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Preface

It is almost twenty years ago since under Nutricia’s auspices the first Nutricia
Symposium took place. Professor Jonxis was mainly responsible for the organiza-
tion of the earlier symposia, whilst Professor Visser organized the fifth Nutricia
Symposium in 1978.

This book is the commitment to paper of the lectures given during the sixth
Nutricia/Cow & Gate Symposium held in Louvain in 1983. Both Professor
Eeckels and Professor Ransome-Kuti succeeded in collecting a panel of experts
on ‘Child Health in the Tropics’.

We hope, in fact we are sure, that you will consider the contents of this book a
daily stimulation in your medical profession.

October 1984
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Session |
Feeding, feeding practices and growth

Chairman: Chap-Yung Yeung



The practice of breastfeeding

A. OMOLOLU

Introduction

The practice of breastfeeding, it is agreed, is as old as human beings and, yet, over
the past thirty years as scientific interest in the practice has revived, we have not
endeavoured to study the practice in an environment where it is still the norm. On
the other hand, theoretical questions like ‘How long can breast milk alone
support a child?’ have been our concern; instead of ‘How do the people who have
been and still practise breastfeeding deal with supplementation?’. The practice of
breastfeeding must have worked over the centuries in these communities — why is
it now breaking down? What can now be done to make it work?

Over the past ten years, the Department of Human Nutrition, University of
Ibadan, has had the opportunity of carrying out studies both in the rural as well as
urban populations of the country. With the support of the World Health Organis-
ation, the Nestlé Nutrition Research Council and the University of Ibadan, cross-
sectional, longitudinal and in-depth studies have been carried out into the present
practices of breastfeeding, the intakes of breastmilk by babies as well as the
factors — traditional, social, economic, foetal and maternal — that could and do
affect the practice of breastfeeding.

This paper will discuss the present practice of breastfeeding in the rural areas,
show why it works, the strains and stresses that affect it as well as the modifica-
tions that now take place amongst the urban populations.

Present practice amongst the rural and urban poor

Breastfeeding is still practised by these groups because it is the only way of
feeding the baby that they know, that they have seen work and that they can
afford. Even in the rural areas, mothers have heard of and seen babies being
artificially fed. Over 50% of the rural mothers believe that artificial feeding is
better than breastfeeding; but they know that it is expensive and that they cannot



afford it. In the urban areas, most feeding mothers hope and look forward to the
time when they will be able to afford to feed their babies artificially. To the
illiterate mothers in both rural and urban areas, artificial feeding is a mystique
whose dangers and details they do not know. For example, these mothers cannot
believe that artificial feeding can cause the death of babies, for it is their own
babies who are breastfed that die, not the babies of the well-to-do who are
artificially fed! They breastfeed their babies, therefore, because it is the only way
they know. To them, there is no practical alternative; anyway, breastfeeding is
widely practised.

As soon as the baby is born and separated from the mother, the first feed that is
given is water — in sips. Small amounts are given, either by spoon or by force-
feeding. Water feeding is continued until the child cries vigorously and makes ‘the
motions of sucking’ and the motheris rested and strong enough to breastfeed. Ina
recent study, the average time interval between birth and the first breastfeed was
10 hours, ranging between a few minutes and 25 hours. Thus, breastfeeding is not
rushed. Both the mother and baby are fit and ready before it i1s carried out, and,
invariably, the first act of breastfeeding is enjoyed by both. This is a lesson for us.

After this first enjoyable act of breastfeeding, the frequency depends on the
mother and baby. Primips usually breastfeed the baby whenever it cries. When
the mother gets tired and complains, she is then advised to give water feeds
alternately. Multiparas usually know this and, whenever the baby cries, decide
whether to give the breast or water. Thus, there is never a question of giving the
breast every four hours — mothers decide whether to give the breast or water.

During the first 14 days of life, if a baby cries for food frequently —every 2 hours
instead of 3 to 4 hours — mothers were observed to give relatively large amounts of
water by force-feeding (up to 40 ml or more at a time). This amount of water
enlarged the stomach, made the abdomen full and tense and normally caused
some discomfort for the baby for about 30 minutes. This water feeding was
repeated two or three times in the day. Usually, when next offered the breast, the
baby would take a larger amount and be satisfied for a longer period. Thus, the
mother had a longer rest between feeds.

It was also noticed that as the baby got older, night feeding was stopped by the
use of water feeds. Babies, who were adequately fed on the breast during the day
and who cried during the night were offered only water during the night. Some-
times, they were force-fed water whenever they cried for food during the night.
Within a week or so, these babies stopped crying for food at night, but they were
usually given the breast at about 10 pm and again between 5am and 6 am. In this
way, the mother was assured of a good night’s rest by the time the baby was 2
months old at the latest.



Support for breastfeeding

One important practice that ensures the proper initiation of breastfeeding is
found in most tribes and communities, not only in Nigeria but all over Africa. This
practice stipulates that a woman after child-birth does not go out of her home for
40 days. The main preoccupation and duty of the husband during the wife’s
pregnancy is to make adequate preparations for this 40-day confinement. He has
to provide enough food or staples, fire wood and other necessities for the wife;
also a companion from his family, usually his mother, a sister, etc. or someone
from the wife’s family. During these 40 days, the mother does no housework. She
is bathed, massaged and fed — all she has to do is to look after and feed the baby.
She thus gets the rest she needs after child-birth, eats enough to make up for her
losses during pregnancy and parturition and also builds up a reserve for lactation.
She comes out after the 40 days’ confinement in new clothes and accessories to
show the new baby to the world.

Thus, traditional societies ensure adequate rest and food for the mother after
delivery. She is excluded from any housework, massaged and pampered by a
women companion and relieved of any responsibilities to husband or home. For
40 days she has a holiday with her baby. What can modern society offer the
breastfeeding mother? A maternity leave which leaves her full of housework,
care of her other children and husband? Christening parties and visitors?

By the end of the 40 day-confinement, the mother’s family or husband would
have designated a young girl — §, 10, 12 or 14 years old — who would live with and
help her look after the baby. If she is a multipara, she may already have an older
girl who will play this part. It is the responsibility of the husband to provide for
this helper.

After the confinement, the mother takes on her household duties but is not
usually allowed to go to the fields or do work outside the house until the baby is 3
months old. During this time, the mother is expected to have the baby with her all
the time — on her back, in her hands or on her lap. If she has to go out, the baby
goes with her and she is expected to breastfeed whenever the baby cries for food.
No one looks twice at a breastfeeding mother — except to give support.

During the confinement, mother trains the baby so that what we call ‘on
demand’ feeding is usually a 3 or 4 hourly feeding. Thus, the mother has a very
good idea of when the baby will cry for food and thus plan her activities. She also
knows that if she is away from the child at this time, the ‘let down reflex” will
release the milk.

Number of feeds

The concept that most of us have is that the African baby is always on the breast
and that on many occasions the breast is offered as a pacifier. This image is not
true.



In one sample of 45 infants aged 1 month and from a rural setting, the highest
number of breast feeds given during 24 hours was 8 — and the average number of
feeds amongst the group was 6. In another group of 25 infants aged 3 months who
were fully breastfed, the highest and mean numbers of breastfeedings per day
were 6. In both cases, the interval between feeds works out at 3 hours. In the case
of the 1 month olds, 8 feeds in 24 hours; and in the 3 months olds, 6 feeds in 18
hours as there are no night feeds. The breast is never used as a pacifier except on
rare occasions when mother is at an important meeting or discussion which she
cannot leave and the child cries incessantly. On such rare occasions, the mother
tries every other means of pacifying the child - playing, making faces, change of
nappies, cooling — before resorting to the breast as a pacifier.

Supplementation

Though water is regularly given to babies, it is not looked upon as a food. The first
supplement given in rural areas is a gruel made of maize and water, millet,
sorghum or rice and water. The gruel is cooked thick. At the time of feeding, the
gruel is made thin with hot water; as the child gets older, less water is added. The
gruel is given by force-feeding, spoon or cup, and alternate feeds of the gruel are
given with the breast.

There is no set age or weight for introducing the gruel. Most mothers, when
asked why they decided to give the gruel when they did, replied ‘I just decided’ or
‘the child was old enough’. Only a few mothers said that the child was hungry or
cried and that was when the gruel was introduced. By force-feeding, large
amounts of the gruel may be fed — much more than the child would take
voluntarily. Thus, the gruel is usually given by force-feeding when the mother is
going to be away and does not want the baby to cry or when she wants to have a
rest.

Though a gruel may be introduced into the feeding pattern as early as 3 months,
it was found that it was only by 6 months that more than 50% of mothers used the
gruel. The gruel was given not to stop breastfeeding but to augment it. Breast-
feeding usually continued till the baby was 12 months or more.

The addition of other foods to the baby’s diet depends upon the baby. If he is
forward and grabs adult food during meals, he is allowed to eat and play with the
morsel. Soon, he will be offered the food whenever it is eaten. In this way, the
forward child, in a family that eats together, has better chances of getting to know
and have adult food than the shy or sickly child, who is corseted by the mother, in
a family that eats at different times.



End of breastfeeding

The mother is the only person who decides when breastfeeding should stop. This
is because if the child gets sick or dies, it is the mother who has the blame.
Traditionally, she is not expected to get pregnant whilst breastfeeding. The
husband, on the other hand, tries to induce her to start marital relationships as
early as possible. If she agrees and becomes pregnant, she must then stop
breastfeeding and wean the child. This is why it seems to some observers that
weaning is abrupt in Africa. The stoppage of breastfeeding is decided by another
pregnancy. If the mother did not plan to wean the child but falls for the induce-
ment of her husband, she may find herself in this predicament. The older the
woman gets, the more she learns and thus takes her time in starting marital
relationships. This is why older women and mothers that have lost a previous
baby tend to breastfeed longest. They are afraid to take the chance.

Discussion

With the above discussion as a background, one can look at the problems of
breastfeeding from the point of view of the modern woman.

The working mother, who has to travel away from home for fixed hours
everyday, is becoming a common phenomenon all over the world. In most
countries of Africa, the government departments and some commercial houses
allow a ‘maternity leave’. This is at most three months — 6 weeks before and 6
weeks after delivery. This means that the mothers who wishes to breastfeed her
baby has only 6 weeks in which to institute and then stop breastfeeding! It takes 40
days to institute breastfeeding satisfactorily; yet the mother now has to stop in
two weeks! This is not good enough. Most mother who satisfactorily start
breastfeeding before returning to work complain of the ‘let-down reflex” which
soaks their dresses for weeks after their return to work. The answer to this
problem is for doctors and nutritionists to insist on mothers having at least two
months of their maternity leave after delivery.

The provision of creches for breastfeeding mothers and their babies only works
where mother live close to their working places. In most developing countries,
most working mothers live far from their working places and travel long distances
in overcrowded public transport to get to work. These mothers find it impractical
to bring their small babies to their working places.

In most traditional societies — and most societies in both developed and
developing countries are still traditional when it comes to the roles of men and
women, fathers and mothers — men are not expected to be involved in household
duties and child care. There is a great need for education. Education at home, in
schools, at work and in all aspects of life — that, with the unitary family, coopera-
tion and support between the father and mother in all types of household duties
and chores make for a better family life.



Growth and weaning in urban Gambian infants

M.G.M. ROWLAND, S.G.J. GOH, S. TULLOCH, D.T. DUNN
and R.J. HAYES

Introduction

It is well known that the early childhood years in developing countries are a
critical period in terms of survival [1]. We are aware that malnutrition in the
preschool child often has its origins in infancy [2]; the beginning of the onslaught
of infectious diseases to which young children are subjected is similarly timed.
The relationship between these two aspects of impaired health is well docu-
mented [3]. One of the best known examples of this nutrition-infection interac-
tion is the inter-relationship between diarrhoeal disease and growth impairment.
So striking is the association of this synergistic phenomenon with early feeding
patterns that the term ‘weanling diarrhoea’ was coined more than 20 years ago
[4].

A clear example of this problem is seen in The Gambia where there is
widespread and severe growth faltering in rural children starting around three
months of age and an increasing burden of diarrhoea occurring in the second half
of infancy; both events occur around the time of the onset of the weaning period
[5]. There is a marked deficit in energy intake at the time of deviation from
normal growth standards [6] and a highly significant negative correlation between
diarrhoea and growth has been demonstrated at this age [7]. Also described is the
potential importance of contaminated weaning foods in the epidemiology of the
early childhood diarrhoeas [8]. Despite the importance attached to the ‘weanling
dilemma’ [5] —i.e. the balance to the struck between the merits of early dietary
supplementation and the dangers of gastrointestinal infection carried with it —
there has been remarkably little effort to try and define the precise impact of the
initiation of weaning on health and growth. A good attempt was made by
Watkinson who claimed that children receiving the highest breast milk intakes
had later weaning dates, a delayed onset of diarrhoea-induced weight loss and
significantly greater weight than their less privileged counterparts by the age of
one year [9].

Animportant controversy centres on this scenario; it is the question of whether
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mothers, particularly in the third world, introduce weaning foods inappropriately
early, sabotaging their lactation, prematurely exposing their infants to the risk of
gastrointestinal infection and thus contributing significantly and unnecessarily to
the epidemiology of early childhood malnutrition in their own offspring.

Materials and methods

In 1981 a cohort study was started in an urban community in The Gambia in the
town of Bakau some ten kilometres from the capital Banjul. This community
numbers approximately 10,000 people inhabiting an area of 0.5km?, being
around the sixth largest and densest urban population in the country.

Living conditions are typical of the underprivileged third world. Roads in the
town are unsurfaced and often lined by open drains. Houses are mostly terraced
and of mud-brick, or less often of cement, with corrugated metal roofs. About
85% of the dwelling clusters or compounds have some sanitational facilities,
usually in the form of pit latrines [10]. There is a fairly comprehensive public
standpipe system delivering potable chlorinated water. Primary health care is
provided by the Government Health Centre about one kilometre distant and
more medical facilities are available at the neighbouring Medical Research
Council Laboratories in Fajara. The vast majority of mothers in Bakau obtain
antenatal care at the health centre and are subsequently delivered there or report
with their baby for a check up within twenty four hours of delivery.

In this study 126 infants were recruited within two weeks of birth at a rate of
approximately ten per month. Eighty per cent were studied for one year or more,
default mainly arising from migration. Morbidity was monitored by weekly
questionnaires administered in the homes by visiting field workers who also
documented feeding details. Routine anthropometry (weight and length) was
carried out at monthly call clinics and complementary morbidity data were
obtained at these and other clinics. Routine childhood immunizations were
carried out according to the current policies of the Gambian Government Mater-
nal and Child Health Programme and all illnesses were actively treated with
appropriate medication. Breast milk intakes were regularly monitored in a 75%
sample of the cohort until weaning was established and again at one year of age.
The aim was to determine the relationships between breast feeding and weaning
practices and infant growth and morbidity with special emphasis on diarrhoeal
diseases. Analysis of the data is not yet complete but some of the results are
described below.
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Results
Selected maternal characteristics

The foregoing description of the township has shown that this was not a privileged
urban area nor were the cohort subjects in any sense an urban elite. Of the cohort
mothers approximately half were illiterate and only one in six had proceeded to
secondary school or beyond. Twenty five per cent were teenagers and only one
half were older than twenty three years. One quarter of the mothers were single
and the same proportion were primiparous. In contrast to the rural situation,
however, two thirds of the mothers were housewives with no other form of
employment.

Feeding practices

All mothers breast fed their children from birth. The onset of weaning, defined as
the regular addition of other foods to the infant’s diet documented in three
successive weeks, occurred between one and forty six weeks with a median of
thirteen weeks. These data are illustrated in Figure 1. About one third of the
children started weaning before their earliest Keneba counterparts [11]. Despite
this, the urban nature of the community and the availability of a number of
alternatives, traditional weaning foods only were given to 75% of children, the
remainder being weaned using predominantly commerical infant formula or a
mixture of traditional and processed foods. Perhaps predictably formula foods
tended to be used when children started weaning earlier, the median age of
introduction being six weeks (Figure 1). One reason for early weaning was the
mother’s return to paid employment, often around six weeks after the birth of the
child. Some of these women introduced bottle feeds as early as one week of age in
order to establish a pattern of supplementary feeding before starting work.
Despite this, all women regularly breast fed into the second year of life except for
one mother who completed weaning at 11 months. There is little doubt that within
this community there were mothers who were regularly maintaining lactation for
a year or more despite periods of around 8 hours per day of separation from their
infants. Breast milk intake data is not yet complete but preliminary results
suggest that volumes consumed were high compared with those documented in
rural women in Keneba [12].

Growth

Birthweights obtained at the health centre at or shortly after birth were lower
than normal standards with a mean weight of 3.2 (SD 0.4) kg for boys and 3.0
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Figure 1. Age at onset of weaning in urban Gambian infants (n = 117). [l indicates use of an infant
formula food. Cumulative percentages calculated using life table methods (n = 126).

(SD 0.4) kg for girls. There was no evidence of seasonal variation, in contrast to
earlier Keneba findings [13].

Nutritional status in the first half of infancy was strikingly good and by three
months these urban children had overshot the accepted norm for weight. Growth
in weight and length is illustrated in relation to the currently used American
NCHS standards [14] in Figure 2. The possible reasons and implications underly-
ing this pattern have been discussed elsewhere [12].

From three months of age growth velocity declined markedly and from six
months mean weights fell below the international standards to levels which
appear inadequate even in relation to the more conservative estimates that have
recently been proposed for predominantly breast fed communities [15]. This
change in growth performance occurred around the time when the majority of
children were being introduced to weaning foods.

Impact of weaning on growth

What role does weaning play in this quite marked alteration in growth perform-
ance which follows such a promising start? The first exercise was to compare the
growth of children who were weaning with those as yet unweaned and these data
are illustrated in Figure 3. After three months of age, exclusively breast fed
children were significantly heavier than those who had started the weaning
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Figure 2. Growth in weight (—O—) and length (—@—) of urban Gambian infants expressed as Mean
+ SE in relation to the NCHS [14] standards (n between 90 and 126).

process. Though compatible with the concept that the onset of weaning led to
impaired growth performance, such results are in fact open to other interpreta-
tions. For example this picture could also arise as a result of the children who were
smallest being weaned earliest.

To examine this possibility, birthweights were compared between infants
starting to wean in the first month of life and those weaning later. Similarly,
weights at one month of age were compared between children starting to wean in
the second month of life and those weaning after two months of age. Correspond-
ing analysis were carried out at monthly intervals and the results are illustrated in
Figure 4. From three months of age onwards infants starting to wean during a
given month tended to be lighter at the beginning of this month than those who
remained exclusively breast fed. Using a rank test for each month and combining
the results from three months onwards, this difference was just significant
(p<0.05). There was no such trend below three months of age. These data are
compatible with the hypothesis that at least from three months of age mothers
tend to start weaning the smaller infants.

The nature of the growth pattern following weaning was next investigated to
determine whether infants who had just been weaned appeared to be growing less
well in the subsequent month than those who remained exclusively breast fed. In
children starting weaning before three months of age there was a consistent trend
towards slower growth and lower weight in the month following weaning com-
pared with their non-weaning counterparts.
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Figure 3. Mean weight-for-age of pre-weaning (—C—) and weaning (—@—) Gambian infants.
S indicates a statistically significant difference (p<0.05).

Figure 4. Mean weight-for-age of infants weaning in the subsequent month (—@—) compared with
those weaning later (—O—).
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Figure 5. Relationship between weight-for-age of infants at ages 1 and 3 months, and fitted regression
lines in those weaning between these ages (—@—) and in those weaning later (—O—) (n = 100).

This effect is illustrated in Figure 5 in which weight-for-age at one month is
plotted against that at three months in two groups of infants, those starting to
wean between one and three months and those weaning subsequently. Regres-
sion lines were fitted for these two groups, assuming equal slopes, and may be
used to estimate the mean weight-for-age at three months for a given value at one
month of age. It can be seen that this value is lower in those infants starting to
wean between one and three months than in those who continue to be exclusively
breast fed. This difference was close to statistical significance (p=0.05).

No such effect on growth was apparent in children starting to wean at a later
age; subjects were too few to permit this analysis beyond six months of age.

Discussion

The weaning period has long been recognised as a particularly hazardous phase in
childhood [16]. Because of this some have advocated the strategy of delaying the
onset of weaning in underprivileged communities even when there are nutritional
grounds for starting to complement the diet of breast fed infants [17]. There has
been considerable international interest and effort expended in identifying the
point at which weaning is appropriate, with a view to avoiding an unnecessarily
early introduction of other foods [18] though the futility of attempting to make
generalizations on this subject has been recently emphasised [19]. It is assumed
that weaning should not be started so early as to deliberately or inadvertently
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result in the premature cessation of breast feeding [18] but such statements are
valueless in terms of establishing guidelines designed to lead to improved wean-
ing practices.

Our data have shown that during the first three months of infancy mean growth
in weight exceeds that documented in the NCHS standards [14]. During this
period approximately half of the infants start weaning, a process which usually
continues over a period of one year or more. There is no evidence in this early
weaning group that the process is initiated in response to small size or poor
growth and there is an overal tendency for subsequent growth in weight to be
adversely affected. This could be due to a number of factors including a reduction
of breast milk intake consequent upon weaning, a nutritionally poor weaning
food supplement, and an increase in morbidity, particularly diarrhoea. These
issues will be addressed elsewhere.

The onset of weaning in the remainder of the infants, which takes place after
three months of age, coincides with a period of prolonged decline in growth
performance in relation to the international standards, and tends to be carried out
earlier in lower weight infants or those who are growing more slowly in the
preceding month. The use of these two criteria, particularly the latter in the
absence of an obvious non-dietary cause, would constitute normal clinical prac-
tice in judging whether an individual breast fed child should receive additional
food. The lack of any deleterious effect on growth would support the concept that
the decision by many of these mothers to start weaning was not inappropriate.
Though relatively uneducated and inexperienced they may have been aided in
their decision by the collective wisdom of their extended families. It may also be
that after three months of age the timing of the onset of weaning at least in this
community is not a critical issue.

If we are to suggest that at least after the age of three months there is no narrow
critical age range for these individual infants to start weaning then one must ask
how relevant these results are to communities elsewhere. Enough has been said
here to show that we have not been studying an urban elite group. Environmental
hygiene was in no sense adequate nor was diarrhoeal morbidity trivial [20].
However there are two important ways in which the mothers in Bakau differ from
those in Keneba. The first relates to nutritional status. Bakau mothers appear to
be some 10% heavier (and are also taller) than Keneba women on crude compari-
son of their mid-pregnancy weights. This almost certainly has some bearing on
early lactation performance. Secondly, in the periods before and after the birth of
their children even the minority of mothers who go out to work in Bakau have far
less rigorous physical demands upon them than their rural subsistence farming
counterparts [21]. The resultant advantage in physical wellbeing and the time
available for normal child care, two factors which are rarely assessed, are surely
of fundamental importance. There is mounting evidence to suggest that if we can
only look after mothers from early enough in their reproductive life then they are
well equipped to rear their children, through early infancy. The nature and
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significance of the fall off in growth widely documented in the second half of
infancy and later has yet to be fully explained.

Summary

In a relatively underprivileged urban Gambian community the initiation of the
weaning process before three months of age appeared to be unrelated to the prior
size or growth performance of the individual breast fed infant. In this early
weaning group there was a general trend for growth faltering to ensue. Where the
onset of weaning was delayed until three months or later there was a trend for the
smaller infants or those who were growth-faltering to be weaned earlier. In this
group weaning had no apparent deleterious effect on growth.

A prolonged weaning period extending into the second year of life was ob-
served in virtually all children and mothers were able to continue breast feeding
even in those infants who started weaning earliest. However growth in weight and
length of the group as a whole fell progressively below the international standards
from around six months of age, for reasons which were not analysed in this paper.
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Some considerations on the formulation of
weaning mixes

W. KLAVER

Summary

The following presentation proposes the cross-tabulation of so called ‘double
mixes’ of foods as an ‘abacus’ for those working on the formulation of weaning
foods and for those engaged in teaching basic concepts of the nutritive value of
foods. These considerations were developed in the context of the training of
nutrition workers.

Comparing the nutritive value of foods

In teaching basic concepts of nutrition science, food composition tables are used
to provide a link between the nutrients that we distinguish and the foods that
contain them. However, reading through the columns of a food composition table
does not allow easy comparison of the nutritive value of the various foods. In
particular, ‘dry’ foods suggest they contain high amounts of nutrients compared
to ‘wet’ foods, while it may very well be that the dry food has to be cooked and so
becomes similar in nutritive value to the wet food. In this way, starchy fruits,
roots and tubers have been proclaimed particularly ‘bulky’ — which they are — but
in fact cereals are often as bulky after cooking. It requires some calculations to
verify that fresh beans (classified as a vegetable) contain as much nutritive value
per unit as the dry beans; the latter only do not have all that water.

In sum, it is not an easy job to derive meaningful data from food composition
tables. In the International Course in Food Science and Nutrition in Wageningen
we train each year for 5 months 25 participants from developing countries. As a
part of their refresher training in basic nutrition, they are offered a practical
exercise based on the calculation of nutrient densities of foods for a given amount
of energy. This provides the participants also with an opportunity to manipulate
real foods in preparing an exhibition in which they rank foods according to their
nutrient:energy density.



20
The formulation of food combinations

Formulating diets begins with the proximate components of foods, particularly
their content of protein and fat, and the amount of metabolizable energy that
these are supposed to provide. In terms of foods, this means dealing with staple
foods, complementary (protein-rich) foods and energy-dense foods. The latter
are particularly important for small children and their mothers. Micro-nutrients
will be discussed as a next step only.

The former ‘protein gap’ in developing countries has been replaced by the
‘energy gap’. However, adding oil or sugar to a food mixture dilutes its protein:
energy density; so it seems wise to continue keeping an eye on the protein content
of food mixtures.

Going into this usually requires that the whole theory of amino acid comple-
mentation be explained and that an additional book lands on the nutritionist’s
desk: the table of amino acids. Besides adding to the workload, it conferes a risk
that protein quantity and protein quality are not given their proper place, i.e.
when only the latter aspect is considered so that one searches essentially for the
proportion of foods that give a maximum.amino acid score. Such proportions
exist where two foods are combined that have different limiting amino acids.

However, it should be borne in mind that protein quality is an attribute of a
certain quantity of protein. The fact that foods of animal origin are rich in proteins
in the first place, but have also a high protein quality — while the reverse is true for
plant foods — makes confusion understandable. The criterion for food mix for-
mulation should be protein quantity corrected for quality. Platt and Miller [1]
proposed the net dietary-protein value that later became known as net dietary-
protein calorie percent: NDp Cals% [2].

Double mixes

A tool exists that has the potential to save much of such calculation time to many
nutritionists. That is the cross-tabulation of double mixes of a staple food and a
protein-rich food. Such a table appeared in applied nutrition literature in ‘The
health aspects of food and nutrition’ [3]. Food mixtures were tabulated that
provided 360 kcal and an NDpCal of 8% (no oil added).

In the first edition (1971) of their Manual on feeding infants and young children,
Cameron and Hofvander [4] included a double mix table with 10 g of oil added
(except with the legumes) and an NDpCal of 7-8%. Both these tables used food
composition data from Platt [5], amino acid composition data from Orr and Watt
[6] and the FAO (1957) amino acid scoring pattern [7]. In the second edition
(1976) of their manual, Cameron and Hofvander [4] included a table providing
about 6% NDpCal. To the legumes, 5g of oil was added. In the third edition
(1983) of their manual [4] they present the same proportion figures asin 1976, be it
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that the legumes are included in the table with 10 g oil added. This time they write
that each mix has the same protein value and provides the approximate equiva-
lent of 5-6 g of reference protein.

Pellett and Mamarbachi [8] recalculated the table of double mix proportions
using more recent amino acid content data [9] and the FAO/WHO (1973) amino
acid scoring pattern [10]. They realized that the original equation for the calcu-
lation of NDpCals% [2] is mathematically cumbersome, as it is a complicated
function of the protein energy percentage and the chemical score. Pellett and
Mamarbachi proposed a modified equation which represents a one-to-one rela-
tionship with the protein energy percentage, multiplied by the chemical score.
This product can be called ‘net protein energy percentage’. Their double mixes
were calculated for a (modified) NDpCal of 6.6%, which corresponds to a net
protein energy level of 8.0%.

The table of Pellett and Mamarbachi [8] is limited in that the legumes (beans or
peas) are left out and that they only give one level of oil added (10 g of oil per 350
kcal). Below a recalculated table is presented which includes legumes and
groundnuts and which contains the proportions in grams of double mix quantities
at three levels of added oil: 0, 5 and 10g.

The principle of calculation is visualized in Figure 1. The ordinate on the left
represents the crude and net protein energy percentages for 100% maize and the
ordinate on the right represents the same for 100% soybean. Straight lines are
drawn which represent the protein values of the range of intermediate mixtures of
maize and soybeans for any given point on the abscissa.

The double mix proportion without oil added is sought at the level of 8% net
protein energy. The latter is determined by the line corresponding to the limiting
amino acid. The double mix proportions with 5 and 10 g oil added per 350 kcal are
sought at the net protein energy levels of 9.2% and 10.7% to compensate for the
diluting effect of the oil: the maize and bean mixture before addition of the oil has
to provide 305 kcal in the first instance and 260 kcal in the second instance.

The results of these calculations performed on 13 staple foods and 8 comple-
mentary foods are presented in Table 1. The composition references of the
individual foods are summarized in Table 2. Proximate food composition data are
from Chatfield [11] and amino acid data from FAO [9]. The amino acid scores
were derived using the FAO/WHO (1973) scoring pattern [10].

Using double mix proportions as an ‘abacus’

The table of double mix proportions can be exploited further than has been
reported up to now. In the first place, it allows to compare the protein value of
various foods in terms of quantities of the foods, not quantities of protein. For
instance, millet and oats require less complementary food than wheat, rice,
sorghum and maize; sweet potato, bananas and plantains require more comple-
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Figure 1. Double mixes of maize and soyabean. Protein-energy values of combinations of staple and
supplement, mixed in varying proportions (as percentages of combined energy).

mentary food than irish potato and yam, while cassava flour needs most. Sec-
ondly, multiple mixes can easily and quickly be. composed from the double mix
proportions. Here the table of double mix proportions serves as an ‘abacus’ for
the formulation of weaning mixes.

The principle is that when a portion (p) of a double mix is combined with the
complement portion (I-p) of another mix, the combined multiple mix again
provides 350 kcal and at least 8% net protein energy. The net protein level will
not be less than 8.0%; it may be slightly over 8% if the two portions of double
mixes had different limiting amino acids.

This principle can be used to vary the level of added oil, or to partially
substitute ingredients by other ingredients. An example of varying the level of
added oilis as follows: From Table 1it can be read that the following double mixes
are equivalent in energy value (350 kcal) and net protein energy percent (8.0%):
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Figure 2. Proportions of foods obtained by combining two double mixes: (A) and (B).

63 g of sorghum and 28 g of egg and 10g of oil
76 g of sorghum and 25g of egg and 5 g of oil.

If one desires to know the double mix proportions with, say, 7 g of oil, it suffices to
multiply the first double mix by a proportion of 0.4* and the second by a
proportion of 1-0.4 = 0.6. The new mix contains 63 X 0.4 + 76 X (1-0.4) = 71 g of
sorghum, 28 X 0.4+ 25X (1-0.4) = 26 g of egg and 7g of oil. An example of
partial substitution of ingredients is as follows. Two double mixes from Table 1
are:

(A) 63 g of sorghum and 28 g of egg and 10 g of oil
(B) 39 g of sorghum and 39 g of groundnuts.

The range of combinations of sorghum, egg, groundnuts and oil is given by: {63 X
p + 39 X (1-p)} g of sorghum and 28 X p) g of egg and {(1-p) X 39} g of ground-
nuts and (10 X p) g of oil, where p varies between 0 and 1. This is visualized in
Figure 2. The results for p = 0.5 for instance would be: 51 g of sorghum and 20 g of
groundnuts and 14 g of egg and 5 g of oil. It will be appreciated that the latter
figure concerns the added (visible) oil. There is another 10g of invisible oil
contained in the 20 g of groundnuts and 14 g of egg. Such a multiple mix can be
combined at its turn with still another double mix from Table 1.

As a second major step, vegetables and/or fruits are added to the mix. These
contribute little energy and generally take very well care of themselves as to their
protein content. Such addition does not alter much the energy and net protein
level of the resulting mix, so that complicated corrections are not necessary.

With each additional double mix, a degree of freedom is introduced in the

* In mathematical terms, 10 X p + 5 x (I-p) = 7 g of oil. This equation is solved by a value of p = 0.4.
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multiple mix formula. The solution of the equations, or the multiple mix quan-
tities selected, depends on a variety of possible criteria or constraints. These can
have to do with factors as the resulting taste (e.g. not more than x g of ground-
nuts), availability of ingredients (e.g. either one or no egg), costs of the ingredi-
ents, level of added fat, level of total fat in the mix, bulk and consistency of the
cooked mix, or any other aspect one might consider appropriate.

Several of these criteria require that some selected ‘solutions’ of multiple mixes
be actually prepared and evaluated from various angles. Recipes could be de-
veloped that still maintain some degree(s) of freedom, by including an indication
as to how far certain ingredient quantities can be varied if the user likes so.
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The influence of mycotoxins on child health in
the tropics

R.G. HENDRICKSE

Introduction

Mycotoxins are toxins produced by fungi, many of which are highly toxic to
animals and man. Ergotism, caused by the alkaloids of Claviceps purpurea which
contaminates grain, was known to the ancient Chinese, Greeks, Romans and
Arabs and was an epidemic scourge in Europe from the middle ages to com-
paratively recent times. The origins of knowledge of this serious mycotoxicosis
are losts in the mists of antiquity but mycotoxins and the diseases caused by them
excited little interest in modern scientific hterature until the discovery of aflatox-
ins in the early 1960s. Since then there has been an explosion of knowledge about
many aspects of mycotoxins and the field is currently bewildering in its complex-
ity [1]. The medical profession in general and clinicians in particular have,
however, made little contribution to recent growth in knowledge about mycotox-
ins and, if the truth must be acknowledged, remain woefully ignorant about a
subject that may have great implications for human health worldwide, but
especially in the tropics where climatic, environmental and a variety of social
factors produce conditions particularly favourable to the growth of many food
moulds.

The primary objectives of this paper are to increase awareness of the preva-
lence and variety of mycotoxins in the human environment, draw attention to
their potential danger to health and well-being and stimulate interest in systema-
tic study of a subject which has been largely ignored by our profession. Recent
experience of our group in Liverpool, working in collaboration with colleagues in
Sudan and elsewhere in Africa, suggests that there is an urgent need for all who
share a common purpose to promote good child health to direct their attention at
mycotoxins which may constitute major hidden factorsinfluencing the pattern of
morbidity and mortality of children in the tropics.
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Human exposure to mycotoxins

Almost all plant products can support fungal growth and subsequent mycotoxin
formation. Human food may, therefore, be frequently directly contaminated by
mycotoxins. Animals injecting mycotoxin contaminated feeds may pass on the
toxins to humans via their milk and meat. Human exposure to mycotoxins may
also occur by inhalation or skin contact in certain occupations. Breastfed babies
may be exposed to mycotoxins in breast milk if their mothers eat mycotoxin
contaminated food (see below).

Most of the available data on mycotoxins and mycotoxicosis have been ob-
tained from veterinary medicine. There is now a long list of diseases in animals
caused by specific mycotoxins and a number of other diseases strongly suspected
to be caused by mycotoxins in which the specific mycotoxins responsible still
await identification. Knowledge of human mycotoxicosis is growing but remains
woefully incomplete. Extrapolation from veterinary work indicates that the
potential for toxicity of mycotoxins in humans is great, but there are relatively few
examples of human disease in which definite associations have been established
with specific mycotoxins. This is perhaps not surprising, when cognisance is taken
of the fact that risk of human exposure to mycotoxins has received much less
attention from the medical profession than risk of animal exposure has from the
veterinarians.

The mycotoxins for which there is evidence of human exposure and of well
defined adverse effects, at least in animals, were listed by the WHO Task Group
on Experimental Health Criteria for Mycotoxins as: aflatoxins; ochratoxins; and
zearalenone. The trichothecenes were also included as they are produced by
fungi which were associated with outbreaks of human alimentary toxic aleukia
(ATA) some decades ago. Some more recently discovered mycotoxins which
have been suggested to be related to disease in farm animals include: citreo-
viridin; citrinin; cyclochlorotine; luteoskyrin; maltoryzine; patulin; P.R. toxin;
rubratoxin; rugulosin; sterigmatocystine; and tremorgens [2].

Aflatoxins are the only mycotoxins which have been shown to be associated
with well recognised effects on human health and our recent investigations
suggest the possibility that their influence on child health may be more significant
than previously suspected. We will return to aflatoxins after brief consideration
of some of the other mycotoxins.

Ochratoxins

Ochratoxins are produced by several species of Aspergillus and Penicillium. The
A. ochraceus group of fungi were found in all parts of the world in soil, insects,
food such as rice, oats, wheat flour, chili and capsicum pepper, and in diseased
plants and decaying vegetation. They were also frequently found in dried and
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salted fish products in the Orient. A large proportion of the A. ochraceus isolated
from foods was toxigenic. Ochratoxins have been isolated from sorghum, hops,
peanuts, pecan nuts, mouldy Japanese rice, black pepper, adzuki beans and
ground pepper. (Data summarised by Harwig) [3].

Ochratoxins have proved nephrotoxic to all species of animals tested. A disease
called mould nephrosis or mycotoxic nephropathy has long been recognised in
Danish slaughter houses. The renal pathology includes tubular atrophy, intersti-
tial fibrosis and hyalinised glomeruli. Ochratoxin residues can be detected in the
kidneys, liver and adipose tissues of swine fed ochratoxin containing feed.
Human exposure to ochratoxins may occur not only through consumption of
mouldy plant material but also through eating animal products [3].

There is a form of human nephropathy that is endemic in parts of the Balkans
and which has pathological features which are similar to ochratoxin nephropathy
in pigs. The disease is chronic and is commonest in the age group 30-50 years
affecting females more than males. In Bulgaria and Yugoslavia a high incidence
of urinary tract tumours has been found to be closely correlated with the inci-
dence and mortality of Balkan endemic nephropathy. Exposure to food borne
ochratoxin A seems to be higher in areas with endemic nephropathy than in non-
endemic areas. Notwithstanding these observations, the WHO Task Group on
Environmental Health Criteria for Mycotoxins consider that ‘there is, at present,
no proof that ochratoxin A is causally involved in human diseases’ [2].

There is currently virtually no information about the level of exposure of the
child population in tropical countries to ochratoxins. There, however, is growing
information about the prevalence of renal disease in childhood in the tropics and
many of the diseases described behave atypically when compared with similar
entities in non-tropical areas. In some instances specific endemic diseases have
been identified as factors in atypical renal disease, e.g. quartan malarial nephrotic
syndrome [4], but in many other instances the reasons for the peculiar clinical
and/or pathological findings observed remain obscure. We need to consider the
possibility that exposure to mycotoxins may influence the pattern and prevalence
of renal disease in childhood in the tropics.

Zearalenone

Many species of Fusarium produce zearalenone which may be found as a natural
contaminant of cereals, in particular, maize, in many parts of the world including
Europe, Africa and North America. Zearalenone has been detected in cornmeal
and cornflakes intended for human consumption. Very high levels of zearalenone
have been detected in sour porridges and beers in Swaziland and Lesotho in
Southern Africa. There are, however, no reports of adverse effects of these
mycotoxins in man [2].

In animals, especially swine (probably the most sensitive of animals to activity
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of zearalenone), fed zearalenone under experimental conditions, a syndrome of
oestrogenism develops within a week. The vulvas, mammae and nipples enlarge,
and prolapse of the vagina may occur. The uteri are greatly enlarged and the
ovaries atrophy. These changes revert to normal when zearalenone is removed
from the diet [5]. Other effects in cattle that may be attributed to zearalenone or
related mycotoxins include infertility and abortions. Congential skeletal defects
have been reported in rats fed zearalenone.

Gynaecomostia is frequently observed in African men, the breasts enlarging to
resemble those of females. Testicular atrophy in leprosy and cirrhosis of the liver
are recognised associations in some cases but in many cases the cause of gynaeco-
mastia remains obscure [6]. Ambiguous genitalia and problems of intersex appear
to occur more frequently in parts of Africa than might be expected and it is
interesting to speculate on the reasons for this. Hopefully, someone will be
stimulated to examine possible relationships between zearalenone contents of
diets and the problems of gynaecomastia and ambiguous genitalia in Africa.

Trichothecenes

These are a group of related chemical compounds produced by several species of
Fusarium, Cephalosporium, Myrothecium, Trichoderma and Stachybotrys. Four
trichothecenes have been detected as natural contaminants of some foods: T-2
toxin; Nivalenol; deoxynivaleno; and diacetoxyscirpenol [2].

Toxins of Fusarium cultures have been tested in many animals including mice,
rats, guinea pigs, rabbits, dogs, cats and horses. Toxic effects characterised by
necrotic mucosal lesions, extreme leukopaenia and haemorrhagic tendency have
been observed in most animals. According to Joffe [7], the Fusarium species
achieved notoriety during the closing stages of World War II as the cause of
‘septic angina’ or Alimentary Toxic Aleukia (ATA) in some districts of the
U.S.S.R. ATA proved a very serious and in most cases lethal disease accom-
panied by skin rash, necrotic angina, extreme leukopenia, multiple haemor-
rhages. sepsis and exhaustion of the bone marrow. The cause of the outbreak was
identified as consumption of mouldy grain which was overwintered in the field
[2, 7]

No further outbreaks of this disease have been reported since the war. It is
somewhat surprising that notwithstanding the relationships established between
Fusarium Species and ATA in the U.S.S.R. the WHO experts are of the opinion
‘There is no firm evidence connecting the recently identified trichothenes with
alimentary toxic aleukia occurring in the past, or with other human disease’ [2].
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Aflatoxins

Aflatoxins (Figure 1) are produced by strains of Aspergillus flavus and As-
pergillus parasiticus. These fungi occur worldwide but crops in tropical and sub-
tropical areas are more liable to contamination since high temperatures and
humidity provide optimal conditions for toxin formation. A. flavus grows best at
27°C in a relative humidity of 85% or more. There is abundant evidence that
many foods which are commonly eaten in the tropics are contaminated by
aflatoxins B,, B,, G, and G,, e.g. ground nuts, maize, sorghum, millet, rice etc.
[8].

In the early 1960s a mysterious disease killed over 100,000 turkeys in the U.K.,
it was designated Turkey ‘X’ Disease and became the subject of intense investiga-
tion. It soon became apparent that a cargo of groundnut meal imported from
Brazil and incorporated in the turkey feed was responsible for the disease and
further investigation identified aflatoxins as the toxic agents.

Subsequent investigations have shown that aflatoxins are extremely toxic to
most animals and are among the most powerful carcinogenic agents known.
Aflatoxins regularly produce hepatoma in many laboratory animals and can also
cause other forms of malignancy.

The metabolic effects of aflatoxins observed in animals are protean and serious
and include the following [2, 8]:

inhibition of protein synthesis

inhibition of enzyme synthesis

inhibition of clotting factors synthesis

depression of glucose metabolism (via 6-phosphate pathway)

depression of fatty acid synthesis

depression of phospholipid synthesis

the feed-back control of cholesterol synthesis is lost

immunosuppressive properties: reduced resistance to Pasteurella and Salmo-

nella sp., viruses, coccidia and Candida albicans.

In all animals studied, the liver was the principal target organ for aflatoxin
toxicity but different species vary considerably in their susceptibility to acute
poisoning. The liver changes in aflatoxin poisoning include fatty infiltration,
biliary proliferation, acute toxic necrosis and portal fibrosis [2, §].

Direct evidence of aflatoxin toxicity in man is still rather meagre even though
circumstancial evidence is strong and mounting. Malignant hepatoma is un-
usually common in many areas of the world where aflatoxins contaminate com-
monly eaten foods and these toxins are thought to be important in the patho-
genesis of hepatoma. Aflatoxins have been incriminated in the etiology of cases of
Reyes syndrome reported from New Zealand [9], Czechoslavakia [10], the
U.S.A. [11] and Thailand [12, 13]. In the Czechoslovakia study aflatoxin B, was
detected in the liver of all cases of Reyes syndrome but not in the livers of 25 other
children who had died of other causes. Acute fatal hepatic necrosis and subacute
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Figure 1. The main classes of naturally occurring aflatoxins are By, B,, G; and G,, the B group being
most toxic. Aflatoxins M, and M, are derived from B, and B, and excreted in breast milk. 17 aflatoxins
have been identified.

progressive cirrhosis of the liver have been reported, mainly in children, in India
[14, 15] and Africa [16] following consumption of grains heavily contaminated
with aflatoxins.

It is apparent from animal experiments and from clinical observations in man
that short exposure to large doses of aflatoxins produces acute toxicity which may
be lethal while exposure to small doses of aflatoxins over a protracted period of
time is carcinogenic. Virtually nothing is known about the effects of frequent
exposure to moderate amounts of dietary aflatoxins which appears to be a
common occurrence in many tropical countries.
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Aflatoxins and kwashiorkor

The world distribution and seasonal fluctuations of aflatoxin contamination of
food are similar to the geographical distribution and seasonal prevalence of
kwashiorkor which tends to peak in the wet season in many areas. Kwashiorkor
remains a disease of obscure etiology and pathogenesis inspite of intensive
clinical, laboratory, and epidemiological research over many years [17, 18].

During the past three years we have been engaged in studies to determine the
relationships between mycotoxins, in particular aftatoxins, in food and malnutri-
tion in childhood with particular reference to the pathogenesis of kwashiorkor.
Clinical and field studies in the Sudan have been augmented by study of autopsy
liver specimens obtained in Nigeria, South Africa and Liberia from children who
have died of kwashiorkor and other forms of PEM. The following is a summary of
our experience to date. The methodologies employed were as previously de-
scribed {19, 20] (Figures 2 and 3).

Food analysis

Aflatoxins have been detected frequently in a variety of commonly eaten foods

Figure 2. Identification of aflatoxins by two dimensional thin layer chromatography. (TLC) Photo-
graph of a 10 X 10cm TLC plate of serum extract containing aflatoxin B,.
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Figure 3. Identification of aflatoxins by high performance liquid chromatography (H.P.L.C.) HPLC
chromatogram of serum extract containing 240 pg aflatoxin B,. Column: Spherisorb 5um ODS;
mobile phase methanol-water (50:50); flow rate: 2 ml/min; fluorescence detector, excitation 365 nm,
emission 418 nm.

obtained from local markets including the following: ground nuts (plain and
limed), peanut butter, chickpeas, haricot beans, sorghum, dried ochra, wheat,
millet, rice, lentils, dried tomatoes, dried meat, dried fish, and milk. Aflatoxins
have also been detected in one or more food items from 80% of households tested
and in 46% of composite meals ‘food on the plate’ ready for eating. The con-
tamination rate in some commodities has been very high e.g. sorghum 51%
samples positive, dried ochre 48% positive, foul musri (Egyptian Beans) 60%
positive, dried meat 42% positive. The amount of aflatoxins detected in food
samples has been very variable but levels in excess of 600 micrograms per
kilogram have been recorded. Aflatoxins have also been found in milk and meals
prepared for consumption by children in hospital.

Breast milk analysis. Variable amounts of aflatoxins M, and M, have been
detected in just over one third of 99 samples of breast milk examined to date.

Serum and urine analysis. A total of 466 sera and 460 urines from children
nutritionally graded according to the Wellcome classification [21] into controls,
marasmus, marasmic kwashiorkor and kwashiorkor have been analysed for
aflatoxins. The findings in this extended series are in broad agreement with our
earlier reported findings on 252 Sudanese children [19]. Aflatoxins were detected
more often and at higher concentrations in sera from children with kwashiorkor
than in the other malnourished and control groups. Aflatoxicol a metabolite of
aflatoxins B, and B, was detected in kwashiorkors (12%) and marasmic kwashi-
orkor (6%) but not in controls and only once in marasmus. Urinary aflatoxins
were detected in 29% of all children in the study with similar excretion rates in the
different nutritional groups. The pattern of excretion of individual aflatoxins, in
particular M, and B, show some differences between controls and kwashiorkors.
Aflatoxicol, was found in urines from children in all groups including controls
who showed no aflatoxicol in serum.
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AFLATOXINS
IN FOOD
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Figure 4. Schematic representation of aflatoxin absorption, metabolism and excretion. In normal
health most aflatoxins injected appear to be rapidly excreted via the liver and biliary system.

Serial simultaneous estimations of aflatoxins in serum, urine and stool have
been undertaken in 12 children. The results of this limited study provide clear
evidence of rapid changes in aflatoxin metabolism which are reflected in qualita-
tive and quantitative changes in aflatoxins in serum, urine and blood (Figure 4).
Findings in three children are given in Table 1 and illustrate the lability of
aflatoxin metabolism and underline the need for caution in interpreting findings
based on examination of single samples for aflatoxins.

Autopsy liver studies

A total of 19 autopsy liver specimens from children dying from kwashiorkor,
marasmic kwashiorkor or marasmus have been analysed for their aflatoxin
content. The specimens were forwarded to us by colleagues in three widely

separated geographical locations viz: Durban, South Africa; Lagos & Ibadan in

Table 1. Serial aflatoxin estimations in sera, urines and faeces (pg/ml).

Patient Hours
0 6 12 24

No. 620 Serum M,3182, B,4440, M,3373, M,11, M 2068, M,;1152,
Female B,501 B,725 Ms,11 M,11
Marasmic/ Aflatoxicol 220 B,150 B-41
Kwash. Urine Aflatoxicol, 2627 B1538 M,7609 -

Faeces - - No stool No stool
No. 617 Serum M,85, B,450, B,3, - - -
Female G2721, G2
Marasmic/  Urine - M,185, B,385, B,90 B,90
Kwash. Afl. 385

Faeces - B-,149 - -
No. 624 Serum - - - -
Male Urine - M,31 B,377

Marasmus Faeces G,4372 - G,9028 G243
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Nigeria and Liberia. The results of analysis summarised in Table 2 show that
Aflatoxin B, or Aflatoxicol were present in all livers from cases of kwashiorkor,
Aflatoxicol or Aflatoxin M, were found in five of six cases of marasmic kwashi-
orkor and no aflatoxins were detected in three cases of marasmus.

Our findings provide firm evidence that children in the Sudan are exposed to
aflatoxins in their diet and these toxins can be detected in the serum and urine of a
high proportion of the population of young children. Our serial studies indicated
that single sample analysis is likely to underestimate the true exposure rate to
aflatoxins. The more frequent detection and higher mean concentrations of
aflatoxins in the sera of children with kwashiorkor than in normal controls might
reflect greater exposure to aflatoxins in the kwashiorkor group, or they may be
the result of impaired ability to transport and excrete these substances con-
sequent on the metabolic derangements associated with kwashiorkor. The detec-
tion of aflatoxicol, and metabolite of aflatoxins B, and B, in children with
kwashiorkor and marasmic kwashiorkor but not in controls or marasmic children
indicates some fundamental difference in the metabolism of aflatoxins in the
different categories of children.

The livers examined were from three widely separated geographical locations
where the children have different ethnic, social and cultural backgrounds. The
detection of aflatoxins in the livers of fatal cases of kwashiorkor and marasmic
kwashiorkor in all three locations extend and confirm results of clinical and
epidemiological investigations in a fourth location, the Sudan, which establish
associations between aflatoxins and kwashiorkor though the nature of this associ-
ation remains obscure.

The hypothesis that aflatoxins (and possibly other mycotoxins) have a causal
role in the pathogenesis of kwashiorkor is attractive as it provides a rational basis
for many of the epidemiological, clinical and biochemical observations on
kwashiorkor which have defied explanation to date. To take but two examples:
Reports of kwashiorkor in entirely breastfed infants appeared many years ago
[22] but were disregarded as they could not be reconciled with the nutritional
theories for the etiology and pathogenesis of kwashiorkor. Aflatoxins are ex-

Table 2. Aflatoxins in autopsy liver samples (pg/g).

Diagnosis Country of origin Total No. B, Aflatoxicol M,
cases positive

Nig.  S. Af. Lib.

Kwashiorkor 2 6 2 10 10 9 1 -
(391-8350)  (188)

Marasmic/ 3 3 - 6 5 - 4 1

kwashiorkor (108-8500)  (15)

Marasmus 2 1 - 3 0 - - -

Nig. = Nigeria; S. Af. = South Africa; Lib. = Liberia.
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creted in animal and human milk if mothers are exposed to these toxins in their
diet. If aflatoxins are causally related to kwashiorkor then the occurrence of the
disease in breastfed babies would have a rational explanation. There is clinical
and pathological evidence which indicates that children with kwashiorkor seem to
be less susceptible to falciparum malaria than normal children [23]. This observa-
tion has prompted us to investigate the influence of aflatoxins on malaria in
experimental animals. Our first series of experiments supervised by Professor
B.G. Maegraith produced results which indicate that aflatoxins suppress P.
berghei infection in mice. These findings have opened up an exciting new field for
further study.

The toxicity of aflatoxins is modified by many factors, some of which also have
a direct bearing on kwashiorkor. The very young are at greater risk from aflatox-
ins than older age groups. One factor which contributes to this is the larger food
consumption per kg bodyweight of infants so that any level of aflatoxin con-
tamination of food will be more significant for the child than the adult. It has also
been established that a high protein intake protects while a deficient protein
intake increases susceptibility to aflatoxins. In experimental animals Vitamine A
deficiency is associated with a high mortality from aflatoxins. Aflatoxins are less
toxic to animals fed selenium. Toxicity is also modified by the methionine,
choline and fat contents of diets [2, §].

Whatever the final explanation of the nature of the association between
aflatoxins and kwashiorkor may prove to be, children with kwashiorkor are
clearly at greater risk from aflatoxins than normal children. A situation can be
envisaged in which following some initial insult to the liver, impaired ability to
handle and excrete aflatoxins creates a vicious cycle in which aflatoxins accumul-
ate as the ability to metabolise and eliminate these substances declines.

Conclusion

Mycotoxins are widespread throughout the world and human exposure to my-
cotoxins is greatest where climatic conditions favour fungal growth and social and
economic conditions determine that populations must eat whatever foods are
available in order to survive irrespective of the quality of the foods. This state of
affairs exists in all the tropical developing countries and the children in these
countries represent those at greatest risk from mycotoxicosis. The current paucity
of scientifically acceptable evidence of diseases in man attributable to specific
mycotoxins is no cause for complacency in our attitude to environmental hazards
most of which have proved to be lethally toxic when tested on animals. Animals in
the developed countries of the world are currently better protected from my-
cotoxin contaminated food than people in the tropical developing world. On
scientific, economic and moral grounds, the influence of mycotoxins on human
health is deserving of much greater attention than has been directed at it by the
medical profession to date.
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Bodily growth in thalassemia

V.S. TANPHAICHITR, C. TUCHINDA, V. SUVATTE and S. TUCHINDA

1. Introduction

Thalassemia is a genetically determined anemia prevalent in Mediteranean coun-
tries, the Middle East and South East Asia. It is an inherited disorder of the
synthetic rate of globin chains resulting in unbalanced production of o- or
B-chains [1]. In Thailand both a- and p-thalassemia are wide spread, and there is
more than one subtype in each variety [2]. Besides, hemoglobin variants, i.e.
HbE which is a p-chain variant with lysine replacing glutamic acid at position 26
and Hb Constant Spring which is an a-chain mutant with 31 amino acid residues
elongating from the C-terminal of the normal a-chain are also common {3, 4].
These abnormal genes in different combinations result in a spectrum of syn-
dromes ranging from asymptomatic heterozygotes to lethal Hb Bart’s hydrop
fetalis.

In Thailand the incidence of thalassemia and hemoglobinopathies are as fol-
lows: a-thalassemia, 20-30%; p-thalassemia, 5%; HbE, 13%; Hb Constant
Spring, 4% [2, 3, 4]. Thus approximately 1% of the Thai population are estimated
to suffer from thalassemia syndrome. As already mentioned Hb Bart’s hydrop
fetalis, homozygosity of a-thalassemia-1, is totally lethal either in utero or shortly
after birth. The other common forms of thalassemia syndrome in Thailand are
[B-thalassemia major, B-thalassemia/HbE disease and HbH disease. Among
these, B-thalassemia major which is homozygosity of [3-thalassemia is the most
servere form. The patients are expected to die in childhood unless they are kept
alive by constant transfusion. p-thalassemia/HbE disease is moderately severe
whereas HbH disease is the mildest form. The latter consist of the classical HbH
and HbH + Constant Spring diseases. Classical HbH occurs from double hetero-
zygosity between o-thalassemia-1 and a-thalassemia-2 while the HbH + Constant
Spring disease occurs from o-thalassemia-1 and Hb Constant Spring [3].
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2. Health consequence of thalassemia

The general health in thalassemia is poor due to anemia from chronic hemolysis
and ineffective erythropoiesis, leading to tissue hypoxia. In response, there is
gross bone marrow hyperplasia. If it is severe enough, bone changes will occur
which include characteristic thalassemic facies and generalized skeletal osteo-
porosis with thinning of the cortex. Pathological fracture of the long bones and
vertebral collapse may occur. Extramedullary erythropoiesis produces the en-
largement of spleen and liver. Massive splenomegaly with secondary hypersple-
nism results in thrombocytopenia, leukopenia and accelerated red cell destruc-
tion [1]. Repeated blood transfusion and increased intestinal iron absorption lead
to hemosiderosis. Iron overload occurs even in the cases that receive no or
minimal blood transfusion. Besides, after splenectomy, iron loading is even
augmented [5]. These lead to malfunction of affected organs, including liver and
endocrine glands. Thus thalassemic patients suffer from anemia, consequences of
splenomegaly, growth failure, iron overload, and intercurrent infection [1, 6].
However, in mild thalassemic cases, especially HbH disease, may clinically
appear normal.

3. Bodily growth in thalassemia

Johnston and Krogman [7] have shown that growth patterns in children with
pB-thalassemia major alter in two ways: a retardation in their normal growth
expectation and a retardation in their rate of growth. Similar findings are also
observed by Constantoulakis et al. [8] therefore we are interested to assess
growth in Thai children with different forms of thalassemia.

Two hundred and forty-eight thalassemic children aged ranging from 9 months
to 15 years were included in our study. They consisted of 53 cases of HbH disease,
112 cases of p-thalassemia/HbE disease prior to splenectomy, 60 cases of $-thalas-
semia/HbE disease post splenectomy and 23 cases of f3-thalassemia major.
Height, body weight and upper arm circumference (UAC) were measured by
standard technique [9]. Standards of height for age and weight for age were taken
from Khanjanasthiti [10] and Chavalittamrong [11] whereas standard of UAC for
age was taken from Jelliffe [9]. Percent standards of these parameters in each
patient were calculated by comparing with the corresponding standard values.
Table 1 shows the means £ SEM of weight, height and UAC for age in five
groups of thalassemic children. The anthropometric parameters of children with
HbH disease were less affected than the other groups. In children with (3-thal-
assemia/HbE disease, prior to splenectomy their anthropometric parameters
were less affected than those after splenectomy. This was probably due to the
clinical severity of the latter group. The less affected anthropometic measures in
the group of f-thalassemia major is related to the fact that their ages were
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younger than the other groups. This is consistent with the reports of Johnston et
al. [12] and Constantoulakis et al. [8] that the growth velocity in B-thalassemia
major decreased at about age six years for males and eight years for females.

It is well established that protein-energy status can be assessed by anthropo-
metric measurement [9]. UAC is the composite measures of triceps skinfold
thickness and upper arm muscle circumference which represent fat store and
muscle mass, respectively. Though body weight is a gross quantitative measure-
ment of body composition, it provides clinically significant information on pro-
tein-energy status. Degree of protein-energy malnutrition (PEM) in each patient
based on weight for age and UAC for age was graded according to the following
criteria: 90-100% of standard values are normal and 75-89%, 60-74%, and less
than 60% of the standard values are considered to be mild (first degree), moder-
ate (second degree), and severe (third degree) PEM [10]. Degree of PEM based
on height for age was catagorized as follows: 95-100% of standard is normal and
90-94% ., 85-89%, and less than 85% are considered to be mild, moderate and
severe PEM, respectively [10].

Based on weight for age, height for age and UAC for age, the prevalence of
PEM in 248 thalassemic children were 54.1%, 68.2% and 72.6%, respectively
(Table 2). However, most of them were confined to mild and moderate PEM.

PEM can be either primary or secondary in origin. The primary PEM is caused
by inadequate supply of food quantitatively and/or qualitalively. In secondary
PEM, other illness or treatment affects protein-energy status of subjects by
several mechanisms which include inadequate intake, impaired ingestion, defec-
tive absorption, faulty transport, impaired utilization, increased requirement and
increased excretion of the nutrients [13].

Moderate to severe anemia were detected in all of the thalassemic patients
except HbH disease (Table 3). Kattamis et al. [14] have shown that the growth of
thalassemic children during the first decade largely depends upon the mainte-
nance of fairly high hemoglobin levels. This implies that hypoxia is the main

Table 1. Weight for age, height for age and UAC for age in thalassemic children.

Subject Mean = SEM, % standard
Group Sex No Weight Height UAC
HbH disease F 27 93.7+1.9 94.2+0.9 89313
M 26 92.1+£2.0 93.9+0.8 86.5+ 1.5
f-thalassemia/HbE F 56 85.8+£2.0 91.1+1.0 833+£12
M 56 89.3£19 93.7x0.7 84.6+1.1
B-thalassemia/HbE F 36 82.8+2.1 90.1+0.9 84509
post splenectomy M 24 82.9%29 89.8£1.2 81.1£1.7
B-thalassemia F 5 92.3%+6.2 92.2+2.5 849+58
major M 18 87.3+£3.3 91.3+1.0 80.3x2.0
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factor retarding growth. In older children iron overload may be responsible for
the delayed growth spurt at puberty. The impaired growth related to anemia is
also evidenced in our study. Children with HbH disease had only mild anemia
(Table 3). Their anthropometric measures were also better than the remaining
groups (Table 1). It should be noted that children with HbH disease seldom
recieve blood transfusion. Thus their risk to develop iron overload is less than
other forms of thalassemia.

4. Growth hormone in thalassemia

Though the etiology of growth retardation in thalassemia has been ascribed to
chronic hypoxia associated with anemia as already discussed hormonal insuffi-
ciency may be another contributing cause. This is suggested by the findings of
hemosiderosis of endocrine glands at necropsy [15]. McIntosh [16] had shown the
wide spread impairment of endocrine functions in (3-thalassemia major. Thus we
were interested to assess the endocrine functions in 4 children with (-thalassemia
major and 14 children with 3-thalassemia HbE disease. Their age ranged from 5
to 15 years. In this study linear growth was expressed as height age at which the

Table 2. Prevalence of PEM in 248 thalassemic children.

Parameter PEM, % of total subjects*

mild moderate  severe total
Weight for age 38.3 13.0 2.8 54.1
Height for age 38.3 22.6 7.3 68.2
UAC for age 60.1 12.1 0.4 72.6

* Aged ranging from 9 months to 15 years.

Table 3. Hematocrit levels in thalassemic children.

Subject Hematocrit %,
Mean = SEM

Group Sex No
HbH disease F 27 31506

M 26 303+1.2
f3-thalassemia/HbE F 56 21.8+0.7

M 56 23.3+0.6
f3-thalassemia/HbE F 36 23.8+0.1
post splenectomy M 24 243407
f3-thalassemia major F 5 16.2+24

M 18 17.4+1.6
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patient’s age would be at the 50th percentile for normal Thai children. Weight age
was determined accordingly [10, 11]. Bone age was determined from roentgeno-
grams of the wrist and hand using the standard of Greulich and Pyle [17]. Serum
thyroxine level was determined by radioimmunoassay. Growth hormone release
was induced by intramuscular injection of 1mg glucagon. Blood samples were
drawn before and at 30, 45, 60, 90, 120, 180 and 210 minutes after glucagon
administration. Growth hormone was measured by a double antibody technique
[18]. All tests were carried out before blood transfusion to eliminate the pos-
sibility of transfused hormones.

Table 4 shows that weight age, height age and bone age in children with
p-thalassemia/HbE disease and f-thalassemia major were lag behind their chro-
nological age. These indicate the impairment of their growth.

Two most important hormones needed for normal growth are thyproid and
growth hormone. Our study shows that there is no impairment of thyroid function
based on serum thyroxine levels (Table 4). This is also supported by clinical
euthyroid. Besides, their bone age is almost corresponding to height age and
weight age. In classical hypothyroidism profound retarded bone age as compared
to height age is observed whereas weight age is higher than height age and bone
age.

Impaired growth hormone release in both groups of thalassemic patients was
evidenced by the low serum growth hormone levels at 120 minutes after glucagon
administration (Table 4). Thus the growth retardation in thalassemic cases
should, at least in part, due to impairment of pituitary function. Iron overloading
of pituitary is generally believed to be responsible for this defect. Sonakul et al.
[19] reported the pathological findings in 24 f-thalassemia/HbE disease. Hemo-
siderosis of parenchymal and reticuloendothelial tissues was detected. The
organs involved include the spleen, liver, pancreas, lymph node, adrenal, kidney,
alimentary tract and heart. However, hemosiderosis in pituitary was not as severe
as other organs (Pacharee P, personnel communication). Thus anemia might be

Table 4. Mean = SEM of growth parameters, serum thyroxine and growth hormone levels in
thalassemic children.

Parameter f-thal/HbE [-thal major
n=14 n=4
Chronological age, yr 87£28 128+2.1
Weight age, yr 5729 78%1.3
Height age, yr 52%28 8213
Bone age, yr 63%43 9.5+0.7
Thyroxine?, ug/dl 7.8%+13 7.2+1.7
Growth hormone®, ng/ml 5.8+4.7 42+25

a Normal level is 4-9 ug/dl.
» Determined at 120 minutes after glucagon stimulation test; normal level is above 20 ng/ml.
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responsible for the defective growth hormone release in addition to hemo-
siderosis and the gland is impaired functionally more than that seen anatomically.

5. Conclusion

Impaired growth is observed in thalassemic patients. The severity is more pro-
nounced in f-thalassemia major and B-thalassemia/HbE disease. Their growth
failure is due to chronic hypoxia caused by anemia and impaired growth hormone
release. However, inadequate dietary intake and intercurrent infection may also
be the contributing factors affecting their nutritional status and growth.
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Ecological evaluation of human development:
The case of the child in the tropics

L. SINISTERRA

Definition and rationale

We understand as ecological the type of approach to the study of biological events
which gives special importance to the dynamics of the relationships between the
living organism and its surrounding environment as primary cause for adaptations
and changes of one to the other. The successful adaptation of the two members of
the equation will be key in survival and progress of the living organism.

In the case of human beings, it is justifiable to take an ecological attitude to
study the process of growth and development of children, for in this case the two
members of the equation and their mutual interaction are very dynamic in nature.
The favorable environment will concur in a positive manner to the stimulus for
the child to grow.

Ecological relations of the living organisms

It is appropriate te remember that Ecology is a young science which attempts to
classify the relationships of living organisms and their environment. The first
chapter of this science studies plants and their relationships with the physical
environment which constitutes the subject matter of Plant Ecology. In this we see
how plants have a total dependence on the conditions and characteristics of the
inmediate physical environment. A large amount of sun light will promote an
intense photosynthesis. If water and abundant nutrients exist in the top soil next
to the roots of our plant, the complete process of growth and maturation will
successfully occur, and stem, branches, leaves, fruits and flowers will grow
vigorous and robust. If one or more of these factors is limited, the plant will show
it in the quality of its frail structures.

In the next we find studies of the relationships existing between animals and
their environment which constitute the subject matter of Animal Ecology. Look-
ing at this process in more detail we observe that animals have a little more
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autonomy in relation to their environment. Although animals have an imperative
need for water, for example, in most cases they can move around and reach the
water they need. They also have an essential need for foods, and in most cases
they can obtain them through the use of their own resources.

At this point, it is of interest to note that all of the resources, which are
indispensable for growth and survival of plants and animals, are completely
within reach of all of the members of the different species of the vegetable and
animal kingdoms and that the only restriction for their access to them is the
limitation derived from the physical capacity or the biological fitness. This is why
for plants and animals survival is a privilege of the better fit members of the
respective community which will be the ones responsible for the perpetuation of
the species.

The ecological relations of the human beings

Relations of human beings with their environment (physical, social) are always
characterized by the different tints of social interactions derived from the stratum
in which the human being was born. Children who belong to the upper socio-
economic groups have access to all kinds of resources and facilities. The pregnant
woman in these groups can afford to reduce her physical activity and to increase
her diet, both under the scientific direction of her obstetrician. Her delivery will
be taken care of under the best conditions of technical care and hygiene. The
child’s intellectual and nutritional diet will be immediately instituted under
adequate supervision and will be designed to supply all of the emotional and
biological needs of the newborn. Custody, care and stimulation of the child will
occur under the most advanced methods of child-rearing practices. In case the
mother’s attention is distracted by activities other than full-time supervision of
the child, she can afford payment of a qualified person (maid, wet-nurse, nurse)
to take full or partial responsibility for the care of the child. Later on, the child
will receive medical attention, vaccines, education and adequate food which will
allow him or her to grow optimally in both a physical and psychological context.

In contradistinction to the previous development of events, the child born in a
family of the lower socio-economic groups is subjected from conception to
limitations derived from the social conditions in which the family lives. The
mother will continue working until very close to delivery, because she must
contribute to the family income. Frequently, she will not be able to increase her
diet and, as a consequence, the child may be born with low birth weight or small
for gestational age with all of the consequences implied for growth and matura-
tion of his tissues and organs including his brain.

As part of the picture of poverty, the child is not likely to have access to
adequate medical care as required by his health necessities. The food received by
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Figure 1. Children of the research project; all the children are 4 years old.

the child will probably not be adequate in quality and quantity. The living
quarters of the family will be poor, and water and housing conditions will be of the
kind which induces repeated infections and makes an inappropriate ecological
niche for proper nurturing of the child. Consequences of these conditions in terms
of physical growth can easily be seen in Figure 1 of several 4-year-old children of
our program [1]. The boy and the girl at the extremes of the picture belong to the
upper socio-economic group while the other five children come from the econom-
ically depressed family contexts, the girl in the middle has the stature correspond-
ing to the average of the poor children. The boy and the girl at her right and left
are one standard deviation away from the average and the two other children
farther away are at two standard deviations from the average. This is then a
distribution curve of children’s statures which is very representative of the actual
situation of the social groups in Colombia. We can then establish the relationship
between physical (height and weight) parameters of the growth of children and
data on the socio-economic conditions of the families to which they belong. We
see Table 1 how educational levels of the parents are remarkably different:
fathers of the upper group have an average of 14.5 years of formal education
against 3.3 years for the lower class father; for mothers it is 10.4 years against 3.0
for the poor mothers. As is to be expected, income of the two groups is 12 times
higher for the more educated group.

It is then clearly seen how the ecological niche surrounding the growing
preschool child conditions his/her physical growth in a close cause-effect kind of
relationship. For all of us in the medical profession this initial evidence must help
us to recognize the need to expand our clinical knowledge to include consider-
ations for the characteristics of the surrounding family environment (Ecology), if
we want to participate in the orientation of official policies for the solution of the
impact of poverty on the human being.
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Table 1. Characteristics of the families.

SOGIOECONOMICS REFERENCE EXPERIMENT
CHARACTERISTICS GROUP (Nos60} GROUP ( Ne.=300)
a b

NUMBER OF PERSONS

IN HOUSE 4.9 7.5
YEARS EDUCATION 145 33

OF FATHER
YEARS EDUCATION

3

OF MOTHER 1o4 0
TOTAL MONTHLY 560 44
INCOME(IN US.$)
FOOD EXPENDITURE
% OF INCOME 22% 4%
PERSONS PER
SLEEP ROOM 12 47
ELEGTRICITY OR GAS .

6

FOR COOKING 100% %
POTABLE WATER

AT HOME 100% 4%

a. UPPER CLASS CHILDREN.
b. LOWER CLASS CHILDREN.

Human ecological relations in tropical America

In tropical America in addition to the implications of poverty on growth and
development of children, we must include some consideration for the historical
series of events which caused all of the population changes and forced displace-
ment as a consequence of the arrival of Europeans.

Before the arrival of the Spaniards at the end of the XVth century, America
was a peaceful continent with a small number of Indians scattered over its
immense extension. Some of them were more culturally advanced as in the case of
the Aztecs in Mexico, the Mayas in Central America and Incas in Peru. For the
rest, most of the populations were scattered small groups living in peaceful
agricultural and artisanal societies.

The arrival of the buccaneer conqueror had a tremendous impact on the native
society of the local Indians. The social habits of the newcomers were soon copied,
for their adoption had the connotation of power and success. Often times the
adoption of these new habits was the result of the imposition of laws decreed by
the distant King under suggestions of the newly created ‘aristocracy’ who, in final
analysis, were not much more than bandits and criminals who had become heroes
as a result of their temerity in facing the risks of navigating to a very distant
America. By an ordinance of 1530, for example, it was forbidden for Indians to
ride on horses and mules for they were considered to be inferior to those animals
which should only be used by the whites. A law signed by His Majesty in 1571
made it a crime for blacks to wear anything made of gold or silk.



55

Furthermore, the import of African slaves was a most unfortunate blow to the
traditionally simple Indian society as well as to the blacks themselves. Their
incorporation into everyday life, together with the authoritarian presence of the
white group, disrupted traditions and beliefs of the local group and ‘dialogue’
among the different ethnic groups was only limited to the whip wielded by the
ascendent whites for a very long time. In the last 150 years that our countries have
been independent, progress in the direction of social harmony has moved very
slowly and at this moment is far from ideal.

Ethnic adaptation to the tropical climates: Racial gradients

As is well known, in the tropical regions of the world in terms of ambient
temperature, there are no seasons, and the local climatic conditions are mostly
determined by the altitude above sea level. Sea level lands in the tropics are hot
and have a very humid climate, and temperatures range between 30 and 35°C all
year round. Colombian blacks live mostly in these kind of lands: around 80% of
the 5 million Colombian blacks live in lands at or below 1,000 meters.

These low lands of Colombia are mostly covered by dense tropical jungle and
are located in the Amazonian region and close to the coasts of the Pacific and
Atlantic (Caribbean) oceans. Our black population lives in these regions mostly
for social and survival reasons: these lands were the best haven when the majority
of them escaped from the oppressive whites around the middle of the XIXth
century. The settling of blacks around and close to the Colombian coasts has been
the reason for the assertion that Colombia is surrounded by a ‘black belt’, as can
be seen in Figure 2.

On the other hand, Indians had traditionally settled in the high lands away from
the jungle and its innumerable dangerous beasts and snakes. Most of their lands
are located above 2,000 meters, and temperatures oscilate around 10° C through-
out the year.

With this distribution of the population, it is not difficult to establish something
we could call a ‘racial gradient’ where Indians reside predominantly in the high
lands at the cold end of the gradient and blacks live mostly in the low lands or hot
end of the gradient. As shown in Figure 3, the Colombian racial groups of whites,
mestizos and mulattos are ubiquitously located throughout the country.

It is also of some interest to note that altitude above sea level determines the
different types of agricultural production in the tropics. For example, wheat,
potatoes and barley grow only on lands above 2,000 meters where the low
temperatures regulate their production. Low lands with high temperatures and
humidity are favorable for the production of cassava, beans, rice and plantains. In
Figure 4, we can observe a schematic diagram of the distribution of the agri-
cultural production of the tropics as a function of the altitude.
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The human eco-system in tropical America

What we have described up to this point is valid for Colombia and also for most of
the Latin American countries close to the tropics.

The cultural patterns and characteristics of the different human ecosystems are
quite different from each other, and the ways children are educated, stimulated
and ultimately raised differ significantly. This is what characterizes the family

Figure 3. Racial gradient human thermic floors.
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Figure 4. Agricultural production of the tropics.

ecological niche which induces marked differences, physical as well as be-
havioral, in the children of these groups..

Indians have close families with primary authority invested in the father. Deep
respect for traditions and a very conservative attitude are typical of the Indian
culture. Children from a very early age are supposed to help in the family work,
and education 1s of secondary importance. Malnutrition is very frequent and
upper respiratory infections complicate their lives and result in a high mortality.

Black families on the other hand have a very open social life. High tempera-
tures favor outdoor life, and children move around nude and barefooted. Mal-
nutrition is less frequent but gastro-intestinal infections with diarrhea and de-
hydration are frequently seen and contribute to the high death rate observed.
Interest in educating their children is reduced in black families to the acquisition
of elemental abilities in writing and arithmetic.

Rural-urban migration in Latin America

The final major factor affecting child health in tropical America is undoubtedly
migration from the rural to the rapidly growing urban towns. In Figure 5 it can be
seen that Latin America’s urban population will grow 235% in the last 25 years of
the present century, while the rural population will grow a bare 20% during the
same period.

In Colombia, with about 26 million people, almost 70% of the population (18
million) live in the urban sector. Towns in Colombia have grown from 4 to 18
million people in the last 30 years, but the increment in public services, water
supply, sewage, electricity, schools, medical services, etc., has not kept up and a
deterioration of the ‘quality of life” has ensued. Migrants from all over the country
arrive in towns bringing with them some of their farm implements and domestic
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Figure 5. Latin American population growth; urban and rural increment 19502000,

animals, horses, dogs, chickens, pigs, etc., contributing to the so called process of
‘ruralization of towns’ [2].

In summary, then, the health of children in tropical America has to be carefully
scrutinized because family conditions vary drastically among the various groups.
Indians, blacks and migrants inhabit social and ecological niches which produce
children in completely different psychological and physical conditions.

Human development studies in Colombia

From its inception in 1950, the Medical School of the University of the Valley,
Cali, Colombia, decided to characterize and define the profiles of the local
human health conditions. One of the initial findings was the high prevalence of
infantile malnutrition with all its complications and high infant mortality rate. An
early product of the identification of the problem of child health and poor
nutrition in this part of the tropical world, was the development of a nutritional
supplement based on a vegetable mixture, Colombiharina, the result of mixing
soybean and rice, with vitamins and minerals added [3]. It was early seen that in
this infantile population receiving a deficient diet and poor education, mental
development was retarded almost as much as physical development [4].

Early in 1970 we started a comprehensive program of educational, medical and
nutritional intervention in poorly nourished children. The experimental design
can be seen in Figure 6. Three hundred 3-year-old children of lower socio-
economic families and 60 children of the same ages but belonging to the upper
social groups were included in the program, which lasted four years with direct
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experimental design
NUTRITION, HEALTH AND EDUCATION PRESCHOOL PROJECT CALI COLOMBIA
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360 315
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N= NUTRITIONAL SUPPLEMENTATION
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Figure 6. Schematic of Cali project design.

stimulation of the children and another two years of indirect observation.

Results of the initial portion of the program were published in 1978 [5], and the
most informative graph of this publication can be seen in Figure 7. It is easy to
appreciate that children who started to participate at age three showed the most
spectacular results of psychological gains. It is also clear that there is a significant
difference in psychological development between the upper and lower class
children as a whole.

The continued observation of these children for another two years [6] after
termination of the pre-school intervention showed a clear reduction of the effects
initially obtained, both psychological and physical, with a lessening of treatment
effects and a progressively widening gap between these children and those from
the higher socio-economic group (Figure 8). These results demonstrate the
difficulty of sustaining cognitive gains in the poverty setting in which these
children live. The home, the community in general and, unfortunately, also the
public schools have become increasingly less adequate as providers of the stimuli
necessary for what could be considered normal intellectual growth. This is then
the result of a competition between the official educational system, very inade-
quate and inefficient, and the home and community environments (ecological
niche) which appear as the strongest factors shaping the characteristics of the
tropical American child of the lower classes.

A sub-sample of these same children were also evaluated for physical working
capacity, with the utilization of the treadmill [7, 8]. Measurements taken pro-
vided information about the energy liberating processes in the skeletal muscles
involved in the work as well as the functional capacity of the circulation. Results
obtained can be seen in Table 9, which shows how children of the upper classes
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Figure 7. Growth of general cognitive ability of study children from 43 months of age to 87 months, the
beginning of primary school.
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have a much higher capacity to utilize oxygen, undoubtedly as a result of the
larger quantity of muscle available for maximal work. This reduction on the
physical potentiality of the lower-class child of tropical America may interfere
with his curiosity and exploratory capacity, limiting his opportunities for learning
and contributing in this way to his slower mental progress.

Present research programs in Cali

As a continuation of the research programs developed in the previous decade, we
are now taking two lines of action which we hypothesize can contribute informa-
tion about our main scientific purpose of defining strategies for fighting human
underdevelopment of the tropical American child. These two lines are: (1) to
develop a sound experimental integral care program for control of pregnancy,
delivery and early stimulation of the child with very active participation of the
family group and (2) to promote Primary Health Care Programs at the official
level with very special participation of the Nurse and of the auxilliaries and
community promotors as the field action group. Their main purpose will be the
health of mother and child.
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Summary

A randomised control study was carried out in 27 children between the ages 2 and
5 years with acute watery diarrhoea by using 80 g rice powder per litre of ORS
with electrolyte concentrations as recommended by WHO, and 25 matched
patients, who were treated by WHO standard ORS, acted as controls. During the
first 24 hours of treatment, the patients of both groups received only ORS and no
food. During a subsequent 48-hour period, patients received ORS according to
random allocation and were offered measured amounts of food ad libitum. The
efficacy of ORS was assessed by calculating the amount of ORS consumed,
reduction in stool output and vomiting, biochemical changes and gain in body
weight, and the calorie balance from only ORS during the first 24 hours and from
ORS plus food during the subsequent 48 hours was calculated. Patients treated by
rice ORS consumed 50% less ORS, their stool output and vomiting were reduced
by 50% and 75% respectively. The gain in body weight was similar in both
groups, and the calorie balance from only ORS was significantly higher in the rice
ORS group.

Introduction

The immediate effect of diarrhoea is fluid and electrolyte malnutrition (FEM),
but the delayed and disastrous effect is protein energy malnutrion (PEM). PEM
diarrhoea involves factors such as (a) decreased intake of food due to anorexia or
withholding food, (b) loss or malabsorption of nutrients through faeces and (c)
increased catabolism. Fluid electrolyte loss is adequately and correctly treated by
oral rehydration therapy, but the PEM following diarrhoea is not taken care of by
the ORS available at present. Hence research on ORS continues in order to
simplify and improve ORS so that simultaneous rehydration and calorie supple-
mentation can be achieved.
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For this reason, glucose alternatives have been tried. One successful alterna-
tive was 40 g of sucrose instead of 20 g glucose in one litre of ORS [1, 2]. Other
alternatives of glucose have also been tried [3]. Any attempt for calorie supple-
mentation has always been penalised by invariable osmotic problems. Recently,
however, a suitable and successful substitute was found: 30 g rice has been used
instead of 20 g glucose in one litre of ORS with equal success as glucose or sucrose
ORS [4]. Rise, however, has several advantages:

(a) it is cheap and available.

(b) being a staple, it is readily acceptable.

(c) it is digested by intraluminal enzymes and liberates glucose molecules
slowly and thus eliminates osmotic problems such as diarrhoea and vomit-
ing.

(d) it contains higher amounts of cereal, and more calories can be packed
through ORS.

In a subsequent study, a higher (50 g) amount of rice was used in ORS and was
proved to be not only successful but superior to glucose-based ORS [S]. This was
further confirmed in a larger number of patients with acute diarrhoea using 80 g of
rice powder per litre of ORS [6]. The present study was designed to test the
efficacy of using the highest amount of rice powder (80 g) as a rehydration therapy
and digestibility without making it too thick to drink.

Patients and methods

The balance study was carried out in the Metabolic Study Unit of the Interna-
tional Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B). A total
of 52 children aged between 2 and 5 years with less than a 24-hour history of
diarrhoea, no signs of systemic illness and having moderate to severe degree of
dehydration were included in this study. Prior consents were obtained from the
parents or guardians of the patients. Patients were allocated to the WHO ORS or
rice ORS therapy according to random number. Those with severe dehydration
received initial rehydration through intravenous solution, and patients with
moderate dehydration were treated directly with oral rehydration solution.
Before starting oral rehydration therapy, each patient was fed an unabsorbable
charcoal marker. The appearance of the marker was taken as the zero hour, and
the study was conducted for 72 hours. Patients were randomized, but the ORS
could not be hidden because of its distinctive colour. During the first 24 hours
nothing but ORS was allowed; during the second 48 hours measured amounts of
familiar Bangladeshi food was offered ad libitum. Accurate record was main-
tained of the stool, urine or vomitus and of ORS or any other fluid or food
consumed during the whole study period. The glucose content from the aliquote
of 24-hour stool was determined before and after hydrolysis. Calorie intake was
measured and calculated from homogenized samples of stool, vomitus and food.
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No antibiotic was given until the study was over. The efficacy of both solutions
was calculated by measuring the amount of ORS consumed, reduction in purging
rate and vomiting during each 24-hour period. Calorie intake, absorption and
balance were calculated during the first 24 hours and the subsequent 48 hours
separately. Since purging in many patients became very low, data of only the first
24 hours and the second 24 hours were considered in most cases.

Results

25 patients were treated by WHO ORS and 27 patients by rice ORS. Most
patients were positive for vibrio cholerae and were suffering severe dehydration
on admission. The clinical characteristics of the study patients are presented in
Table 1. Patients were very closely matched as judged by age, body weight, adm
serum sp gr., duration of diarrhoea and degree of dehydration. Table 2 compares
the efficacy of both solutions. It is clear that patients treated by rice ORS
consumed lower amounts of ORS during the 48 hours of therapy, passed lower
amounts of stool and gained similar body weight. Vomiting in the rice ORS group
was reduced by 75%, and the reduction of serum specific gravity was more
pronouned in the rice ORS group. The differences between the two groups were
significant as is illustrated in Table 2; the biochemical changes brought about by
the two types of ORS are shown in Table 3. Biochemical parameters were
corrected and maintained by both ORS. The stool sugar content in the rice ORS
group after hydrolysis was not significant. The calorie intake, absorption and
balance are presented in Table 4. The calorie balance during the first 24 hours was
significantly higher in the rice ORS group, but during the second 48 hours it was
not significantly different in either group. The absorption of calories from both
solutions was not significantly different in either group, but the rice ORS patients

Table 1. Clinical characteristics of children with diarrhoea (mean + SD).

Criteria WHO ORS Gr (25) Rice ORS Gr (27)
Age (months) 43.8+ 149 40177
Adm. Wt. (kg) 10.8£2.5 11.1+2.3
Adm. Het 4421436 40.81£5.14
Adm. Sp. gr. 1.0314 £ 0.0031 1.0300 % 0.0037
Dur Diarrh (h) 11.0£69 11.4£6.8
Dehydration

Mild 0 0

Moderate 29.6 29.6

Severe 66.6 70.4

Total patients/cholera 25121 271
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Table 2. Comparison of efficacy of the glucose and rice ORS in children with acute diarrhoa
(mean *+ SD).

Particulars Glucose ORS Rice ORS P

Amount of ORS

(ml/kg/day)
I1st 24h 302 + 145 171.8 £ 118.7 <0.001
2nd 24h 126.7+70.2 76 £ 63.5 <0.001
Purging rate
(ml/kg/day)
Ist 24kg 210+ 157.7 105£75.5 <0.005
2nd 24h 89.8 £57 68+ 73 <0.02
Amount of Vomitus
(ml/kg/day)
1st 24h 22+26.3 4.7+9.2 <0.005
2nd 24h 577 3847
% gain in body wt.
Ist 24h 49*58 5.4%39 NS
2nd 24h 6.4+4.2 50+39 NS
Change in sp. gr.
Adm 1.0314 £ 0.0031 1.0300 £ 0.0037
Ist 24 h 1.0289 £ 0.0071 1.0254 + 0.0023 <0.02
Change in Het %
Adm 44.2 £4.36 40.81 +5.14
Ist 24h 35.76 = 4.74 34212499

had a significantly higher calorie balance during the first 24 hours when both
groups were on ORS only.

Discussion

Previous studies have shown that both 30 g or 50 g rice powder used along with
WHO recommended salts were as effective as or superior to WHO ORS [4, 5].
Further information was necessary in order to establish the superiority of rice
based ORS with respect to reduction in stool output, vomiting, capability of
correcting biochemical abnormality and, most importantly, digestibility as
judged by stool glucose content before and after in vitro hydrolysis. This meta-
bolic balance study has very clearly demonstrated that even when 50% less ORS
is consumed, rice based ORS is capable of reducing stool output by 50%,
vomiting by 75% while the gain in body weight is similar. Biochemical changes,
like the correction of acidosis and electrolyte balance, are equally efficient and
the glucose content after hydrolysis; though higher in rice ORS group, it is not
significant and did not affect the efficacy or calorie balance significantly. This is an
additional and most important advantage especially when none of the antisecre-
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Table 3. Biochemical changes during Ist 24-h therapy in children (mean £ SD).

Particulars Glucose ORS Rice ORS

Adm 24h Adm 24h

Electrolytes

Na* 134.3+5.1 135+7.3 136.5+4.9 138.4+4.3

K* 4.3+07 4.6+ 1.4 45+08 40+0.7

Cl- 103£6.0 104 £5.1 105+5.1 106 £ 6.0

TCO, 12.1£32 17.8+2.4 13.9+3.1 18.0£3.9
Stool sugar (mMol/l)

Before hydrolysis 4415 3.0£83 4.0x+8.6 6.2+84

After hydrolysis 11.6£22.1 53x17.0 14.8 £38.0 29.2+54.0

Table 4. Calorie balance in children during Ist 24 h of therapy (mean £ SD).

Particulars Glucose ORS Rice ORS P

0-24 hr 25-72b 0-24 hre 25-720

Intake (kcal/kg/day) 234146 8524246 45.6+27.8 8654366  <0.001

Output (kcal/kg/day) 9.0+7.2 10.1£9.2 143£156 142+£138 NS
Calorie Intake only from  8.6+8.0 - 18.5+13.2 - <0.002
ORS (kcal/kg/day)

Co-efficient of 556356 - 641+40.8 - NS
absorption of calories

(%)

Calorie balance only 13.4+124 - 22+246 - <0.001

from ORS (kcal/kg/day)

2 ORS only.
®* ORS + Food.

tory drugs so far tested has proved to be satisfactory. Diarrhoea causes anorexia
but the reduced calorie intake is also partly due to withholding food by the
relatives as a measure to control diarrhoea. While the preaching of simultaneous
feeding during diarrhoea therapy will take time to be effective, evolution of a
calorie dense ORS to provide extra calories during therapy for diarrhoea will
provide an excellent opportunity and tool for effective interruption of the diar-
rhoea malnutrition cycle.
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Acute infantile gastroenteritis in Hong Kong

CHAP-YUNG YEUNG

Introduction

Acute infantile gastroenteritis was declared by the WHO in 1980 as one of the
four global diseases [1]. The condition has resulted in high mortality and severe
morbidity in developing countries [2]. Although it has not produced equally
severe sequelae in the developed world, it still remains one of the most distressing
health problems in infant health care programmes [3]. Hong Kong is situated
between the developing and the developed world and is in a unique position to
witness a continued change of the clinical pattern of gastroenteritis occurring in
our community. Statistics from our department reveal that infantile diarrhoea is
among the leading causes of peadiatric admissions and has been increasing in
incidence over the past 12 years (Table 1).

Materials of this study

Children with diarrhoea admitted to our service at Queen Mary Hospital in 1981
and 1982 form the basis of this report. The records of the children admitted in 1971
and 1972 were analysed to demonstrate the difference in clinical pattern of the
condition 10 years earlier.

During the past few years, there has been a significant improvement in labora-
tory techniques including identification for campylobacter, demonstration of
enterotoxins in E. coli, and electron microscopic and ELISA techniques for
identification of rotavirus infection. The scarcity of campylobacter and absence of
rotavirus infections in the past, therefore, may not be representative of the real
picture of that time. However a number of issues of interest will be discussed in
the present paper.
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Results and comments

A total of 822 patients were admitted in 1981/82 because of acute diarrhoeal
illness. Of these, 58% (477/822) were males and 16.8% were infants under 1
month, half (51.9%) of them were less than 6 months old (Table 1). It can be
noted that there has been a significant increase of admission of children with
gastroenteritis in 1981/82 over that of 71/72 (Table 1).

It is distressing to note that a high proportion of our children with diarrhoea
(1981/82) had a rather prolonged illness: 36% of the young infants had their
diarrhoeal course lasting more than 7 days, and 14.2% had a protracted course
beyond 2 weeks. Nearly half (45%) of the cases occurred in the winter months of
November, December and January. Rotavirus infection was the single most
prevalent infective agent associated with the diarrhoeal disease during the winter
months, with the peak incidence of nearly 60%. Salmonella infection topped the
list of bacterial gastroenteritis, followed closely by campylobacter, with Shigella
ranking third in frequency (Table 2).

It is interesting to note that there were a number of significant changes in the
clinical pattern of diarrhoeal illnesses in 1981/82 compared to that of 1971/72.
Firstly the disease has become much more prevalent in number in 1981/82 but the
proportion of infants under 3 months has reduced to less than half compared to
1971/72. Cases clustered around summer and early autumn 12 years ago but have
become more prevalent in winter months recently. A third of the patients ran a
very prolonged course or illness over 2 weeks in 1971/72 while the incidence has
reduced to only 12% in recent years. Like other developing countries, gastroen-
teritis resulted in high mortality in 1971/72 (35/445) with the corrected mortality at
about 5% (22/445). By 1981/82, despite of a significant increase in the incidence of
diarrhoeal illnesses, there was only one death due to the condition.

Table 1. Incidence of gastroenteritis admitted to the paediatric service of Queen Mary Hospital.

Infant 1971/72 1981/82
Sex:  Male 93 155 220 257
Female 75 122 129 216
Age: < /12 186 (38.1) 138 (16.8)
< 3/12 142 (67.2) 141 (33.9)
< 6/12 81 (83.8) 140 (51.9)
<12/12 36 (91.2) 188 (73.8)
<24/12 21 (95.5) 127 (89.3
<Syr 10 (97.5) 49 (95.2)
<Syr 12 (100) 39 (100)
Mortality 35/445 5/822
Corrected mortality 22/445 1/822

() = cumulative percentage
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There had been a number of claims from indirect survey to indicate the
association between decreasing incidence of breast feeding with increasing fre-
quency of gastro-enteritis in young infants [4, 5]. A similar trend was also
observed in Hong Kong. However, there was also a marked decrease in the
mortality. This does not appear to be a direct benefit of reduced breast feeding
practices, but is probably related to the continued improvement in health care
deliverance and social conditions as Hong Kong has continued to develop and
progress to a ‘near-developed’ state over these years.

Specific conditions causing gastroenteritis

The following sections briefly discuss some of the features of specific aetiologic
conditions causing gastroenteritis in our children.

Salmonella gastroenteritis

Excluding typhoid and paratyphoid, salmonella species still remain the com-
monest bacteria causing diarrhoea in children. The age and seasonal distribution
of this condition is similar to those reported elsewhere [6]. However, there are
two unusual features which are seldom encountered in other series. First of all,
there was a fairly high incidence of Salmonella septicaemia (Table 3). Contrary to
usual belief, three of the six infants with septicaemia were over 6 months, and half
of these septicaemic infants were inflicted by the highly disabling condition of
meningitis also.

Although the one who died of meningitis did not develop symptoms of diar-
rhoea, rather, he had constipation, he also had positive stool culture for the same

Table 2. Gastroenteritis: Micro-organism

1971/72 1981/82
Satmonella 39 54
Campylobacter ? 45
Shigella 24 42
Staph. aurcus 34 3
Yersinia 2
EPEC 99 -
Rota-virus ? 68 (132)
Adenovirus ? 11 ( 21)
27 n.m. virus ? 6( 11)
N.OS. 249 591

Total 445 822
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salmonella species suggesting that the portal of entry was most likely from the
gastrointestinal tract. The incidence of septicaemia in our series is certainly much
higher than those reported by others. This indicates the need for vigilant observa-
tion and search for septicaemic state in cases of Salmonella gastroenteritis in
children. A review of the experience in 1971/72 also shows that Salmonella
gastroenteritis in those days carried a very high mortality (7 out of 39). And again
the severe outcome of the disease associated with septicaemia and death were not
confined to infants of less than 3 months; four of the 7 deaths were older than 4
months of age (Table 4).

Campylobacter gastroenteritis
Improved technique of identification for campylobacter species was only intro-

duced to our microbiology laboratory by late 1980. Since then campylobacter
fetus ssp. jejuni has been identified to be the second commonest bacteria associ-

Table 3. Salmonella septicaemia.

Infant Clinical feature Salmonella species Outcome

Sex  Age Diarrhoea  Other features

M 4wk ++ Lethargic, jaundiced S. Typhimurium Well

F 6!/3mo.  ++ Fever, vomit, toxic S. Johannesburg Well

M 18d. ++ Jaundice, lethargic S.Gr. E. Well

F 3m. + Meningitis with cerebral S. San Diego Cerebral
infarcts palsy

M 6m. - Meningitis S. Derby Well

M 8m. - Meningitis + infected sub- S. Newport died

dural effusion

Table 4. Salmonella G-E deaths 71/72.

Salmonella Sex  Age Primary cause Secondary Feeding
Derby F 5Y,m GE - A+B

B F 2!/ym GE Septicaemia A

B F 6m GE - B
Typhimurium M 4m  GE Septicaemia A+B
Typhimurium F 3Y,m GE - A
Typhimurium F 3m GE Septicaemia A
Typhimurium M 4m  GE - A

Incidence: 7/39.
A = Artificial; B = Breast
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ated with diarrhoeal illness in infants of Hong Kong. A detailed account of its
clinical feature is reported elsewhere [7]. Suffice it is to mention here that blood
and mucus in the stool is a very frequent feature suggesting a degree of invasive-
ness of the organism, yet the disease seems to be fairly self-limiting. Of the two
infants who developed septicaemia, one was treated with antibiotics but both had
favourable outcome with complete recovery.

Shigella gastroenteritis

Shigella ranked third in frequency among bacterial related diarrhoea in this
series. The commonest subspecies was S. Flexneri (24/42) followed by S. Sonnei
(14/42) and Boydii (4/42). This disease differs significantly from Salmonella and
Campylobacter infections in that the majority of children affected were older
ones rather than infants less than 2 years (Table 5).

Rotavirus gastroenteritis

Rotavirus gastroenteritis has gained a significant prominence among diarrhoeal
children in Hong Kong due mainly to recently established technique of identifica-
tion as well as an increasing incidence of viral infections among children in
general, compared to 12 years ago. There has also been a tendency of increasing
incidence of rotavirus infections among our children over the past 3 years. Atone
time during last winter, the incidence of positive rotavirus identification ap-
proached 60% of all patients with diarrhoeal illness in our unit [§]. Among these
there were a high number of nose-comial infections as well. A representative
sample of 30 infants taken from the present series showed that the clinical
features were very similar to those reported in the literature [9]. Although severe
dehydration had not been a prominent feature among our children, there is a

Table 5. Shigella gastroenteritis (81/82).

Sex (male:female) = 28:14

Age: <1/12
<6/12
<12/12
<24/12

2-5yr
5 years 13
Organisms S. flexneri 32

S. sonnet
S. boydii 1

W oA e OV N

—
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tendency for these infants to require relatively long period of intravenous fluid/
electrolyte therapy because of protracted vomiting and loss of appetite [8§].

Entero-pathogenic E. coli (EPEC) gastroenteritis

During this study period, an outbreak of EPEC gastroenteritis was encountered
in a maternity hospital. This is a hospital in which minor and major outbreaks of
EPEC gastroenteritis have been recurring every 3 to 4 years ever since the
department was first involved in the care of the sick newborn 20 years ago.
Policies and management plan for each outbreak differed according to the
different paediatricians in charge of that time. There was varying mortality
associated with different outbreaks. The strategy of management for the 1982
outbreak was based on experience drawn between 1968 to 71 when similar
epidemics occurred among two different hospitals treated with two different
regimes with very different outcomes [10]. Encouraged by this past experience, a
neomycin prophylaxis regime was introduced with an attempt to control the
spread of the epidemic.

Upon identification of 10 out of the initial 12 infants who developed diarrhoea
within 48 hours from ward A who were carrying EPEC 0126, all infants in that
ward were treated with neomycin 15mgm q8h for 5 days prophylactically,
beginning the 3rd day following the initial outbreak of the diarrhoeal illness. The
ward was closed from 3rd day onwards while other postnatal wards were closely
monitored for the spread of the disease. It can be noted from the Table 6 that
there were further 5 children who developed symptoms of diarrhoea in this ward
in the ensuring 2 days, of whom 1 was stool positive for the same EPEC.

The disease kept on spreading to other wards (C, P, N) on day 3, and by the
fourth day, ward B was also affected. Once a case of diarrhoea occurred in any of
these wards, all infants in the same ward were covered with a similar regime of
neomycin prophylaxis. This practice was continued for a full 14 days for all
subsequent neonatal admissions.

It is of interest to note there were a total of 12 positive cultures among 24 infants
who developed the diarrhoeal illness (Table 7). As the hospital laboratory could
not cope with identification of stool samples from all infants and mothers, it was
not known as to the extent of the spread of the EPEC carrier states in these
patients. However, it was extremely gratifying to see that the disease was control-
led fairly promptly from spreading and there was not a single death. In contrast,
the outbreak in 1979 lingered on for months and carried a high mortality although
it was infected by a different strain of EPEC at that time.
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Discussion
This study has demonstrated the marked change in the clinical pattern of gas-
troenteritis in children of our community which has also witnessed a dramatic
progress in various economic and social programmes, evolving from an under-

developed to a ‘near-developed’ society. Formerly, the disease claimed a high

Table 6. An outbreak of EPEC gastroenteritis in a maternity hospital (1982) - Ward A.

Onset Infant Sex  Age  Stool pH B.E. WBC Na/K

(day) frequency

1 1 M 3 4 7.232 -13.3 4,100 131/4.2
2 M 6 3 7.273 -14.2 10,700 130/5.7
3 F 4 7 7.243 -124 8,250 139/3.9
4 M 6 10 7.273 -10.4 7,800 139/4.7
5 F 5 20 7.178 -19.2 11,600 128/4.0

2 6 M 4 5 7.31 3.7 11,800 138/5.4
7 F 6 8 7.27 —-15.1 7,100 135/4.2
8 M 4 7 7.316 -11.0 6,200 145/5.5
9 F 3 10 7.31 -5.6 9,150 140/6.1
10 M 3 6 - - 10,900 140/5.6
11 M 3 4 7.44 —42 8,500 142/4.7
12 M 9 6 7.155 =212 12,400 132/3.8

3 13 F 5 4 7.544 -1.9 8,100 140/4.7
14 F 2 10 7.310 -9.6 16,900 144/4.3
15 M 2 4 7.354 =27 9,000 134/5.7
16 F 2 3 7.454 =37 14,500 147/5.8

5 17 M 11 6 6.943 —-30.1 29,200 120/5.1

EPEC 0126 present in Cases 1, 2, 3,4,5,6,7,8,9, 10, 13.
Fever in cases 2 & 7. Blood & mucus in case 15.

Table 7. Summary of an outbreak of EPEC gastroenteritis in a maternity hospital (EPEC 0126).

Ward Infants Spreading Positive Neomycin prophylaxis*
(diarrhoea) period (days)  cultures

Commenced Duration
(date) (days)

At 17/44 (4) 4 11/17 2 10

B 2/66 (7) 6 072 4 9

C 1/64 (12) 3 0/1 3 12

N 3/61 7 1/3 3 12

P 1125 (5) 7 01 3 12

Legend: A, B, C, = Post-natal wards, on level 2; N = Special Care Nursery, P = P.N wards, on level
4; * Ward closed for 2 weeks; () = Breast feeding; * Neomycin 15mg 8 hourly x 5 days to all
infants.
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mortality, tended to the much more protracted in the clinical course; it was
associated with much higher incidence of severe sepsis and other complications.
Recently, as we are seeing more viral infections among our children, we are also
seeing a significant increase in the total number of diarrhoeal children as well.
The disease however has become much less lethal than before. There are also
relatively less young infants under 3 months affected by the condition compared
to 12 years ago. The proportion of infants developing protracted diarrhoea has
also been substantially reduced.

There is no indication as to the contribution of breast feeding to the develop-
ment of gastroenteritis in this study, due to the lack of genuine statistics. The
trend of breast feeding practices has been decreasing over the past 15 years. If this
indirect information was correct, then reduced breast feeding was positively
associated with increased number of gastroenteritis admissions but not associated
with increased number of infants less than 3 months requiring hospitalization for
such. As most of the protective effect against enteropathogens are derived from
colostrum and early milk [11], the present finding of having less infants under 3
months with diarrhoea in 1981/82 provides indirect evidence contrary to the usual
belief of the protective effect of breast feeding against infantile gastroenteritis.
What is even more distressing was the finding of high mortality rate in the 1971/72
series when the incidence of breast feeding was believed to be much higher than
what it was in 1981/82. To draw conclusions from these observations that the
change of mortality and incidence of diarrhoea was the result of a change in the
incidence of breast feeding is therefore not only highly dangerous but scien-
tifically incorrect. There are multiple factors resulting in the change of disease
pattern and improved survivals in our community, much more than a mere
change of infant feeding practices.

Improvement in social economic status, educational level, and other public
health measures together with comparable advances of standard of health care
deliverance are all contributary to the improved survival of gastroenteritis seen in
the past few years. In this regard, Hong Kong has joined other developed
countries for not deriving significant benefit from breast feeding in regard to
protection of young infants from developing severe and potentially fatal infective
diarrhoea [12].
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Diarrhoeal diseases in children and oral
rehydration in Nigeria

T.C. OKEAHIALAM

Summary

Diarrhoeal diseases are responsible for high mortality and morbidity in infancy
and early childhood in tropical countries. Oral rehydration therapy, which is
simple and cheap, has been found to be effective in most parts of the world. This is
confirmed also in a study carried out in Nigeria. For immediate intervention, it is
important that all health workers are conversant with its use; the long term
measure will depend on efforts made by various governments to implement
effectively their national programmes for control of diarrhoeal diseases.

Introduction

Diarrhoeal diseases are major causes of infant and early childhood mortality and
morbidity in tropical countries. It is estimated that over five to ten million
children die annually in these parts of the world from diarrhoeal dehydration.
The high incidence is related to poor social and environmental factors — inade-
quate sanitation, overcrowding, lack of clean pipe borne water, malnutrition,
poverty and ignorance. Within the past three decades, the unfortunate decline in
breast feeding and the popularity of bottle feeding even among the rural commu-
nities of third world countries are also responsible for the increase in episodes of
diarrhoea and its complications. The efficacy of breast milk in the prevention of
diarrhoeal diseases is well documented [1-3].

One important social factor which has heightened the problems of diarrhoeal
diseases in tropical countries is rural-urban migration, particularly within the past
two decades. Social, economic and political changes have suddenly transformed
little towns into cities without adequate infrastructural facilities. Peri- and intra-
urban slums made up of shanty houses are characteristic features of most of these
cities. The young illiterate population from the villages in search of regular wage-
earning employment arrive and find accommodation in these parts of the city only
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to swell the number of the urban poor. Many children seen in the urban hospitals
and clinics with diarrhoea come from this population. A recent study we have
carried out indicates that children from these periurban slums experience more
episodes of diarrhoea than those in the rural areas.

Diarrhoea in children occurs worldwide and the global challenge posed has led
to several studies and advancement of knowledge on the epidemiology, aetiol-
ogy, pathogenesis, better methods of treatment and possible prevention. Routine
microbiological studies identify bacterial causative organisms in less than 25% of
cases [4-6]. More elaborate investigations have incriminated viruses notably the
rotavirus in diarrhoeal diseases of children [7-9]. Bacteriae isolated from stools
include various pathogenic strains of E. coli — enterotoxigenic (ETEC), enteroin-
vasive (EIEC), and enteropathogenic (EPEC). Others include Yersinia entero-
colitics, campylobacter jejuni/coli, staphyloccus aureus, pseudomonas aerugi-
nosa, vibrio, clostridium and brucella.

In tropical countries, diarrhoea is also a commonly associated clinical feature of
systemic diseases of infancy and childhood such as measles, malaria, kwashiorkor
otitis media and pneumonia. latrogenic causes include the effect of potent
traditional medicines, regular administration of aperients by parents and side
effects of drugs particularly antibiotics often used indiscriminately.

Pathophysiology

In recent years, there has been a better understanding of production of diarrhoeal
stool. Some bacteria directly invade and damage the villi of the intestinal mucosa,
and others produce enterotoxins which affect the gut. A study of the cholera toxin
shows that it activates adenyl cyclase in the cell membrane of the mucosal cells of
the gut. This leads to an increase in the production of cyclic adenosine mono-
phosphate (c-Amp). This paralyses the normal function of absorption of sodium
and chloride and stimulates the secretion of these electrolytes by the crypt cells. It
is likely that specific enterotoxins produced by other bacteria cause diarrhoea by
this mechanism; however, the action of the rotavirus is not clear. In these cases,
the mechanism of absorption of the gut is not disturbed. The consequence of
these infections is loss of water and electrolytes in large quantities from the
extracellular and later the intracellular compartment. The marked reduction of
body fluid volume may lead to shock, decrease in renal blood flow and oliguria.
These changes may take place rapidly and, if treatment is not promptly instituted,
may lead to death or to irreversible changes particularly in the central nervous
system.

It is becoming clear that recurrent episodes of diarrhoea within the first year of
life are important precipitating factors of nutritional marasmus which is on the
increase in tropical countries. The outlook of an infant with marasmus in terms of
growth and development is not encouraging [10, 11]. There is need therefore for
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the adoption of simple methods of immediate intervention in the management of
diarrhoeal diseases apart from the long-term programmes of prevention related
to socio-economic changes.

Oral rehydration therapy

The efficacy of oral rehydration therapy (ORT) for the correction of electrolytes
and water losses in diarrhoeal diseases has been established [12, 13]. The experi-
ences obtained from the treatment of cholera with oral electrolyte solutions have
heightened the enthusiasm of several workers on the use of this simple, cheap and
effective method of therapy [14-16]. These have been applied to other forms of
diarrhoeal diseases in children in many parts of the world [17, 18]. The effective-
ness of salt-sugar solution (SSS) is based on the principle that glucose is a ‘carrier’
and one sodium ion is reabsorbed from the lumen of the gut into the mucosal cells
along with one molecule of glucose. Thus the coupling of sodium and glucose is
mandatory for this process to take place [19].

Oral electrolyte solutions can be prepared at home from salt and sugar. In our
environment, mothers are instructed to use a quarter of a teaspoon of salt and 4
cubes of sugar dissolved in a pint of water. Some workers have pointed out
mistakes that may occur in the measurement of salt used [20, 21]. To overcome
this, special spoons have been recommended and found to be effective [22, 23].
Furthermore, the World Health Organisation has introduced prepacketed oral
rehydration salts which can be made up into a solution with a litre of water. Each
packet contains:

Sodium chloride 35¢g
Potassium chloride 1.5¢
Sodium bicarbonate 25¢g
Glucose 20 g

The prepared solution is isotonic and contains (mEg/1), sodium 90, potassium
20, bicarbonate 30, chloride 80. This solution has been tried in many parts of the
world and found to be suitable. However, there has been debates on the possible
risk of hypernatraemia as a result of the level of sodium content, especially among
paediatricians in Europe and North America. Some have recommended three
ORT solutions of varying compositions and expressed the view that the WHO
solutions should be recommended only ‘for developing areas of the world’.
Experience has however shown that as long as breast feeding is continued during
oral rehydration and adequate water is given, WHO ORT solution is safe [24—
27).
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ORT study in Nigeria

A multicentered study has been carried out to determine the effectiveness and
acceptability of WHO ORT solution. This is a brief report of the results of part of
this study in Enugu.

Two-hundred-and-twelve children with diarrhoea were seen at the Paediatric
Clinic of the University of Nigeria Teaching Hospital and in four peripheral
health centres. They comprised 94 males and 118 females. Their ages ranged from
less than six months to two years, but the majority were between 12 and 18 months
(Figure 1).

The clinical features on admission are shown in Table 1. One-hundred-and-
forty-nine children (70%) presented with watery stools 4 to 6 times a day and
dehydration was mild in 143 (67.5%) children and seven in 11 (5.2%). Drugs had
been given at home in 79 cases (37%), and these consisted of various anti-
diarrhoeal mixtures containing kaolin, pectin, and antibiotics, chloroquine, para-
cetamol, aspirin, phenergan, and plasil (metoclopramide). Traditional medicines
were used in 6.5% of cases (Table 2).

Most of the children came from young families (Table 3) of the low income
group. Pipe borne water was available to only 91 (43%) families involved in this
study. There was rapid decline in breast feeding practice among the mothers
(Table 4). Only 61 (28.7%) children were fully immunised. The response to ORT

Table 1. Clinical presentation on admission.

A. Stool frequency No. of patients (%)
4-6 stools/day 149 (70)
7-10 stools/day 17 (8)

B. Other associated features No. of patients (%)
Fever 51 (24)
Blood in stool 16 (7.5)
Cough 35(16.9)
Convulsion 3(1.4)
Rashes 5(2.4)

Table 2. Treatment given at home before attendance.

79 children (37%) given treatment

Anti-diarrhoeal mixtures containing antibiotics, pectin, kaolin

Chloroquine
Paracetamol, aspirin, phenergan
Plasil (metoclopramide)

Traditional medicines
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Figure 1. Age distribution of children with diarrhoeal disease.

was assessed by the frequency of the stool and the state of rehydration of each
child (Table 5). The stools decreased in frequency or stopped within three of five
days of therapy. Although 46 children presented with vomiting on admission, it
was possible to treat 28 with ORT; the rest received intravenous fluids. Accept-

Table 3. Size of family.

No. of children per family No. of families (%)
1-3 157 (74)

4-6 47-22

7+ 8 (4)

Table 4. Children with diarrhoeal diseases and breast feeding.

Ages (months) No. of patients No of children still breast
feeding

0-6 37 21 (56.7%)

7-12 71 28 (39.4%)

12+ 104 11 (10.7%)
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ability of ORT was based on the comments of mothers after 48 to 72 hours of
treatment (Table 6).

Discussion

Diarrhoeal diseases occur mainly in infancy and early childhood in our environ-
ment as shown in this study. Fifty-one (24%) children had fever, and this could
have been due to other infections; it is important to exclude these by a thorough
clinical examination in each case. Over one third of the mothers gave various
drugs at home before attending the hospitals or clinics. Drug companies in
Nigeria market several antidiarrhoeal mixtures many which are ineffective or
even dangerous.

Socio-economic factors related to the incidence of diarrhoeal diseases are
brought out by this study. The marked decline in breast feeding practice among
these mothers, similar to the finding of an earlier study in the same environment
[28], lack of adequate pipe borne water, and the poor nutritional status of the
children are important contributory factors.

It was found that the weight was normal in 60% of the children below six
months (Table 7); above 18 months, the weight of half of the children was below
the 50th percentile of the Nigerian standard [29]. The estimation of the amount of
fluid required for mildly-dehydrated children based on weight may be unreliable;
however, a clinical assessment is also necessary. Over two-thirds of the children
were mildly dehydrated and these responded quickly to ORT. At the end of 72
hours, 162 (76.4%) were rehydrated and the frequency of the stool was signifi-
cantly reduced in 151 (71.2%) children. Nineteen (9%) children who had per-

Table 5. Response to oral rehydration therapy.

Duration of No of children (%) as shown by
treatment (h)
Rehydration Decreased stool
24 71 (33.5) 54 (25.5)
43 108 (50.9) 119 (56)
72 162 (76.4) 151 (71.2)

Table 6. Acceptability of oral rehydration therapy — response by mothers.

Found it useful Found it easy Will recommend Will give ORT again
to prepare to friends if child has diarrhoea
143 196 156 155

(67.4%) (92.5%) (73.6%) (73%)
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sistent vomiting and were severely dehydrated were placed on intravenous ther-
apy after 48 hours, three of these died, and the mortality in this study was 1.4%.

Oral rehydration therapy is effective provided it is instituted early at the onset
of diarrhoea and the mothers well instructed on its use. Mothers found the
solution useful and easy to make at home. One basic problem one encounters
with ORT is the lack of standard measures in many homes especially in the rural
area. In Nigeria, the empty beer bottle which measures approximately two-thirds
of a litre is found in most homes except in strict muslim families. It is therefore
important to adopt a measure preferably a plastic container which is universally
acceptable to the population of each country, for the preparation of oral rehydra-
tion solutions. Health education is very important for the success of ORT and it
should emphasize the essential need of continuing with breast feeding during
treatment. The need for immunisation should be stressed; in this study, only 61
(28.7%) were fully immunised.

It is important that doctors, nurses and other health workers are conversant
with the use of ORT; it should form an integral part of maternal and child health
in a national primary health programme, particularly in tropical countries. How-
ever, the long-term solution requires the political will of the various governments
in Tropical Africa to implement their national programmes for diarrhoeal disease
control and to give priority to the improvement of environmental sanitation,
provision of good water supply and promotion of child health services. [30] Along
these lines, it is hoped that the Government in Nigeria will initiate a programme
for the local production of pre-packed ORT powder which will be available at a
cheap price in most homes throughout the country. This will reduce not only the
use of intravenous therapy which is expensive and could be dangerous, but also
the high mortality and morbidity associated with the paediatric problem of
diarrhoeal diseases.

Table 7. Weight of children on admission.

Ages (months) 0-6 7-12 13-18 19-24 25+
No. of patients 37 71 56 29 19
Centiles

above 50th 24 38 21 15 10

(65%)  (53.5%) (37.5%) (51.7%) (52.6%)

below 50th 13 33 35 14 9
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Diarrhoeal diseases 1in Pakistani children

S.R. KHAN

Diarrhoeal diseases constitute a very important threat to child life and health in
Pakistan. Some health statistics of the country relevant to the problem are given
in Table 1.

Diarrhoea is the single most important disease of children in the country. It is
responsible for 40-50% admissions and 25-30% of deaths of children in hospital.
In the Pediatric Ward of Mayo Hospital, Lahore, in 1982 out of the 8760
admissions 4735 and out of 836 deaths, 206 were due to diarrhoea. This disease is
also a cause of high morbidity and mortality in the community.

Doctors and other health workers in clinics and dispensaries see a third of their
children patients suffering from this disease, and children constitute half of their
work load.

Gordan et al. reported an incidence of 100 to 200 episodes per 100 children in
Indian Punjab in 1963. Our socio-economic conditions are similar and working on
a moderate rate of one episode per child per year, about 13 million episodes of
diarrhoea occur every year among preschool children in the country with about a
hundred thousand deaths.

A nation wide survey is now being conducted to collect accurate incidence and
mortality data which are expected to become available by the end of this year.

Itis truly an infantile disease in Pakistan at least among hospitalised cases. 73%
of 4735 cases admitted to the Pediatric Diarrhoea Ward of Mayo Hospital Lahore
in 1982 were below one year of age. Similarly amongst hospital cases co-existant
malnutrition is the rule. 88% of these had weights below the 10th percentile of the
American standard, whereas in the community in general only 30% infants fall
within that weight. According to the 1976 National Nutrition Survey, 16.7% of
preschool children in the country are moderate to severely malnourished using
waterlow’s classification. Di