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The impact of infection and nutrition on gut function and
growth in childhood

Peter G. Lunn
Medical Research Council, Keneba, The Gambia

Poor growth performance during infancy and early childhood is a frequent fact of life in most
developing countries. Work in The Gambia has demonstrated that more than 43 % of observed
growth faltering during the first 15 months of life can be explained by the presence of a mucosal
enteropathy in the small intestine. Within communities the illness is very common: in the area
investigated more than 95 % of infants above 8 months of age were affected, and on average they
suffered a growth-limiting enteropathy for more than 75 % of their first year of life. Two
mechanisms of weight loss have been defined. First, partial villus atrophy reduces absorption and
digestion of lactose and probably other nutrients. Second, and more importantly, damage to the
mucosal barrier allows translocation of macromolecules into the mucosa and blood, triggering
both local and systemic immune and inflammatory mechanisms. Given the severity of the
enteropathy it is not surprising that infants fail to grow at a normal rate. Recent findings suggest
that these lesions continue throughout childhood and into adulthood. Thus, a persistence of
chronic, local and systemic inflammation throughout childhood may be responsible for continued
poor growth during this period. Although the nature of the enteropathy and the mechanisms of
growth failure have been defined, the factors involved in the initiation and persistence of the
intestinal lesion remain uncertain, making clinical management difficult. More work is clearly
required to elucidate these factors and to define interventions to prevent or treat the enteropathy.

Malnutrition: Gastrointestinal enteropathy: Intestine:
Infants: Translocation

In most developing countries growth of infants and young micro-nutrient supplement trials have failed to improve the
children is much poorer than expected. This is certainly thegrowth pattern.

case in the rural West Kiang region of The Gambia, the site  On the other hand, early data indicated that growth failure
at which most of the studies to be described have beerwas associated with the frequent and often persistent
carried out. During the first 3 months of life (Fig. 1) mean episodes of diarrhoeal disease suffered by the children (Cole
weights and lengths of infants are only slightly below the & Parkin, 1977). Although there is no doubt that diarrhoeal
National Center for Health Statistics (Hamelt al 1979) episodes are associated with acute weight loss, data from
standards, and there is some evidence of catch-up growtlmany parts of the developing world suggest that this illness
from a rather low birth weight. Beyond this time, however, is not responsible for the long-term pattern of growth
growth faltering occurs, and there is a progressive fall in retardation described (Brienet al 1989). Using a strict
Z-scores with age so that by 14 months mean Z-scores focriterion for identifying diarrhoea (i.e. three or more loose
weight- and length-for-age have fallen-t8-03 and-2-13 stools per d), it is clear that in The Gambia there is also no
respectively (Lunret al 1991,b). Extensive investigations relationship between diarrhoeal disease and growth. In
over many years have indicated that although the infants’marked contrast to this finding, however, our investigations
diet can be described as marginal in adequacy, neither thénhave shown that there is a very high prevalence of gastro-
quality nor the quantity consumed can explain such poorintestinal (small intestinal) disease, which may or may not
growth performance (Prentice, 1993). Children in this areabe associated with diarrhoea, and that this factor is a major
of The Gambia receive substantial amounts of breast milkdeterminant of the poor growth of these infants (Lanbal

well into the second year of life, and both macro- and 1991a). It is important to appreciate that in this instance
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100 amounts are absorbed, probably via paracellular routes.
However, where the mucosa is damaged, larger amounts of
lactulose cross the intestinal barrier into the blood, so
lactulose uptake can be regarded as an index of leakiness
(Ford et al 1985). Within the body both probes remain
intact, they remain in the extracellular fluid compartment
and both are rapidly excreted by the kidneys (Elical
1987). Consequently, the amounts found in the urine reflect
the amounts taken up by the two different routes in the small
intestine.

Intestinal permeability of Gambian infants increases with
age throughout the first year of life (Lurhal 199D). At 3
months of age values in UK infants are similar to those
found in their Gambian counterparts. However, beyond this
age the groups diverge, permeability in UK children falling
towards adult levels by the end of the first year of life, whilst
Gambian values reach a peak at this time when they are
about 5-fold greater than UK levels. Almost all Gambian
children show some period of abnormality during the first

year of life. The prevalence of Gambian infants with an
[ e N TR T TR T elevated intestinal permeability (compared with UK values)
is about 50 % at 5-6 months, rising to 96 % above 10
months. The increased lactulose:mannitol value is due to
Fig. 1. Growth performance of Gambian infants expressed as both decreased mannitol and increased lactulose uptake, i.e.
percentage of expected weight-for-age according to National Center deterioration in absorptive surface area and increased leak-
for Health Statistics (Hamill et al. 1979) standards. iness. The rise in intestinal permeability clearly coincides
with the fall in growth performance, and regression analysis
diarrhoea cannot be equated with gastrointestinal diseas®f the data revealed there was indeed an association between
(Lunnet al 1993). the two variables. Close relationships between intestinal

Gambian children admitted to hospital with severe permeability and length and weight growth can be
malnutrition and a history of persistent diarrhoea have beendemonstrated, both short- and long-term, and within and
found to have a grossly abnormal small intestinal mucosabetween individuals. In fact, mean permeability values
(Sullivanet al 1991). All children had partial villus atrophy, taken over an average 9-month period of study was able to
and in the more extreme cases a flat coeliac-like mucosgredict more than 43 % of length growth and 40 % of weight
heavily infiltrated with intra-epithelial lymphocytes was growth over this period (Lunat al 1991). Fig. 2 shows
observed (for further details of the pathology, see p. 150).the close ‘mirror image’ association between intestinal
We and others have found that this type of mucosal damage
can be assessed using the lactulose—-mannitol intesting 800
permeability test, and have used this technique to make
repeated assessments of the small intestinal status ¢
apparently-‘normal’ Gambian village infants.

The dual sugar (lactulose—mannitol) intestinal permea-
bility test is a non-invasive technique that provides

Percentage expected weight for age

Age (months)

information about some aspects of the function and integrity 4400

of the small bowel mucosa (Menzies, 1984). Subjects are s
given an accurately measured small oral dose of the twc  04r &
probes, lactulose and mannitol, dissolved in water. All urine f 5
passed over the next 5 h is collected (infants are fitted with a o
urine bag), the volume measured, and a portion taken for g

sugar analysis. During the test subjects are encouraged t - 0
drink water, but food is withheld for at least 2 h. Intestinal 02+ \
permeability (expressed as urinary lactulose:mannitol) is

calculated as urinary lactulose concentration divided by
urinary mannitol concentration. In addition, the percentage
recoveries of the two sugars in the urine can be calculated
The theory of the test is that mannitol, a monosaccharide, is 0 L L I ! L I —400
passively absorbed across the mucosa, and thus gives & 0 6 8 10 12 14 16
indication of the absorptive surface area of the small Age (months)

intestine, i.e. mannitol uptake is reduced in villus atrophy. rig. 2. "Mmirror image’ relationship between growth (g/month; --)
Lactulose, a disaccharide, cannot be taken up by hea'th)émd intestinal permeability assessed by the dual-sugar
enterocytes, and in a normal small intestine only small (lactulose : mannitol; L : M; —) test in two typical Gambian children.
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permeability and weight growth observed in Gambian 62 % of individuals were judged to be hypolactasic and
infants. 26 % were close to alactasia, with a ratio >0-95.

If the permeability ratio is split into its two components, The lactase activity index was closely and inversely
i.e. the percentage recoveries of lactulose and mannitol inrelated to growth in both weight and length; the higher the
the urine, statistical analysis suggests that 40-45 % ofindex, the poorer the growth. However, a major part of this
growth faltering is related to reduced mannitol uptake, but association overlapped with the intestinal permeability—
that the larger part, 55-60 % of predicted growth, is growth relationship, which indicates that much of the
associated with increased lactulose uptake. Moreover, thesebserved association between lactose maldigestion and
associations with growth are independent and additive, i.e.length growth was part of the intestinal permeability—
they appear to represent two quite different mechanisms ofgrowth relationship. However, a small but statistically
interference with growth (Lunet al. 1997). significant part remained independent of intestinal
permeability. Although there may be several possible
explanations for this latter component, it may be connected
with the rather early genetic loss of lactase that occurs in
The low recovery of mannitol suggests reduced absorptivethese children. Erinoset al (1992) reported a loss of
surface area, which in the small intestine can be equatedactase activity in most Gambian children by 3 years of age,
with the partial villus atrophy seen in these infants on which is much earlier than has been reported from other
biopsy. In normal mucosa mature enterocytes line thecountries, and particularly in black Americans, many of
surface of the villi and contain many of the enzymes whom originated from this part of Africa (Scrimshaw &
required for digestion and absorption of nutrients, thus Murray, 1988).
erosion of these cells will inevitably result in a decreased Lactase is only one of the many enterocyte brush-border
ability to absorb and digest foodstuffs. Although the enzymes whose role is to digest and absorb nutrients. Its
availability of many enzymes may be reduced, perhaps thereduction in activity in line with mucosal damage, as
single most important one to consider in an infant indicated by the intestinal permeability test, particularly
consuming large amounts of breast milk is intestinal lactase.mannitol uptake, is likely to be reflected by reductions in
Lactose is the major carbohydrate of breast milk and many other similarly-sited enzymes.
accounts for approximately half its energy content. Breast
feeding in The Gambia lasts for 21-24 months, and even at
12 months of age breast-milk lactose is estimated to provide
20-30 % of the total energy intake of the average child The mucosa of the small intestine acts as an interface
(Prentice & Paul, 1990). Clearly any substantial decrease inbetween the body and the environment, and under normal
the ability to digest lactose could be expected to havecircumstances the barrier function of the organ prevents
significant consequences. Lactose digestion in the smallenvironmental pathogens, endotoxins and other macro-
intestine is dependent on the presence of lactase, an enzymmolecules from entering the body. According to the
located in the brush border of mature enterocytes, butpermeability theory, increased lactulose uptake is an index
because of its exposed position on the villi, it is extremely of mucosal leakiness; i.e. it suggests that there has been a
vulnerable to pathogenic damage (Lebenthal, 1984). Inpartial breakdown of the intestinal barrier function. Is there
addition, any lactose not hydrolysed in the small intestine evidence to corroborate this conclusion?
would pass into the large bowel, and if the amount became Children living in developing countries have long been
substantial it could result in diarrhoea and other symptomsknown to have higher than expected plasma concentrations
of lactose intolerance. of immunoglobulins (Ig), e.g. IgA, 19G, IgM, and it is

An estimate of lactase activity in these breast-feeding generally accepted to be a result of chronic stimulation of
children was obtained by an extension of the intestinal the immune system by a highly contaminated environment.
permeability test, which utilized the fact that lactose and Gambian infants develop this characteristic feature after 3—4
lactulose are isomers (Nooatal 1986). In the normal gut  months of age, coincident with the onset of growth faltering,
almost all ingested lactose is quickly hydrolysed by small and by 9 months of age the mean concentrations of all three
intestinal lactase, whereas lactulose is unaffected by thislg were more than double the values for age-matched
enzyme. Small amounts of both isomers are absorbed intactontrols (Lunnet al. 1997). In addition, plasma concen-
into the body and excreted into the urine in proportion to trations of the acute-phase proteind,-antichymotrypsin
the amounts present in the small intestine. Thusand C-reactive protein, also became elevated beyond
lactose : lactulose, the fractional urinary excretion of the two 3 months of age, as did plasma cortisol concentration (Lunn
isomers, gives an index of lactase activity, with a value of 1 et al 1979). These latter findings are also consistent with the
indicating total alactasia. A ratio of 0-4 was taken as theinfants having a chronic immune and inflammatory
upper limit in normolactasic individuals (Nooatal 1986) response to infection or damage in some part of their body.

In Gambian infants total urinary lactose increased almostAs may be expected under such conditions, growth
3-fold from 2 to 15 months of age, despite there being little performance was found to be reduced in relation to elevated
change in breast-milk intake during this period (Northrop- levels of these plasma markers of disease.

Cleweset al 1997). Likewise, there was a progressive  However, raised concentrations of these plasma protein
increase in the lactase index (urinary lactose:lactulose) suchmarkers were also related to increased intestinal permea-
that above 6 months of age mean values exceeded the uppéility, and particularly to a high level of lactulose uptake.
limit of normal, indicating hypolactasia. At 12—-15 months The Venn diagram (Fig. 3) illustrates how plasma IgA

Relationship between growth and mannitol uptake

Relationship between growth and lactulose uptake
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i.e. food proteins, endotoxins and perhaps even whole
bacteria through the intestinal wall and into the body, where
both local and systemic immune and inflammatory

mechanisms are stimulated. Both mechanisms can be
expected to result in poor growth.

Nature of the mucosal enteropathy

The work described so far has centred around the use of the
intestinal permeability test as an indication of small
intestinal disease, but what is the situation in the gut which
gives rise to the raised permeability values? Although it
would be unethical to biopsy the small intestinal mucosa of
apparently-healthy village infants, biopsies have been
obtained from severely-malnourished children admitted to
hospital. Mucosal biopsies have now been obtained from
more than 100 children and all have shown partial to sub-

LnL:M Plasma IgA total villus atrophy, moderate to severe crypt hyperplasia
Fig. 3. Venn diagram to illustrate the interrelationships between and marked infiltration of intra-epithelial lymphocytes
plasma immunoglobulin (Ig)A concentration (O), intestinal permea- (Sullivan et al 1991). The lamina propria was also
bility (lactulose : mannitol; L : M; @) and growth in length. Percentage congested with inflammatory cells. The overall appearance
values within the diagram show the relative contribution of each was, in generaL similar to that seen in coeliac disease or
sector_tothetotal r2value (0-49). Data were calculated by regression cow’s-milk-protein enteropathy. T-cell subpopulations
analysis. (CD3, CD4 and CD8) were 2-3-fold higher than those of

UK controls, but the CD8:CD4 value was normal. Cells
concentration interrelates with intestinal permeability, and expressing the CD25 activation marker were seen, on
their association with length growth. The overalfor the average, thirteen times more frequently than in UK controls
association with growth was 0-49, but 76 % of the IgA rela- and yd-T-cells were elevated to a level seen in coeliac
tionship was coincident with the permeability association, disease. Many of the intra-epithelial lymphocytes contained
suggesting that the two variables are part of the sameperforin granules that indicate cytotoxic capability, a finding
growth-restricting mechanism. Interrelationships between which indicates that the mucosa is under severe distress,
the other plasma markers and intestinal permeability withwith effete cells being destroyed (Campbstllal 199%).
growth in either length or weight gave similar results. These findings confirm that the enteropathy occurs as a

These results are consistent with an increased leakiness aksult of a cell-mediated inflammatory reaction in the
the mucosal barrier function that allows increased trans-mucosa leading to increased rates of cell destruction.
location of macromolecules such as endotoxins, food The need for an increased rate of enterocyte production to
proteins and perhaps whole organisms through the mucosa&ounter this effect would account for the observed increase
and into the body where they stimulate both local andin crypt size; however, the rate of cell production assessed
systemic inflammatory and immune mechanisms. As theby mitotic activity was found to be low. This result is
overlap between permeability and Ig associations with surprising because the same crypt cells have a much
growth is so large, it seems that the damaged small intestinaincreased frequency of expression of the Ki6@arker,
mucosa represents the major point of entry of environmentalwhich identifies cells preparing for division. The finding
hazards into the body of these Gambian infants. suggests that although the signal for cell division is present,

More direct evidence is provided by measurement of IgG some other factor is preventing completion of the process
anti-endotoxin antibodies in the plasma. Titres were found (Campbellet al 199%). These abnormalities were seen in
to be within the normal range at 2-3 months of age, butall children investigated, and their severity was independent
quickly increase with age such that by 7 months they areof nutritional indices such as weight, length and BMI
about 3-fold greater than expected. Gram-negative bacteriaZ-scores.
in the gut are the most likely source of endotoxin, and the Another finding requiring more investigation is a shift in
association of high endotoxin antibodies with abnormal balance of the number of T-cells producing pro- (tumour
intestinal permeability confirms that translocation does necrosis factol and interferond and anti-inflammatory
occur in these children. (interleukein 10 and transforming growth factd)

The overall picture obtained is that a raised intestinal cytokines with increasing severity of malnutrition. Although
permeability is associated with poor growth and with raised both pro- and anti-inflammatory cytokine-producing cell
systemic inflammatory and immune reaction. Reduced numbers were elevated in all these children, the rise was
mannitol uptake, suggesting reduced absorptive surfacesmaller the more malnourished they were. Moreover, in
area, is associated with reduced lactase activity, andthese more malnourished children the numbers of cells
probably with other types of maldigestion and/or producing anti-inflammatory cytokines were more markedly
malabsorption. The raised lactulose uptake is indicative ofreduced, leaving pro-inflammatory cytokine-producing cells
increased intestinal barrier function leakiness, which predominant (Campbedit al. 199%). Whether this process
appears to allow increased translocation of macromoleculespccurs as a progressive shift with increasing malnutrition or
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whether it reflects a differing genetic make-up which enteropathy. Has there been a sudden improvement in
predisposes to more severe illness has not yet been definechygiene or nutrient supply, or has it occurred as a result of
treatment given for some other illness? There is clearly
Causes and aetiology of enteropathy scope for further investigations here.
There seems little doubt that the unhygienic circumstances
in which these children live must contribute to, if not be the
overriding cause of, the enteropathy. However, despite The data described so far has been collected from children in
several investigations no specific mechanism or organismthe first 2 years of life, and shows a gradual deterioration
has been unequivocally identified as a major cause ofuntil 12-15 months. Child growth in this region of The
the enteropathy or of the associated growth faltering. Gambia remains slow, however, and there is little catch-up
Nevertheless, two organisms deserve further mention.until the pubertal spurt; so does small bowel mucosal iliness
Helicobacter pylori infection is very common in The persist throughout childhood? To answer this question, a
Gambia and, by its effect on lowering stomach acidity, may cross-sectional study of how intestinal permeability changed
allow other pathogens easier access to the small intestinavith age was performed in 150 subjects equally divided
(Dale et al. 1998). Infants infected withl. pylori from an across six age-groups, i.e. 2-5, 5-10, 10-15, 15-20, 20-30
early age do grow rather less well than those infants thatand >30 years (PG Lunn and D Campbell, unpublished
remain uninfected throughout the first year of life, but both results). Two measurements were taken, one in the dry
groups still show the same pattern of growth faltering. season and the second 6 months later during the rains.
Giardia intestinalisis also extremely common, and infants The results showed that intestinal permeability values
are exposed to this parasite at a very early age. By 3 monthanproved with age but never achieved UK values. The
of age 45 % of children show a positive IgM titre to this reason for this situation was that mannitol recovery
parasite, and by 6 months of age more than 80 % have beeremained constant throughout all ages at about 5 %, i.e.
exposed. An acute elevation of Giardia-specific IgM is somewhere between half to one-third of the UK range of
associated with a raised intestinal permeability, raised acutes11-15 %. This finding suggests that the mucosal
phase proteins and reduced weight gain, but when assesseatchitecture remains abnormal throughout life. However,
over a 6-month period, these relationships failed to reachbecause of the overcapacity of the small bowel mucosa for
significance (Lunratal. 1998). digestion and absorption, this loss of absorptive capacity
Both these organisms are transmitted by ingestion of may have little impact once growth has ceased. On the other
faecally-contaminated material, and the observation that athand, lactulose uptake improved throughout childhood and
least some infants have already been exposed by the age ofr2ached UK values between the ages of 10 and 15 years.
months demonstrates not only the high endemicity of the This result indicates that although it improves with age,
organisms in this area, but also the poor level of hygiene. Itincreased mucosal leakiness persists throughout childhood,
may be that the observed associations with growth wereand the resulting inflammatory and immune responses may
simply a reflection of the level of faecal ingestion rather explain the failure of catch-up growth before puberty.
than a specific effect of eitheH. pylori or Giardia. This study also produced several relationships that
Moreover, the sporadic apparent disappearance anduggest that intestinal permeability values of individuals
reappearance of these pathogens during the first year of lifenay have become ‘set’ at an early age and persist
suggests that faecal contamination continues throughout thighroughout life. First, there was a relationship between
time. It may be that the enteropathy arises and is maintainedntestinal permeability and season of birth; irrespective of
by frequent exposure to a combination of these and otherage, subjects born during the first 3 months of the year had a
faecally-derived organisms. Other possible initiation factors more normal mucosa than those born in the third quarter
include food toxins, e.g. aflatoxin, which can be a problem (lactulose:mannitol were 0-160sp 0-098) and 0-249
in The Gambia (Wildet al. 1992), or much less likely, a so (sD0-090) respectivelyP <0-001). Moreover, height-for-
far unidentified nutrient deficiency. age Z-scores showed a similar effect, those born in the first
Once established the enteropathy persists for manyquarter of the year were taller than those born in the third
months, and even when children are hospitalized quarter. Second, across all ages, and after correcting for age
regeneration of a normal mucosal structure is extremelyand sex, there was a relationshipd-12,P <0-01) between
slow (Sullivan et al 1992). The reason for this slow intestinal permeability and attained height (assessed as
recovery is far from clear, but may be connected with the height-for-age Z-score), although not with weight. Finally,
very low mitotic index and regeneration of crypt cells. The although nearly all intestinal permeability values were
refractory nature of the lesion could also be due to a viciousabnormally high, there was a strong association between the
circle whereby the translocation of antigenic molecules first and second measurements within individuals. For
through the damaged mucosa initiate further immune andlactulose:mannitolf2 0-44 and for lactulose uptak&0-29
inflammatory processes which potentiate the injury. Repair (bothP <0-001); mannitol recovery was less-closely related,
mechanisms may also be compromised by a nutrient supply2 0-05 P <0-05).
that is inadequate for efficient tissue repair. Alternatively,  Although other interpretations are possible, these results
continued ingestion of organisms or toxins may prevent are certainly in keeping with the hypothesis that intestinal
recovery, as would a persistent low-level pathogen permeability becomes ‘set’ in some way at an early stage
infection. Equally baffling is why some children show and that this affects the individual throughout life. The
sudden marked improvement after many months of finding of Mooreet al (1997) that the age of death in these

Intestinal permeability throughout life in The Gambia
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same Gambian villagers varies with month of birth could, at intestine, allowing the translocation of antigenic macro-
least partly, be explained on this basis. The ‘good’ and ‘bad’ molecules into both the mucosal tissues and to the blood.
months to be born for longevity correspond to the good andThe translocated material stimulates immune and
bad months of birth for intestinal permeability. Is it possible inflammatory responses, both locally and systemically, with
that a persistent small bowel inflammatory enteropathy, the local inflammation causing further damage to the
associated with constant stimulation of the immune system,intestinal mucosa.

compromise the ability of the immune system to respond Despite the severity of the mucosal damage and
efficiently to other immune challenges, and thus increaseinflammation, the illness appears to be essentially
deaths from infective diseases? asymptomatic apart from the growth faltering. Although
these infants do suffer with diarrhoea for about 7-10 % of
the time and often lose weight during acute episodes, they
tend to catch up after each episode so that their overall
The overall picture is illustrated in Fig. 4. Pathogenic growth between 2 and 15 months does not relate to
organisms and/or food allergens ingested with food, waterdiarrhoea prevalence. Perhaps more surprising is that
or from contaminated hands or feeding utensils cause thelthough intestinal permeability tends to be elevated during
initial damage to the mucosa of the small intestine. Thereacute diarrhoea, when viewed over this same period no
are then at least two ways in which the injured mucosa islong-term relationship between these variables can be
associated with growth faltering. First, partial villus atrophy observed. The lack of symptoms probably explains why this
results in a loss of enzymes that are required for the normakerious condition has not been previously identified as a
digestion and absorption of food. Second, the mucosalmajor cause of infant growth faltering in developing
damage compromises the barrier function of the small countries. In The Gambia every infant studied (over 400)

Summary

Dietary pathogens
Food allergens

Y

Small intestinal
mucosal damage

A

Barrier function

Villus atrophy compromised

Y Y

Loss of mucosal Translocation of -
enzymes antigenic macromolecules
Y Y
Maldigestion and Mucosal inflammatory
malabsorption and immune reaction
Y

Systemic acute-phase
and immune reaction

Growth faltering

Fig. 4. Diagrammatic representation of the mechanisms leading to poor growth in Gambian children.
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has suffered from mucosal enteropathy to a greater or lesser secretion and infant growthJournal of Pediatric Gastro-

extent at some time during the first 15 months of life. enterology and Nutritio26, 393-397.
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been reports of its existence throughout the developing ?Y:er?'2ﬁ;\tiigf‘éi?:;igsaig?f‘%irs of intestinal permeability in
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suggest that the enteropathy seen in severe cases is simplyf@'d RPK, Menzies IS, Philips AD, Walker-Smith JA & Turner
progression of the damage that had existed for long periods W (1985) Intestinal ‘sugar permeability: relationship to

: . ;s L ; diarrhoeal disease and small bowel morpholodgurnal of
in apparently-‘healthy’ children, and that it is more likely to 5 iaric Gastroenterology and Nutritiof) 56%—574.

be the cause of the malnutrition rather than the result. Hamill PVV, Drizd TA, Johnson CL, Reed R, Roche AF & Moore
Neither supplementary feeding nor vitamin and mineral wm (1979) Physical growth: National Center for Health
supplementation have improved the growth performance of  Statistics percentilesmerican Journal of Clinical Nutritio82,
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permeability. It seems likely, therefore, that the failure of so Kukuruzovic RH, Haase A, Dunn K, Bright A & Brewster DR
many dietary intervention schemes to improve nutritional  (1999) Intestinal permeability and diarrhoeal disease in aborigi-
status throughout the developing world may be explained by Nal AustraliansArchives of Disease in Childho¢ih the Press).
the unsuspected presence of a mucosal enteropathy in thebenthal E (editor) (1984) Prolonged small intestinal mucosal
small bowel. The full impact of this mucosal damage on MUy as a primary cause of intractable diarrhoea of infancy. In
infant and child arowth cannot be properly established until Chrpnlc Diarrhoea in Children. Nestle Nutrition Workshop
! . 9 € properly Seriesvol. 6, pp. 31-56. New York: Raven Press.
effective treatment or preventative measures can be found, PG, Whitehead RG, Cole TJ & Austin S (1979) The relation-
Until then, intervention schemes aimed at improving the  ship between hormonal balance and growth in children and rats.
nutritional status of infants and young children in British Journal of Nutritior41, 73—84.
developing countries should consider the probable existenca.unn PG, Northrop-Clewes CA & Downes RM (199 1ntestinal
of a mucosal enteropathy and its effect on growth. permeability, mucosal injury and growth faltering in Gambian
infants.Lancet338 907-910.
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