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There is a strong association between failure to thrive
and diarrhoeal disease in young Gambian children.

The high prevalence of diarrhoeal discase seen is not
due to frequent attacks of “acute infantile diarrhoea” of
viral origin. The picture of protracted diarrhoea is almost
cergainly due to colonization of the upper bowe! and the
high prevalence demonstrated to be at least partly due to
the environment to which the children are exposed,
particularly in terms of food and water hygiene.

Until this cycle of upper bowel colonization and
protracted diarrhoea is broken, a diet-based nutrition
programme cannot be expected to function effectively.

Introduction

A number of salient points emerge from the analysis of
the pattern of infection in Kencba (CoLE & PARKIN, 1977).
There is a very high prevalence of diarrhoeal disease in our
survey population. Between the ages of seven and
13 months the children, on average, have diarrhoeal
symptoms for six days in each month, with a peak
occurring at nine months of age. Diarrhoeal illness
contributes almost exclusively the non-dietary element in
failure to grow. The exient of this contribution is such
that an intervention programme intended to improve the
nutritional status of these children could be expected to
achieve only limited success if it is based on dietary
measures alone.

One may speculate that radical improvements in water

explain the association between frequent diarrhoea and
failure to thrive.

Water bacteriology

The village is served by six wells between 10
years old, three having been built by the Area Counci
and the other three by the villagers themselves. These
vary between 45 and 60ft in depth and a small part of the
top section of the shaft only may be lined by cement.

L3

then transferred to a lcrger container, such as a tin bath,
and carried back to the compound. There the water
storage pots are replenished. These unglazed carthenware
pots, which vary in size from 25 to 70 litres, may be
stored in the kitchizn or out in the yard areas. Different
pots are kept for washing and for cooking and drinking
purposes. They are usually covered and may occasionally
be clcaned out, although this practice is far from routine.
Water is obtained from them by dipping in with a small
container, often a tin can which lies around to hand.
Samples were taken from each well on two occasions
and from each of a 509, sample of water storage pots
used by survey children on one occasion. The bacterio-

counts ranged from 2-6 x 102 to 4-0 X 10:* per ml. Faecal
coliforms almost always exceeded 1,600 per 100 ml of
water with a range from 60 to 18,000 per 100 mi. Total
coliform counts were cven higher. In England it is
recommended that supplies should be condemned where
this figure exceeds 10 coliforms per 100 ml. Examination
of unconcentrated 50 ml aliguots of water for specific
pathogens yielded salmonellae from one well and from
two water pots not filled from the affected well. In a
different situation, concentration techniques would be

evidence to suggest subsequent additional contamiastion
in some of the water pots,
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very thin watery grucl hased on one of the cereals. As the
child grows older, food is usually presented in a more
concentrated form, with more things added.

Although there is a tendency for adults 10 observe
three meal-times per day, feeding of small children is
particularly haphazard, never more so than during the
rains, when considerable time and effort is diverted
towards farming activities. At such times small children
and infants may be left in the compounds in the care of
young “nursemaids™ with a supply of porridge or gruel
for the next eight to nine hours, and food from the
evening meal is sometimes stored overnight.

The bacteriological results indicate that freshly
cooked food is generally of acceptable quality. However,
after 30 minutes. Bacillus cereus which was present in
two-thirds of the samples reaches unacceptable levels
(10° to 10" organisms per g of food) which are known to
be associated with gastro-intestinal symptoms (THATCHE R
& CuLark, 1973).

Evidence of coliform contamination is also found after
periods in excess of 30 minutes, unacceptable levels being
detected in one-third of the samples, presumably intro-
duced after cooking.

From the description of the feeding habits it can be
seen that children in the age group under discussion
will be consuming food with significant levels of bacterial
contamination for much of the time.

Stool bacteriology

During the 1975 rainy season from August to October,
that is covering the period of peak prevalence of diarrhoea
in our survey population, Dr. T. H. J. Matthews from
the Clinical Research Centre, Harrow, carried out a stool
bacteriology survey in Keneba. He took as his subjects
Keneba survey children aged between six months and
three years with an immediate history of diarrhoea of not
more than four days duration. Specimens were also
obtained from the same population when the children
were not suffering from diarrhoea, but attended the
clinic either with other ailments or, at our request, for
routine examination. The results are summarized in
Tables [ and 11.

The over-all isolation rate of bacterial pathogens of
$ 9% is low by any standards (SEN, 1962; BAck & Brooks,
1962; CHAN & Lucas, 1964).

Table 1 - Stool bacteriology —isolation rates

Numbers of

specimens Bacterial pathogens
Total 497 25 (50%)
Diarrhoea 356 20 (56%)
Routine 141 5 (3:5%)
Tabile 11 - Steel pathegens isclated

Numbers % of total +ve
Total 25 100
Pathogenic E. coli® 16 64
Salmonsiia 20
Shigeila 4 16

Table 111 - Virus isolations in 27 selected Keneba children

Tissue Flectron
culture miCroscopy
Adeno virus 4
Entero virus 25
Corona virus 5
Other virus-like particles h
Rota virus 0
Total 29 10

Stool virology

During this period samples of stools in which no
bacteria! pathogens were demonstrated were sent for
tissue culture and electron microscopy at Dr. Tyrrell's
Unit at the Clinical Research Centre, Harrow. A total
of 177 specimens were submitted, of which 138 (78°))
wete from patients with diarrhoea.

Table Il indicates the results on the first 27 speci-
mens examined. No specimen contained rotavirus. The
significance of the corona viruses isolated is open to
speculation. Virtually all specimens contained cntero-
viruses on tissue culture. but as previous studies have
shown no relationship with disease (SCrRiMsHAW et al..
196'.5, no attempt has been made to type these, at least
for the present. Since the completion of this initial
analysis many more faecal samples have been analysed.
with the same result. The tindings will be published in
detail clsewhere.

These results contrast strikingly with the findings
clsewhere of a strong association of a virus, variously
termed duovivus, rotavirus, orbivirus and reo-virus-like
agent with acute diarrhoeal illness in young children, a
subject which has been well reviewed (Anon., Editorial,
Brit. med. J., 1975). This may reflect a true difference in
the actiology of diarrhoea in our rural survey population
«s compared with urban populations, often the subjects
of other reports. It may also reflect the quite different
nature of the protracted or recurrent diarrhoea which is
the pattern seen in Keneba.

Upper bowel studies

In a further attempt to clarify the nature and eflect
of the diarrhoeal illness, during the rainy season this
year one of us (J.P.K. McC.) carried out studies of smali
intestinal function by means of duodenal intubation.

A cohort of children was taken in Keneba between the
ages of six and 20 months. All had a history of protracted
diarrhoea. Of the cohort of 46, six cases (13%) were
technical failures and the parents of three children (7%
withheld consent, giving a remainder of 37 (80%)
successful intubations.

These children were brought fasting to the clinic,
where they were sedated. A tube was passed via the
mouth and having patsed the pylorus of the stomach
(as judged by the of a bile stained aspirate
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Great Ormond Street. The following components of the
aspirate were examined, acrobic and anaerobic bacterio-
logy. parasites and total and individual bile salt con-
centrations.

Bacteriology

Aerobic and anaerobic bacteriological studies have so
far been carried out on 25 of the patients. A few of these
studies were carried out in Kencba, but most samples
were returned to London, frozen at -70 in glycerol
transport medium. The total count in healthy children is
usually considered to be not greater than 10 organisms
per ml (GRACEY & STONE, 1972: TOMKINS e? al., 1975).
In 19 of the 2¢ patients (76°,) the total bacterial count
was 104 per ml of juice or greater and therefore clearly
abnormal (Fig. 1).

In addition the spectrum of organisms found was
clearly abnormal. In 14 (56°",) of the patients significant
numbers of Klebsiella were found, in six (24 %) Preudo-
monas, in 14 (56°,) E. coli, and in four (10°,) Bacieroides.
One patient had Salmonella paratyphi B in the duodenal
juice. The gram-negative organisms have been kept and
will be assayed for their ability to produce toxins.

Parasites '

The only parasite detected was Giardia lamblia. This
was observed in specimens of juice from six (16 °;) of the
37 cases. None of these was under the age of a vear.
Looking only at the gioup over the age of a year gives an
isolation rate of 22 °/— this merits further study.
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Bile salts

Bile salts are synthesized in the liver, stored in the gali
bladder and discharged into the small intestine during a
meal. There they play a key role in many of the digestive
processes, coming (ogrther above a certain concentration
to form micelles v/h .n solubilizz dietary lipid ready for
absorption.

There are three main bile salts, namely, cholic acid,
chenodeoxycholic acid and deoxycholic acid. Their
molecular structure (Fig. 2) differs in the nimber and
position of the hydroxyl groups on the characteristic
steroid nucleus. Cholic acid has three hydroxyl groups
(a trihydroxy bilc salt), the others having two (dihydroxy
bile salts).

Normally these bile salts are conjugated to one or
other of the two amino-acids glycine and taurine.
Unconjugates may be found in the presence of bactenal
colonization of the gut, as may disturbances in the total
and individual bile salt concentrations.

These aspects have been examined in the duodenal
juice of the patients, using the 3 hydroxysteroid dehydro-
genase assay and separation by thin layer chromato-
graphy. The results are summarized in Figs. 3-5. One
half of the Keneba survey population specimens fall
below the critical micellar concentration of 2 mM per |
{Lig. 3). The mean total bile sall cumcenttation in a
group of U.K. controls was 7 mM per 1. The ratio of
glycine:taw ine counjugales is usually three; half of the
Keneba survey children were clearly abnormal, with
values in excess of six (Fig. 4). This is identical to the
pattern seen in ileal resections and in this situation is
likely to be due to malabsorption of the taurine con-
jugates. Normally dihydroxy bile salts account for 60°
of the total bile salts present. Four-fifths of the Keneba
series had a dihydroxy bile salt concentration of less
than 50 9, of the total (Fig. 5).

Thus well over half of the survey cohort showed signifi-
cant disturbances of bile salt metabolism, likely to be due
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Fig. 2. Basic structure of the three main bile salts in
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Fig. 4. Glycine: taurine ratio in the bile salt conjugates
of children from Keneba, The Gambia; controls are
from data collected in the U.K. ’
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Fig 5. The percentage of dihydroxy bile salts in Keneba,
The Gambia; controls are from data collected in the U.K.

Acknowledgements

The authors wish to acknowledge help from the follow-
ing people: Dr. . A. J. Tyrrell for the virology, Dr.
T. H. J. Matthews for the stool bacteriology, and Miss
Jams Derriman for the food and water bacteriology. In
addition, the suthors wish to express warmest thanks for
the comsiderable assistance afforded by the technical and
laborstory staff at the MRC Laboratories, Fajarx, the
of Child Health, London, and the Clinical

-

Raferences

Back, E. H. & Brooks, S. E. (1962). The pattern of
infantile gastroenteritis in Jamaica. West Indian
Medical Jowrnal, 11, 179-187.

British Medical Journal Editorial (1975). Virus of
infantile gastroenteritis. British Medical Journal, j,
555-536.

Chan, K. E. & Lucas, J. K. (1964). The bacteriology of
gastroenteritis in children below the age of two years.
Medical Jowrnal of Malaya, 19, 145-149.

Cole, T. J. & Parkin, J. M. (1977). Infection and its
offect on the growth of young children: a comparison
of The Gambia and Ugands. Tramsactions of ithe
Royal Soclety of Tropical Medicine and Hygiene, 1,
196-198.

Department of Health & Social Security (1969). The
bacteriological examination of water supplies. Reports
on Public Health and Medical Subjects, No. 71,
London: HMSO.

Gracey, M. & Stone, D. E. (1972). Small intestinal
microflora in Australian aboriginal children and
chronic diarthoea. Awstralian and New Zealand
Journal of Medicine, 3, 215-219.

Hollister, A. C., Beck, M. D., Gittelsohn, A. M. &
Hemphill, E. C. (1959). Influence of water availabislity
on shigella prevalence in children of farm labor
families. American Journal of Public Health, 48,
354-362.

Morlzy, D. C. (1973). Paediatric Priovities in the Develop-
ing Worid. London: Butterworth, 18S.

Scrimshaw, N. S., Taylor, C. E. & Gordon, J. E. (1968).
Interactions of nutrition and infection. WHO Mono-
graph S.-wes No. 57.

Sen, R. (1962). Bacterial actiology of diarrhoeal discases
at Ibadan, Nigeria. /ndian Journal of Pathology and
Bacteriology, 8, 111-117.

Thatcher, F. S. & Clark, D. S. (1973). Microorganisms in
Foods. Toronto and Buffalo: University of Toronto
Press, 1, 138.

Tomkins, A. M., Drasar, B. S. & James, W. P. T. (1975).
Bacterial colonization of jejunal mucosa in acute
tropical sprue. Lancer, |, 59-62.

Watt, J., Hollister, A. C., Beck, M. D. & Hemphill, E. C.
(1953). Diarrhoeal diseases in Fresno County, Cali
fornia. American Jowrnal of Public Health, 43, T28-741.

Whitehead, R. G.,, Coward, W. A,, Lumn, P. G. &
Rutishauser, I. H. E. (1977). A comparison of the
pathogenesis of protein energy maloutrition in Uganda
and The Gambia. Transactions of the Royel Society
of Tropical Medicine and Hygiene, Tt, 189-19S.

|2



