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ABSTRACT

Estimates of labour productivity loss due to schistosomiasis
have been put as high as 40% but therc are no satisfactory
objective measurements of deterioration 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 verified 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, hecavily infected canai-cleaners, hospital patients,
physically trained soldiers and non-infected townspeople. All had
recceived anti-malarial prophylaxis. Laboratory measurements included
anthropometric, sociological, haematological and biochemical investiga-
tions togetiier with pulmonary function tests and bicycle ergometer
measurements of aerobic work output using a semi-automated system.

In 37 non-infected and 147 schistosomiasis-~infected villagers
no differences were found in pulmonary function, submaximal exercise
performance and predicted maximum aerobic power. Statistically
significant reductions in all thesc parameters were, however, found
in a group of heavily infected canal clcaners, A changing pattern
of quantitative egg excrction from moderate (<1000 cggs/g) to high
(> 2000 eggs/g) egg loads was shown to be associlated with decrements
of up to 20% in maximum acrobic power. The results were not attributable
to anthropometric (particularly leg muscle volume which affects

performance on the bicycle ergometcer) or to nutritional dilferences

between the groups, but predicted maximum aerobic power, cyg load and




haemoglobin concentrations were significantly correlated. In a

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

groups of villagers, one of which served as a control, 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 INTRODUCTION

Debilitation and fatigue are commonly described symptoms
of schistosomiasis and it is widely believed that this is
assocliated with a deterioration in physical work performance,
A number of attempts have been made to estimate the loss of working
capacity and productivity in infected populations and hence to
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 cxhaustion 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, decrements 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 employment 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 been few objective physiological studies designed to
investigate the fundamental nature of the incapacity to work and
the extent to which schistosomiasis 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, It 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 discase 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 soctions of the

Sudanese population infected with schistosomiasis. The primary

objective was to study the effects on physiological work capacity

11




in more static natural populations of thc Gezira 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 ill
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
at 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 becn
so it might have been possible to attecmpt 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 sometimes only the 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 subjecis 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 physiological performance and work

capacity, to investigate caus al relationships if they exist, and

to examine the effect of anti-schistosomal treatment.
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CHAPTER 1

GENERAL BACKGROUND AND LITERATURE REVIEW




A. SCHISTOSOMIASIS

L HISTORICAL BACKGROUND

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 number 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. haematobjium 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 schistosomiasis (or Bilharziasis) 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). Thoe exact

number infectced with schistosomiasis is uncertain due to the difficulty




in estinating the rates of infection in diffcrent parts of the

world., The diseasc has increased subs tantially in preval€nce

and intensity in some countries during the last half century as

a consequence of the development of water 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 1.1 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 the 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 1.1
(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 Sencgal and Gambia to the Cameroon and inland to Lake Chad.
It is found in Yemen, Saudi Arabia, Aden and Irag - In thewstern

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

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




TABLE 1.1, The world distribution of schistosomiasis (Wright,,K1968).
Population exposed and population infected.

Number of Total population Population Population

countries of region exposed infected

or islands
Africa 43 301,770,000 187,568,280 74,383,310
Mascarene Islands 2 7,161,000 5,471,000 677,000
South West Asia 9 84,386,000 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. Afap 2. World Distribution of Schi iasi i and S.intercalatnm
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S. Jjaponicum is endemic in many provinces of mainland China

and in Japan the parasite occurs on the main islands of Honshu and
Kyushu. The disease is also endemic in Thailand, Philippines,

Laos and Cambodia.

3. HUMAN SCHISTOSOMES
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 schistosomes are
similar in their life-cycles they differ in the morphology of the
adults, the shape of their eggs and larvae hatched from the eggs.
They also show differences in their infectivity to the particular

groups of snails which act as intermediate hosts.

4. LIFE CYCLE OF S. MANSONI

It is generally accepted that the normal habitat of S, mansoni
is the haemorrhoidal venous plexus of man, the paired worms being
found in the fine venules very close to the submuccesa of the rectum
and sigmoid, The schistosome eggs are deposited close to the
intestinal mucosa of these tissues, thus facilitating their access
to the lumcn of the bowel. Eggs deposited deep in tho submucosa

are most likely trapped by the tissuc reaction around them or may

be carricd by the mesenteric blood flow to the livor und lungs.
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The cggs retained in the tissues remain viable for a relatively

much longer period of time than those discharged in the faeces

and eggs passcd in stools will 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 56 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 sporocyst. The daughter sporocyst perforates the wall of

the 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,

Cercarial deveclopment 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 the space botween the mantle and the shell. The first step for

. - -
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infection of the definitive mammalian host is thc 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
characteristics 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 the 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 SCHISTOSOMIASIS ON COMMUNITIES

: I THE DISEASE

There 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 1ight infections were of little consequence and that heavy

infection was a pre-requisite for the development of Symmer's

(peri-portal) fibrosis. He also found that the number of eggs per
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g of faeces reflected the worm burden in a nearly linear 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 people with different number of
bilharzial parasites may suffer differing incidences 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 Y— 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 enlargemcnt 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 the 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 hepato-intestinal) to fully doveloped clay-pipe
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stem fibrosis (Symmers, 1903) associated with the enlargement of
the splecen (Egyptian splenomegaly) in the hepato-splenic stage.
Bogliolo (1957) stated that no other form of liver disease produces

the same macro- and microscopical features in the liver as

Schistosoma mansoni.,

The liver changes around the ova of all human schistosomes
are similar, but vary in degree, The fibrotic changes in the liver
lead to portal hypertension with enlargement of the splecen. The
spleen may be cnlarged without liver enlargement and schistosomal
hepatic fibrosis may also occur without splenic enlargement, Other
manifestations like pulmonary invoivement could occur in the acute
stage, but for short periods of time.

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

splcno~megaly duc to either S, mansoni or haematobium, or a double

infection, was associated with iron deficiency anaemia and a
reduction of the erythrocyte life-span to half normal. They
considered iron deficiency the most significant feature, Neglected
cases of hepatic Bilharziasis may develop hepatic fibrosis, spleno-
megaly, portal hypertension, loss of weight, malnutrition, abdominal

distension with terminal ascites and cventually hepatic failure.

2. EFFECT OF SCHISTOSOMIASIS ON COMMUNITIES

The literature on the public health importance of schistosomiasis
is conflicting and centroversial, Forsyth and Bradley (196G) in
Tanzania found cvidence of many abnormalities in the urinary tract
due to S. haematobium intection and the frequent occurrence in young
pcople of calciflced bladders, hydrouncphrosis and non-functioning

kidneys. Gilles (1965a, b), in Nigeria, obtained similar rosults
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to those of Forsyth and Bradley where approximatecly 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. Nevertheless, 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 chidren and adults with hydronephrosis developed non-
functioning kidneys within the two year period of the study. Mahmood
(1965), who studied the blood loss in urinary schistosomiasis,
claimed that haematuria represented potentially important blood 1loss
in S. haematobium disease.

Ji;_lEBEEEEEELiS 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. japonicum in mainland China, referring to a

“yillage of widows", where in many families there were "schistosomiasis
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widows® of three gencrations, other areas with S. japonicum
endemicity present a different view. Pesigan et al., (1958), from
their studies in the Philippines, concluded that "a large
proportion of individuals live in a state of natural balance with
the parasite" and only 0.7% 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 population (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 varices duc 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, haematemesis
in 11, and a total of 15 died, Girges (1930, 1934) reported that
in the Nile delta uncomplicated urinary or intestinal Bilharziasis
alone 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 BETWEEN S. MANSONI EGG EXCRETION AND MORBIDITY

In community studies quantitative egg output and its relation

to morbidity has been investigated by several authors. As early as
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1937,

Scott examincd the distribution of the diseasc in Egypt in
areas with relatively low and high prevalcnce. The egg output
was closely related to the severity of the disease and this
suggested that the 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 O, 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 splenomegaly
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 the clinical severity of the disease. Lehman et

al. (1976) reported that in arcas 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 ycars the frequency of hepato-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 thc 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 complicated 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 Sudancse

cane cutters.
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C. PHYSIOLOGICAL PERFORMANCE 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 concentration 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. In addition, other important
factors such as environmental parameters (altitude, heat and cold),
adaptation (traininggdeconditioning 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 oxygen

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

muscles are made to work simultaneously on another ergometer (Astrand
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& Saltin, 1961b; Stenberg ct al. 1967). In maximal work on a

bicycle ergometer in the supine position the QO

value is
2 max

only 85% of that obtained in the sitting position, but if the
subject works with both legs 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 & Saltin (1961b) found that the 002 —
values are approxmately the same whether measured while running on
a trcadmill or during cycling, Shephard et al. (1968) showed that
uphill treadmill running gave, on average, 7% higher VO values

2 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 objcctive measure of the individual's
capacity to perform hard physical work. I1f a task requires an
energy expenditure equivalent to an oxygen intake of 2.5 1/min, a

person with a &O of 4.0 1/min has an adequate safety margin

2 max
but someone with 3.0 1l/min 902 b will be working close to his
maximum,

Maximum aerobic power can be mcasured directly and indirectly.
Direct measurement is bascd 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 ard blood 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 mctabolic rate, circulation

and respiration have reachced the steady state at sub-maximal work,

T . - -

and with subsequent extrapolation to the maximum heart rate.
The assessment of maximal aerobic 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

VT A

higher the oxygen intake the higher the energy output and

functional capacity of the circulation.

—_— =

3. FACTORS INFLUENCING THE LEVEL OF \'/02 -

Several factors affect the level of maximum aerobic power of
which the following are particularly important:

Age and sex: The 902 T (absolute value) increases during

childhood and adolescence and the peak values are reached in early

adulthood. Before puberty there is no significant difference in

002 _ between girls and boys. At adolescence the 902 A values

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

the 902 max ©f 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 acrobic power is about 50% of that of a 20 year old.
For women, the pecak value is reached soon after maturity, the
absolute value remains fairly constant during the fertile period
of life, 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 magnitude of the increase depends on the




state of fitness,

Nutrition: Under-nutrition and malnutrition considerably

e

reduce the maximum aerobic pover (Davies, 1972), but this is
quickly restored to its normal value when an adequate nutrient intake

is established.

W= i -,

Habitual activity: liabitual activity is probably the most
important environmental factor influencing 002 max(Ojikutu et al. .
1972). There are great differences in the energy requirement of L
¥
different occupations. For example, athletes have a §02 A of {

up to 80% above the average for sedentary people (D8beln, 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 limits.

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; D8beln, 1956; Cctes 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 suggestl that in older men and women, in
contrast to the young subjects, there is little association between
physiological function and body size and structure and 002 —— is
independent of body weight, lean body mass and leg volume (Davies,
1972a, »; Davies & Van Haaren, 1973). However, standardization

of 902 e in relation to body composition and size (in young adult




subjects) provides a sound and reliable comparison of the maximal
aerobic power between different segments of the population. In
effect, this will correct, stabilize or remove individual
variability due to o.g. differencoes in body weight, lean body

mass, body surface arca, leg volume, etc. In particular, the
standardization of 902 Sisiac measured on a bicycle ergometer in
relation to leg volume gives a reliable comparison between different

populations, since thigh muscles are the main large muscle group

involved 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 t0 obtain, unless the individual under test is highly
motivated, fit and fully co-operative. However , standardized
submaximal exercise tests have proved to be a useful substitute to

the direct mcasurement of VO in making a comparison of the

2 max
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 V02 max). These workers recommended the bicycle test for

laboratory use, the 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 002 T FROM SUBMAXIMAL EXERCISE TESTS

The present procedures of estimating 902 max from submaximal
exercise tests are based on the measurement of cardiac frequency
(fH) at one or more work rates, fH is then plotted against vo

2
and VO is estimated by extrapolation of a fitted straight

2 max
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 002 from submaximal tests.

max

Firstly, with regard to the linear increase in heart rate with
increase in oxygen intake, the oxygen intake sometimes increases
relatively more than the heart rate as the work load becomes very

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

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

02 max

rate response to submaximal loads. Secondly, the maximal heart

rate declines with age. Therofore the VO2 A% of older subjects

will be an over-estimate compared to the under-estimate of VO2 K

for the younger subjects. llowever, by introducing an age corrcction

factor an adjustmout can be madc to reducec the error (Astrand, 1960).

In discussing the limitations of the prediction of VO2 e from
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cardiac frequency measurcments, Davies (1968) found that the

error due to the intersubject variability in fH max is small

and insignificantly different from random day to day variations

in measurement of fH and 602. However, the major limitation

would seem to be the asymptotic nature of the fH/\.IO2 curve,

Nevertheless, the prediction methods have provided a safer and

more tangible techniquc to asscss the maximal aerobic power on e
different sections of the population such as sedentary subjects,

different occupational groups and diseased subjects in a wide range

of environmental conditions.

6. THE EFFECT OF SCHISTOSOMIASIS ON PHYSICAL PERFORMANCE
AND WORK CAPACITY

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 discase 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 mcasured 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 asscss the effect of S. mansoni on physical

performance and lung function (Omer & Abmed, 1974) suggestecd that
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somec physiological parameters of physical fiiness (e.g. a "physical

condition index'" based on heart ratc recovery after exercise) are
affected by the disease and are significantly improved after S
treatment. Recently, the results of a combined laboratory and

field study on Sudanese cane cutters infected with S. mansoni (Collins

et al. 1976) showed that schistosomiasis produced no significant

B, S~ o

impairment of physical working capacity. It was argued that the -

population under study was highly selected and if there was any

e

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 absentecism due to schistosomiasis. The results of an [

-

investigation on a sugar estate in East Africa (Foster, 1967) showed

that body weight, physique and haemoglobin values were unaffected by g

e

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

'
Lo S. Jjaponicum infection, These remarkable claims of losses ,
in labour productivity have not, however, been confirmed by 5

objective studies on individual work capacity. ]

D. SCHISTOSOMIASIS IN THE SUDAN

1, 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). The 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 stretches eastwards from the south of

e SRR T

Darfur to the rainlands and semi-desert lying cast of the Blue and

J—
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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

»
S

increasingly arid land.

TV

The country has a heterogencous population of 14.9million

(Department of Statistics, 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-industries as well as camel, sheep

and cattle breeding.




25 DISTRIBUTION OF HUMAN SCHISTOSOMIASIS IN TIE SUDAN

Schistosomiasis is believed to have been introduced to the
northern Sudan 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 B,C. Egyptian colonies extended as far south
as Kereima in the Dongola Province. Although the history of

5. 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 the
disease was prevalent in villages bordering thepump 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 (19233), in describing
the general distribution of schistosomiasis and intermediate hosts,
found that the host snails for S. hacmatobium, genus Bulinus

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

Nile provinces and in inland rainwater lakes, ponds and water
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courses ., The species recorded for B. physopsis are B, (P,)

africana, B, (P,) globosa and B, (P.) didieri. With regard to

T e - -

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

B. boissyi and B, pfiefferi in the White Nile and species B.

alexandrinus and B. pfcifferi in the Blue Nile.

The construction of the Scnnar Dam followed by creation of

Ty it o,

the irrigation scheme in the Gezira which commenced in 1925

e

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 o

and children are already infected; women were not examined owing

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

P ey | SR e

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. 3
Annual surveys during the ycars 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 more widespread than this and found the infection
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rate with S. hacmatobium to be at lecast 20% in adults and 45% in
children throughout the Gezira. The suspicions of Stephenson

were proved to be correct by inwedigations a few years later.

TR ey -

Greany (1952) examincd 80,000 people living in 300 villages and
found that nearly 9% of the total population was infected with

schistosomiasis, and that the proportions infected with

g = e S S

8. haematobium and S. mansoni were similar. The Gezira area, 3

regarded as highly cndemic for S. mansoni, in recent times 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 stool

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 (22.8%), followed by 17.8% in Darfur Province;

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

Province in the extreme south but was found in Kassala Province g
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 6-12 years old were infected with

S. haematobium and 3 girls out of 395 were infected at Shambat
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(6 miles from Khartoum),. The low infection rate among the girls

is due to social customs.

Medical examination of school children shows that 2.9% of

T . -

137,870 children from all Provinces of the Sudan were positive
for schistosomiasis. The highest infection rate (12%) was in

| Darfur Province, followed by Kordufan Province (7.5%) and Northern

-,

| Province (4.5%), no distinction being made lstween 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 o !

|

|

i patients were infected. Ayad (1956) found a rate of 51% in 39 f

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

with extensive visceral involvement has been reported from the

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

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

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

believed these reports to be doubtful, g
In the Northem Province, S. mansoni like S, haematobium has 3

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

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

scheme on the Nile. Recent hospital records showed 5228 cases of
schistosomiasis.

In Lake Nasser the schistosomiasis prevalence is over 30%
amongst fishermen. One of the most heavily infected areas of

S. mansoni occurs along the Yhite Nile south of Khartoum whera

provalence rates ranging from 60 to 90% have been recorded.




3. MOLIUSCAN 1NTERMEDIATE HOSTS
Malek (1958) reportcd on intermediatc host distribution in
the Sudan, The main snails involved in the transmission of

S. haematobium 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 B. (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. B. (P.) globosus
occurs in southern Equatoria Province.

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

somiasis in the Sudan.
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CHAPTER 11

MATERIALS AND METHODS OF THE PRESENT STUDY




Ay INTRODUCTION

Al) 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 cach chapter concerned.

B. PARASITOLOGICAL SCREENING

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
screcening. 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 1s 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.

This aliquot is spread onto a slide which is then inverted and
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pressed firmly down upon a thick glass cover slip on to which a

small drop of 50% glycerinc in water has previously been placed.

W

The diameter of the faecal smear obtained is usually about 20 mm,.

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

f
The slides 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. 8 “

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. haematobium, 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. Hacmatcmesis

10. History of other infectious and parasitic diseases,




The subject then underwent a standardized medical
examination in which the liver 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 cxercise 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 and
venesection for hacmatological and biochemical analysis took place.
The semi-automated exercise physiology laboratory was constructed
in the second rcom (Figure II.l). Both rooms were provided with
efficient air-conditioning systems.

Subjects were brought by road from their villages to Khartoum
where the laboratory investigations usually continued for two
consecutive days. The driver, with a 1list 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.

T - - o

= )

—

|

e




Figure II,1. The Semi-automated Exercise Physiology
Laboratory




Accommodation, meals and transport inside Khartoum city were
provided for 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:

3. Sociological questionnaire

2. Anthropometric measurements

3. Pulmonary function tests

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

1. SOCIOLOGICAL QUEST10ONNAIRE

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, ANTHROPOMETRIC 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.18). Height was measured with a digital
anthropometer (Holtain 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 Harpenden caliper

(John Bull, British Indicators Ltd., England) at four sites:
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biceps, triceps, subscapular and suprailiac, and lean body mass

was estimated from skinfold thickness and body weight by the method
of Durnin & Rahaman (1967). The leg volumc was measured by making
the subject stand erect with fecet slightly apart and the height
above the floor and circumfercnce taken at seven sites on the left
leg - gluteal fold, one-third subischial height measured up from
mid-knee joint space, minimum (lower) thigh, knce joint, minimum
calf, maximum calf and ankle. . The levels were marked and the
circumferences measured with a flexible steel metric tapce and the
heights above the floor level measured with a digital anthropometer.
Leg skinfold thicknesses were measured at foulr sites: the 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 bonc)

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

3. PULMONARY FUNCTION TESTS

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

The FEV1 and FVC were measured by an air-filled bellows
spirometer, the Vitalograph (Vitalograph Ltd., Buckingham, England)
in which the excursion of the bellows 1is 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 I-‘EV1 and FVC was made before the physiological

exercise test took place. The height of the instrument was adjusted

so that the ubject could blow into it without leaning forward. The
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subject then inspired fully, placed his mouth firmly over the

mouthpiece and then expired maximally, continuing the expiration

T - o~

until such timec as no further air emerged. The same procedure

was repeated five times, the best of the threce measurements were

then averaged.

b) Peak flow rate

WA T . .

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

—

meter (Wright & McKerrow, 1959; Figure 11.2). The instrument

takes a spot reading of 10 msec duration at the steepest part 1

(the highest flow rate) of the FEV1 curve; its pointer is operated

I
by the deflection of a low-inertia vane in the air stream. The \
procedure is the same as for FEV . 1

4. VENESECTION FOR HAEMATOLOGICAL AND BIOCHEMICAL INVESTIGATIONS

T

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

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

I coagulant for haematological investigation and the rest of the

blood was emptied into the second container for biochemical analysis.

Inmediately after bleeding, specimens were sent to the haematology

1S e~

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)ﬁrvthrocvtesedimentation rate (ESR) and
differential count for polymorphonucleocytes (poly), lymphocytes
(lymph), eosinophils (éos), basophils (bas) and momocytes (mono).

The chemical pathology laboratory determined total protein,

albumin, globulin, scrum bilirubin, alkaline phosphotase, urea, sodium
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Figure I1.2. Measurement of Pecak Flow Rate
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and potassium. i

5. PHYSIOLOGICAL RESPONSE TO EXERCISE 4

The subjects were required to attend the laboratory on two 5

i

consecutive days. On the first day, along with other i
investigations mentioned above, they performed a pProgressive

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

aerobic power output (v02 max) were attempted on some of the 1

sub jects,

a) Progressive exercise test

=

A semi-automated sys tem was designed for this purpose (Figure

11.3). The bicycle ergometer was the 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

e T

' practice.

o

-

| 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

TR TR

Douglas bag was turned on. Now the 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
the bag was closed, During the collection the bypass botween the
bag and the gas analysers 1s open, the volume of gas drawn through

the pump (small) to the gas analysers being calculated from the

rotameter between the bag and the pump and timed by a stop-watch,
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Figure 11.3. The Semi-automated system for physical exercise test
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y The expired air passes first to a CO2 analyser (Katheromcter,

Cambridge Instruments Ltd.) to determine CO2 and then through an

oxygen analyser (paramagnetic analyser, Servomex Ltd.) to

>3 ~
A ———

I determine 02. The values of 02 and CO2 were recorded from a

digital voltmeter connected to both analysers. The expired air

volume recording was made after the gas analysis had commenced.

— -y

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 Mcasurements, London), the air being i

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

voltmeter connected to a photocell on the gasmeter, During the )
i collection of the expired air, the cardiac frequency was recorded t

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

The second digital voltmeter (designed in the MRC Environmental

Physiology Unit) recorded pulse rate every 15 sccond during the

i measurements of the maximal aerobic power output. g
The subjects performed three submaximal work Ibads for k
: determining (predicted) 002 i Every three minutes, the work s
| load was raised by 300 kpm/min and minute ventilation, oxygen intake, ‘
b and cardiac and respiratory frequencics were measured during the !

final minute of each work load. The data collected from the exercise
test were expressed for each subject in terms of oxygen intake (002)
at a work load of 900 kpm/min (\"02 900); minute ventilation (ﬁE) at

a carbon dioxide output (0C02) of 1.5 1/min (QE 1.5), tidal volume

(VT) at a VE of 30 l/min (OT 30), cardiac frequency (fH) at a VO2

of 1.5 1/min (£Ii 1.5) and VO. at an £l 210-0.65 agc beats/min (w'/o2 .-
ra
‘ (predicted)). All values were calculated from the individual

regression oquations,
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b, Measurements of maximal aerobic power output (002 max)

Direct measuremcnts of ﬁoz A were attempted on some of the
subjects on the second day. The subjects worked first at 50% of

their \}02 ay (Predicted fiom the previous day's test) for

3 minutes, then the work load was raised to 75% of their 902 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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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 In 1925

W Wy, ity e

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 Blue and White Niles before they join at

Khartoum (Figure III.1l). It occupies about 5 million feddans E

g 4

(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 Sennar Dam. The present total

gross area of the scheme is over 2 million feddans. Before the

establishment of the scheme the population was estimated to be

-—

approximately 135,000 (E1 Nagar, 1958); twenty years later the

number increcased four times to nearly 519,000 (Stephenson, 1947).
The expansion of the scheme encouraged many people to come ard ,

settle. Now over a million pecople are living in the Gezira

-——

irrigated arca. Apart from the Gezira static population a large
number of seasonal immigrant labourers, estimated at one—-third to
half a million from Western Sudan and from West Africa, come to the
area every year, The majority of pecople in the Gezira are engaged
in one way or another in agricultural work. Those who are not
farmers by origin practice farming work either as a part-time job

to provide another sourcc of income or by helping their relatlives

as, for example, is often done by students, teachers, medical
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The Gezira (Irrigated Area outlined)

Figure III.1.




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 wi th
cotton, 12.5% with sorghum, and 2.5% with wheat. A further 15%
of the 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 whe at and rice.

The Scheme irrigated area is distributed to farmers on a
tenancy basis, each farmer receives a pPiece 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:

Month Agricultural operation

July Sorghum and groundnut sowing

August Cotton sowing

September Cotton thinning; start of pest control;

bean (1lubia) sowing and start of vegctable growing.
October Start of cotton spraying

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

December Sorghum harvest; preparation of cotton picking
and groundnut harvest

January Start of cotton picking and bean grading; start
of grinding
February Continuation of cotton picking
March Continuation of cotton picking; end of rotation of

gardcns (vegcetables); wheat harvest

.y, S

T Y, . - o

|
i




%q
. 63

April End of cotton picking )

May Pulling out and burning of cotton stocks {

June Clean-up of cotton debri and end of grinding. ,‘

The months of hardest work for the individual farmers are t.

July to December. The cotton picking period is relatively easy ’

since all the family, plus immigrant labour, take part in picking 2

cotton. .

'

| B. MANAGAZA VILLAGE f
:

e INTRCDUCTION AND POPULATION l{

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

Managaza village was made by using methods of enumeration developed E

by the Malaria Comrol Programme organized by the World Health ’

Organization with the Sudan Government, In addition, the presence 4

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

.

1

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. Before the start of the study a meeting

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

-

in order to explain to them the nature of the problem of the effect of
schistosomiasis on work output and the co-operative measures demanded
from them to secure an uninterrupted flow of subjects. The response
was beyond our expcctation; necarly all males present in that age
group volunteered to take part in the study. All people in that

area are aware of schistosomiasis as an endemic disease, and it was

often difficult to cxplain to pecoplb outside the selected group why




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, Galgala 5, Wad E1 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 population 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 village has two primary
schools, one for boys and the other for girls, and one lower secondary
school for boys. There 1is no upper secondary school in the village,
and for this reason nearly all male students aged 18 and over go to
Hasaheisa or nearby small towns for higher education, There 1is 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 a3 its own bakery, 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

with water from the well; they use water from the canal, especially

those living ncar the canal.
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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

F T e

purposes, The number of pit latrines found in the village 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 social activities.

%
|
;

Usually most of the village male population spcnd 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 II1.2) are similar to
Managaza except that Wad El Amin is a much smaller village with a

total population of only 300.

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 Gezira irrigated area of the Sudan and the
possible effects of the disease on other physiological functions,
In order to fulfil the main objective the following rcquirements
necd to be satisfied:

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

prcvalonce.

b) The area should not have recelved systematic or
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The villages = location and canals

Figure 1II.2.




mass anti-schistosomal treatment.

c) Habitats of intermediate hosts should not have
becn treated with molluscicides.

a) The population to be studied should have the
following characteristics:

i) Entirely indigenous and static.

ii) 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 data collected on the villagers, All groups were
compared for each variable by one-way analysis of variance. The
same subjects were tested statistically on the basis of two
different classifications. The first classification was based on
the division of subjects according to their schistosomal egg load
as follows:

Group 1 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 passcd schistosomal eggs between 1 and 499 eggs/g of
faccos.,

Group 3, or moderatcly infected group, consisted of subjects
who passed from 500 to 999 eggs/g of facces.

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

more eggs/g of facces.
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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 I1I1.1.
All subjects were born in the Gezira and had not left the village for
any long periods of time. The mecan 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.1l). Nearly half
of them were married with only one wife, and the number of boys,
girls and dependents in the family was similar in both non-infected
and infected groups. Occupation was classified as farming, other
(including agricultural casual labour), and unemployed (students were
considered as unemployed).

In both non-infected and infected groups the majority of the
individuals were engaged in agricultural work and nearly 10% were

¢lther students or unemployed. Less than ono-fifth in both groups

were getting help in thoir farming work and a slightly higher

68
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percentage of non-infected (29.7%) than infected (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 III.2).
The non-infected and Lighly infected groups (1 and 2) are
slightly heavier in terms of body weight than the moderately
and hcavily infected groups (3 and 4). Nevertheless, the
difference 1s not statistically significant. Age is highly
significantly different (P<O0.01) between group (2) and
group (4); the difference does nct appear between group (4)

and groups (1 and 3).

ii) Groups classified by schistosomal sipns and symptoms

The physical characteristics of all groups (A, B, C and

There is no statistically

D) are summarised in Table III.2a .
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c)

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
II1.2b), 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.

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 (FEV), and the pcak 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, B, C and D)

The data for the groups are psiven in Table III.3a.

No significantly different valuecs of pulmonary function tests

werc detected in all groups; however, the absolute mcan value
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d)
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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

W e W - -

group (B) was higher than FVC value of group (A).
An analysis of the 8 groups divided simply into non-

infected and infected (Table I11.3b) did not reveal any

= e

statistically significant differences. However, the non-
infected group always had higher values of FEV, FVC and

PFR than the infected group.

s

Haematological investigations

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

The haematological findings of groups (1, 2, 3 and 4)
are summarised in Table 11I.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 appecar 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). Although the WBC and ESR had shown no
significant difference in all groups, the ESR values of
groups (3 and 4) are higher than groups (1 and 2).

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

The haematological findings of groups (A, B, C and D)
are given in Table I[II.4a, There were no significant

differences between the four groups in any ol the mecasured
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haematological paramcters.

Physiological response to exercise

e ey W~ -

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

The results of submaximal responses to exercise of
groups (1, 2, 3 and 4) are summarised in Table III.S. At

a work output of 900 kpm/min the oxygen intake (002 900) is

T e -

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

%

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

(1, 2 and 3). The minute ventilation volume at the given

S

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

=

2

in accord with previous findings for Sudanese and Africans
(Collins et al. 1976; OJjikutu et al, 1972), and higher than
those recorded for Europeans (Davies, 1971). Cardiac frequencies

at a 002 1.5 1/min are similar in groups (1, 2 and 4) but lower

B o=

in group (3).
In absolute terms (1/min) the mean predicted maximum I

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 their values and |

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

in some of the measured physioclogical variables during physical

exercise there were no significant differences betwecen the four

groups. The mean 002 900, ﬁE 1.5, OT 30, fH 1.5 and &02

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

weight, lean body mass and leg volumc are independent of varying

degrees of schistbsomal egg load.
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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 (\;02 900) was

i

similar for all groups. The minute ventilation volume
at the given 002 of 1.5 1/min (VE 1.5) were similar in all
groups, but slihtly higher in group (B), and in accord with

previous findings for Sudanese and African subjects. The

TR - .,

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 (fﬂ 1.5) at 002
1.5 1/min between groups (A, C and D), but it is higher in

group (B) than in the other three groups, The fH 1.5 values
were higher in the two groups (B and D) with schistosomiasis

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

In absolute terms (l/min) the mean predicted maximum aerobic

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

and groups (B and D) had similar maximum predicted aerobic

A\

power. The 002 210-0.65 x age values of the two groups with

no signs of schistosomiasis ((= 283 l/min (group A) and

S WA

= 2.67 1/min (group C)) were higher than 002 Hax values of

groups (B and D) with schistosomal signs ((‘;O2 = (group B) ;
= 2.47 1/min and VO, _  (group D) = 2.46 1/min)). 1In

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

higher values than groups (B and D). However, when reating

the leg volume to 002 max Sroups (A, B and C) are similar and

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

The mean VO, 900, VE 1.5, V. 30, BH 1.5 and VO, 210-0.65

2
X age in both absolute terms and relative to body weight, lecan




body mass and leg volume are independent of schistosomiasis
signs and symptoms, The outcome of the analysis o 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.

f) Pulse rate and blood pressure
Resting pulse rate and blood pressure for all 8 groups are
summarised in Table 1I11.6, and Table I1I.6a. 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).

and blood pressure fall within te normal range.

g)

Biochemical investigations

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

Results of biochemical investigations of groups (1, 2
3 and 4) are given in Table I11.7. 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 significantly different
between all four groups. However, the value of potassium
concentration in group (4) was higher than the other three
groups (1, 2 and 3). Alkaline phosphatase concentration was
significantly different (P< 0.02) between groups (1 and 2)
and groups (3 and 4). ‘The serum bilirubin concentration was
significantly different (P<0.02) between groups (1 and 2) and

groups (3 and 4).

All values of pulse rate
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body mass and leg volume are independent of schistosomiasis
signs and symptoms. The outcome of the analysis o data

supports previous evidence (Collins et al. 1976; Davies,
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V' 1972), and is against the view that S. mansoni impairs
3 l physiological responses to exercise, at least for this

particular community.

i
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| £) Pulse rate and blood pressure

.

Resting pulse rate and blood pressure for all 8 groups are

summarised in Table I1I1.6, and Table IIl.6Ga, 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 te normal range.

g) Biochemical investigations

T

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

| :
Results of biochemical investigations of groups (1, 2 I

Y
l 3 and 4) are given in Table III.7. The total protein is 1
| 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 significantly different l
|

between all four groups. However, the value of potassium
' 4 concentration in group (4) was higher than Lhe other three
groups (1, 2 and 3). Alkaline phosphatase concentration was
significantly different (P< 0.02) between groups (1 and 2)
and groups (3 and 4). 'I'he serum bilirubin concentration was

significantly different (P<0.02) between groups (1 and 2) and

groups (3 and 4).
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ii) Groups (A, B, C and D)

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

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

B D S S —

concentrations were not significantly different between

H all four groups, The total protecin of groups (B, C and

D) was significantly different from group (A). Al though
the total protein concentration in the serum of group (A)
is less than the other graups, the aibumin fraction

of group (A) was significantly differcent (P<0.05) from the

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

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

Erom group (A). The sodium concentration of group (B) was

significantly different from the other three groups (A, C

and D) at the 5% level (P=<0.05).

4, DISCUSSION
S, mansoni prevalence n the Gezira irrigated area is well
recorded (Greany, 1952; Amin, 1972; Omecr, 1976). One of the few

attempls made to assess objectively the effect of schistosomiasis on

physiological performance and work capacity was made by Collins et

al. (1976) and Davies et al, (1976) on a highly selected, well-

traincd migrant labour force of cane cutters in a Sudancese sugar
plantation. This is located necar the small township of Guneid,
approximately 100 km southcast of Khartoum on the east bank of the
Blue Nile and facing tho Gezira irrigated arca to the west. Other
investigations on the effcct of schistosominsis on physical performance

have been made by Wyndham (1958), Davies (1972), Omer & Ahmed (1974)

and Walker et al. (1972).
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The maximal pPhysiological response to physical exercise has i
often been used as an objective assessment of the individual's 4
capacity to perform hard physical work (for reviews see Astrand & )i
Rodahl, 1970; Shephard et al. 1968; Davies, 1968). There is a ]‘

belief, however, that S. mansoni 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 A
normal occupation, were engaged in agricultural activity. The risk

of infestation with schistosomiasis is therefore likely to depend on -I‘
the degree of individual involvement in agricultural work. An '
inconsiderable number (3%) of villagers were unemployed. Although

the majority of them werc employed, the mcan monthly income was low;

it is a typical picture encountered in the developing world where

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 hclp his relatives. This is why nearly half of them

held two jobs, ono of which is always of an agricultural nature.
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The responses to submaximal excrcise and predicted 002
max

are similar to previously recorded findings on Sudanese, African

D s S

and Colombian workers performing heavy physical work (Collins et

e

al. 1976; Davies, 1973; Ojikutu et al. 1972; Spurr, 1977).

Although each subject was familiarized and habituated to the

b

bicycle ergometer, there was an increase in ventilation rate

(VE 1.5) and yet this apparently had no effect on oxygen intake.

Tl b .

The increased VE 1.5 most probably is associated with psychological

-

factors (Davies, 1973) and anxiety originating from unusual laboratory

circums tances 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 002 900 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 j
of the maximum aerobic power output was made from Goz/iu regression ‘j
equation for each individual; age was adjusted. In absolute ’L

terms, the predicted &02 max ©f groups (A and C) is higher than the
002 — of groups (B and D), which suggests at first sight that
S. mansoni does affcct the maximal aerobic power output, but the
differences are not statistically significant between any of the

groups . The results including the VO2 210-0.65 x age in relation to

body weight, lean body mass and leg muscle (plus bone) volume are in

agrecement with previous findings (Collins et al. 197G6; Wyndham et




al. 1966; Davies, 1973; Ojikutu, et al. 1972).

Forced expiratory volume, forced vital capacity and peak
flow rate were 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 m1l of blood. In contrast to reports from other endemic
areas (Ongom & Bradley, 1972; Davies, 1972; Woodruff, 1973),
the investigated population showed no signs of any type of anaemia
and, in fact, the mean haemoglobin concentrations were in the
upper 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 t hree 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 alkalinec phosphatase; such differences were
similar to previous findings reported (Deschamps et al. 1955;
Azevedo et al. 1957). Significant differences (P<€0.05) in protein,
(P<0.02) in serum bilirubin and (P<0.02) in alkaline phosphatase

were only detected bctween groups (1, 2 and 3) and group (4) which

is heavily infected.
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TABLE II11.1. Summary of sociological data for Managaza and nearby villages study. (Means*S.D,)

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 deian- One or Farmer Non~- Student or
boys more girls more rhe more farmer unemployed
8 5] 12 22 15 25 12 13 20 4
Nen-infected 37 = . ’
villagers (51.4%)  (48.6%) (67.6%) (32.4%) (67.6%) (40.5%) (67.6%) (32.4%) (35.1%) (54.1%) (10.8%)
- . 76 71 85 62 94 53 107 53 63 71 13
Infected 147

villzzers

(51.7%) (48.3%) (57.8%) (42.4%) (63.9%) (36.1%) (63.9%) (34.1%) (42.9%) (48.3%) (8.8%)

cont'd
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TABLE III.1

cont'd

T S T e e T

Previous occupation No. of jobs Type of jobs Giving help Getting help
Faraing Non- Student Farming Mixed Non~
farming or 0 1 2 farming Yes No Yes No
unempl.

8 S 22 1 16 20 8 17 12 26 11 7 29
(22.9%) (14.3%) (62.9%) (2.7%) (43.2%) (54.1%) (21.6%) (45.9%) (32.4%) (70.3%) (29.7%) (19.4%) (80.6%)
Bl 17 93 9 64 74 33 69 37 104 36 25 111
(25.2%) (11.6%) (63.3%) (6.1%) (43.5%) (50.3%) (23.7%) (45.6%) (26.6%) (74.3%) (25.7%) (18.4% (81.6%)

No. of .
Sooking habit Income in No.of yrs Sport No. of r:st?n sT:e ?: No. of yrs No. of yrs
SE per living in working ¢ ping in present in previous
: ' hours hours 3
Yes No month Gezira Yes No hours occupation occupation
during per
work day
B 28 30.8%20.4  26.0%5.8 17 20 7.12%2.8 1.52%1.45 7.24%1.72 6.5%2.3 1.83%2.6
(24.3%) (75.7%) (45.9%) (54.1%)
52 95 25.3%16.4 26.727.8 63 84 7.48%2.5 1.58%1.51 7.38%1.6 6.652.6 1.86%2.6
(35.4%) (64.86%) (42.9%) (57.1%)
B Gy S,

S ey e i



TABLE 111.2. Physical characteristics of Managaza and nearby villagers, categorized by egg counts (eggs/g
of faeces). (Mean valuesIS.D) Age, weight (Wt), height (Ht), body surface area (SA), lean
body mass (LBM), leg muscle (plus bone) volume (LV)

Group N Age Wt Ht SA LBM v Egg counts
(yr) (kg) (cm) (m2) (kg) (1) (egg/g of
faeces
1 37 26.2¥5.9 57.117.6  168,7%6.3 1.65%0.10 49.736.6 11.0%2.1 ofo
2 109 28.1+7.0 56.918.1 168.3%6.5 1.6410.11 49.616.9 10.6+1.5 145+120
3 25 25.2%6.6. 53.8+6.4 170.219.4 1.6210.12 47.7%5.2 10.7%1.9 711t 91
B 13 22.5%4.9 53.714.0 168.719.5 1.61+0.08 48.7%3.7 10.7+1.3 15711680
Significance 1 vs 4 NS NS NS NS NS P<0.01
(P<0.01) lvs2, 3&4
2vs 3¢&4
3vs 2L 4
4 vs 2 &3
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TABLE 11I.2a. Physical characteristics and egg counts (eggs/g of faeces) of Managaza and nearby villagers
categorized by egg counts, signs and symptoms. (MeansIS D)
Group N Age Wt Ht SA LBM L Eggcounts
(yr) (kg) (cm) (n?) (kg) (1) (ege/g of
faeces
A 26 26.2%5.7 58.0%8.1 169.1%5.5 1.66%0.10 50.3%.8 11.4%2,2 oo
B 9 27.2%6.9 54.8%6.6 166.9%6.5 1.62%0.09 47.6%6.5 9.5%1,3 oo
c 108 26.5%7.0 56.757.4 168.657.4 1:64%0.11 49.6%6.5 10.6%1.5 380430
D 25 30.8%6.3 55.0%8.1 168.9%7.0 1.62%0.13 48.4%6.8 10.9%2.0 2721354
A vs B
Significance A, BkCuwvs D NS NS NS NS P<0.01 AByvs C&k&D
(P< 0.05) (P<0.001)
Oy e i, i *ﬁ—."_-:?-‘r.—w——x s AT, B R S e——




TABLE I1I.2b.

Physial charcteristics and egg counts of non-infected and infected villagers. (Mean=5.D.)

Egg counts
(eggs/g of
faeces)

Non-infected
villagers

Infected
villagers

37 26.2%5.9

147 27.1%7.0

168.7%6.3

168.7%7.3

Significance

(P<0.001)




TABLE I11.3. Pulmonary Function Tests (Means'S.D.) of Managaza and nearby villagers, categorized by egg
counts. Forced expiratory volume per one second (FEVY), forced vital capacity (FVC), and peak flow rate (PFR)

o n - FEV; FVC PFR
(1/sec) (1) (1)

1 37 3.49%0.61 4.25%0.63 542472

2 109 3.3710.70 4.2310.71 532+ 74

3 24 3.65%0.70 4.37+0.72 53385

4 13 3.5410.70 4.10%0.55 508t72
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TABLE III.3a. Pulmonary Function Tests (Means!S.D.) of Managaza and nearby villagers, categorized by egg
counts and signs and symptoms

FEY
(1/sec)

3.58%0.59 4,38%0.60 546179

3.19%0.64 4.91%0.67 531158

3.48%0.72 4.24%0.70 S37X75

3.29%0.72 4.21%0.78 52074




TABLE I1I.3b. Pulmonary Function Tests (MeansiS,D,) of non-infected and infected villagers

s » FEV, FVC PFR
o 5 (1/sec) (1) (1)
Non-infected 37 3.49%0.61 4.25%0.63 54272

villagers
Infected 147 3.43%0.70 4.24%0.70 530+75
villagers
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TABLE 111.4. Haematological investigations (Means!S.D.) of Managaza and nearby villagers, categorized by egg
counts. Haemoglobin (Hb), packed cell volume (PCV), white blood count (WBC)erythrocytesedimentation rate (ESR),
polymorphonucleocytes (Poly), lymphocytes (Lymph), basophils (BAS), eosinophils (EOS), and monocytes (Mono).

Hb Hb PCV WBC
(g/100 m1) (%) (%) (per mm3)

104.2%9.0 47.0%3.8 473¢*2311 14.6%18.1 49.2%14.1 39.6%11.6 0.23%0.43  7.4%5.5

103.3%7.9 480411618 15.2%13.0 46.0f14.0 39.7112.0 0.28%0.62 10.0%9.2
97.4%3.9 143, 45701085 19.3%19.5 48.8%+14.1 38.3%12.4 0.2620.5¢ 9.4%7.1

96.5%7.0 . . 4183%1051 13.8%6.4 37.8%7.9 41.4%7.0 0.42%0.79 14.98%7.1

Significance 12 162 1&2
vs vs vs
3Lk4 J3&k4 3&4

(P<0.002) (P<0.001) (P<0.05) (P<0.05)




TABLE I1I.4a. Haematological investigations (Means'S.D.) of Managaza and nearby villagers, categorized by egg
counts and signs and symptoms.

Hb Hb WBC EOS
(g/100 ml) (%) (per mm®) % (%)

15.0%1.3 102.8%9.5 46.3%4.0 484412493 13.1%14.9 46.6X15.1 41.1%12.7 0.24%0.44 3.7%2.9

15.9%1.0 108.617.0 49.4%2.2 4713%1992 11.0%10.6 54.418.6 36.9%7.3 0.25%0.46
15.0%1.2 102.3%8.0 46.3%2.9 4795r1553 15.0%13.0 45.0%f13.4 40.5%11.5 0.27%0.61

14.7%1.5 100.8%£10.5 46.6%4.6 4381%f1366 15.1r11.1 51.1%15.0 36.1f11.8 0.45%0.67
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TABLE I1I1.5. Submaximal responses to exercise (MeanstS.D.) of Managaza and nearby villagers, categorized by

egg counts. Oxygen intake (VOz) at a work output of 900 kpm/min (VO 500), ventilation at a VCOz of 1.5 1/min

(VE; 5) tidal volume at a Vg of 30 1l/min (Vr 30), cardiac frequency at a VOp 1.5 1/min (fHy 5) and VOy at an

fH of 210-0.65 x age beats/min (VOy 210-6.65 x age) in absolute (1/min) and relative ml/kg(body weight)/min,
ml (kg(lean body mass)/min and ml/1(leg volume)/min,

V0, 210-0.65 x age

Sroup - ‘(’?3132(; (‘;.53.11: ) V‘{ 1?0 ( bil:ts E}nm ) —Abs s (R -
(1/min) (ml/kg/min) (ml/kg/min) (ml/1/min)

1 37  2.24%0.16  55.0%7.7  1.1610.27 142%15 2.71%0.71  48.5%15.2  53.8%17.9  251%38

2 109  2.20%0.17  52.8%6.6  1.17%0.30 139115 2.61%0.55  46.6110.8  33.6%12.6 250153

3 24  2.2410.24  53.312.0 1.23%0.45 135+18 2.78%0.62  51.1*10.8  57.7f12.9 261166

4 13 2.1710.15 55.319.3 1.24%0.40 142116 2.55%0.44 47.759.1 52.6110.2 242150
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TABLE 111.3a. Submaximal responses to exercise (Meansi §.D.) of Managaza and nearby villagers categorized by
egg counts and signs and symptoms

vc 200 0!:‘ ‘-] .fH 002 210-0.65 x age
G “ ( 13m1n ) biai) %1‘;’0 ( bea%i?nm )
Abs Wt LBM v
(1/min) (ml/kg/min) (ml/km/min) (ml/1/min)
A 26 2.24%0.14 53.5%6.9 1.20%0.18 138712 2.83%0.68  49.9%15.2 57.6%18.3 252%47
B 9 2.24%0.22 59.1%8.5 1.10%0.38 149%18 2.47%0.77 45.9%15.8 53.0%17.6 262786
c 108 2.19%0.16 52.5%7.4 1.18%0,34 138%16 2,67%0,.58 47.5%10.6 54.4%12.5 256156
D 24 2.24%0.20 53.1%5.8  1.26%0.34 142717 2.46%0.45 44.7%9.0 50.9%11.4  231%45

06




TABLE III.6. Resting pulse rate ard blood pressure (Means'S,D,) of Managaza and nearby villagers categorized
by egg counts,

Pulse rate Systolic BP Diastolic BP
(beats/min) (mm Hg)

74.0%9.5 118.2%7.5
73.0%11.0 116.638.8
71.0t10.8 117.9%15.7

68.0%9.5 118.0%7.7

TABLE 111.6a. Resting pulse rate and blood pressure (Meansis D,) of Managaza and nearby villagers categorized
by egg counts and signs and symptoms

Pulse rate Systolic BP Diastolic BP
(beats/min) (mm Hg) (mm Hg)

74.0%9.1 118.6%8.0 73.0%7.8

73.0%11.2 117.3%6.4 72.3°8.4
72.0%10.3 117.3%10.3 71.8%8.4

75.0%12.6 116.2%8.7 69.0%8.1




TABLE III.7. Biochemical investigations (Means*S.D,) of Managaza and nearby villagers, categorized by egg
Counts. Total protein, albumin (ALB), serum bilirubin, alkaline phosphatase (ALKPHS), sodium (Na),
potassium ( K ), urea and globulin (GLOB)

Group N p.xrz:::n aLs g g o bg‘;:::bin ped ALK
l/ 1 1 . .
(g/100 m1) (&100m) (g/100m1) (mEq.1) (MEQL) oy, (me/1) (KA)
1 35 7.66X0.50 4.17%0.43 3.638.0.68 134.2+3.3 4.40t1.22 0.07+0.15 19.2t6.9 7.8t3.6
2 100 7.96%0.61 4.05t0.41 3.92+0.70 134.7¢3.1 4,.1270.76 0,070.21 21.8t8.0 7.83.3
3 22 8.08*0.54 4,17t0.35 3.9540.67 135.5%3.0 4,01*1.04 0.14t0.22 20.4%6.8 8.3t2.7
B 11 7.85t0.32 4.16%0.25 3.52+0, 23 135.5t1.7 4.60t1.67 0.2510.24 19.5t5.6 10.9+3.3
1&2 1&2
Significance 1l vs 2, 3 &k 4 NS NS® NS NS vs NS vs
(P<0.035) 3&4 3 &4
(F<0.02) (P<0.02)
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TABLE I11.7a. Biochemical investigations (MeansXS.D.).of Managaza and nearby villagers, categorized by egg
counts and signs and symptoms.

Group N p:Zf:;q ALS GLoB Na K bfiz:zbin Urea ALKPHS
(/100 m1) (g/100 m1) (g/100 ml) (m Eq.l1) (m Eq-1) (87100 m1) (mg/1) (KA)

A 25 7.6%0.46 4.25%0.41 3.47%0.59 134.8%3.2 4.6%1.3 0.08%0.15 19.5%7.2 7.053.6
B 5 7.850.60 3.92%0.45 4.11%0.76 132.3*3.4 3.8%0.5 0.06%0.17 17.7%5.6 9.723.0
c 104 8.0%0.60 4.12%0.41 3.92%0.76 135.2%2.8 4.2%0.9 0.12%0.24 21.9%8.0 7.8%3.0

D 25 7.9%50.50 3.94%0.28 3.91%0.38 134.0%3.3 4.00.5 0.02%0.10 20.2%5.7 8.16%1.51

Avs B, Bvs A,
Significance Avs B, C&D Avs B, C&D C&D
= b NS NS NS Avs B
P<0.02 cC&bD § ’ '
( 0.02) (P<0.05) (P<0.035) (P<0.05)

(P<0.035)
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TABLE I11.7a. Biochemical investigations (Means!S.D.).of Managaza and nearby villagers, categorized by egg
counts and signs and symptoms.

Total Serum

Group N protein i Fb e £ bilirubin carbap ALes
(g/100 ml) (g/100 ml) (g/100 ml) (m Eq.1) (m Eq-1) (/100 m1) (mg/1) (KA)
A 25 7.6X0.46 4.25%0.41 3.47%0.59 134.8%3.2 4.6%1.3 0.0850.15 19.5%7.2 7.0%3.6
B 9 7.8%0.60 3.92%0.45 4.11*0.76 132.3%3.4 3.8%0.5 0.0620,17 17.75.6 9.723.0
e 104 8.0%0.60 4.12%0.41 3.92%0.76 135.2%2.8 4.2%0.9 0.12%0.24 21.9%8.0 7.8%3.0
D 25 7.9%0.50 3.94%0.28 3.91¥0.38 134.0%3.3 4.0%0.5 0.02%0.10 20.2%5.7 8.16%1.51
A vs B, B vs A,
Significance A wvs B, C & D Avs B, C&D C&D
NS NS NS Avs B
<0.02 cC&bD ( .03 .03
(P<0.C2) (P<0.03) (P <0.03) (P<0.05)
(P<0.05)
o
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CANAL CLEANERS STUDY




1. INTRODUCTION

Canal cleaners are highly exposced 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 water for canal cleaning, not to mention the
usual risk involved by using the contaminated water in the canals
for domestic and recreational purposes. Canal cleaners are mostly
migrants from Western and Southern Sudan. 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 are employed by the
Department of Irrigation on a daily piece-work basis which puts

them in the same category as seasonal labourers.

2, IRRIGATION SYSTEM
The water supplying the Gezira scheme is brought by gravity
from the Scnnar Dam via the Gezira main canal, the length of which

is 204 km. The main canal branches into a scrics of major canals

and from these, at intervals of 300 m, minor canals branch at
right-angles (Figure 111.2). Small irrigation channcls, called
gate 90 teddans

Abu-Eshreen, emerge from the minor canals to irri
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of cropped land. Further branching of even smaller channecls

(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 fleating vegetation (Figure 1IV.l). Canal cleaners use machetes

to cut weeds and then remove the collected vegetation onto the banks

of the canals.

4. OBJECTIVES OF THE STUDY

Canal cleaners by virtue of their occupation are in continuous
(every day) risk of infestation with schistosomiasis compared with
the other active working population in Gezira, Very feow
investigations have been reported on the effect of schlistosomiasis
on similar populations (Ongom & Bradley, 1972) and nonc of the effect

of S. mansoni on the physiological responses to physical cxerciso.

The objcctives of the present study werc therefore as follows:
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Figure IV.1. Canal Cleaning




To study the effect °f<§;_23232ﬂi on the physiological
responses to physical exercise in a highly exposed and
infected population (canal cleaners);

b) 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 !ivestigations
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.

D. MATERIALS AND METHODS

Nineteen canal cleaners volunteered to participate in the
study. Laboratory exercise tests, pulmonary function 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 trea ted with anti-
malarial drugs (chloroquire phosphate) three weeks before the tests.
In comparison with the villagers study the canal cleaners study
presented a number Of added difficulties. Canal cleaning is not
confined to one place; groups of cleaners cover a large irrigatcd
The leader of each gang moves them from one place to

area.

another according to the requirements of the Irrigation Department's

Office. The gang usually consists of cleaners not living in one

camp or village and for this rcason it was difficult to make the

scelection and preliminary screening. It was necessary to make
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long journeys in order to collect the subjects and their stool
specimens for parasitological investigations. The help given by
the 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. RESULTS

a) Sociological data

The summary of sociological data on canal cleaners and villagers
is given in Table 1V.1. 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. The three groups are
not significantly different in terms of working years in their previous
occupation, working hours per day, 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.

b) Physical characteristics

The physical characteristics of thc group are shown in Table 1V.2.
There werc no statistically signiflicant differences in age, body

skin surface arca, lean body mass and lcg muscle

welpght, stature,
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(plus bone) volume, between the three groups (i.e. non-infected
and infected villagers and canal cleancrs), 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 leg muscle (plus

bone) volume.

c) Ilgg counts
The mean results of egg counts are given in Table 1IV.2,
The difference is highly significant (P<0.001l) in cgg counts

per gram of faeces between infected villagers and canal cleaners.

d) Pulmonary function tests

The results of pulmonary function tests are given in Table 1IV.3,
Forced expiratory volume (FEvl) per 1 second, forced vital capacity
(FVC) and peak flow rate (PFR) are not significantly differcnt in
the groups. The values of FEVl and PI'R are slightly lower in canal

clecaners than in villagers.

e) Hlaematolosical investications

A summary of all results of haematological investigations are

given in Table IV.4. There are hipghly statistically significant

differences in hacmatological measurcd values between the canal
cleancrs and villagers. Lower values of hacmoglobin concenirations,

packed cell volume and the percentage of polymorphonuclcocytes and

lymphocytes were recorded in canal cleaners group and values of higher

whitc blood cell counts, erythrocytesedimentation rate and percentage

of eosinophils wecre also recorded in the canal cleaners. There is

no significant dlfference in basophils and monocytes between the

o e

— = —

e

-~ v

B

T e L




three groups.

1) Physiological response to exercise

The results of submaximal responses to exercise are
summarized in Table 1V.S5. At a work output of 900 kpm/min oxygen
intake is similar in all groups. The 902 900 of the canal cleaners
group is lower than the villagers values; nevertheless, the
difference is not significant. The minute ventilation volumes
(QE 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 caml cleaners is

lower than the VT 30 values of villagers, the difference is not

significant.
There is a significant difference (P €0.05) in cardiac
frequency at a 002 1.5 1/min between canal cleaners and 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, - was higher in villagers (both non-irfected

2.71 1/min and infccted 2.63 1/min) compared to canal cleaners
(2.39 1/min). In spite of the marked difference in absolute 002
max values between the groups, the findings were not significantly

The relationship of the VO2 m to indices of body

different. e

size and composition in the three groups shows the following:
i) In relation to body weight, the VO, max Pe¥ kg body
welght in canal cleaners was markedly lower than in villagers.

the difference is not statistically significant.

However,
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ii) In relative terms of lean body mass, there is a
significant difference (P <0.05) in 602 max/kg lean body
mass/min between the canal cleaners and villagers. The
difference is about 15% ( B ml/kg/min) between the canal
cleaners and villagers.

iii) Values of the 602 e in relation to leg muscle (plus
bone) volume show an even more highly signifimnt difference

(P=<0.002) between canal cleaners and villagers. The

difference amounts to about 17% (41 ml/1/min).

g) 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 betwcen the
three groups. However, there is a significant difference (P<0.002)

in diastolic blood pressure between canal cleancrs and villagers.

T 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 1V.2). However, the canal
cleaners arce superior to the villagers in respect of height, lean
body mass and leg muscle (plus bone) volume. On the other hand,
canal cleaners take no part in any type of sport or games activity,

give no manual help to relatives and they tend to slcep more hours

per day than villagors.

PG E—

..

TEEAGN e .

A

L _aciag

-

L

T T L ..



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 (egg counts = 3671486 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 002 900 value of canal cleaners was lower than
that of the villagers the differences were not statistically
significant. Nevertheless, the results are in agreement 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 002 1.5 1/min between canal cleaners
and villagers., The canal cleaners had a higher cardiac frequency
than the villagers at similar work output. At low and moderate
work outputs the differences in oxygen intake most probably disappear
as a result of an adjustment in circulatory functional capacity.

Though the mcan predicted 002 e values in absolute terms and
relative to body weight were markedly reduced in canal clcaners
compared with villagers, the diffcrences werc not significant.

By looking at the physical characteristics of canal cleaners who

n body mass and leg muscle (plus bone)

are taller, have higher lea
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volume than villagers, one cxpects higher values of ﬁ02 in
max

absolute and relative terms (Davies & van Haaren, 1973; Davies,

R e s L

1972; von D8beln, 1956), But in fact the reverse is true, for
there is about 15% reduction in VOz e values rclated to lean
body mass and about 17% rcduction in 002 e values related to

leg volume respectively, the difference is statistically highly

significant.

-, - e

There are highly significant differences in measured

-

haematological parameters (haemoglobin, packed cell volume, white
blood cell ccunts, aythrocytesedimentation rate, percentage of '

polymorphonucleocytes lymphocytes and cosinophils) between canal f‘

cleaners and villagers, The reduction in haemoglobin concentration

agrees with villager study findings and extends further thc relation-

ship between the increascd schistosomal egg load and rcduced

The reduction in maximal oxygen uptake

haemoglobin concentration,

of canal clecaners may be due to the lower haemoglobin concentration

!
(the oxygen binding capacity of the blood is lower). In previous |

reported findings, Davies (1972) found that vo was only

2 max

affected in iron deficiency anaemia when haemoglobin level reduced

below about 8 g/100 ml of blood.

No impairment was dctected in the pulmonary function tests of

the canal cleancrs, comparcd with the villagers.

On the basis of the above results, therefore, it may be

concluded that while schistosomiasis has no effect on physical

performance in lightly infccted individuals, irrespective of physlcal

exertion, it does impadir working physical capacity of thosc heavily

+
infected (c.g., canal cleancrs with egg loads of 2054-1105 eggs/g).



TABLE 1IV.1. Summary of sociological data on non-infected and infected villagers and canal cleaners (MEANSIS.D.)

Marital status No. of boys in No. of girls in Dependents Present Occupation
Group N family family .
. No ; Non~= Student
Single Married No boys One or No One or One or Farming
: depend- farming or
more girls more more
ents unemploy.
‘ 19 18 25 12 22 15 25 12 13 20 -4
Non-infected ) a7
Vibstepns (51.4%) (48.6%) (67.6%) (32.4%) (67.6%) (40.5%) (67.6%) (32.4%) (35.1%) (54.1%) (10.8%)
P 76 71 85 62 94 53 107 53 63 71 13
Infected (2) 147
ke (51.7%) (48.3%) (57.8%) (42.4%) (63.9%) (36.1%) (63.9%) (36.1%) (42.9%) (48.3%)  (8.8%)
¢ 1 9 10 14 5 13 6 14 5 19
orm (3) 19 0 0
cleaners » - "
(47.4%) (52.6%) (73.7%) (26.3%) (68.4%) (31.6%) (73.7%) (26.3%) (100%)
1&2 1&2 1&2
Significance vs 3 vs 3 vs 3

(P<0.001) (®°<0.00) (P<0.001)
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TABLE IV.1.

cont'd

Previous occupation No. of jobs Type of jobs Giving help Getting help
Farming Non-  Student or 0 1 2 Farming Mixed Non- Yes No Yes No
farming unemployed farming
8 S 22 1 16 20 8 17 12 26 11 7 29
(22.8%) (14.3%) (62.9%) (2.7%) (43.2%) (54.1%) (21.6%) (45.9%) (32.4%) (70.3%) (29.7%) (19.4%) (80.6%)
37 17 93 9 64 74 33 69 37 104 36 25 111
(25.2%) (11.6%) (63.3%) (6.1%) (45.5%) (50.3%) (23.7%) (49.6%) (26.6%) (74.3%) (25.7%) (18.4%) (81.6%)
9 8 2 0 19 0 0 0 19 4 15 1 18
(47.4%) (42.1%) (10.5%) (0%) (100%) (0%) (0%) (0%) (100%) (21.5%) (78.9%) (5.3%) (94.7%)
1&2 1&2 1k2 163 1&2 1&2 1&2 1&2 1&2 1k2
vs 3 vs 3 vs 3 vs 3 vs 3 vs 3 vs 3 vs 3 vs 3 vs 3
(P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.00
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(=]
=]
TR Y. L o O SR TS = P v A T .




TABLE 1V, 1. cont'd

Smoking habit Income in No. of yrs Sport No. of No. of No. of No, of yrs No. of yrs
SE per living in working resting sleeping in present in previous
month Gezira hours hours hours occupation occupation
Yes No Yes No during per day
work
8 28 30.8%20.4 26.0+5.8 20 17 7.12t2.8 1.52%1.45 7.24%1.72 6.512.3 1.83%2.6
(24.3%) (75.7%) (54.1%) (45.9%)
52 95 25.3%16.4 26.7%7.8 84 63 7.48%2,5 1,58t1,51  7.3621.6 6.510.6 1.80t2.6
(35.4%) (64.6%) (57.1%) (42.9%)
1 18 15.651.2 14.8%12.6 1 18 7.42%1,3 135143 9A%L.4 4,5%1.8 4.6%2.4
(5.3%) (94.7%) (5.3%) (94.7%)

1&2vs 3 l1&2vs 3
(P <0.001) (P<0.001)
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TABLE IV.2. Physical characteristics and egg counts (MeansS.D,) of non-infected and infected villagers and
canal cleaners

Group N Age wt Ht SA LBM 1A Egg counts
(yr) (xg) (cm) (w?) (kg) (1) (eggs/g faeces)

Non-infected

: ) 37 26.2%5.9 57.1%7.6 168.786.3 1.65%0.10 49.7%6.6 11.0%2.1 oo
villagers

Infected

5 (2) 147 27.1%7.0 56.1%7.6 168.7%7.3 1.63%0.11 49.2%6.4 10.6%1.6 3671486
villagers

Canal 3)

19 27.4%5.8 57.1%7.6 172.4%9.3 1.68%0.15 51.7%6.2 11.7%2.1 2054%1105
cleaners

lvs 2&3
Significances (P<0.001)

Villagers vs canal 2vs 3
cleaners (P<0.001)




TABLE IV.3. Pulmonary Function Tests (Means!S.D.) of non-infected and infected villagers and canal cleaners.

FEV FVC PFR

Group N (1/sec) Pt o

Non-infected 37 3.48%0.61 4.23540.63 g
villagers
InfeCted 8!
villagers 146 3.43%0.70 4.24%0.70 530.0£75.0
Canal

+ +
cleaners 19 3.4110.59 4.2510.81 517.0%69.0




TABLE IV.4. Haematological investigations (MeansS.D.) of non-infected and infected villagers and
canal cleaners.

Hb Hb PCV WBC ESR Poly Lymph BAS EOS Mono

s (/100 m1) * %) tpex and) %) (%) % (%) (%)

Non-infected

villagers 3 15.291.3 104.2f9.0 47.0%3.8 4734%2311 14.6%18.1 49.2%14.1 39.6%11.6 0.23*0.43 7.4%5.5 3.5'2.6

infected

R TTAnare 138 14.8%1.2  101.6%8.6 46.2¥3.3  4711*1503 15.7ti4.1 45.7%13.8 39.6%11.7 0.29%0.62 10.4*8.8 4.0t2.8
viliag

Canal

S Taiiad oy A & S ] 91.2%15.3 42.1%5.2 7112t1795 42.2t30.4 38.6%12.9 30.8%6.6 0.12%0.35 25.7*11.9 4.6%3.0

Significance

Villagers vs canal

(P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P<n.001) (P<0.001)
cleaners
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TABLE 1IV.5. Submaximal responses to exercise (MeansS.D.) of non-infected and infected villagers and canal
cleaners

VOg 210-0.65 x age

VOg 9 VE; s
Group N 03 %0 1.5 V}»

. 30 .5
(1/min) (1/min) ) (beats/min) Abs ot LBN LV

(1/min) (ml/kg/min) (ml/kg/min) (ml1/1/min)

Non-infected

S 37 2.2¢¥0.16  55.0%7.7 1.16%0.27 142415 2.711%0.711 48.5%15.0 55.8%17.9 251159
v ag S

infected

viiianies 146 2.21%0.18  53.1%7.3  1.19%0.34 139t16 2.63%0.56 47.4%10.7 54,.2%12.5 251155

Eit‘;ers 19 2.17%0.16 51.9%6.3 1.07%0.33 148716 2.39%0.46 41.9%5.7 46.3%6.8 207%29
Ja.

Significance

Villagers vs canal

cleaners (P<0.035) (P<0.05) (P <0.002)




TABLE 1IV.6. Pulse rate, systolic and diastolic blood pressure (Means®S.D.) of non-infected and infected
villagers and canal cleaners

aRSing Systolic BP Diastolic BP
Group N pulse rate (on Hg) (mm Hg)
(beats/min) ¢ &

NepaRtenton. 2 74.0%10.0 118.0%8.0 73.08.0
villagers
e 96 72.0%11.0 117.0%10.0 71.0%8.0
villagers

Canad 19 74.0%12.0 121.0%8.0 79.0%10.0
cleaners

Significance

Villagers vs canal

cleaners (P<0.002)
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CHAPTER V

HOSPITAL PATIENTS STUDY




o 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 patients 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 with S. 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 the degree of

impairment to physical work capacity of these schistosomiasis

patients:

a) To study the effect of S. mansoni on the physiological
responses tou physical exercise in hospital patients with
schistosomiasis.

b) Since the majority of patients came from Gezira a
comparison would be made ltween them and the Gezira villagers
(non-infected and infected).

c) To compare the .patients with a highly exposed and

infected group (canal cleaners), from the working population.
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3l MATERIALS AND METHODS
Eighteen male hospital patients with similar age to the

groups studied previously were selected from Khartoum Civil

R ———

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

Ay o

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

preccautionary measure to ensure that he would endure the previously
prescribed sub-maximal physical exercise test for villagers and
other groups. Pulmonary function tests, anthropometric measure-—

ments, haematological and biochemical investigations and sociclogical

questionnaire identical to those carried out in villagers and canal |

cleaners were applied to the patients.

4. RESULTS .

Information on patients before their admission to the

hospital is summarised in Table V.1l. Patients, villagers and 1

canal cleaners are similar in marital status, family size and the L
number of dependents in the family. The occupation of most of

the paticents was farming. The villagers differed (P<0,001) from .
pitients and canal cleaners in the number of jobs held by the

individual in each group. The cleaners hold only one job and only

16% of patients held a second job beside the original one, comparcd

with villagers among whom 50% held more than one job. Canal

clcancrs and patients give little help to relatives in farming
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work compared to villagers; the difference between them is
highly significant, Since most of the patients came originally
from the Gezira, their number of years living in Gezira was
similar to villagers. However, villagers and patients differ
significantly (P<0.001l) in number of years living in Gezira from
canal cleaners. The monthly income of patients is similar to
that of the canal cleaners, which is lower than the villagers'
income; nonetheless, the difference is not significant between
the groups. The patients' daily working hours are nearly half
those of villagers and canal cleaners; the difference is highly

significant (P<0.,002) although the time spent for rest during

work is similar in all groups. Smoking habits are 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 sports activities and games.
Paticnts are not different from villagers in the number of years

in their previous and present occupations, but both of the groups

have spent significantly more years (P<0.001) than canal cleaners

in their present occupation.

a) Physical characteristics

A summary of the physical characteristics is ziven in Table V.2,

There are no significant differences in age, body weight, stature,

skin surface area, lean body mass and lcg mucle (plus bone) volume
betwecen all groups (villagers, cleaners and patients), The patients

have slightly less body weight and skin surfacoe arca than clcancrs

and villagers. They arc slightly taller and slightly hecavier in
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body mass than villagers, but the reverse is true when comparing
the paticnts with cleaners. The patients' leg muscle (plus

bone) volume values are similar to those of villagers but less

Ve e ew -

than those of cleaners, There is a significant difference in
egg count between villagers and patients on the onc hand and

cleaners on the other. Patients' egg counts were carried out:

-,

in a hospital's parasitology laboratory from where the patient

>y

came.

T

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 FEV1

value was recorded in the patients group compared with the villagers

and canal cleaners. The difference is significant (P< 0.05) in

FEV between patients and canal cleaners and it is more significant
1

-

(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 betwecen patients and

e R e

canal cleaners and a further significant difference (P<0.005) was
recorded between villagers and patients. While the significant L
s difference (P< 0.02) in PFR is clear between villagers and patients,

it does not exist between patients and canal cleaners. The canal

cleaners seem to have values of PFR midway between the villagers

with higher values and hospltal patients with lower values.

c) liaematolowical investigations

can values (£5.D.) of haematological investigations are

The m
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summarised in Table V.4, The highest recorded hacmoglobin values

were in the villager groups (15.1 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<0.00l1) 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 the 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 the differmce
is highly significant (P <0.001)in ervthrocyte sedimentation rate
between villagers and canal cleaners, it does not exist between
patients and canal cleaners, There is a significant differcnce
(P<0.02) in percentage of polymorphonucleocytes betwocn villagors
and paticnts and a greater significant difference exists (P< 0.001)
in percentage of polymorphonucleocytes betwcen patients and canal

cleaners. A sgnificant differcnce (P<0.05) was also recorded in

and canal

percentage of polymorphonuclcocytes between villagers
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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 polymorphonucleccytes., No
significant differences were rccorded 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 <0.00l) in percentage values of eosinophils

between villagers and patients compared with canal clecaners.

a) Responses to exercise

A summary of results (Means:S.D.) of submaximal responses to
exercise is given in Table V.S5. The patients group has the lowest
recorded value of ﬁoz at a work load of 900 kpm/min followed by the
canal cleaners group with slightly higher values, and finally villagers
with thec highest values. The difference in &02 900 is not
statistically significant among any of the groups. The values of
minute ventilation volume at a \}CO2 1.5 1/min (OE 1.5) are identical
in all groups and the differences are not statistically significant,
Nonetheless, the canal cleaners group has the lowest QE 1.5 value
folbwed by patients group with slightly higher VE 1.5 values and
villagers with the highest rocorded VE 1.5 values in all groups.
Villagers and patients have similar tidal volume at a QE 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 the highest recorded cardiac frequency at a VO2 1.5 1/min

(kH 1.5) in all groups, which is not statistically significant in
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comparison with the canal cleaners group. The lowest fH 1.5
values was recorded in the villagers group and the difference in
fH 1.5 is highly significant statistically (P<0.00l) between
villagers and patients; also the significant difference (P <0.05)
exists in fH 1.5 between villagers and cleaners,

The difference of predicted VO in absolute terms between

2 max

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

002 s in absolute terms. The differcnce is highly significant

statistically (P<0.0l) in Vo (l/min) between villagers and

2 max

patients; but it is not significant when comparing cleaners and

patients. The clcaners VOA s in absoclute terms (1/min) holds
-

mid-position between villagers with their highest values and
patients with their lowest values. In relation to body weight,

v

02 (ml/kg/min) values recorded in the patients group are the
max

lowest in comparison with villagers, the difference being highly

significant (P<0.005) and amounting to about 15-17%. The

difference between cleaners and patients in 902 ek in relation

to body weight reaches 4%. However the difference is not

significant. 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

valucs of JO (ml/kg/min), and the second group consists of
2 max

canal cleaners and paticnts with the lowest recorded values of

VOZ ma

(ml/kg/min). The difference is highly significant
x
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statistically (P<0.001) in VO, (ml/Ku/min) between the first
grouping (non-infected and infected villagers) and the second
grouping (canal cleaners and paticnts), which amount to 20~22%.
The differences between these groupings are also clearly shown
when furtiier standardization of 602 e in relation to leg muscle
(plus bone) volume is made. The difference is highly significant
statistically (P<0.001) in 602 - 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 602 == (ml/1/min) amounts to 17% by comparing
villagers with higher values and canal cleaners and patients with

lower values of VO (ml/1/min).

2 max

e) Pulse rate and blood pressura

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 the
hospital patients have a higher pulse rate (P<0.05), and villagers
and canal cleaners where diastolic blood pressure is higher in canal
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 clecaners indicated how infection with S. mansoni may affect
human physical work capacity. These studics suggested that light
infoctions with schistosomiasis affect the physical work capacity

very little or not at all while heavy infcctions considerably impair

TR =t -,
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the physical work capacity,. Further impairment of physical work
capacity has been detected in people who came to the hospital
secking antischistosomal treatment. The majority of them came
from the Gezira thus making possible a comparison between patients
and previously studied Gezira villagers and canal cleaners.
Obviously, from the collected sociological data the disease has

interfered substantially with the patients' normal lives, which

TR WY -

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 Cezira villagers

who share similar environmental,occupational and socio-economic
condi tions. 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 subs tantially 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 due to schistosomal infection. Patients'

history and medical examination at the time of the study have revealed

that they were not suffering from any other discase except

schistosomlasis.




A considerable reduction in haecmoglobin 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 revecaled further the impairment of physical work capacity
caused by schistosomiasis. Hospital patients and cleaners have

identical VO at 900 kpm/min values, whih are lower than villagers'

2
values; however, the difference is not significant, The findings
are similar to previous evidence in Sudanese and Africans (Collins
et al. 1976; Ojikutu et al. 1972). In spite of higher ventilation
volume (QE 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 902 1.5
1/min (éH 1.5) is highly significantly different (P<0.001) from
those of villagers. However the differenco does not exist between

patients and cleaners; meanwhile, the difference is significant in

cardiac frequency fH 1.5 between villagers and cleaners. The
highest values of fil 1,5were recorded in patients group followed

by cleaners wi thlower ful.s values and comparatively the lowest

valueswcre recorded in villagers group.

(1/min) value in

in absolute terms the predicted VO2 p——
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-
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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

R Y -‘“--'._ Pl —

individual's capacity to work and leading finally to incapacitation.

The significant difference (P<0.01) in VO (1/min) between

2 max

villagers and paticents reaches 17-19%. Canal cleaners, as

e L =

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 between 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 ‘}0 & (ml/kg/min) values follow

2 ma

a similar pattern to the \.IO2 — in absolute term values in all

groups. The difference is highly significant (P<0.005) in Vo2 e

(ml/kg/min) in relation to body weight between patients and villagers

which amounts to 17%. The difference in \702 X in relation to

body weight reaches 4% between patients and cleancrs; however, it

is not statistically significant. More striking differences

(P <0.001) between vlillagers on the one hand and patients and cleaners
on the other become apparent when standardization of \'102 A 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 significant). Finally, \-/02 = in

relation to leg volume valucs in paticnts and cleaner groups are




identical and highly statistically significantly different
(P<0.001) from those values of Gezira villagers. By standardizing

the VO2 e in terms of leg volume the differences reported here

(which were not significant) disappear completely between patients

and cleanecrs, thus putting them in one category with lower values,

= .

and villagers in another category with higher values. Though the

physical characteristics of Gezira villagers and patients are

PSS

similar, the haematological findings, pulmonary function tests and

002 max Yalues in absolute and relative terms suggest that

schistosomiasis could easily inflict a reduction in work capacity

amounting to 22%.




TABLE V.1, Summary of sociological data (Means®S.D ) of non-infected and infected villagers, canal cleaners
and hospital patients

Marital status No. of boys in No. of girls in Dependents Present occupation
family family
N
Single Married No boys One or No One or No One or Farming Non~- Student
more girls more depend- more farming or
ents unemploy.
Son-intécted G 19 18 25 12 22 15 25 12 13 20 -
villagers (51.4%) (48.6%) (67.6%) (32.4%) (67.6%) (40.5%) (67.6%) (32.4%) (35.1%) (54.1%) (10.8%)
Infected i 76 71 85 62 94 53 107 53 63 71 13
villagers (51.7%) (48.3%) (57.8%) (42.2%) (63.9%) (36.1%) (63.9%) (36.1%) (42.9%) (48.3%) (8.8%)
6
PR 19 9 10 14 5 13 14 5 0 19 0
(3) (47.4%) (52.6%) (73.7%) (26.3%) (68.4%) (31.6%) (73.7%) (26.3%) (0%) (100%) (0%)
. 11 7 12 6 12 6 16 2 8 5 3
Hospital (4) 18
patients (61.1%) (38.9%) (66.7%) (33.3%) (66.7%) (33.4%) (88.9%) (11.2%) (44.4%) (27.8%) (16.7%)
Significance 1,244
vs 3
(P<0.001)
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TABLE V.1 cont'd

Previous occupation No. of jobs Type of jobs Giving help Getting help
Farming Nen- Student or : Non- £
farming unemployed o 3 2 Farmiag ‘Bl farming e No Yes No
8 5 22 1 16 20 8 17 12 26 11 7 29
(22.9%) (14.3%) (62.9%) (2.7%) (43.2%) (54.0%) (21.6%) (43.9%)'(32.4%) (70.3%) (29.7%) (19.4%) (80.6%
37 17 93 9 64 74 33 69 37 104 36 25 111
(25.2%) (11.6%) (63.3%) (6.1%) (43.5%) (50.3%) (23.7%) (4916%) (26.6%) (74.3%) (25.7%) (18.4%) (81.6%
9 8 2 0 19 0 0 0 19 “ 15 1 18
(47.4%) (42.1%) (10.5%) (0%) (100%) (0%) (0%) (0%) (100%) (21.5%) (78.9%) (5.3%) (94.7%
3 2 13 6 9 3 6 3 3 5 10 1 14
(16.7%) (11.1%) (72.2%) (33.3%) (50%) (16.7%) (50%) (25%) (25%) (33.3%) (66.7%) (6.7%) (93.5%
1, 2&k4vs 3 1, 2&4vs 3 1, 2&4vs 3 1&2vs 3&4
(P<0.001) P<0.001) (P<0.001) (P<0.001)
-
)
-




TABLE V.1 cont'd

Smoking habit Income in No. of yrs Sport No. of No. of No. of No. of yrs No. of yrs
5S¢ per living in working resting sleeping in present in previous
month Gezira hours hours hours occupation occupation
Yes No Yes No during per day
work
« 28 30.8%20.4 26.0%5.8 20 17 7.12%2.8 5281.45  7.24%1.72 6.5%2.3 1.83%2.6
(24.3%) (75.7%) (54.1%) (45.9%)
52 95 25.3%16.4 26.717.8 84 63 7.48%2.5 .58%1.51  7.36%1.6 6.652.6 1.80%2.6
(35.4%) (64.6%) (57.1%) (42.9%)
1 18 15.6%1.2 14.8%12.6 1 18 7.42%1.3 .35%1.43 9.13%1.4 4.5%1.6 4.622.4
(5.5%)  (94.7%) (5.3%)  (94.7%)
3 15 20.1%18.1 21.1%14.1 1 17 4.7%3.9 .2%1.4 - 5.7X3.6 1.6%2,2
(16.7%) (83.3%) (5.6%) (94.4%)
1, 2&4vs 3 1,2 34 £<0.002 1, 2 &3 l1&2vs 3 1, 2&4vs 3
vs 3 vs 4
(P<0.02) (P<0.001) (P<0.002) (P<0.001) (P<0.001)
e o e e . e R e R




TABLE V.2. Physical characteristics (Means'S,D.) and egg counts of non-infected and infected villagers, canal
cleaners and hospital patients

G N Age Wt Ht SA LBM v Eggcounts

2ri g 3 (yr) (kg) (cm) (m2) (kg) (1) (eggs/g faeces)

ST S A 37 26.2*5.9 57.1'7.6 168.7%6.3  1.65%0.10 49.7%6.6 11.0%2.1 oto

villagers

Infeeted villagers 147 27.1%7.0 56.1%7.6 168,757.3 1.63%0.11  49.2%6.4 10.6%1.6 3671486

Canal cleaners 19 27.4%6.8 57.1%7.6 172.4%9.3 1.68%0.15 51.7%6.2 11.752.1  2054*1105

lospital patients 18  26.8%10.6 54.8%7.7 169.4%9.0 1.62%0.14 50.2%6.6 10.6%2.5  834%1296

Significances:

Villagers va hospital NS NS NS NS NS NS P<0.002
patients

Villagers vs canal NS NS NS XS NS NS P<0.001
clieaners

Cgal sléansce ve NS NS NS NS NS NS P<0.001

hospital patients

GCT
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TABLE V.3. Pulmonary Function Tests (Neansis.D.) of non-infeg¢ted and infected villagers, canal cleaners and
hospital patients

iz - FEV FVC PFR
P (1/sec) (1) (1)
Non=-infected 37 3.49%0.61 4.25%0.63 542.0%72.0
villagers
Infuesed 146 3.43%0.70 4.24£0.70 530.Q£75.0
villagers
e 19 3.41%0.59 4.25%0.81 517.0%69.0
cleaners
PR SRL 18 2.95%0.65 3.66%0.80 484.0%76.0
patients
Significances:
Villagers vs hospital P<0.001 P< 0.005 P<0.02
patients : ; .
Villagers vs canal NS NS NS
cleaners
Canal cleaners vs P<0.05 B<0.05 NS

hospital patients




TABLE V.4, Haematological investigations (MeanstS.D.) of non-infected and infeeted villagers, canal cleaners
&nd hospital patients

. - Hb H PCV WBC ESR Poly Lymph BAS EOS
Group ¥ (g/100 m1) (%) (%) (per mn®) (%) (%) (% (%)

Non-infected
villagers

35 15.2%1.3 104.2%9.0 47.0%3.8 4734%2311 14.6%18.1 49.2%14.1 39.6%11.6 0.23%0.43 7.435.5

I‘.“J“"Zd 138 14.9%1.2 101.638.6 46.273.3 471111503  15.7714.1 45.713.8  39.6%11.7 0.20%0.62 10.4%8.8
villagers

gi‘;:iers 7. Watog 91.2%15.3 42.1%5.2  7112t1795  42.2%30.4 38.6%12.9  30.8%6.6 0.12%0.35 25.7%11.9

Hospital
patients

10 12.2%2.9 81.7t21.0 35.3%9.2  4050%2135  27.7532.3 59.5%13.8  29.5%11.4 0.63%0.92 5.617.8

Significances:

Villagers vs

i ; 5 P<(0.001 P<0.001 P<0.02 NS NS P<0.02 NS NS P=<0.02
hospital patients

Villagers vs

P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.05 P<0.02 NS P<0.001
canal cleaners

Canzl cleaners vs

< NS NS P<0.02 P<0.001 NS P< 0,001 NS NS P<0.001
hospital patients




TABLE V.5. Submaximal responses to exercise (Means!S.D,) of the non-infeGted and infee¢ted Managaza and nearby
villagers, canal cleaners and hospital patients

V0, 900 VE; VT 30 th 5 "
(1/min) (1/min) (1) (beats/min)

210-0.65 x age

z

Group

Abs Wt LBM Lv
(1/min) (ml/kg/min) (ml/kg/min) (ml/1/min)

Nom-infected g 2.24%0.16  55.0%7.7 1.16%0.27 142415 2.71%0.71  48.5%15.0 55.8-17.9 251759 .
villagers
Infected

vtiidaors 46 2.21%.18  53.1%7.3 1.1970.34 139016 2.63°0.56  47.4%10.7 54.2712.5 251755

Canal

e 19 2.17%0.16  51.9%6.3 1.07%0.33 14816 2.39%0.46  41,9%5.7 46.3%6.8 207129

Hospital

aatiants 18 2.18'0.40  52.5%8.4 1.15%0.36 161135 2.20t0.76  40.3%14.2 43.9%15.1 213175
> ent

Significances:

Villagers vs

NS NS NS P<0.001 P<0,01 P<0,005 P<0.001 P<0.001
hospital patients

Villagers vs

NS NS NS P<0.05 NS S P<0.05 P=<0.002
canal cleaners

Canal cleaners vs

NS NS NS NS NS NS NS NS
hospital patients




TABLE V.6. Pulse rate, systolic and diastolic blood pressure (MeansiS.D,) of non-infeoted and infeeted
villagers, canal cleaners and hospital patients

Resting . .
S
Group N pulse rate ytzzlsc)BP Dx?:;gslj BP
(beats/min) . (i
MORSIEAET. o 74.0£10.0 118.0%8.0 73.0%8.0
villagers
Infested 96 72.0%11.0 117.0%10.0 71.0%8.0
villagers
Canal 19 74.0%12.0 121.0%8.0 79.0£10.0
cleaners
Hospital 18 80.0%17.0 125.0%23.0 77.0%16.0
patients
Significances:
= 7
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
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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, 19553). 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 from 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. DBbeln, 1956; Buskirk & Taylor, 1957; Cotes et al. 19693
Davies, 1972b). Similar laboratory studies of working capacity
have been carried out by Wyndham et al. (1966) on Bantu males,
di Prampero and Ceretelli (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 = Gezira villagers, townsmen in

Jjobs demanding less physical effort, and physically trained

servicemen.

2. MATERIALS AND MIETHODS

In addition to data collected on thirty-seven non-infected

-— T
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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

T gy g e ——

this study. The townsmen from Khartoum were employed by Shambat
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

S

make a comparison between the three groups identical investigation
procedures (as for the Managaza and nearby villages study) were

appliecd to townsmen, servicemen and villagers.

TS

3. RESULTS

a) Sociological data

Data collected in the three groups are summarized in Table VI.1.

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 I

soldiers. This can be explained by the unorganized increase in i
migration from the rural areasto towns in the last 25 years in the jd
Sudan, Servicemen differed considerably from both villagers and ‘i
|
townsmen in their previous occupation, only one of them practised 'f

farming, while the rest had been engaged in non-farming jobs before

Jjoining the army. The three groups were similar in the number of f
working hours per day and the number of resting hours spent during

work. The monthly income of scrvicemen was nearly double and

significantly higher (P< 0.05) compared Lo that of villagers and

townsnmen. Smoking was more common among townsmen in contrast to

villagers and soldiers. As cxpected, the differcnce in the numbers
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of years living in Gezira was significantly higher in the Gezira
villagers compared to the other two groups; however, somc 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
(meanstS.D,) is given in Table VI.Z2. On more than two occasions
and immediately before the start of the present investigations
townsmen and servicemen were screened for schistosomiasis, malaria
and other parasitic diseases. No schistosome cggs or any other
parasites wcre 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 area
(7-11%) in comparison with villagers and townsmen. The townsmen
had higher values than villagers for all recorded physical
but the difforences are

characteristics listed in Table VI.2,

small and not significant.

c) puimonary function tosts

Tho villagers and townsmen showed nearly identical mean values

v N




for FEV,, FVC and PFR (Table VI.3). The servicemen were clearly
distinguished from the other two groups by higher mean values for
FEW, FVC and PFR, and this agrees well with their better physique.
The outstandingly higher mean values of all the measured pulmonary
function tests were reflected in the recorded PFR values, where
the servicemcen differ significantly (P <0.02) from the other two

groups.

d) Haematological investigations

The mean values (}S.D.) of different haematological para-
meters measured during this study are given in Table VI.4, In
gereral, 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 hacemoglobin concentration was recorded

in the servicamen and the lowest in the townsmen.

e) Responses to exercise

The results of submaximal exercise tests show that at a given
work load of 900 kpm/min the oxygen intake (V02) was identical in
all groups (Table VI.5). The minute ventilation at giwven VO2 of
1.5 1/min (&E 1.5) was sinllar in the villagers and townsmen groups
but the soldiers had significantly (P< 0.05) reduced values of VEl.S
compared to thc other two groups. The tidal volume at fixed
ventilation VE 30 1/min however was considerably higher in the
soldiers followed by townsmen and finally the villagers. A

significant difference (P<0.05) in tidal volume was found only to
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exist when comparing the soldicers and villagers. The cardiac
frequency (iu 1.5), as might be expected, was significantly lower N
in the well-trained soldiers compared with seden tary townsmen l;
and villagers. Cardiac frequency at an oxygen intake of 1.5 i
1/min (i‘H 1.5) was highest in the villagers and townsmen.

In soldiers the predicted mean value of 902 MAX was
significantly higher (P<0.001) than in the other two groups.
As expected, the lowest mean value of ‘;02 — occurred in the
townsmen in contrast to soldiers and villagers, although there
were only small non-statistically significant differences between
villagers and townsmen, By standardizing the 002 o in relation

to the indices of the body size and composition (body weight,

lean body mass and leg volume) the previously recorded differences

in V02 e in absolute terms (1/min) between the servicemen on the
x

one hand and townsmen and villagers on the other, disappear. The

recorded \.IO2 — in relation to body weight and lean body mass

were highest in the soldiers in contrast to townsmen with lowest

’ - .
VO2 o values. The villagers showed a markedly high mean VO2 Ak :

value in relation to leg volume compared to the two other groups.

Both groups of soldiers and villagers have similar VO2 ek in ci
5

relation to leg volume. ! a
B
\s

£) Resting pulse rate and blood pressurec .

A summary of resting pulse rate and blood pressue (meanstS.D.)

is shown in Table VI.6. The pulse rate in townsamen was

significantly higher (P<0.05) in comparison with both other groups,

which reveals once more the sedentary nature of the group. The

lowest pulse rate valuc was observed in tho solders and it is
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significantly lower (P<0.05) in comparison to the villagers and

townsmen respectively. The systolic blood pressure was identical

AN BT P

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.

T .

o—

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 Sudancse
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, although half of them have one or more dependent . 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 far both of the other groups in body -
weight, body surface area, lean body mass and leg volume, The

hhaematological investigations show that the recorded mean values

lie within normal 1limits in all groups. The scrviccemen possess

higher mean values for haemoglobin in contrast to the other two

groups, although the difference is not sipnificant. Pulmonary
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function tests in villagers and townsmen groups werc comparable

to previously rcported data on Sudanese men (Khogali, 1969;

Omer & Ahmed, 1974), but were consistently higher in soldiers who
had greater staturc and better physique. The pattern of increase
in recorded paramcters of the pulmonary function tests was in the
direction from scdentary group (townsmen) to the fairly active
group (soldiers) in accord with previous findings reported on
Europeans (Cotes, 1969).

The responses to exercise suggest that the rural 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/)/min)(Table VI.5), even though the townsmen

were slightly taller and heavier in both body weight and lean body

mass (Table VI.S). The reverse is true when comparing the maximal
acrobic power of the soldiers and the other two groups. The
difference in 602 s (1/min) amounts to between 23 and 27%. By
standardizing the 002 e in relation to body indices and

composition, the significant difference between villagers and
soldiers tends to disappear. The smaller differences in 002 s
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 habltual activity raised 902 e
without a concomitant change in leg volume, Taking together the

results of pulmonary function tests, haematological investigations,

and responses to exercise in the present study, a close similarity

can be found with the previously reported work on Luropcans (Cotes
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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 reduccd 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.
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TABLE VI.1. Summary of sociological data (Means¥S.D.) of non-infected villagers, townsmen and army soldiers.

No. of boys in No. of girls in

Marital status family family Dependents Present Occupation
Group N
Single Married No boys One or No One or No One or Farming Non~- Student or
more girls more depend~- more farming unemployed
ents
5 =
Non-infectad s 19 18 25 12 22 1 25 12 13 20 4
villagers (51.4%) (48.6%) (67.6%) (32.4%) (67.6%) (40.5%) (67.6%) (32.4%) (35.1%) (54.1%) (10.8%)
A 2) 17 9 ] 11 6 12 B 5 12 ) 12 0
(52.9%) (47.1%) (64.7%) (35.3%) (70.6%) (29.4%) (29.4%) (70.6%) (29.4%) (70.6%) ( 0%)
Kimy doldiers (3) 21 8 13 14 7 14 7 10 11 0 21 0
(38.1%) (81.9%) (66.7%) (33,3%) (66.7%) (33.3%) (47.6%) (352.4%) (0%) (100%) (0%)
Significance NS NS NS NS NS NS lvs 2 &3 P<0.02 l&2vs 3 P<0.005

5 o 4
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TABLE VI.1

cont'd

Previous occupation No. of jobs Type of jobs Giving help Getting help
Farming Non- Student or 0 1 2 Farming Mixed Mon- Yes No Yes No
farming unemployed farming
8 5 22 1 16 20 8 17 12 26 11 7 29
(22.9%) (14.3%) (62.9%) (2.7%) (43.2%) (54.1%) (21.6%) (45.9%) (32.4%) (70.3%) (29.7%) (19.4%) (80.6%)
8 5 4 0 12 5 6 2 12 14 3 2 15
(47.0%) (29.4%) (23.5%) (0%) (70.6%) (29.4%) (35.3%) (11.8%) (70.6%) (82.4%) (17.6%) (11.8%) (88.2%)
1 9 11 0 21 0 0 0 21 0 21 0 21
(4.8%) (42.9%) (52.4%) (0%) (100%) (0%) (0%) (0%) (100%) (0%) (100%)
l1&2vs 1&2vs 1&2vs 1&2vs 3
3 3 $ (P<0.001)
(P<0.005) (P<0.001) (P<0.001)

TR, ,T;;'-__'_‘,;"_,'.‘_ - —
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TABLE VI.1 cont'd

Smoking habit Income in No. of yrs Sport No. of No. of No. of No. of yrs No. of yrs

S¢€ per living in working resting sleeping in present in previous
Yes No month Gezira Yes No hours hours hours occupation occupation
during per day
work
9 28 30.8¥20.4 26.035.8 17 20 7.1232.8 1.52%1.45 17.24%1.72 6.512.3 1.8322.6
(24.3%) (75.7%) (45.9%) (54.1%)
5 8 2. 700" 3724194 3 14 8.82h1.,7 1.8%11.2 7.36%1.60 7.932.2 4.1%2.8
(52.9%) (47.1%) (17.6%) (82.4%)
5 16 58.4%2.1 0.8%3.7 21 o 7.79%2.2 1.9h1.6 8.211.28 8.501.9 2,3%2.6
(23.8%) (76.2%) (100%) (0%)
Significance:
1vs2 NS NS NS P<0.05 P<0,001 NS NS NS NS P<0.05
l1vs3 NS NS P<0.05 P<0.05 P<0.001 NS NS P<0.05 NS NS
3 vs 2 NS NS P<0.05 P<0.05 P<0.001 NS NS P<0,05 NS NS

PE
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villagers, townsmen and army soldiers

TABLE VI.2, Physical characteristics and egg counts (eggs/g of faeces) (MeansS.D.) of non-infested

Group N Age Wt Ht SA LBM v Egg counts
(yr) (kg) (cm) (n?) (kg) (1) (eggs/g faeces)

Non-i £

on-infested .., 37  26.2'5.8  57.1*7.6 168.726.3 1.65%0.10 49.7%6.6  11.0%2.1 oo

villagers

Townsmen (2) 17 28.9%6.4  62.3%13.1 170.4%7.2  1.72%0.17 52.0%5.6 11.8%2.5 oto

Army soldiers (3) 21 28.085.4 71.1%8.4 173.5%7.1 1.85%0.13 61.0%7.3 15.3%2.1 oo

Significance:

1vs 2 NS NS NS NS NS NS NS

1vs 3 NS P<0.05 P<0 05 P<0.05 P<0.05 P<0,03 NS

2vs 3 NS P<0.05 NS P<0.05 P<0.05 P<0,05 NS
—
[
x
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TABLE VI.3. Pulmonary Function Tests (Melns:S.D.) of non-infested villagers, townsmen and army soldiers.

Group N FEV FVC PFR
(1/sec) (1) (1)
PORIRENIO . 3 3.48%0.61 4.25%0.63 542472
villagers
Townsmen 16 3.40%0.51 4.31%0.62 521167
Army soldiers 21 3.76%0.78 4.80%1.04 600%71
Significance:
Non-infeeted villagers vs townsmen NS NS NS
Non-infested villagers vs army soldiers NS P<0.05 P<0.02
Army soldiers vs townsmen NS NS P<0.02

B e = T



TABLE VI.4.

Haematological investigations (MeansiS.D,) of non-infected villagers, townsmen and army soldiers

Hb
(%)

104.2%9.0

100.9%7.5

105.8%6.1

14.6%18.1

N

Non-infect

gn infected 36
villagers
Townsmen 14
Army

soldiers il
Significances:

Non-infected
villagers vs
townsmen

Non-infected
villagers vs
army soldiers

Army socldiers
vS townsmen

NS

NS

NS

NS

P<0 05

NS

B e

0.23%0.43 7.

0.87%1.06 9.2%11.9 3.73%2.7
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TABLE VI.5. Submaximal responses to exercise (MeansiS.D.) of non-infeeted villagers, townsmen and army soldiers.

VOg 210-0.65 x age

N Y0y 500 VE;.s VT 30 fH) 5
(1/min) (1/min) (1) (beats/min) Abs Wt LB v
(1/min) (ml/kg/min) (ml/kg/min) (ml/1/min)

I
ctatestnd oy 2.24*0.16  55.0%7.7  1.16%0.27 142415 2.71%0.71 48,5152 55.6£17.9 251459
villagers
Tewnszen 17 2.21%0.15 52.6%5.0 1.29%0.24 135%19 2.58%0.49 42.5%10.3 49.6%9.8 216243
Army soldiers 21 2.25%0.13  47.7%6.9 1.48%0.48 115%10 3.54%0.65 50.1%9.0 58.3%9.8 233%7.8
Significance:
Non-infeected NS NS NS NS NS NS NS NS
villagers vs townsmen
Non-infected
villagers vs army NS P<L0.05 P<0.05 P<0.05 P<0.001 NS NS NS
soldiers
ATy Stidlers ¥ NS P<0.05 NS P<0.05  P<0.001 NS NS NS
townsmen

60




TABLE V1.6 Resting pulse rates and blood pressures (MeansiS.D.,) of non-infected villagers, townsmen and army

soldiers.
Group N Resting Systolic BP Diastolic BP
pulse rate (mm Hg) (mm Hg)
(beats/min)
Wnsisteesed. o9 7410 118.2%7.5 738.0
villagers
Townsmen 11 81%9 123.3518.6 78%10
Army soldiers 21 60ts 118.0%8.7 7855
Significance:
Non-infected
villagers vs P<0.05 NS P<0.05
townsmen
Non-infected
villagers vs P<0.05 NS P<0.05
army soldiers
AVRY ‘RlSiane P<0.05 NS NS

vs townsmen

o
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TABLE V1.6 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 (mm Hg) (mm Hg)
(beats/min)
Nasinisems. 35 74%10 118.2%7.5 73%8.0
villagers
Townsmen 11 81to 123.3%18.6 78%10
' Army soldiers 21 eots 118.0%8.7 786
4
s Significance:
4
. Non-infected
. villagers vs P<0.05 NS P<0.05
‘ townsmen
1 Non-infe cted
¢ villagers vs P<0.05 NS P<0.05
= army soldiers
' Army soldiers P<0.05 NS NS

vs townsmen
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CHAPTER VII

EFFECT OF S_MANSONI ON ENERGY EXPENDITURE

AND HABITUAL ACTIVITY PATTERN
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Ty INTRODUCTION
Studies on the energy cost of various activities have been
reported by several investigators (for general reviews seec Durnin
& Passmore, 1967; Passmore & Durnin, 1955; Astrand, 1970), in
industry (Astrand, 1967b), factories (Bonjer, 1962; Bink, 1962),
in mines (Wyndham et al. 1964) and forests (Lundgren, 1946;
Hansson, 1964), 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 attempt has bcen 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, mars oni
infection on the energy cxpenditure of a Sudanese village working
population performing self-paced tasks under natural working
conditions and to relate that to their laboratory physiological
response to physical exercise. In addition, the 24 hours habitual

activity pattern was assessed in different working populations such

as villagers, canal cleaners and soldiors.
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PRETETNy

2, MATERIALS AND METHODS

a) Energy expenditure study

Forty-six males (aged 18-45 years), volunteer villagers,
ecight 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 of 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 VA0

1t was rather difficult to persuade the subjects to ignore the
presence of the equipment (K.M.) or the presence of groups of
bystanders, whose prescnce sometimes threatened and interfered with
the investigations. The predominant task performed by the majority
of subjects was shovelling, either to make now edges or dividing

the fields into smaller partitions (Fig. VII.1). 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 the most difficult and energy-demanding manual farming work
in the Sudan. Changes in body weight (to the nearest 50 g) were
measured by recording the body weight of the subject before the
start and after the finish of the task using a portable beam

balance set on a rigid platform. The rate of work and the whole

period of time spent by the subject in performing the task were

also recorded using a stop-watch (to the ncarcest second). [leart
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Figure VII.1.

Shovelling in the Hawasha
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Figure VII.Z2. Picking of Ground nuts




rates were mcasured 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 the back of 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 COZ’ and

less than 3% for 02. 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 02 and 002 using the
Lloyd-Haldane gas analyser (A. Gallenkamp & Co. Ltd, England).
Oxygen intake was determined from these mcasurements 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
(WBGT) was calculated from the equation:

WBGT = O.7 WB + 0.2 GT + 0.1 DB

(for outdoors with solar load)
where

wB wet bulb temperature

i

DB dry bulb tcemperature

GT = globe thermomctier temperature.

Oxygen intake with other recorded data during the subjecl's activity

in the ficld, the predicted maximal acrobic power in the laboratory,
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Figure VII.3. Oxygen intake measurement
in the Field.




Figure VII.3.

Oxygen intake measurement
in the Field.
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and relative work level (% VO2 max) are given in Table VII.2,

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 the 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 VII.1)
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 reflectcd in their similar mean values of work
ratc, time spent in the performed task and recorded changes of body
weight (Table viIi.2). The mean valuc of oxygen cost of thc work

pcerformed by the non~infected villagers was 1.3310.16 1/min and

1.18%0.29 1/min by infected. Although the non-infected villagors'
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encrgy expenditure was higher than the infected villagers, the
difference was not statistically significant. The mcan 002

cost of the work in the groups was equivalent to an energy

expendi ture of 28,0%3.4 Kjoules/min (in the non-infected group),

and 24.8%6.1 Kjoules/min (in the infected group). The corresponding

mean heart rate during the period of KM measurements was 141*13
pbeats/min in the non-infected group, which was higher compared to
the mean heart rate of 132%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+13.5% (in the non-infected villagers)
and 51.8%14.1 (in the infected villagers) of the predicted 002 —_

)

measured in the laboratory. The relative work level (% 002 A
was similar in both groups and not significantly different. The
minute ventilation value was higher in the non-infected villagers
compared to the value of the other group; however no significant
differcnce 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) 24 hour habitual activity pattern

The 24 hour energy output of each individual was cstimated by

summing the product of time spent in cach activity by the cnergy

(A
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cost of that activity. Then the twenty-four hours were 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 types 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). The summary of results (Mean¥s.D.)
are presented in Table VII.3. 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. The villagers' daily energy expenditure averaged more
than 1000 Kjoules higher in comparison to canal cleaners; the

reverse is true when comparing the villagers with the army soldiers.

1. DISCUSSION

a) Encrgy expenditure

The analysis of the combined data in the present study

suggests that individuals with light S. mansoni infection in this
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particular community are capable of performing heavy physical work
at a similar work level (% \'102 1ay) found in non-infected subjects.
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 ‘.IO in both groups

2 max
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, 1276) 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 industrial 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
lumberjacks (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 o Astrand & Rodahl (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 tie
observer together with the use of unfamiliar instruments could
increase anxiety, the cardiac frequency obtained during the use of
the KM respiromcter was similar to that rccorded during the periods

of time when KM mecasurements were not carried out in both groups.

| T — LM

SR e W A0 ey AWOON

161




The mean changes in body weight were 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 habjitual 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 cvaluation of the twenty-four hour cenergy 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 the length of time spent in each activity, the study
is far from ideal. However, the recorded values of the twenty-
four hour energy expcnditure in the studied groups closely follow

a similar pattern to those VO values measurcd in the laboratory.

2 max
Army soldiers, as expected, have the highest recorded values and
dif fer significantly (P< 0.01) from canal cleaners, who arc heavily
infected with S. mansoni, In practice, the canal cleaners
attend to canal cleaning (moderate work), walk to and from their
place of work and the rest of the day they are cither sitting,
lying on their beds or sleeping. Villagers spcnt their time

evenly doing 1ight, modevate and heavy activities in additlion to

more active lelsuro time comparcd to canal clcaners, In these

1
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respects the 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 VI1.2). 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 working village community, but
when the level of infection changes from light to heavy, as in
the canal cleaners group, the twenty-four hours cnergy 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).
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TABLE VII.1. 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) (1) (eggs/g faeces)
Non-infected 8 27.5%7.9 56.9%6.0 167.8%5.3 50.3%4.1 11.4%0.84 oo
Ihisehed 38 26.1*5.6 53.1%6.6  165.1%*8.4 47.6%4.9 10.5%1.5 617736
villagers
Significance: P<0.05
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TABLE VII.2. Field work results (MeanstS.D.). Minute ventilation (VE), oxygen intake (VOZ), predicted maximum
oxygen intake (VO max), per centage of VO2 max (Voz x 100), heart rate at gas collection (HRKM)' average
heart rate during work (HRay), change in body 2 max weight (&AWt), rate of work, time spent at work and
Wet Bulb Globe Thermometer Index (WBGT) of non-infeeted villagers and infeected villagers.

N VE V02 VO, max VO x 100 HR at KM HRpy Wt BatS per gy, WBGT
(1/min)  (1/min)  (1/min) VO, max (g/hr) 50 ?‘T°§es (hr)
min
:“";;‘;’;i:‘e" 8 39.2%3.6 1.33'0.16 2.39%0.33 56.8%13.5  141.0%13.0 135.0%12.0 528.0%185.0 1.0%0.2 1.20%0.22 18.8%5.5

Infeeted

i1 lagars 38 35.5%8.8 1.18%0.29 2.32%0.41 s51.8%14.1  132.0%15.0 130.0%15.0 503.0f281.0 1.1%0.7 1.24%0.52 21.533.9




TABLE VII.3. Twentyfour hours habitual activity pattern and corresponding energy cost (Meanst.D

Number & hours spent on SEAE
energy
N - . . g cost
Light Moderate Heavy Walking Standing Sitting Lying Sleep Riouies’
activity activity activity on bed Joules)

-"‘?‘;fi“fec‘e" (1) 36  2.74%2.89 3.10*3.81 1.10%1.60 0.63'0.65 0.48%0.66 7.88%3.24 1.2171.58 6.86%1.58 1228552263
villagers

.043.76 1.43*1.85 1.88%1.85 0.71¥0.50 0.4570.88 6.57%3.28 0.32%1.00 8.60%1.91 1283052292

Army soldiers (2) 21 4
S (3) 141  2.673.13 2.56%3.14 1.55%2.26 0.53'0.88 0.58%1.09 8.4785.52 1.0751.48 7.7787.03  12252%2211
illag
Canal cleaners 4 19 1.24*2.31 5.04%3.52 0.63%1.85 1.417%0.78 0.11%0.27 5.26%2.50 1.12%1.82 9.20%1.94 1104251022
Significance:
lvs3 NS NS NS NS NS NS NS NS NS
lvs 2 NS NS NS NS NS NS P<0.01 P<0,005 NS
1vs 4 P<0.05 P<0.C5 NS P< 0,001 NS P< 0,005 NS P<0.001 NS
3 vs 2 NS NS NS P<0.05 NS NS P<0,01 P<0.005 NS
3vs 4 P<0.05 P<0,05 NS P<0.003 NS P< 0,005 NS P <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
—
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CHAPTER VIII

EFFECT OF ANTI-SCHISTOSOMAL TREATMENT ON

WORK CAPACITY
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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 the
possible effects of anti-schistosomal treatment on the
physiological responses to physical oxercise in a group of
subjects sufforing from the disease. A similar group with
schistosomiasis, but untreated, was subjected to ldentical
investigations in order to exclude any possible bias (technique,

habituation, etc.).

(=]

R e R o e S———cs

B

=




2. MATERIALS AND 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 hycanthone (Etrenol). It was

administered as a single intramuscular injection dose (the usual
amount of drug used in the 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
were given anti-malarial prophylaxis, Subjects showing
renewed infection with schistosomiasis despite treatment were
excluded from the study. Those who were?%gssing schistosome
eggs in stools after a period of nine months to one 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 betwecn four to six months,
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3. RESULTS

a) Physical characteristics

The changes in physical characteristics of both groups
recorded after the second test are given in Table VIII.1.
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
the initial investigation, the mean increase in egg counts of
the repeated untreated group amounted to 187 eggs/g of faeces
after 6-9 months, Apart from the changes in egg excretion the
only other significant difference in the two groups was the
change in height (P<0.01). However, the change was small and

biologically unimportant.

b) Pulmonary function tests

The results of pulmonary function tests on the treated
and untreated groups show that the changes in FEV1 and PFR
are slight and insignificant (Table VIiI.2). Anti~schistosomal

treatment was, however, agssociated with a significant (P<0.001)

increase in forced vital capacity (FVC).
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e) Haematological investigations

The mean changes in the haematological parameters measured
in the two groups are given in Table VIII.3. Differential white
blood cell counts were not repeated in the untreated group and
there were no significant 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 significant
changes were detected in packed cell volume or erythrocyte
sedimentation rate in both groups. The white blood cell counts

increased significantly (P<0.01) in each of the groups,but the

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 002 900 occurred after treatment
(40 ml/min). Between the untrcated and treated groups no
significant changes were observed in ventilation volume (&El_s)
and tidal volume (V,r 30). There is a slight decrease in minute

ventilation (GE ) in both groups which in itself is not

1.5
significant but it may suggest that the subjects' anxiety was
slightly reduced on the second occasion. Highly significant
(P<0.001) differences were found betwecen the two groups with

respect to the cardiac frequency at VO2 1.5 1/min (fH 1.5),

While an increase (not significant) in cardiac frequency (fH 1.5)
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was obscrved in the treated group.

By comparing the mean changes in the predicted 002 nax in
absolute (1/min) and relative terms to leg 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 602 e
Though there were increases in 002 nax 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

in difference from zero between the groups were not significant.

4. DISCUSSION

Marked improvement was observed for the treated 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,
glight 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 nass and leg
volume, but the 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 difficult. The
subjects were systematically screened for S. mansoni parasites,
regularly given antimalarial prophylaxis, and always instructed
to keep clear from sources of schistosomal infection. The
increase in egg counts in the untreated group suggests that the

group had been exposed Lo ro-infcction to a varying degree,
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which led to a significant change (P<0.00l1) in egg counts
between the first and the second test. An overall improvement
was observed in the pulmonary function tests of the treated
group which is in ggrecement with previously reported evidence
(Omer & Ahmed, 1974). Small, non-significant changes were
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 sshistosomal eggs from the stool
of the treated group led to an increase of 1.1 g/100 ml of blood
in haemoglobin concentration.

A substantial increase in physical working capacity (15% to
20%) in the treated group also appears to be directly related to
the anti-schistosomal treatment (Table VIII.4). The 002 max
increased by 370 ml/min (in absolute terms), and by 40 ml/l/min
(in relation to leg volume).

The small decrease in minute ventilation (0E1.5) in both
groups could be accounted for by the subject's familiarization
with the laboratory set up and technique. The sub-maximal
exercise cardiac frequency (fH 1.5) was remarkably lower by
10 beats/min in the trcated group. The significant decrease
(P <0.001) in cardiac frequency after treatment in comparison to
a very small non-significant increase in cardiac frecquency of the

untreated group shows clearly that the decreaso was attributcd 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 appreciable

and significant increase in physical working capacity by 15-20%.
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TABLE VIII.1.

untreated and repeated treated groups.

Changes in physical characteristics and egg counts (eggs/g faeces)(Means®S.D,) of the repeated

Group N Age Wt Ht SA LBM v Egg counts
(yr) (kg) (cm) (n2) (kg) (1) (eggs/g faeces)

Repeated untreated villagers 19 +0.37%1.8 +0.23%7.0 -1.01%1.64 +0.002%0,08 +0.85%6.0 +0.32%0.38  +1871381

Repeated treated villagers 22 +0.95%2.0 +3.3%9.0 +0.88%1.24 +0.059%0.12 +2.42%8.2 +0.13%0.35 -5261528

< - 4

AEpTitant Siileennse NS NS P<0.,01 NS NS NS P <0.001

assoclated with treatment

Significant a) untreated group NS NS P<0.01 NS NS P<0.,01 P<0.001

change differs

from zero b) treated group P<0.05 NS P<0.01 P<0.05 NS NS P<0.001

N ey —
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TABLE VIII.2. Changes in Pulmonary Function Tests (MeansS.D,) of repeated untreated and repeated treated groups

L FEV) FVC PFR
ey 5 {1/sec) (1) (1)
Repeated untreated .9  ,0.06%0.28  +0.05%0.23 +6.634.,5
villagers
SRpSeEen treeted 22 +0.0820.32  +0.28%0.30 +16.5%40.0
villagers
(1) Significant differences : e N
associated with treatment . PED00L »
(2) Significant a) untreated group NS NS NS
change differs
from zero b) treated group NS P<0.001 NS




TABLE VII1.3. Changes in haematological investigations (Mean differences’S.D.) of the repeated untreated

and repeated untreated groups.

< Hb Hb PCV WBC ESR Poly Lymph BAS EOS Nono
(/100 ml) (%) (%) (per mad) (% (%) (%) (%) (%
o3
P o 19 +0.48%1.1 +2.6%7.4 +0.21%2.8 +1184%1705 -0.53t12.2 00 oto oto oto oto
5
Repeated treated 22 +1.1%0.96 +8.3%5.6 +0.50%2.3 +1094%1326 -2.0%14.8 -2.38%14.2 +1.0%32.2 -0.13%0.62 +0.31%10.0 1.2%3.3

villagers

Significant differences
associated with P<0.05 P<0.05 NS NS NS
treatment

Significant }a) untreated
change differs group
frcm zero b) treated
group

NS NS NS P<0.01 NS

P< 0,001 P<0.001 NS P<0.01 NS NS NS NS
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TABLE VIII.4. Changes in submaximal responses to exercise (mean differencesS.D.).

VO2 210 - 0.65 x age

Vo, v fHy =
R (1%2::)()) (S:u?) v?;;o (be:l:b;in) i = e e

(1/min) (ml/kg/min) (ml/kg/min) (ml/1/min)

a‘;‘l’i:‘:‘l’_s“""e“” 19 -0.08%0.25 ~-1.84%4.7 +0.02%0.27 +1.58%8.6 -0.14*0.52 -3.21%10.9 -4.19%12.9 -711128.6

villag

i‘f'l’f::gs"e““ 22 -0.04%0.34 -1.54'8.3 -0.06%0.27 -10.1%10.3 +0.37*0.56 +43.18%13.2  +4.33%14.5  +40.4%106.2

(1) Significant differences

associated with treat- NS NS NS P<0.001 P<0.01 NS

ment

a) untreated

- ’ NS NS NS NS NS NS
(2) Significant change} group
differs from zero 5) trented

NS NS NS P<0 001 P<0.01 NS
group
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CHAPTER _IX

GENERAL DISCUSSION
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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 the contrary, claim that the
disease inflicts a marked reduction (35-40%) on physical work
capability (Farooq, 1967; Cheng, 1971). However, these
remarkable claims of losscs in labour output have not been
supported by objective physiological studies.

The present study was designed mainly to investigate the
effect of S. mansoni on the physiological response to exercise
and habitual activity pattern on a wide range of oconomically
active male groups in the Gezira irrigated area of the Sudan,
whero no anti-schistosomal mass treatment or anti-mollusclicidal

applications have been carricd out. The investigated groups
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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 villagers,
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 602 data collected at submaximal exercise

for prediction of VO were based on the assumption that the

2 max
relationship between cardiac frequency and 002 is linear and that
all subjects under study can reach similar cardiac frequency

) values. To confirm these relationships a random sample

(fH max

of our subjects were exercised at the level of their maximum

aerobic power. It was found that at maximum exercise, the éH

max values recorded for non-infected and infected subjects were
identical (Table IX.l). Thus, for comparative purposes the use
of predicted 002 - 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. It has provided strong evidence for the first time
using objective scientific criteria showing the adverse
effect of schistosomiasls infection on physical working
capaclty as measurcd by tests of physiological function

pulmonary function tests and haemoglobin) .

(V02 max,
1t demonstrates a positive effect of anti-schistosomal

This

treatment in improving physical working capacity.

181
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is supported by the individual's subjective response

which was expressed as a disappearance of post-exercise

e - -

fatigue and tiredness,

)

3. 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 acrobic power output usually

e

worked with a higher daily energy output.

e

4, 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 (l/min)and relative to leg

volume (ml/1l/min).

The investigation on settled village communites in the

Gezira suggested that the relatively low schistosomiasis infection

(as shown by the mean egg counts values in the villagers (Table

i
"

IV.Z)) has very little or nmo effect on physical working capacity,

which 1s exactly similar to the previously reported evidence by

£ SR

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 excrction) did not impair physical
working capacity, In attempting to answer this question it is .
first nocessary to consider the link between schistosomiasis
infection and the mechanisms contributing to maximal aerobic power
output,

Tho following components of the oxygen transport system in

the

aerobic capacity exort a decisive influcnce on the values of
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maximal aerobic power cutput, lung (size, FEV, FVC, ventilation
during exercise), heart (size, fH, SV, heart volume), muscle

(mass) muscle enzyme systems age and sex. Non-infected

A e s s

villagers were similar or nearly identical in age, body weight,
stature, lean body mass, body surface area and leg muscle (plus

bone) volume (Table 1V.2), which eliminate possible differences

e

arising from differences in age, muscle bulk and heart size and

Ea——

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 002 TN in the two

groups due to blood and its components. The nearly identical

.W._@.—'r*—r .

values of forced expiratory volume, forced vital capacity and

peak flow rate (indices of pulmonary function) eliminate possible

e

differences due to lung size and function on the 002 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

e e

spent in recreational activities (sport, etc) which eliminate

the effect of habitual activity, training and motivation on the

Vo of both groups. Relatively lowschistosomiasis infection

2 max

did not reduce the functional value of those components nor

change the social behaviour in the infected villagers compared

to those of non-~infected villagers. As a result, the sub-
maximal responses to excrcise werc identical in both groups as

well as the mean values of maximal acrobic power output in

absolute terms and relative to body indices and composition (in
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particular the mean value of maximal aerobic power relative to

the leg volume which was eéxactly equal in both groups, Table IV.5).

iy - ————

In the field, both groups worked equally hard with similar energy

expenditure and work level (% VO ). The villagers were

2 max

capable of maintaining a work rate above 50% of their estimated
maximal aerobic power output in the laboratory, which was higher

than those recorded in building and heavy industlries (Astrand,

ATy e,

1967b). The acrobic energy output value (25-28 Kjoules/min)

achieved by villagers in the field was similar to that of men

T

performing heavy tasks (coal mining, agricultural heavy work and

lumberjacks )(Passmore & Durnin, 1955). The total daily energy »

expenditure was identical in both groups and they were similar

in all aspects of the 24 hour habitual activity pattern (Table VII.3).
Hlowever, the classification of villagers on the basis of

cach individual's egg counts, nrovided the first indication that

schistosomiasis could impair the individual's physical working F
'

capacity. Subjects with the highest egg counts (in the region |’

of 1000-1500 cggs/g) showed slight, though non-significant, 1

reductions in body weight, lean body mass and leg volume (Table ﬁ

I111.5), forced vital capacity and pecak flow ratc (Table III-3). ‘

A small but highly significant incrcase (P<0.00l1) in hacmoglobin '

not

concentration, PCV but/cosinophil counts was found in villagors

with relatively low egg load compared with those with higher egg F

loads (Table I1I11.3). The combined effect of all these differences

was reflected in the rclatively low values of the maximal acrobic

power output in the group with the highest levels of infection

(cegg counts). The results of 002 max recorded in all groups on

the basis of the individual's egg counts suggested that a further




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 2054%1105 eggs/g) in comparison to
the villagers group (mean egg counts 367X1105 egegs/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<0.00l1) from those of villagers and
this may providefrationale 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 Sudancse 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 concentration (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. Hacmoglobin concentration versus maximal aerobic

power in absolute terms (1/min) and relatic to leg volume

e ety - -
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(ml/1/min).
4, Cardiac frequency at a 002 intake of 1.5 1/min (fH 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.1l). 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 schistosomiasis 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 1X.2); the value of the coefficient
of correlation increased when the maximal aerobic power was standardized
in relation to leg volume (Figure IX.3). The relationships between
the egg load and other parametrs such as haemoglobin concentration
and cardiac frequency (Figures IX.1l and 1X.4) suggests the possible
means by which schistosomiasis impairs physical working capacity.

The partial correlation between aerobic power (\"o2 }u max)
and egg load (egg count) given haemoglobin (Haem) and pulmonary
function (FEV and FVC) is not significantly different from zero.

However, the arobic power per leg volume (i/O2 PLV) is signifi-
cantly correlated with egg load given hacmoglobin and pulmonary
function (Table 1X.2).

The level at which reduced haemoglobin concentration begins
to affect the maximal aerobic power has been contested by seveoral

groups of workers. Therce are those who claim that during exercise

e e s .
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a decrcase in haemoglobin concentration (Beutler, Larch & Tanzi, {

the transport of oxygen to the working tissues is unaffected by
1960) even at such low levels as Hb = 8.6 g/100 ml of blood E
i

(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 & Torun (1974) reported a

. direct proportional relationship betwecen the haemoglobin concentra=-

T e,

tion and the Harvard step test score in Guatamalan agricultural

=%

labourers, With the relatively large number of individuals
investigated in the present study (224) 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 1X.5, IX 6). A

was
significant negative correlation/found to exist between cardiac
frequency (fH 1.5) and haemoglobin concentration (Hb)(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 synergistically on haemoglobin
level along with schistosomiasis. However, there is a belief

that S. mansoni is a common cause of anacmia and the lowering of

haemoglobin level due to the increase in the level of intensity of

infection (egg load) was previously reported (Nelson, 1958).

Recently, Woodruff (1973) suggested that anaemia and splenomegaly

which occur in schistosomiasis represent a response to an auto-
imnune reaction on the erythrocyte's surface with resulting
hacmolysis (haemolytic anuemia) and crythrophagocytosis in the

splecn,

The evidence from the trend analysls of those parameters

| T o & ~EE—
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which affect the maximal aerobic power suggests that schisto -~
somiasis can indced impair the physical working capacity depending

on the level of intensity of infection.

PP e W~ -

The subjects in the hospital patients group were investigated
immediately after their admission to hospital in order to exclude

the possible detraining effects of bed-rest on their mecasured

maximal aerobic power output. They originally came from the g

Gezira area and were similar to the 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 g

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

non-infected villagers. Other parameters such as pulmonary p

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 concentration 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 VI.S). Hiowever, by standardizing the maximal aerobic

i power in relation to leg muscle (plus bone) volume the highly

) sipnificant difference (P<0.001) in VO2 max between army men and




villagers disappears, suggesting that habitual activity has an
important influence on the absolute values of 002 e (Ojikutu,
1972; Davies, 1974).

The rclationship between "active" muscle mass and aerobic
power output on the bicycle ergometer, namely that between

maximal power output and leg volume, has been found to be highly

significant in young adults up to the age of 35 years (Davies,

1974). It was the practice in the present study therefore to

s tandardize VO_ to leg volume when comparing the 60 in
Z 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
(Table 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
602 o value of villagers was even greater when related to body
indices (body weight, lean body mass and leg volume, Table VI.5).
The 24 hour habitual activity which was supported by actual
energy expenditure measurements of different tasks in the field
showed a close relationship to individual maximal aerobic power
values recorded under controlled laboratory conditions (Table IV.5).
DifferencesSamong groups in their daily encrgy output could hardly
be attributed to nutritional factors for the following rcasons:

The whole Gezira population irrespective of the individual's

social status or cducational level 1is engaged in agricultural work.
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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
haemoglobin concentration levels suggest that much lower levels
exist in ma} 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 (205411105 eggs/g) appear to account for a difference
of about 2000 Kjoules per day between them and army soldiers,
irrespective of their high level of cveryday activity, It was
found therefore that schistosomiasis infection can impair physical
working capacity under controlled laboratory conditions by up to
20%, while reducing the daily energy output under natural conditions
by up to 18%.

Control and c¢radication of schistosomiasis is a complex
undertaking, especially in the devecloping countries. Great

offorts and coordination are needed from a varicty of socio-scientific

'
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disciplines in the fields of parasitology, chemotherapy, community

medicine, environmental sanitation, hydro-engincering, 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 will 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 29-12 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 lcg volume of the treated group incrcased by
3.3 kg, 2.24 kg and 0.13 1 respectively. All pulmonary function
tests improved and somec of them significantly (P<0.001) improved
(FVC) and finally a significant increase in hacmoglobin concentration
(P<0.001) occurred, The combined effecct 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 frece from malaria by systematic anti-malarial prophylaxis
and were periodically screened parasitologically to detect the
presence of schistosome cggs and other parasites, In addition to
the improved physical working capacity, the trcated persons

subjectively felt betier aftor the exerciso test, as testificd by

the disappearance of fatiguability and back-ache. In conclusion,
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anti-schistosomal treatment appears to produce a marked and

S wre- -

highly significant (P<0.01) improvement in human working

capacity (by 20%) as well as on the subjective feeling of \f

fatiguability.
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THE ECONOMIC IMPACT OF SCHISTOSOMIASIS

A, ECONQOMIC ANALYSIS

The economic aspect is considered here because of its importance

LA SR D ——

in relation to national and international health programmes and its

implications for optimal allocation of resources to schis tosomiastis
control, water supply, sanitation and irrigation schemes.

Many investigations have been concerned with assessing the
impact of schistosomiasis on communities by estimating the potential
economic loss due to the disease. All of these estimates have been

based on the hypothesis that schistosomiasis impairs the productivity

T T i -

of labour and on the assumption that the efficiency of labour is
related to health status. The economic dimension of the discasae

has been basically investigated at two different levels, by "macro"

studies on a national scale and by more intensive "micro" studies on

selected population groups (Prescott, 1978).

-

In the macro analysis, the majority of the studies have assumed

-

that infection impairs the individual's capacity for sustained

physical effort and therefore rocduces productivity. For example,

|
f Khalil (1949) estimated that the loss due to bilharziasis in Egypt
|

o S

E was £80 million every year, and Wright (1951) claimed a reduction of
: 33% in productivity of the population in Egypt which accordingly cost *~
the country approximately £20 million per year. In an attempt to
assess the economic impact of S. japonicum infection in the Philippines,
Farooq (1963) assumed the loss of wourking capacity ranged from 25%

to 100% in four clinical gradients of infection, With the addltional
cost of treatment, the total aunual loss due to schistosomiasis was

! estimated to be approximatcly 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

S

formula to estimate the economic loss:
K = N «&«Q)
where
K = annual economic loss
N = number of individuals infected

Q = annual average labour output

ol

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:
1. The magnitude of the effects on working efficiency of infected
workers are only estimates and have not been based on actual
measurements.
2. The size of the cfficiency effect of schistosomiasis, <L ,

is assumed to be equal for all infected workers,

3. It is assumed that there is a uniform cfficiency across all
|
infected individuals. j
fi
4. The number of workers infected with schistosomiasis, N, is W

usually considered to be equal to the total number of schistosomiasis L
cases in the community.
B Finally, the fundamental deficiency in macro estimates of :
economic loss lies in the lack of any empirical basis for measuring
work loss at the micro level.
The main objective of micro analysis is to test the empirical
validity of the assumption that schistosomiasis substantially impairs
the productivity of labour. Several studies have been carried out
Lo assess the work performanco of infected and non-infected workers,

and also to assess the cffect of anti-schistosomal treatment on work

e e s




performance. Foster (1967) in his study on a sugar estate in
Tanzania investigated morbidity experience, monthly absenteeism

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 et al. (1976) showed

that S. mansoni did not affect either physical performance

capacity on the bicycle ergometer or labour productivity measured

as weight of cane cut per unit of time. In St, Lucia, Weisbrod

t al. (1973) studied the effects of S. mansoni on labour

productivity and the supply of workers on the Geest banana

plantation and other workers in an urban firm.

in accord with the hypothesis that schistosomiasis infection is not

associated significantly with either labour productivity or labour supply.

Criticisms of the validity of existing micro studies can be

summarized as follows:

1.

eggs and those who do not, without classifying individuals

Their results were

Comparisons are usually made betwcen those who pass schistosomal

A

AR,

Y.




according o the levels of intensity of infection,

2% All the groups involved in micro analyses have been highly
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.

B. ESTIMATE OF ECONOMIC LOSS DUE TO SCHISTOSOMIASIS IN THE
GEZIRA

In many respects the results of the present study can contribute
to a closer assessment of the economic impact of the disease in the
Sudan through simultaneous measurements of the prevalence and
intensity of the disease and of the potential loss of weorking
capacity measured under standard conditions. The study demonstrates
a significant reduction in objectively measured physical working

x) at very high levels of intensity of infection,

capacity (VO2 oA

and it is in this relatively small section of the working population
that significant effects on productive output may be recorded. There
remain many unknown factors in translating the results of laboratory
investigations to the actual work situation. For ecxample, 902 i

is clearly a bettor index of potantial output than working efficiency

or actual labour productivity, and it cannot bo assumed that an

individual's actual work performance is constantly related to his

maximum output. llowever, it has been shown proviously that hishor
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maximal aerobic power output in cane cutters is positively
correlated with higher productivity (in terms of the amount of

l 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 performance
in sedentary occupations is an unknown factor in estimates of the
economic impact of the disease.

The present findings were 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: v
1. Total Gezira population 1,865,500
(Department of Statistics, 1977)
2. Estimated numher of economically 353,640
active males aged 18-45 years in
Gezira

(Department of Statistics, 1977)

3. Estimated number of non-infected 71,112
males in that age group (prescnt
s tudy)

4. Estimated total number of infccted 282,528
males in that age group (present
s tudy)

The contribution made by the working female population has
not boen considered heve since social traditions make it virtually

impossible to obtain oxerciso performance data on women in the Sudan,

although schistosomo egg excretion data are avnilable.
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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

R e ———

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 an equal degree of impairment in their

R S o

maximal working capacity since the present study shows that about

b 2

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 1n'a predominantly
agricultural community like the 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 . .
population. An annual estimate of economic loss from all the groups (K)
may thus be deduced:

K o= NJ@CQp) + Np@@uQp) + cvnvnnnnen N,0€,Q)

where

N number of individuals infected in cach level of
intensity of infection
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Qi = annual average labour output for each level of
| intensity of infection

Oy = 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

e e e

been possible and consequently provide a sound basis for cost-—

benefit analysis of control programmes.
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TABLE XI.1l.

Observed maximal aerobic power (VO pyx)(MeansiS.D,)

VE tH Vo
’ pax max 2 max
Group " (1/min) (beats/min) {1 /nin)
Non-infected 8 96.6120.8 192+3.0 2.65%0.29
Infected 18 105.5+21.1 193160 2.4510.55
Significance: NS NS NS
N
&
=
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TABLE IX.2.

Partial correlation coefficients for

infected villagers, canal cleaners and cane cutters.

(180 subjects)

bo PLV with egg count

2

" ” " " "

2 max
Vo2 FHm o with egg count
G 1 " " ' given FVC
" " " ” " " FVC & FEV
" 1" ”" " " [ FVC, FEV & Haem
002 per LV

given Haem
" Haem & FVC
" Haem, FVC & FEV

-0.14

-0.13
-0.11
-0.10

=0.20
-0.16
=0.15
-0.15

sig
P = 0.04
0.08
0.13
0.20

P = 0.005
0.03
0.04
0,04
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Figure IX.1. The relationship between egg output (eggs/g) and haemoglobin
concentration (g/100 ml).
b = 257.9 - 23.6 x log,, (Egg count + 1)

r=-0.28; P<0.01; n =215
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The relationship between V02 e related to leg volume
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Figure IX.3. The relationship between V02 e related to leg volume
(m1/1/min) and egg output (eggs/g).

log,, \'102 max = 2.76 - 0.03 log,, (Egg count + 1)

r=-0.22; P<0.01; n = 209
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APPENDIX

TABULATION OF ORIGINAL DATA

The Appendix gives the measured values of 100 variables on each

investigated individual,

A description of each abbreviation

corresponding to variable number is given below as a guide to
Missing values are coded (-9).

the data.
Variable Variable

28 EEOUD

1 Age

2 Ht

3 FEV

4 FVC

5 PFR

6 LBM

7 SA

8 EGCG

9 vo, 900
10 VE, ¢
Al FH g
12 VT30

13 VO, FHMX
14 Protein
15 ALB

16 SRMBRN
17 ALKPSH
18 Urea

19 Na

20 K

21 GLOB

Description

Age in years

Height in cm

Forced expiratory volume in 1 sec !

Forced vital capacity in 1
Peak flow rate in 1

Lean body mass in kg

Body surface. area in m2
Egg count (eggs/g faeces)

VO- (oxygen) intake predicted at work
load of 900 kpm/min

03 BTPS (ventilation volume) predicted

at VCO2 1.5 1/min

iH (cardiac frequency) predicted at V02 1.5

VT (tidal volume) predicted at Van

602 predicted at max FH = 210-0.65 x age

Total protein in g 100 ml.-1

Albumin in g 100 m1" !

Serum bilirubin in mg 100 ml-l

Alkaline phosphatase(ka

in mg 1-1

Sodium in meq 1-1

Potassium meq 1_1

1

Globulin in mg 100 ml~

,ﬂ__
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Variable Variable
no. group
22 LEGMB
23 HAEM
24 PCHAEM
25 PCV
26 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 YRPOCP
40 HEWORK
41 HRREST
42 IIRSLEEP
43 Wt
44 \'/02 max
45 BLOODPIC
16 DIAR 24
47 DIARMTH
48 ABDIP24

221

Description

Leg muscle + bone volume in cc
lfaemoglobin in gm 100-1

PC (percentage) haemoglobin
Packed cell volume

White blood cell count
Estimated sedimentation rate
PC polymorphonucleocytles

PC lymphocytes

PC basophils

PC eosinophils

PC moro cytes

Beats / min

Systolic blood pressure, mm Hg

Diastolic blood pressue, mm Hg

Income per month (£S5 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

Body weight in kg

Observed maximal aerobic power

Blood picture 1 = normal; 2 = abnormal
pDiarrhoea in last 24 hrs 1 = No; 2 = Yes
Diarrhoea in last month 1 = No; 2 = Yes

Abdominal pain in last 24 hrs 1 = No; 2 = Yes

g




"
F i
Variable Variable Description ! k
no. group ‘{
49 ABDPMTH Abdominal pain in last month 1l = No; 2 = Yes Eu
.
i 50 FATIG Fatigue 1 = No; 2 = Yes ',f
1 51 LUMBPAIN Lumbar pain 1 = No; 2 = Yes ;:
i 52 HMTSA24 Haematuria in last 24 hrs 1 = No; 2 = Yes 3
53 HMTSAMTH Haematuria in last month 1 = No; 2 = Yes *
54 0CB24 Occult blood last 24 hrs 1 = No; 2 = Yes T
55 OCBMTH Occult blood in last month 1 = No; 2 = Yes
56 NOCTURIA 1l = No; 2, 3 et, = times/night
57 OXISPAST Other disease past 1 = none; 2 = hookworm;
f 3 = typhoid; 4 = other
58 ODISNOW Other disease now 1 = none; 2 = hookworm;
3 = typhoid; 4 = other
g 59 ASCITES 1l = No; 2 = Yes
; 60 OBESE l = No; 2 = Yes
‘ 61 BILTIMES Bilharzia, number of times
? 62 BILTREAT Bilharzia, number of treatments
E 63 MALTIMES Malaria, number of times
i 64 MALTREAT Malaria, number of treatments %b
3 65 LIVER 1 = normal; 2 = abnormal :f
4 66 SPLEEN 1 = normal; 2 = abnormal i :
| 67 MARST Marital status 1 = single; 2 = married
1 3 = divorced
[ :
68 WIVES Number :
69 BOYS " ! A
70 GIRLS " .
71 DEPEND No. of dependents
72 OoCP Present occupation 1 = farming; 2 = other work;
3 = student/none
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no.

3

74

75

76
' 77
78
79
80
81
82
83
84

85

86

88
89
90

21

92
93
94
| 95
96
97

I 98

R e

Variable Description
group
PREVOCP Previous occupation 1 = farming; 2 =
3 = student/none
NOJOBS
TYPEJOB 1 = farming; 2 = mixed 3 = non-farming
SPORT 1l = Yes; 2 or O = No
GIVEHELP 1 = Yes; 2 = No
GETHELP 1 = Yes; 2 = No
SMOKER 1l = Yes; 2 = No
NOCIG No. of cigarettes
Hours light activity

Hours moderate activity
Hours heavy activity
Hours sitting

Hours standing

Hours walking

Hours lying
Hours sleeping

Energy expenditure

WBGT Wet Bulb Globe Thermometer Index
VE .
BTPS Minute ventilation
!;02 Oxygen intake
\'/0 Maximal aerobic power
2 max
HRKM Heart rate at KM measurement
Average heart rate
HRAV B

Body tcmp 2 (o]
A body weight kg

Rate/min work rate

other work;
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Variable Variable Description
no. rou :
29 Time spent In each activity
100 Activity 1 = shovelling; 2 = other

e
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