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Intreduction

Infoction and malnutsition exemplify
synergistic role of these two mujor fac-
tors in the pathogenesis of diarrhoea in
protcin-energy malnutrition.

Gastrointestinal Infection

Specific intestinal pathogens are somc-
times identified as causing attacks of
childhood gastrocnteritis and chronic
diarrhoea but most reports from non-tro-
pical regions indicate a low yield from
stool cultures. However, eatenic pathozens
particularly Shigella, E. coli, Salmonelia
and Campylobacter are isolated much
more readily from children with chronic

diarrhoea in developing countries, presu-
mably because of higher rates of cxposure
to these micro-organims in contaminated
environments.

Our understanding of the causes of
chronic childhood diarrhoeal illnesses has
been improved over recent years by the
discovery of ’'newer’ infecting micro-or-
ganisms, particularly viruses and cntero-
toxigenic bacteria. This helps explain
some of the largely negative results of
earlier microbiological studies

Enterofoxigenic Bacteria

Resecarch into cholera and other wa-
tery diarrhoeas showed that some bacte-
ria produce toxins which interfere with
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intestinal fluid and electrolyte transport.
Many mechanisms are involved including
mucosal adherence and toxin production,
particularly by strains of E. coli.

These bacteria produce either a heat-
fabile toxin (LT) or a heat-stable toxin
(ST); some produce both.

LT resemblecs cholera toxin (CT) and
shares with it some émmunological acti-
vity. This is potentially important be-
cause it raises the possibility of control
of at Jeast some of these infectious
diarrhoeas by immunization. It has also
led to the development of reliable ELI-
SA methods for identification of LT-
produoing bacteria. This has now largely
replaced earlier laboratory animal me-
thods such as the iigated ileal loop or
cell culture systems which are useful
only in places with sophisticated labora-
tory methods. With ST, identification
is more difficult but the suckling mouse
assay when used under carefully stan-
dardized conditions is reliable although
not yet suited to general use under field
conditions or in routinc diagnostic la-
boratories. :

Tho distribution of toxigenicity among
intestinal bactenia is still undefined. Ma-
ny strains of E. coli are known to be to-
xigenic and are now often referred to as
ETEC. Other micro-organisms have been
recognised dn recent years as being to-
xigenic. They include Shigella sonnef,
Clostridium perfringens, Klebsiella sp.,
Staphylococcus aureus, Pseudomonas sp.
and even the yeasts, Candida sp. In
recent studies in our own laboratory we
have found that Aeromonas hydrophila
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is commonly isolated from stool cultures
from children with diarrhoea in whom
no other enteropathogens could be iden-
tified. These Aeromonas sp. are toxige-
nic using several recogmisod assay
systems including a gut perfusion mode!}
the suckling mouse assay and some in
vitro assays. Adequate epidemiclogical
siudies of the importance of caterotoxi-
goaic bacteria in devcloping countries
await the development of simple, relia-
ble and portable diagnostic methods
suitable for usc under ficld conditions.

Viruses

Viruses have recently been rccognised
as a significant cause of acute diarrhoea
in children in non-tropical and tropical
regions but their possible role in causing
chronic diarrhoea in protein-energy
malnutnition is as yet unknown. Expe-
rimontal viral gastcosnteritis in animals
causes extonsive
cytes lining the small intestinal cpitho-
lium and this leads to malabsorption of
fluid, clectrolytes
of nutrients. It is possible that this type
of damage may be significant as a con-
tributor to the widespread problem of
chronic diarrhoea in protein-energy
malnutrition.

Intestinal bacteral flora in malnourished
children

Severall studies have shown that intes-
tinal secretions from malnourished chil-
dren obtained in vitro by per-oral
aspiration have significant contamination
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by large numbers of bactenia. Bacterial
contamination of upper intestinal secre-
tions ¢s common in malnourished chii-
dren but is it clinically significant.
Bacterial overgrowth in the proximal
gut can produce a wide range of clinical
effects including steatorrhoea, carbohy-
drate malabsorption, hypoproteinzemsa,
vitamin B, deficiency and its associated
macrocytic anemia and iron deficiency.

These effects are related to the bac-
terial degradation of bile salts affecting
micotlar  solubilization of fat, damage
to the function of mucosal enterocytes
and bacterial binding of vitamin Bj,.

In malnutrition these and other me-
chanisms may operate, particularly with
recurrent and chronic gastrointestinal
infections and infestations damaging the
intostinal mucosa. Toxigenic bactenia,
particularly species of E. coli, are kely
to be especially important because of
their prevalence in the gastrcintestinal
tract in malnourished children and their
capacity to produce toxins which inter-
fere with the intestinal | absorption of
fluid and electrolytes.

The gastroitestieal mucosa

There are significant differences bet-
ween the appearances of the gastrointes-
tinal mucosa in tropical and non-tropi-
cal regions; these are accentuated in
children with protein-energy malnutri-
tion. The changes dnclude thinning of
the gut wall, marked flattening and bro-
adening of the intestinal villi, extensive
inflammatory infiltration of the lamina
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propria and alteration of the enterocytes
from columnar to cuboidal or squamous.

Recent work has shown that the
gastric mucosa is also abnormal in a
small group of mainourished Indonesian
children. Chromic gastritis was present
in most of them and was associated with
reduced levels of resting gastric acid
secrotion and very marked impairment
of the responses of the gastric mucosa to
stimulation by the hormone, pentagas-
trin. Secretion of hydrochloric acid is
one of the normal factors controlling
the upper dntestinal microflora and the
loss of this mechanism in malnutrition
could contribute to the heavy bacterial
populations found in the upper gut in
malnourished children as mentioned
above. 1

Gastroinestnal function

It has been known for many years that
intestinal function s smpaired in malnu-
trition but our understanding of the
basic underlining mechanisms remains
inadequate. For example, increased fae-
cal losses of mitrogen has been well
documented but the possible contributi-
ons of impaired digestion and absorp-
tion, increased mucosal and trans-muco-
sal losses and the role of intraluminal
factors are uncertain. Fat absorption is
also impaired in malnutrition but it is
difficult to asses because when the fat
balance is done during the early days
of treatment the amount of fat ingested
is usually very small or, alternatively,
balances are performed when recovery
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is progressing well and intestinal func-
tion presumably improving.

Steatorrhoca in mainutrition may be
ralated to émpaired micelle formation
due to depletion of the bile salt pool but
may have other underlying causes, such
as decreascd intraluminal lipoiysis, from
depression cf exocrine pancreatic secre-
tion or defective betalipoprotein produc-
tion before transport of fat dnto lymph.

Carbohydrate intolerance and malab-
sorption is of major dmportance i
chronic protein-encrgy malnutrition. The
early studies from Africa clearly estabii-
shed this and they have been repeatedly
documented from many ccutres since
the 1960's. Carbchydrate malabsorption
may bc so sevcre as to be life-threate-
ning, causing severc dehydration and
metabolic acidosis in association with
temporary monosacchanide malabsorp-
tion. This may be related to bacterial
overgrowth of thc upper intestinal con-
tonts ieading to bile salt deconjuzation
which damages thc encrgy-dependent
transmucosal active sugar transport
mechanisms and the ultra-structural
components of tho enterocytes.

Alternatively, it may be related to the
cffects of bacterial entcrotoxins in the
gut lumen affecting the mucosa. These
effects on' the intestinal mucosa may be
quite extensive and involve water-solu-
bk nutrients, such as monosaccharides
and amino acids. Thc damage which
occurs so commonly in the upper intes-
tinal mucosa in protein-energy malnutri-
tion is:very important clinically because
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of the important digestive function of
the brush border part of the enterocytes.

Disaccharidase deficiency is therefore
very common in malnourished children
with diarrhoea and occurs in abcut 25%
of patients in most reported series. This
has important implications when pian-
ning nutritional rehabilitation program-
mes. Secondary sugar intolerance is vory
common jin malnutrition and must te
taken carefully into account when ad-
vising dietary treatment but it is dange-
rous to rccommend ceasing breast-fee-
ding unless lactose intolerance is very
soverc. There are variable effects on
intestinal electrolyte transport in malnu-
trition which és affected by abnormal
intcrmediary metabolism and geographi-
cal differences in dietary intakes of the
minerals. Vitamin and haematinic defi-
ciendies are also important amd have
significant geographical variations.

Rickets is a problem in large urban
areas in countries where the custom is
to cover the child from the sun, such as
in Ethiopia.

Vilamin E defioiency ¢s bel'eved to
contribute to the anaemia of protein-
energy malnutrition, for exampie, in the
Middle East and Thailand.

Ancmia occurs in about 10% of chil-
dren with chronic protein-energy malou-
trition and may be related to folic acid
deficiency. Vitamin Bi: deficiency has
also been reported with megaloblastosis.
Iron deficiency is very common but is
often related to other caysative factors,
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such as malaria or hookworm infesta-
tion.

The effects of protein-caergy malnu-
trition on the inteskinal mucosa are very
diverse and clinically very significant.
They contribute importantiy to the pro-
blem of chronic diarrhoea in children
with protein-energy malnutrition and
must be taken into account in therapeu-
tic and dietary treatment of affected
children. There are still large gaps in
knowledge of the effects of protein-ener-

gy malnutrition on the gastrointestinal
mucosa. These include details about the
contribution of malabsorption to nutiient
and caloric wastage from the gastroin-
testinal tract and finer details about
best methods for nutritional rehabili-
tation.

These will probably depend in mcst
places on the provailing local circums-

tances, beliefs, customs and availability
of local foods.



