a t which highest mortality of parasites invading a resistant 

host occurs adds weight to t his assumption. 

Until the serum f rom resistant persons or animals can b e clearly 

demonstr a ted to have a protective nature, it cannot be accepted that 

r esistance depends on a circulating antibody. Sadun and Lin (1959) 

reported that, in passive serum transfer experiment s , mice receiving 

serum from resistant rabbits developed a slight r esistru1ce, as 

indicated by a slight decrease in worm burden. This is not borne 
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out by the reports of other workers, including Vogel and M:inning ( op. 

cit.) and there is little direct evidence of the existence of circula-

ting protective antibodies. 

Whatever the mechanism of protection may be, there is undoubted 

evidence of immunological response. The presence of detectable anti-

bodies is demonstrated by the serological and iQmunological tests, and 

there is no reason to doubt the parallel development of protective 

circulating antibodies. 

Epidemiological Evidence of the Development of Resistance to Infections 

.£!. Schistosoma sp;p. in man. 

It has been stated that considerable evidence of the influence of 

acquired r esistance to bilharziasis can be derived from both clinical 

observation and from epidemiological data. 

Newsome (1956) asserts that clinical observation alone confirms 

the existence of some mechanism which increases tolerance of the worms 

or actively restrains t he disease in older people . He discusses the 

work of Fujinami, who, in 1 916, "remarked, what many have since described, 

that uninfected persons entering an endemic j aponicum area become very 

ill, while the local inhabitants, at any rate the older ones, were 

less ill. 11 Gelfand (personal communication) states that in Rhodesia, 

urinary bilharziasis, as a clinically manifested disease, is essentially 

a disease of children who appear to overcome the infection as they grow 

older. Honey and Gelfand (1960) reported that although it is a 

childhood disease, l a t e sequelae, resulting from the tissure r esponses 

to earlier infections, appear from the s econd decade of life onwards, 

but the majority of these appear in the second or third decades. They 

reporte d that 70 percent of the cases of demonstrated gross calci-

fication of the bladder occurred before the age of 30. 

Many r eports refer to decreased passage of S. haematobium eggs in 

older people and some relate this decrease to the development of 

resistance. Gerber (1 952) studied t he preva l ence of the disease in 

different age groups of people in several villages in t he Boadjibu 
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district of Sierra Leone. The people of the different villages were 

subjected in nature to different conditions of exposure to infection, 

and Gerber co~cluded that an immunological protection was evidenced. 

He stated that 1naxim~ protection was developed in people with a 

moderate initial exposure followed later by regular re-exposure to 

i...n.fection such as may be incurred by occasional exposure during one 

transmission season and followed by an exposure-free interval las±ing 

to the next season. Pesigan ~· (1958) state that one factor in 

respect of the prevalence of S. j aponicUL"l in the Philippines, nanely 

the downward trend with advancing age after the peak of prevalence is 

reached, could be explained as being partly due to host reaction, with 

an immunity mechanism. Severa l other workers, including Dixon (1934), 

Basseres and Pantoja ( 1 947), Cowper ( 1 953), and Maclean et al. ( 1 958), 

report on the do•vnv~rd trend of prevalence after the age o:f peak preva-

lence, and most of thes e authors suggest a possible r elationship with 

resistance. Morley-Smith and Gelfand ( 1 960) examined over 1 , 000 

people :from an African farming district of Rhodesia, and they :found a 

steady fall in prevalence from the peak which occurred in the :first 

decade o:f li:fe. After the age of 40, there was no :further decline 

and the proportion of people infected remained steady thereafter at 

approximately 1 5 percent. They conclude that their studies support 

the existence of resistance acquired by the human body when the 
~ 

infection has be~ contracted some years previously. 

The najority o:f these authors :failed to consider that the 

decreased egg passage might have been due t o decreased contac t with 

infected water by the ol der people . However , under condit ions 

existing in rural areas o:f Rhodesia , and particularly in the a r ea in 

which Morley-Smith and Gelfand worked, it may be a ssumed t hat all 

people ar e r egularly exposed to infection, since t he only available 

water i s invariably from a river or st ream . 

Manson-Bahr (1958) suggest ed t hat the development of r esistance 

was dependent on the degree of transmission. He suggested t hat the 

Qecrease in t he numbers of infections with advancing age , commonly 
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occurring in east and southern Africa, was the result of the develop­

ment of i mmunit,y which increased with age. He also suggested that 

in areas of very L~tense transmission, such as occur in Egypt, the 

repeated heavy infections of very young children may so weaken the 

children that the development of immunity i s hindered. This, he 

states, alters the clinical picture of the disease in such areas. 

Surveys in Rhodesia, 

Results obtained from extensive surveys to assess t he prevalence 

of both S. capense and S. mansoni in African communities in Rhodesia 

have revealed further and more detailed evidence of the development of 

resistance, and of the conditions of exposure and infection which give 

rise to increased protection. These surveys l~ve been conducted in 

communi ties in dii'ferent areas of the country, and these areas were 

chosen to give a range of climatic, topographical and other conditions 

which in turn influence the level of infection to which the community 

is exposed. In most cases, an attempt was made to investigate 

stable and concentrated communities, which had similar standards of 

nutrition, housing and hygiene, and which differed from one another as 

little as possible, excepting for the climatic conditions, and the 

extent and nature of exposure to bilharziasis. In all the communities 

investiga ted, with the exception of the combined community of the 

Chikwanda and Zimutu, o.nd of the Serima. tribal trust areas, adequate 

and balanced food rations are provided to all people by their employers. 

Since these rations are all based on a recomraended scale, the nutrition­

al status of these communities is as uniforn as is ' possible under 

African conditions. The recommended scale i s given in appendix 2. 

The following communities, the situations of which are shown on 

the map of Rhodesi a (Fig. 8) were investigated. 

1. TI:-e Chikwanda, Zimutu and Serima tribal trust areas, covering 

40,000 hectares , lie in the catchment area of Lake KYle , which supplies 

water to the Triangle and Hippo Valley sugar estates. They are 

separated by European owned f arming areas, and they lie between 10 and 
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60 Km. north of Fort Victoria. For the purposes of this stuqy, these 

three very sicrl.lar areas are consi der ed as having one large community. 

They are well watered areas but, because the soil is not fertile, they 

are not heavily populated. These were the only areas examined where 

t he people do not r eceive the balanced diet listed in appendix 2. 

They live sl ightly above the subsistence level, deriving their liveli­

hood mainly from the few cattle t he ar ea can support) and the poor crops 

of maize grown in the infertile soil. 

The peopl e are entirel y dependent on natural surface water for a l l 

their needs , and l atrines are absent, even from the schools; the 

s tandards of living and hygiene are therefore very low. Snails were 

connon in all the wa tenays but the populati ons were not dense. 

Transmission of bilharziasis was b elieved to b e essentially seasonal 

and it probably occurred only in two short periods of the year, the 

first being from March to May, after t he heavY r ains but before the 

cold of the w:inter, and the second from October t o December, during 

the hot sumner before the onset of the rains . Snail control measures 

were instituted late in 1 959. These measures were based on the 

application of chenical molluscicides to all the surface water in the 

ar ea . The snail populations were drastically reduced aft er two such 

applications, and ther eaft er, the populations wer e kept to a very low 

l evel by the system of snail surveill ance (Clarke~· 1961). 

These control neasures have been maintained up to the present time. 

They have proved most successful, snails only rarely having been 

f ound after April, 1960. 

Surveys to assess the prevalence of S. capense infections in 

children were undertaken in 1 960 and 1 962, being conducted on both 

occasions in the r1onths of February and March. Single urine speci-

mens were examined from each child, and, a lthough no attempt was made 

to examine specimens froo the same children over successive years , 

the same villages were visited on each survey . 
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Climatic data: (Figures are given for the Serima area in the north, 

and, to r epresent the variations which are encountered, the data f or 

Fort Victoria, lying a short distance to the south of the Chikwanda 

a rea, are also given.) 

Situation: Serima tovmship - l atitude 19° 28' S., longitude 31° 03 'E. 

2 . 

Fort Victoria 

Altitude above sea level: 

Mean annual rainfall: 

19° 

Serir:la township 

Fort Victoria 

Serima township 

Fort Victoria 

59's.' 

1393 m. 

1097 tl. 

80 em. 

71 em. 

Temperature: Summer (October) mean maxima for month: 

Serima t ownship 

Fort Victoria 

Sunmer (October) mean minima for month: 

Winter (June) 

Winter (June) 

Seri.na township 

Fort Victoria 

mean maxima for 

Serima township 

Fort Victoria 

mean Llinima for 

Seri.r.la t ovmship 

Fort Victoria 

EstiLlated t ot a l populations in 1 959: 

Chi.kwanda and Zimutu areas 

Scrima area 

month: 

1 9°0. 

21°0. 

oonth : 

7°0 . 

6°c. 

32,500 

5,240 

The Chipoli Irriga tion Estate. This privately owned, mixed 

30° 55'E. 

farming estate, established early in this century, is situated approxi-

rotely 11 2 Km. north-east of Salisbury. The main irrigated crop is 

citrus, and a l l irrigution is of the flood type. There are two canal 

systems drawing water from the Mazoe River, the principal one having 

over '\1 Km. of main canal, normally running at up to 1 ,000 cubic metres 

an hour, and having a total of 33 Kn. of smaller distribution cana ls 

and furrows. The second hc-~s only 4 Kn. of I:Jain canal, flowing at 
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500 cubic metres an hour , and there are no distribution canals or 

furrows. Most of the canals and all the furrows are unlined, ~~d they 

support plant grovJth, parti cularly of Ni tella spp. a nd Potamogeton sp.; 

they are normally cleared of this vegetation once a year , during the 

rains. The canals flow through t wo l arge de~s . each i mpoundi ng more 

than 50,000 cubic metres of wat er , and there a r e a further siA dams on 

t he estate impounding between 5 ,000 and 20 , 000 cubic metres each. All 

1rraters, including reservoir s , canals and furrows are heavily infested 

with snails , i ncl udi ng :Biomphalari a pfeifferi and Bulinus (:Physopsis) 

globosus . 

There is a labour force of 250, and the t o t al African populati on 

is approximately 8oo. .\11 domesti c water i s obtained from the canals, 

and the reservoirs a.~d canals are also extensively u sed for swimming 

n.nd fishing . Although l atri nes a r e supplied they are seldoLl used , the 

people preferring to use the ci trus gr oves or the surrounding uncultivated 

lands for defaecati on: urination occur s almost anyv1here , the people, 

particularly the males , showing little desire for privacy. Contamin• 

ation of the 111ater 'oJi th urine and faeces is therefore fr equent. 

Chipoli lies in t he hot lower Mazoe Vall ey and, with the climatic 

c onditi ons, the abundance of surface water , the extensive snail colonies, 

and t h e continuous and in t i mate contact the p eopl e have with the water, 

it would be expec ted that the 1 evel of t r ansmiss ion would be 

excepti onall y high during the summer , and it would remain high through­

out the year • 

. A stoo l and urine specimen examination survey to assess the 

prevalence of bilharzi asi s was under t aken in February , 1964. 

Cl imati c data: 

Situation : latitude 17° 141 S., l ongitude 31° 40 1 E. 

Height above sea level: 968 m. 

Mean annual rainfall : So em. 

Temperatur es: Summer (October) mean maxima for month 

summer (October ) mean minima for month 

Wint er (June) mean maxima for month 

1'/'inter (June) mean minima for month 
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3. The Mazoe Citrus Esta tes extend in a narrow strip for a distance of 

20 Km. along the banks of the Mazoe River. These ve~ l~rge estates 

draw their water· frorJ the Mazoe Dam which impounds 35 million cubic 

netres of water. Considerably r1ore than 1 ,000 people live on the 

estates. All the irrigation is of the flood type, and the water is 

brought to the lands by neans of three separate canal systems, the 

largest carrying up to 2, 000 cubic oetres an hour, the other two each 

t aking approximately 1 , 000 cubic metres an hour. The main canals are 

mostly lined with asbestos-cement corrugated sheeting, although some 

sections remain unlined. The smaller distribution canals are all 

concrete lined, and they only car~ water on a cycle of one day in t wo 

weeks. 

There is a concrete swinoing bath for the children of the labourers 

and piped water is supplied to all housing compounds. However, since 

this water , and the water used to fill the swimming bath, is drawn 

straight from the canal s without any fom of purification, it must be 

accept ed that the people are without safe \vater for either donestic use 

or for recreation. 

Silt tends to be deposited in the troughs of the corrugated 

asbestos-cement lining of the canals, and t his silt supports plant 

growth, which is pernanent since these canals are never permitted to 

stop flowing. Snails of the species B. pfeifferi a.'1d B. (P. ) globosus 

are therefore plentiful throughout the canal systems: B. pf'eifferi 

was found in l arge nuo.bers in the concret e swir.loing ba th. No attempt 

has yet been made t o control the snail populations in this irrigation 

syst em. Transoission of both foros of the disease was expected to 

be high and perenni al . 

A survey to assess the prevalence of bilharziasi s was under taken 

in June, 1963. This survey included stool and urine examinations, 

fluorescent antibody tests, intradermal tests, and the plasma card 

flocculation tests. 
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Climatic data: 

Situati on: (at meteorological station) 

l a titude 17° 28 ' S., longitude 31° 01 'E. 

Height above sea level: 

Mean a.nnual r a infall: 

Ter.~peratures: Sur;mer 

Suruner 

Winter 

Winter 

1 234 n. 

93 en. 

(October) nean 

(October) IJean 

maxima 

ninina 

(June) mean IJa.Xina for 

for month 

for month 

nonth 

(June ) nean r.rinima for month 

31°0. 

13°0. 

23°0. 

5°0. 

4. The Triangle and Hippo Valill sugar estates are t wo contiguous 

irrigated estates situated in t he very hot, l ow-lying, arid and f l a t 

southern part of Rhodesia, the Triangle t ·ownship being 1 30 Kn. south-

east of Fort Victoria. The estates at present have 20,000 hectares 

under i.rriga tion, which is partly of the f l ood type, and partly under 

over head spray. It is planned t o extend t he irrigation in thi s part 

of Rhodesia to 50,000 hectares by the end of 1965, and to 300,000 

hecta r es within t he f ollowing seven years. At present the water f or 

irrigation is brought fron t he large Kyle lake , natr Fort Victori a , and 

from the Bangala dam on the Mtilikwe River. 

The total population is a t present over 11 ,000 people but new­

cor.~ers are swelling this figure by over 2,000 each month; it ha s b een 

estimated that, within ten years, the production of sugar alone will 

support ov er one r.~illion peopl e in the a r ea . 

The ext ensive canal systens, with large nw:1bers of snall night 

stor age reservoirs , t he unprotected drains l~ading away the regener a t ed 

water, the l a ck of sanit a tion or safe water s upplies, t he hi gh 

t emper a tures throughout the year, ~Dd the concentration of p eopl e, make 

it cert ain that , m1less some form of prevention i s initiated, trans­

mission of both forms of bi lharziasis will be r~aintained at a v ery high 

level throughout the year. At present , the prevalence is not 

exceptionally high, because the l arg-: m jori ty of the people t est ed 

are new t o t he area. 
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A stool and urine e.xamina tion survey was conducted during February, 

Climatic data : 

Situation: the area is bounded by latitudes 20° 50 ' S. and 

21° 1 O' S., and longitudes 31° 20 ' E. and 31° 50'E . 

Height above sea level: 

Mean annual rainf~ll : 

Tempera hrres: Sunmer 

Sunner 

Vfinter 

Winter 

421 D . 

60 co. 

(October) nean ma.xina for month 

(October) mean ninina for oonth 

(June) nean naxima for month 

(June) oean oinioa for oonth 

34°C. 

17°C. 

26°c. 

7°C. 

5. ~he Preoier Citrus Estate, 30 Kn. north- west of Umtali near the 

eastern border of Rhodesia , was broughli under flood irrigation in 1898. 

Approxinatcly 600 people reside on the estate. The water for the 

irrigation is brought fron the Odzani River by means of an unlined canal, 

14 Km. long, which runs through three earthen night storage r eservoirs. 

The houses for the labourers ~d their faLLilies are sited near the 

reservoirs and canals, which foro the sole source of domestic water. 

La trines are provided, but they are not a lways used. Although snails 

of both important species were found , they were not as plentiful as 

expected; no reason could be found to expl ain this f n.ct. It was 

expected that incidence would be moder ately high, and that transmission 

would be seasonal. 

Climatic data : 

Situation: l atitude 18° 55 ' S. , l ongitude 32° 33 1E. 

Height above sea l evel: 1018 D. 

Mean annual r ainfall: 80 co. 

TerJperatures: Su...'1Der (October) oean maxima for nonth 30°C. 

SWJr.ler (October) oean ninina for month 16°C. 

Winter (June ) oean naxima for nonth 23°C . 

Winter (June ) mean oinioa for month 7°C. 
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6. The Golden Valley Mine (gold) lies 20 Kn. north-west of Gatooma in 

th~ central part of Rhodesia. It is in a flat, dry, hot area and there 

i s little surface water in the neighbourhood. Over 700 people live on 

the mine, and they are provided with piped domestic water frofil under-

ground supplies. There is a ten1porary streao 3 Kn. from the mine, but 

since this strean is dry for several months each year, it is not 

considered t o be an important source of infection. As with the oajority 

of other comm~ities investigated, the people living on this mine are 

well fed and well housed, and the standards of living and hygiene are 

relatively high. 

It was expected that the incidence of bilharziasis would be low, and 

that transmission would be seasonal. A survey for bilharziasis was 

undertaken in December, 1 963, and it included stool and urine exar.li.nations, 

intradermal tests and fluorescent antiboqy tests. 

Climatic data: 

Situation: latitude 18° 14'8., longitude 29° 48'E. 

Hei~1t above sea level : 1157 n. 

84 em. Mean annual rainfall: 

Tel!lperatures: SUL11Tler (October) n1ean oaxir:la 

Sunner (October) nean oinir.la 

Winter (June) Dean naxir:la for 

Winter (June) Dean ninima for 

for month 

for nonth 

month 

month 

32°0. 

17°0. 

23°0. 

9°0 . 

7. The Bikita Minerals Mine (lithium) lies 75 Ko. east of Fort Victoria, 

in an area with a large nunber of rivers and small s treams. Over 200 

people are eDployed on the nine and, with t heir f amilies , there is a 

t otal population of over 600 people. The housing is well organised, 

a."l.d the houses are provided with piped wa tcr from underground sources . 

There ar e extensive recreational facilities, which tend to draw the 

people away from their normal pastimes of swinning and fishing in the 

surrounding rivers and streans. It was expected that transmission 

would be seasonal, and even then a t only a moderately high level. 

A stool and urine exan1ination survey for bilharziasis was undertaken 
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during March, 1964. 

Climatic data: 

Situation: latitude 20° 02'S.> longitude 31° 30'E. 

Height above sea level: 

Mean annual rainfall: 

Temperatures: Sunner 

Sw:u::er 

Winter 

Winter 

11 00 !:1. 

80 en, 

(October) mean naxina for nonth 

(October) nean rrini>·Ja for nonth 

(June) t1ean maxiua. for month 

(June) nean mnina for nonth 

30°C, 

15°C. 

21 °C. 

6°c. 

8. The Turk Mine (gold) is in the western region of the country, 60 Km. 

north-east of Bulawayo. The district i s very dry, and there is no 

pernanent surface water in the vicinity of the nine except f or a l arge 

dat1, impounding over 50,000 cubic I:letres of water, 6 Kn. distant. There 

is a large r esident African corJI:lunity, and the people are well fed and 

housed, and they are provided with safe piped domestic water. There are 

extensive recreational facilities. The p eople have no need to visit the 

natural water for either washing, fishing or recreation, and therefore 

coBtact with infected water is linited. A stool and urine survey for 

bilharziasis was conductc~ in April 1964. 

Climatic data: 

Situation: latituue 19° 44'S.) longitude 28° 47'E. 

Height above sea level: 

Mean annual rainfall: 

Temperatures: SuriDer 

SUI:li:ler 

·winter 

Wint er 

1 21 9 n. 

60 ern. 

(October) mean I:laxina for month 

(October) lJlean :r:1inina for month 

(June) nean na.xi.r!la for month 

(June) nean ninina for month 

31 °C . 

16°C. 

22°C. 

8°C. 

9 . The R.A.N, Gold Mine lies on the eastern boundary of Binrlura 

township, approximately 55 Km. north- east of Salisbury. Over 120 men 

are er.1pl oyed on the nine , and the total population is over 500 people . 

The houses of the labourers are provided with piped water supplies from 
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underground sources, and latrines are also provided. There is a 

perQanent vv.ater reservoir within two kilonetres of the Dine, and it is 

used by the people for washing and swimning. There is also one 

seasonal stream whiCh crosses one of the most used roads t o the Qine. 

There are snails in both the str eau and the reservoir. The mine lies 

ill the central part of the hot Mn.zoe Valley, and it wn.s e:x:pected that 

transnission would be perennial, with intense transmission occurring 

during the sunner. However, the peopl e of the Dine have lioited 

contact with natural water, except f or recreational purposes, and the 

incidence of infection was expected to be high without being exccp-

tional. A survey which included stool and urine exaninations, and 

intrader~l and fluorescent antibody t ests was conducted during 

May, 1964. 

Climatic data: 

Situation: latitude 17° 19'S., longitude 31° 20'E. 

Height above sea l evel: 1091 n. 

Mean annual rainfall: 90 en . 

Tenpera tures: (October) oaxima month 0 Sunner oean for 31 c. 

Sm1raer (October) nean minima for month 14-°C. 

Wint er (June) oean naxina for month 23°C. 

Winter (June) mean ninina for nonth 6°c. 

10. The Iron Duke Mine (iron pyrites) is situated 50 Km. north of 

Salisbury in the southern part of the Mazoe Valley. It lies adjacent 

to the perennially flowing Yellow Jacket River, a short distance from 

t he point where this river flows through the Mazoe irriga ted citrus 

estates . The housing for the mine , which has 600 r esident Africans, 

is provided with piped water f or all dOiuestic ra:]_ uirenents, but the 

proxinity of the river and of the canals of the irrigation est a t es 

na.de it appear likely thn.t the incidence of both S. nansoni and 

S. capense would b e high. Because of the pernanency of the waters 

and the r elatively high tenperatures throughout the year, it was 

expected that transmission would be maintained throughout the year, 
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with peak transmission occurring during the summer. The Yellow Jacket 

River was found to support very heavy populations of B. (P.) g1obosus 

and the canals of the irrigation estates were known t o be infested with 

B. pfeifferi and B. (P.) globosus. 

A urine examination survey to assess the prevalence of S. capense 

infections was conducted in February, 1 964, and this was followed in 

August, 196~, by a stool exanination survey to assess the prevalence of 

S. mansoni infections. 

Cli.rlatic data: 

Situation: latitude 17° 27 ' S ., longitude 31° O~'E. 

Height above sea level: 

Mean a.rmual r a infa ll: 

Teoperatures : Sunr.1er 

Sunner 

Winter 

Winter 

1 230 m. 

93 en. 

(October) oean 

(October) nean 

r.Jax.ina for month 

ninina for month 

(June) nean oaxina for month 

(June ) nean ninina f or nonth 

31 °C . 

13°C. 

23°C. 

5°C. 

11 • The Arcturus Gold Mine , 25 Kn. east of Salisbury, enploys over 200 

people, and ther e is a r esident popula tion of 800. The houses are all 

provided with piped water froo an underground source , but the nearby 

streaos and dans provide the people, and particularly the older children, 

with the opportunities for swirnoing, washing and fishing. It was 

expected therefore that t he incidence of both S . mansoni and S. capense 

would be high, but that the transnission would be seasonal . Stool and 

urine surveys for bilharziasis were underta-ken in July, 1 964 . 

Climatic da ta: ( except f or t he l ocality of t he oine , all t he data 

r ef er s t o Sali sbury, s ince ther e is n o oet eorol ogical data available 

from Arcturus . The two pla c es a r e sinilar in c lioa t e . ) 

Situation: l a titude 17° 47' S ., longitude 31 ° 19'E. 

Height ab ov e sea level: 

Mean annual r ainfall: 

Teoper a tures: Sunner 

Sur.11:1er 

Winter 

Wint er 

1 507 n. 

90 en . 

(october) nean 

(Octob er) oean 

rJaxioa f or oonth 

r:dnima f or Don th 

(June ) nean naxi oa f or oonth 

(June ) oean oinina f or oonth 

29°0. 

15°0. 

21 °C. 

7° C. 
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The results of these surveys have been analysed in respect of the 

ages of the people tested, and the results are presented in Tables 1 2 

and 13. Where people of all ages were exanined, they have been 

separated into eight age groups, selected to demonstrate the patterns 

of changes in prevalence of egg production with increasing age. These 

groups were also selected because it was nornally possible to obtain 

population sanples of sufficient size for each group, and because esti­

nation of age between such groupings was sinplified. In some of the 

conmunities exaQined, it proved difficult to persuade people between 

the ages of 1 3 and 20 to volunteer for testing. It appeared that 

people of these ages were either too embarrassed to submit specinens, 

or they considred it lacking in dignity to do so. This was unfortunate 

since this was one of the most interesting age groups. The older people 

were more tolerant and they readily volunteered for testing, especiallY 

if they knew that they would be inforned of the results, and infected 

persons could obtain treatnent . The results of these surveys are 

discussed in four sections as follows: 

1 • The Age-Prevalence Rel a tionship and the Intensitx_ of Infections. 

The relationship of prevalence of bilharziasis to age of ir~ected 

persons, where the prevalence is assessed by stool and urine specimen 

exa.I:lina t i ons, has been investigated in these surveys and the results 

add evidence of the developnent of resistance to S. capense infections 

in all the conmunities, and to S. nansoni infections in the cOJmuni­

ties of the Ohipoli Estat e, the Triangle and Hippo Valley sugar est ates , 

and the Iron Duke and Arcturus mines (Tables 1 2 A-G and 13 A, B, F and 

G, and Figs. 9 A-D and 1 0). 

In these conmunities there is a consistent pattern in the age-

prevalence relationship. Even below the age of 4-, sone of the 

children in IJost connuni ties show infection. In older age groups 

the numbers of children showing active infections increase to higher 

and higher proportions with increasing age, until a peak is reached, 

normally between the ages of 7 and 15. Aft er t he age of peak preva­

lence , the proportion of peopl e passing eggs decreases with age until, 



TABLE 12. 

S. capen~ INFECTIONS: Results of Stool and Urine Examination Surveys in Seven Communities in Rhodesia. 

A. CHIPOLI ESTATE: 

. r 

~ Under 4 

MALES: 

Number examined 

Number passing S . ~ense eggs 

Percent passing S. capens~ eggs 

FEMALFS: 

Number examined 

Number passing §.: capense eggs 

Percent passing §.:.... capense eggs 

TOTALS: 

Number examined 

Number passing ?• capens~ eggs 

Percent passing S. c~Ee~ eggs 

l 

B. TRIANGLE AND HIPPO VALLEY SUGAR ESTATES : 

MALES : 

Number exrunined 

Number passing _S3. ca.p_€Ese eggs 

Percent passing .§: cape~ eggs 

FEMALES: 

Number examined 

Number passing S. capense eggs 

Percent passing 2..:,.,.£,8-.J?,f!l~ eggs 

TOTALS: 

Number examined 

Number passing ~.l?..r::~ eggs 

Percent passing S. ca.E._e~ eggs 

------

3 

3 

-

6 

5 

83 

9 

8 

89 

_,___,r., 

40 

15 

3 
20 

30 

9 

30 

I 
i 

I 

I 
I 
I 
I 

4- 6 

43 

42 

98 

33 

31 

94 

76 

73 

96 

17 

36 

4-0 

9 
23 

87 

26 

30 

----------..!-~,~ 

7- 9 

30 

29 

97 
i 

25 

25 

100 

55 

I 54 

I 98 

I 
' 
I 

l 7-9 

41 

27 

66 

25 

12 

48 

66 

39 

59 

I 

Age Groups Examined 

10-12 13-15 I 16- 20 21-40 

5 9 8 36 

4 8 7 18 

80 89 88 50 

20 4 13 65 

20 4 12 55 

100 - 92 85 

25 13 21 10\ 

24 12 19 73 

96 92 90 72 

- --
Age Groups Examined 

1 Q-12 13--15 1 6- 20 21 - 40 

27 35 81 97 

21 23 46 30 

78 I 
I 

66 57 31 

11 7 2) 140 

7 5 12 49 

64 71 48 35 

38 42 106 237 

28 28 58 79 

74 67 55 33 

I I 

Over 40 Total 

15 14.9 

I 4 11 5 

27 77 

20 186 

16 168 

80 90 

35 335 

20 283 

57 84 

i 

Over 40 Total 

73 416 

• 3 173 

4 42 

43 306 

5 102 

12 33 

116 722 

I 8 275 

7 38 

I ! 



S. capense _gJF__llg('IONS: 

C. ~YUER CITRUS ESTATES: 

MALES : 

Number examined 

Number passing S capense eggs 

Per cent passing S. capense eggs 

FE!IflALES: 

Number exammed 

Number passing S. capense eggs 

Per cent passing S . ca_pens~ eggs 

TOTAL§.: 

Nnmber exammed 

Number passing S. capen~ eggs 

Per cent passing S. capen~ eggs 

!W_,ES: 

Number examined 

Number passing S. capense eggs 

Per cent passing S. capense eggs 

FEMALES: 

Number examined 

Number passing S. capense eggs 

Per cent passing S. capense eggs 

TOTALS : 

Number examined 

Number passing ~Qense eggs 

Per cent passing S. capense eggs 

TABLE 12 ( contd.) _,.... __ _____ 

Results of Stool and Ur ine Examination Surveys in Seven Communities in Rhodesia. 

' 

l A G Ex d ge roups aiiU11e 

I -I I ' Under 4 4-6 7- 9 10-12 13-15 16- 20 21 -40 

10 16 39 34 8 14 89 

0 4 15 22 4 4 15 

0 25 38 65 50 29 17 

15 21 38 

' 
20 11 14 59 

0 

I 
6 22 10 5 6 8 1 

0 29 58 50 45 43 14 

25 I 
37 77 54 19 28 148 I 0 10 37 32 9 10 23 

0 27 48 59 47 36 16 

' Age Groups Examined 
~ 

~ 

Under 4 4- 6 7-9 10-12 13-15 16-20 21- 40 
t 

13 29 33 63 54 53 16 

1 5 13 38 29 23 2 

8 17 39 60 54- 43 13 

5 11 33 43 23 25 6 

0 3 9 22 12 11 2 

- I 27 27 51 52 44 33 

I i ~ 

I 1 8 I 40 66 106 77 78 22 

L. 
1 8 22 60 41 34 4 
6 20 33 57 53 44 18 

t 

Over 40 Total 

57 267 

9 73 

16 27 

13 19'1 

1 58 

8 30 

70 458 

10 131 

14 29 

Over 40 Total 

16 277 

2 113 

13 41 

4 150 

0 59 

- 39 

20 427 

2 172 

10 40 



TAM ·t 2 (contd,) 

S. capen_§l~ JNB:~.Q1;1.9.!§_: Results of Stool and Urine Examination Surveys in Seven Communities in Rhodesia, 

E. TURK MINE: 

MALES: 

Number examined 

Number passing .§:....9apense eggs 

Per cent passing §.:_C.~!>~ ecgs 

FEMALES: 

Number examined 

Numb er passing S. c~ eggs 

Per cent passing ~~-~~~s~ eggs 

TOTALS: 

Number examined 

Number passing h .S:.§l-...E.<m...E$. eg,cs 

Per cent passing ~~pen~~ eggs 

F. IRON DUKE MINE : 

MALES: 

Number examined 

Number passing S '!.. ca:e~..§e eggs 

Per cent passing S.__s:a:e_ens~ eggs 

~MALES: 

Number examined 

Number pass:ing ~~'£.~..!:. eggs 

Per cent passing S. cape~~ eggs 

TOTALS : 

Number examined 

Number passing S. __ c~ens.2_ eggs 

Per cent passing ~apens~ eggs 

r~--~--~·--·· --·-- ·--·~~-----
.. 

I 
I 
I 
I 
I 

10 

0 

0 

12 

2 

'17 

49 

6 

1 2 

45 

7 
1 6 

31 

3 
1 0 

----~ 

8 

5 
63 

5 
0 

16-20 

7 

3 

43 

8 

1 

13 

21-40 

57 
8 

14 

57 

7 
12 

! 1 8 25 1 00 76 1 3 1 5 114 

II 0 3 II 13 10 5 4 15 
0 1 2 1 3 1 3 3 9 27 1 3 

~- --~- ~-- __ L~~---~--..-.t-.--___,.IL..---------.....1... ___ _l._ = 

r ···--~ ~-~------~-----~--· 

' Age Groups Examined 

13-15 16- 20 21-40 

Over 40 

81 

1 

1 

21 

0 

0 

102 

1 

1 

Over 40 6
. -,~ ~---~,,.-----·- ·-

+-~u_n_d_e_r_4_--li--~~---1 7- 9 10-12 

• 34-r-8---r~-1-7--+----2~---~--1--7--+- 22 

14 

1 

7 

34 
1 9 

56 
26 ' 15 16 2 4 1 

11 

3 

27 

25 

4 
16 

76 83 94 24 5 

15 

11 

73 

49 

. . 
i 

30 I 
I 

24 

1 9 

79 

28 

22 

79 

58 

45 

78 

46 

37 
80 I I 

9 

7 
78 

26 

23 

88 

13 

10 

77 

15 
12 

80 

51 
12 

24 

68 

16 

24 

1 9 
1 

5 

41 
2 

5 

Total 

270 

32 

1 2 

193 

1 9 
10 

463 
51 

11 

Total 

158 

84 

53 

170 

85 

50 

328 

169 

52 

l I I ~ 
~--~--.......... ---~---- ·==-----+------~-----~------iw..._ ___ -...it----~--.L-..------'-
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TABLE 1 2 ( contd.) 
-.·---~--=-

S. capense JB!'!Q!.+ONS: Result:.... of' Stool o.nd Urine Examination Surveys in Seven Communi ties jn Rhodesia . 

G. ARCTURUS M~: 

MALES: 
Number examined 

Number passing §.:__ca.:e_~ eggs 

Per cent passing~~.§~ eggs 

fEM~£: 

Number examined 

Number passing ~. cap~~ eggs 

Per cent passing p~~~ eggs 

TO*~: 

Number examined 

Number passing §.: caEell~ eggs 

Per cent passinG S. _capen.£..~ eggs 

~-- ·· -- --~-~- - ~-- ~ ------~-·-~---~-------------------

1 

I Age Groups Examined 

Totals f--~~~~~-~ ;-~· 4-6· i·:-: _ 7 ___ 9_"""~"""_1_0_-1_2_ 
1

1_ 1 ;_1 5 -~Fi 1 6-2_ 0 __ \_ 

1

2'1 - 40 Over ~0 1 

~----~-~---~~ -·- t - ·-+-----+---- -------1 
I i ' ; ; J 

17 

1 

6 

32 

5 
16 

36 

11 

31 

15 30 38 

0 5 14 

o 17 37 I 
I 1 ' 32 62 74 I 

i 1 1 o 25 1 
! 3 16 34 ( 
I I I I 

35 

24 
69 

19 

10 

53 

54 

34 

37 
28 

76 

15 
8 

53 

52 

36 

69 

10 

4 
40 

23 

13 

57 

33 

17 

52 

55 
13 
24 

50 

17 

34 

105 

30 

29 

27 
2 

7 

25 

2 

8 

52 

4 
8 

249 

88 

35 

215 

69 
32 

464 

157 

34 

I ' ~ l ~-~----__.1,__----L,_ _____ ..... __ .J_ ____ _...t_ _________ ..._~ _____ ...._ ____ -l 

1 
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S . mans ani p&ECTIONS : Results of Stool ~a Urine Ex~mination Surveys in Seven Communities in Rhodesia . 

............... _...._. ... --~ .... -... ---· --
I 
~~---·~ 
I ' i 

Under 4 ' A. .QtiiFOL1.,.ESTATE : 
;---~ -~-i 

' • 
Number examined, males and fem..tles i 

I 

Number passing ~ar:.2.2..ni eggs 

Per cent passing ~~~~l~ eggs I 
I 

B. TRJJu"VGLE AND HIPFD VALLEY SUGAR EST.hTES 1 
Number examined, males ·:~en~e~---- I 

c. 

Number passing ~.22..r& ecgs 

Per cent passing ~mansoni eg~s 

PREMIER Cj:_!RUS ESTfi-TES: 

Numb er examined, mu.les and females 

Number passing S. m~.13.2._.ni ee;~s 

Per cent passing q,. mat:!.~ eggs 

D. BIKITA MINERALS J,ffi:E: 

Number examined, males and fem~les 

Number passing S.~ eggs 

Per cent passing §. ma!]._s~. egss 

E. TURK MINE: 

Number examined, males and fem~les 

Number passing S. ~.S'~:t?i eggs 

Per cent passing §...;_,.!11,EEE2,..ni eggs 

F. IRON DUKE MINE : 

Number examined, males and females 

Number passing ~so:n,i eccs 

Per cent passi ng S. man~ ez:s 

G. ARCTURUS MINE: 

Number examined, males and females 

Number passing §). m~n;h egbs 

Per cent passing s;. man~.~~ eggs 

i 

8 

4 

50 

30 

4 

13 

21 

1 

5 

5 

14 

0 

0 

I . 
! 
I 

t 
~ 
~ 
i 
t 
I 
i 
I 

I 
I 
! 

! 
I 
! 
I 
I 

' I 
> 

! 

! 
t 
• 

I 
I 
' 
' 
" I 
r 

' i 
~ 

I 
I 

: I 
4- 6 7- 9 ' i 

i 
i 70 51 

58 ) 
47 ' 

83 I 92 
I 
I 
I 87 66 
I I. 10 11 ' 

11 17 

36 73 
I 
! 

6 9 

17 12 

I 
I 
' 37 60 

'] • I 3 

3 i 5 I 
' ! 

26 ~ 1 00 

I 0 5 . 
0 i 5 

! I > 
I 

! ~ 

27 
! 

45 ! I 11 ! 35 

! ! 41 78 
I I I 

I ! 
t 

61 
~ 

73 J I ~ 7 4 I . 
! 7 10 

~ 

Age Groups Examined 

' . 
I ' • 

10-12 13-15 ' 16- 20 21 - 40 ' 
23 15 24 95 

20 10 1 2 56 

87 
I 
I 

67 50 59 

38 42 106 I 237 

19 10 17 24 

50 I 24 16 10 

I 
56 l '15 28 148 

1 9 I 3 2 32 

34 20 7 22 

84 67 59 I 21 

5 2 7 3 

I 6 3 12 14 

75 14 9 95 

2 0 0 6 

3 I 0 0 6 

. 
i 

50 24 7 29 

29 '14 7 11 

58 58 38 -

' 
53 52 I 33 106 

I 6 1 6 23 23 

43 44 18 15 l 

Over 40 
r 

Totals 

I 

32 318 

16 223 

50 70 

11 6 722 

8 103 

7 14 

68 445 

I 8 80 

12 I 1 8 

20 368 

1 23 

5 6 

95 I 428 

6 1 9 

6 4 

I 
11 1 99 

2 111 

1 8 56 

51 462 

10 90 I 
j 

20 1 9 I I 



- 89 -

Figure 9. Prevalence of S. capense infections 
in relation to age and sex in four commmi ties 
of Rhodesia. 
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Figure .9 (contd.) Prevalence of s. capense infections in 
relation to age and sex in four communi ties of P..hodesia. 
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Figure 1.9.:. Preval ence of: S. mansol'd i.nt:ections 
m relati on to age in two comnnmi ties m Rhodesia. 

Erratum. For Premier read Arcturus . 
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in the older adults, the proportion of people showing active infections 

is usually very low. For exaople, in the nales of the COL1Dunity of the 

Iron Duke mine, the peak of prevalffi1Ce of S. capense infections is 94 

percent, and this occurs in the age group 13 t o 15 years. Subseq_uently, 

the prevalence decreases with age until only 5 percent of the ~~les 

over 40 years old are still passing eggs. Sir.1ilarly, on the Triangle 

and Hippo Valley sugar estates, the peak of prevalence of S. ~soni 

infection is 50 percent and this occurs in the age group 1 0 to 1 2 years; 

thereafter, the prevalence decr eases with age to 24 percent in the age 

group 1 3 t o 1 5, to 1 6 percent in the age group 1 6 to 20, to 1 0 percent 

in the ·age group 21 t o 40, and finally to as l ow as 7 percent in the 

ol der adults over 40 years old. 

These results confirn a picture of the prevalence rising with age 

until a peak is reached, and thereafter decreasing, sometimes dramati­

cally with advancing age , until in older adults a relatively low level 

of detectable infection is reached, after which no further decrease 

t akes place. 

The age at which peak prevalence is reached varies considerably 

and, generally, it appears to occur earlier in life in a r eas of high 

incidence, and later in life in areas of low incidence. In some 

areas, where the level of' transnission is very high, the peak is 

reached in the first decade of life . An exanple of this is the 

prevalence of S. capense infections on the Chipoli Estate where 97 

percent of the boys aged 7 to 9 years showed infections. All of 

the 49 girl s between the ages of 7 and 12 were passing eggs. Where 

the level of transnission is low, the peak of prevalence is reached 

later in life. This is seen in the connuni ty of the Turk Mine 

where t he age groups 1 3 to 1 5 years and 1 6 to 20 years showed the 

highest prevalence of S . capense. The prevalence even in these 

two age groups waz low when conpared with that of the Chipoli Estate~ 

Sinilar differences can be seen in t he prevalence of S. nansoni 

infections in the co~unitics of the Iron Duke and Bikita Mines . 



- 93 -

At the Iron Duke nine where the prevalence is high, the peak of preva ­

lence of 7 8 percent is r eached in t he age gr oup 7 t o 9 years, but in 

the Bikita nine connunity the peak of infection of 12 to 14- percent i s 

r eached in the age group 1 6 t o 20 years and t he young adults of 21 t o 

4D years. 

At pr esent there exists no sati sfact ory nethod for assessing the 

nunbers of worns living or active :in an individual, nor for a s sessing 

t he average worn burden in a connuni ty or a section of a conr.nmi ty. 

However , the nunbers of S. capense eggs passed in t he urine of an 

individual can be a ccept ed as an indication of the a ctivity or intensity 

of the infecti on. In urine exanination surveys for ~apense infec­

tions in the connuni ties of the Chipoli and Preni er Estates and of the 

Biki t a , Turk, I r on Duke and Arcturus Dines, the eggs present in the 

urine sanpl es were counted and t he r esults for the different age groups 

were exaoined in terns of the av erage egg output in the infected 

nenbers of the coz::1r.mni ty. The results are presented in Table 14- and 

Fig. 11 • The nunbers of s. nansoni eggs in stool specinens at 

Chipol i Estate and the Bikita nine were a lso counted. The results 

are presented in Table 15. Counts of S. oansoni eggs in stool speci-

nens were onl y nade at Chipoli and Biki ta. Egg counting in s t ool 

specinens is unsatisfa ctory since it is at present inpossible t o 

obtain r eproducible r esults . The results in these two areas are 

only included because they indic~te a tendency for decrea se in 

numbers of eggs passed in ol der age groups . 

The signifi cance of the differences in the average nU@bers of 

eggs passed was established by t he Kruskal-Wallis one way anazysis 

of variance nethod (Seigal, 1956) . The statistical analyses are 

given in Appendix 1 (page ·14-6). 

It can b e seen froo the tabl es and figures that, with the 

exception of the S. nansoni egg counts for the Biki ta nine cor:n:auni ty 

and S . capense a t t he Turk Dine, there is a consistent pattern of 

egg production in all the areas exanined. In the other a r eas, 

the average egg count for the p eople passing eggs increased 



TABLE lJ±. 

§_<,?_a~!ls~~. plFECTIO~S.: Results of Stool cmd Urine Examination Surveys in Five Communities in Rhodesia. 

A. CHIFDLI ES~: 

Number examined, males and fem~les 

Number passing S~~s~ e~gs 

Total number of eggs 

Average number of ecgs paJsed 

C. PREMIER CITRUS ESTATE: 

Number exumined, m~les und females 

Number passing §_._ ca.pens~ eggs 

Total number of ergs 

"·'-verage number of' e3[_,s passed 

D " BIKITA MINERALS 1iiNE : 

Number examined, mal~s ~d female~ 

!Jumber passing .§_. ca12cnse eggs 

Total number of eggs 

Average number of e~gs passed 

F. IRON DUKE billm : 

Number examined, males and females 

Number passing S. C~E£fl1L~ eggs 

Total number of eggs 

Average numb er of eggs p . .:.ssed 

G. ARCTURUS MI}ffi: 

Number examined, males nnu females 

Number passing S~-~~.2.£ eggs 

Total number of eggs 

Average number of eggs passed 

1 Age Groups Examined 

16- 20 

I j I ' 

I : ! 
~ 

! ~ 

I 9 I 76 55 ' 25 1 3 

1
1 

8 73 54 1 
12240 187650 ~73460 I 

I 

1530 

25 

0 

0 

0 

18 

1 

60 

60 

25 

4 
1670 

418 

2571 3212 

37 
10 

5950 

595 

40 
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Figure 11 • Average numbers of S. capense eggs 
passed by different age groups in three comnnm.i­
ties of Rhodesia. 
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TABLE Jj. 

S. man~ IIJFECTJ..Q!.§: Results of Stool -.:.J."!d Urine Examination Surveys in Two Communities in Rhodesia . 

A. CHIFOLI ESTATE: 

Number examined, males ~nd fem~les 

Number passing S. lll8.11~~i egzJ 

Total number of eggs 

Average number of eggs passeQ 
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... ~~·· ·-~ . -- ----~~ --~-------~----

~ L' Ar.;e Group::; Examined 
. -- --------------.. , .. - ... ~-------~ - . -----:-----~ -- ~ 

i Unc.er 4 I 4-6 I 7-9 

~---·-t--j·-··---1. 
8 

4 

90 

23 

20 
I 

! 70 1 51 

I 58 I 47 

! 7620 I 3550 

131 76 

37 60 

~ 1 1 3 
I 
I 1 20 8o 11 o 
I 
~ 'I 20 i 80 I 37 
I • I 

' 
10 -12 13-'15 

I 

23 15 

20 10 

380 266 

69 26 

84 
l 

67 

5 2 I 120 160 

24 80 

i i i I ....__ __ .,_,_ . ..-..--.... .._ . .........-L.-..---~--~----..... ---:: . ..-. ._.._ I ....... -_......._..,... ___ 

16-20 

24 

12 

750 

63 

59 

7 

230 

33 

----·--

' 
21-40 

95 

56 

2280 

41 

21 

3 

' 50 

17 

------. ~~·--~---r 

Over 40 

32 

16 

650 

41 

20 

1 

1 90 

1 90 

Totals 

318 

223 

16586 

74 

368 

23 

1060 

----



- 97 -

rapidly t o a pe.:.k, usually occurring betvveen the ages of 7 and 12. 

Thereafter, t he decrease in average egg production was draoa tic within 

the two age groups succeeding the peak. There was often a s econd 

ninor peak occurring between the ages 13 to 20 years , after which 

th~re was a further decrease in egg production vrith advancing age. 

This decrease in later life was slow but steady, without the dranatic 

decrease such as occurs i onedi a.tely after the peak of egg production. 

No a.d~uate explo.nation of this second Llinor peak can b e given, but 

it is b elieved t hat it repr esents th~ oore f requent contact with wat er 

by the young adults, particularly the young wooen, who, because of 

donestic duties , arc so often coopell ed to have daily contact with 

surface wat er. 

An examination of t he pr oporti ons of infect ed people , in the dif­

ferent age groups, who pass l arge nuob ers of eggs r eveals a sioilar 

pattern of younger people passing oor c eggs than the older people . 

Exanpl es of thi s are given in Table 16 and Fig. 1 2 for S . cailliDse 

infections. The actual nuob~rs recorded f or the Prenicr Estate are 

stB.tistically analysed in Appendix 1 (page 150 ) . This analysis 

denonstrates that the proportions of infected people passing large 

nunbers of eggs differ in the age groups exanined. 

It can be seen t hat t he proportion of children passing oore than 

200 eggs of S. capense in a one hour specitlen, rises in earl y 

childhood and r eaches a oaxioun for t he coonunit,y usually in those 

peopl e between the ages of 5 and 1 0 years. There is a subsequent 

decline in this proportion and very few adult s are found t o be passing 

eggs in l arge nuobers . The ceneral trend of average egg production 

f'oll ows the sane pattern as prevalence with advancing age; both 

preval ence and egg production rise t o a peak in earl y life, and . 

then decr ease progressively with age . The age of peak pr evalence 

usually occurs a t approximately the sane age as the peak of average 

egg production, or before i t. 

B.Y cooparing the proportion of heavily infected people in 

different areas, it can be seen that the severity of' infection, 
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Proporti ::m of infected persor..s r.--~sning l argenmbers of §.:.._ ca.E_e~ eggs in six cmu:mnities in Rhodesia . 
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Number of people passing cc;:..:, 
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Figure 1 2 . Proportions of infected people passing 
over 200 and over 2000 S. oapens-2, eggs in one hour in 
two communities of Rhodesia. 
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as judged by the egg production, is greatest where the prevalence of 

infection is high. This is in any case a reasonable supposition 

since it oay be eA~ected t hat, wher e a high level of transoission is 

oaintained, not only will a larger nunber of people becone infected, 

but they will be exposed t o heavier infections. However, even in the 

most heavily infected area exanined there is still a narked. drop in 

egg production in older people. 

The surveys show that in each cooounity there is a relationship, 

at the time of the survey, between the prevalence of infections, the 

intensity of these infections, and the age structure of the population 

exunined. This relationship was apparent as an increasing prevalence 

and intensity with age until a peak was reached, usually between the 

ages of 7 and 20 years. Thereafter, t he prevalence and intensity of 

infections decreased with advancing age. 

It is l ogicr..l t o assune that as the individuals pass froo one age 

group t o the next, the proportion of these individuals passing eggs 

and the nQ~bers of eggs passed by the infected individuals vdll either 

-increase or decrease in a sinilar nanner . Although prevalence refers 

essentially to the nuober of proportion of people exaoined who are 

infected at the tiD.e of the survey, it cnn be assUIJed that the results 

reflect the changing pattern of prevalence and intensity in a group of 

individuals as they pass fror.1 the youngest age group through to the 

ol dest . 

On this assuoption it seens that there is a dynaoic pattern of 

prevalence with age. Few if any infections are fotmd in the youngest 

children exDDined, except in areas of intense transnission. As they 

progres s through the age groups, nore and oore of then becone infected 

w1til a peak of prevalence is r eached. Aft er this peak, people 

appear to l ose the infections and the prevalence decreases. There 

is a correspon~1g decrease in the nU.Glbers of eggs passed by those 

individuals who remain infected. 

It night be ar gued that the children between the ages of 7 and 

20 years are likely to have nore contact with water than t he older 



- 101 -

people, and that the differences in the extent of exposure to infection 

may account for the decrease in prevalence observed in older peopl e. 

This argunent, which is discussed l ater in t his section, cannot 

expl ain the striking decr ease in prevalence and egg production 

which is seen in older people . 

There are two possible explan;J. tions for the decrease in egg 

production with age. Firstl y , that the deposi tion of fibrotic tissue 

resulting from the prolonged }k~ssage of eggs through the bl adder or 

intestinal wall for~s a oechani cal barrier to further egg passage, 

or secondly, that the acquired rcsis~~nce is developed by the host . 

In f act it is probable tha t both t hese factors influence the patt ern 

of egg production in different age groups since it has been established 

t hat exte:nsive fibrosis of t he bladder wall can r esult ffum an 

infection, and it will l~it or pr event egg passage. However , there 

are several r easons for rejecting the contenti on t hat fibrosis is the 

sol e factor l ioiting t he passage of eggs. These are : 

(a ) In t he connunity of the Ohi poli Estat e wher e 

infections ar e a t a very high level, and where it 

would be expected t hat fibrosi s of the blaclder 

wall would be sever e, the egg production shows 

the least t endency to decrease of all the areas 

examined. This is entirely contrary t o the 

expected if it is accepted that fibrosis alone 

limits egg passage . 

(b) The decrea se in egg passage in human cases i s 

oft en accoopanied by a relief in clinical 

SJTh-"'Pt ons. This would hardly b e the case if, 

in f act , t he activity of t he wor os was oaintained 

and the eggs wer e trapped in the body. A ~uch 

mor e pronounced pathogenesis would be expected 

t o r esult if such was the case . 

(c) In areas of high S . oansoni prevalence (Table 1 3 

and Fig. 13) t her e i s a l so difjinished egg produc-
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age groups of the Chipoli Estate. 
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tion in adults. This cannot be expla:U1ed as 

resulting froo fibrosis of the intestinal wall . 

(d) In aninal experir:1ents, with S. no.nsoni or 

§. japonicum infection in oonkeys, the fall in 

egg production in individual 1:10nkeys has been 

repeatedly observed (Vogel and Minning 1953; 

Jachovrsld and Ander son, 1 961) without any 

r eported evidence of substant ial fibrosis a t 

autopsy. McMullen (per sonal connunica tion ) 

states tfr~t nonkeys which had been exposed t o 

very hea;rJ infections of S. oansoni were 

exaoined aft er death. These nonkeys had shown 

strong resistance t o infection, yet no fibrosis 

could b e f 01.md which could be attributed to the 

infection . 

It oust be concluded theref0re th~t the older people have a~uired 

a r esistance to t he infections and that this r esistance influences the 

activity, nnd probably the life span , of the para sites> resulting in 

decrease in egg production in older people. TlLis r esistance i s 

probably a host r esponse , and it i s t herefore an ionunol ogical 

r esistance. 

I t appears that ther e is a relationship bet ween the devel opnent 

and the degree of r esistance on the one hand, and the degree, nature 

and duration of infecti on, r e- infecti on and superlilfection on the 

other. 

A t heoretical interpretati on of this relationshi p can be sugges­

ted as f ollows : 

In the earli est years of exposure to infec tion t he chil drc..."'l 

ar e l acking in any resistance and infection takes pl ace. Slightly 

ol der children are nore frequently exposed t o infecti on, and r.1ore of 

then becooe infected. At the sane ti@e , t hose thnt are infect ed 

devel op partial resistance, and t he l onger they ar e infected t he 

great er will b e the degree of devel oping r esist ance. The early 
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resistance is weak and reinfections and superinfections occur. These 

t end to f ortify the resistance, and they are themselves overcoiJe nor e 

rapidly than the initial infections. After several years, the 

children infected in the early years of life have developed a more 

completr:: imuni ty and others, infected later, arc showing the first 

partial r esistance. Thus the resistance in t he people in the cooounity 

devE:lops until, at the age of peak prevalence, there is a balance 

between the number of new infections or reinfections ru1d the nunber of 

infections being overcome as a result of acquired resistance. After 

the peak of infections, the numbers of infections overcome because of 

the acquired r esistance becomes progressively greater than the nunber 

of people showing reinfection, and t he prevalence therefore decreases 

with age. 

The varia tions in the degree of host im!June response in individ­

uals and the conditions and extent of r e-exposure determine the rate 

of decrease in the observed prevalence. There is invariably a small 

proportion of adults who apparently either renain susceptible to 

reinfection, or who are unable to throw off t he initial infection. 

In areas where perennial transoi ssion is naintained at a ver.y high 

l evel , it is apparent that the acquired resistance can be overvvhelmed 

by exposure to heavy infection; it is in these areas that the decrease 

in observed prevalence ·will be less pronounced than it is in areas of 

noderate transoission. A possible example of this i s seen in the 

r esults for S. capense infections in the connunity of the Chipoli 

Estate. 

Many authors havtJ coiJnented on observed differences in egg preva­

l ence relationships in the two sexes. It appears fron the present 

studies, however, that these differences are not the r esults of 

differences of ii~une r esponses in the sexes , but rather to the 

different exposure patterns related to occupations and sociological 

habits of the sexes. This is particularly striking at Chipoli where 

the prevalence in adult wonen i s higher than it is in adult men. 

This is because t he only sources of donestic water are the heavily 
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infected canals and furrows. In the course of their domestic duties 

t he wonen ar e coupelled to have regular contact with the water of 

these canals, but the system of irrigation in practice on this estate 

does not reg_uire regular or prolonged contact with the water by the oen. 

The egg production patterns in relation to age, and the age-preva­

l ence relationships have so far been considered separately. However, 

the full effects of resistance in a coonunity can be best appr eci ated 

by examining both egg producti on and age prevalence together. Jordan 

(1 963 ) referred to an ''infecti on potentio.l11 for any age group. He 

derived this from t he product of the average egg production 

and the prevalence, percent, in that age group. Jordan used this 

measure only to attempt to deuonstra te that children were largely 

responsibl e f or oaintaining the infection of snails, and that control 

measures should be directed t owards preventing infection in these 

children. However, this infection potential does demonstrate the 

dramatic decrease in egg product ion in older people, when this is con­

sidered in r el ation t o the decrease in age prevalence which is observed 

in the sane age groups. The infection potentials of the age groups 

examined at Chipoli and Prenier Estate3 are given in Table 17, Fig. 14. 

This demonstrates that , even in the corlDunity of Ohipoli Estate, there 

is a dranatic decrease in the nuobers of eggs passed by the older 

people. Partial resistance nust be influencing egg production even 

in this comnuni ty. 

S_:pecifici ty C?t.fiesis tance. 

A further conclusion which can b e drawn froo the epideni ological 

data refers to the specificity of the acquired resistance. 

The majority of workers in the field of innuno- diagnosis have 

denonstra ted a cross antigenicity between the species of the genus 

Schistosoma, and other workers, iJ1eluding Anderson ( 1 960) and Sadun 

(1963) hav e reported cross antigenicity between the genus Schisto­

~ and other genera including Trichinella, Heter ophYes and 

Fasciola . However, Ander son et al. (1963) deoonstrated genus 
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Infection Potentials in Age Groups at the Chipoli and Premier Estates. 
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specificity of. certain fractions of antigen extracts where the crude 

extracts gave cross reactions between related genera. Despite the 

evidence that antigen extracts contain a raultiplici ty o:f antigenic 

fractions, the intergeneric and the intrageneric nature of the antigen­

~~tibody reactions in innuno-diagnosis has led to the belief that 

acquired resistance will follow a similar pattern of cross reaction 

between the species of Schistosoma, and tl<.at resistance acquired as a 

result of infection by one species will protect the host against 

infection by a second species. 

No conclusive work has been reported on inter-species resistance 

in aniual experioents, and, up to the present, there has been no 

inforoation on the specificity of resistance in nan. 

The pattern of prevc.l ence i.'1.creasing to a peak, usually in children 

or young c:.dults, and thE::n decreasing with advancing age,. has been 

observed for all t he species of Schistosoma noroally infecting man. 

Pesigan ~· (1958) showed this pattern for S. jaE?nicum infections 

in the Philippines, where the peak of prevalence occurr ed in young 

adults. Basseres and Pantoj.::.. (1947) found t he peak of prevalence of 

S. mansoni infections in Minas Gerais, Br azil, in the 15 t o 24 year 

age group , and a reduced prevalence was observed in the older people. 

Gerber ( 1 952) observed a s:inilo.r pattern of S. haenatobinn infections 

in people in Sierra Leone. The pres~1t investigation in Rhodesia 

has shown that the prevalence of S. c~pense, and in sooe area s, of 

S. mansoni, reaches a peak c.nd then decreases r apidly vrith :~dvnncD1g 

age. Thus it nay be accepted tha t all species nornally infecting nan 

are capable of stinulo.ting resistance. 

If resistance to one species influences t he incidence and 

prevalence of another species, it would be expect ed that the age­

prevalence relntionship would show a sinilar pattern for both 

species in an area where both species are endemic. However, it 

has been found that in an area where the incidence of .§.:_ capense 

is high, but t hat of S. nansoni is l ow, the pattern of the age­

prevalence f or each species is such as would be expected if that 
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species occurred alone. The data from urine and stool examination 

surveys in AfricD.n children living at the Bikita oine (Tables 11 D and 

12D) show that resistance to S. capense infections is acquired early 

in life, with a peak of preva l ence occurring in the 1 0 to 1 2 year age 

group. However, in the sane people ti1ere is neither evidence of 

resistance to t he s. oansoni infections nor any evi dence of the resis­

t ance to S. capense h<:tving any influence on incidence of S. r.1ansoni. 

It h~s already been shown that a l~v incidence of either species 

will delay or prevent t!1e develop::1ent of resistance nnd in this connun­

ity it is apparent that a lthough the incidence of S. capmne is 

sufficiently high to stinulatc the developnent of resistance to that 

species, the incidence of S. mnnsoni would appear to b e t oo low to do 

so. If, however, the developlilent of resistance to ~~nse had 

conferred any protection against S. n~soni infection, it would be 

expected that the prevalence and incidence of S. mansoni would have 

decreased with t~t of S. capense. 

The fact that the preval aDce of S. oansoni, as detected by stool 

e:xani.nn. tion, did not decrCD.se after the age of peak pr evalence of 

S. capense, indica tes a l ack of protection t o S. nansoni infections 

despite the development of resistance to S. capep~e infections; there 

is a l ack of cross resistance b etween the species from S. capense t o 

S. rr.ansoni. In t he coiJnuni ty of the Chipoli Estate , the incidence of 

both S. nanson~ and S. capense is sufficiently high for both species 

to stinula te resistance independently. It is m1fortunate tha t no 

area was f om1d in Rhodesi a where the incidence of S. mansoni was high 

enough f or the developnent of r esistance , but where incidence of 

~ capense was too l ow t o do so. Therefore, it can only b e hesi-

~1tly preswJed tha t r esistnnce to S. mansoni confers no pr tection 

agaD1st S. capense infections . 

This D1dicati on of species specificity of resistance can be 

supported by the exaoinati on of S. L.ansoni infections in peopl e 

showing r esistance to S . capense . If r esistance acquired a s a 

r esult of D1fection by one species affords a protection against 
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infection by a second species, it would be expected that the infections 

of the second SJ?ecies which do occur, ·v:ciuld occur only in those people 

who .. lJad net yet developed resis~.c.nce against the irmunising species . 

Fi g. 15 pr esent s, in t he for m of ·a histogram, the age prevalence 

relationship of S. ~ense ~~cctions in t he communities of the Triangle 

and Hippo v.:.lley Estates. It F.J.lY be. assur.tec. that, without the 

influence of resistance , the prevLlenc~ would have increa sed with 

advancinr; .:.ge; at the v._ry l u'lst, it would have r emained, in older 

people, at t he level reached at the .:.ge of peak preval ence, as repre­

sented by the line of expected pr~valence E. · The difference between 

t he observed level of prevalence ~Dd the ei!Jected l evel E, represents 

·the number of peopl e who have developed sufficient resistance t o 

overcome or i.n.::.cti v-1 te the infections . The people still passing 

eggs l':lust be those ·who have not developed sufficient r esi s tance to 

overcome t heir infections . I f resistru~ce has an inter-speci es 

influence it would be expect ed that any i..Tlfections of S . nansoni 

which ooour would be in those pvople who are s till showlll.g active 

infections of . S. capense. In the u.gc group 21 t o 40 year s , the 

preval ence of S . c~ense infections is 33 percent, and 41 .percent 

hctve n.pparently devel oped suffici ent resistance t o have overcorae 

t heir initi-...1 end any subsequent infections . This l a tter gr.oup 

of 41 perc ent , b eing resistant to S. ~ense infections, would also 

be free, or ~rtually f ree, of S. nansoni infections , if the 

resistance against ~pense a l so afforded prot ection against 

S. L1a!lsoni. In this age group, 24 people were found to b e passing 

S. mansoni eggs, and ·if there is ru~ inter- species protection, t he 

majority of these people should have been in the 33 percent who 

had not developed resistance and who were still passing eggs , 

i . e" the majority of S. ~ansoni infections would have occurred 

as double infections \lith .s. capense . In f act, only 11 of 24-

S. mansoni infections in this group occurred as double infections . 

Conver sely, if resistance i s species specific and thcr~ is no 

inter-species influence, the S. mansoni infecti ons should be 
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randoraly distributed through t he populo.tion, without regard to the 

distribution of S. capense infections . However, as th6 proportion 

of S. ca~enLe infections increases, there would be nore double 

L~ections distributed by chance. Therefore, in the saDe age group, 

33 percent , or 8 of the 24 ~ nansoni infections would be expected to 

occur as double infections with S. c~~· 

I f resistance to ~· c~~ conferred r esistance to S. oansoni, 

the proportion of S • . n.-msoni infections occurring as double infections 

would increo.s e b eyond t he proportion of the connuni ty showmg 

~· capr~ infections. However, if resistance is species-specific, 

the probability of S. ~1ansoni infection of an individual would be 

independent of whether or not that individual is infected with 

These conc epts nay b e expressed in ratios as follows: 

If the r esistance is species-specific the ratio of double 

infections (cl) to single S . l!lansoni infections (s) would then be the 

s 3.!!le as the r ati o of the nunber of people showing active S. capense 

infections (i) t o the nunber of people free of S. ca_pense infection (f). 

Therefore 

or 

and 

d 

s 

d 

cl + s 

d(i + f) 

i(d + s ) 

= i 

f 

= i 

i + f 

= 1 

but i + f can be taken as the total nu11ber. of people exanined (e) 

and therefore 

de 1 (unity) 

i(d + s) 

If there is an inter-sp ecies influence of a~uired resistance, 

t he propC'rtinn of' ~·-.~i infections occurring as double infec-

tions with ~c~S!!.S£ y;ould increase with age n.s r esistance increases, 

and the ratio de would become greater with advancine: age. 

i(d + s) 
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T:tbl e 18 gives the data obtained fron surveys in the communities 

of the Triangle and Hippo V~lley Estates, t he Biki ta nine, the Turk 

nine, the Golden Valley rri..ne , ond the ~·.rcturus r::ine. The colunns 

give the values of e, i, d, s and de f or four age groups 

i(d + s) 

for each connuni ty . 

The results sho·,7 that the values f or de are signifi-

i(d + s) 

cantly greater t h.:m unity in the n.::tjority of areas, but tha t these 

values do not incrt..::tse with age. The fact t h!'J.t t hey do not increase 

with age supports t he pr evious evidence that r esis t ance in man 

acquired ~s a r esult of S. capense infections conveys little or no 

pr ot ection against subsequent eA~osure to ~nans~. It also 

indicates tha t the decrease Ln pr eval ence of S. capen~ is not due 

to a l~ck of exposure in older age g~oups since, if this were so , 

both ~-nsoni and §.~ ca;eens~ would be found t ogether in only t hose 

people who continued to have cont act vii th water and exposure to 

infection. Since it is su~gestcd that as they grow older 7 fewer 

and fewer people are exposed, it would be expected t lnt the 

proportion of doubl .:.: infections would rise. It has been denon-

stra ted th'lt t his does not happen. 

The f nct that t hese va l ues of de are consistently 

i(U. + s) 

gr eater than unity, a lthough they do not i ncrease with age , can 

b e expl ained by any or all of the following reasons : 

(a ) The r atio ignores the nur~ber of people who f all 

n.bovc the line E (Fig. 1 5) , including those who 

appe~r to be ~turally resistanct t o all schist o-

sane infections. These \t-Juld wei ght the values 

t o give a ratio above unity. 

(b) Ther e tlus t surely be sonc indilliduo.ls or gr oups 

of individual s who by inclination , habit or by 

nature of occup1:1.tion , have great er contact with 
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infected water throughout their lives, e.g. in 

African people, girls are given donestic duties, 

including fetching and carrying of water, washing 

of dishes and lam1dry , fran a very early age . 

Tl1roughout t heir lives they would continue to 

be e:A-posed. nore than the boys and oen who do not 

have exposure forced on them as a daily routine. 

(c) It i u possible that sane people are generally 

more susceptibl e to infection or penetration by 

cercariae. 

The presence in any age group of any comounity of a proportion of 

such people who, because of gr eat er exposure or greater susceptibility, 

are more l ikely t o b ccone infected vrith either or both species of 

§~chistosC?_ga wo1.:ld r esult in the value for de being consider-

i(d + s) 

ably greater than unity. 

Furth~~ evidence to support the existence and development of 

res istance in nun can be derived fran a conparison of the results of 

surveys under ~akcn by the emru .. 1'1a tion of stool and urine specinens 

with the res'.llts of t ests for detectable antibodies in the sane peopl e. 

'l'\'lo such surveys have been conducted in the course of the present 

study; these w~re in th~ connunities of the Golden Valley nine and 

the R .A .N. n :L'10 . A few peopl e in each of the age groups were unable 

t o produce 1.1rine or stool specimens .• In very young children, ad.nini-

stration of skj~ ~e~ts proved difficult. There ar8 , therefore, 

sane discr'-~_.:..ncies in the nUJ.Jbers exanined or t ested by the two 

nethocls, In the great na j ority of c3..ses, the sar.2e individuals were 

t est ed b~T both ue-:hods . The results a r e given in Tables 19 and 20 , 

Table '\ 9 and Fig. 1 6 show the results of specilJ.en exanination 



The Golden Vt:~.lley Mine: 

Stool and m;:!-ne exarJina tioEE_: 

Nw~ber of people exanined 

Nunber of people passing either 
S" ca~~~ or ~· nansoni egss 

Nunber per cent passing eggs 

Intraderoal ~: 

Nunber of people tested 

Nunber showing positive reactions 

Number per cent showing positive 
reactions 

TABLE 1.2o 

Conparison of intraderr.al tests with specinen examint:l.tion surveys 
in deternining the age-prevalence rclt:~.tionship for §chistosona spp. 
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The R.A .N . Mine: 

TABLE 20. 

Comparison of' f'luor escent ant ibody tests, intradernal tests and specinen examination 
surveys in determining the age-prevalence relationship f'or infections of' Schistosoma spp • 

...---· -
Age Groups Exanined 

-~ I I l 
Under 4 4-6 7-9 10-12 13-15 16- 20 21 -40 Over 40 l Total d 

Stool and urine exaninations : 

Nunber of' peopl e; exanined 

Nuober of' peopl e passing either 
s. capense or S. nansoni eggs 

NuDber per cent passing eggs 

Fluorescent antibo~y tests: 

Nuobcr of' people t ested 

NmJber showing positive 
r eactions 

Nunber per cent showing posi­
tive r eactions 

Intradermal tests : 

Nunber of' peopl e tested 

Nuober showing positive 
reactions 

Nuober per cent shovv.ing posi­
tive r eactions 

12 

0 

0 

15 

4 

27 

13 

3 

23 

31 

9 

29 

42 
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' 
46 23 2 

26 19 2 

51 83 -

38 21 1 
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surveys and intradernal t esting a t the Golden Valley nine. This is 

an area of l ow prevalence, and the proportion of people p~ssing eggs 

of either S. capense or S . oansoni rea ches a peak of 44 percent in 

the age group 13 t o 20 ycn.rs. 4-5 p~.-ople in this age group wer e 

exaiJined , t.nd 20 ( 4-4- percent) were found to be passing S. ca~2.. 

or S. QanSoni eggs. 

In the v~ry young children, ~~der 4- years ol d , the prevalence 

based on specinen t esti ng was s l ightly high0r than the prevalence 

by intrader nal t esting; this i s t o be expectE.:d sinc e it is known 

t hat the skin tes t l acks sensitivity in t he very young (Sadun, 

per sonal connunica tion). In t he age group 4- to 7 year s, the 

preval ence by skin testing is higher than tha t shown by specinen 

exanina tions, and thereafter there i s a pr ogressivel y great er 

difference bet ween t he two net hods of testing as age increases . 

After the age of pe~k preval ence, this difference i s exaggerated 

as the nunber of people passing eggs drops . In the c..dul t s over 

the age of 4-0 years, only 1 3 perca11t of the peopl e tested were 

passing eggs , but 85 percent of thuse sane peopl e gave positive 

skin test reactions . 

Tabl e 20 and Fi g . 17 show t he r esults of specinen exarri.nation 

surveys , and intradernal and fluorescent antibody t esting in the 

sane peopl e . A sinilur pattern of prevalence was seen. The 

speci ocn exaoination surveys showed tha t a peak of 57 percent was 

r eached in t he age group ·i 6 t o 20 ~eo..rs, after which the expect ed 

fall ing off of the nuobers of people passing eggs was apparent, 

until in the adults over 4-0 years old, only 1 7 percent were still 

passing eggs of eit her S. oansoni or S. capense. The intradernal 

tests gave positive r esults in 95 percent of the people in the 

age group 1 6 to 20 years, and there was subsequently only a very 

s l ight fall in prevalence t o 89 percent in the adults over the 

age of 4-0. The results of the fluores cent antibody testing wer e 

sinilar t o those of the intradernal t ests up to the age group 

1 6 to 20 yea.rs a t which age 91 percent were giving positive 
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r eactions . However, after this age, there was a decr_:J..se in th~..: 

proportion of people vrith positive fluorescent antibody reactions, 

until, in the :J..dults over 40 years old, only 59 percent shovved 

posi t ive. 

Fig. 17 shows th~t t here is ~gab1 a progressively greater 

divergence between the results of specioen testing and serological 

t esting. This divergence with increasing age is regular up to the 

age of p~ :J..k prevalence, but after this age, the rapid decrease in 

the nunbers of people passing eggs exagger ates the divergence. 

Since it is known that detectabl e antibodies can persist for 

a considerable, but not necessarily indefinite, period after cure, 

whether or not this cure i s spontaneous or cheootherapeutic, it 

can be presuoed that both the fluorescent antibody test and the 

intrader nal test will detect not only active, but a lso cured 

infections, or inactivated infections where no eggs are being 

passed. Repeated spc..ci nen testing a iocd a t the detection of 

both ~· ~:E12onjb or S. cap~se eggs in t he urine or stool will 

detect only the active infections. It can be presu-:1ed therefore, 

t hat the <lif'ferences in the prevalence, as de:ternined by the 

fluorescent antiboQy t es t or the intradern~l test on the one hand, 

and by specb:wn exar.1ina tion on the oth..._r, r epresents the proporti on 

of inactive or cured inf0ctions . In areas such as the two under 

discussion, where very few of the infections ~re curc:d by cheoo­

therapy, the C'i.use of t hese differencE;s nay b e n.scribed to 

spont::t.neous cure or in:..ctiv~ tion of the worus. 

The divergence betwee.."l. the results of the specinen t esting 

and th~.; iranunologic::tl testing b.;for e the o.ge of peo.k preval ence 

suggest s that inactiv~tion of the worns occurs very r apidly in 

sonc pe:oplc, but that reinfection cnn take place. However , with 

o..dvnncing age, nor e nnc1 nore children ar c able to overcouc n.n 

existing infection and resist subsequent exposure t o rci.I'..:fection . 

The l onger n. person has been infected or exposed to reinfection, 

the less reinfection will occur, until the ~ ge is reached where 



- 1 22 -

t he n1.ll"Jbers of peopl e who ovcroone t ht.:ir infections equal s and then 

exceeds the nunb er who arc r einfected. Fron this age t he preval ence , 

based on det ection of eggs , will decrease vri th advancing age . 

However, as l ong as any antigen eith~r from inactivated but still 

living worns , or f r on eggs dGposi ted in the tissues , renains in the 

bo<1y, ~tibcdics will bu detect able. Ther e is only a slight falling 

off of the pr oportions of people showing ~pparent infection by 

either of t he inounol ogical t ests . 

A further connent can be nude on the age-preval ence of 

infections as assessed by :i.J . ..;:mnol ogical test s. In neit her of the 

areas exn.ninec1 did t he proporti on of peopl e positive to the i mnuno-

l ogical test s exceed 95 per cent. This has been confirned by t wo 

ot her seri es il1 Ai'ri can co1:1nunities (Clar ke e"!; . a l. , unpubl ished 

data). I t appe• rs ther efore t hn.t up to 5 per cent of the connunity 

never show dutectabl e antibodi es . The error in the negative results 

of the fluorescent anti body t~st has been shown t o be low, and i t is 

possi ble that port ion of t his 5 per cent of the people have never 

contract ed the disease desp i te probabl e exposure. Thi s snal l group 

night t hen possess a prot ecti on against infection which is not the 

r esult of previous infecti on. Such a prot ec t i on coul d not b e 

r egar ded as an acti vel y acquired resi s t ru1ce , and it would b e 

nLttura l (passive) r es i s t ru1ce, accor ding t o Boyd's classificat ion 

(Kagan, 1 958) . The r esul ts of the survey n.t the Chipoli Estat es 

(Table 1 2A, Fig. 9A) indicate t hc.t w·here the peopl e are constantly 

' exposed to massive inf0ct i ons , such nat ural (passive) resistance, 

and actively ~cquired resistance, nay be l~•rtially overcone by the 

excessive exposure. 

4. 12~- CorJR§.rison of Prev1.le~ce of S. cp.pense Infe.£_t ions before 

and after ~ p<:riod During which Trnnsuission ho.s been Fartia ll_y 

Prevented. 

Parti al or t otal interruption of transnission of Schistosoma 

spp. can be effected by cheoical control of snails , and t he 
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compariSon of the prevalence of s. capen~ infections in the children 

before and after a period of control furnishes additional evidence of 

the influence of acquired resistance. 

A satisfactory snail control prograr::Jii1e was naintained in the 

Ohib-rcmda and Zinutu, and in the Serina ~reas of Rhodesia for a period 

which included the years 1960 to 1962. The control was based on the 

use of the chenical nolluscicide 11Bayer 7Y' (the ethanolanine salt of 

5, 2'-dichloro-4'-nitro-salicylic-anilide) which was applied to all 

natural waters at a concentration of 0.5 parts per Dillion if the 

waterbodies were found to be harbouring vector snails. All water 

vms inspected at six week intervals and if any persisting foci of 

snails were found, the chenical -was applied innediately to elir,linate 

those f oci. No quantitative sanpling of the snail populations was 

done, but mnnual searching for snails deoonstrated that successful 

control of the snails had been c.. chieved, and very fmv snails could 

be found during the period under consideration. Hmvever , the 

results of urine exanin~tion surveys in the children undertaken in 

February and March of 1 960 before control, and aga.in in the sane 

nonths of 1962 after two years of control, indicates that a low level 

of transoission vms probably mint ained, since sooe nevi infections 

were contracted during the period between the surveys. 

The results of the surveys are presented in Tables 21 and 22 

and Figs. 18 and 19. The statistical analysis of results is given 

in Appendix 1 (page 1 52) . In assessing these results no attention 

has been given t o t he nigrations of people or faoilies into or out 

of the control area, nor t o the children who night have· received 

chemotherapeutic tre~toent for the disease . It is believed, 

however , tha t the nunbers concerned constituted only a v ery soall 

and insignificant proportion of the total nuJb ers exaoined. 

I t was anticipc.'Lted t hat the oost narked effects of the snail 

control would. b e apparent in the younger age groups. It vms 

found in f act, th~t the decrease in prevalence believed t o be the 

result of the control ~neasures, becane progressively oore m.rked 
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1960 ( Befor e c ontrol) 

Number of children tested 

Number :p.:cssing eggs 

Number per cent passing eggs 

:LJ62 (After control) 

Number of children t est ed 

Number passing eggs 

Number percent passing eggs 

Results of Urine Surveys for S. capense Infections in African 
children in the Chikwc.nda and Z i mutu areas in 1 960 B..""l.d 1 962 . 

-~----·-~~~·---~&~--~- -----..., 
Age groups exa mined 

~~--· 

L_::-=J 6- 7 - ·~r 8- 9 ! ~ Under 4 ·] 0-11 12-13 ·14-15 

- t----r - ·· 
I I I 

272 412 407 I 392 145 97 62 
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Results of urine surveys for §.:.....~~ :infections in African 
children in the Serimu. reserved are.:l in 1 960 and 1 962. 
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Figure 1 8. Results of' urine examination surveys 
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for S. capense infections in African children in 
the Chikwanda. ana Z imutu areas in 1 960 and. 1 962, 
before and after a period of eff'ective snail control. 
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with increasi.'Lg .::tge, up to t he age of hi ghest preva l ence in 1960. 

Sinilar patterns of prevalence following control neasures were 

r ecorded by Berr y (personal conounication), working in Egypt , 

Fi~. 18 shows the observed age pr eval ence of S. capense 

infections for t he Chikwanda ancl Zinutu areas f or both 'l 960 and 

1962. Also illustrated is t he "expected" 1962 age prevalence 

curve which is based on the assunptions t hat transoission had b een 

totall y interrupt ed durin~ the two year peri od, and t hat no r esi s­

t n.nce, with its consequent i.n.a.ctivat i on of the infections, had 

devel oped. The "expected" 1 962 prevn.l ence for each age group 

under t hese conditi ons would then be the sa.Be n.s for t hat sane 

gr oup of Children in t he f irst survey when they were t wo years 

younger , i. e . 51 percent of' the 8 t o 9 year ol d children showed 

.s. capense infections in 1960; if no new infections occurr ed, and 

if none of the existing infections di ed out, ther e would still be 

51 percent of t he Chil dren, now. aged 1 0 to 11 years, showing 

infection. 

The decrease in infection was l ess t han expected in t he yo1mger 

age groups and this is probabl y the resul t of inconpl e t e control of 

trans11ission . The decren.se in prevalence in t he ol der children is 

progressively greater than expected, the difference b eing greatest 

a t t he age of peak prevalence in the first survey. The peak of 

prevalence in 1962 i s in an older age gr oup than in 1960. 

The t heor eticn.l interpr etation of the relationship b etween 

the pr evalence of infections and t he degree of developing r esis­

t ance , discu ssed under the section dealing vvith the age-prevala1ce 

sect i on, can be extended to include the differ ences observed b ef ore 

and aft er control. 

It would appear thn.t where transnission is l owered by snail. 

control, the very young children, with little or no r esistance, 

continue t o becone infected. The sli ghtly ol der children develop 

r esi stance, largely as a result of infections contract ed b efore 

t he control was initiated; t his r esistn.nce partially prot ects 
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then against th0 l ow level of exposure t o r einfection, and it over­

cones sone of the original infec tions. Still older children have 

devel oped stronger resist.:mce , and even nore of the original 

infections a r e overcone. 

Under nornal conditi ons of transnission, the l ow degree of 

resistance in young children is overcone by the nornal exposure t o 

superinfection, but, ~s the resistance develops in strength, the 

extent of superinfection is lessened until n. bn.lnnce between acquired 

resistance an<.l r einfecti on or superinfection is reached. Where the 

extent of exposure is decreased by t he control oeasures , the 

developing resisbnce can overcorJe the existing infections or the 

subsequent nild reinfections earlier in life , vdth the result t hat 

the fal l in prevalence is greater than expected in the older children. 

The effects of the control neasures will not only be reflected 

in the decreased prevalence of infections, but also in decrease in 

the intensity of the infections , because the individuals vv:i.ll be 

exposed to snaller nunbers of cerc:1riae . It nust be expected 

therefore, that with prolonged cont r ol, acquired resi stance w:i.ll 

take longer to develop. 
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t:_ART IV. 

DISCUSSION . 

The two main objectives of this study have been to present 

evidence tha t resistance to infections of Schistonoma spp. is 

developed in man, and to draw conclusions on the relationship betvreen 

acquired resistance ru~d tl1e transmission of the parasites. 

The experiments reported in this study, and the reports of other 

authors have clearly demonstrated that animals develop a resistance 

to infections of S. mansoni. Some indications have been obtained on 

factors which influence the rate and degree of resistance developed 

in animals. Conclusive proof of the development of similar resistance 

in man would only be obtained from co~prehensive experimental infec-

tions of human volunteers, but such experiments are impractical. It 

is therefore necessary to support the limited and inconclusive data 

from two small series of human volunteer infections with conclusions 

derived from the inclirect evidence that man is capable of immunologi-

cal responses to infection, since detectable antibodies are produced, 

and from exte~sive epidemiological data. Once the conclusion is 

dravm· that resistru1ce is developed L~ man, then anal ogies between man 

and animals are more justifiable" 

Resistance in Animals. 

The results reported ~ this study demonstra t e that laboratory 

mice are able to develop resistance to L~ections of S. mansoni. 
- ·-

Other ·wor kers have reported similar results, and they indicate that 

laboratory animal s also develop resistance to S. japonic~. Little 

i s knovn1 of such protection against infections of S. haematobium or 

S. capense but t here is no reason to suppose that animal host 

r esponses to these species is any different. The protective 

response is probably an immunological resistance to the infection , 

and it is manifested in the development in the host of a protection 



- 131 -

against reinfection or superinfection, and also in the ability of the 

host to overcome, partially or entirel;y ,. the original infection. In 

the experimental series conducted in the course of t his stuqy, the 

resistance ·to reinfection or superinfection in l aboratory animals was 

demonstrated by the great r eduction in the nunber of invading parasites 

of challenge infections which were abl e to mature. Similar results 

have been r eported by other workers, and they have stated that the 

resistance may also be demonstrated by stunting of those worms which 

do mature, by a decrease in the pathogenicity of the subsequent infec­

tions, and by the abili·t;y of the host to survive e:>...'Jlosure to infection 

which would be lethal to the non-immune host. The ability of the host 

to overcome the original i..."lfection has been demonstrated by the decrease 

in the numbers of eggs passed by the host ~a by the apparent death of 

some or all of the worms, D..fter the infection has been present for some 

time. 

It is apparent from the results obtained tbat resistance in the 

experimental mice was developed more rapidly and more strongl y from 

active infections where both mal e and female 'NOrms were present. This 

is in accord with the reports of other workers, although Vogel and 

Minning (1953) and Smithers (1962a) reported resistance after infections 

with one sex only. The results of Series 4 also indicate that some 

resistance was developed by the mice exposed to single sex infections, 

but this resistance v~s not marked. Stage specificity of antigens 

ru1d detectable antibodies has been reported by Oliver-Gonzalez (1954), 

and it can be presumed t~t any protective immunologic~l response 

would be the result of stimulation by a l arge number of different 

antigens. It is therefore probable that maximum resistance would 

·require percutaneous cercarial penetrati on, the lilfection maturing 

with both sexes of worm present, and active egg-laying by the worms. 

The experimental immmlisation challenge infections have indicated 

that the rate and degree of resistar1ce developed in mice as a result 

of one or more e:>...-posure::; to infection with S. mansoni are influenced 

by the weight of the first exposures, a.11d by the pattern of these 
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exposures. It is apparent that a very light initial exposure will 

result in only weak or delay~d resistance. A very heavy initial 

infection or series of infections apparently c~uses an "immunological 

paralysis" where the development of resistance is inhibited by the 

weight of the in:f'ection. The resulting resistance, ii' any, i s again 

weak. The strongest resistance was developed after a sinf~e 

moderately heavy exposure; with this resistance developing rapidly. 

Most of the reports by other authors (Thompson, 1954; Lurie and 

de Hcillon, 1 957; Kagan, 1958) indicated stronger resistance 

following repeated light exposures to infection. However, these 

observations were incidentn.l and they were not based on controlled 

comparative experiments involving immunisation and challenge infec­

tions. 

The mechanism of resistance even in laboratory animal s is not 

fully understood, n.lthough it is apparent that resistance is both 

cellular ana humeral in nature. von Lichtenburg nna Ritchie (1961) 

demonstrated cellular r esistance in rhesus monkeys exposed to 

S. mansoni and there can be little doubt of the accuracy of their 

findings. There is less proof of a circulating antibody protection 

against infection, n.lthough there is considerable evidence of such a 

host r esponse. The irnmobilisa tion of schistosomulae reported by 

Newsome and Robinson (1956), the indications of passive transfer of 

immunity r eported by Sadun o.na Lin ( 1 9 59) and Bruce and Sadun ( 1 964) , 

and the indications of resistance resulting from antigenic stimula­

tion (Watts, 1949; Sadun ana Lin, 1959), all indicate a humeral 

r esponse. 

Whatever the nature of the resistance, this study and the reports 

of other workers demonstrate clearly thn.t laboratory animals develop 

resistance against infections of Schist~~ spp. It has al so been 

shown that the nature of the irnmunising infection or infections 

influences the course of the development of resistance. 
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Resistance in Man. 

Di.rE;ct proof of the development of resistance in man is not 

available, and the limit ed and inconclusive data from t,vo small series 

of human infection experiments must be supported by the mass of indirect 

evidence from extensive epidemiological data and from demonstrated 

immunological activity in man. 

The two small series of human infection experiments, although they 

give some evidence of acquired resistance, are of more importance in the 

demonstration of natural resistance to species of parasites not usually 

infecting man. Fisher (1934) reported on the voluntarJ re-exposure of 

six men to infections of S. intercalatum, a species which does not 

usually infect m&.n. However, in the series conducted in PJ10desia, 

which was completed before the publication of the paper by l e Roux 

(1958) on the nomenclature of the species of Schistosoma, some of the 

worms were identified by Alves (persopal communication) as being 

S. haematobium. If the identification by Alves v~s correct, he was 

r eferring to the southern African species, accepted in this work as 

being a separate species S. ca~22s~. 

The immunologica l activity in man is indicated by the demon­

stration of detectable antibodies by serological tests, and by the 

demonstrat~on of ru<tibodies , probably protective antibodies, by the 

immobilisation of schistosomulae. A positive relationship between 

the presence of detectable Q~tibodies and protective antibodies has 

not been established but it is logica l to assume tha t the presence 

of detectable ~1tibodies makes it probable that protective anti~ 

bodies will also be preocnt, either concurrently or subsequently. 

The epidemiological evidence of the development of resistance 

is based on patterns of decreasing prevalence of infections, and 

on decreasing egg production, in the older age groups. It is a lso 

indicated by comparison of age prevalence relationships as 

assessed by specimen examinations or by immunological t ests, and by 

comparison of results of specimen examination surveys before and 

after periods during which transmission was partially interrupted. 
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The popular theory that the decrease in age prevalence o~ 

~ection and li1 egg production in older people is the result o£ 

mechanical ~ibrotic obstruction o~ egg passage through the walls 

o~ either the bladder or the bowel, is totally unacceptable. It 

is also unacceptable that these decreases with advancing age are 

the results o~ natural senescence o~ the worms, which have been 

shown to have a l~e span o~ over 25 years in several recorded 

instances. The rerults reported in this study, and by other workers: 

show t hat the only acceptable conclusion is t hat the death or the 

inactivation of the worms o~ the infection are the result of host 

response, which af~ords a protection or resistance against future 

~ection. 

Recent incomplete investigations by Gelfand ~· (1964, in 

press) indicate that there is a transfer of detectable antibodies 

~rom mother to child during pregnancy, since antibodies have b een 

detected by the bilharzial fluorescent antibody t est in the sera 

of new-born ~ants of li~ected or previously infected mothers. 

Further investigations ¥ath more spec~ic and reliable tests, 

possilily the complement fixation test, are re:J. uired to confirm these 

reported results . If protective antibodies arc also present li1 

~ants as a result o~ congenital passive trans~er, it would explain 

the scarcity of ~ections in young inf'ants who, under conditions 

currently prevailing in Rhodesia , are o~ten exposed to ll1fection 

~rom a very early age when they are bathed in natural water . 

Reference has been made in this work to records of individuals 

in whom resistance apparently may persist after chemotherapeutic 

treatment. These records and tht- data from the epidemiological 

surveys indicate that the development o~ resistance in man may be 

in two phases. In the early stages o~ ~ection, the resistance 

is probably in the ~orm o~ a premunition, where the protection 

conferred on the host is dependent on the presence o~ a living 

~ection. At this stage, the death o~ the worms after chemo­

therapy would result in the loss o~ resistance, and the host would 
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soon be susceptible to reinfection. However, it appears t hat in time 1 

the premunition i s repla ced by a true immunity, wher e the r e sistance 

of the host is a true host response which is no longer dependent on 

the continued \'~esence of liv:.ng worms or of antigenic material. 

This immunity v;ould depend on the very rapid production of antibodies 

when the host is ~c~osed to r einfection. The development of such 

immunity is sho·::n 1Jy t .h r. persistence of protection after chemotherapy 

reported by Vogel and rr::~_nning ( 1 953) in rhesus monkeys, and by obser­

vati ons of non-rectrr~e~ce of infection , despite a lmost certain re­

exposure, in peorle tre~ted for long-standing infections. 

From the avn.ilabl e data of the hu'llan infection e:x:peril!lents, and 

from the mnss of evi dence fro~ epidemiologica l surveys ru1d from 

demonstrated imru~1olo:;7 cal a c tivi t y in man, it is possible to draw 

the firm conclusion that ~ is capable of developing resistance to 

infections of S~i~t2-s~!~~ spp. 

Once this conclusion i s r eached , further conclusions on the 

development of resistance in mn.n can b e made . 

The epidemioloclc~l surveys have afforded evidence to support 

three importru1t assu~ptions r~lating to the development of resistance 

in man. These ass'.r:ytions are that there are racial differences in 

susceptibili·;y and the ability to a cquire resistance, that acquired 

resistance nay be species specific, and that the r a te and degree of 

resistance d evclr-:?ed are influenced by the patterns of transmis sion 

to which the peo~le ar~ exposed. 

There is scme evidence tha t r esistanc e, both natural and 

acqu:ired, is mo:re acti-re in Af:ricans than i t is in Europeans. 

The majori·::" ~~£ cJ.in~~_cal o~serve:rs agree t hat bilh"-rziasis is more 

severe in Euro:y.::.ns , ~.n Yrho;n even apparently light infections 

produce clink:.l cEs-3ase. This difference in susceptibility and 

resistance mv.s-~ be conside:red in determining the policies and 

priorities of control programmes . 
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As in laboratory animals, it is cle~ that in man there are pro­

nounced D1di\Qdual variations b1 susceptibility to infection, and in 

the host r esponse and the subs~uent degree o~ resistance which ~ollows 

the ~ection. It is probable that the acquired resistance in an 

individual is in n.ny case in~lue:nced by a number of other ~actors; it 

may be weakened by ot her concurrent illness, or, as r eported by Vogel 

( 1 9 58) in rhesus monkeys, b:y parturition, or it may be dependent on 

nutritional status. 

The evidence o~ species s~ec~icity o~ resistance in man is at 

present limited. 2::t has been shown that resistance to §... ca12~se 

does not protect against §:_~~& i.l'lfection. There is ~o evidence 

on the influence of .§.· .. ~....2!!?.;;. resistance on f>_. • ...s.a.Pen~~ infection, and 

similarly there ib no knowledge on possible b-:tcrspc,cies resistance 

with other sp~cies o~ Schi3l9~~~· The lack o~ protection against 

S. mansoni in people who n.re r esistant to ~· ~~~ ~ections could 

be o~ importance in many countries of .A.~rico., 'Nhere the develop:nent o~ 

irrigation is leading to an incren.se ir1 the prevalence o~ §_. _1~i 

in people pr0Y.J ously e.."Cposed to heavy in~cctions only of §:* capense. 

It has been esta-blished that the r::tte of the de;relcpment of 

r esistance, n.nd the degree of resistance developed ~ man a r e depen-

dent on the nature n.nd extent of expos,Jr e to infectj_on. There js, 

there~ore, a relationslc.ip bct;;cen the r~te and d c[Tec of the develop­

ment of acquired r csisb.nce <.md the extent and conditions of trn.ns­

mission to which the people Qre exposedo 

The Rc.l~~tio?shi:o_b~~w.een. Aequ:i_=·c:;,d :F~sist~.ce .. u.nd __ ]r8!lsm_is.s_i2_I2;· 

The epidemiological date.. shows that the extent o:::"' resistance 

developed in the people of a community is ll1fluenccd by the patterns 

of transmission ~;o wbich t.h..:y ~e e:xpos8d. In the cov:mni ties 

examined, the :>t.rongest reLis-Gcmce to §~~S.~'!?..ens_.£ infections was 

appo.rentl y d cvcl.OI>c,l :i.n the people of th-.; A:r-ctut'ns and Iron Duke 

mines, where , after the ar;cs at which the peaks of r:revalence and 

o~ average egg production. occurred, both -the preval::mce and the 

egg production decreased rapidly. Both these mining cow..muni ties 
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are :in areas where transmission would be expected to be :intense dur:ing 

two rda ti vely short seasons, but low dur:ing the rema:inder of the year. 

This conforms with the op:inions of Gerber (-1 9 52) that maximum resis­

tance develops when a moderate :initial exposure is followed after an 

appreciable period of time, by r egular re-exposures to infection. 

He suggested that the intervals betv1een the initial and subs~uent 

exposures t o infection should extend to cover whole seasons of very 

low transmission . Yleak resistance was shown by the people of the 

Turk mine, wher~ the fall in prevalence and egg production was less 

r apid. In this community, where the expected pattern of infection is 

one of seasonal l ow-level exposures, it is presumed that t he original 

infections are too light to develop full resistance. However, in the 

community of the Chipoli estate, where the people are exposed to intense 

perennial transmission , it i s appar ent that resistance is again weak. 

In this case it is probable that the development of immunity is 

prevented by the very heavy exposures to infection in early childhood. 

In bacterial or virus disease, it is known that it is in the early 

years of life that immunogenic processes a r e most activo, and it is 

probable t hat the same is true for parasitic infections. If these 

processes are prevented by t he heetvy infections, the resulting "immuno­

l ogical parn.lysisil would persist for life, and resistance, if any, 

would be weak. As a result, a l arge proportion of the people, even of 

the older adults, were found to be passing eggs. It is apparent that 

the most effective r esistance is developed in communities exposed at 

intervals or seasons to moderately heavy infections. Too l ow or too 

high a level of transmission ~dll limit the development of r esistance 

:in the people. 

Patterns of Transmission. 

The patterns of transmission are governed by the interaction of 

a number of different factors. The most important of these are the 

stability and permanence of the waterbody, the water temperature, and 

the density of the human populn.tion having contact with the waterbody. 

Dense snail populations arc usually found only in stable water-
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bodies. Even if all other conditions are suitable, snails will 

seldom be found in l arge numbers in wuterbodies liable to exceGsive 

flooding during the rai ns, or t o drying out during t he wi nter and 

early summer. Shiff (1964a, 1964b) observed that this i s particu-

lJ.rly true f or the snail host of S. ma.nsor~, !li:-omphalaria pfeifferi, 

which can only survive in perm8.nent \Yater. Bulinus (Physopsisl 

_glob<2£~, the min host snail of S. ca_pe."1se in Rhodesia, is abl e to 

withstand desiccation~ but nevertheles::>, dense populations of this 

snail are seldom found in tezaporary waters. 

Temperature hD.s a pronounced effect on the infectivity of any 

wat erbody) tmd on the level of transmiosion. High wat er t emperatures 

l ead to rapid reproduction by snails, and t he proportion of young, 

susceptibl e snails will be high (Shiff, 1964a, 1964-b). Wa ter tempera-

ture also influences the r ate of sporocyst development, the abundance 

of a l gal :food for the snails, and the extent of human cont:....ct with the 

water. All these r esult in c.. high i nfectivity of the waterbody when 

t emperatures ar e high. Pitchford and Visser (1962) demonstra ted 

seasonal differ ences in the transmission of S. r.Ja.l1soni by recovering 

schistosome worms from groups of mice which had been immer sed in 

na t urally infected water in a hi ghly endemic area. Alt hough they did 

not correlat e the seasons of transmission with the temperature of t he 
/ . 

water, they did find the highest transmission occ1.rrring during swnmer. 

During the winter , few if any of the mice becc-tllle infected. 

The density of the human population dependent on the water for 

domestic or recreational purposes will &lso affect the l evel of 

transmi:.;sion. This -was shown f or S. manson_i infections by Pitchford 

(1 958) v1hen he demonstrated that prevalence of these infections 

li1creased with the human population concentr ati on. 

:F'our distinct patt erns of transmission ccm b e found in Rhodesia. 

In areas more than 1 , 000 m. above sea level, transmission is 

limited or absent during the winter months when the water tempera-

tures are l ow. Tr~smission is ther efor e seasonal and limited to 

the summer. In some parts of the high plateau, where these seasonal 
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conditions of transmission occur, the trans~ission in summer is a t a 

high l evel. In other p~rts, particularly in the south-west of the 

country, t he unstable wa terbodies and the l ow density of human settle­

ment prevent high summer transmission . 

In the hot l ow-lying ar eas of Rhodesia , the wat er temperatures, 

even during the w.ll1ter, nre sufficient l y high for continued trans-

mission. Wher e wat erbod.ics are not stabl e, and where human settle-

ment is sparse, this per ennial trar1smission is mai ntained only at a 

l ow level . Wher e the ~~terbodies are stable and the human settlement 

is dense, as on the irrigation es t a t es, perennial, i ntense transmission 

will occur. 

'l'he pat t ern of high summer transmission alternating with winter 

seasons of lit tle or no transmission r esults in strong resistance in 

the community. Examples of this are found in the communities of the 

Iron Duke, t he R.A.N. and the Arcturus mines . 

Where a community, such as the Turk mine, is exposed to a low l evel 

of transmission ~1ich is even t hen limited t o t he summer months, the 

resistQnce acquired by t he community is weak. 

Per enni al transmiss i on at a high level is found in t he irrigation 

systems of the hot l ow-lying areas of the country. An example is the 

Chipoli est a t e. In t hese ar eas, the prevalence of infections of both 

S. mansorli and S. ca:een~ i s high, a..nd t he r esistance acquired by the 

communi ties i s weak. The Triangle and Hippo Valley estates also have 

conditions suitable for intense perennial trru1smi ssi on. Hmllfever, 

b ecause t hey are newly developed estates, ru1d because many of t he 

people tested are new t o t he area , t he results of the epidemiologic~ 

surveys do not r eflect the expect ed conditions of transr:~ission. 

Probable Future Developments. 

It i s possible to predict t he future development of bilharziasis 

in Rhodesia if no control measures ~re initia ted. 

On the high central pla t eau, where most of the European community 

is concentra ted, t he continuing programme of water conserva tion can 
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only result :in :increas:ing :intensity of transmission :in the swruner months. 

In the north-eastern regions of this plateau, where summer transmission 

is already high, it will become more :intense. In the south-western 

r egions, where transmission is at present low, even during the summer 

transmission season, t he water conservation r.1easures are creating stable 

wa terbodies. With the increased human popula tion densities resulting 

from the intensification of agriculture, the summ~r transmission must 

increase. In the African population, the prevalence of infection in 

the children will be high, but the effective resistance developed will 

r esult in a decreased pr evalence in older people. The European popu­

lation will be exposed to infections of increasing intensity without 

the protection of effective resistance. It must be erpected that t he 

morbidity due to the disease will increase in all sections of the 

community, but particularly :in the Europeans . 

species will incrcc..se in prevalence. 

Infections of both 

In the hot low-lying areas of the country, humun population 

density is generally l ow. Except in irrigation settlements, it is 

likely tbQt incidence and prevalence of the disease vdll r emain l ow. 

However, in irrigation settlements, the only logical expectation must 

be tha t incidence, prevalence and intensity of infections of both 

S. mansoni and S . capense will mcrease dramatically, This will 

result from the combination of thr~e factors, the stability and 

permanence of the waterbodies, the high temperaturt-s which are main­

tained throughout the year, and the dense human settlemUJ.t. As stated 

previously, these factors have been shown by Pitchford (1958), Pitch­

ford and Visser (1962) and Shiff (1964a, 1964b) to be important in 

maintaining a high level of trm1smission. Resistance acquired under 

these conditions of transmission will be weak. It must be expected 

that morbidity or even mortality will increase both in Europeans and 

in Africans. 

The present policy of recruiting ln.bour for the irrigation 

projects from the l ow prevn.l ence areas of t he western half of the 

country, where community r esistance is low, must r esult in intense 
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infections. These infections will occur in the economically produc-

tive adults a s well a s in t he children. The resulting morbidity in 

adults could hc.ve an adverse effect on the economy of the irrigation 

programmes. 

Eventual control of the disease will require a combination of a ll 

available methods to break the cycle of the disease or to limit the 

extent of trru1smission. 

This study has emphasised the need for detailed research prior to 

control. The importance of the influence of c..cquired resistance on the 

epidemiology of the disease ha s been overlooked in the past. On avail able 

knowledge it would appear that control should be limited to those areas 

where transmission of the disease is too high to allow the development of 

r esistance. This would apply onl y where control is designed to protect 

the .African community; where Europeans require protection, aJ.l transmission 

must be stopped. Epidemiological investigations therefore determine the 

priorities of control, ru1d the policies of control can only be determined 

on a sound knowledge of the seasonc..l patterns of tro.nsmission of the 

disease. 

If control is a i med at limiting or elioina ting t he clinical disease 

in a community, and not at protecting the individu--::tl, ther e are a number 

of investiga tions which are required. 

It is necessary to deterr.1ine thu mec:b.:mism of the development of 

resistance. If, in f .::ct, there is developed in mn a true immunity 

which is preceded by a s t age of premnni tion, attempted control by mass 

chemotherapy could do more harm than good. This would happen if the 

protection due to premunition was destroyed by the drug treatment, and 

the individua ls were subsequently exposed to heavier infection. The 

Bass treatment of all P£ri~~s, a common practice on many Rhodesiru1 

farms, cannot be justified. 

This study has der:10nstra ted t hat t h e patt erns of transmission t o 

which the people are exposed influence the levels of acquired resis­

tance devel oped in the people. More detailed investiga tions on these 

influences are required, Such inforro.tion will be available from 
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surveys to assess the prevalence patterns in communities exposed to 

all the different patterns of transmis sion. Regular surveys in the 

l abourers anQ t heir f amilies forming the new communities of the 

irrigation estates will provide information on the devel opment of 

resistance in unprotected communities. 

The answers to the control and eventun.l elimination of bilhar­

ziasis cannot be expected from labor~tory r esearch in non-endemic 

countries . Labor a tory and field investigations in endemic areas 

must be i ntensified if the disease i s to be co~trolled, but ther e 

i s an urgc....'1.cy for t hese investigations which is not fully apprecia ted. 

I t is estimated thnt t he irrigated areas of Rhodesia will eventually 

support over one million people, and t he annual income from sugar 

production alone is expected to exceed £1 00 million within the next 

decade. This gigantic ent~rprise could be j eopardiscd by bilhar-

ziasis. 
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PART V. 

SUMMARY. 

(i) This study attempts to assess the ioportance of immunological 

resistance against infections of Schistosoma ~p. in man and in 

laboratory aninals. 

( ii) The development of acquired resistance in white mice is 

demonstrated by high mortality of worms of chal l enge infections in 

i muni sed mice. The number bf 't>Torms recovered.. from immunised and 

normal mice were compared. 

(iii) The mice "Yrere im.inunised by exposure to infection by S.mansoni. 

The nu~bers of cercariae used for the irnmunisir~ infecti ons , the 

immur'.i sing period between the initial infection and the challenge 

exposure, and the patterns of exposure were varied. 

(iv ) The results of animal infection experiments showed that 

r esistance was acquired very rapidly in mice e:>."Posed to single 

immunising infeot1ons. Multiple inmunising infections did n ot result 

in effective resistance. Heavy initial infections resulted in high 

mortality in the test ::dee, ar'ld the survivors showed only l o,.., 

resistance. 

(v) ~aere was no apparent stunting of the worms as a r esult of the 

acquired resistance. The methods used did not detect any decrease 

in the number of eggs lai d by the \<rorn s of the challenge infections. 

(vi) The results of experimental infections in rhesus monkeys 

reported by JachO\'lski e t al. (1963) are discuss ed. These results 

sho,.red a decrease in egg production from the animals as they developed 

r esistance , The rate at ,,-,hich the resistance devel oped d ep ended 

on the nature of the i mmuni sing infection. 

(vii) Two series of human volunteer experiment s are discussed. 

One of these \vas reported by Fisher (1934), and the other was u."lder-

taken locally , These experiments indicate that resistance is 

developed in man. 



-144--

(viii) The dcvelop;::cnt of d .... d~cct · blc: .mtib odics in .n :i..nfcctec:. 

p~rson i s ust..d u s cv:i..cl .... n ce (,f :i..i.LUll Of:Ulic -.ct:i..v:i.. ty ir.J. the p erson. 

If dctcct.~bl0 ::..:..'ltibod:i..e::::; .... 1'0 produc .;.: , it i s l o13ict.l to :1 .. s un0 thut 

t i ;.er c i s c oncurren t or subseg_Ui;nt t1uv~lop:.,c.nt of p r ot(;ct:i..vc ant:i..bou:i..es. 

(ix) ~ie·.;so .... c i1d Rob :L."lcon ( 1 95S) r~port<..i th~ i'or;: o.i tion of precipit-

at(;s round schi.:;tosonul~:.e incub.:-.. t~....d i ri i L uno :::;e:run .• This i.e t .J.kcn 

to be e::viCicncC; of ~1rGtcct:i..vc .:.ntibo<li .. .:J in serw .. 

l:·.r .::;!;:; COLi.;l.lr.i t i vS • These sllowecl. th . develof .. H .... nt of c.er-:!.uir0c1 r esist.J...J.ce 

in rcl , t:i..on t o aee , :ul:. by the: nuubers of ~,.; sgs p~:..;se,l by tb.~.... peopl e 

Conp ::.risoi. of' sp~....ci1:1en ~....x.....l.lin.G. tion 

<f:i.. th :i..r •.. JUl10log:i..cal tests, o.nd cliffc:r ..... n c .::;s in r:-rcv · .lencc of inf~....ction 

bc.for~.; o..r::cl ~f'tcr l)eri o<l:::; of' tr~.nsro:i..s ._,:i..vn control, :llso indica ted t J.w 

C::.~....v~....lo~?'·'ent of r.;;s:i..st .uce. 

( . \ 
~; It h .:-.s been sho·,m t llc.t tLt.. r:..-L<0 :t11d clerree of t~1e cLv el opDent 

of :.:.a:~uired r .... 3:i..st~1cc J.n ::. cor..-·lmi ty ~~re influenc(;d by th..., p~ttern:.; 

(xii) 

res:i..st ':..:ic '-- .:::.o' u:i..rc.l : .s t !1c rusul t oi.' :i...rfcction by one speci0s of 

by :~not!ier spe:cics . 

(xiii) The probablt.. f u t ure i i;;.:_;orto.rlcc of billnrzi~sis i..!""1 t i· • .:; l'i.rge 

irrir.,~.tion pr0jccts in th...; ho~~ ~-ru::-,s of' L1ollc.::;L:. i s discu ssed. It 

i ::; b.:: l:i..~....vcu th:~t ti·~ ~.... disc<"ts e in tiJ.C;Ol: :_r .... s \. ill increase in preval ence , 

intc.nai ty .....ncl <::cono;. ic i mport .. 1nc ...... . On~.. cf' tJ.;.e: r~:;ason..; f or t!1is will 

ini'ections. 

(xiv) 

p .:trt i cul::.rly in tl1~...se irri~-- ·,tion proj~....cts , t o ~....Iu .. urc:. t h: .. t :....<.:k~Luat<..; 

control e<:.n "be effected bd'0re ·t;h~.... cconcny of the lC~.r[e irrigation 
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APPENDIX 1. 

STATISTICAL PROCEDURES USED. 

Results of immunisation-challenge infecti ons of mice: comparison 

of numbers of \'l'orms recovered from mice exposed to different 

conditions of infection. 

In the interpretation of the significance of the results of 

p erfusion for t he numbers of \•rorms maturing from any infections in 

mi ce, the tra.'1sformation -Jni .+ 1 has been used, where ~ is the 

number of worms recovered from a mouse. This transformation 

(Snedecor, 1937) \'Fas adopted becaus~ the numbers of t.,rorms recovered 

appeared to conform to a Poisson distribution as there was a uniform 

probability for the number of worms in each mouse. Since means 

were compared, it was not in fact necessary to use any transformation, 

but since corrections, based on standard deviation values, were made, 

it was considered advisable to use such transformations. 

The results for groups of mice infected under different conditions 

of exposure have been compared by calculation of the standard error 

of the difference bet,.reen the means of the square root transformations 

of the numbers of worms recovered. A difference between means "~s 

accepted as significant when the difference was twice the value of 

the standard error of difference. 

When comparing the results of perfusion of mice of the immuni sed­

challenged groups with the challenge control group s , a correction 

i<ras needed for the numbers of 1110rms surviving from the immuni sing 

infection. The correction for the mean value .of -Jn + 1 for immunised 

challenged gr0ups was derived from the mean and standard deviation 

values of -,./ n -t- 1 for the equivalent i mmuni sed control group. The 

correction used wa s : 

mean of -Jn + 1 minus 2 x standard deviation of ,/n+ 1. 

This correction ,.;as subtracted from the mean of the transformations 

of the experimental group of mice, to give a corrected mean. 
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APPENDIX 1. (Cont .• ) 

Statistical analysis of differences in average S.capense egg 

production in infected pe?P1e of diff erent age groups. Results 

recorded from the :Biki ta Eine. 

The significance of the differences in average egg production 

for the different age groups examined was analysed by the Kruskal-

~!allis one-.,.,ay analysis of variance method for large sampl es (Siegel, 

1956). This non-parametric test was pr eferred to parametric tests 

because it does not r equire the corrections for heterogeneity of 

variance which would be necessary f or the F test, and because, 

although the non-parametric test l oses some sensitivity, t he results 

give a low order of probabil i ty for the null hypothesis and therefore 

a high degree of sensitivity is not necessary. Table 23 gives the 

actual S. capense egg counts recorded at the :Biki ta mine, arranged in 

age groups. The age groups under 4 year s and over 40 years have 

been omitted because only 1 and 2 people in these respect! ve groupe 

were passing eggs. The table also gives the ranked order for the 

counts, with ties being given the mean of the ranks for whi ch they 

have tied. Tabl e 24 lists the ties and the values for T for each 

tie, where T = t3- t, t being the number of counts in each tie. 

The factor T is used in determining the correction required for tha 

ties, 

The test is requir ed to demonstrate differences in the means 

of egg counts in the different age groups. 

The formula used is 

H = 12 
l~ ( N -tl) 

- 3(N + 1) 

,..,here H is the parameter measured by the KruskaJ:-Wallis test, and is 

the measure of the disparity between the sums of the ranks for each 
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age group; it is also the likelihood that the samples were drawn 

from the same population. 

k is the number of samples (age gr oups), 

nj is the number of counts (ranks) in the jth. sample, 

N is the number of counts in all the samples ( i_ nj ), 

Rj is t he sum of the r ank values in the jth. sample, 

k 

\ 
L stipulates the sum of the k sampl es. 
j: 1 

substituting, 

H ~ 12 (504100 L 5890329 '·· 35176761 1- 5643000 '· 6901129 
169 (17CH ( 8 ·r 22 1 60 41 ... 34 

86730 ) 
4 ) + - 3 (169 + 1). 

H =- 24.35 

It is now nec essary to correct for ties , using t he formula 

H 

1 - t T 
N3 - N 

Tabl e 24 gives the ties that occurred, and the values T = t3 - t. 

Substituting 

24.35 
1- 4746 

4826640 

24. 591 

His distributed approximately as chi-square \'Jith k- 1 dogreos 

of freoQ.om for large: sao;les. 

~here H 24.591, with five degrees of freedom , p is less than 

0.001, and t he significance of the differences in egg production in 

different age groups can be accepted. 



Bikita Mine: Counts of S. capense eggs released in urine from 169 people of six age groups. 

l I 
Age group 4-6 Age group 7-9 Age group 1 0-1 2 Age group 1 3--1 5 Age group 1 6-20 Age group 21 -40 

~-------- ·-
Egg counts Ranks Egg counts Ranks Egg counts Ranks Egg counts Ranks Egg counts Ranks Egg counts Ranks 

f--· 

0 6.5 30 33 . 5 0 6.5 0 6.5 0 6.5 10 1 8.0 
30 33.5 30 33.5 0 ·- 6.5 0 6.5 0 6.5 170 72.0 

120 58.5 30 33.5 0 6.5 
~ 

0 6.5 0 6.5 330 89.5 
380 95.5 60 44..5 0 6.5 10 1 8.0 10 18.0 720 115.0 
580 109. 0 150 65.5 0 6.5 10 18.0 20 26.0 
620 111 . 5 160 68 .0 10 1 8. 0 •!0 1 8 . 0 30 33.5 

1450 141+. 5 290 85. 0 10 1 8.0 10 1 8.0 30 33.5 
2440 151 .o 340 91.5 30 33.5 10 18.0 50 40.5 

380 95.5 30 33.5 10 18.0 70 48.0 
510 106.0 60 44.5 10 18.0 70 48.0 
830 124.0 60 44-5 20 26.0 100 54.0 

1000 128.0 80 51.0 20 26.0 100 54.0 
1010 129.0 130 60.5 20 26 . 0 ' 11 0 56.5 
11 1 0 133 . 5 140 63.0 20 26.0 120 58.5 
1410 142 .5 170 72.0 30 33.5 140 63.0 
2120 ~48.0 170 72.0 i 30 33.5 150 65.5 
2550 '\ 53.5 170 72 . 0 50 40.5 180 75.0 I 2960 156.0 170 72.0 50 40.5 1 90 76.0 I 3100 157 .o 210 77.0 50 40.5 270 82 .0 I 
4930 164.0 220 78.0 60 44..5 280 83 .0 ! 

G 

9200 167 .o 230 79.0 70 48.0 350 93.0 
13580 168.0 290 85.0 380 95.5 

290 85.0 80 51.0 41+0 100.5 
310 87.5 80 51 • 0 450 102.0 

I 310 87 .5 100 54.0 500 105.0 I 330 89.5 11 0 56 . 5 710 114.0 
380 95.5 130 60.5 750 11 8. 0 I 

i 
410 98.0 140 63.0 790 121 .o 
430 99.0 160 68.0 820 122.5 
41+0 100.5 160 68.0 1100 131 .o 
530 107.5 240 80.0 1120 136 . 0 
530 107 .5 260 81 .o 1270 141 .o 
600 11 o.o 340 91.5 2890 155.0 
620 111 • 5 460 103 .0 3460 158.0 I 700 1 '13.0 470 104.0 
730 11 6.5 780 120.0 
730 116.5 820 122.5 
760 11 9.0 880 125.0 
890 126.0 1020 130.0 
960 127 .o 1110 133-5 

1110 133.5 1240 138.0 
111 0 133.5 1450 144.5 
1160 137 .o 
1260 139.5 
1260 139.5 
1410 142.5 
1620 146.0 
1900 147 .o 
2390 149.0 
2420 150.0 
2490 152.0 
2550 153.5 
3590 159.0 
3790 160.0 
4260 161 .o 
4300 162.0 
4860 163.0 
5950 165.0 
8600 166.0 

29600 169.0 
- -

Sum of Ranks R = 710.0 2427.0 5931 .o 2375.5 2627.0 294.5 

No. of counts, nj = 8 22 60 41 34 4 
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TABLE 2tf-

Table of ties for r anks for egg counts in S. capense 
infections at the Bikita Mine. Derivation of ~ T 
for correction factor for Kruskal-Wallis test for 
variance. 

Number of eggs Number of ties (t) 3 
T = t - t 

0 12 1716 

10 11 1320 

20 5 120 

30 10 990 

50 4 60 

60 4 60 

70 3 24 
80 3 24 

100 3 24 

110 2 6 

120 2 6 

130 2 6 

140 3 24 
150 2 6 

160 3 24 
170 • 5 120 

290 3 24 
310 2 6 

330 2 6 

340 2 6 

380 4 60 

440 2 6 

530 2 6 
620 2 6 

730 

I 
2 6 

820 2 6 

1110 4 60 

1260 2 6 

1410 2 6 

1450 2 6 

2550 2 6 
- -

t:T = 4746 

= 

--

~-----

--
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.APPENDIX 1 . (Cont. ) 

Analysis of numbers of infected people, in four age groups, passing 

more than 201 eggs of S.capense in one .hour. Results recorded from 

Premier Estate, 

Table 25 sets out the actual numbers of the people of the 

Premier estate who were passing under or over 201 eggs of S. Ca;?ense 

in one hour urine specimens. The numbers are set out in a contingency 

tabl e for the chi- square determinati on . 

The null hypothesis tested ,,.,as that the proportions of people 

passing more than 201 eggs '.'ras the same in all at5e groups. The 

expectea. values for the numbers of people passing more or less than 

201 eggs \'/ere derived from the to tal numbers of people examined and 

the total numbers in each category. 

11)1 th 3 degrees of freedom, t he chi-square value 19.90 gives 

a probability of less than 0.001. 

It can be accepted that the proportions of people passing over 

201 eggs differ in the age groups examdned. 
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TABLE 25 

Contingency table for numbers of infected people, in 
four age groups, passing under or over 201 egcs of 
S. capense. Premier Estate. 

-~------------,,------r--- -----,--,-~-:-·---, 

4 - 9 1 0-1 2 t 1 3-2.~0 I_ 21 + 

Total number passL~g eggs 
~----4-7 -~----3-2~r~9--1~-33--~ 

Observed number passing over 201 eggs 31 1 6 I 6 6 

Expected number passing over 201 eggs 21.1 14.4 8.6 14.9 

Difference 

(Difference )2 

Expected 

Observed number passing less than 
201 eggs 

Expected number passing less than 
201 eggs 

Difference 

(Difference) 
2 

Expected 

= 
n = 

9.9 1 • 6 2.6 8.9 

0.1 8 i 0.79 5.32 

1-----+=---t=-----+-----f 

27 

15.9 '17.6 10.4 1 8.1 

9.9 1. 6 I 2.6 8. 9 

3.78 1 o.15 .65 

I 
19.90 

3 

P is less than 0.001 
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APPENDIX 1 (Cont . ) 

Analysis of results of urine examination surveys in the Chik111anda 

and Zimutu are~s before and after a period of snail control. 

Children in eight age groups up to the age of 15 years were 

exa~ined for S.capense infections in 1960, before any attempt at snail 

control was made. An intensive prograilllne of snail control, using 

chemical molluscicides was then iusti tuted, and this progra.11llle was 

aimed at eliminating transmission of the infections. After two years 

of control, a further survey in the sa~e area was conducted. The 

results were presented in table 21 , and tabl e 26 sets out the chi­

square analysis of the results in the forn of a contingency table. 

The two youngest age groups were combined because in each case the 

number expected to be passing eggs in 1962 was below 5. The expected 

number \'las calculated from the proportions of people found to be 

passing eggs in 1960. 

The chi-square value of 68.04 with five degrees of fr eedom 

gives p 1 ess than 0. 001. This sho\lrs that the observed differences 

in prevalence for 1960 and 1962 were signif icantly different, with 

the pr evalence in 1962 lower than that of 1960. 



Chi- squtre anulysis of difference of results of urine e:x:nmi.n:l.tion surveys m 
Chik:mnda and Z imutu are:-~ s in 1 960 cmd 1 962 . 

1960: 

Number exammed 

Number passing eggs 

Percent passmg eggs 

1 96?.: 

:~uuber ex.....mi.'led 

Observed nul!lber ~ssing eggs ( o) 

Expected number passing eggs 
b3.sed 021 1 960 proportions (e) 

o - e 

(o - e) 2 

2 
(~-- e) 

e 

·-- ··----~--~- ----~-~~-~---~---:',---~--~, 

• Age Groups Exa.'11ined 1 
Tot<J.ls 

--~~-d-er-6---~6~---7-j 8 - 9 1 0-~~---i 12-1~~~ 1 
.f---~11---~-,tl--1 ~---~-~~-;-,-~~-~. ·---1 

145 I 97 1 62 6b4 

31 

4.5 

147 

3 

6.6 
- 3.6 

i 2 . 96 

1.96 

407 

127 
31 I 

367 

95 

' 

392 
201 

51 

504 

203 

257 
-54 

2916 

11 . 35 

94 I 62 I 
65 64 

397 
180 

258 

-78 
6084 

23.58 

I 
I 

41+1 

205 

I -77 

1 5929 

I 21 . 02 

282 

i 

Chi- square = 68.04 
Degrees of freedom = 5 
p i s less than C. 001 

71 

234 

132 

166 

-34 
1156 

6.96 

559 
31 

2090 

81 8 



- i 54-

. APPWDIX 1. (Cont.) 

Statistical analysis of data, on distribution of S.mansoni 

1rite~tions in relation to S.yapense infections. 

Table 18 (page 114) gives the values for the ratio de 
i(d + s) 

for four age groups in each of five communities in Rhodesia. In 

this ratio, 

e is the tot&l number of people examined, 

d is the number of people passing eggs of both species, 

i is the total number of people passing S.capense eggs, and 

s is the number of people passing s.mansoni eggs only. 

If m is the total number of people passing s.mansoni eggs, then 

m = d + a, and the ratio is __fuL_. 
im 

It is necessary to test the hypothesis that the number of 

double infections is greater than would be expected by chanoe 

alone. 

If S.capense infections and S •. roansoni infections are 

distributed independently of each other, then ~ ~ l. 
im 

On the null hypothesis that the distribution of S.mansoni 

in relation to S.capense infections is random, where~= l, 
id 

it is possible to calculate the expected values ford and s: 

expected d = im 
e 

expected s = ~ _ d. 
i 

These two value~ for eaoh age group can be oompared wi. th 

the observed values by the chi-aquare t est. Since there is 

only one degree of freedom, it is necessary to apply Yates' 

correction. 

Thus for the combined figures for all fw')rnrnonities, .. in the 
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age group up to 6 years, 

expected d = im 67 X 51 = 4.6 :::: 
e 452 

expected s :::: ~- d 9 X 452 - 9 51.7 = = i 67 

These two values do not give the same total as the observed 

values, and they must therefore be reduced to do so. The 

sum of these two values is 56.3, but the sum of the observed 

values is 51, therefore the corrected values for use in the 

chi-square t est are: 

expected d = 

expected s = 

31 = 4.6 x ce,.~ 

517 X~ ::: 
• 56.3 

28.47 

These two values may be compared with the observed values 

of 9 and 22 respectively, and a chi-square value of 15.34 is 

obtained. With one degree of freedom, this gives p l ess than 

0.001. 

Applying similar procedures to all age groups: 

Age group up to 6 years, chi-square 15.34, p is l ess than 0.001 . 

7 12 y ears, chi-square 40.78, p i s l ess than 0.001. 

13 20 years , chi-square 3. 85, p i s o.o~. 

over 20 years, chi-square 21. 22, p is l ess tbsn 0.001. 

This demonstrates that double infections coeur more often 

than expected from chance alone , and it supports the conclusion 

t hat some people are more susceptible t o infection , or more often 

exposed to infection , than others . 

No statistical anal7sis is required to demonstrate tha t ther e 

i s no increase in the value for 1e 1vi th age , since the 
i (d + s) 

figures show that, in the age group over 20 years , the value is 

l ess than the value for all age groups combined. 
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APPENDIX 2. 

RECOMMENDED SCALE OF FOOD RATIONS . 

The follo·ving scale of food rationing is recommended by the 

Government of Southern Rhodesia. This scale of rations is not 

compulsory, but it is used oy moat employers if they employ large 

numbers of laboure~s . This scale is increased for a married 

man, and it is further increased for each dependent child. 

Scale of Rations (per week): 

Meal (maize , rice, or similar) 1~ lbs. (4.76 Kg. ) 

Meat (fresh, not more than 25)~ bone) 2~ lbs. (1.13 Kg. ) 

Beans (dried) 1 lb. (0.45 Kg. ) 

Salt 4 oz. (100 gm. ) 

Ground nuts, shelled 2 lbs. (0 . 9 Kg. ) 

Vegetables 2 lbs. (0.9 Kg. ) 

Potatoes or pumpkin 9 lbs. (.4 .• 1 Kg. ) 

Fish (as an alternative to meat ) 2~ lbs. (1.13 Kg.) 

Ve!?ietable oil (if fish is supl?lied r e an alternative to mea.t) 

2 0 z • ( 50 gm. ) 
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