
STUD I F.S OF TlIE EFFECT OF SCIIJ 8TOSm!A ~1ANSON1 

lt.1FECT10~ ON WORK C'APAClTY 

The,d.s submitted for the Degre e of Doc tor of Philosophy 

in 

Th!? Faculty of Medicine, University of London 

by 

MOHA.,IEO ALJ AWAD-EL-KARIM 

B.Sc., Diplo1J1a (Le11ingrad), M.Sc. (Londonj 

May 1978 

/!ll il l. 
ll.i lol : 
n l \',/ 

M.n.c. F.nvironmt'ntal Physiology Unit, 

London School of llygicno and Tropical M1.1dicin<l 

' .. _,,, - ' -- - - . - .. - - - - ~. .. ~--~~- .__. :... . ~ ........ 



AIJSTRAC'f 

Estimates of labour productivity loss due to schistosomiasis 

have been put as high as 40% but there are no satisfactory 

objective measurements of detcriora tion in physical working capacity 

to support these claims. The effect of s. mansoni infection on work 

performance in the Sudan has been investigated in the present study 

using the criteria of maximal aerobic power measured in the laboratory 

and the habitual activity pattern ve,•ified by energy expenditure 

measurements in the field. The study relates to economically active 

males aged between 18 and 45 years: infected and non-infected 

villagers, heavily infected canal-cleaners, hospital patients, 

physically trained soldiers and non-infected townspeople. All had 

received anti-malarial prophylaxis. Laboratory measurements included 

anthropometric, sociological, haematologic:il and biochemlcul investiga

tions togeti,er with pulmonary function tests and bicycle ergometer 

measurements of aerobic work output using a semi·-autornated system. 

In 37 non-infected and 147 sct.istosomiasis-infected villagers 

no differences were found in pulmona,·y function, submaximal exercise 

performance and predicted maximum aerobic power. Statistically 

significant reductions in all these parameter!:i were, however, found 

in a group of heavily infected canal cleaners. A changing pattern 

of quantitative egg excretion from mocterate (<:"1000 eggs/g) to high 

(>2000 eggs/g) egg loads was shown to bo associatod with decrements 

of up to 20% in maximum nerouic power. The r·asults wore not attributable 

to an throporne tric ( par Llcularly l<.•K m11e1cle volume which a f .foe ts 

p<a1•f ormance on the bicyclo orgome tor) or to nu tri tJ.ona l ct JC fo1·cnces 

between the ~rc,ups, but 1n·od:lcLetl m:-iximum u<.>ro'bic power, oi;g load and 



haemoglobin concentrations were signJ.ficantly correlated. In a 

further study of anti-schistosomal (hycanthone) treatment on two 

groups of villagers, one of which served as a controi, a significant 

improvement in physiological work capacity occurred after treatment. 

The empirical findings presented in this thesis provide a 

basis for a clearer understanding of the relationship between 

schistosomiasis infection, tropical productivity and health of an 

infected community. 
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GENERAL lNTHODUCTION 

Debilitation and fatigue are commonly described symptoms 

of schi stosoniiasis and it is widely believed that this is 

associated with a deterioration in physical work performance, 

A number of attempts have been made to estimate the l~ss of working 

capacity and productivity in infecte d populations and hence tu 

assess the socio-economic impact of schistosomiasis, but so far 

there has emerged no clear understanding of the problem. Some 

objective studies have been made on children, and Okpala (1961) 

described the fatigue and physical exhaustion after short bouts 

of exercise in infected Nigerian children. Other studies on 

East African and Bantu children (Davies, 1972; Walker et al. 

1972), however, failed to show any effect of the disease on the 

physiological responses to exercise. Information on infected 

adult populations is similarly conflicting, and no convincing 

evidence has been obtained to show that schistosomiasis affects 

standard parameters of physiological function, or of productive 

output in the normal working situation. Nevertheless, in 

tropical and sub-tropical regions where the economy is largely 

dependent on manual labour and the prevalence of the disease is 

high, d&~remonts in overall productivity amounting to as much as 

40% have been attributed to the effects of schistosomiasis (Farooq, 

1967; Cheng, 1971). 

Errors in interpretation and differences in the findings of 

previous studies have largely arisen from two sources. Firstly, 

in the assessment of work performance in non .. industrialized 

primitive communities, productive output is difficult to measure 



when continuous omploymen t is not the norm, when the method of 

work is unsupervised and where the presence of intercurrent 

disease such as malaria is often a complicating factor. Secondly, 

there have IJeen few objective physiological studies designed to 

investigate the fundamental nature of the incapacity to work and 

the extent to which schistoso1niasis influences physiological 

performance. One attempt to quantify, by physiological methods, 

the loss in working capacity was made by Collins et al. (1976) 

in the Gezira area of the Sudan by a study of a population of 

sugar-cane cutters. lt was found that there were no significant 

differences between infected and non-infected subjects during 

exercise tests in the laboratory, and no clear evidence from 

parallel studies in the cane fields that S. mansoni infection 

altered productive output. It was apparent that, even when 

infected with schistosomiasis, the cane cutters were fit enough 

to perform hard physical work requiring a high average oxygen 

consumption. In this respect they were a highly selected 

population, well trained to their task and therefore could not 

perhaps be regarded as representative of the Gezira working 

population as a whole, Those who were more seriously affected 

by the disease were unlikely to have volunteered, or being absent 

from work were automatically excluded. 

The present studies, carried out in the Sudan, aimed at 

clarifying some of the major unresolved issues posed by the 

previous work on sugar-cane cutters, and to make a systematic 

attempt at measuring work performance in various sections of the 

Sudanese population infected with schistosomiasis. The primary 

objective was to study the effects on physiological work capacity 



in more static natural populations of the Gczira villages 

rather than in a highly physically-trained, selected work force, 

It was clearly important, also, to attempt to identify and test 

members of the working population who were more seriously 111 

than those previously investigated. In order to do this it 

was considered appropriate to make an analysis of physiological 

function during exercise in relation to quantitative measurements 

of schistosome egg excretion rates in different subjects, since 

evidence had recently been adduced to show that morbidity, at 

least in children, was directly correlated with intensity of 

infection (egg output) (Cook et al, 1974; Lehman et al. 1976). 

In this way it was hoped to identify a number of the more extreme 

cases of schistosomiasis and to show conclusively whether or not 

the disease had a measurable effect on physiological performance, 

Finally, it was recognized that a different approach for assessing 

possible changes in work performance might be required in the 

investigation of village communities. Differences may not be 

easily revealed by strenuous laboratory exercise tests performed 

et near-maximum capacity, but they may be more clearly expressed 

in a study of habitual day-to-day activity in the actual working 

situation, Consequently, populations under test were also 

evaluated in terms of individual daily patterns of habitual 

activity and energy expenditure. 

In a highly endemic area such as the Gezira schistosomiasis-

free subjects are often difficult to locate. Had this not been 

so it might have been possible to attempt a longitudinal study of 

a group initially free of the disease who were then subsequently 

allowed to become progressively infected, This would have proved 



a difficult, not to say ethically questionable undertaking, for 

on the contrary it was sometime s only tho offer of subsequent 

anti-schistosomal treatment that persuaded a number of the subjects 

to participate in the tests. In the final section of the thesis, 

however, a study of the effects of anti-schistosomal treatment is 

reported in the form of a longitudinal investigation, Acting as 

their own controls, village subjects with relatively high levels 

of schistosomiasis infection were first tested in the exercise 

laboratory, and the tests were repeated after a period of about 

one year during which time the subjects were treated with 

hycanthone and periodically monitored to ensure that they had 

remained free of the disease. 

In summary, therefore, it is the aim of the work reported 

here to make a systematic and objective assessment of the effects 

of S. mansoni infection on physjological performance and work 

capacity, to investigate causal relationships if they exist, and 

to examine the effect of anti-schistosomal treatment. 
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CHAPTER I 

OENERAL BACKGROUND AND LITERATURE REVIEW 



A. SCIIISTOSOMIASIS 

1. HISTORICAL DACKGROUND 

Schistosomiasis (Bilharzia) is known to have been present in 

the Nile Valley for several thousands of years. The "aaa" disease 

described in the Papyrus Ebris is believed to be identical to 

urinary schistosomiasis. Ruffer (1910) demonstrated the existence 

of a large num~er of calcified ova of the parasite among straight 

tubules in the kidneys of two Egyptian mummies of the XXth dynasty 

(1250-1000 B.C.). 

In modern history Theodor Bilharz was the first to discover 

the parasite in 1851 by recovering S. haematobium worms from the 

mesenteric veins during the postmortem examination of a patient in 

Cairo. Fifty years later the distinction between S. mansoni and 

S. haematobium was made by differentiating the spine of the eggs. 

One of the eggs has a terminal spine (S. haematobium), the other 

subterminal (S. mansoni). The earliest recorded account of 

infection caused by Schistosoma Japonicum is that of Fujii in 1847 

who described the disease occurring in a village situated at the 

foot of a hill, Katayama, in Hiroshima Prefecture. 

In 1858 Weiland proposed the name, schistosoma, for the parasite. 

Nowadays the term schis tosomi.asis ( or Bi lharziasis) is used in 

reference to the disease and schistosoma in reference to the parasite. 

2. WORLD DISTRIBUTION OF SCHISTOSOMIASIS INFECTION 

Schistosomiasis is currently estimated to infect between 180 

to 200 million of the world's population (WHO, 1965), Tho exact 

number infected with schistosomiasis is uncertain due to the difficulty 



in estimating the rates of infection in different. parts of the 

world. The disease has increased suus tan tially in prevale nee 

and intensity in some countries during the last half century as 

a consequence of the developmcn t of wa tor resources for irrigation, 

industrial purposes and uncontrolled movement of immigrant labour. 

Estimates of the world distribution of schistosomiasis were made 

by Wright in 1968. Table I.l shows schistosomiasis to be endemic 

in 71 countries with a total population of about 1.34 billion, of 

which 354 million are exposed to infection and 118 million are 

infected, Even so, the author considers these estimates to be on 

the conservative side. 

In the table, India has been omitted because only a small 

focus of thb disease is known to exist in that country. The data 

shown in the table were compiled from surveys undertaken during the 

period 1955-1964. The geographic distribution of the three main 

human schistosomes throughout the world is shown in Figure I. l 

(Wright, 1973). 

In Africa, S, haematobium occurs from Somaliland to the Cape, 

the Islands of the east coast, large areas of Central Africa and 

West Africa. It has been reported in South West Asia and a small 

focus is found in Portugal and similarly in India. 

S. mansoni is widely distributed in Africa. It:is widespread 

in the area south of Khartoum and in Southern Sudan. It occurs in 

Central and East Africa and in West Africa its distribution extends 

from Senegal and Gambia to the Cameroon and inland to Lake Chad. 

It is found in Yemen, Saudi Arabia, Aden and Ir•j In theYoestern 

hemisphere, s. mansoni is endemic in Brazil, Venezuela, Surinam, 

Dominican Republic, Puerto Rico, St. Martin, Martinique and S. Lucia. 



TABLE 1.1. The world dis tribution of schistosomiasi s (Wright,,1968), 
Population exposed and population infected. 

Numl:ie r of To t al popula tion Population Population 
countries of r egion exposed infected 
or islands 

Africa 43 301,770,000 187,568,280 74, 383,310 

llascarene Islands 2 7,161,000 5,471,000 677, 000 

South West Asia 9 84,386,QOO 9,977,300 3, 232 , 520 

The Orient (except Asia) 6 857,856,000 101,910,000 33 , 309 ,000 

The Americas 11 97, 033,494 49,436,000 6 , 302 ,200 

Total 71 1,348,206,494 354,362,580 117,904,030 



Figure I .1. Map 2. World Distribution of Schistosomiasis due to S. man,ani and S. inr,rca/atnm 





S. japoru.cum is endemic in many provinces of mainland China 

and in Japan the parasite occurs on the main islands of Honshu and 

Kyushu. Tho disease is also endemic in Thailand, Philippines, 

Laos and Cambodia. 

3. HUMAN SCHISTOSOI\IES 

The human schistosomes or blood flukes are digenetic trematodes 

belonging to the family Schistosomatoidea. genusSChistosoma. They 

use the vascular system as host and are therefore often referred to 

as blood flukes. The three species of schistosomes commonly 

affecting man have similar life-cycles and develop over a succession 

of stages - egg, miracidium, first stage sporocyst, second stage 

sporocyst, cercaria, schistosomule and adult (Figure 1.2 from Jordan 

and Webb, 1969). While the species of human schistosomos are 

similar in their life-cycles they differ in the morphology of the 

adults, the shape of their eggs and larvae hatched f ram tho eggs. 

They also show differences in their infectivity to the particular 

groups of snails which act as intermediate hosts, 

4. LIFE CYCLE OF S. MANSON! 

It is generally accepted that tho normal habitat of s. mansoni 

is tho haemorrhoidal venous plexus or man, tho paired worms being 

found in the fine venules very close to the submuceosa of the rectum 

and sigmoid. The schistosome eggs are deposited close to the 

intestinal mucosa of these tissues, thus facilitating their access 

to tho lumen of the bowel. Eggs deposited deep in tho orubrnucosa 

are most likely trapped by the tissue reaction around thcrn or may 

bo curried by tho 111osenteric lllood !low to tho livor und lungs. 
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The eggs retained in the tissues remain viable for a relatively 

much longer period of time than those discharged in the faeces 

and f'ggs passed in stools wi.11 not survive morethan a few days 

even under the most favourable conditions, Eggs trapped in the 

tissues after ovi-position degenerate and calcify and those that 

fail to reach a proper environment, i.e., natural running fresh 

water or water with similar characteristics also will not survive. 

Light and warmth activate miracidia to emerge from the egg, 

partly by the activity of the larvae and partly by an osmotic action. 

Once free, the miracidium or larva swims actively and death of the 

miracidium occurs in the absence of the proper snail host. The 

average life span of the miracidium after hatching is 5-6 hours. 

The miracidium perforates the integument of the snail, probably 

aided by the short spines of the terebratorium and the histolytic 

secretion of the penetration glands, the entire process of penetration 

taking 2-10 minutes, From the moment of penetration into the mollusc 

the parasite can be considered a primary or mother sporocyst and by 

the eighth day the germ cells have proliferated into the primordial 

daughter sporocys t. The daughter sporocyst perforates the wall of 

tho mother sporocyst and migrates through the tissues of the snail. 

During this migratory phase, conglomerates of germ cells are formed 

in the daughter sporocyst and they represent the primordial cercariae, 

Ccrcarial development takes about one week for completion. By the 

end of the fourth week after penetration by the miracidium, the 

cercariae are ready to emerge. The estimated number of cercariae 

produced by a single miracidium varies between 150 and 300 thousand. 

The schistosomes cercariae leave the snail by first migrating 

to tho space botween tho mantle and tho shell. The first stop for 

22 



infec t ion of the defini tivc mammalian host is the establishment of 

an adequate hold on the skin and the cercariae infect those who 

come into domestic, recreational or occupational contact with 

contaminated water. Secretions from the penetration glands aid 

the cercariae to enter the body where they lose their original 

charac teristics and become schistosomulae. 

By penetrating deeper the schistosomula gains access to the 

lymphatic system. The parasites are not recovered from the lungs 

until the 4th day after the initial infection. The pulmonary 

phase is short. The route then taken by the parasite from the 

lungs to the liver has not been clearly established but it is 

usually assumed that the parasites reach the liver via the 

haematogenous route from the portal circulation. The entire 

migratory phase of the infection lasts from 10 to 12 days. Once 

in the intra-hepatic portal veins, the worms are close to maturity 

and exhibit dimorphism and pairing. The worms finally move 

against blood flow to their normal habitat in tho mesenteric veins; 

in man, eggs have been found in the stools as early as 38 days after 

exposure. 

B. THE DISEASE AND THE EFFECT OF SCHISTOSOAIIASIS ON COMl\lUNITIES 

1. THE DISEASE 

Thero is increasing evidence that the most important factor in 

the development of the disease is a high intensity of infection. 

Cheever ( 1968) in a postmortem study of S. mansoni in man postulated 

that light infections were of little consequence and that heavy 

infection was a pre-requisite for tho development of Symmcr's 

(peri-portal) fibrosis. He also found that tho number of eggs per 

23 



g of faeces reflected the worm burden in a nearly linea r relation

ship and that there was no change in the number of eggs per g per 

pair with increasing age . Bradley (1964) stated that "It has 

seemed likely, a priori, that peop]e with different number of 

bilharzial parasites may suffer differing inciuences and intensities 

of disease as a result". 

Cercarial penetration through the skin may cause dermatitis 

in sensitive individuals, but this usually does not occur among 

the indigenous population. The acute stage of infection with 

S. mansoni is usually characterized by fever, generalized aches, 

pains, headache, anorexia, abdominal pain, nausea, diarrhoea and 

cough, The liver and spleen may be enlarged. Eosinophilia is 

present and may help in the differential diagnosis, leading to 

suspicions of an helminthic aetiology. There may be evidence of 

hypochromic anaemia and the sedimentation rate is raised. Serum 

globulin is increased, particularly the "(- globulin fraction. 

Established S. mansoni infection (intestinal stage) is 

associated with complaints of vague ill-health, abdominal pains, 

headache, backache, lethargy and transient recurrent diarrhoea. 

Some hepatic and spleen enlargement is not uncommon at this stage. 

Eosinophilia is a constant finding, liver function tests are 

generally normal. Changes in the serum proteins are not unusual 

and an increase in the globulins may be found (Sadun, 1958). 

The degree of damage to the liver in intestinal schistosomiasis 

depends on many factors, such as tho intensity of infection and 

duration of infection. The liver changes due to schistosome 

infection varies from the occurrence of a few granulomas (in 

intestinal and hcpato-intestinal) to fully doveloped clay-pipe 



stern fibrosis (Symmors, UlOJ) associated with the enlargement of 

the spleen (E gy ptian splenomcgaly) in the hepato-splenic stage. 

Dogliolo (1957) stated that no other form of liver disease produces 

the same macro- and microscopical fe,1 turcs in the liver as 

Schistosoma mansoni. 

The liver changes around the ova of all human schistosomes 

arc s.lmilar , but vary in d cr; ree. Thn fibrotic clianges in the liver 

load to portal hypcrtcnsim1 with enlargement of the spleen. The 

spleen may be enlarged wi ll,out liver en largement and schistosomal 

hepatic fibrosis may also occur without splenic ~mlargement. Other 

manif e stations like pulmon a1y involvement could occur in the acute 

stage, but for short periods of time. 

Woodruff ct al. (196G ) found that in Egypt, £lilharziasis with 

splc no-mcgaly due to ei thct· S. monsoni or haema tobium, or a double 

i n.f cc tion, was a,;socia ted wi th iron deficiency anaemia and a 

reduction of the crythrocy le l ifc-span to half normal. They 

consldcrcd iron deficiency the most sir;nif tcant fca ture. Neglected 

cases of hepatic Bi.lharzias is may develop hepatic fibrosis, spleno

mcgaly, portal hyportcn,sion, loss of weight, malnutritio11, abdominal 

disten:; ion with terminal ascites and eventually hepatic failure. 

Z. EFFECT 01' SCIIISTOSOm/\SI$ ON COMMUNITIES 

The lite t·a ture on the public hon l th lmportanco of sch is tosomiasi s 

ls conf lie ting an d ccn trovorsial. ForNyth and Drndley (1966) in 

Tanzania found ovidonco of many abr.01·m,di tics in the urinary tract 

duo to s. haomn toh ium inf ection und tho frequent occurrence in youni; 

pooplu of ca lei fled l,lnd<lc,r:;, hydro11ephrosis and non-fwic tionlng 

kl~no ys. Gill~A (1965a, b), in Nigeria, obtained similar results 



Lo those of Forsyth and Bradley where approximately half the 

children investigated at one school had abnormal pyelograms. The 

study of the impact of schistosomiasis on the Bantu children in 

S. Africa by Walker et al. (1970) indicated that frank haematuria 

occurred in 7.5%, severe albuminuria in 13.3% and bladder calcification 

in 9% of those infected. Lower abdominal pain, bladder colic, 

weakness and emaciation are characteristic, Nevel1lleless, they 

found no significant differences between infected and non-infected 

children in running performance, examination results and growth rate, 

and concluded that, in the group studied, schistosomiasis was not 

an important cause of disability. On the other hand, Forsyth (1969) 

in his cross-sectional studies in East Africa showed no association 

between urinary schistosomiasis and impaired growth of children, 

school absenteeism, protein deficiency, disease of liver or spleen, 

systemic hypertension, significant pulmonary hypertension, and 

predisposition to secondary bacterial infection of the urine, or 

sterility in women. Although they found no association between 

the disease and these parameters, it was thought that a significant 

number of children and adults with hydronephrosis developed non-

functioning kidneys within the two year period of the study. Mahmood 

(196~), who studied the blood loss in urinary schistosomiasis, 

claimed that haematuria represented potentially important blood loss 

in S. haematobium disease. 

s. japonicum is considered to be the most pathogenic of the 

human schistosomes, but the disease impact on communities has been 

little explored. While Cheng (1971) drew a gloomy picture imposed 

by the endemicity of s . .1uponicum in mainland China, referring to a 

"village of widows", where in many families there were "schistosomillsis 



widows" of three generations, other areas with S. ,japonicuu, 

endemicity present a different vie w. Pesigan et al. (1958), from 

their studies in the Philippine s, concluded that "a large 

proport i on of individuals live in a state of natural balance with 

the parasite" and only O. 7% of individuals studied have shown 

evidence of severe disease. 

In the case of S . mansoni infection, Gelfand (1967) found that 

61% of a Rhodesian village pop..i lation (aged less than 20 years) 

had enlarged, hard livers and a large number of them had an enlarged 

spleen. Splenomegaly is present in most of the patients who have 

bled from eosophageal variccs duo to portal hypertension. Also 

Gelfand (1963, 1964) reported that S. mansoni could be a direct 

cause of cirrhosis in Rhodesian Africans, especially children. 

A longitudinal study by Kloetzel (1964) on a group of 109 persons 

with schistosome spleno-megaly in Pernambuco, Brazil, for a period 

of 3.6 years showed that liver failure occurred in 8, haematemcsis 

in 11, and a total of 15 died. Girges (1930, 1934) reported that 

in the Nile delta uncomplicated urinary or intestinal Bilharziasis 

alona might cause death under certain circumstances and that as 

much as 10% of deaths in Egypt resulted directly from Bilharziasis. 

Farid et al. (1970) investigated blood loss using chromium tagged 

red cells in seven patients with colonic and rectal polyps due to 

s. mansoni infection. They found that the loss ranged from 7.5 

to 25.9 ml and the daily iron loss was 0.6 to 6.7 mg. 

3. RELATIONSHIP BETWEENS. Mi\NSONI EGG EXCRETION ANO MORBIDITY 

In community studies quantitative egg output and its relation 

to morbidity has been investigated by several authors. As early as 



1937, Scott examined the distribution of t.he disease in Egypt in 

areas with relatively low and high prevalence. The egg output 

was closely related to the severity of the disease and this 

suggested that tho intensity of infection was determining the 

occurrence of pathological effects. Nelson (1958) found that a 

lowering of haemoglobin concentration among subjects infected 

with S. mansoni occurred in those with relatively high egg outputs. 

Cheevers' (1968) study of the pathology of S. mansoni in Brazil 

showed that the extent of the disease is related to worm burden, 

which in turn is related to the faecal egg excretion. Few 

community studies have included quantitative measures of egg 

output and those which have show no consensus in classifying 

individuals on the basis of their quantitative egg output. For 

example, Ongom & Bradley (1972) in their study of the epidemiology 

of S . mansoni infection in the West Nile, Uganda, related liver 

and spleen enlargement to intensity of infection in groups of 

individuals excreting 0, 1-100, 101-500, 501-1000 and 1000+ eggs/g, 

with "very heavy" infections in some individuals amounting to 

4000-5000 eggs/g. Cook et al. (1974), however, in their study of 

the morbidity of s. mansoni in St. Lucian children described three 

levels of intensity of infection: heavy, 400 or more eggs/ml of faeces; 

moderate, 100 to 300 eggs/ml; and light, 10 to 75 eggs/ml. 

Kloetzel (1962) compared the distribution of cases of splenomogaly 

with the mean overall egg output of S. mansoni and found that there 

was a close relationship, while Farooq et al. (1966) in clinically 

evaluating the disease attempted to assess the feasibility of correlating 

egg output with tho clinical severity of the disease. Lehman ot 

al. (1976) reported that in areas with lowest quantitative egg counts 
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the;, age specific prevalence rates increased more slowly than in 

other areas with higher egg counts. Also they found that in 

children under the age of 15 years the frequency of hepatu-megaly 

was directly correlated with increasing egg counts; in adults 

neither spleno-megaly nor hepato-megaly could be directly related 

to schistosomal infection. Recently, Omer & Draper (19~) 

reported on infection with S. mansoni in the Gezira area of the 

Sudan, where they used a similar classification to that of Cook 

et al. (1974). One of the common features of the above-mentioned 

studies is that hepatomegaly is nearly always related to a high egg 

output. 

The sensitivity of the method used for quantitative egg counts 

is an important factor which determines the reported levels of 

schistosomiasis intensity of infection. Teesdale & Amin (1976) made 

a comparison of the most commonly used egg-counting techniques 

(Bell, a modified Kato thick smear, and a digestion method) for the 

field diagnosis of S. mansoni. They found that the modified Kato 

technique was sensitive, simple to perform and suitable for field 

use. The Bell filtration technique was equally sensitive in detecting 

light infections, but was more tedious and more complies ted to perform 

than the thick smear technique. 

In the present study, in order to assess the effect of S. mansoni 

on work capacity, the classification of intensity levels of infection 

by egg counts was made over a range similar to that described by Ongom 

& Bradley (1972). This method of classification was thought to be 

most suitable on the basis of schistosomiasis prevalence and intensity 

level of infection in the Gezira area and on the evidence from a 

previous investigation made by Collins et al. (1976) on Sudanese 

cane cutters. 



c. PHYSIOLOGICAL PERFOHMAN CE AND WORK CAPACITY 

1. INTRODUCTION 

An individual's physical performance depends on the interaction 

between a variety of functions. Generally, factors such as the 

energy output of aerobic and anaerobic processes, neuromuscular 

function reflected in strength and physique, and psychological factors 

(e.g. motivation) exert decisive influences on the physical performance. 

It is difficult to express in one formula all aspects of a man's 

maximal work power and capacity, because the demands set by different 

types of physical activity vary greatly. 

The factors involved in an individual's capacity for aerobic 

muscular exercise are therefore complex. One important component, 

the transport of oxygen, is influenced by lung size, ventilatory 

capacity, gas transfer factor and ventilation during exercise, blood 

volume, total haemoglobin concentretion and plasma volume, heart 

frequency, heart and stroke volume, arterio-venous oxygen difference, 

muscle mass and the content of myoglobin and of the enzyme systems in 

muscle concerned with oxygen usage. ln addition, other important 

factors such as environmental parameters (altitude, heat and cold), 

adaptation ( trainingpecondi tioning and acclimatization), the type of 

exercise (intensity, duration and body position) as well as sex and 

age also influence physical performance (for a general review see 

Astrand ~ Rodahl, 1970). 

The demand on oxygen transport functions varies with the size 

of the active muscles. However, there is no increase in oxy~en 

intake at maximal level measured on a bicycle ergometer - if the arm 

muscles are made to work simultaneously on another ergometer (Astrand 



& Saltin, 1961b; Stenberg ct al. 1!)67). In maximal work on a 

bicycle crgometcr in the supine position ti VO l 1e 2 max va ua is 

only 85% of that obtained in the sitting position, but if the 

subject works with both l egs and arms simultaneously in the supine 

position the oxygen intake, cardiac output and heart rate reach 

values similar to those in the upright position (Stenberg et al. 

1967). Although Astrand & Sal tin (1961b) found that the VO 
2 max 

values are approxinately the same whether measured while running on 

a treadmill or during cycling, She phard et al. (1968) showed that 

uphill treadmill running gave, on average, 7% higher vo
2 

values 
max 

than either cycling or step-climbing. 

2. MAXIMAL AEROBIC POWER 

Generally, the maximal aerobic power is defined as the highest 

oxygen intake the individual can attain during dynamic physical 

work and it is often used as an objective measure of the individual's 

capacity to perform hard physical work. If a task requires an 

energy expenditure equivalent to an oxygen intake of 2.5 1/min, a 

person with a V0
2 

of 4.0 1/ min has an adequate safety margin 
max 

but someone with 3.0 1/min vo2 - x will be working close to his 

maximum. 

Maximum aerobic power can be measured directly and indirectly. 

Direct measurement is based on performing muscular exercise with 

increasing intensity and establishing a work rate above which a 

further increase in work output does not bring about a higher 

oxygen intake aniblood lactic acid concentration higher than a 

certain value (about 8 m moles/litre). Indirect measurement is 

based on establishing a linear relationship between the heart rate 
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and oxygen intake measured when the metabolic rate, circulation 

and respiration have reachL>d the steady state at sub-maximal work, 

and with subsequent extrapolation to the maximum heart rate. 

The assessment of maximal aerouic power provides information on 

the maximal energy output by aerobic processes, since for each 

litre of oxygen consumed, about 21 Kjoules will be expended. The 

higher the oxygen intake the higher the energy output and 

functiona 1 capacity of the circulation. 

3. FACTORS INFLUENCING THE LEVEL OF V0
2 max 

Several factors affect the level of maximum aerobic power of 

which the following are particularly important: 

Age and sex: The V0
2 

(absolute value) increases during 
max 

childhood and adolescence and the peak values are reached in early 

adulthood. Before puberty there is no significant difference in 

vo2 between girls and boys. At adolescence the vo2 values 
max max 

for boys are higher compared to girls and at the end of adolescence 

the vo2 max of women is on average 70 to 75% of that of men 

(Astrand, 1970). In man, a general and steady decline with age 

takes place from the age of 25-30 years and at the age of 70 years 

the maximum aerobic power is about 50% of that of a 20 year old. 

For women, the peak value is reached soon after maturity, tho 

8 bsolute value remains fairly constant during the fertile period 

of lifo, after which it declines at about the same rate as in man. 

Training: Regular training in most cases influences the level 

of maximal aerobic power with increases of up to 10-20%. The 

effect of training depends on the intensity and duration of the 

training period. The mar:nitude of the increase depends on the 



sta te of fitness, 

Nutrition: Under-nutrition and malnutrition considerably 

reduce the maximum aerobic power (Davies, 1972), but this is 

quickly restored to its normal value when an adequate nutrient intake 

is established, 

Habitual activity: Habitual. activity is probably the most 

important environmental factor influencing vo
2 

(Ojikutu et al. 
max 

J 972). There are great differences in the energy requirement of 

different occupations. For example, athletes have a vo
2 

of 
max 

up to 80% above the average for sedentary people (D8boln, 1965; 

Cotes et al. 1969), 

Psychological factors : Motivation or drive plays an important 

role in human performance, especially when an individual is motivated 

to devote all his endowment and capacity to their full limils. 

Body composition and body size: The relationship of maximum 

aerobic power to body composition and size has been assessed by many 

investigators, for example in children (Davies, Barnes & Godfrey, 

1972), in young adults and athletes (Miller & Blyth, 1952; Welch 

et al. 1958; Davies, 1972; 08beln, 1956; Cotes et al. 1969), and 

older subjects (Davies, 1972). In general, high correlations have 

been found between maximum aerobic power and lean body mass, total 

haemoglobin, total body potassium and leg volume. Recently, studies 

in Europeans and Africans suggest that in oldor men and women, in 

contrast to the young subjects, there is little association between 

physiological function and body size and structure and vo2 max is 

indep~ndent of body weight, lean body mass and leg volume (Davies, 

1972a, ~; Davies & Van Haaren, 1973). However, standardization 

c,f vo2 in rela U .on to body composition and size (in young adult 
max 



sul>j e cts ) provides a sound and r e lia ble comparison of the ma ximal 

a e robic powe r between diff e rent s e gme nts of the population. In 

effect, this will correct, stabilize or remove individual 

variab i lity due to e.g. differences in body weight, lean body 

mass, body surface area, l e g volume, etc. In particular, the 

standardization of vo2 max measure d on a bicycle ergometer in 

relation to leg volume gives a reliable comparison between dif f erent 

populations, since thigh muscles arc the main large muscle group 

involve d in the work (Davies, 1974). 

4. SUBMAXIMAL EXERCISE 

Direct measurement of the maximal aerobic power (as a reference 

standard of cardiorespiratory fitness) is difficult and sometimes 

impossible to obtain, unless the individual under test is highly 

motlvated, fit and fully co-operative. However, standardized 

submaximal exercise tests have proved to be a useful substitute to 

the direct measurement of vo2 max in making a comparison of the 

working capacity of different populations (WHO Scientific Group 1968; 

Shephard et al. 1968). Three types of submaximal exercise test are 

usually applied: running on a treadmill, working on a bicycle 

ergometer, and using a step-test . Shephard et al. (1968) have 

compared the three methods and found that the effects of anxiety 

ad learning were least on the bicycle ergometer, but significant 

anaerobic metabolism developed at higher work loads (more than 55% 

of ~02 max). These workers recommended the bicycle test for 

laboratory use, tho step-test for field tests, because it was cheap 

and portable, while they found little to commend submaximal exercise 

tests on the treadmill. 
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5. PREDICTION OF lio2 max FROM SUl:lMAXIMAL EXEllCISE TESTS 

The present procedures o:f estimating VO from submaximal 
2 max 

exercise tests arc based on the measurement of cardiac frequency 

(IH) at one or more work rates, fH is then plotted against vo2 

max is estimated by extrapolation of a fitted straight 

line to a theoretical maximum cardiac frequency (Astrand & Rhyming, 

1954; Margaria et al. 1965; Martzi et al. 1961). The common 

feature of all methods used for prediction lies in the use of the 

linear relationship between the two variables up to and including 

maximal aerobic power and that all individuals under test must be 

able to reach similar maximum cardiac frequency. To improve the 

precision of prediction, the individual should perform three 

submaximal work loads (Davies, 1968) and the cardiac frequency 

should not be less than 130 beats/min as recommended by Astrand (1970). 

There are several factors which exert an influence on the maximal 

circulatory capacity and aerobic power and consequently there are 

sources of error in any prediction of vo2 max from submaximal tests. 

Firstly, with regard to the linear increase in heart rate with 

increase in oxygen intake, the oxygen intake somotiiros increases 

relatively more than the heart rate as the work load becomes very 

heavy. Tho consequence of this is that, in such subjects, the 

vo
2 

max will be an under-estimate when extrapolating from the heart 

rate respons e to submaximal loads. Secondly, tho maximal heart 

rate declines with age. Thorofore the vo2 max of older subjects 

will be an over-estimate compared to the under-estimate of vo2 mnx 

for the younger subjects. However, by introducing an ngo correction 

factor an adjustmo11t can be mude to reduce the e rror (Astrnnd, 1960). 

In discussing the l lmi ta tions of tho pc·ctlic tion of Vo2 max from 
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ca rd iac frequency measurements, Davies (19GB) found that the 

error due Lo the intersubject variability in fH max is small 

and i nsignif ican tly different from random day to day variations 

in measurement of fH d VO an 
2

. However, the major limitation 

would seem to be the asymptotic nature of the fH/vo
2 

curve. 

Nevertheless, the prediction methods have provided a safer and 

more tangible technique to assess the maximal aerobic p0wer on 

different sections of the population such as sedentary subjects, 

dif" feren t occupational groups and diseased subjects in a wide range 

of environmental conditions. 

6. THE EFFECT OF SCHISTOSOMIASIS ON PHYSICAL PERFORMANCE 
AND WOHK CAPAC I TY 

At the present time there is little information on the 

effects of schistosomiasis on physiological performance and work 

capacity. While some investigators have found no effect of the 

disease on physical capacity, others claim the reverse, that the 

disease inflicts a marked reduction ( 35-40%) on the physical working 

capacity (Farooq, 1967; Cheng, 1971). However, very few 

objective assessments of the effect of the disease on work output 

have been carried out. Infected Nigerian children complained of 

fatigue and physical exhaustion after short periods of physical 

exercise (Okpala, 1961) but when the physiological response to 

exercise is measured under controlled conditions, schistosomiasis is 

found to have no effect on the physiological performance of school 

children (Davies, 1972; Walker et al. 1972). In adults, however, 

an investigation to assess the effect of S. mansoni on physical 

performance and lung function (Omer &. Ahmed, 1974) suggested that 



some physiological parameters of physical fitness (e.g. a "physical 

condition index" based on heart 1·ate recovery after exercise) are 

affected by the disease and are significantly improved after 

treatment. Recently, the results of a combined laboratory and 

field study on Sudanese cane cutters infected withs. mansoni (Collins 

et al. 1976) showed that schistosomiasis produced no significant 

impairment of physical working capacity. lt was argued that the 

population under study was highly selected and if there was any 

possible difference in physical working capacity between infected 

and non-infected it would most probably be masked by training and 

occupational experience of infected subjects. However, a small but 

significant difference was found to exist in haemoglobin concentration 

between those infected and those free of the disease, which could 

exert a decisive influence when comparing populations with similar 

patterns of habitual activity and skill. 

Other investigators have reported on the loss of labour output 

and absenteeism due to schistosomiasis. The results of an 

investigation on a suga1· estate in East Africa (Foster, 1967) sl"Dwed 

that body weight, physique and haemoglobin values were unaffected by 

S. mansoni but a substantial increase in absenteeism (approx. 30%) 

was due to schistosomiasis. Five years later, on the same estate, 

Fenwick and Figenschou (1972) were able to demonstrate that the 

earnings of uninfected cane cutters exceeded, by at least 11%, the 

earnings of s. mansoni-infected cane cutters. However, too overall 

difference in productivity between infected and non-infected cane 

cutters was only about 5%. In Egypt, Farooq (1967) has estimated 

that the loss of labour output among 14 million infected people with 

schistosomiasis was 35% and in mainland China, Cheng (1971) 



figure I. 3 

-•-. 

I 
~ --r 

I ·-
H I 0,. I A r 

,. 
°i" ' 

Cl-:NTkAL AJo"HICA , I 
/ : r 

I A I K It 

L...=_.::._..::::_::,_ ___ :__ __ :,.._ __ ..:.•-----=-----=-- --"· r--

Scale 1:8,000000 

c:, desert • 
~ semi desert pastoral regions 

c:J Irrigated riverrain areas 
f1Zl2,1 lrrlgated clays 

aml qoz sands 

central clay plain 
E=3 (northern & southern) 
~ flood plain region 
rma Ironstone region 
[:::=J the green belt 
WJ2,I miscellaneous hllly regions 

(not included elsewhere) 
l:n mountain regions 

(not Included elsewhere) 

~ 



reported that an average loss of 40% of capacity to work was due 

to S. japonicum infection. These remarkable claims of losses 

i n labour productivity have not, however ; been confirmed by 

objective studies on individual work capacity. 

D. SCIUSTOSOMIASIS IN TIIE SUDAN 

l. INTRODUCTION 

The Sudan is very nearly one million square miles in area 

and the greater part of the country is an immense plain, 

stretching between latitude 3°N and 23°N (Fig. 1.3). Tho whole 

country may be divided into three zones: the north is mostly rocky 

desert and semi-desert; south of this is a belt passing from semi

sand to savanna; south of this again is a clay belt of tropical rain 

forest which widens as it stretche5 eastwards from the south of 

Darfur to the rainlands and semi-dese1·t lying cast of the Blue and 

main Niles. The Sudanese plain is drained by the Nile and its 

tributaries. The Blue and White Niles converge at Khartoum to 

form the main Nile which flows in a northward direction through 

increasingly arid land. 

The country has a heterogeneous population of 14.9million 

(Department of Sta tis tics, 1977), predominantly Arab Muslims in 

the north and a variety of ethnic groups and languages in the south . 

The country is mainly agrarian and its economy depends chiefly on 

agricultural products and agro-1ndustries ns well as camel, sheep 

and cattle breeding. 



2. DISTIii BUTlON OF HUMAN SCHISTOSOMIAS IS IN TIIE SUDAN 

Schistosomiasis is believed to have been introduced to the 

northern Suctan by the ancient Egyptians during their invasions of 

the country, which goes back as far as 2600 B.C. (Archibald, 1933). 

From 2000 B.C. to 1000 n.c. Egyptian col.onics extended as far south 

as Kereima in the Dongola Province. Although the history of 

S. haematobium and S. mansoni is closely connected with and assumed 

to be originated in Egypt, Nelson et al. (1962) challenged this 

long-standing concept and suggested that the "cradle" of the 

schistosomiasis is around the great lakes of Central Africa. 

In recent history, :from 1820 A.D. until the conquest of the Mahdi 

revolution in 1889, Sudan was invaded several times by Egypt. 

During the course of military operations by Egyptian troops, mainly 

recruited from peasants, schistosomiasis extended as far as the Blue 

Nile and Kordufan districts. In 1918 a large number of labourers 

were imported to work in government-built irrigation pump schemes in 

Northern Sudan, which led to the spread of the disease among the 

villages adjacent to the schemes. Archibald (1923) found that tho 

disease was preval.ent in villages bordering thep.imp irrigated areas, 

notably Nuri, Kereima, Gordo, Tangasi and Argo Island in Dongola 

Province. Christopherson (1919) stated that Bilharziasis was 

endemic in all the provinces of the Sudan except the Red Sea. 

This statement seems to be based on cases reporting to hospitals 

and not on epidemiological surveys. Archibald (1933), in describing 

the general distribution of schistosomiasis and intermediate hosts, 

found that the host snails for S. haomatobium, genus Bulinus 

(species B. truncatus and n. physopsis) occur in the Blue and White 

Nile provinces and in inl.and rainwater lakes, ponds and water 
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cours 1'he spocios r corded !or D. phvsop. is are .!!.:......!E- ) 

afric na, B. (P.) globo a nd B. (P.) didieri. Wlth r gard to 

S. monsoni., snail host. genus Biomphalaria, he found species 

O. boissvi u11d n. pficff ri in th Whlt.c Nil and spocios .!!

alexandrinus and B. pfcifferi in the Blue Nile. 

The construction of the Scnnar Dam followed by creation of 

the irrigation scheme in the Gezira which commenced in 1925 

aggravated the situation and rapidly increased the spread of the 

disease. In addition, of the 20,000 West African natives annually 

entering the Western Sudan on their way to Mecca about 20% of men 

and children are already infected; women were not examined owing 

to native prejudice at that time (Humphreys, 1932). The immigrants 

in their journeys to and fro across the Sudan contributed their 

share of spreading schistosomiasis by infecting the molluscs that 

abound in the rainwater lakes, water courses and irrigation canals 

along the route. 

Humphreys (1932) stated that before 1925, the first year of 

the irrigation scheme, schistosomiasis was practically unknown in 

the Gezira Province, not a single child was found to be infected 

with the disease in 20 villages 10 miles from the river to the 

central part of Gezira. By 1927 it was apparent that Bilharzial 

snails were establishing themselves in the canals (Humphreys, 1932), 

Bulinus species more rapidly spreading than Biomphalaria and a few 

locally contracted cases of s. haematobium were being found. 

Annual surveys during the years 1926-1939 suggested that the 

infection rate with S. haematobium was generally less than 1%, 

with S. mansoni even lower. Stephenson (1947) suspected that 

infection was 110re wideaproad than thia and found the inf otion 
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rate wi th S. haema tohi.um to be at least 20% in adults and 45% in 

children throughout the Gczira. The suspicions of Stephenson 

were proved to be correct by in-.eitigations a few years later. 

Greany (1952) examined 80,000 people living in 300 villages and 

found that nearly 9% of the total population was infected with 

schis tosomiasis, and that the proportions infected with 

8. haematobium and S. mansoni were similar. The Gezira area, 

regarded as highly endemic for S. mansoni. in recent tinies has 

been given attention by a number of workers. From the results of 

direct-smear examination of 7324 persons of the indigenous 

inhabitants of the North Gezira Irrigation Scheme, Amin (1972a) 

reported that the infection rate for S. mansoni is 25% and less 

than 1% for S. haematobium. By using the more sensitive 5tool 

digestion method of investigation the prevalence of s. mansoni 

is now claimed to be 62% (Omer et al. 1976) and in some villages 

almost 100% (Omer, personal communication). 

S. haematobium is found throughout a broad belt of Central 

Sudan from Darfur Province in the west to the Ethiopian border in 

the east. Ayad (1956) found that the highest prevalence was in 

Kordufan Province (22.6%), followed by 17.8% in Darfur Province; 

he also concluded that S. haematobium was not endemic in Equatoria 

Province in the extreme south but was found in Kassala Province 

in the east. Urinary schistosomiasis has increased in Khartoum 

Province, the highest reported infection rate being 10.8% among 

children in certain agricultural schemes (Annual Report, Ministry 

of Health, Sudan Government 1953-1954). Malek (1960) found that 

23.2% of 439 school boys 6-1~ years old were infected with 

s. haematobium and 3 girls out of 395 wore infected at Shambat 
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(6 miles from Khartoum). The low infection rate among ~he girls 

ls due to social customs. 

Medical examination of school children shows that 2.9% of 

137,870 children from all Provinces of the Sudan were positive 

for schistosomiasis. The high<a infection rate (12%) was in 

Darfur Province, followed by Kordufan Province ( 7. 5%) and Northern 

Province (1.5%), no distinction being made lctween the species 

of the parasite (Annual Report of the Medical Services for 1961-1962). 

In Darfur Province the prevalence of s. haematobium is reported to 

be very high, reaching 90% (Watson and Landquist, 1967) . 

S. mansoni is highly prevalent in Equatoria Province. In 

1951, 4.3% of 2486 school-children and 7.8% of 32,162 hospital 

patients were infected. Ayad (1956) found a rate of ~1% in 39 

school-children in Juba. A severe form of S. mansoni infection 

with extensive visceral involvement has been reported from the 

south of Dor district in Upper Nile Province (El-Amin, 1970), 

S. mansoni is found in Darfur Province apparently with low endemicity 

and the parasite may be present in Kordufan Province, but Ayad (1956) 

believed these reports to be doubtful. 

In the Northern Province, S. mansoni like S, haematobium has 

spread with increase in water pump schemes in the province. The 

snail host of S. mansoni is known to occur in the Zeidab agricultural 

scheme on the Nile. 

schistosomiasis. 

Recent hospital records showed 5228 cases of 

In Lake Nasser the schistosomiasis prevalence is over 30% 

amongst fishermen. One of the most heavily infected areas of 

s. mansoni occurs along the White Nile south of Khartoum whera 

prevalence rates ranging from 60 to 90% have been recorded. 
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3. MOLLUSCAN lNTEH~IEDIATE HOSTS 

Malek (1958) report r,d on int.e rn1cdiatc host distribution in 

the Sudan. The main snails involved in the transmission of 

S. hae matobium arc B. (B.) truncatus (trancatus) and B, (P.) 

globosus. Certain strains of B. (B.) Ugandae were found by Malek 

to be susceptible to infection with S. haematobium also D. (B.) 

forskalii is recovered in different parts of Sudan but its role in 

transmission has not been clearly established. 

B. (B.) truncatus is found in northern and central Sudan, and 

in Darfur, Kordufan and Bahrel Ghazal Provinces. 

occurs in southern Equatoria Province. 

B. (P.) globosus 

B. pfeifferi and B. sudanica are the intermediate hosts of 

S . mansoni. B. pfeifferi occurs in Blue and White Nile Provinces 

Bahr el Ghazal, Upper Nile Provinces and in some agricultural schemes 

in Khartoum and Northern Province. B.sudanica is found in Bahr el 

Ghaz al and Upper Nile Provinces and in the White Nile. 

It is evident therefore that schistosomiasis exists nearly 

everywhere in the Sudan except in the arid northern and Red Sea 

deserts. The lack of accurate vital and medical statistics, and 

of sustained surveys of distribution and prevalence rates, make 

it difficult to give a complete and up-to-date picture of schisto

som1asis in the Sudan. 
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CHAPI'ER 11 

MATERIALS AND AIETIIODS OP TIIE PRESENT STUDY 



A. INTRODUCTJON 

All procedures and methods applied in the present study are 

outlined in this chapter in order to avoid unnecessary repetition. 

The description of the population of any investigated group will 

be discussed in each chapter concerned. 

B. PARASITOLOGICAL SCREF.NING 

Work carried out by other medical groups during a study of 

schistosomiasis prevalence in the area (Amin, 1972a; Omer et al. 

1976) greatly facilitated the collection of specimens for parasito-

logical screening. Containers for stool and urine specimens were 

distributed to the subjects the evening before the parasitological 

screening. Next day the specimens brought by subjects to the point 

of collection (village club) were handed to the medical assistant 

waiting to take the specimens immediately to the Institute of Tropical 

Medicine Laboratory stationed in Meilig village. 

1. STOOL EXAMINATION 

A modified thick smear technique (Teesdale & Amin, 1976) 

introduced by Kato & Miura (1954) was used to detect S. mansoni 

ova in collected stool specimens. Approximately 1-2 g of faeces 

are placed on paper (5 cm x 5 cm) and pressed through a 100 mesh 

sieve (150 pm pore size; Endecotts Ltd., London S.W.19). The 

sieved stool sample is collected by scraping a microscope slide 

across the wire surface of the sieve and then packed into the head 

of a disposable syringe, previously calibrated to deliver 25 mg. 

1'his aliquot is spread onto a slide which is then inverted and 



pressed fi1·m.ly down u11on a thick glass cover slip on to which a 

sD1all drop of 50% glycerine in water has previously been placed. 

The diameter of the faecal smear ol>tained is usually about 20 mm. 

From each stool specimen three slides were prepared for egg count. 

The slidos were examined within 2 hours, before they had begun to 

dry out. Eggs were counted under x 40 magnification, or higher 

power (x 100) to confirm the identity of any dubious specimens. 

2. URINE EXAMINATION 

About 10 ml of urine from each specimen was centrifuged at 

1500 rpm for 3 minutes and the entire deposit was examined for 

S. hacmatobium. S. haematobium prevalence is known to be low in 

the area under investigation (Amin, 1972; Omer et al. 1976). 

C, MEDICAL HISTORY AND MEDICAL EXAMINATION 

Before attending any tests or investigations, each subject 

received a thorough medical history and clinical examination. 

Each subject answered a standard questionnaire concerning possible 

symptoms of schistosomiasis: 

1. Diarrhoea within 24 hours and within one month 

2. Bloody diarrhoea within 24 hours and within one month 

3. Abdominal pain within 24 hours and within one month 

4. Tiredness 

5. Back pain 

6. Frequency of micturition 

7. Haematuria within 24 hours and within one month 

8. Past history of anti-bilharzia and anti-malarial treatment 

9. Haematemesis 

10. History of other infectious and parasitic diseases, 
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The su!Jject then underwent a standardized medical 

examination in which the 1 i ver and the spleen were palpated 

and their enlargement below the costal margin in centimetres was 

measured, The presence of icterus, oedema or ascites was also 

looked for. 

D, LABORATORY INVESTIGATIONS 

An exorcise physiology laboratory was established in the 

Department of Physiology, Faculty of Medicine, University of 

Khartoum. The laboratory consisted of two rooms divided from 

each other by a sliding door. The first room served as a multi-

purpose space in which the sociological questionnaire and pulmonary 

function tests were completed, and anthropometric measurements anti 

venesection for haematological and biochemical analysis took pl.ace. 

The semi-automated exercise physiology laboratory was constructed 

in the second room (Figure II.l). 

efficient air-conditioning systems. 

Both rooms were provided with 

Subjects were brought by road from their villages to Khartoum 

where the laboratory investigations usually continued for two 

consecutive days. The driver, with a list of those to be investigated, 

usually spent the previous night in the village notifying the 

subjects. The journey from the villages to Khartoum usually took 

between 1~ to 2 hours. 

An anti-malarial prophylaxis programme was arranged in a way 

that each man attending the study received uninterruptedly the 

appropriate prophylaxis dose of chloroquine phosphate for three 

weeks. It was clear from blood films for malarial parasites that 

only one of the subjects was currently suffering from malaria, 
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Figure Il,1. The Semi-automated Exercise Physiology 
Laboratory 
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Acc ommodatio n, meals and tra n s port inside Khartoum city were 

provided fol' each man, and some of them, especially seasonal 

labourers, were compensated for their lost working days. 

Before attending the bicycle ergometer exercise test session 

each subject underwent the following routine procedures: 

1. Sociological questionnaire 

2. Anthropometric measurements 

3. Pulmonary fwlction tests 

4. Venesection for complete haematological and liver 
function test investigations. 

1. SOCIOLOGICAL QUESTIONNAIRE 

A standard questionnaire was designed for each subject to 

complete during an interview conducted by the author or his 

assistant, The questionnaire provided details of age, province, 

religion, family, occupation, years of residence in Gezira, income, 

working hours, resting hours during work, sleeping hours, sport 

and a 24-hour account of habitual activity, 

2. ANTHROFOMETRI C MEASUREMENTS 

The body weight of each subject was measured before the 

exercise test by using a portable balance (Herbert & Sons Ltd. , 

Angel Road, London, N.lC). Height was measured with a digital 

an thropometer (Hol tain Ltd. , Crosswell, Wales). The subject 

stood on a horizontal surface with his heels together stretching 

upward to the fullest extent, and his back straight. 

Skinfold thicknesses were measured with a Harpcnden caliper 

(John Bull, British Indicators Ltd., England) at four sites: 



biceps, triceps, subscapular and suprailiac, and lean body mass 

was estimated from skinfold thickness am body weight by the method 

of Durnin & Rahaman ( 1967). The leg volume was measured by making 

the subject stand erect with feet slightly apart and the height 

above the floor and circumference taken at seven sites on the left 

leg - gluteal fold, one-third subischial height measured up from 

mid-knee joint space, minimum (lower) thigh, knee joint, minimum 

calf, maximum calf and ankle. The levels were marked and the 

circumferences measured with a flexible steel metric tape and the 

heights above tho floor level measured with a digital anthropometer. 

Leg skinfold thicknesses were measured at four sites: tho anterior 

and posterior thigh in the midline at the one-third subischial 

height level, and the medial and lateral calf at the maximum 

circumference level. The estimate of leg muscle volume (plus bone) 

was made from Jones and Pearson's (1969) formula. 

3. PULMONARY FUNCTION TESTS 

a) Forced expiratory volume (FEV,) and Forced Vital Capacity(FVC) 

The FEV
1 

and FVC were measured by an air-filled bellows 

spirometer, the Vitalograph (Vitalograph Ltd., Buckingham, England) 

in which the excursion of the bellows is indicated on pressure-sensitive 

paper. The recording point is driven from zero on the right to the 

left by a synchronous motor so that the volume expelled at any time 

interval (including 1 second) can be obtained. 

The recording of FEV 
1 

and FVC was made before tho physiological 

oxorciae teat took plaoo. Th hoight of the inata-u■ent waa adjuat d 

80 that th IUbJ ct could blow into it without leaning forward. Tho 
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suujcct thc,n inspired fully, placed his mouth firmly over the 

mouthpiece and then expi1·ed maxinia lly, continuing the expiration 

until such time as no further air emerged, The same procedure 

was rcpca tcd :five times, the best of the th1·ee mcasuremcn ts were 

then averaged. 

b) Peak flow rate 

The peak flow rate (PFR) was measured by the Wright peak flow 

meter (Wright & McKel'row, 1959; Figure 11.2). The instrument 

takes a spot reading of 10 msec duration at the steepest part 

(the highest flow rate) of the FEV
1 

curve; its pointer is operated 

by the deflection of a low-inertia vane in the air stream, The 

procedure is the same as for FEV
1

. 

4. VENF.SECTION FOR HAEMATOLOGICAL AND BIOCHEMICAL INVESTIGATIONS 

Ten ml of blood drawn from each subject was divided into two 

containers; 2.5 ml was added to the first container with anti

coagulant for haematological investigation and the rest of the 

blood was emptied into the second container for biochemical analysis. 

Immediately after bleeding, specimens were sent to the haematology 

laboratory, Institute of Tropical Medicine, and Chemical Pathology 

Laboratury, Faculty of Medicine, for investigations, The haematology 

laboratory determined haemoglobin (Hb), packed cell volume (PCV), 

white blood count (WBC),~throcvtosedimentation rate (ESR) and 

differential count for polymorphonucleocytes (poly), lymphocytes 

(lymph), cosinophils (eos), basophi ls (bas) and mono cytcs (mono). 

Tho chemical pathology laboratory determined total protein, 

albumin, globulin, scrum bilirubin, alkaline phosphatase, urea, sodium 
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Figure II.2. Hcasu1·cmcnt of Pcnk Flow Rate 
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and potassium. 

5. PHYSIOLOGICAL RESPONSE TO EXERCISE 

The subjects were required to attend the laboratory on two 

consecutive days. On the first day, along with other 

investigations mentioned above, they performed a progressive 

exercise test. On the second day, direct measurements of maximal 

aerobic power output (vo2 max) were attempted on some of the 

subjects. 

a) Progressive exercise test 

A semi-automated system was designed for this purpose (Figure 

II.3). The bicycle ergometer was tho choice for the physical 

exercise test (Shephard et al. 1968), using the Monark ergometer 

(Monark Crescent AB, Varberg, Sweden). Subjects not familiar 

with the bicycle were given from 10 to 15 minutes habituation 

practice. 

The semi-automated system performed as follows: at the final 

minute of each work load the mouthpiece and nose-clip were fitted 

to the subject and the two-way valve between the mouthpiece and 

Douglas bag was turned on. Now tho two-way valve between the 

gasmeter was closed and the bypass to the gas analysers was shut 

(Figure II. 4). After gas collection was completed the mouthpiece 

and nose-clip were removed and the valve between the mouthpiece and 

tho bag was closed, During the collection the bypass between the 

bag and the gas analysers is open, tho volume of gas drawn through 

the pump (small) to the gas analysers boing calculated !rom the 

rotametor between the bag and the pump and timed by a stop-watch, 
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Figure II.~. Collection of Expired goa 



The expired air passes first to a co
2 

analyser (Ka therometer, 

Cambridge Instruments Ltd.) to determine co
2 

and then through an 

oxygen analyser (paramagnetic analyser, Servomex Ltd.) to 

determine o
2

• The values of o
2 

and CO
2 

were recorded from a 

digital voltmeter connected to both analysers. The expired air 

volume recording was made after the gas analysis had commenced, 

In order to do this the bypass between the bag and the gas analysers 

was shut and the two-way valve then turned to connect the bag and 

the gasmeter (Parkinson & Cowan Measurements, London), the air being 

sucked through by a pump. The gas volume was recorded by a digital 

voltmeter connected to a photocell on the gasmeter. During the 

collection of the expired air, the cardiac frequency was recorded 

by electrocardbgram (George Washington Ltd,, Sheerness, Kent). 

The second digital voltmeter (designed in the MRC Environmental 

Physiology Unit) recorded pulse rate every 15 second during the 

measurements of the maximal aerobi~ power output. 

The subjects performed three submaximal work :bads for 

determining (predicted) vo2 max . 
Every three minutes, the work 

load was raised by 300 kpm/min and minute ventilation, oxygen intake, 

and cardiac and respiratory f requencios were measured during the 

final minute of each work load, Tho data collected from tho exorcise 

test were expressed for each subject in terms of oxygen i1i'tako (V02 ) 

at a wurk load of 900 kpm/min (vo
2 

900); minute ventilation (VE) at 

a carbon dioxide output (VC02 ) of 1.5 1/min (VE 1.5), tidal volume 

(VT) at a VE of 30 1/min (VT 30), cardiac frequency (fH) at a vo2 

of 1. 5 1/inin ( fll 1. 5) and vo
2 

at an fll 210-0. 65 age beats/min (V02 max 

(predicted)). All values were calculated from the individual 

rel{ression oquations. 
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b. Measurements of maximal aerobic PQwer outnut cvo
2 

) 
max 

Direct measurements of VO were attemµted on some of the 
~ max 

subjects on the second day. The subjects worked first at 50% of 

their vo
2 

max (predicted f .· 011: the previous day's test) for 

3 minutes, then the work load was raised to 75% of their V0
2 max 

for 2 minutes. These 5 minutes served as a warming up period for 

subjects, after which the work load was raised up to or near the 

subject's maximal aerobic power output. 
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CHAPTER III 

VILLAGE COMMUNITY STUDY 



A, GEZIRA 

1, INTRODUCTION 

The Gezira is one of the most agriculturally prosperous 

regions of the Sudan, The economic importance of the Gezira for 

Sudan is well known and since the Gezira scheme commenced ln 1925 

it has come to be considered a sensitive index of the country's 

economy. The Gezira is a flat, fertile region which lies in the 

triangle formed by the R1ue and White Niles before they join at 

Khartoum (Figure 111.1), It occupies about 5 million feddans 

(1 feddan = 1.038 acres) of which it is possible to irrigate 

3 million. 

The Gezira Irrigation Scheme started with an initial area of 

300,000 feddans irrigated from the Senner Dam. The present total 

gross area of the scheme is over 2 million fe<.l<.lans. Before the 

establishment of the scheme the population was estimated to be 

approximately 135,000 (El Nagar, 1958); twenty years later the 

number increased four times to nearly 519,000 (Stephenson, 1947). 

The expansion of the scheme encouraged many people to come ard 

settle, Now over a million people are living in the Gezira 

irrigated aroa, Apart from the Gezira static population a large 

number of seasonal immigrant labourers, estimated at one-third to 

hnlf a million from Western Sudan and from West Africa, come to the 

area every yoar. Tho majority of people in the Gozira are engaged 

in one way or another in agricultural work. Those who are not 

fa rmors I.Jy origin practice farming work oi ther as a part- time job 

to provide another source of inco111O or by holp.lng thoir rolatlve;i 

as, for example, is of ten done by s tu,lon ts, tea chers, mo<licnl 
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assistants and others. It is rare to find somebody completely 

cut off from active agricultural work. 

For cropping purposes, the Gezira is divided into fields of 

90 feddans and each year 25% of these fields are planted with 

cotton, 12.5% With sorghum, and 2.5% with wheat. A further 15% 

of tho land is utilized for vegetables, mainly groundnuts, while 

35% of the land lies fallow every year. Apart from an increase 

in the proportion of wheat this pattern has changed little in 20 years . 

Now some of the cotton is being replaced with wteat and rice. 

The Scheme irrigated area is distributed to farmers on a 

tenancy basis, each farmer receives a piece of land (5 feddans or 

' 'Hawasha") to cultivate under Scheme Board supervision. 

2. AGRICULTURAL CALENDER 

The following is the agricultural calender drawn from 

agricultural practices in the Gezira: 

July 

August 

September 

October 

November 

December 

January 

February 

March 

Agricultural operation 

Sorghum and groundnut sowing 

Cotton sowing 

Cotton thinning; start of pest control; 
bean (lubia) sowing and start of vegetable growing, 

Start of cotton spraying 

Start of ploughing and preparation of next 
season's cotton areas; wheat sowing 

Sorghum harvest; preparation of cotton pickin~ 
and groundnut harvest 

Start of cotton picking and bean grading; start 
of grinding 

Continuation of cotton picking 

Continuation of cotton picking; end of rotation of 
gardens (ve1~otablcs); wheat harvest 
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April End of cotton picking 

May 

June 

Pulling out and burning o:C cotton stocks 

Clean-up of cotton debri and end of grinding. 

The months of hardest work for the individl~l farmers are 

July to December. The cotton picking period is relatively easy 

since all the family, plus immigrant labour, take part in picking 

cotton. 

B. MANAGAZA VILLAGE 

1. INTRODUCTION AND POPULATION 

In the present study, a complete census of the population in 

Managaza village was made by using methods of enumeration developed 

by the Malaria Control Programme organized by the World Health 

Organization with the Sudan Government, In addition, the presence 

or absence in each household of a clean water supply, pit latrines 

and the adequacy of water supply were recorded. The entire male 

population in the age group 18 to 45 years present at the time of 

the study were recorded. Defore the start of the study a meeting 

was held in tho village with the village council and prominent people 

in order to explain to them the nature of the problem of tho effect of 

schistosomiasis on work output and tho co-operative measures demanded 

from them to secure an uninterl'upted flow of subjects. The response 

was beyond our expectation; nearly all males present in that age 

group volunteered to take part in tho study. All people in that 

area are aware of schi,o tosomiasis as an endemic diseat1O, and 1 t was 

often difficult to oxplain to peoph outside the selected gl·oup why 
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they could not be included in our study. The total number 

investigated was 184, divided into the four villages as follows: 

Managaza 163, Abu Rus 11, Ga lgala 5, Wad El Amin 5. The 

number of subjects with S. mansoni infection was 147, and 37 showed 

negative stool egg count. 

Managaza village is about 120 km south of Khartoum and about 12 

km northwest of Hasaheisa, the second largest town in the Gezira. 

The village is bounded on three sides by canals and on the west by 

hawashas, the nearest canal being located in the southern part of 

the village. Managaza is a typical Gezira village with a total 

population of 2101, the male population is 1072, and 1029 female. 

The numbers of the male popul&tion aged between 18 and 45 years is 451., 

90 of them are students, 18 teachers, 13 soldiers, 11 medical. 

assistants and 36 Government employees. Most of the rest of the 

male population in that age group (18-45 years) are either farmers, 

agricultural workers or labourers. The vil.lage has two primary 

schools, one for boys and the other for girls, and one lower secondary 

school for boys. There is no upper secondary school in the village, 

and for this reason nearly all male students aged 18 and over go to 

lla:;aheisa or nearby small towns for higher education. There is one 

small dispensary which is the responsibility of a trained medical 

nurse who treats minor injuries and common infections in the village. 

The nearest rural hospital is at Abu Usher about 12 km from the 

village. The village IJl.3 its own bakeiy, small meat and vegetables 

market, four grocery shops and a small flour mill. It obtains 

drinking water end water for domestic use from an artesian well 

operated by a pump. Not all of the village's 367 houses are provided 

wlth water from tho woll; they use water from the canal, especially 

those livin~ nuar tho canRl. 
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The diesel oil which operates the well pump is not available the 

whole year round. When the pump is not operating the entire 

village uses water from the canals for drinking and domestic 

purposes. The number of pit latrines found in the vi l lagc houses 

is 140 out of 367 houses, and only 90 houses were satisfied that 

the water supply from the well was adequate for drinking and 

domestic use. 

The village club is a centre of various .o;ocial activities. 

Usually most of the village male population spend much of the 

evening at the club playing different games and watching TV. Apart 

from individual and group intertainment the club is used for other 

purposes such as public educational lectures, village council 

meetings and other celebrations. 

The other three villages in the area also studied in part, 

Galgala, Abu Rus and Wad El Amin (Figures III.2) are similar to 

Managaza except that Wad El Amin is a much smaller village with a 

total population of only 500. 

2. OBJECTIVES OF THE STUDY 

The main objective of the present investigation was to assess 

the effect of s. mansoni infection on work capacity of village 

communities in the Gozira irrigated area of the Sudan and the 

possible effects of the disease on other physiological functions, 

In order to fulfil tho main objective the following requirements 

need to be satisfied: 

a) The area of the study should have high S. mansoni 

prcval0nce. 

b) Tho area should not have received systematic or 
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c) 

d) 

mass anti-schistosomal treatment. 

l~bitats of intermediate hosts should not have 

been treated with molluscicides. 

The population to be studied should have the 

following characteristics: 

1) 

ii) 

Entirely indigenous and static. 

Studies to be made on males of the village 

community in the age group 18 to 45 years with 

varying degrees of S. mansoni infection. 

This age group, in our view, is the main 

economically productive group in the Sudan. 

3. RESULTS 

A one-way analysis of variance was favoured for statistical 

analysis of the date collected on the villagers. All groups wore 

compared for each variable by one-way analysis of variance. The 

same subjects were tested statistically on tho basis of two 

different classifi.cations. The first classification was based on 

the division of subjects according to their schistosomal egg load 

as follows: 

Group l consisted of all subjects who were not passing 

schistosomal eggs in their faeces. 

Group 2 was defined as a lightly infected group in which 

individuals passed schistosomal eggs between 1 and 499 eggs/g of 

faeces. 

Group 3, or moderately infected group, consisted of subjoots 

who passed from 500 to 990 eggs/g of faeces, 

Group 4, or highly infected group, those who passed 1000 or 

moro cggs/g of faeces. 
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The second classification was based on a combination of egg 

load and schistosomiasis signs and symptoms, as follows: 

Group A consisted of those subjects who had no signs and 

were not passing schistosomal eggs in their faeces. 

Group B consisted of those who had signs but did not pass 

eggs in the faeces. 

Group C consisted of subjects who had no signs but passed 

eggs in their faeces. 

Group D consisted of those who had schistosomiasis signs 

and passed eggs in their faeces. 

a) Sociological data 

The sociological data on villagers are summarised in Table 111.1. 

All subjects were born in the Gezira and had not left the village for 

any long periods of time. The mean number of years the villagers 

had lived in the Gezira coincides with their mean age, which confirms 

the static nature of the population. There is no statistically 

significant difference between non-infected and infected villagers 

with respect to all sociological data (Table III.I). Nearly half 

of them were married with only one wife, and the numbe1· of boys, 

girls and dependents in the family was similar in both non-infected 

and infected groups. Occupation was classified as farming, other 

( including ar;ricul tural casual labour), and unemployed ( students wero 

considered as unemployed). 

In both non-infected and infected groups tho majority of the 

individuals ware enr;agcu in agricultural work and nearly 10% were 

either students or unemployed. Loss than ono-Iifth 111 both groups 

were i;etting help in thoir farmini; work and A slightly higher 
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percentage of non-infected (29 . 7%) than infecte d (25.7%) give 

help in farming work to relatives, The mean number of working 

hours per day (non-infected 7.12 hr and infected 7,48 hr) was 

similar in both groups, and for both groups mean resting hours 

during work amounted to 1.5 hr. The mean monthly income was 

slightly higher in the non-infected group (S£30.8) than the infected 

group (S£25 : 3). Both non-infected (45.9%) and infected (42.9%) 

groups were similar in their sports activity. The most popular 

game is football and sport activity varies depending on the season. 

It is higher during the summer season and lower during the rainy 

season, and the peak of agricultural work. The mean number of 

working years in previous and present occupations for both groups 

was 8 yr. 

b) Physical characteristics 

i) Groups classified on the basis of schistosomal egg load 

The four groups are similar in their stature, body 

surface area, lean body mass and leg volume (Table 111.2). 

The non-infected and Lighly infected groups (1 and 2) are 

slightly heavier in terms of body weight than the moderately 

and heavily infected groups (3 and 4). Nevertheless, the 

difference is not statistically significant. Age is highly 

significantly di ff orent ( P < 0. 01) between group ( 2) and 

group (4); tho difference does net appear between group (4) 

and groups ( 1 and 3). 

11) Gt·oups clnssificd by schistosomal si~s and symptoms 

Tho physical characteristics of all groups (A, D, C and 

D) are summarised in Table III.2a • Th<.>rc is no statistically 



significant difference between groups in respect of body 

weight, stature, body surface area and lean body mass; 

however, the two groups with no schistosomal signs and 

symptoms have shown slight difference in terms of body 

weight, body surface area and lean body mass. Age is 

significantly different (P<0.05) between group (D) and 

the other three groups (A, B and C). Leg muscle (plus 

bone) volume is significantly different (P <0 . 01) between 

group (A) and group (B), but not between group (A) and 

groups (C and D). 

By combining the eight groups (1, 2, 3, 4, A, B, C and 

D) into only two groups, non-infected and infected (Table 

III.2b), all differences disappear and the two groups have 

identical values of age, weight, height, lean body mass, 

leg muscle (plus bone) and body surface area, 

c) Pulmonary function tests 

i) Groups (1, 2, 3 and 4) 

Summary of pulmonary function tests data are given in 

Table III .3. The forced vital capacity (FVC), the forced 

expiratory volume (FEY), and the peak flow rate (PFR) were 

not significantly different in all four groups. Group (4) 

had slightly lower value of FVC and PFR than the other three 

groups (1, 2 and 3), 

11) Groups (A, n, C and D) 

Tho clatn !01· the groups arc ic;iven in Tablo III .3a. 

No si~nificuntly different values of pulmonary !unction tests 

were dctcctc•<I i n n il nroups; however, the absolute uwnn value 

70 
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of FEV, FVC and PFR of group (A) were always higher than 

the other three groups, except that the FVC value of 

group (B) was higher than FVC value of group (A). 

An analysis of the 8 groups divided simply into non

infected and infected (Table III.3b) did not reveal any 

statistically significant differences. However, tho non-

infected group always had higher values of FEY, FVC and 

PFR than the infected group. 

Haematological investigations 

i) Groups (1, 2, 3 and 4) 

The haematological findings of groups (1, 2, 3 and 4) 

are summarised in Table III,4. Haemoglobin concentration 

was significantly different (P<0.02) between the non-infected 

group (1) and both moderately and heavily infected groups (3 and 

4). The difference in Hb concentration does not appear to 

exist between the non-infected and lightly infected groups. 

The PCV was significantly different (P<0.05) between groups 

(1 and 2) and groups (3 and 4). The eosinophil values were 

significantly different between group (1) and group (4), but 

were not significantly different between group (1) and 

groups ( 2 and 3). Al though the WBC and ESR had shown no 

significant differe nce in all groups, the ESH values of 

groups (3 and 4) a1·c higher than groups (1 and 2). 

ii) Groups (A, B. C and D) 

Tho haematological findings of groups (A, B, C and D) 

are given in Table III ,".la, Thero were no s ignificunt 

difforencc8 between the fou1· l;roups tn uny of the me a s ured 



e) 

haematological parameters. 

Physiological response to exercise 

i) Groups (l, 2, 3 and 4) 

The results of submaximal responses to exercise of 

groups (l, 2, 3 and 4) are summarised in Table III.5. At 

a work output of 900 kpm/min the oxygen intake (Vo
2 

900) is 

nearly identical for all four groups. It is slightly less in 

the heavily infected group (4) than in the other three groups 

( l, 2 and 3). The minute ventilation volume at the given 

vo2 of 1.5 1/min (VE 1.5) were similar in all four groups and 

in accord with previous findings for Sudanese and Africans 

(Collins et al. 1976; Ojikutu et al, 1972), and higher than 

those recorded for Europeans (Davies, 1971). Cardiac frequencies 

at a vo
2 

1.5 1 / min are similar in groups (1, 2 and 4) but lower 

in group (3). 

In absolute terms (1/min) the mean predicted maximum 

aerobic power output is slightly higher in group (1) than in 

groups (2 and 4) and slightly lower compared with group (3). 

In relative terms to body weight, lean body mass and leg 

volume, groups (1, 2 and 4) are similar in thair values and 

lower than group (3). Although there wore slight differences 

in some of the measured physiological variables during physical 

exercise there were no significant differences between the four 

groups, The mean vo2 900, VE 1,5, VT 30, fH 1,5 and vo2 

210-0.65 x age in both absolute terms and relative to body 

weight, lean body mass and log volume a1·e independent of varying 

degrees of schlstosomal egg load, 

~ 
r. 
I . 
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ii) Groups (A, B, C and D) 

The results are given in Table III.5a. At a work 

output of 900 kpm/min the oxygen intake (Vo
2 

900) was 

similar for all groups. The minute ventilation volume 

at the given vo2 of 1.5 1/min (YE 1.5) were similar in all 

groups, but sl:iifltly higher in group (0), and in accord with 

previous findings for Sudanese and African subjects. The 

VE 1.5 of Sudanese and Africans are higher than those 

recorded for Europeans (Davies, 1971) at similar work levels, 

There was no difference in cardiac :frequency (fH 1.5) at vo
2 

1.5 1/min between groups (A, C and D), but it is higher in 

group CB) than in the other three groups, Tho fH 1.5 values 

were higher in the two groups (Band D) with schistosomiasis 

signs than those groups (A and C) without schistosomiasis. 

In absolute terms ( 1/min) th~ mean predicted maximum aerobic 

power output was higher in group (A), followed by group (C), 

and groups (Band D) had similar maximum predicted aerobic 

power. The V0
2 

210-0.65 x age values o:f the two groups with 

no signs of schistosomiasis ( (: 363 1/min (group A) and 

= 2. 67 1/min ( group C)) were higher than V0
2 

max values of 

groups (Band D) with schistosomal signs ((vo
2 

max (group B) 

= 2.47 1/min and vo
2 

(group D): 2.46 1/min)). 
max 

In 

relation to body weight and lean body mass groups (A and C) hnd 

higher values than groups (ll and D). However, when renting 

the leg volume to vo
2 

max groups (A, Il and C) aro similar and 

group (D) had a higher value than the other threo groups. 

Tho moan vo2 900, VE 1.5, VT 30, fll 1,5 and ~02 210-0.65 

x age in hoth nhsolu te term,; and re la ti vo to hotly weight., lean 



f) 

body mass and leg volume are independent of schistosomiasis 

signs and symptoms. The outcome of the analysis a data 

supports previous evidence (Collins et al. 1976; Davies, 

1972), and is against the view thats. mansoni impairs 

physiological responses to exercise, at least for this 

particular community. 

Pulse rate and blood pressure 

Resting pulse rate and blood pressure for all 8 groups are 

summarised in Table III.6, and Table III.Ga. There were no 

significant differences between the first four groups (1, 2, 3 and 4) 

or the second four groups (A, B, C and D). All values of pulse rate 

and blood pressure fall within tte normal range. 

g) Biochemical investigations 

i) Groups (1 1 2 1 3 and 4) 

Results of biochemical investigations of groups (1, 2 

3 and 4) are given in Table 111.7. The total protein is 

significantly different (P <0.05) between group ( 1) and the 

other three groups (2, 3 and 4), Albumin, globulin, sodium, 

potassium and urea values were not signilicantly different 

between all four groups. However, the value of potassium 

concentration in group (1) was higher than tho other three 

groups (1, 2 and 3). Alkaline phosphatase concentration was 

significantly different (P< 0.02) between group,. (1 and 2) 

and groups (3 and 4). The serum bilirubin conccnt1·ation was 

sib'l'lif ican tly diff ercn t ( P < 0. 02) be tween g1·oups ( 1 and 2) and 

groups (3 and 1). 
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signs and symptoms. Tho outcome o! the analysis d data 

supports previous evidence (Collins et al. 1976; Davies, 

1972), and is against the view that S. mansoni impairs 

physiological responses to exercise, at least for this 

particular community. 

Pulse rate and blood pressure 

Resting pulse rate and blood pressure for all 8 groups are 

summarised in Table 111,6, and Table III.6a, Thero were no 

significant differences between the first four groups (1, 2, 3 and 4) 

or the second four groups (A, B, C and D). All values of pulse rate 

and blood pressure fall within 1le normal range. 

g) Riochemical investigations 

1) Groups (1 1 2 1 3 and 4) 

Results of biochemical investigations of groups (1, 2 

3 and 4) are given in Table llI.7. The total protein is 

significantly different (P<:.0,05) between group (1) and the 

other :!;hroe groups (2, 3 and 4). Albumin, globulin, sotlium, 

potassium and urea values were not signilicantly different 

between all four groups. However, the value of potassium 

concentration in group ( 1) was higher than lho other three 

groups (1, 2 and 3), Alkaline phosphatase concentration was 

significantly di.Cfe1·ent 0'< 0.02) between group,1 (1 and 2) 

and groups ( 3 and 4) . Tho scrum bilirubin concentration was 

sib'Tl if ican tly different ( P < 0 .02) between groups ( 1 and 2) and 

groups ( 3 and 4 ) • 



4. 

ii) Groups (A, B, C and n) 

The results of groups (A, B, C and D) are summarised 

in Table III.7a. Potassium,urea and serum bilirubin 

concentrations were not significantly different between 

all four groups, The total protein of groups (D, c and 

D) was significantly different from group (A). Although 

the total protein conccntra tion in the serum oI group (A) 

is less than the other groups, the ai.bumin fraction 

of group (A) wa s significantly difieront (P<0.05) from the 

other three groups ( H, C and D). The globulin fraction of 

groups (B, C and D) was significantly different (P<0.05) 

from group (A). The sodium conocntration of group (B) was 

significantly different from the other three groups (A, c 

an<.! D) at the 5% level (P-C:0.05). 

DISCUSSIO:i 

S. mansoni prevalence :h the Gczira irrigated area is well 

recorded (Greany, 1952; Amin, 1972; Omer, 1976). One of the few 

attempts made to a ssess objectively the effect of schistosomiasis on 

µhysiolO Gi cal performance and work capacity was made by Collins et 

al. (l!J7(;) and Davies et al. (1976) on a highly selected, well-

trained migrant lalm ur Iorcn of cane cuttnrs in a Sudanese sugar 

plantation. ThJ.s is loca tcd near the small township L'1 Guneid, 

appl'uxirna tcly 100 km sou theas L oI Khartoum on the eRs t bank of the 

Blue Nilo and facing tho Go:;:ira irrigated area to the wost. Other 

investigations on the effoct of schistosominsls on physical performance 

havo 001111 111nclo by Wyndham (1958), Davies (1972), Omer & Ahmed (1974) 

und Walkor et al. (1972). 

I· 
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The maximal physiological response to physical exercise has 

often been used as an objective assessment of the individual's 

capacity to perform hard physical work (for reviews see Astrand & 

Rodahl, 1970; Shephard et al. 1968; Davies, 1968), There is a 

belief, however, that S. rnansoni may impair this response (Omer & Ahmed , 

1974). The present study was designed to investigate the effect of 

S. mansoni on the physiological response to exercise on an economically 

active static village community (18-45 year old males) in the Gezira 

irrigated area of the Sudan, where no antischistosomal mass treatment 

or anti-molluscicidal application has been carried out. The study 

has clearly revealed that, in this particular community, there are no 

significant differences in physiological working capacity between 

those villagers with the disease and those free of the disease. 

These results agree with previous findings (Collins et al. 1976; 

Davies, 1972; Walker et al. 1972; Cook et al. 1974; Foster, 1967). 

The different groups in the village community were homogeneous in 

respect of age, sex, body weight, stature, religion and socio-economic 

conditions. The majority of villagers, irrespective of the individual' s 

normal occupation, were engaged in agricultural activity, The risk 

of infestation with schistosomiasis is therefore likely to depend on 

the degree of individual involvement in agricultural work. An 

inconsiderable number (3%) of villagers were unemployed. Although 

the majority of them were employed, the moun monthly income was low; 

it is a typical picture encountered in the developing world whore 

people share labour. The phenomenon of labour sharing in the village 

community meant that every individual has to participate in farming 

work in order to help his reln tives. This is why nearly half of them 

held two Jobs, ono of which is ulways of nn agri<:ul tua·a 1 no turo. 



The responses to submaximal exercise and predicted VO 
2 max 

are similar to previously recorded findings on Sudanese, African 

and Colombian workers performing heavy physical work (Collins et 

al. 1976; Davies, 1973; Ojikutu et al. 1972; Spurr, 1977). 

Although each subject was familiarized and habituated to the 

bicycle ergometer, there was an increase in ventilation rate 

(VE 1.5) and yet this apparently had no effect on oxygen intake. 

The increased VE 1.5 most probably is associated with psychological 

factors (Davies, 1973) and anxiety originating from unusual laboratory 

circumstances rather than any physiological mechanism. However, 

such high values were also recorded among Sudanese and Africans 

(Collins et al. 1976; Ojikutu et al. 1972). 

The values of vo
2 

900 are identical for all groups and similar 

to those recorded on Sudanese, Africans and Caucasians (Collins et 

al. 1976; Ojikutu et al. 1972; Davies, 1972, 1973; Astrand, 1960). 

The maximal aerobic power output was predicted from the responses to 

submaximal exercise during upright exercise on a bicycle ergometer. 

In order to minimize the over-estimation in older subjects and 

under-estimation in younger subjects (Davies, 1968), the prediction 

of the maximum aerobic power output was made from vo21i11 r-egression 

equation for each individual; age was adjusted. In absolute 

terms, the predicted vo
2 max of groups (A and C) is higher than the 

vo
2 

max of groups (B and D), which suggests at first sight that 

s. mansoni docs affect the maximal aerobic power output, but the 

differences arc not statistically significant between any of the 

groups. The rcsul ts including the vo
2 

210-0. 65 x age in relation to 

body weight, lean body mass and leg muscle (plus bone) volume are in 

agrccm0c~nt w:l.th previous .Cindings (Collins ct al. 1976; Wyndham ot 
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al. 1966; Davies, 1973; Ojikutu, et al. 1972). 

Forced expiratory volume, forced vital capacity and peak 

flow rate wore not impaired by schistosomiasis infection as 

recorded before (Omer & Ahmed, 1974); instead they are similar 

to findings previously reported from Gezira (Khogali, 1976). 

Haematological findings are identical for groups (A, B, C 

and D) and lay well within the normal range; However, there is 

a clear difference in haemoglobin concentration (P< 0.02) between 

the non-infected and lightly infected groups (1 and 2) and 

moderately and heavily infected groups (3 and 4) . The difference 

is highly related to the egg load and amount, approximately 1.0 

g/100 ml of blood. In contrast to reports from other endemic 

areas (Ongom & Bradley, 1972; Davies, 1972; \Voodruff, 1973), 

the investigated population showed no signs of any type of anaemia 

and, in !act, the mean haemoglobin concentrations were in the 

uppor quartile of the normal range. The eosinophil percentage 

increases with increase in egg load. Eosinophil counts in group 

(4) with the highest egg load is significantly different from the 

other three groups (1, 2 and 3) at the 5% level (P<0.05). 

There are significant differences at the 5% level (P<0.05) 

between group (A) and Groups (B, C and D) in total protein, albumin, 

globulin, sodium and alkaline phosphatase; such differences were 

similar to previous findings reported (Deschamps et al. 1955; 

Azevedo ot al. 19 57). Significant differences (P<0.05) in protein, 

(P<0.02) in scrum bilirubin and (P<0.02) in alkaline phosphatase 

were only detected between groups (1, 2 and 3) and group (4) which 

is heavily infected. 



TABLE 111.1. Su..ary of sociological data for llanagaza and nearby villages study. (Means!S.0,) 

Marital status No. of boys No. of girls Dependents Present occupation 
in the family in the family 

Group N 

Single Married No One or No One or 
No O'le or Farmer Non- Student or depend-

boys 110re girls more ents more farmer unemployed 

:Sen- infected 
19 18 25 12 22 15 25 12 13 20 4 

37 villagers (51. 4".'} (48 . 6".') (67.6S) (32.4'-') (67 .6".') (40.5'-') (67.6S) (32.41) (35.11) (54.lS ) (l0.81 ) 

!nfected 76 71 85 · 62 94 53 107 53 63 71 13 
147 

village rs 
< 51. 7S) (48.31) {57 . 8".') {42 .41) (63 . 91,) {36 . ll) {63.91) {3u.1S) (42.9".') (48.3S) (8.~) 

cont'd 

---........... ~ 
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TABLE 111.l cont'd 

Previous occupation No . of Jobs Type of jobs Giving help Getting help 

Non- Studen t Farming Mixed Non-
f ar1Ding or 0 l 2 farming Yes No Yes No 

unempl. 

8 5 22 l 16 20 8 17 12 26 11 7 29 

(14. 3i) (62.9') (2.71) (43.21) (54.1'} (21. 61) ( 45. 91} (32 . 41) (70.31} (29.71} (19. 41} (80.6';} 

17 93 9 64 74 33 69 37 104 36 25 111 

(11.6<;) (63 . 31) (6.11) (43.51) (50.31) (23 . 71) (49,61) (26.61) (74 .3') (25.71) (18.41) (81.6~) 

S□oking habit Income in No .of 7rs Sport No. of 
No. of No . of No. of yrs No. of yrs resting sleeping 

St pe r living in working 
hours hours 

in present in previous 
Yes So mon th Gezi ra Yes No hours during occupation occupation per 

work day 
-

9 28 30 . 8±.20 . 4 26.~.8 17 20 7. 12!2.8 1.si!:1. 45 7.24!.l. 72 6.5!2.3 1.83!2.6 
(75 . 71 ) (45 .91) (54.ll) 

52 95 25.J:!:16.4 26.7! 7.8 63 84 7. 48!.2. 5 1. 58!:1. s1 7.38!:l .6 6.6!2.6 1. 86!2 .6 

(64.61) (42 .91) (57.lS) 



TABLE 111.2. Phys ical characteris tics of .-.&anagaza and nearby villagers, categorized by egg counts ( eggs/g 
of f aeces ). ().lean values!s . D) Age, weight (Wt ) , height (Ht), body surface area (SA ), lean 

Group N 

l 37 

2 109 

3 25 

4 13 

Si gnificance 

Age 
(yr ) 

26 .~5 . 9 

28 . )!.7 .0 

25 . 2:!:.6 . 6 . 

22 . 5!,4 .9 

l vs 4 
(P<0 .01) 

body mass (LBM ) , leg muscle (plus bone) volume (LV ) 

Wt Ht SA LB\I LV Egg counts 
(kg) (cm) c1n2 ) ( kg) (l) (egg/ g of 

faeces 

57.I.!.7.6 168. '7!.6 . 3 l.6s!o. 10 49.7!.6 . 6 11.o!.2 . 1 O!o 

56 .9.±,8.l 168.3:!:,6.5 l.64!0. ll 49 .6,:t6 . 9 10 .6.!,l. 5 145.!,120 

53 . 8,!;«L 4 170 . 2,::.9 . 4 1.62,:t0.12 47.7,:tS. 2 10 . 7!1. 9 7ll! 91 

53 . 7! 4. 0 168 . 7! 9 . 5 1.61.::.0 .08 48 . 7,!.3.7 10. 7!1. 3 1571!,680 

NS NS NS NS NS P < 0. 01 
l vs 2 , 3 & 4 
2 vs 3 L 4 
3 vs 2 L 4 
4 vs 2 &r. 3 

~ . -~ - ~ -~;:;::;;.,;:::;;~~:;.'r- ~ • .. ~1": -::.-.-.. - -·~- --- - ---- -=-



TABLE 11 I. 2a . 

Group N 

A 26 

B 9 

C 108 

D 25 

Physical characteristics ,.and egg counts (eggs/~ of fu><:es) of Managa z:a and neart.,y villagers 
categorized by egg counts, s igns and symptoms. (Mean~.D) 

Age Wt Ht SA LBM LV Em counts 
(yr) (kg) (cm) ,.2, (kg ) (1) (egg;/g of 

faeces 

26.~.7 58.o±a.l 169.1!.6 .5 1.ss±o.10 so.3!-6.s 11. 4,!2 . 2 o!-o 

27.2!-6.9 54. S:6 .6 166 . s:!:.6 . 5 1. 6 :L!.o . 09 47. 6!6 . 5 9 . s!.1.3 o!-o 

26. ~7 .0 56 . T-'.7 .4 168 .6!7 . 4 l.'64.~0 .ll 49. 6!6 . 5 10 . 6!1.s 38ot430 

30.S:6.3 55 .Qt8 , l 168 . s:!:.LO l.6zto .13 48.4!.6 . 8 10.s:!:.2 . o 272!.354 

A vs B 

Significance A, B &< C vs D NS NS NS NS P<0 . 01 A&< B vs C &< D 
(P< 0.05) (P< 0.001) 

CX) 

"'" 



TABLE Ill .2b. Phys:iJll charcteristics and egg counts of non-infected and infected villagers. (MeanZs .o . ) 

Gr oup N Age Wt Ht ,!~) LB.',1 LV Egg counts 
(yr) (kg) (cm) (kg) (1) (eggs / g of 

faeces) 

Non - infected 
villagers 

37 26.2!5 .9 57 . i:!:.7 .6 168.7Ui.3 l . 651o. 10 49. 7.!6. 6 11.o!:2 . l 0 

Infected 147 21 . 1:!:.1.o 56. 1:!:.1.6 168.-,.!7.3 1. 6:¢:o.11 49.~ . 4 10. 61:.1. 6 367~86 
vi llazers 

Siwiificance NS NS NS NS NS f\'S (P<0 .001) 



TABLE III.3. Pulmonary Function Tests (lleanS::S .D . ) of llanagaza and nearby villagers, categorized by egg 
counts . Forced expiratory volume per one second (FEVv, forced vital capacity (.EVC) , and pea.k flow rate (PFR) 

Group 

1 

2 

3 

4 

N 

37 

109 

24 

13 

FEVl 

( 1/ sec) 

3 . 4!1.!0 . 61 

3.37!.0 . 70 

3 . 65!.0 . 70 

3 . 54!_0. 70 

FVC 

(1) 

4. 25!.0 . 63 

4.23!.0 . 71 

4.37!.0 . 72 

4 .10!.0 . 55 

PFR 

(1) 

542!.72 

532!.74 

533!.85 

508.! 72 

(X) 

ii:;, 



TABLE ll l. 3a. Pulmonary Function Tests (Meana!s.O.) of Managaza and nearby villagers, categorized by egg 
COWltS and signs and 1ympt011S 

Group N F1' FVC PFR 
( l/sec) (1) (l) 

A 26 3.58.!.0.59 4.38:t0.60 546±79 

B 9 3.19!,0 . 64 4.91±0.67 531±58 

C 107 3.48.!.0.72 4.2~0.70 537!.75 

0 25 3.29!,0.72 4.21±0. 78 520!,74 

--· ~r I J... -~ .....;--.:-~-'-" '- • 
l:il 



TABLE III.3b. PulllOllary Function Tests (IJeanC:S.D.) of non-infected and infected villagers 

Group N 

Non-infeCted 37 
villagers 

Infected 
villagers 

147 

FEV, 
(l/sec) 

3.49.:t.D.61 

3.43!,0. 70 

TaW. . -rt 

FVC 
(1) 

4.2~0.63 

4.2~0.70 

.. . ~ 

PFR 
(l) 

542!.72 

53()!:75 

CJ 
:, 



TABLE Ill .4. Haematological investigations (lleans.!s . D. ) of Managaza and nearby vi llagers, categorized by egg 
counts. Haemoglobin (Hb), packed cell volu■e (FCV), white blood count (WBC),erythrocytesedimentation rate (ES R), 

polymorpbonucleocytes (Poly), lymphocytes (Ly■ph), basophils (BAS), eosinophils (Eo.5), and monocytes (Mono). 

Group N 
Hb Hb PCV WBC ESR Pol~ Lymph BAS Eo.5 

{g/100 ml) {j) {j) (per a3) { 'I,) ( 'I) ( 'I ) ( 'I, ) 

l 35 15.2!.l.3 104.219.o 47.o!.3.8 4734!2311 14.6:!:18. l 49.21-14.l 39.6:!:ll.6 0.2J.!o.43 7.4!5 . 5 

2 102 15 . J.!1.1 103 . J:!7 .9 46 . 7!.J.2 4804.!-1618 15.2-!.13.0 46 .o.!:14 .0 39 .1!12.o 0.28.!o . 62 10 .o!s . 2 

3 23 14. 2:tl .4 97 . ~ .9 45.1,!;3.4 4570!:1085 19 . 3!:19 . 5 48 .8!:14.l 38 . 3!:12.4 o. 26!0 . 54 9 . 4!7 . 1 

4 13 14 .2:tl . 1 96. 5!7 .0 44.8±3.3 4183±1051 13.8±6.4 37.8±7.9 41.4!7.0 0. 42!,0. 79 14. 9!7.l 

Sigrnf i canc l r. 2 l r. 2 1 r. 2 NS NS NS 1'-S NS l vs 4 
VS VS VS 

3 r. 4 3 r. 4 3 r. 4 
(P < 0 .002) (P < 0.001) {P < 0 .05) (P < 0 . 05 ) 

~ 

l!ono 
( ~) 

3. ~ . 6 

4.o.!:2. 8 

3 .2±2. 8 

5. 5!2 .5 

KS 

0) 

~ 



Group 

A 

B 

C 

D 

TABLE III.4a. Haematological investigations (Mean&!S . D.) of ~lanagaza and nearby villagers, categorized by egg 
counts and signs and symptoms. 

Hb Hb PCV WBC ESR Poly Lymph BAS EOS 
N 

(g/100 1111) (1,) ('.L) (per -3> ('.-) (1,) ( '.L) (1,) 

25 15.o!.1.3 102.s!s.5 46.3!4.0 4844!2493 13 . 1.!.14 . 9 46.G!l.5 . l 4 l. l.!.12. 7 0.2C0.44 8 .CG. 2 

8 15.9!.l.0 108. 6.!,7 .0 49.4.!.2.2 4713=_1992 11.o:tl.0.6 54 . 4::8 . 6 36 . 9.!.7 . 3 0.25.!.0.46 5. 8'"-2. 5 

105 15.®.2 102 . 3.!.8 .0 46 . 3.!.2 . 9 4795.!.1553 15.®3.0 45.0.!.13.4 40.5.±.11 . 5 0 . 27.!.0.61 10 . 0.!.8.0 

22 14. 7!1.5 100.a±.l0 . 5 46.6;!:4.6 4381:!:1366 15.l:!:ll.l 51. l:!:15. 0 36. l:!:11. 8 0.45;!:0.67 8.3:!:6.8 

"' a -• ~ 

Mono 
('.L) 

3 . 7!.2. 9 

2. 9.!..l. 7 

4.2.!.2 . 7 

4. l:!:3 . 5 
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TABLE I l l.5 . Submaxiaa l re~ponses to exercise (Means±.s . o .) of Ma~agaza and nea rby vil l ager s, ca tegorized by 
e~g counts. Oxygen in t ake _(VC>i ) at a work . output of 900 k~m/min (V02 900~, ven t ila t ion ~ta VC02 or 1.5 1/ min 
~VE1,5) tidal vol ume at a VE of ~O 1/ min (Vr 30), cardi ac frequen cy at a V02 1.5 1/min (fH1, 5) an,j vo2 at an 
fH of 210-0 . 65 x age beats/mjn (V~ 210-6 .65 x age ) in absolute (1/min ) and relative ml/kg( body weight )/min , 

ml (kg( lean body mass )/mi n and ml/l ( leg volume )/min . 

V02 900 VE1. 5 VT 30 fH1,5 
vo2 210-0 .65 x age 

Group N --·-
( l / 11 i n) {1/min) (1) {beats/min) Abs Wt LB!J LV 

( l/mi :1 ) (ml/kg/min) (ml/kg/min) (ml/1/ min) 

1 37 2 . 24:!:.o . 16 55. 0:!:.7.7 1.16~ .27 142!.15 2.7 ~ .71 48. 5!.15 . 2 53. 8!.17. 9 251:!:.58 

2 109 2. 20±0 . 17 52. 8:!:.6 .6 1.17:!:.0 . 30 139!.15 2. 61!.0 . 55 46 . 6:!:.l0. 8 53. 6.!.12. 6 250.!.53 

3 24 2.2~0 . 24 53. 3:!:9 .o 1.23~ . 45 135!.18 2.78!0.62 51. l!.10. 8 57.7:!:.12.9 26 1:!:.66 

4 13 2. 17:!:.0 . 15 55 . 3:!:.9 . 3 1. 24!.0 . 40 142!.16 2.55±0.44 47.7.!,9. l 52.6:!:.10 .2 242:!:.50 

~ - .. --~ ~'7...;\;.-...., __ • !~-~~. 

00 
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TABLE Ill.Sa. Submaxiaal responses to exercise (Mean~ S. D.) of Managaza and nearby villagers categorized by 
egg counts and signs and s ymptoms 

'¢'02 900 VE1, 5 Vr 30 fH1. 5 
V02 210-0.65 x age 

Group N ( 1/min ) ( 1/ min ) (1) ( beats/aain) 
Abs Wt LBM LV 

(l/aain) (ml/kg/ min) (ml/km/ min) (1111 / 1/ min) 

A 26 2.2~ .14 53. s:t6 .9 1.2o!.o.1s 13S:::l2 2. 83!0 .68 49.9!.15.2 57.6!.18.3 252!47 

B 9 2 .2C0 .22 59. :i.!.s .5 1.1o!:o. 38 149!.18 2.4 7.:!:o .77 45.9!.15.8 53.o:!:.17.6 262!86 

C 108 2.19.:!:o .16 52 . 5!7.4 l.18U>.34 138!16 2. 67.:!:o . 58 47. 5!10 .6 54. 4!.12. 5 256:t56 

D 24 2.2C0 .20 53 . i:!:5.8 1. 26.:!:o. 34 H z!.17 2. 46.:!:o . 45 44 . 7!.9 . o so. 9:!:u.4 23i;!:45 

co 
0 



TABLE 111 . 6. Resting pulse rate an1 bl ood pressure (Means!S .D.) of Managaza and nearby villagers categorized 
by egg counts. 

Grou p N 
Pulse ra t e Systolic BP Diastolic BP 

(beats / rnin } ( mm Hg ) ( 111m Hg) 

1 29 74 .0:S .5 118.2:!:.7 , 5 72 . 8!.7 . 8 

2 74 73. o:!:ll. .O 116 .G!a.B 71.J:.7 . 8 

3 17 11. o:!:10 . 8 111, g:!:15 , 7 70 . 8!.ll . 3 

4 5 68.o!s . 5 118 .o!.7 . 7 70 .o!. 7. 1 

TABLE 111.6a. Resting pulse rate and blood pressure (Means!s .D. ) of llanagaza and nearby villagers categorized 
by egg counts and signs and s ymptoas 

Group N 
Pul se ra t e Systolic BP Diastol ic BP 

(bea t s/111in ) (1111 Hg ) (mm Hg ) 

A 21 74.~ .l 118. 6!'8 ,,0 73 .o:t7 .8 

B 8 73. o!.ll.2 117.~.4 72.J!s.4 

C 71 72 .o!.10 . 3 117. 3!.l0 .3 71.s!S.4 

D 24 75.o!.12.6 ll6.z!s. 7 69.0:S.l 

--, ....... ~ _ ·~ ·~ 
c., 
.... 



TABU: 111.7. Biochemical investigations (Mean:::S . D. ) of Managaza and nearby villagers, categorized by egg 
Counts. Total prote in, albumin (ALB) , serum bilirubin, alkaline phospha tase (ALKPHS), sodium ( Na ) , 

pot assium ( K ), urea and globulin (GLOB) 

Total ALB GLOB 
Ser um Urea AIJ< PHS Na K bi lirubin Group N protein ( g/ 100 ml) (g/ 100 ml) (m Eq , l) (m Eq.l) (mg/ 1) ( KA ) 

(g/100 ml) ( g/100 ml ) 

l 35 7.66.!.0.50 4.17!:.0 . 43 3 . 63:!:o . 68 134 , z::!:_3 . 3 4. 4Q!:.l. 22 0 , 07_!.0 . 15 19 . 2::_G. 9 7 . 8!_3 . 6 

2 100 7.96,!.0.61 4.05.:t0 .41 3 . 92::.0.70 134 . 7!:,3 . l 4 . l~0. 76 0 . 01.to . 21 21. 8!_8.0 7, 6.!.3 , 3 

3 22 8,0a!,0.54 4. 17!:,0 . 35 3 . 95.:!:.0 , 67 135. 5.:!:_3 . 0 4 ,0.l.!,1. 04 0 . 14.:!:_0 . 22 20 , 4.:!:.6 , 8 8 . 3:!:.2 , 7 

4 11 7.85.:!:.0.32 4 . 16,!.0 . 25 3 , 52:!.0 , 23 135 ,5!.l. 7 4 .GQ!:.l. 67 0 . 25:!:.0 . 24 19 . 5:!:_5 . 6 10 . 92:.3 , 3 

1 &. 2 l L 2 
S1gni!icance l vs 2, 3 &. 4 NS NS . NS NS VS NS vs 

(P < 0 .05) 3 &. 4 3 &. 4 
(1'<0 .02) (P< 0.02) 



TABLE III. 7a. 

Group N 

A 25 

B 9 

C 104 

D 25 

Sign if ic:&nce 

Biochemical investigations (Means:!:.s.o. ).of l.lanagaza and nearby villagers, categorized by egg 
counts and signs and sy1DptoD1S. 

Total 
ALB GLOB K 

Serum 
Urea Al.KPHS 

protein 
Na 

bilirubin 
( g/100 1Dl) 

{g/100 1Dl) (g/100 ml) (ID Eq . 1) (ID Eq-1) 
(g/ 100 ml) 

(i:ig/ 1) (KA) 

7.S:0.46 4.2S:.0.4l 3.47!.o. 59 134.s!J.2 4.s!l.3 o.oa!o.15 19.5!.7.2 7.o!J.6 

7.s!.o.60 3.92!<>.45 4.ll,!.o.76 132.3!.3.4 3.s!.o.5 O.OS:0.17 17.r-5.6 9.r-3.0 

8.o!.0.60 4.12!<>.41 3.92!<>.76 135.2!.2.8 4.2!<>.9 0.12!.o.24 21.9!8.0 1.s±.J.o 

7 . s:!:o. 50 3.94!.o.28 3. 9],!.o. 38 134.0!3.3 4.o!.0.5 O.Oz!o.10 20.2!:.s.7 8.ls!l.51 

A VS B, B vs A, 
A vs B, C " D A vs B, C C. D C C. D 

NS NS NS (P < 0.02) C C. D (P < 0.05) (P < 0.05) A vs B 
(P < 0 . 05) 

(P < 0.05) 

•-· ...... 

(.:, 

t..: 



TA3LE 111. 7a . 

Group N 

A 25 

B 9 

C 104 

D 25 

Signif i cance 

-- -~~~-:;:-.~ 1" 

Biochemical invos tigations ( ~leans:!s . D. ) . of Managaza and nearby villagers, categorized by egg 
coun ts and signs and symptoms. 

Total 
ALB GWB Na K 

Serum 
Ur ea AI..KPHS 

protein (g/100 ml) ( g/100 ml) (mEq.l) (m Eq-1) 
bilirubin 

(mg/1) (KA) 
(g/ 100 ml) (g/ 100 1111) 

7 . &!o .46 4 .2S:0 .4l 3.47.!o. 59 134 . ~3. 2 4. s:!:.1 . 3 o.o~ . 15 19.~7 . 2 7 . o!-3 . 6 

7 . s!o.60 3. 9z:!:o . 45 4 .11.!o. 76 132 . 3!.3 . 4 3.s!o.s 0 . 06!:o.11 17.r-:5 . 6 9 . r-:3.0 

8. o!.o. 60 4.l~ . 41 3 . 92.!o. 76 135.2!2 .8 4 . 2.!0 . 9 o. 12.!0.24 21. s:ts.o 7.8!3.0 

7 .9!.U. 50 3 . 9~ 0 . 28 3 . 91.!o . 38 134 .o:.3.3 4.o!.o.5 o.oz:!:o . 10 20.2!.s.7 8.l~l.51 

A vs B, B vs A, 
A vs B, C &. D A vs B, C &. D C &. D 

NS 
(P •::o . 02) C &. D ( P<0. 05) ( P <0 . 05) 

NS NS A vs B 
(P < 0.05) 

(P<0.05) 

.. .. ~ - -- :ac::... 



CHAPTER IV 

CANAL CLEA.Ni,;RS STUDY 



1. INTRODUCTION 

Canal cleaners are highly exposed to the risk of infection 

with schistosomiasis. The very nature of their occupation forces 

them to take the risk of being infected by schistosomiasis each 

time they enter the wuter for canal cleaning, not to mention the 

usual risk involved by using the contaminated water in the canals 

for domestic and recreational purposes. 

migrants from Western and Southern Sudan. 

Canal cleaners are mostly 

They usually come from 

villages where they have practised either primitive agricultural 

work or pasturing herds of domestic animals. They lack any 

particular skill, except for manual physical work. Canal cleaning 

is often the first available job offered in the Gezira for those 

arrivals who have nothing or very little money. The demand for 

canal cleaners is high, because the working life span of canal 

cleaning is particularly short. Most usually spend only a few 

years working as a canal cleaner and soon quit the occupation, 

mainly because of repeated infection by schistosomiasis and the 

debilitating effect of the disease. They arc employed by the 

Department of Irrigation on a daily piece-work basis which puts 

them in the same catt>gory as seasonal labourers. 

2. IRRIGATION SYSTEM 

The water supplying the Gczira scheme is brought by gravity 

from the Scnnar Dam via the Gezira main canal, the length of which 

is 204 km. The main canal branclws into a series of major canals 

and from these, at intervals of 300 m, minor canals lH·anch at 

right-angles (Figure 111.2), Small irrigation chnnncls, called 

,\bu-J::shrccn, emorgc from the mino1· canals to irri gate DO fe<ldans 

1l 



of cropped land. r'urther branching of even smaller channels 

(Abu-Sittas) carry water into other small channels which irrigate 

the crops. Water flows from the Sennar Dam into the system from 

the middle of July to about the end of March. For the remainder 

of the year different parts of the system are supplied by water 

pumped from the Blue Nile, The pumped water irrigates gardens 

and is used by villages which do not possess wells for their 

domestic water supply. 

3. CANAL CLEANING 

Vegetation plays a considerable role in obstructing the flow 

of water along the canals, since the only driving force distributing 

water from the origin (Sennar Dam) up to the hawashas (the end 

point) is gravity, For this reason canal cleaning is essential 

to secure an adequate supply of water to the crops . The cleaning 

is carried out manually to remove the submerged and emergent rooted 

and :tloating vegetation (Figure IV .1). Canal cleaners use machetes 

to cut weeds and then remove the collected vegetation onto the banks 

of the canals. 

4. ODJECTIVES OF THE STUDY 

Canal cleaners by virtue of their occupation are in continuous 

(every day) risk of infestation with schlstosomiasis compared with 

the other active working population in Gezira. Very fow 

investigations have been reported on the effect of schlstosomiasis 

on similar populations (Ongom & Bradley, 1972) and none of the offoct 

of s. mansoni on tho phys iologica 1 responses to physical cxcrciso. 

The obj<.,ctlves of tho present study wo,·c therefore us follows: 

96 
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a) 

b) 

To study the effect of S. mansoni on the physiological 

responses to physical exercise in a highly exposed and 

infected population (canal cleaners); 

To compare the canal cleaners group with an active 

working Gezira population having a smaller degree of 

infestation. 

In order to fulfil these objectives, identical / 1vestigations 

were made on both canal cleaners and Gezira villagers, taking into 

account factors such as age, sex, anti-schistosomal and anti-

malarial treatments and anti-molluscidal application in the area 

of the study. 

5. MATERIALS AND METHODS 

Nineteen canal cleaners volunteered to participate in the 

study. Laboratory exercise tests, pulmonary funct1on tests, 

anthropometric measurements, haematological and biochemical 

investigations and sociological questionnaires similar to those 

carried out in the Gezira villagers study were applied to the 

canal cleaners. As before, all volunteers were tr€3 ted with anti.-

malarial drugs (chloroqui1c phosphate) three weeks before the tests. 

In comparison with the villagers study tho canal cleaners study 

presented a number of added difficulties. Canal cleaning is not 

confined to one place; groups of cleaners cover a large irrigated 

area. Tho leader of each gang moves them from one place to 

another according to tho i·equirements of the Irrigation Department's 

Office. The gang usually consist>! of cleaners not living in one 

camp or villago and for this reason it was difficult to mako the 

,iuloction nn<l preliminary screenini;. It was necc s ,i:iry to make 



long journeys in order to collect the subjects and their stool 

specimens for parasitological investigations. The help given by 

tho various heads of irrigation offices in the area was invaluable. 

They ensured that the men were relieved from their work in order 

to participate in the study, even though this restricted the 

available labour force. 

6. 

a) 

RESULTS 

Sociological data 

The summary of sociological data on canal cleaners and villagers 

is given in Table IV.I. Marital status, number of children and 

number of dependents in the family are similar in all groups. The 

majority of canal cleaners were engaged in agricultural work before 

migrating to the Gezira. They hold only one job - canal cleaning. 

There are highly significant differences between villagers and canal 

cleaners in smoking habits, years lived in Gezira, sport, years in 

present occupation and number of sleeping hours per day. They sleep 

about 2 hours longer than Gezira villagers. Tho three groups are 

not significantly different in terms of working years in their previous 

occupation, working hou1·s per ctay, resting hours during work and 

monthly income. However, the Gezira villagers have a higher monthly 

income. The difference is about 10 to 15 Sudanese pounds a month 

higher than the canal cleaners. 

h) Phvsical characteri.stics 

The physical characteristics of the group are shown in Table IV. 2. 

There were no !ltatistically significant differences in age, body 

wciisht, statul'<>, slcin surface area, lean body mass and l eg mui.cle 



(plus bone) volume, betwee n the three groups (i.e. non-infected 

a nd infected villagers and canal cleaners) , though the trend was 

for the canal cleaners to be taller and have higher values in 

terms of skin surface area , lean body mass and l e g muscle ( plus 

bone) volume. 

c) 1-:gg c ounts 

The mean r e sults of e gg counts are given in Ta ble IV.2. 

The difference is highly significant (P<0.001) in ogg counts 

pe r gram of faeces between infected villagers anu canal cleaners. 

d) Pulmonary function t es ts 

The results of pulmonary functi o n Les ts are giv e n in Table IV. 3. 

Forc ed expiratory volume (FEV 1 ) per 1 second, f o rced vital capacity 

(FVC) a nd peal< flow rate (l'FI\) are not significantly different in 

the g roups. Tho values o .[ FI.W 
1 

am PFR are sli ghtly lower in canal 

cleaners than in villagers. 

e) llaomatol nr~lcal invcs ti 1:a tions 

A summary of all r esult s of haemn to logical inve stigations are 

g iven in Tal,le IV .4. Tlw r o arc highly statistically significant 

di r fero nces in llacma tological meas ured values b etween th, canal 

cl e ane rs and vi l lagors. Lower values of haemog lobin concentrations, 

packe d cell volume and tho pcrcenta1-;o oI polymorphonuclcocytos and 

lymphocy tos wcro recorded in canal clenners group and values of higher 

white blood cell counts,erythrocytcsoulmentatlon rate and percentage 

of cosinophi ls wcro also ro, c orded in th" canal cleaners. There is 

no ,,11 gnifican t ul ffercnc e in basophile1 and monocy t e s betwee n the 

I 
I 

I; 
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three groups. 

f) Physiological response to exercise 

The results of submaximal responses to exercise are 

summarized in Table IV.5. At a work output of 900 kpm/ min oxygen 

intake is similar in all groups. The V0
2 

900 of the canal cleaners 

group is lower than the villagers values; nevertheless, the 

difference is not sib'Tlificant. The minute ventilation volumes 

(VE 1.5) were similar in all groups, but slightly lower in canal 

cleaners. Tidal volume at a VE of 30 1/min values were similar in 

the three groups. Although the VT 30 value of caral. cleaners is 

lower than the VT 30 values of villagers, the diffe1·ence is not 

significant. 

There is a significant difference (P <0.05) in cardiac 

frequency at a vo
2 

1.5 1/min between canal cleaners und villagers. 

The canal cleaners have about 6-9 beats/min higher cardiac frequency 

than non-infected and infected villagers. 

In absolute terms (1/min) the mean predicted maximum aerobic 

power output vo
2 

max was higher in villagers (both non-iifected 

2.71 1/min and infected 2.63 1/min) compared to canal cleaners 

(2.39 1/min). In spite of the marked difference in absolute vo2 

max values between the groups, tho findings were not significantly 

different. The rela tionshlp of the vo2 max to indices of body 

size and composition in the three groups shows the following: 

i) In rcla tion to body weight, the vo2 max per kg body 

weight in canal cleaners was markedly lower than in villagers. 

However, the difference is not statistically significant. 
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11 ) 

iii) 

g) 

In relative terms of lean body mass, there is a 

significant difference (P <o.05) in vo
2 

max/kg lean body 

mass/min between the canal cleaners and villagers. The 

difference is about 15% ( 8 ml/kg/min) between the canal 

cleaners and villagers. 

Values of the vo2 max i n relation to leg muscle (plus 

bone) volume show an even more highly signif:icant difference 

(P< 0.002) between canal cleaners and villagers. The 

difference amounts to about 17% (41 ml/1/min). 

Pulse rate and blood pressure 

The pulse rates and blood pressure of canal cleaners and 

villagers are summarized in Table IV.6. There were no significant 

differences in pulse rates and systolic blood pressures between the 

three groups. However, there is a significant difference (P<0.002) 

in diastolic blood pressure between canal cleaners and villagers. 

7. DISCUSSION 

Canal cleaners are continuously exposed to schistosomiasis 

and were found to be highly infected (mean egg counts= 2054.!1105 

eggs/g of faeces). There is a close similarity between canal 

cleaners and villagers in age, body weight, lean body mass and leg 

muscle (plus bone) volume (Table IV.2). However, the canal 

cleaners are superior to the villagers in respect of height, loan 

body mass and leg muscle ( plus bone) volume. On the other hand, 

canal cleaners take no part in any type o! sport or games activity, 

give no manual help to relatives and they tend to sleep more hours 

por day than villagors. 

~ 
I 
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The study has clearly revealed that an impairment amounting 

to 15-17% of maximum physical working capacity occurs in canal 

cleaners compared to lightly infected and schistosomiasis-free 

Gezira villagers. It seems that the level of infection with 

schistosomiasis may indeed play a major role in influencing physical 

working capacity. The physical working capacity was not impaired 

in lightly infected villagers (e~g counts= 367±..i86 eggs / g of 

faeces) in comparison with non-infected villagers, which is in 

accord with previous findings on children (Davies, 1972; Walker 

et al. 1972) and on adults (Collins et al. 1976). However, 

impairment in physical working capacity becomes manifest when the 

pattern of intensity of infection changes from light to very heavy 

(the level of impairment may then be as much as 17%). 

Though the mean vo
2 

900 value of canal cleaners was lower than 

that of the villagers the differences were not statistically 

significant. Nevertheless, the results a re in agrcemen t with 

previous findings in Sudanese and Africans (Collins, 1976; Ojikutu 

et al. 1972; Davies, 1973). There was a significant difference 

(P~0.05) in cardiac frequency at vo
2 

1.5 1/min between canal cleaners 

and villagers. Tho canal cleaners had a higher cardiac frequency 

than the villager.OJ at similar work output. At low and moderate 

work outputs tho differences in oxygen intake most probably disappear 

as a result of an adjustment in circulatory functional capacity. 

Though the mean predicted vo2 max values in absolute terms and 

rola tivo to body weiw;ht were markedly reduced in canal cleaners 

compared with villagers, tho differences were not significant. 

Dy looking at the physical characteristics of canal cleaners who 

aro tailor, have highor loan body mass and log muscle (plus bone) 



volume than villagers, one expects higher values of VO in 
2 max 

absolute and relative terms (Davies & van Haaren, 1973; Davies, 

1972; von Dtlbeln, 1956). But in fact the reverse is true, for 

there is about 15% reduction in vo
2 

values related to lean 
max 

body mass and about 17% rcduc tion in VO values related to 
2 max 

leg volume respectively, the difference is statistically highly 

sib'Tli f leant. 

There are highly sign ificant differ ences in measured 

haematological p a rame ters (haemoglobin, packed cci ll volume, white 

blood cell ccun t s , o:ythrocyte sedimentation rate, percentage of 

polymorphonucle<H.:ytes,lymphocytes and cosinophils) between canal 

cle aners and villagers. Thu reduction in haemoglobin concentration 

a grees with village r study findings and extends further the relation-

ship b e tween the inc reased schi s t osomal e gg loa d a nd reduced 

h aemog lobin conccntrl.ltion. Tho reduction in maximal oxygen uptake 

of c a nal cleaners may be due to the lower haemoglobin concentration 

(the oxygen blnJing capacity of the blood is lower). In previous 

reported findings, Davies (1972) found that vo
2 

was only max 

affected in iron deficiency nnaemla when haemoglobin level reduced 

below about 8 g / 100 ml of blood. 

No impairment was dete cte d in the pulmonary function tests of 

the canal clcanui·,.., compared with the villagers. 

On the basis or the above res.:11ts, therefore, it may be 

concluded tl,at while schistosomiasis han no effect on physical 

performance in l i ghtly infected individuals, irrespective of physlcal 

exertion, it does impair wol"ldng physical capacity of those heavily 

infected (e.g. , canal cleaners with e g g loads of 2os"111os oi;gs/g). 



TABLE IV .1. Su111111&ry of sociological data on oon-inlected and infected villagers and canal cleaners (MEANS!s.D.) 

Marital status No. of boys 1n 

Group N 
family 

Single Married No boys One or 

more 

Xo:i-rn!ected (l) 
19 18 25 12 

37 
\'illagers (51.4'i,) (48.6'1,) (67.6'1,) (32.4'1,) 

Infected 
76 71 85 62 

villagers 
(2) 147 

(51. 7'-') (48.3'i,) (57.8'i,) (42 . 4'i,) 

9 10 14 5 
Canal (3) 19 
cleaners (47.4'r,) (52.6'1,) (73-.7'1,) (26.3-;.) 

Signific&nce 

No. of girls in Dependents 
family 

No 
No One or One or 

girls 
depend-

more 
ents 

more 

22 15 25 12 

(67.6'.L) (40 . 5'1,) (67.6',.) (32.4'1,) 

94 53 107 53 

(63.S'.L) (36. l 'I, ) (63.9'1,) ( 36. l'I,) 

13 6 14 5 

(68 . 4'1, ) (31. Gi) (73.7'-') (26.3'i,) 

Present Occupation 

Stu ent 
Farming 

1 on-
farming or 

unemploy. 

13 20 4 

( 35. l'.L) (54.14-') (10 .8~) 

63 71 13 

(42 .9i) (48. 3') (8 .8~ ) 

19 
0 0 

( lOO'J, ) 

l S. 2 1 S. 2 l &: 2 
vs 3 VS 3 vs J 

(P<0.001) 'Q><0 .001) Q><0 .001) 

... 
0 
C.'l 
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Previous occupation 

Farrnng Non- Student or 
fan:iiog unemployed 

B 5 22 

(22.9';) (14 . 3'1,) (62.91) 

37 17 93 

(25.2';.) (ll.61) (63.3") 

9 8 2 

7AJ) (42.11) (l0.5S) 

l I. 2 l a. 2 
vs 3 VS 3 vs 3 

(P < 0.001) (P <0.OOJ.) (P <0.001) 

No. o! jobs 

0 l 

l 16 

{2.7U (43.2") 

9 64 

(6.11) ( 4S .5S) 

0 19 

(0I) ( 100'£) 

l a. 2 l a. 2 
vs 3 vs 3 

(P <0.001) (P < 0 .001) 

--

TABLE IV.l . cont'd 

Type of jobs Giving help Get ting help 

2 Farming Mixed Non- Yes No Yes No 
farming 

20 B 17 12 26 11 7 29 

(54.11) (21.6") (45.91) (32.41) (70.3") (29.71) (19. 4S) (80.6 

74 33 69 37 104 36 25 111 

(50.3') (23.7'1,) (49.61) (26.61) (74.3'1,} (25.7") (1B.4'1,} 

0 0 0 19 4 15 1 18 

(0'l) (0I) '°') ( 100'1,) (21. 5'1,} (78.91) (5.3") (94 . 

l &. 2 l I. 2 l &. 2 l I. 2 1 I. 2 
vs 3 vs 3 vs 3 vs 3 vs 3 

(P< 0 .001) (P< 0.001) (P < 0 .001) (P <0 .001) 



TABLE IV.l. cont'd 

Scok:Lng habit Income in No . of yrs Sport No. of No . of No . of No, of yrs No. of yrs 
S£ per l iving in working res ting sleeping in present in previous 

month Gezira hours hour s hour s occupation occupation 
Yes No Yes No during per day 

work 

9 28 30.8.:!:,20.4 26. 0.!.5.8 20 17 7 . 12:!:,2.8 1.52.!.l.45 7.24,.!.l. 72 6.5~.3 1. 8:1.:t.2 . 6 

(~4.3'1) (75.7') (M.11) (45 . 91) 

52 95 25 . J.!.16 . 4 26.7.!.7 . 8 84 63 7. 482:.2 . 5 l. 58!1. 51 7 .36.!.l.6 6. c:!:2 .6 1.so!.2 .6 

(35.4'\) (64.61 ) (57.1%) (42.91) 

1 18 15. G.!.1. 2 14. 8:12.6 1 18 7. 42.!.l . 3 l. 35!.l. 43 9.13!1.4 4. 5!.l.6 4. 6.!.2 . 4 

(5.:J~) (94.7':,) (5.~) (94.7" 

1 I. 2 vs 3 1 I, 2 VS J 

(P<0.001) (P<0.001) 



TABLE IV .2. Physical characteristics 1nd egg counts (lleans!s.D.) of non-infected and infected villagers and 

Group 

Non-infected 
(l) 

vi lla iters 

Infe cted (2) 
villagers 

Cana l (3) 
cleaners 

Signif i cances 

Villagers vs canal 
cleaners 

N 

37 

147 

19 

Age 
(yr) 

26.2.!.5.9 

27 . l.!.7 . 0 

27.4.!.6.8 

Wt 
(kg) 

57.J..!.7 . 6 

56.l.!.7.6 

57 . l.!.7.6 

canal cleaners 

Ht 
(cm) 

168. 7!.6.3 

168 . 7!7.3 

172.4!9 . 3 

SA 
(m2) 

l. 6 5:!:,o . 10 

1.63!0 . ll 

1. 68±.0 . 15 

Lilli 
(kg) 

49 . T-:6 . 6 

49 . 2!.6.4 

51.7!.6.2 

LV 
(1) 

11.o:2.l 

10. 6.!.l. 6 

ll.r-:2.l 

.~-..!..·•· ~! .. .... ~ .. _.. ~ 

Egg counts 
(eggs / g faeces ) 

0:.0 

367!486 

205~110 5 

l vs 2 &. 3 
(P< 0.001) 

2 VS 3 
(P< 0 . 001) 



TABU: IV.3. Pul.Donary FWlction Tests (lileans:!:.s.D . ) of non-infected and infected villagers and canal cleaners. 

Group N 

Non-infected 37 villagers 

Inf e lw ted 146 
villagers 

Canal 19 cleaners 

FE'it 
(1/ sec) 

3. 49!.o.61 

3.43;!:.0. 70 

3 . 41.!.0 . 59 

FVC 
(l) 

4.25!_0 . 63 

4. 24,:!:0. 70 

4. 25!_0 . 81 

PFR 
(1) 

542 .0!_72 .0 

530.0!_75.0 

517 .0!.69 .0 

~-~~ =- =-·;_.--~~ • . _!!,, ... i ..;~:,:_.. ... ..... 



TABLE IV.4. Haematological investigations (Means!S.D.) of non-iniected and infected villagers and 
e&nal cleaners. 

Group N 

:-on-infected 
35 villagers 

Iniec;ed 
138 

villagers 

Canal 
17 

cleaners 

Si.;nUie&nce 

Villagers vs e&nal 
cleaners 

Hb 
(g/100 ml) 

15.2!.l.3 

14.~l.2 

13.3!,.2.2 

Hb 
(J) 

104. 2.!.9 . 0 

101.6:!,8.6 

91. 2!.15 . 3 

PCV 
<') 

47.a:tJ.8 

46.2!_3.3 

42 . l.!.5.2 

WBC 
(per -3) 

47341.2311 

4711.!.1503 

7112!.1795 

ESR 

14.6!18 . l 

15.7_!14.l 

42.2!.30.4 

Poly 
(~) 

49.~4.l 

45.7.!13.8 

38.6!12.9 

Lymph 
('.') 

39.6!.ll.6 

39.6:!.ll.7 

30.~6.6 

(P<0.001) (P<0.001) (P<0.001) (P < 0.001) (P<0.001) (P < 0.001) (P<').001) 

~~-~-..!!•' - 4' ~•; __ - -:-... ~-~.;;Jll"' 

BAS 
<') 

0.23!.0.43 

0.29!.0.62 

0.12!.0. 35 

EOS 
(i) 

7.C.5 . 5 

10.4!.8.8 

25 . '7.!11.9 

(P <0 .001) 

Mono 
(';) 

3 . !i+.2.6 

4.at2.8 

4.6!.3 . 0 



TABLE IV.5. Submaximal responses to exercise (Means!.s,D.) of nai-infected and infected villagers and canal 
cleaners 

V02 210-0.65 x age 

Group N 
v~ 900 VE1. 5 VT 30 fH1. 5 
(1/ min) (1/min) (1) (beats/min) 

Abs Wt LB.\! 
(l/min) (ml/kg/min) (ml/kg/min) 

Xon-infected 37 villagers 
2.2~.16 55.o:!:.7.7 1.1s±o.21 142!-15 2 . 71:!:Q . 71 48.5!15.0 55.s!l7.9 

tnfected 
villagers 

146 2.2i.!o.1s 53.i!.7.3 l. ls!.o. 34 139±16 2.6:J!o.56 47.4!.10.7 54.2!.12.5 

Ca.-ial 19 cleaners 
2.1'7!0 .16 51.9!.6.3 l. 07!0 . 33 148!-16 2.3s!o.46 41.9!.5 . 7 46. 3!.6. 8 

Signift:ance 

LV 
(ml/l/min) 

251!.59 

25]!55 

207!.29 

Vil la&ers vs canal 
(P<0.05) (P < 0.05) (P <0.002) cleaners 

-**• '.....,.._.... ·- ·. tc........c:,~~ 



TABLE IV .6. Pulse rate, systolic and diastolic blood pressure (lleans.!S.D . ) of non-infected and infected 
villagers and canal cleaners 

Group N 

Noo-infer.ted 
29 

villagers 

lntected 96 
villagers 

Canal 
19 

cleaners 

Significance 

Villagers vs canal 
cleaners 

Resting 
pulse rate 

(beats /lllin ) 

74 . o±10 .o 

12.o±ll.o 

74 .o:!:u.o 

Systolic BP 
(111111 Hg) 

11s .o!a.o 

117.o:tlO.O 

121.o!.a .o 

Diastolic BP 
(11111 Hg) 

73.o!B.o 

11.o!a.o 

79 .o±io.o 

( P<. 0 .002) 

.......... i.=: . • . ..__ ~ • ' - - .... .-.-.=-~ 

1-... 
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1. INTRODUCTION 

In order to investigate further the effect of the disease on 

physical work capacity, the original study was extended to 

include a group of hospital patien1'i with schistosomiasis. The 

selection of patients was largely directed towards those who had 

just been admitted to hospital in order to reduce the possible 

detraining effect of hospitalization on working capacity. For 

this reason the number of patients selected was limited to only 

18 persons. The majority of the patients in this study came from 

the Gezira area except three who came from the Bor district of 

Southern Sudan. Both areas are highly endemic withs. mansoni. 

2, OBJECTIVES OF THE STUDY 

To our knowledge , nobody has assessed objectively the effect 

of schistosomiasis on the physiological responses to physical 

exercise on a group of hospital patients infected with S. mansoni. 

The following objectives were laid down to assess tho degree of 

impairment to physical work capacity of these schistosomiasis 

patients: 

a) 

b) 

c) 

To study the effect of S. mansoni on the physiological 

responses to physical exercise in ho::;pital patients with 

schistosomiasis. 

Since the majority of patients came from Gezira a 

comparison would be made 11.tween them and the Gezira villagers 

(non-infected and infected). 

To compare the . patients with a highly exposed and 

infected group (canal cleani,rs), from tho working population. 

I 
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I 
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3. MATERIALS AND METHODS 

Eighteen male hospital patients with similar age to the 

groups studied previously were selected from Khartoum Civil 

Hospital, Soba University Teaching Hospital and Omdurman Hospital 

for Tropical Diseases. These patients, the majority of whom were 

attending the Out-patient Clinic for the first time, were 

thoroughly examined medically and an ECG recording was taken 

before exercise tests were made. Patients with detectable 

cardio-respiratory abnormalities were excluded from the study. 

A preliminary exercise test was carried out on each patient as a 

precautionary measure to ensure that he would endure the previously 

prescribed sub-maximal physical exorcise test for villagers and 

other groups. Pulmonary function tests, anthropometric measure-

ments, haematological and biochemical investigations and sociological 

questionnaire identical to those carried out in villagers and canal 

cleaners were applied to the patients. 

4. RESULTS 

Info1·mation on patients before thi,ir admission to the 

hospital is summarised in Table V.l. Patients, villagers and 

canal cleaners are similar in marital status, family size and tho 

number of dependents in the family. Tho occupation of most of 

the patients was farming. The villager::i differed (P<0.001) from 

patients and canal cleaners in the number of jobs hold by the 

individual in each group. The cleaners hold only ono job and only 

16% of patients hold a second job beside the original one, compared 

with villai{ors amont; whom 50% lwld mori, than one job. Canal 

cleaners and patient::1 give 11 ttlc help to relatives in farming 

~ 
I 

I 
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work compared to villagers; the difference between thorn is 

highly significant. Since most of the patients came originally 

from the Gezira, their number of years living in Ge zira was 

similar to villagers. However, villagers and patients differ 

s ignificantly (P< 0.001) in number of years living in Gezira from 

canal cleaners. Tho monthly income of patients is similar to 

that of the canal cleaners, which is lower than the villagers• 

income; nonetheless, tho difference is not significant between 

the groups. The patients' daily working hours are nearly half 

those of villagers and canal cleaners; the dif:!ere nce is highly 

significant (P< 0.002) although the time spent for rest during 

work is similar in all groups. Smoking habits a1·e well-established 

among villagers, who smoked significantly more (P< 0.02) than 

patients or canal cleaners . Nearly all cleaners and patients take 

no part in sports activities and games in contrast to villagers 

among whom above 40% take part in spor~activities and games. 

Patients are not different from villagers in the number of years 

in their previous and present occupations, but both of the groups 

have spent signi-ficantly more years (P < 0.001) than canal cleaners 

in their present occupation. 

a) Physical characteristics 

A summary of the physical characteristics is given in Tablo V .2. 

Thero are no significant differences in age, body weight, stature, 

skin surface area, lean body mass and leg muclc (plus bone) volume 

betwe en all groups ("villagers, cleaners and patients). The pa tion ts 

have slightly less body woight and skin surruco urea than cleaners 

and v.llln gcrs . They arc slightly taller and slighLly h e avier in 

I 
I~ 



body mass than villagers, but the reverse is true when comparing 

the patients with cleaners. The patients' leg muscle (plus 

bone) volume values are similar to those of villagers but less 

than those of cleaners. There is a significant difference in 

egg count between villagers and patients on the one hand and 

cleaners on the other. Patients' egg counts were carried out, 

in a hospital's parasitology laboratory from where the patient 

came. 

b) Pulmonary function test 

The mean values (~S.D.) of pulmonary function tests of all 

groups are given in Table V.3. Substantial reduction in FEV 1 

value was recorded in the patients group compared with the villagers 

and canal cleaners. The difference is significant (P< 0.05) in 

FEV
1 

between patients and canal cleaners and it is more significant 

(P<0.001) when comparing villagers and patients. The reduction 

in pulmonary function tests was even more clear when comparing FVC 

values of patients with canal cleaners and villagers. The 

difference is significant (P-<.0.05) in FVC between patients and 

canal cleaners and a further significant difference (P<.0.005) was 

recorded between villagers and patients. While the significant 

difference (P< 0.02) in PJ,'R is clear between villagers and patients, 

it does not exist between patients and canal cleaners. Tho canal 

cleaners seem to have values of PFR midway between the villagers 

with lngher values and hospital pa tionts with lower values. 

c) llaomatolo.,;icnl invo,;li!fations 

Tho moan values (.:.!:s.l>.) o.f haematological investigations are 



summarised in Table V.4. The highest recorded haemoglobin values 

were in the villager groups (15.l g/100 ml), followed by canal 

cleaners (13.3 g/100 ml) and finally patients with the lowest 

haemoglobin value (12.2 g/100 ml). While the difference in 

haemoglobin values is highly significant (P<0.001) between 

villagers and patients, it disappears between patients and canal 

cleaners. Patients have the lowest recorded values of packed 

cell volume in contrast to the villagers with the highest recorded 

values of packed cell volume and the canal cleaners have midway 

values between the patients and villagers. The difference is 

significant (P<0.02) in packed cell volume between patients on 

the one hand and canal cleaners and villagers on th~ other. 

Patients and villagers have similar white blood cell count values 

which differ considerably from the canal cleaners group with the 

highest white blood cell count value. The difference is highly 

significant (P<0.001) in white blood cell count values between 

patients and villagers on the one side and canal cleaners on the 

other. Erythrocyte sedimentation rate values do not differ 

significantly between villagers and patients in spite of the 

considerable increase in patients ESR values. While tho diffei:-m ce 

is highly significant (P <O.OOl)in erythrocyte sedimentation rate 

between villagei-s and canal cleaners, it does not exist between 

patients and canal cloanei-s. There is a significant difference 

( p < 0.02) in porcen tage of polymorphonucleocytes between villagers 

and patients and a greater significant difference exists (P,< 0.001) 

in porcon tage of polymorphonucleocytes between patients and cnnal 

cleaners. A sii,"llificant difference (P<0.05) was also roco1·dcd in 

porcentago of polymorphonucleocytes between villagers and canal 



cleaners. Patients have the highest percentage value of poly-

morphonucleocytes followed by villagers with lower values; 

however, the difference is significant and, finally, canal cleaners 

have the lowest percentage value of polymorphonucleocytes. No 

significant differences were recorded in percentage values of 

lymphocytes, basophils and monocytes in all groups. Canal 

cleaners distinguish themselves from the other groups by having 

substantially higher percentage of eosinophils. The difference 

is highly significant (P < 0.001) in percentage values of eosinophils 

between villagers and patients compared with canal cleaners. 

d) Responses to exercise 

A summary of results (Means~S.D.) of submaximal responses to 

exercise is given in Table V.5. The patients group has the lowest 

recorded value of vo
2 

at a work load of 900 kpm/min followed by the 

canal cleaners group with slightly higher values, and finally villagers 

with tho highest values. The difference in vo
2 

900 is not 

statistically significant among any of the groups. The values of 

minute ventilation volume at a vco
2 

1.5 1/min (VE 1.5) are identical 

in all groups and tho differences are not statistically significant, 

Nonetheless, the canal cleaners group has the lowest VE 1,5 value 

folbwed by patients group with slightly higher VE 1. 5 values and 

villagers with the highest recorded VE 1.5 values in all groups. 

Villagers and patients have similar tidal volume at a VE of 30 1/min 

(VT 30), which is higher than those of cleaners group; however the 

difference is not statistically significant. The patients group 

has tho highest recorded ca1·diac f rcquency at a V02 1. 5 1/min 

(!H 1.5) in all grouvs, which is not stntistically sir-;nificant in 



comparison with the c anal cleaners group, The lowest fH 1.5 

values was recorded in the Villagers g2oup and the difference in 

fH 1.5 is highly significant statistically (P<0.001) between 

villagers and patients; also the significant diff e rence (P<0.05) 

e xists in fH 1.5 between villagers and cleaners, 

The difference of predicted vo
2 

max in absolute terms between 

non-infected and infected villagers compared with patients 

reaches 17-20% and the difference between cleaners and patients 

reaches about 7%, the patients group having the lowest recorded 

V02 max in absolute terms. The difference is highly significant 

statistically (P<:.0.01) in vo2 max (1/min) between villagers and 

patients; but it is not significant when comparing cleaners and 

patients. The cleaners vo
2 

max in absolute terms ( 1/ min) holds 

mid-position between villagers with their highest values and 

patients with their lowest values. In relation to body weight, 

~o
2 

max (ml/kg/min) values recorded in the patients group are the 

lowest in comparison with villagers, the difference being highly 

s ignificant (P<0.005) and amounting to about 15-17%. The 

difference between cleaners and patients in vo2 max in relation 

to body weight reaches 4%. However the difference is not 

signif leant. Also the cleaners VO in relation to body weight 
2 max 

value stands midway between patients and villagers. 

In relation to lean body mass, the vo2 max findings are 

distinctly divided into two groups. The first group consists of 

villagers, both non-infected and infected, with the highest recorded 

values of VO (ml/kg/min), and the ,wcond group consiste1 of 
2 max 

canal cleaners and patients with the lowost recortlccl valuos of 

VO (ml/kg/ min). 
2 max 

Tho difference is highly significant 

I 
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statistically (P<0.001) in YO (ml/Ki;/ min) betwee n the first 
2 max 

grouping (non-infected and infected villagers) and the second 

grouping (canal cleaners and patients), which amount to 20-22%. 

The differences between these groupings are also clearly shown 

when furtl,er standardization of vo
2 

max in relation to leg muscle 

(plus bone) volume is made, The difference is highly significant 

statistically (P<0.001) in vo
2 

max in relation to leg volume 

(ml/1/min) between the :first grouping (both groups of villagers) 

and the second grouping (cleaners and patients). The recorded 

difference in Y02 max (ml/1/min) amounts to 17% by comparing 

villagers with higher values and canal cleaners and patients with 

lower values of vo
2 

max (ml/1/min), 

e) Pulse rate and blood prcssuro 

The findings for resting pulse rate and blood pressure 

(means:!:s.D.) are given in Table V .6. The only significant 

differences are between villagers and hospital patients where tho 

hospital patients have a higher pulse rate (P<0.05), and villagers 

and canal cleaners where diastolic blood pressure is higher in cana 1 

cleaners (P< 0.002). There are no significant differences in 

systolic blood pressure between the groups. 

5. DISCUSSION 

The studies presented previously on the Gezira villagers and 

canal cleaners indicated how infection with S. mansoni may affect 

human physical work capacity. Those studios suggested that light 

in foe tions with sdlis tosomiasis af feet the physical work capacity 

very littlo or not at all while heavy in.fcctions conslctorably impair 



the physical work capacity. Further impairmnnt of physical work 

capacity has been detected in people who came to the hospital 

seeking antischistosomal treatment. The majority of them came 

from the Gezira thus making possible a comparison between patients 

and previously studied Gczira villagers and canal cleaners. 

Obviously, from the collected sociological data the disease has 

interfered substantially with the patients' normal lives, which 

is reflected clearly in the reduced values of their monthly income 

and daily working hours, the type and number of jobs held by them, 

the little help they could offer and finally, the inactive way 

they spend their leisure time in comparison to Gezira villagers 

who share similar environmental,occupational and socio-economic 

conditions. It is of interest that this particular group of 

hospital patients were similar to villagers and canal cleaners 

groups in all measured physical characteristics (Table V.2), 

except that they were slightly taller and slightly heavier in lean 

body mass than villagers. Probably, before their admission to 

hospital, these patients were more or less engaged in their usual 

work, in spite of substantially reduced daily working hours. The 

patients pulmonary function tests were considerably impaired in 

comparison with villagers. However, the patients did not complain 

of any respiratory distress, nor were any respiratory abnormalities 

detected on medical examination. Such findings are in accord with 

previous reports (Omer & Ahmed, 1974) which suggest that respiratory 

impairment could be duo to schistosomal infection. Patients' 

history and medical examination at the time of tho study have revealed 

that they were not suffering from any other d lscasc e>xcept 

,;chistosomlasis. 

I. 



A considerable reduction in haemoglobin concentration was 

recorded in the patients group in comparison with villagers (the 

difference in Hb between them amounts to nearly 3 g/100 ml). The 

canal cleaners group has also a reduced haemoglobin concentration 

in comparison with villagers ( the difference reaches 2 g/100 ml). 

The highly significant lowering (P<0.001) in haemoglobin 

concentration between patients and canal cleaners on the one hand 

and the villagers on the other will possibly account for the 

different physiological responses on physical exercise as it did 

in the previously reported studies here. 

This study has endorsed the previous .findings on canal cleaners 

and revealed further the impairment of physical work capacity 

caused by schistosomiasis. Hospital patients and cleaners have 

identical vo
2 

at 900 kpm/min values, wh:idl are lower than villagers' 

values; however, the difference is not significant. The findings 

are similar to previous evidence in Sudanese and Airicnns (Collins 

et al. 1976; Ojikutu et al. 1972). In spite of higher ventilation 

volurae (VE 1.5) recorded in patients, no increase in oxygen intake 

was achieved. These reported results aro similar to those found 

in Africans (Davies, 1973). Patients' cardiac frequency at vo2 1.5 

1/min (fll 1.5) is highly significantly different (P< 0.001) from 

those of villagers. However the difference does not exist between 

patients and cleaners; meanwhile, the difference is significant in 

cardiac frequency fll 1.5 between villagers and cleaners. The 

highest values of in 1. 5were recorded in pa tion ts group followed 

by cleaners wi thlowvr hn. 5 values and comparatively tho lowest 

valueswo1e recorded in villagers group. 

In ubsolutc torms tho p,·cdlcted vo2 max ( 1/min) value in 



patients is less by nearly 8% than those of the cleaners. However 

the difference is not significant statistically. It can be 

postulated that there is a certain threshold limit of infection 

beyond which schistosomiasis causes deterioration in the 

individual's capacity to work and leading finally to incapacitation. 

The significant difference (P< 0.01) in vo
2 

max (1/min) between 

villagers and patients reaches 17-:-19%. Canal cleaners, as 

mentioned before, occupy a mid-position between the active working 

Gezira villagers (both non-infected and lightly infected) and those 

who become hospital patients. Canal cleaners appear to represent 

a threshold be tween partial impairment of physical work capacity 

and total incapacity. In other words, unless the cleaners receive 

antischistosomal treatment in time the next logical step for them 

would be the hospital bed and consequently total incapacity for 

work. 

Relative to body weight the vo
2 

max (ml/kg/min) values follow 

a similar pattern to the V0
2 max 

in absolute term values in all 

groups. The difference is highly significant (P<0.005) in vo2 max 

(ml/kg/min) in relation to body weight between patients and villagers 

which amounts to 17%. The difference in V0
2 

in relation to 
max 

body weight reaches 4% between patients and cleaners; however, it 

is not statistically significant. More striking differences 

(P<0.001) between villagers on the one hand and patients and cleaners 

on the other become appuren t when standardization of vo2 max is made 

in terms of lean body mass. The impairment of patients' physical 

work capacity reaches 22% compared with villagers (P< 0.001) and 

5% compared with cleaners (not si~1ificant). Finally, vo2 max in 

r·eJ.a tion to leg volume values in pa ticn ts and cleaner groups aro 

,, 



identical and hi~hly statistically significantly different 

(P<0.001) from those values of Gezira villagers. Dy standardizing 

the vo2 max in terms of leg volume the difference s reported here 

(which were not significant) disappear completely between patients 

and cleaners, thus putting them in one category with lower values, 

and villagers in another cate gory with higher values . Though the 

physical characteristics of Gezira villagers and patients are 

similar, the haematological findings, pulmonary function tests and 

vo2 max values in absolute and relative terms suggest that 

schistosomiasis could easily inflict a reduction in work capacity 

amounting to 22%. 



TABLE V.l. SU111Ury of sociolo&iul data (lleans!s .o) of non- infected and infected villa&ers, canal cleaners 
and hospital patients 

Marital status No. of boys 1n No. of girls in Dependents Present occupation 
family faaily 

Group N 
Single llarried No boys One or No One or No One or Farming Kon-

more girls more depend- more farming 
ents 

Xon- infected (l) 
19 18 25 12 22 15 25 12 13 20 

37 (51. 4'1) (48,6j) (67.61) (32.4'1) (67.6i) (40.5'1) (67.61) (32.4'1) (35.l'l) (54.l~) villagers 

Jnfected 76 71 85 62 94 53 107 53 63 71 

villai;ers 
(2) 147 

(51. 7') (48.31) (57.81) (42 .2') (63.91) (36.l'l) (63.9'.') (36.l'l) (42.9'.') (48.3'.') 

Ct.nal cleaners 19 
9 10 14 5 13 6 14 5 0 19 

(3) (47.4'1) (52.6-U (73.7'1) (26.3") (68.4'.') ( 31. 6'.') (73.7') (26.3'1) (O'.') (100$) 

11 7 12 6 12 6 16 2 8 5 Hospital (4) 18 
patients (61.l'.') (38.9'.') (66.7') (33.3") (66.7'.') (33.4'.') (88.9'.') ( 11. 2'l) (44.4~) (27.8i) 

Significance 

~ 

Student 
or 

uneoeloy. 

4 

(10.8$) 

13 

(8.8~) 

0 

(O'.' ) 

3 

(16 . 7~) 

1, 2 & 4 
VS 3 

(P<0.001) 



Previous occupatioo 

Far1:ung 

8 

(22.9$) 

37 

(25. 2'l ) 

9 

7.-t~) 

3 

6. n> 

Non- Student or 
farming wtemployed 

5 22 

( l4. 3$} (62. 9'1) 

17 93 

(11.6'1) (63.3'1) 

8 2 

(42.l'l) (10.S'J,) 

2 13 

( 11. l ':o) (72.2'1) 

l, 2 a. 4 vs 3 

(P < 0 . 001) 

0 

l 

(2. 7'J,) 

9 

(6.1'1) 

0 

(O'I) 

6 

(33.3$) 

No. of jobs 

1 

16 

(43.2'1) 

64 

(43.5'1) 

19 

( 1007,) 

9 

(501) 

l, 2 &. 4 vs 3 
P< 0 . 001) 

2 

20 

(54.0$) 

74 

(50.3') 

0 

(07,) 

3 

(16.7') 

Type of jobs 

Non-
Faraing Mixed 

farming 

8 17 12 

(2l.6'J,) (45.911'(32.4$) 

33 69 37 

(23.7$) (49:6%) (26 . 6'1) 

0 0 19 

(Of,) (O'I) ( lOO'J,) 

6 3 3 

(501) (25,. ) (25$)' 

l, 2 &. 4 vs 3 
(P< 0 . 001) 

\"--

TABLE V .1 cont'd 

Giving help 

Yes No 

26 11 

(70.3'1) (29.7$) 

104 36 

(74 . 3'J,) (25.7') 

4 15 

(21. S'J,) (78.91) 

5 10 

(33.J'J, ) (66.7'J,) 

l &. 2 vs 3 &. 4 
(P< 0.001) 

Getting help 

Yes No 

7 29 

(19.4$ ) 

25 111 

(18.4 

1 

(5 . 3':, ) 

1 

(6 . 7 



TABLE V. l cont'd 

Scioking habit Income 1.n No . of yrs Sport No. of No. of No. of No. of yrs No . of yrs 
S£ per living in working resting sle eping in present in previous 

month Gezira hours hours hours occupation occupation 
Yes ~o Yes No duri ng per day 

work 

9 28 30 . a!.20 . 4 26 .o:!:.s . 8 20 17 7 . 121:2 .8 1.521:l.45 7 .24!.l. 72 6.5!.2.3 l.8J:2 .6 

24. 3'k) (75.;',L) (54.l'.L) (45 .9'.L) 

52 95 25 . :i:tl6 . 4 26 . 71".7. 8 84 63 7.48!.2 .s 1. ss±.1. 51 7 . 36!.l. 6 6. G::2 .6 1. 8o.!2 . 6 

(35.-iU (64.6'.L) (57.11) (42.9'.L) 

l 18 15 . 6:!:l.2 14 . s±.12 . 6 l 18 7 .421:l.3 1.35!.l .43 9.l~l.4 4.5!1.6 4.G::2.4 

(5.51 ) (94. TU (5.3'.L) (94.7') 

3 15 20 . 1:!:.18 . 1 21. J.!14 . 1 l 17 4. 71"..3 .9 1.2!.l.4 - 5. 7!3.6 l. 6!.2 . 2 

(16.7';,) (83.31) (5.6'.L) (94.4'.L) 

1 , 2 & 4 vs 3 l , ·2 i.·4 
P<0 .002 

1, 2 & 3 1 &. 2 vs 3 1, 2 & 4 vs 3 
vs 3 vs 4 

(P< 0 . 02) (P<0 .001) ( P~ 0. 002) ( P<'0 .001) ( P < 0 . 001) 

:-., 2::::: --:-_· -~-;-- :.-:~ .. --~ - •'• ':54 ) ;~ 



TABLE V.2. Physical characteristics (Weans:!:s . D. ) and egg counts of non-infected and infected villagers, canal 
cleaners and hos pita l patients 

Age Wt Ht SA Lm1 LV Eggcoun ts 
Group N 

(yr) ( kg ) (cm) ( m2 ) (k g ) (1) (eggs/ g f aeces) 

Non-infected 37 26. 2!5 .9 57.l:!:7 .6 168 . 7:!:6.3 l.65!o . lo 49 . 7.:!:6, 6 11.o!2.1 o!o villagers 

Infe~ted villagers 147 21 . 1=.1.o 56 , J;:7 .6 168 . '72:.7 . 3 l. 6 :J:!:o . 11 49 . 2!.6 . 4 10 . G:!:l.6 367.!.486 

Canal cleaners 19 27.4.!.6.8 57. J;:7.6 172,4:!:9.3 l.6S:.0 . 15 51. 72:.6 . 2 11. ~c:2.1 205~ J.10 5 

l!os pi ta l pa tie.n ts 18 26. s:!:10. 6 54. s:!".7.7 169. 4;!:.g .0 1. 6 2:!:o . 14 50. 2:!:6 .6 10 . s:!:2 .s 834!:1296 

---
Significances : 

Villagers vs hospital 
patients 

NS NS NS NS NS NS P< 0 .002 

Villagers vs canal NS 
cleaners 

NS NS NS NS NS P<0 .001 

Canal cleaners vs NS NS NS 
hospi tal patients 

NS NS NS P<0 .001 

• • -z::.; ... - ~-::.-;· .. ~- --~ -- I. b -- • ~~ ~ -~~~- .;.- - -- - ... ~ 



TABLE V.3. Pullllonary Function Tests (IJeans!s.o.) of non-1nfe~ted and infected villagers, canal cleaners and 
hospital patients 

Group N 

Non-infected 
37 

villagers 

In!eeted 146 
villagers 

Canal 
19 cleaners 

Hospital 
18 

patients 

---

Significances: 

Village rs vs hospiul 
patients 

Villagers vs canal 
cleaners 

Canal cleaners vs 
hospital patients 

FEVi 
(1/sec) 

3.49.:!:o . 61 

3 . 4:J!:0 . 70 

3.4i!o . 59 

2.951:0.65 

P<0.001 

NS 

P<0.05 

FVC 
(1) 

4. 25!0 . 63 

4 . 24!.0. 70 

4 . 251:0.81 

3 .66!.0 . 80 

P<0.005 

NS 

l? < 0.05 

PFR 
(1) 

542.Cl:t72.0 

530.a:t75.0 

517.Clt69.0 

484 .Cl:t76.0 

P<0.02 

NS 

NS 



TABLE V.4. Haematological investigations (lleanS:S .D.) o! non-infected ard inf eQted villagers, canal cleaners 
nd hospital patients 

Groi.:p N 

Non- 1nfe~ted 
35 

vil l ager s 

Infcc·te:d 138 
\'i llagers 

Canal 17 
cleaners 

Hospital 10 
patients 

---
Sign1!icances: 

Villagers vs 
hospital patients 

Villagers vs 
canal cleaners 

Ci!nal cleaners vs 
hos;u tal patients 

Hb 

(g/100 1111) 

15.z:!:.l.3 

14.9.!J. . 2 

13 . J:2. 2 

12. 2!2 .9 

P<0 . 001 

P<0 . 001 

KS 

HB 

(%) 

104 . ~ .o 

101.S.:8.6 

91. z:!:.15. 3 

81. 7!.2 1. 0 

P<0.001 

P<0.001 

NS 

pc,v 
(%) 

47. o:!:3 .8 

46. 2.!3. 3 

42. 1.:!:.5 .2 

35 . 3!.9 .2 

P<. 0. 02 

P<0.001 

P<0.02 

WBC 
( per mm3 ) 

4734!2311 

4711:!:.1503 

711z:!:.1795 

4C5o:!:2135 

NS 

P<0 . 001 

P<0.001 

ESR 

14. s.:!:.18 . l 

15.7.:!:.14.l 

42. 2.:!:.J0 .4 

27.7.:32 . 3 

NS 

P<0 . 001 

NS 

~ 

Poly 
('.') 

49.2+14.l 

45.7.:!:.13.8 

38 . s.:!:.12.9 

59 . 52:J.3 . 8 

P < 0 .02 

P <0 . 05 

P<0, 001 

Lymph 
(S) 

39.s.:!:.U.6 

39 . 6.:!:.u. 1 

30.e.:!:.s.6 

29. s:!:11 . 4 

NS 

p<o .02 

NS 

BAS 
( '.' ) 

o . 2J:!:o , 43 

0. 291:o . 62 

O.lzi:o .3S 

0 . 63!.o .92 

NS 

NS 

NS 

EOS 
( %) 

7 . ii.:t5 . 5 

10.4.:!:.e.8 

25 . 1.:!:.11 . 9 

5.6:!:.7.8 

P""'0 .02 

P<0 . 001 

P<0 .001 

;..•~ ,.:::-~. 

Mon o 
(S) 

3 .5!-2.6 

4.o!2.8 

4.6.:!:.3.o 

4.8!2.8 

~s 

NS 

NS 

f-
w 



TABLE V.5. Subcaximal res ponses to exercise (Means:!:s .D.) of t he non-infe<:ted and in!e~ted A~nagaza and nearby 
villagers, canal cleaners and hos pital pa tients 

vo2 900 VE1 _5 VT 30 fHl . 5 
V02 210-0.65 X age 

Group s ( 1/min) (l/min ) (l) (beats/min ) 
Abs \ft LB\! LV 

Cl/min) ( ■1/kg/i:iin) (ml/kg/ min) (ml /1/min) 

:'\ ::in- i nfected 37 2.2~. 16 55.o:!:7.7 l.llH> . 27 
villagers 

142.:!:.15 2. n .!o. 71 48.~15.0 55.s±-11.s 251·+·5~ 

Infected 
villagers 146 2.21~ .18 53.1.:!:7_3 l.l~. 34 13s1:-16 2. s.J.!o.ss 47.~10.7 54.~12.5 2s1.:!:55 

Canal 
cleaners 19 2.11-±0 .16 51. ~ . 3 1. 01:!:o . 33 148!.16 2, 39.!.o . 46 41.9:.S. 7 46. 3±.6. 8 2071:29 

Hospital 
tients 18 2. 18!{) . 40 52. 5.:!:.a .4 l.15Ul .36 1si.:!:J5 2. 20±0 . 76 40 .31:14.2 43.9!:15.l 2131:75 

-
Sii;nificances: 

Villagers vs KS t>'S NS P<0 .001 P<0 . 01 P<0 .005 P<Q ,001 P<0 .001 t.ospital patienu 

Vil lai;ers vs ss ss :ss canal cleaners P<0 .05 NS :s P<0 .05 P< 0.002 

Canal cleaners vs NS NS NS 
hospital pillients 

NS NS NS NS NS 

•. ·¥ .. "'11nivi _ ,·, iHii!4 ·.·~--·~~---- -



TABLE V .6. Pulse rate, systolic and diastolic blood pressure (lleans!:s.D,) of noo-infeoted and infested 
villaiers, canal cleaners and hospital patients 

Resting 
Systolic BP Diastolic BP 

Group N pulse rate 
(mm Hg) (mm/Hg) 

(beats/min) 

Non-infeeted 
29 74.0!10.0 11s. o:!:s. o 73.o:!:a.o 

villagers 

Weated 96 72.~ll.O 117.~10.0 71.~8.0 
villagers 

Canal 
19 74.~12.0 121.o:ta . o 79.~10.0 

cleaners 

Hospital 
18 80.~17.0 125.~3.0 77 .~16.0 

patients 
---
Si&nificances: 

• Villagers vs 
P<0.05 NS NS 

hospital patients 

• Villagers vs 
NS NS P<:0.002 

canal cleaners 

Canal cleaners vs NS NS NS 
hospital patients 

• Infected and non-infected villagers 

...., ., ,~ . 



CHAPTER Vl 

SCJHSTOSOA!lASlS-FHEE GROUPS STUDY 



1, INTRODUCTION 

Villagers in their traditional way of life in the Sudan are 

involved most of their working time in manual labour, which 

usually demands high energy output (Astrand, 1970: Passmore & 

Durnin, 1955). In a number of other working populations, 

investigations have been carried out, for example, in sugar cane 

cutters (Collins et al. 1976; Davies, 1974; Spurr et al. 1977), 

industry (Astrand, 1967a, b), in mines (Wyndham,et al. 1964), in 

forests (Hansson, 1964) and in the armed services (Haisman, 1971). 

Ojikutu et al. (1972) studied exercise tolerance of rural and 

urban groups in Nigeria, where they compared workers fx·om different 

industries. The determination of working capacity in the 

laboratory on a stationary bicycle ergometer in sedentary and 

young Caucasian adults has also been assessed in many investigations 

(e.g. D8beln, 1956; Buskirk & Taylor, 1957; Cotes et al. 1969; 

Davies, 1972b), Similar laboratory studies of working capacity 

have been carried out by Wyndham et al. (1966) on Bantu males, 

di Prampcro and Ceretolli (1969) on Nilo-Hamitic Bantu and others, 

and more recently on other African populations by van Graan et al. 

(1972), Davies et al. (1973), Davies (1973a) and Collins et al. 

(1976). 

The non-infected groups we have been able to study work at 

different levels of intensity - Gczira villagers, townsmen in 

jobs demanding less physical effort, and physically trained 

servicemen. 

2. MJ\TEHIAl.S AND METHODS 

In addition to data collected on thirty-seven non-in.fected 



Gezira villagers (from Managaza and nearby villages), seventeen 

volunteer subjects from Khartoum City and another twenty-one 

volunteers from an army unit in Khartoum were investigated in 

this study, The townsmen !rom Khartoum were employed by Shamba t 

Agricultural Institute as laboratory assistants and attendants and 

labourers in the Institute's teaching farm. The soldiers were 

selected from Army Sports Headquarters personnel. In order to 

make a comparison between the three groups identical investigation 

procedures (as for the Managaza and nearby villages study) were 

applied to townsmen, servicemen and villagers. 

3. 

a) 

RESULTS 

Sociological data 

Data collected in the three groups arc summarized in Table VI.l. 

The three groups were not different in marital status and the 

number of children (males and females) in the family, but villagers 

seem to have fewer dependents in the family compared to townsmen or 

soldiers. This can beacplainod by the unorganized increase in 

migration from the rural areas to towns in the last 25 years in the 

Sudan, Servicemen differed considerably from both villagers and 

townsmen in their previous occupation, only one of them practised 

farming, while the rest had been enga6ed in non-farming jobs before 

joining the army. Tho three groups were similar in tho number of 

working hours per day and the numte r of resting hours spon t during 

work. The monthly income of servicemen was nearly double and 

significantly higher (P< 0.05) compared to that of villagers and 

townsmen. Smoking was more common among townsmen in contrast to 

villagers and soldiers . As expected, tho dif.fet·oncc in tho numbers 



of years living in Gezira was significantly higher in the Qe:.1:ira 

villagers compared to tho other two groups; however, some of the 

townsmen had lived in the Gezira for various periods of time. 

Villagers and townsmen slept less (by one hour per 24 hours) 

compared with the soldiers. The difference was small but 

significant (P<0.05). Less than one fifth of townsmen took 

part in sports activity in contrast to nearly half of the villagers 

and all the soldiers. 

b) Physical characteristics 

A summary of the physical characteristics of the three groups 

(mean~.D.) is given in Table VI.2. On more than two occasions 

and im..ediatcly before the start of the present investigations 

townsmen and servicemen wore screened for schistosomiasis, malaria 

and other parasitic diseases, No schistosome eggs or any other 

parasites wore detected in stool or urine, and blood films showed 

that no malaria was present. The mean age in years was similar 

in all three groups, but physical development, not surprisingly, 

was superior in the service personnel (Table VI.2). Thus the 

soldiers had higher mean values for body weight (by 12-20%), lean 

body mass (15 19%), leg volume (23-28%) and body surface aroa 

( 7-11%) in comparison with villagers and townsmen. The townsmen 

had higher values than villagers for all recorded physical 

characteristics listed in Table Vl.2, but the differences arc 

small and not significant, 

c) Pulmnnat•v function tests 

Tho villagers and townsmen showed nearly identical mean values 

137 

J, 

.. 



for FEY,, FVC and PFR (Table VI, 3), The servicemen were clearly 

distinguished from the other two groups by higher mean values for 

FEVl, FVC and PFR, and this agrees well with their better physique. 

Tho outstandingly higher mean values of all the measured pulmonary 

function tests were reflected in the recorded PFR values, where 

the servicemen differ significantly (P <0.02) from the other two 

groups. 

d) Haematological investigations 

Tho mean values (.:S.D.) of different haematological para-

meters measured during this study are given in Table VI.4. In 

gePeral, all groups have similar mean values except that the 

soldiers had significantly higher (P<0.05) WBC mean values compared 

to villagers. Villagers and townsmen show significantly higher 

(P<0.001) mean percentage values of basophil counts in comparison 

to servicemen. The highest haemoglobin concentration was recorded 

in the servicemen and the lowest in the townsmen. 

e) RosPQnses to exercise 

The results of suhmaximal exercise tests show that at a given 

work load of 900 kpm/min the oxygen in take (V02 ) was idem ti cal in 

all groups (Table VI.5). The minute ventilation at gi._,..n V0
2 

of 

1,5 l/min (VE 1.5) was siml.l.ar in the villagers and townsmen groups 

but tho soldiers had significantly (P< 0.05) reduced valuos of VEl, 5 

compared to tho other two groups. Tho tidal volumo at fixed 

ventilation VE 30 1/min howeve1· was considerably higher in the 

soldlers followed by townsmen and finally the villagers. A 

significant difference (I'<0 .05) in tidul volume wns found only to 

13R 



exist when comparing the soldiers and villagers. The cardiac 

frequency (fll 1.5), as might be expected, was significantly lower 

in the well-trained soldiers compared with sedentary townsmen 

and villagers. Cardiac frequency at an oxygen intake of 1.5 

1/min (fH 1.5) was highest in the villagers and townsmen. 

In soldiers the predicted mean value of V0
2 

was max 

significantly higher (P< 0 .001) than in the other two groups. 

As expected, the lowest mean value of vo
2 

max occurred in the 

townsmen in contrast to soldiers and villagers, although there 

were only small non-statistically significant di£ferences between 

villagers and townsmen, By standardizing the V0
2 

in relation max 

to the indices of the body size and compo3ition (body weight, 

lean body mass and leg volume) the previously recorded differences 

in vo
2 

max in absolute terms (1/min) between the servicP-men on the 

one hand and townsmen and villagers on the other, disappear. The 

recorded vo
2 

max in relation to body weight and l.ean body mass 

were highest in the sol.diers in contrast to townsmen with lowest 

vo2 max values. The villagers showed a markedly high mean vo2 max 

value in relation to log volume compared to the two other groups. 

Doth groups of soldiers and villagers have similar vo2 max in 

relation to leg volume. 

f) Res tinp; pulse ra t o and blood pressure 

A summary of resting pulse rate and blood prossue (means.:!:S.D.) 

is shown in Table VI.6. The pulse rate in townsmen was 

significantly higher (P<. 0,05) in comparison with both other groups, 

which reveals once more the sedentary nature oJ'. the group, The 

low<>st pulse rate value was observed in tho solders and it is 

139 



significantly lower (P< 0 .05) in comparison to the villagers and 

townsmen respectively. The systolic blood pressure was identical 

in all three groups, but the observed diastolic blood pressure in 

the villagers was significantly (P<0.05) lower than in the 

servicemen and townsmen who have similar diastolic blood pressures. 

4. DISCUSSION 

No previous study of this nature has been made in the Sudan 

and it is probable that this is the only available information on 

physiological work capacity in different sectors of the Sudanese 

population, namely in rural and urban populations and servicemen. 

The rural population in the Sudan usually performs manual physical 

work, which requires a high standard of physical fitness in order 

to carry out day to day work. The majority of townsmen included 

in the present study perform sedentary tasks so that this group 

could be classified as a sedentary population. The servicemen 

enjoy a fairly high monthly income and better quality of social 

life in comparison to the villagers and this particular group of 

townsmen, al though half of them have one or more depcnden t. All 

the soldiers took part in sports activities in contrast to townsmen, 

among whom only one fifth participated in games, while villagers 

stand midway between the groups in this respect. In addition, 

the servicemen outrank by fat· both of the other groups in body 

weight, body surface area, lean body mass and leg volume. Tho 

haematological investigations show that the recorded mean values 

lie within normal limits in all groups. The servicemen possess 

hi11:her mean valui;-s for haemoglobin in contrast to the other two 

groups, al though the di!forenco is not sii:;ni f leant . Pulmona1·y 

1 ,1 0 



function tcs ts in villagers and townsmen groups were comparable 

to previously reported data on Sudanese men (Khogali, 1969; 

Omer & Ahmed, 1974), but were consistently higher in soldiers who 

had greater stature and better physique. The pattern of increase 

in recorded parameters of the pulmonary function tests was in the 

direction from sedentary group (townsmen) to the fa~ rly active 

group (soldiers) in accord with previous findings reported on 

Europeans (Cotes, 1969). 

The responses to exercise suggest that the rura 1 population 

(villagers) supercede the urban sedentary (townsmen) population in 

the maximum aerobic power output in absolute terms (1/min) and 

relative to body weight (ml/kg/ min), lean body mass (ml/kg/min), 

and leg volume (ml/1/min)(Table VI.5), even though the townsmen 

were slightly taller and heavier in both body weight and loan body 

mass (Table VI.5). The reverse is true when comparing the maximal 

aerobic power of the soldiers and the other two groups. The 

difference in vo
2 

( 1/ min) amounts 
max 

to between 23 and 27%. By 

standardizing the vo
2 

in relation to body indices and 
max 

composition, the significant difference between villagers and 

soldiers tends to disappear. The smaller differences in vo
2 max 

related to body indices between these two groups can probably be 

attributed to the pattern of habitual work activity in the villagers 

group. The results are in accord with previously reported evidence 

by Davies (1974) who found that habitual activity raised vo2 max 

without a concomitant change in log volume. Taking together the 

results of pulmonary function tests, haematological investigations, 

and r e sponsos to exorci s ~ in tho pJ'e,i e n t study, a close similarity 

cun he found with t.ho pre viously reported work on Eur·opeuns (C:otcs 

1 1 J 



et al. 1969; Davies, 1972) and in Africans (Ojikutu et al. 1972; 

van Graan et al. 1972; Davies, 1973), The effects of physical 

training are reflected in the reduced ventilation, increased 

tidal volume and markedly reduced mean value of fH 1. 5 in soldiers 

as compared with villagers and townsmen. In conclusion, it may 

be said that these investigations reflect the level of aerobic 

working capacity and other physiological functions in the normal 

healthy Sudanese population, as represented by urban and rural 

groups and physically trained servicemen. 

1 l 2 



TABLE Vl. l. S111:imary of sociological data (lteans!s .D.) of non-in!e1:ted villagers, townsmen and arcy soldiers. 

lilari tal status No. of boys in No. o! girls in 
Dependents Present Occupation 

Group N 
family family 

Single llarried No boys One or No One or No One or Farming Non- Student or 
more girls more depend- 1110re !arming unemployed 

ents 

Xon-1nlected 
19 18 25 12 22 15 25 12 13 20 4 

(1) 37 
villagers (51.41) (48.61,) C67.6i) (32 . 41,) (67.61) (40 . 51) (67.61,) (32.41) (35.11) (54.l':') (10 . 8 

To,.nscen (2) 17 
9 8 11 6 l2 5 5 12 5 12 0 

(52.91) (47.li) (64.71,) (35.JJ) (70.61,) ( 29 . 41,) (29.41,) (70.61,) (29.4~) (70.GI) ( 0-.) 

:f.ro.y soldiers (3) 21 
8 13 14 7 14 7 10 11 0 21 0 

(38.1i> c 61. 9i) (66. 71,) (33, JJ) (66.7') (33 . 31,) (47.61,) (52.41,) (01) c1ooi> ( O'; ) 

SiiJll!icance NS NS NS NS NS NS l vs 2 lo 3 P<0 . 02 1 t, 2 vs 3 P<0.005 

... 
-
t.J 



Previous occupation No . of jobs 

F;.rcing Non- Student or 0 1 
farming unemployed 

8 5 22 1 16 

c22.9i> (14.3') (62 . 9~) (2 . 7'4) (43.21) 

8 5 4 0 12 

(-.7 .Ol) (29.44') (23. 54') (04') ( 70 . 6'.'.) 

1 9 11 0 21 

. 8';) (42.9'lo) (52.41) (OS ) (1001) 

1 a. 2 vs 1 I, 2 VI 

3 3 

(P<0 .005) (P<0.001) 

Type of jobs 

2 Par11ing lolixed llon-
faming 

20 8 17 12 

(54.li ) (21. 61) (45.9i) (32.41) 

5 6 2 12 

(29 . 41) (35.3') (11.8') (70.64'> 

0 0 0 21 

(0.,., (Oi} (0'£) (100~) 

l I. 2 VI 

3 

(P<.0.001) 

• ., ¥ I •aaa 1_ I 1t 5 

TABLE VI .1 cont'd 

Giving help 

Yes No 

26 11 

(70.31) (29.7'.L) 

14 3 

(82.41 ) (17. 6.,., 

0 21 

(OS) (100.,., 

1 a. 2 vs 3 

(P<0.001) 

Getting help 

Yes 

7 

( 19. 4j) 

2 

(ll.84') 

0 

coi > 

NS 

r.o 

29 

(80. 61 ) 

15 

(88.2 

21 

(100 

,:.. 

'" 



TABLE Vl.l cont'd 

Scoking habit I ncome 1n l\o . of yrs Sport No. of No. of No. o f No. of yrs No. of yrs 
S£ per living in working resting sl eeping in present in p revious 

Yes No 
month Gezira Yes No 

hours hours hours occupation occups tion 
during pe r d ay 

work 

28 30 . 8!20 . 4 26. 0:!:5 .8 17 20 7 . 12::2 . B 1. 52:tl . 4 5 7. 24:tl. 72 6.5:!:2 .3 l. 83.!2 . 6 

(24.3S) ( 75. 7') (45.91) (54.l'l) 

9 8 24. 1:t1.o 11. 2:!:J.s.1 3 14 8.82.!.l.7 1. 8.!.l .2 7,36 .!.l . 60 7.9:t2 .2 4.l:t2 . B 

(52 .9'1) (47.1,.,) (17.6'1) (82.4'1) 

5 16 58.4~ .l 0.8::J.7 21 0 7.79.:'.:2 .2 l. 9:t1, 6 8. 21.!.l .28 8. 5.!.l .9 2 . 3!2 .6 

(23.8") (76.2\ ) ( 100'1) (O'l) 

---
S1gni!icance: 

2 NS KS NS P< 0 .05 P<0. 001 NS NS NS NS P<0 . 05 

VS J :-;s NS P<0 . 05 P< 0 . 05 P<0 . 001 NS NS P< 0 . 0 5 NS NS 

\ 'S 2 :,;s NS P<0. 05 P< 0 . 05 P<0 . 001 NS NS P<0 . 05 NS I\S 

... 

" ~ - ---;,:~-•~-=---•-t-~ -~---.---~ 



TABLE VI.2. Physical characteristics and egg counts (eggs/g of faeces) (Means!s .D.) of non-infe•ted 
villagers, townsmen and army soldiers 

Group N Age Wt Ht SA LB.\I LV Egg counts 
(yr) (kg) (cm) (1112) (kg) (l) (eggs/g faeces) 

Non-infected 
(l) 37 26.2!5.8 57 . lZ-7.6 

vi llagers 
168."7!6.3 l.65!o .10 49. 7:tE;. 6 11.o:t.2 .1 o±o 

To"nsmen (2) 17 28.s!o .4 62.31:13 . l 170.4!7.2 1. 72!.o.17 52 .o!.5.6 11.i!.2 . 5 0:0 

Army soldiers (3) 21 28 .o!.5 . 4 71.lZ-8.4 173.5!7 . l l.85!o . 13 61.o:t7. 3 15.31:2.1 0:0 

--
Significance: 

1 vs 2 NS NS NS NS NS NS NS 

1 vs 3 NS P<0.05 P<; 0 05 P<0.05 P<0 .05 P<0 .03 NS 

2 vs 3 NS P<0 . 05 NS P<0.05 P<0 .05 P<0 .05 NS 

~..:.-~ --~~~~-



TABLE VI .3. Pulmonary FWlction Tests (IJeans!s,o.) of non-infe•ted villagers, townsmen and army soldiers. 

Group N FEV FVC PFR 
(1/sec) (1) (1) 

Non-iniected 37 3.4s.:!:o.61 4.25!:o.63 542.!.72 
villagers 

Townsmen 16 3.4o!o.51 4.3J!o.62 sn!.s1 

Army soldiers 21 3.76!.o . 78 4.so!l.04 6oo't71 

--
Significance: 

Non-infected villagers vs to-nsmen NS NS NS 

~on-in!e~ted villagers vs army soldiers ~-s P<0. 05 P< 0. 02 

Army soldiers vs to-nsmen ?,-S NS P<0.02 

lo-" 
,;. 

~ 



TABLE Vl.4. Haematological investigations (Means.!S.D.) of non-infected villagers, townsmen and army soldiers 

Rb Rb PCV wee 
2 

ESR l>oly l..ymph BAS EOS &lono 
Group s (g/100 al) CS) CS> (per 11111 ) (I) CS) ci> ( I ) ( ~ ) 

Xon-infected 
vil l agers 

36 15.2:tl.3 104.2!9.o 47.0!.3.8 4734!.2311 14. s:!:18. l 49.2!.14.l 39.s:!:ll.6 0.23!0.43 7.4!5.5 3.51.!.2 ,6 

To'f/Tlsmen 14 14. s.!1.1 100.9!.7.5 46.2!3.5 5013!1592 9 . .1!9.6 45.5!10.o 40.7!.12.2 0. 87!.l.06 9.2!.ll.9 3.73!.2. 7 

Arr..y 21 15.s!o.9 
soldiers 

105.8!.&.l 45. s:!:2.1 5752!.1863 9.o:!7.2 47.o:!ll.7 43.'7.!9.l oto 5.5!7.7 3.86!2 . 6 

Significances: 

:-oo-int ec ted 
villagers vs NS NS NS NS NS NS NS P <0 .001 NS NS 
to'llnsr.:en 

Non-infected 
v!. llagers vs NS NS NS NS P ..:o 05 NS NS NS NS NS 
arcay soldiers 

Army soldiers NS NS It; NS NS NS NS P<0.001 l\'S NS 
vs to,nsi:.en 

.:. 
;xi 

... . 



TABLE VI.5. Submaximal re■ ponses to exercise (Means!s.D . ) of non-infeated vill■gers, townsmen and army soldiers . 

vei 900 VE1 . S VT 30 fH1.5 
VOi 210-0 .65 x age 

Group N 
(1/■in) ( 1/min) (1) (beats/min) 

Abs Wt LB.\1 LV 
(l/min) (ml / kg/ min) (ml/ kg/min) (ml /1/min) 

Non-infected 
villagers 

37 2.2.C:0.16 55.o!.7.7 1.16!0.27 142.!.15 2. 7l.!o. 71 48.s:!:1s.2 55 . 6!17.9 251!59 

Townsmen 17 2.2:i.!o.15 s2.6!:.s.o l. 2s!o. 24 13s:!:l9 2.Ss:!:o.49 42 . S::.10.3 49 . s:!:.9 . 8 21~3 

Aroy soldiers 21 2.25:Ul.13 47.7!6.9 l.4s±o.48 11s:!:10 3.5.C:0.65 ~ . i.±.9.o 58.J!s.8 234!.7.8 

--
Sign1 f1 cance: 

:--on-infec:ted NS 
villagers vs townsmen 

NS NS NS NS NS NS NS 

Non-w!e~ted 
villagers vs ■rmy NS P<0.05 P<0.05 P<0. 05 P<0.001 NS NS NS 
soldiers 

Arey soldiers vs 
NS P<0.05 NS to,nscen P<0.05 P<0.001 NS NS KS 

~ --: . -~-3":n.71 -,, 51 i _ :, _. •<~ Y"'lf' ............ ---~•": 

,... 
.;. 

c.: 



TABU: VI.6 Resting pulse rates and blood pressures (Means!s .D.) of non-infected villagers, townsmen and army 
soldiers. 

Group N Resting Systolic BP Diastolic BP 
pulse rate (111111 Hg) (mm Hg) 
(beats/min) 

Xoo-infeeted 
villagers 

29 7C.10 118.~7 . 5 1:t!:.a·.o 

Townsmen ll 8i.±.9 123 . 3!.18.6 78!10 

Army soldiers 21 so!.s 118.o!.s. 7 7s!.s 

--
Significance: 

Non-in!eo ted 
vi llagers vs P<0.05 NS P<0.05 
to'&'Jlsmen 

Noo-infected 
villagers vs P<0 .05 i;s P<0.05 
arcy soldiers 

Army soldiera 
P<0. 05 NS NS 

vs UIWnSlllllfl 



TABLE Vl.6 

~ --- . -- . ...........~ - -- _ .. ,__--__ __,, ...___._ 

Resting pulse rates and blood pressures (~eans!s .D.) of non-infected villagers, townsmen and army 
soldiers. 

Group N Resting Systolic BP Diastolic BP 
pulse rato (mm Hg) (a:m Hg) 
(beats/min) 

Xon-infeeted 29 7Cl.O 118 .2.!.7.5 13!.s·.o 
villagers 

Totlllamen 11 8:i.!.9 123.3!.18.6 18!10 

Army soldiers 21 60!.8 118.0!.8.7 1s:!:.6 

Signi! icance : 

Non-infected 
villagers vs P<0.05 NS P<0.05 
townsmen 

Non-infected 
villagers vs P<0.05 NS P-<0.05 
arc:y soldiers 

Army soldiers 
vs townsmen 

P<0. 05 NS NS 

• '.:' ~ . 

... 
~'? 
C 



CHAPl'ER VI I 

EFFECT OF S . tANSONI ON ENERGY EXPENDITURE 

AND HABITUAL ACTIVITY PA'M'ERN 

131 



1. INTRODUCTION 

Studies on the energy cost of various activities have been 

reported by several investigators (for general revie\15 see Durnin 

& Passmore, 1967; Passmore & Durnin, 1955; Astrand, 1970), in 

industry (Astrand, 1967b), factories (Bonjer, 1962; Bink, 1962), 

in mines (Wyndham et al. 1961) and forests (Lundgren, 1916; 

Hansson, 1961), where work is usually controlled and carried out 

with mechanical assistance and supervision. Very few studies 

have been reported on men performing self-paced tasks (e.g., Davies, 

1973; Davies et al. 1976; Spur et al. 1977). Usually in 

developing countries, manual labour and heavy physical work are 

performed without mechanical assistance and with relatively 

minimal supervision. Apart from the study reported by Davies et 

al. (1976) on energy expenditure and physiological performance on 

Sudanese cane cutters, no other at tempt has been made to study 

objectively the effect of S. mansoni infection on energy expenditure 

and productivity. Fenwick & Figenshon (1972), and Gateff et al. 

(1971) examined the productivity of cane cutters in East Africa 

and Cameroon without giving any data on actual energy expenditure. 

The present study was aimed at assessing the effect of s. marsoni 

infection on the energy expenditure of a Sudanese village working 

population performing self-paced tasks under natural working 

conditions and to rolato that to their laboratory physiological 

response to physical exercise. In addition, tho 24 hours habitual 

activity pattern was assessed in different working populations such 

as villagers, canal cleaners and soldiers. 

I 



2. MATERIALS AND ~IETIIODS 

a) Energy expenditure study 

Forty-six males (aged 18-45 years), volunteer villagers, 

eight of whom were non-infected and thirty-eight infected with 

S . mansoni (part of the previously reported study on Managaza and 

nearby villages), were allowed to perform self-paced physical 

tasks with minimal interference from the observer. Under the 

conditions of the present field study, standardization o.f the work 

was found to be virtually impossible. The mean values for 

stature, body weight and composition, and egg counts of the 

villagers involved in the present study are given in Table VII.l. 

It was rather difficult to persuade the subjects to ignore the 

presence of thee:iuipmcnt (K.M . ) or the presence of groups of 

bystanders, whose presence sometimes threa toned and interfered with 

the investigations. The prodominan t task performed by the amjori ty 

of subjects was shovelling, either to make now edges or dividing 

the fields into smaller partitions (Fig. Vll.l). Other common 

tasks were cutting sorghum, cleaning grass, cleaning and picking 

groundnuts, diverting water for irrigation, picking cotton and 

pulling cotton plants. Most of these tasks are considered to be 

among tho most difficult and energy-demanding manual farming work 

in the Sudan. Changes in body weight ( to the nearest 50 g) were 

measured by recording tho body weight of the subject be.fore the 

start and after the finish of tho task using a portable beam 

balance set on a rigid platform. The ra to of work and tho whole 

period of time spent by the s ubject in porfonning the tnsk were 

also 1·eco1·dcd usin~ a stop-watch (to the 11ea1·cst second). Heart 

11 
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t' igure VII. 1. Shovelling in the nawashn 



Figure VII.2 , P1cking oI Growtd nuts 



rates were measured by palpation from the wrist. For each 

subject direct measurements of oxygen intake were made over a 

minimum period of 15 minutes using a Kofranyi-Michaelis (KM) 

respirometer, which was carried on tho back o.t: the subject 

(Figure VII.3). Expired gas was collected in a polythene bag 

connected to the respirometer. The polythene bags were tested 

for the loss of expired gases during a period of two hours (two 

hours, in the author's view, is an adequate period of time to 

enable the observer to make gas analysis after gas collection in 

the field). The estimated loss was less than 1% for CO2 , and 

less than 3% for o2 . The Kofranyi-Michaelis respirometers were 

checked and calibrated regularly by using a primary standard 

(water displacement) in the laboratory before their use in the 

field. The expired air was analysed for o2 and co2 using the 

Lloyd-Haldane gas analyser (A. Gallenkamp 8r. Co. Ltd, England). 

Oxygen intake was deteI"mined from these measurements and was 

converted to an energy expenditure value. Environmental measure-

ments of dry, wet and globe temperatures and wind speed were 

recorded every 20 minutes and the wet-bulb-globe-temperature indox 

(WDGT) was calculated from the equation: 

WBGT 0.7 WB + 0.2 GT+ 0.1 DB 

(for outdoors with solar load) 

where 

WO wet bulb temperature 

DO dry bulb tomporature 

GT globe thermomeior temperature. 

oxygen intake with othor rccortlc-d data <..luring the subject's activity 

in the fiol<..I, t.he predicted maximal aerobic power in tho laborato1·y, 
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Figure VII. 3 . Oxygen i.ntuke mcosurcm nt 
in t.h Field . 



Figure VII.J. 0 gen i.11 tuk DI OSUT"eDlent 
in lh Field. 



and relative work level(% vo
2 

) are given in Table VII.2. 
max 

b) Twenty-four hour habitual activity pattern 

Non-infected and infected villagers, canal cleaners and army 

soldiers were investigated in this study. In order to assess 

the twenty-four hour habitual activity pattern and consequently 

daily energy expenditure, each subject was separately interviewed 

to recall precisely tho time spent in performing each activity 

during the 24 hours prior to the date of the interview. Energy 

expenditure tables were consulted to estimate the twenty-four 

hour energy expenditure of each individual. A comparison between 

the observed energy cost of different tasks in the field with the 

predicted energy cost of similar tasks in the tables revealed a 

close similarity in values. 

3. RESULTS 

a) Energy expenditure study 

The two groups studied were similar in stature and physique, 

and similar to those values of the parent population (Table Vll.l) 

but the non-infected subjects were slightly heavier in body weight 

and lean body mass, taller and with higher values of leg volume 

compared to infected subjects. The two groups worked equally 

hard, which was reflected in their similar mean values of work 

rate, time spent in the performed task and recorded changes of body 

weight (Table VII.2). The n1ean value of oxygtm cost of the work 

performed by the non-infected villagol's was 1.33-!0.16 1/min and 

1. 16~. 29 1/mln by infoc t.ed. Al though the non-infected villagers' 

1 ~> B 



energy expenditure was higher than the infected villagers, the 

difference was not statistically significant. Tho mean vo
2 

cost of the work in the groups was equivalent to an energy 

expenditure of 28.~3.4 Kjoules/min (in the non-infected group), 

and 24.s:!:G.l Kjoules/min (in the infected group). The corresponding 

mean heart rate during the period of KM measurements was 14~13 

beats/min in the non-infected group, which was higher compared to 

the mean heart rate of 13z:t.15 beats/min in the infected group. 

Also, the mean heart rate measured during the other periods of 

time, when the KM was not used, was higher in the non-infected 

group. The use of the KM resulted in an increase in heart rate's 

mean values in both groups compared to those mean heart rate 

values recorded when the KM was not used. Heart rate mean values 

were similar in the two groups, whether being recorded during KM 

measurements or otherwise. The mean oxygen intake measured in 

the field corresponded to 56.9!.l.3.5% (in the non-infected villagers) 

and 51.8.!14.l (in the infected villagers) of the predicted vo2 max 

measured in the laboratory. The relative work level(% vo2 ) max 

was similar in both groups and not signi:tK;antly di:flcrent. The 

minute ventilation value was higher in the non-infected villagers 

compared to the value of the other group; however no sib'llificant 

di:fferonce was to be found between them. The mean value of WBGT 

index indicates that the two groups worked under non-stressed 

environmental temperature conditions. 

b) 2'1 hour habitual activity pattern 

The 24 hour energy output of each individual was mstimated by 

sununing the product of time spent in each activity by tho energy 

1 J !J 
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cost of that activity. Then the twenty-four hours we re broken 

down according to the type of activities which were classified 

as light, moderate, heavy, walking, standing, sitting, lying on 

bed at ease and sleeping. Apart from the last five typos of 

activities, all other activities were classified as light (energy 

cost between 8.5 and 20.4 Kjoules), moderate (21-34 Kjoules) and 

heavy (32 Kjoules or above). 

are presented in Table VII .3. 

The summary of results (Mean~.D.) 

The total energy output value of 

the army soldiers is the highest recorded value followed by the 

non-infected villagers, then infected villagers and finally canal 

cleaners. The difference is significant (P<0.01) between army 

soldiers and canal cleaners, but it is not so when comparing 

soldiers with villagers. Villagers among themselves do not 

differ significantly in all the measured values, neither in the 

total twenty-four hours energy expenditure, nor in the activity 

pattern. However, they spend twice the time doing light and 

heavy activities compared with canal cleaners and sleep less 

hours per day. Canal cleaners expend relatively longer periods 

of time doing moderate work and walk longer in comparison to 

others. Tho villagers' daily energy expendi turo averaged more 

than 1000 Kjoules higher in comparison to canal cleaners; the 

reverse is true when comparing tho villagers with tho army soldiers. 

4. DISCUSSION 

a) EnorKY expenditure 

Tho analysis of tho combined dnta in tho present study 

suggests that individuals with light S. mansoni infection in this 

1 0 0 



particular community are capable of p<c>rforming heavy physical work 

at a similar work level (% VO ) found in non-infected subJ·ects. 
2 max 

The outcome of the energy expenditure study has confirmed once 

more, as in the findings of the controlled laboratory study on 

physiological response to physical exercise, that these levels of 

schistosomiasis infection have no effect on physical working 

capacity nor on energy expenditure under natural working conditions. 

The majority of villagers chose to perform a shovelling task for 

which the mean values of the percentage of vo2 max in both groups 

were above 50%. The levels of energy expenditure of work carried 

out by the groups were comparable and similar to those recorded in 

recent studies (Davies et al. 1976) on Sudanese cane cutters and 

by Spurr et al. (1977) on Colombian cane cutters. The villagers 

were capable of maintaining a work rate above 50% of their estimated 

maximal aerobic power output which was higher than those recorded 

for ind us tria 1 or building workers (Bink, 1962; Bonjer, 1962; 

Astrand, 1967b). The mean aerobic energy output value of 25-28 

Kjoules/min in both groups was similar to those of men at work with 

pick, shovel and wheelbarrow, coal-mining, agricultural work and 

lumborjacks (Passmore & Durnin, 1955). All the men performed their 

work continuously for more than an hour at a relative work level of 

52- 57% of their vo2 max· 
Astrand & Rouahl (1970) suggested that a 

50% load is too high for a steady state if the physical activity is 

continuous for a whole working day. Although the presence of tte 

observer together with the use of un.r ami liar ins ti·umen ts could 

increase anxiety, the cardiac frequency obtained during the use of 

the KM respiromctcr was similar to that recorded du,·ing the periods 

of timo when KM mcasuremcnt!3 were not curried out in both groups. 

1 G l 



The mean changes in body weight wore similar in both groups and 

suggest that subjects have worked equally hard and in accord with 

previously reported evidence (Davies et al. 1976). Motivation, 

which is known to play an important role in man's ability to 

perform physical work, contributes little to high values of the 

energy expenditure of these men. 

b) Twenty-four hour habitual activity pattern 

Durnin & Passmore (1967) stated that "in estimating the 

expenditure of energy of any individual, it is our experience 

that larger errors are likely to arise from a failure to determine 

correctly the length of time spent in any activity rather than in 

any assessment of the metabolic cost of that activity" . Although 

the present cva lua tion of the twenty-four hour energy output of 

the four groups in Table VII.3 included actual measurement of the 

energy cost of different activities, beside more or less accurate 

recording of tho length of time spent in each activity, tho study 

is far from ideal. However, the recorded values of the twenty-

four hour energy expenditure in tho studied groups closely follow 

a similar pattern to those vo
2 

max values measured in the laboratory. 

Army soldiers, as expected, have the highest recorded values and 

differ significantly (P< 0.01) from canal cleaners, who arc heavily 

infected with S. mansoni. In practice, tho canal cleaners 

at tend to canal cleaning (moderate work), walk to and from their 

pluco of worl< and the rest of tho day they are either sitting, 

lying on their bods or sleeping, Villagers spent their time 

evenly ctoint: light, modot·ato and hcnvy activities in 1tddl. tion to 

more active lelsuro timn compared to cannl clcnncrs . In those 

! 



respects lhe villagers look better off in comparison to canal 

cleaners who spend about more than 1000 Kjoules less per 24 hours 

than villagers. The reduced daily energy output in the canal 

cleaners group would hardly be attributed to undernutrition 

because their body weight, size and composition were slightly 

superior compared to those of villagers (Table VI.2). Canal 

cleaners differ insignificantly in monthly income from villagers 

and generally Gezira is considered to be among the best regions 

with fairly good food supply in the Sudan. 

Army soldiers spend less time lying on their beds, stand 

and walk longer and spend longer periods of time doing light and 

heavy activities in comparison with villagers and canal cleaners. 

Despite the obvious shortcomings of this study, the findings 

suggest that light S. mansoni infection has no effect on the 

24 hour energy expenditure in the wor·king village community, but 

when the level of infection changes from light to heavy, as in 

the canal cleaners group, the twenty-four hours energy expenditure 

could be reduced by more than 1000 Kjoules (in comparison to 

villagers) or even by more than 1800 Kjoules (in comparison to 

army soldiers). 



TABLE VII.l. Physical characteristics and egg counts (eggs/g faeces)(Means.!S.D.) of non-infected and infected 
villagers 

Group N Age Wt Ht LBM LV Egg counts 
(yr) (kg) (cm) (kg) (l) (eggs/ g faeces) 

Non-infected 8 27 . 5!7.9 56 .9!.6 .o 167.8!5.3 50.Jt4.l 11.4!:o.84 ~ 

lnfened 38 26. i!s . 6 53.l!.6 .6 165.l.!8 . 4 47.s!.4.9 10.5!.l.5 61 'T.!:.736 
villagers 

Significance: P"C0.05 

..... - •~ ·...,,,--.. · ~ 
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TABLE VII .2. Field work results (Means!s.D. ). Alinute ventila tion ( VE ) , oxygen intake (Vo2 ) , pred icted ma ximum 
oxygen intake (V02 max), per cent.age of V02 max (~ x 100 ) , hear t rate at gas collect1on (HRK?,1 ) , average 
heart rate during work (liRAv>, change in body :.! max weight (6Wt) , rate of work, time spent at work and 
Wet Bulb Globe Thermometer Index (WBGT) of non-infected villagers and inf ei;ted villagers . 

Group N VE v02 V02 max ~xlOO HR at KM HRAV Wt Rate per Time \l'BGT 
(l/min) ( 1/ min) Cl/min) 02 max (g/hr) 50 s t r okes (hr) 

(min) 

Xon-i nfe i:ted 
villagers 

8 39.2!3 .6 l . 33!o . 16 2.39!o . 33 56,9.!13.5 141.o!.13 .0 135.o!.12.0 528 .o!l85.0 l.O!o . 2 l.20!o . 22 

Infee ted 38 35.5.!8 . 8 1.1s:!:o. 29 2.32!0. 41 51.a±.14.1 132.o:!:15.0 130. o:!:15. 0 503 . o:!:281. 0 1. i.±o. 7 l.2C0.52 
vi lla gers 

~ 

"' 
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TABLE VII.3 . TWenty:four hou rs hab itual activity pattern and corres ponding energy cost (lleans.!.s.D ). 

JI.umber d hours s pen t on 
24-hr 
energy 

Group N 
Light Moderate Heavy Wa lking Standing 'Sittin g Lying Sleep cost 

activity ac tivity activity on bed 
(!(Joules) 

Xon-in:eoted 
(l ) 36 2 . 74!2 . 89 3,l(gJ , 81 1. l o!l.60 0.6 3:0 .65 0 .4a:!:o.66 7.88!3 . 24 1. 21,:!:.1. 59 6. 86±.1. 58 1228~263 

villai;ers 

Aray soldiers (2 ) 21 4 . 04!.3 . 76 l. 43!-1.85 1. as!.1. 85 0. 7 i.!o . 50 0 .45!0.88 6 . 5'7.::.J .28 0.321:l. OO 8 , Go:tl.91 12830!229 

Infected (3 ) 141 
vil:ai;ers 

2 . 67.!.3. 13 2. ~ . 14 1.55:!:.2.26 o.sJ!o .88 0.59.!.l.09 8.47.:S . 52 1. 07!1.48 7 . 77!7 .03 122sz.:t2211 

Cana l cleaners 4 19 1.24.!2.31 5. 04!-3 . 52 0. 63!-l. 85 l.4 i.!o . 78 o.1 i;!:.o.21 5. 26!2 . 50 1. 12!:1. 82 9.2o:tl.94 11042!:1022 

S i~ificance: 

l vs 3 i,;s NS KS NS NS NS NS NS NS 

1 VS 2 NS i,;s NS NS NS NS P<0 .01 P<0 . 005 KS 

1 vs~ P<0 ,0 5 P< 0 ,C5 NS P<. 0 . 001 NS P<0 . 005 NS P<0 , 001 NS 

3 vs 2 XS NS NS P< 0.05 NS NS P<0.01 P-<0 . 005 NS 

3 vs 4 P<0.05 P< 0 ,05 . NS P<0.005 NS P< 0 , 005 NS P-c.0 . 001 NS 

2 vs 4 P<0.002 P<0 .001 P< 0.002 P<0 . 005 NS NS NS NS P<0.01 

•as,, .... •·~ ~ .. 



CHAPTE R V III 

EFFECT OF ANTI-SCHISTOSOMAL TREATMENT ON 

WORK CAPACITY 

.~ 



1. INTRODUCTION 

It is a widely held view in tropical community medicine 

that schistosomiasis control leads to numerous direct and 

indirect economic benefits (Weisbrod et al, 1973; Foster, 

1967; Farooq, 1963). The direct economic benefits are 

achieved through increased labour output and efficiency during 

work. Apart from the direct economic benefit, the absence 

of the disease itself would lead to changes in social life 

and improvement in the quality of life, neither of which is 

traditionally subject to economic measurement and analysis. 

The indirect benefits are achieved through a reduction in 

morbidity and mortality due to disease. Anti-schistosomal 

drug treatment is considered to be of crucial importance as 

a positive factor in controlling the disease. Nonetheless, 

other factors should be taken into consideration such as 

mollusc control, sanitation and health education. Apart 

from a very few investigations (e.g., Omer & Ahmed, 1974), 

the subject of objectively assessing the effect of anti

schistosomal treatment on the physiological responses to 

physical exercise has been barely touched. 

The main aim of the present study was to assess tho 

possible effects of anti-schistosomal treatment on the 

physiological responses to physical exercise in a group of 

subjects suffering from the disease, A similar group with 

schistosomiasis, but untreated, was subjected to identical 

invcs tiga tions in 01·der to exclude any possible bias (technique, 

habi tua Lion, etc,). 



2. MATERIAI..5 ANO METHODS 

Twenty-two infected subjects were selected from the 

group of Gezira villagers who first attended for laboratory 

and field studies. After the initial laboratory and field 

investigations had been completed the subjects were given 

anti-schistosomal treatment and admitted for a specific period 

of time for observation in the hospital. The anti-schistosomal 

drug used for treatment was hvcanthone (Etrcnol). lt was 

administered as a single intramuscular injection dose (the usual 

amount of drug used in 1he Sudan is 3 mg of hycanthone per kg 

body weight). After discharge from the hospital all subjects 

were informed about the nature of the subsequent study and all 

agreed to participate in it. The subjects were screened 

parasitologically every three months by a modified Kato method 

(Kato & Miura, 1954) to detect whether any had become newly 

reinfected. They were also instructed to avoid contact with 

any possible source of contamination with schistosomiasis and 

wore given anti-malarial prophylaxis. Subjects showing 

renewed infection with schistosomiasis despite treatment were 

excluded from the study, 

'

ot-
Those who were passing schistosome 

eggs in stools after a period of nine months to ono year were 

then retested. A further nineteen infected subjects took 

part in a similar study but without being given treatment. 

In this second investigation the period of time between the 

first and second tests was between four to six months, 



3. RESULTS 

a) Physical characteristics 

The changes in physical characteristics of both groups 

recorded after the second test are given in Table VIII.l. 

Changes in age, body weight, body surface area, lean body mass 

and leg volume were not significantly different between the two 

groups. However, the treated group had a mean increase in body 

weight of 3.3 kg, in lean body mass of 2.4 kg, and in leg volume 

by about 0.13 1. There were very slight but statistically 

not significant changes in the body weight, lean body mass and 

leg volume of the untreated group. While the treated group 

passed no schistosome eggs during the 9-12 months period after 

tho initial investigation, tho mean increase in egg counts of 

the repeated untreated group amounted to 187 eggs/g of faeces 

after 6-9 months. Apart from tho changes in egg excretion the 

only other significant difference in the two groups was the 

change in height (P<0.01). 

biologically unimportant. 

b) Pulmonary function tests 

llowover, the change was small and 

The results of pulmonary .function tests on the treated 

and untreated groups show that the changes i.n FEV 1 and PFR 

are slight and insignifl.cant (Table VIII .2). Anti-schistosomal 

treatment was, however, associated with a significant (P<.0.001) 

increase in forced vital capacity (FVC). 



c) Haematological invostigations 

The moan changes in the haematological parameters measured 

in the two groups aro given in Table VIII.3. Differential white 

blood cell counts were not repeated in the untreated group and 

there were no signi!icant changes in the other group after 

treatment, Haemoglobin concentration increased by 1.1 g/100 ml 

of blood in the treated group (P<0.001) compared to the slight 

increase (0.49 g/100 ml of blood) in the untreated group. Anti-

schistosomal treatment therefore appears to be associated with a 

significant increase in haemoglobin concentration. No si,;;nificant 

changes were detected in packed cell volume or ery~hrocyte 

sedimentation rate in both groups, The white blood cell counts 

increased significantly (P<0.01) in each of the groups,but tho 

difference between them was not significant. 

d) Responses to exercise 

The mean changes in submaximal responses to exercise in 

the two groups (Table VIII.4) show that a very slight and quite 

insignificant decrease in vo
2 

900 occurred after treatment 

( 40 ml/min). Between the un trca ted and treated groups no 

significant changes were observed in ventilation volume (VE 1 _5 ) 

and tidal volume (VT 30). There is a slight decrease in minute 

ventilation (VE
1

.
5

) in both groups which in itself is not 

significant but it may suggest that tho subjects' anxiety was 

slightly reduced on the socond occasion. Highly significant 

(P<0,001) differences were found betwoen the two groups with 

respect to the cardiac frequency at vo2 1.5 1/min (flt 1.5), 

While an increase (not signllicant) in cardiac frequency (fll 1. 5) 
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was observed in the treated group. 

Dy comparing the mean changes in the predicted vo2 in max 

absolute (1/min) and relative terms to 1eg volume (ml/1/min) 

in the two groups, anti-schistosomal treatment was shown to be 

associated with a highly significant (P <0.01) increase in vo2 

Though there were increases in vo
2 

max in relation to body 

weight and lean body mass in the treated group compared to a 

decrease in these values for the untreated group, the change 

max . 

in difference from zero between the groups were not significant. 

4. DISCUSSION 

Marked improvement was observed for the trea tad group in 

some physiological functions which suggests that schistosomal 

treatment does improve considerably the physical working capacity 

and other measured physiological parameters in this study. The 

untreated group has provided a basis for unbiased comparison of 

the responses to treatment. In contrast to the non-significant, 

alight changes in physical characteristics, except for height and 

leg: volume of the untreated group, the treated group showed a 

consistent increase in body weight, lean body 01ass end leg 

volume, but tho changes were not significant. The task of 

keeping subjects free of schistosomiasis (as well as malaria) in 

a highly endemic area such as Gezira, was quite clifficul t. The 

subjects were systematically screened for S. manso1\i parasites, 

regularly given antimalarial prophylaxis, and always instructod 

to keep clear from sources of schistosomal infection. Tho 

increase in egg counts in the un trua ted group suggests that the 

group had been exposed to ro-infcction to a varying degree, 



which led to a significant chango (P <0.001) in egg counts 

betwoen the first and the second test. An overall improvement 

was observed in the pulmonary function tests of the treated 

group which is inEgrcemont with previously reported evidence 

(Omer & Ahmed, 1974). Small, non-significant changes wore 

recorded in the pulmonary function test of the untreated group 

in comparison to the treated group with nearly significant and 

significant changes in peak flow rate (PFR) and forced vital 

capacity (FVC) respectively. The increase in haemoglobin 

concentration in the treated group was nearly double the untreated 

group. The association between the haemoglobin concentration 

increase in the treated group and anti-schistosomal treatment is 

evident. The disappearance of sohistosomal eggs from the stool 

of the treated group led to an increase of l.l g / 100 ml of blood 

in haemoglobin concentration. 

A substantial increase in physical working capacity (15% to 

20%) in tho treated group also appears to be directly relatod to 

tho ant1-schistosomal treatment (Tablo VIII.4). The vo2 max 

increased by 370 ml/min (in absolute terms), and by 40 ml/1/min 

( in relation to leg volume). 

The small decrease in minute ventilation (VE1 r.) in both ,,> 

groups could be accounted for by the subject's familiarization 

with the laboratory sot up and technique. Tho sub-maximal 

exercise cardiac frequency (fH 1.5) was remarkably lower by 

10 beats/min in the treated group. The significant decrease 

(P <0.001) in cardiac froquoncy after treatment in comparison to 

a very 9 mall non-sib'11ificant increase in cardiac frequency of tho 

untreated g1·oup shows clear:Ly that the decrease was at ti· ibu tod to 
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the anti-schistosomal treatment. The fatiguability always 

expressed by subjects at the end of each sub-maximal exercise 

test at the first occasion was not mentioned at the completion 

of the sub-maximal test on the second occasion in the treated 

group. 

In conclusion, the anti-schistosomal treatment has 

provided strong evidence of substantial and significant 

improvement in pulmonary function tests, degree of fatiguability, 

haemoglobin concentration and, most important, an approciable 

and significant increase in physical working capacity by 15-20%. 

17 ,, 



TA.BU: VIIl.l. Changes 1n physical charac1eristics and egg counts (eggs/g faeces)(Means.!s.D.) of the repeated 
untreated and repeated treated groups. 

Group N Age 
(yr) 

Wt 
(kg) 

Ht 
(c■) 

SA 
(m2) 

LB.\I 
(kg) 

LV 
(l) 

Repeated untreated villagers 19 +0.37!1.8 +0.2~7.0 -l.Ol,!.l.64 +o.002!0.08 +o.85!6.0 +0.32!0.38 

Repeated treated villagers 22 +0.951.2.0 +3. ~.O +o. Bs:!:.l.24 +o.059U>.12 +2. 4:z!a.2 +o.13.!o. 35 

Sign1!1cant differences 
associated with treatment 

Significant 
change differs 
free zero 

l a) untreated group 

J b) treated group 

NS 

NS 

P<0.05 

NS 

NS 

NS 

P<0.01 

P<0.01 

P<0.01 

NS 

NS 

P<0.05 

.-:-;~ 

NS 

NS 

NS 

NS 

P<0.01 

NS 

~~ 

Egg counts 
(eggs / g faeces) 

+187.:!.381 

-526!.528 

P<0.001 

P<0.001 

P<0. 001 

~ 

..J 
c;, 



TA.BL£ VIII.2. Changes in Pul110nary Function Tests (lleans.!S.D.) of repeated untreated and repeated treated groups 

FEV1 FVC PFR Group N ,1/ sec) (1) (1) 

Repeated untreated 
19 +0.06!0.28 +O.OS!0.23 +6.6!34 .5 

villagers 

Repeated treated 
22 +o.os!o .32 +o.2a!o.Jo +16 . 9!:40 .0 

villagers 

---
(1) Significant differences 

NS P<0.001 KS associated with treatment 

(2) Sign ificant i a) untreated group NS NS NS 
change differs 

P<0. 001 NS from zero b) treated group NS 

:i .!■du 1_ a·. - 1 U _ 1, .~:._... ~--....:.....a ... - .... 

,... 
-J 
~ 



TABLE Vlll. 3. 

N 

Changes in haematological investigations (Uean dif ferences~S.D.) of the repeated untreated 
and repeated untreated groups. 

Hb 
(g/100 ml) 

Hb 
(S) 

PCV 
(S) 

WBC 
(per mm3) 

ESR Poly 
( '.' ) 

Lymph 
( 1 ) 

BAS 
CS) 

EOO 
( j ) 

?.epeated untreated 
\'illagers 

19 +o .49!1 . 1 +2.6!.7.4 +o.2:i.!.2 . 8 +118~1105 -o.53:!:.J.2 .2 o!:o o!:o o!:o o!:o 

Mono 
( ~ ) 

o:!:o 

Repeated treated 
\ !lla1;ers 

22 +l.l.!0.96 +8.3!-5.6 +0.50!.2 . 3 +109~1326 -2.0!.14.8 -2 . 38!14.2 ♦l.oil2.2 -o.ll!:o.62 +o . 31!10.0 1.2!3.3 

P<0 . 05 P<0.05 NS 

Signi f icant la) untreated NS NS NS 
cha~ge differs group 
f rco zero b) treated 

P<0 . 001 P< O. 001 NS 
group 

NS NS 

P <: 0.01 NS 

P< 0 .01 NS NS 

,'.1Wlilr+'» :-.,--=-

NS NS NS NS 

1-
-J 
-J 



TABU: VIII.4. Changes in submaximal responses to exercise (mean differences!,S.o. ). 

N 

Repeated untreated 19 
villagers 

Repeated treated 22 
villagers 
.. 
(1) Signi!icant differences 

associated with treat-
cent 

a) untreated 
Significant change } group 
differs from zero b) treated 

group 

VO 900 
(l~min) 

-o .os!o. 25 

-o .o<L!o.34 

NS 

NS 

ss 

VE1.5 
(l/min) 

-1.a4!.4. 7 

-l.54!8.3 

NS 

NS 

NS 

VT 30 
(1) 

+o.02Ul.27 

-o .Q6.!:.o.21 

NS 

NS 

NS 

fH1.5 
(beats/min) 

+l. Sa:!:a. 6 

-10 .1!10. 3 

P<0.001 

NS 

P<O 001 

Abs 
(l/min) 

-0. lCO. 52 

+o.37!o.5s 

P<0.01 

NS 

P<0.01 

V02 210 - 0 . 65 x age 

Wt 
(ml/kg/min) 

-3.2:i!l0.9 

+3.ls!.13.2 

NS 

NS 

NS 

LB.\! 
(ml/kg/min) 

-4.19!.12.9 

+4.33!14.5 

NS 

NS 

NS 

·.7lli.71 ....... _ :, ,~ -........ """"" 

LV 
ulll/1/cin) 

-71!.128.6 

+40.C.106.2 

P<0 .01 

P< 0 .02 

P<0.01 

-.:i 
::c 
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The two most common human schistosomes in Africa 

(S. mansoni and S. haematobium) are widely distributed in the 

populations of nearly all provinces of the Sudan except in the 

arid zones and Red Sea deserts. Schistosomiasis is highly 

prevalent in areas where irrigation schemes are in existence. 

That "schistosomiasis is a man-made disease" is especially 

appropriate in the Geziraarea of the Sudan which contains an 

extensive irrigation scheme. Since the Gezira irrigation 

scheme commenced in 1925, the prevalence of schistosomiasis has 

increased progressively from year to year (Humphreys, 1932; 

Stephenson, 1947; Greany, 1952; Amin, 1972a; Omer, 1976). 

There seems little immediate prospect of eradicating the disease 

in spite of the persistent efforts of the local health 

authorities. Available information on the impact of schisto-

somiasis on human working capacity has been conflicting and 

controversial. Some investigators deny the existence of an 

effect of the disease on work capacity (Walker et al. 1972; 

Davies, 1972) while others, on tho contrary, claim that the 

disease inflicts a marked reduction (35-40%) on physical work 

capability (Farooq, 1967; Cheng, 1971). However, these 

remarkable claims of losses in labour output have not been 

supported by objective physiological studies. 

The present study was designed mainly to investigate tlD 

effect of S. mansoni on tho physiological response to exercise 

and habitual activity pattern on a wide range of economically 

active male groups in the Gozira irrigated area of tho Sudan, 

whcro no anti-9chistosomal mass treatment or anti-mollusclcldal 

applications have boon carried out. Tho investigated groupY 
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included a number of different working populations arranged in 

decreasing sequence according to the level of habitual activity 

and degree of schistosomal infection as follows: healthy 

physically trained army soldiers, healthy non-infected vl.llagers, 

healthy townsmen from Khartoum City, villagers with relatively low 

infection, canal cleaners with relatively heavy infection and 

hospital patients. 

In the laboratory tests, all extrapolation techniques using 

cardiac frequency and vo2 data collected at submaximal exercise 

for prediction of vo
2 max were based on the assumption that the 

relationship between cardiac frequency and vo
2 

is linear and that 

all subjects under study can reach similar cardiac frequency 

l values. max To confirm these relationships a random sample 

of our subjects were exercised at the level of their maximum 

aerobic power. It was found that at maximum exercise, the f a 

max values recorded for non-infected and infected subjects were 

identical (Table IX.ll, Thus, for comparative purposes the use 

of predicted vo2 max 
in this study would appear to be warranted. 

The findings of the present study constitute information of 

substantial importance in assessing the effect of schistosomiasis 

on tropical productivity for the following reasons: 

1. 

2. 

It has provided strong evidence for the first time 

using objective scientific criteria showing the adverse 

effect of schistosomiasis infection on physical working 

capacity as measured by tests of physiological function 

pulmonary function tests and haemoglobin). 
max, 

t t demonstrates a positive effect of anti-schistosomal 

treatment in improving physical working capacity. This 
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3. 

4. 

is supported by the individual's subjective response 

which was expressed as a disappearance of post-exercise 

fatigue and tiredness. 

The laboratory findings of the maximal aerobic 

power output were truly reflected in the measured 

24 hour habitual activity patterns which confirmed 

that those with higher aerobic power output usually 

worked with a higher daily energy output. 

The trend of the significant negative correlation 

between the increase in egg load with the decrease in 

haemoglobin concentration and reduced maximal aerobic 

power in both absolute terms (1/min)and relative to leg 

volume (ml/1/min). 

The investigation on settled village communities in the 

Gezira suggested that the relatively low schistosomiasis infection 

(as shown by the mean egg counts values in the villagers (Table 

IV. 2 )) has very little or no effect on physical working capacity, 

which is exactly similar to the previously reported evidence by 

Collins et al. (1976) on Sudanese cane cutters. The first 

question inevitably to be asked is why the relatively low levels 

of schistosomiasis infection (egg excretion) did not impair physical 

working capacity, In attempting to answer this question it is 

first necessary to consider the link between schistos omiasis 

infection and the mechanisms contributing to maximal aerobic power 

output. 

Tho following components of the oxygen transport system in 

aerobic capacity exert a decisive inf luc11co on the values of tho 
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T 
maximal aerobic power output, lung (size, FEY, FYC, ventilation 

during exercise), heart (size, fH, SY, heart volume), muscle 

(mass) muscle enzyme syste~ age and sex. Non-infected 

villagers were similar or nearly identical in age, body weight, 

stature, lean body mass, body surface area and leg muscle (plus 

bone) volume (Table IY.2), which eliminate possible differences 

arising from differences in age, muscle bulk and heart size and 

volume. The heart weight is directly proportional to the body 

weight in mammals (Adolph, 1949). Similar mean values of 

haemoglobin concentration (g/ 100 ml of blood) which relfects 

the total haemoglobin, packed cell volume and other haematological 

parameters exclude possible differences in Y0
2 

max in the two 

groups due to blood and its components. The nearly identical 

values of forced expiratory volume, forced vital capacity and 

peak flow rate (indices of pulmonary function) eliminate possible 

differences due to lung size and function on the vo
2 

max in 

non-infected and infected villagers, Finally, villagers were 

similar in every-day habitual activity, monthly income, marital 

status, number of dependents in the family as well as the time 

spent in rec1·eational activities (sport, etc) which eliminate 

the effect of habitual activity, training and motivation on the 

V02 max of both groups, Relatively low s::his tosomiasis infection 

did not reduce tho functional value of those components nor 

change the social behaviour in tho infected villagers compared 

to those of non-infected villagers. As a result, the sub-

maximal responses to exercise wero idontical in both groups as 

woll as the mean values of maximal aerobic powor output in 

absolutu terms and rolut.ivo to body indices nntl composi t ion (in 
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particular the mean value of maximal aerobic power relative to 

the leg volume which was exactly equal in both groups, Table IV,5). 

In the field, both groups worked equally hard with similar energy 

expenditure and work level(% vo
2 

max). The villagers were 

capable of maintaining a work rate above 50% of theii, estimated 

maximal aerobic power output in the laboratory, which was higher 

than those recorded in buildin g and heavy industries (As tr and, 

1DG7b). Tho aerobic energy output value (25-28 Kjoules/min) 

achieved by villagers in the field was similar to that of men 

performing hoavy tasks (coal mining, agricultural heavy work and 

lumberjacks)(Passmore & Durnin, 1955). The total daily energy 

expenditure was identical in both gi·oups and they were similar 

in all aspects of the 2·1 hour habitual activity pattern (Table VII.3). 

However , the classification of villagers on the basis of 

each ind 1 v idua l's egg counts , p1·ovided the first indication that 

schistosomiasis could impair the individual's physical working 

capacity. Subjects with the highest egg counts (in tho region 

of 1000-1500 oggs/g) showed slight, though non-significant, 

reductions in body weight, lean body mass and leg volume (Table 

111.5), forced vital capacity and peak flow rate (Table 111-3). 

A small but highly significant increase (P<0.001) in ha emoglobin 
not 

concentration, l'CV but/eosinophil counts was found in villagers 

with relatively low egg load comp.-rod with thoso with higher egg 

loatls (Table I I I. 3). Tho combinecl effect of all these dif forcnces 

was rEflected in the rolativaly low values of tho maximal a erobic 

power output in the group with the highest levels of in :foct1on 

(cirn counts). The results of vo
2 

m.ix recorded in all groups on 

thu bnsis of tho individual's egg counts suggested that a further 
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assessment was required on the basis of egg exretion rates. 

The canal cleaners were a group with relatively high levels 

of infection (mean egg counts 2os-i:t11os eggs/g) in comparison to 

tho villagers group (mean egg counts 367~1105 eggs/g). Heavy 

infection with schistosomiasis reduced the maximal aerobic power 

output of the canal cleaners by about 17% in comparison with the 

villagers. The canal cleaners performed physical exertion at 

work which was equal to or greater than villagers. Their 

physique, body size and composition and pulmonary function tests 

were closely similar yet canal cleaners showed a consistent and 

significant reduction in maximal aerobic power. The reduced 

values of haemoglobin concentration (g/100 ml of blood) and packed 

cell volume values in the canal cleaners group were highly 

significantly different (P< 0.001) from those of villagers and 

this may provide3rationale as to why schistosomiasis could affect 

the physical working capacity. 

The combined data from the previously reported study by 

Collins et al. (1976) on 50 Sudanese cane cutters and the data 

collected during the present study on the 147 Gezira villagers, 

19 canal cleaners and 18 hospital patients, who originally came 

from the Gezira, were statistically analysed to test the trend of 

the following relationships: 

1. Egg load versus haemoglobin concentratlon (g/100 ml 

of blood). 

2. Egg load versus maximal aerobic power output in 

absolute terms (1/min) and relative to leg volume (ml/1/min). 

3. Haemoglobin conccntratiun versus maximal nerobic 

power in nbsolu to tcl'ms ( 1/min) und reln til.c to lei, volume 
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4. 

(ml/1/min). 

Cardiac frequency at a Y0
2 

intake of 1.5 1/min (fll 1.5) 

versus egg load, maximal aerobic power and haemoglobin 

concentration (g/100 ml). 

A significant negative correlation was found to exist between 

egg counts of the individual and haemoglobin concentration (g/100 ml 

of blood, Figure IX.l). Since malaria infection was controlled 

during this study and other parasites were absent, the reduction 

in haemoglobin concentration appears to be mainly related to the 

level of intensity of schisto,;omiasis infection. A reduction in 

maximal aerobic power occurred with an increase in egg load and a 

significant negative correlation was found between egg load and 

maximal aerobic power (Figure IX.2); the value of the coefficient 

of correlation increased when the maximal aerobic power was standardized 

in relation to log volume (1''igure IX.3). Tho relationships between 

the egg load and other paramen-s such as haemoglobin concentration 

and cardiac frequency (Figures IX. l and IX.4) suggests the possible 

means by which schistosomiasis impairs physical working capacity. 

The partial correlation between aerobic power (Vo
2 

fll max) 

and egg load (egg count) given haemoglobin (Haem) and pulmonary 

function (FEY and FVC) is not significantly different from zero. 

However, the arobic power per leg volume (V0
2 

PLY) is signifi

cantly correlated with egg load given haumoglobin and pulmonary 

function (Table IX.2). 

The level at which reduced haemoglobin concentration begins 

to affect tho nmximal aerobic power has been conte><ted by several 

groups of workers. Thnrc are those who clnim thnt durin1I exercise 



the transport of oxyge n to tho working tissues is unaffected by 

a decrease in haemoglobin concentration (13eutler, Larch 8. Tanzi, 

1960) even at such low levels as Hb = 8.6 g/100 ml of blood 

(Cotes et al. 1972) and those who maintain that severe and 

moderate anaemia could cause reduction in maximal aerobic power 

(Charliton et al. 1977). Veteri 8. Torun (1974) reported a 

direct proportional relationship between the haemoglobin concentra 

tion and the Harvard step test score in Guatamalan agricultural 

labourers. With the relatively large number of individuals 

investigated in the present study (221) it was possible to 

demonstrate that the maximal aerobic capacity was directly pro

portional to the haemoglobin concentration over a wide range from 

low values up to the normal range (Figures IX.5, IX 6). A 
was 

significant negative correlation/found to exist between cardiac 

frequency (fH 1. 5) and haemoglobin concentration (lib )(Figure IX. 7) . 

Generally, it is rather difficult in the tropics to associate 

directly schistosomiasis with anaemia, since other parasites such 

as malaria and hookworm could act syncrgistically on haemoglobin 

level along with schistosomiasis. However, there is a belief 

that S. mansoni is a common cause of anaemia and the lowering of 

haemoglobin level due to the increase in the lt,vel of intensity of 

infection (egg load) was p,·eviously reported (Nelson, 1958). 

Recently, \Yoodruf f ( 1973) 1cniggestcd that anaemia and splenomega ly 

which occur in schistosomiasis represent a response to an auto

immune reaction on the erythrocyte's surface with resulting 

hacmolysis (haemolytic anaemia) and crythrophagocytosis in the 

spleen. 

The cvidf'nco from tho tr.,nd analysis of those parameters 
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1. 
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which affect tho maximal aerobic power suggests that schisto -

somiasis can indeed impair the physical working capacity depending 

on the level of intensity of infection. 

fhe subjects in tho hospital patients group were investigated 

immediately after their admission to hospital in order to exclude 

the possible de training effects of bed-rest on their measured 

maximal aerobic power output. They originally came from the 

Gezira area and were similar to tho Gezira villagers in their 

social and physical background, However, a marked reduction in 

maximal aerobic power of up to 20% was found in comparison with 

non-infected villagers. Other parameters such as pulmonary 

function tests (FEV, FVC, PFR) as well as haemtological parameters 

were impaired and highly significantly different from those of 

villagers. In this group of patients, whose main complaint was 

schistosomiasis, there was a significant reduction in both haemo-

globin concentration and pulmonary function tests (Tables V.3, V.4). 

The army soldiers and townsmen from Khartoum city constituted 

two interesting groups from the point of view of habitual activity 

and physical training on the one hand and as two groups free of 

the disease in comparison to the Gezira villagers and canal cleaners 

on the other. The physically trained soldiers are distinguished 

clearly from other groups by their superior physique and state of 

training, higher haemoglobin concentrn tion level and high values 

of the pulmonary function tests. Their maximal aerobic power in 

absolute terms was much higher than those of villagers and towns-

men (Table Vl.5). However, by standardizing tho maximal aerobic 

power in relation to log musc'lo (plus bono) volume the highly 

significant difference (P<0.001) in vo2 max botwoon 1u·my men and 
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villagers disappears, suggesting that habitual activity has an 

important influence on the absolute values of vo
2 

max (Ojikutu, 

l.972; Davies, 197'1). 

The relationship between "active" muscle mass and aerobic 

power output on the bicycle ergometer, namely that between 

maximal power output ao.d leg volume, has been found to be highly 

significant in young adults up to the age of 35 years (Davies, 

l.974). It was the practice in the present study therefore to 

standardize VO? to l.eg volume when comparing the VO in 
- max 2 max 

different populations in that age group, The study also 

demonstrated the high positive correlation between maximal aerobic 

power output and leg volume which confirms previously reported 

evidence (Cotes et al. 1969; Cotes~ Davies, 1969; Davies, 1974). 

The physically untrained healthy townsmen were superior to 

villagers in body weight, stature, body size and composition 

(Tabla VI .2) but they were similar in the haemoglobin values and 

pulmonary function tests. However, the villagers maximal aerobic 

power in absolute terms was higher compared to townsmen and the 

vo
2 

max value of villagers was even greater when related to body 

indices (body weight, lean body mass and log volume, Table VI.5). 

The 21- hour habitual activity which was supported by actual 

energy expenditure measurements of different tasks in the field 

showed a close rela Lionship to individual maximal aerobic power 

values recorded under controlled laboratory conditions (Table IV. 5). 

Di!ferencesamong groups in their daily energy output could hardly 

be attributed to nutritional factors for tho following reasons: 

The whole Gezi,·a population irrespective of tho individual's 

social status or c,ducntional level is engaged in agricultural wo1·k. 
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As mentioned before, 12.5% of the land is planted with sorghum, 

2.5% with wheat and a further 15% of the land is utilized for 

vegetables and recently some of the cotton is replaced with 

wheat and rice. The nutritional status at the area level is 

high, at the personal level the groups under study are identical 

in their monthly income, physique and stature, and finally their 

hlemoglobin concentration levels suggest that much lower levels 

exist in mar or under-nourished populations. 

The physically trained soldiers expend about 1000 Kjoules 

(about 8%) per day more than the Gezira villagers and nearly 

2000 Kjoules (18%) per day more than canal cleaners. Because 

the villagers are highly habitually active and the nature of 

their work demands higher energy output, and because their physical 

working capacity was not impaired at that level of intensity of 

infection, their total 24 hour energy expenditure was not signifi-

cantly different from that of the soldiers. The canal cleaners 

were similarly habitually active, though they spend about 1000 

Kjoules (about 8%) per day less than villagers. However, their 

heavy infection (205~1105 eggs/g) appear to account for a difference 

of about 2000 Kjoules per day between them and a,·my soldiers, 

irrespective of their high level of everyday activity. It was 

found therefore that schistosomiasis infection can impai1· physical 

working capacity under con trolled laboratory conditions by up to 

20%, while reducing the daily energy output under natural conditions 

by up to 18%. 

Control nnll oradication of schlstosomiasis is a complox 

undertaking, especially in tho developing countries. Great 

offorts und coordination nrc noedcll from n variety o.f socio-scientific 
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disciplines in the fields of parasitology, chemotherapy, community 

medicine, environmental sanitation, hydro-engineering, social 

economy and sociology in order to formulate and carry out any 

control programme. Chemotherapy is a crucial approach in any 

programme and usually under continuous demand from the sufferers 

because of the immediate positive effect it offers to the patient, 

irrespective of whether he wi 11 be reinfected or not. In 

addition, a well-designed mass chemotherapy campaign could reduce 

the prevalence of the disease considerably . The effect of anti-

schistosomal treatment of work capacity was assessed objectively 

in this study, After a period of 9-12 months the treated 

individual's maximal aerobic power significantly improved by up to 

20% in comparison with that before treatment was given. Such 

treatment was shown to improve some of the important components 

influencing maximal aerobic power output, for example, body weight, 

lean body mass and leg volume of the treated group incl'eased by 

3.3 kg, 2.24 kg and 0.13 l respectively. All pulmonary function 

tests improved and some of them significantly (P< 0.001) improved 

(FVC) and finally a significant increase in haemoglobin conccn tra tion 

(P<0.001) occurred. The combined effect was for improved 

efficiency of the cardio-respiratory system in transporting oxygen 

to working muscles. Throughout the period of 9-12 months subjects 

were kept free f1•om malaria by systematic anti-malarial prophylaxis 

and were periodical.ly screened parasitologically to detect the 

presence of schis tosome eggs and other parasites. In addition to 

tho improved phys 1 cul working capacity, the trc,a ted P<H'80ns 

subject ivoly fcl t be I.er ar tor the exercise tos t, as teti tif ied by 

the disappca1·anco of i'uliguability and h.ick-acho. In conclusion, 
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anti - schistosomal treatment appears to produce a marked and 

highly significant (P< 0 . 01) improvement in human working 

capacity (by 20%) as well as on the subjective feeling of 

fa tiguabi 11 ty. 



TII E ECONOMI C IMPACT OF SCIIISTOSOM IASIS 

A , ECONO.\IIC ANALYSIS 

The economic aspect is considered here because of its importance 

in relation to national and international health programmes and its 

implications for optimal allocation of resources to schistosomiasis 

control, water supply, sanitation and irrigation schemes. 

Many inves ti ga tions have been concerned with assessing the 

impact of schistosomiasis on communities by. estimating the potential 

economic loss due to the disease . All of these e 3timates have been 

based on the hypothesis that schistosomiasis impai r s t he productivity 

of labour and on the assumption that the efficiency of labour is 

related to health status. The economic dimension of the disease 

has been basically investigated at two different levels, by "macro" 

studies on a national scale and by more intensive "micro" studies on 

selected population g roups (Prescott, 1978) . 

In the macro analysis, tho majority of the studies have assumed 

that infection impairs the individual's capacity for sustained 

physical effort and thorefo1·e reduces productivity. For example, 

Khalil (1949) estimated that the loss due to bilharziasis in Egypt 

was £80 million every year, and Wright (1951) claime d a reduction of 

33% in productivity of the population in Egypt which a ccordingly cost 

the country approximately £20 million per year. In an attempt to 

as s ess tho economic impact of S. japonicum infection in the Phi lippinos, 

Farooq ( 1963) assumed the loss of wurking capacity ran~ed from 25% 

to 100% in .four clinical gradients of .irlfection, With tho additional 

cost of treatment, the total uunual loss due to schistosomiasis was 

estimated to be approximatcJ.y 13 million pesos (2.2 pesos = 1 US Dollar 

in 1963). 
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Most of the above-mentioned studies have employed a general 

formula to estimate the economic loss: 

K N f..{Q) 

where 

K annual economic loss 

N = number of individuals infected 

Q annual average labour output 

of.. a constant representing the loss of working capacity 
coefficient 

There are clearly a number of shortcomings in these 

calculations mostly arising from one or more of the following premises : 

l. The magnitude of the effects on working Afficiency of infected 

workers arc only estimates and have not been based on actual 

measurements. 

2. The size of the officiency effect of schistosomiasis, o(. 1 

is assumed to be equal for all infected workers. 

3. It is assumed that there is a uniform efficiency across all 

infected individuals. 

4. The number of workers infected with schistosomiasis, N, is 

usually considered to be equal to the total number of schistosomiasis 

cases in the community. 

:; . Finally, tho fundamental deficiency in macro es tirnu tes of 

economic loss lies in the lack of any empirical basis for measuring 

wo1·k loss at the micro level. 

Tho main objective of micro analysis is to test tho ompirica.l 

validity of tho assumption that schistosomiasis substantially impairs 

the product:lvi ty of labour. Scvural studir.s have IJoen carried out 

to """oss tho work porrormanco oC infected und non-Infected workers, 

11 nd 11 1 80 to assess tho cft'oc;t or c,nti-schl:,t.osomnl t1·eatmc11t (>n wurk 
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performance. Foster (1967) in his study on a sugar estate in 

Tanzania investigated morbidity experience, monthly abs en tee ism 

and labour productivity in two groups of infected and non-infected 

individuals with S. mansoni. He demonstrated that the morbidity 

experience was related to the presence of schistosomiasis, and 

that the mean number of monthly work shifts lost was significantly 

greater among infected workers as a whole. However, there were 

no significant differences in labour productivity between infected 

and non-infected workers. Fenwick and Figenschou (1972), on the 

same estate, were able to demonstrate a significant difference 

in earnings between infected and non-infected cane cutters, but the 

5% decrease in productivity of those infected was also associated 

with a higher incidence of absenteeism. Recently, in another 

group of cane cutters in the Sudan, Collins!:!. al . (1976) showed 

that S. mansoni did not affect either physical performance 

capacity on the bicycle orgometer or labour productivity measured 

as weight of cane cut per unit of time . In St. Lucia, Weisbrod 

.!.!..!.!• (1973) studied the effects of S. mansoni on labour 

productivity and tho supply of workers on the Geest banana 

plantation and other workers in an urban firm. Their results were 

in accord with tho hypothesis that schistosomiasis infection is not 

associated significantly with either labour productivity or labour supply . 

Criticisms of the validity of existing micro studios can be 

summarized as follows: 

1, Comparisons are usually made between those who pass schistosomal 

eggs and those who do not, without classifyinK individuals 



according 1D the levels of intensity of infection, 

2. All the groups involved in micro analyses have been highly 

B. 

selected (e.g., cane cutters, working on banana plantations 

etc.) and engaged in tasks demanding heavy physical effort, 

This inevitably leads to natural exclusion of those most 

likely to show a descrease in labour productivity due to 

schistosomiasis infection. Furthermore, the investigated 

groups were usually drawn from those with lower intensities 

of infection and for this reason the findings cannot be 

regarded as totally representative. 

F.STIMATE OF ECONOMIC WSS l>UE m SCHISTOSOMIASIS IN TIIE 

~ 

In many respects the results of the present study can contribute 

to a closer assessment of the economic vmpact of the disease in the 

Sudan through simultaneous measurements of the prevalence and 

intensity of tho disease and of the potential loss of working 

capacity measured under standard conditions. The study demonstrates 

a significant reduction in objectively measured physical working 

capacity (vo
2 

max) at very high levels of intensity of infection, 

and it ls in this relatively small section of the working population 

that siw1ificant effects on productive output may bo recorded. There 

remain many w>known factors in tl'anslating the results of laboratory 

investigations to tho actual work situation. For example, vo2 max 

is clearly a bettor index of potnntial output than working efficiency 

or aclunl labour productivity, and it cannot bo assumed that an 

indlvl.dual • s actunl work performance is constantly 1•c,lated to his 

maximum output, 
llowovor, 1 t has been shown pr c vl.01.1:Jly that hl:~hor 
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maximal aerobic power output in cane cutters is positively 

correlated with higher productivity (in terms of the amount of 

sugar cane cut per day (Davies, 1973)). The experience obtained 

from studying the village community in the Gezira showed that 

although a complete analysis could be made of the males engaged 

in local farming activities it was difficult to account for those 

engaged in sedentary tasks, particularly if it took them away 

from the village. The effects of schistosomiasis on performarce 

in sedentary occupations is an unknown factor in estimates of the 

economic impact of the disease. 

The present findings wore obtained only from economically 

active groups in contrast to previous population studies where 

estimates are usually made simply in terms of the number of cases. 

For example, the total number of infected and non-infected male 

population aged 18-45 years in the Gezira can be estimated as 

follows: 

1. 

2. 

3. 

4. 

Total Gezira population 
(Departmt?nt of Statistics, 1977) 

Estimated number of economically 
active males aged 18-45 years in 
Gezira 
(Department of Statistics, 1977) 

Estimated nLmbor of non-infected 
males in that ago group (present 
study) 

E»timated total number of infected 
males in that ac:e group (present 
study) 

1,865,500 

353,640 

71,112 

282,528 

The contribution made by the working female population has 

not been considered hero sinco social tradi ti.ens mal,e 1 t vir Lually 

impossible to obtain oxorciso porfo1·mance data on women in tho Sudan , 

althou~h schistosome egg r. xcrotion <.Iota are avnlla l,lc. 
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The classification of individuals according to levels of 

intensity of infection gives emphasis to the need to consider 

the problem of schistosomiasis also in terms of the distribution 

of infection intensity with obvious implications for estimates 

of the benefits of schistosomiasis control. 

One might expect that the 282,528 infected subjects in that 

age group do not suffer in equal degree of impairment in their 

maximal working capacity since the present study shows that about 

74% of subjects are lightly infected, 17% are moderately infected 

and only 9% are heavily infected. Therefore, from the negative 

correlation found in the present study, between the level of egg 

excretion and maximal aerobic power output measured in the 

laboratory (Fig. IX.3) reductions in working capacity might be 

estimated for each level of intensity of infection in the 

population. However, most difficult of all in such estimates 

is to be able to establish the productive norms in a predominantly 

agricultural community like tho Gezira. This involves yet 

another major assumption, e.g., that the whole Gezira male population 

in the age group 18-45 years old is engaged in active employment and 

spends a measureable number of hours per day working with recordable 

periods of rest pauses. It is possible to attempt :'to measure 

these variables and test the assumptions outlined above in the 

actual working situation in a representative sample of the total Gezira 

1 !> 8 

population. An annual estimate of economic loss from all the groups (K) 

may thus bo deduced: 

where 

number of illdi vi,lua ls in fee ted in each l cvo l or 
intensity of infection 



Qi e annual average labour output for each level of 
intensity of infection 

OC.i a constant representing the loss of working 
capacity coefficient for each level of intensity 
of infection. 

On the basis of objectively measured losses of working 

capacity it should be possible to give a more reliable estimate 

of the economic loss due to schistosomiasis than has previously 

been possible and co1asequently provide a sound basis for cost

benefit analysis of control programmes. 

109 



TABLE XI .1. 

Group 

Non- infected 

Infec ted 

Signi fi cance : 

Observed maximal aerobic power (V02 maxHMeans~.D.) 

N 
VE ljlax fH max 
(l / 111in ) (beats / min) 

---

8 96 . 6.!.20 . 8 192.!_3 .0 

18 105. 5.!_21.1 193160 

NS NS 

• -•• ·•~. •I . $ 

V02 max 
( l/min) 

2.65.!.0 . 29 

2. 45.!.0. 55 

NS 

~ 
C 
C 

---- :!:.....-. .. -~~~,.\ -=- .:...~~~~-----:- -:_---:- --- :~._~ 



TAIJLE IX.2. Partial co r relation coefficients for 
infected villagers, canal cleaners and cane cutters. 

(180 subjects) 

1. Y02 fHmax 

. 
Y02 Fll

01
ax with egg count 

2. vo
2 

per LV 

vo
2 

PLY with egg count 

"given FVC 

FVC & FEV 

FVC, FEY & Haem 

given Haem 

Haem & FYC 

Haem, FYC & FEV 

r 

-0 . 14 

-0.13 

-0 . 11 

-0.10 

- 0 . 20 

-0 . 16 

-0.15 

-0.15 

p 

p 

sig 

0.04 

0,08 

0.13 

0.20 

0.005 

0.03 

0.04 

0.04 
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TAUULAT I ON OF ORIGINAL DATA 

The Appe ndix gives the mea sured values of 100 variables on each 
invest igated individua l. A d e scription of each abbreviation 
corresponding to variable number is given below as a guide to 
the data. Missing value s are coded (-9). 

Variable Variable 

!!.2· ~ 

l Age 

2 Ht 

3 FEY 

4 FVC 

5 PFR 

6 LBM 

7 SA 

8 EGCG 

9 vo2 
900 

10 VEl.5 

Description 

Age in years 

Height in cm 

Forced expiratory volume in l sec-
1 

Forced vital capacity in l 

Peak flow rate in 1 

Lean body mass in kg 

Body surface, area in m2 

Egg count (eggs/g faeces) 

VO_ (oxy gen) intake predicted at work 
1of d of 900 kpm/min 

VE BTPS (ventilation volume) predicted 
at vco

2 
1.5 1/min 

2 20 

APPENDIX 

11 FHl. 5 
FH ( cardiac frequency) p~edicted at vo

2 
1. 5 

12 VT30 

13 vo:,lHr.tX 

14 Protein 

ll> ALB 

16 SRMBRN 

17 AU<PSH 

18 Urea 

19 Na 

20 K 

VT (tidal volume) predicted at VE30 

V0
2 

predicted at max FH • 210-0,65 x age 

Total protein in g 100 ml-l 

Albumin in g 100 ml- l 

Serum bilirubin in mg 100 ml- l 

Alkaline phosphatase(k~ 

Jn mii 1- l 

Sodium in meq 1- l 

Potassium meq l -
1 

Globulin in mg 100 ml- l 

l 



Variable va,·iablc 

~- group 

22 LEG~IB 

23 HAEM 

24 PCHAEM 

25 PCV 

2G WBC 

27 ESR 

28 POLY 

29 LYMPH 

30 BAS 

31 EOS 

32 Mono 

33 Pulse 

34 SYSTBP 

35 DIASTOBP 

36 INCM 

37 YRGEZ 

38 YROCP 

39 YHPOCP 

40 HHWORK 

41 HRREST 

42 IJRSI.EEP 

43 Wt . 
44 vo

2 
max 

45 BJ,OOOPIC 

16 DlAH 24 

17 DI AHMTH 

48 ,\131)1'21 

Description 

Leg muscle+ bone volume in cc 

Haemoglobin in gm 100-l 

PC (percentage) haemoglobin 

Packed cell volume 

White blood cell count 

Estimated sedimentation rate 

PC polymorphonucleocytes 

PC lymphocytes 

PC basophils 

PC eosi.nophils 

PC moro cytes 

Beats / min 

Systolic blood pressure, mm Hg 

Diastolic blood pressue, mm Hg 

Income per month ( £S Sudanese pound) 

No. of years living in Gezira 

No. of years in present occupation 

No. of years in previous occupation 

No. of hours work a day 

No, of hours rest during work 

No. of hours sleep 

Dody weight in kg 

Observed maximal aerobic power 

Dlood picture 1 = normal; 2 = abnormal 

Diarrhoea in last 24 hrs 

Diarrhoea ln last month 

1 • No; 2 = Yes 

1 "' No; 2 = Yes 

Abdominal pain in last 24 hrs 1 = No; 2 

221 

Yes 



2 22 

Variable Variable Description ~- ~ 

49 ABDPMTH Abdominal pain in last month 1 No; 2 Yes 

50 FATIG Fatigue l No; 2 Yes 

51 LUMBPAIN Lumbar pain 1 No; 2 Yes 

52 HMTSA24 Haematuria in last 24 hrs 1 No; 2 Yes 

53 HMTSMITH llaematuria in last month 1 No; 2 Yes 

54 OCB24 Occult blood last 24 hrs 1 No; 2 Yes 

55 OCBMTH Occult blood in last month 1 No; 2 Yes I: 
56 NOCTURIA 1 = No; 2, 3 et. = times/night ~ 57 OXISPAST Other disease past 1 none; 2 = hookworm; 

3 typhoid; 4 = other 

58 ODISNOW Other disease now 1 none; 2 = hookworm; 
3 typhoid; 4 = other 

59 ASCITES 1 No; 2 Yes 

60 OBESE 1 = No; 2 Yes 

61 BILTIMES Bilharzia, number of times 

62 BILTREAT Bilharzia, number of trefttments 

63 MALTIMES Malaria, number of times 

64 MALTREAT Malaria, number of treatments 

65 LIVER 1 normal; 2 abnormal 

66 SPLEEN 1 -= normal; 2 abnormal 

67 MARST Marital status 1 single; 2 married 
3 divorced 

68 \VIVES Number 

69 BOYS 

70 GIRLS " 
71 DEPEND No. of dependents 

72 OCP Present occupation 1 farming; 2 " other work ; 
3 student/none 



Variable Va riable 

73 PREVOCP 

Description 

Previous occupation 1 
3 

74 NOJOBS 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

TYPEJOB 

SPOR'r 

GIVEIIELP 

GETHELP 

SMOKER 

NOCIG 

1 = farming; 2 = mixed 3 

1 

1 

1 

Yes; 

Yes; 

2 or O = No 

2 No 

Yes; 2 No 

1 = Yes; 2 No 

No. of cigarettes 

Hours light activity 

Hours moderate activity 

Hours heavy activity 

Hours sitting 

Hours stand in~ 

Hour:, walking 

Hours lying 

88 Hours sleeping 

Energy expenditure 

223 

farming; 2 = other work; 
student/none 

non-farming 

89 

90 

91 

WBGT Wet Bulb Globe Thermometer Index 

92 

93 

94 

95 

96 

97 

max 

Body temp 

Minute ventilation 

Oxygen intake 

Maximal aerobic power 

11 e11 l't rate at KM measurement 

Average heart rate 

o C 

A body weight kg 

. 
.t't 

l-r 

;t 

1 • 
.I, 

I . ,. 

1 
I . 

t 



Variabl 

!!2· 

99 

100 

Variable 

~ 

Ti.mo spent 

Activity 

Descri.ption 

In each activity 

1 c shovelling; 2 • other 

22 
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UNI NFECTED VILI_ AGt:~S MUR AL 
SUBJt.CT NO. VA~IABLE NUMBE.R:i 

16 17 18 19 20 21 22 23 24 25 26 27 lB ' 29 30 
1 .3 4.ll 21 .0 !17 . '1 J.~ 3. 6 8b54 0 16 .0 109.0 c;J.O 400U 10.0 20. 0 52.0 o.o 
2 .4 3.U 23 o0 }1J.(J ~.o 2.1· 622 1. lS .5 107.o c;3.0 4:>tJO 2.0 ~c.o 34.0 1.0 
3 o.o 17.U 17 .0 11':> .0 3.8 J. s ssn. 11, .0 10<> .o 4'i.O 3luu 13.0 4t:.O 4 7.0 o .o 4 ll.O 8.U -9 .0 11?.0 3.d 4.,~ , 580~,. 15 .5 101.0 4-;.o 3700 2~.o 47.o 4J.u l·o 5 o.o s.v ] f:, .O 1;,i:. .l1 4.0 3. 9 551 6 . t> • • s 114. U i;o.o 3 / !J U 2.0 !:d.ll 3'1. 0 .u 
b u.o 13.U J";; .o l • fi . ll 4.5 3. 4 731'►- l? .d l:!7 • 0 4c.u 301JU l <+. O 2"'. U &U • 0 o .o 
7 o. o 11.0 22 .0· P7 .ll 4.0 s. o 47 2t: . 15 .t! 100.0 c:;3.o S'+UU 9.0 oJ.O 2-,.0 o .o 
8 o.o h.U 1~.o t'.l2 . o 3.b 4 0 0 4S91-t 0 1::, .3 1os.o 47.U 6tHJU 19.o sr.u 3::,. U o.o 
9 o.o g.o )4.0 130 .U 2.'1 3. c! 531 1. 1; .u 09.o 47.u 6tjUU .:!. 0 5l.O 3b.O o.o 

10 o.o 6.0 9 .0 110 .0 3.} 2. 1, 39 h ,. -9 .U - 'I .O -'I.O --J -9.0 -'ll.O _., _ 0 -9 .U 
11 o.o s.o n .o 11 <:1 . 11 4 .!:> J. 1> 40ol. 1-:; .o 10 J .o 45.0 41'lUU 4.0 4J.o 51.0 o.o 
12 o.o 13.U 27 •0 P7 . U 3.9 4. 1 4'1':>U. 14 0 ::i "1½1.0 42.0 4/ilJU 10.0 4J .O 4l.O o.o 
13 o.o s.u 19 •0 117 . IJ 3 .'+ 4. :3 5314. 14 . ::i 9'1 . 0 47.o 4::, uu ? 7.o 64 0 0 2b.O o.o 
14 o.o ~.u 24 oO !)4 0 U ·J . 9 3. 6 f,08::,. 13 .s 92.o J7.o Sil rJ U 13.0 ti 7.o 19 .0 o.o 
15 o.o 15.0 l t1 .0 1<4 .t) ] . 9 s. J J401. 15 .S 10 7.0 48.0 3JUU 33.0 fi~.o ;>0 0 0 O.ll a o.o b .U p-o f•7.1J :,. ~ ~- ~ f,044. r-~ 9'>1 .o .. &.o )'.>UU 19.0 44 0 0 4ll.O o.u o.o 4. 0 .i .O ~'::i . O 4 . , • · 5~40. h .::, 14 . ll c;o.o JdllU 2.0 4t:1. U 4l.O o.u o.o ~.u ?d .O 114.U 7. 1 2. ::i 48!:> cs. s .::, lo1. o 47.0 44UU ... 0 11.u 57.0 l . o 
19 o.o f,. u 2" •0 D:l . O 7. 1 J.4 5-Jl7· 14. ~ r; ct .o 45.0 4/0U 1&.u 21.u b=>.O 1.u 
~o u.o 4.U Jb •O p~.U 7. 1 2. 6 7J 'i. l5 .t! lOb.O 4b.U 341JU 'll .O 3-. .u 4b.O o.u 
d u.o 1 ~.u t. .Q 1~>.U ,.1 3. 7 7021. 4 .5 9'1 .0 4::,. 0 )}OU 21.u 3b .U 4',I. 0 o.o 
t:2 o. o 5.u ?t>.O l 1"/ . 0 ~l.h 3. 9 417-:,. l :i .O lOl .u 4'1.U ?J liU 4.0 41.u 4:>.U O.ll 
d o.o i:..u 1c, .o 11~; . o '• · 2 3. 5 47 7,:.. }4 .S 49 .0 4b.O 41:iOU !:>. 0 4d .U 4!:i • U o .u 
r.4 o.o 4.U l!:i .o 11 :i . ll 4.4 3. 9 4::,iJ. 111 .J l r. :- .o 5c.o 70uu 2.0 t:. c. .u 32.0 A·o 6 o.o 6.u 6.0 !•1> . U !,. u 3. 4 4tl::>0 • lfi./ 121 .u s~.o l4onu 2.0 bi .u 31.0 .u 
t: 6 u.o l ?.U l '>•O 1111 . u 4.J 4. & 4➔ 7 U. 14.9 101.0 4!:i.O 11 500 74.0 7J .U 2::,. 0 o .o 
27 -9.0 -'1.0 -'i•O - •;. u -'i. I) - 9. 0 5091. 1(,.5 114.0 47.o 6bOU 1a.u 70.U 20.0 o .o 
cB o.o J.u 14 . 0 !:'?. . U ]. I. 3. 2 SS ts ~. lt. .S 114.o 47.0 4iiUU 2.0 4'# .U 37.0 o.o 
!:9 u.o 6.0 19 .0 !'N . U 3 . !::, J. 4 4414. 12 .~ b!:i .O 40.0 6t:l iJ U 1s.o 51.o 2<+.o O.ll 
J O .2 fl. 0 12.0 -9.0 - 9.o - 4. 0 6161. 14 .8 10 1.0 47.0 ?'hlll 11.0 4J .u 41.0 o.o 
:H . 3 s.o l •~• (I -9.0 _,,.o -9.0 5800. 14.J 97.o 45.o J91JO s.o b f .O u.o o.o 
32 . 2 3 . U 36 .o -9 . u -9.o -9.0 5!:i4!:i. 4.3 97.o 4~.o JllJU 10.0 34 .0 57.0 o.o 
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