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Of the 555 million preschool children in developing
countries, 32% are stunted and 20% are underweight.1
Child underweight or stunting causes about 20% of all
mortality of children younger than 5 years of age and
leads to long-term cognitive deﬁcits, poorer performance
in school and fewer years of completed schooling, and
lower adult economic productivity.2 Child underweight
state or stunting mainly develops during the ﬁrst 2 years
of life, when mean weight-for-age and length-for-age
Z scores of children in Africa and Asia drop to about
–2·0, with little or no recovery thereafter.3
Under the plausible assumption that children grow
poorly because they do not eat enough of the right foods,
research eﬀorts have focused on identifying dietary
solutions. Numerous studies have tested many
nutrient-dense foods and supplements, nutrition
education interventions, and infant feeding behaviouralchange strategies. A recent review4 of 38 of these studies
showed that children receiving one of these dietary
interventions gained up to 760 g more weight (0·0–0·76
weight-for-age Z score) and grew up to 1·7 cm taller
(0·0–0·64 length-for-age Z score) than control children
by 12 to 24 months. However, none of these interventions
achieved normal growth: the growth eﬀect of even the
most successful of these studies (~ +0·7 Z) is equivalent
to about a third of the average deﬁcit of Asian and African
children (~ –2·0 Z).
Diarrhoea has also been implicated as a cause of poor
growth. In a pooled analysis of nine studies with
diarrhoea and growth data for 1393 children,5 the
probability of stunting at 24 months of age increased by
2·5% per episode of diarrhoea, and 25% of all stunting in
24-month-old children was attributable to having ﬁve or
more episodes of diarrhoea in the ﬁrst 2 years of life.
However, other authors have contended that the eﬀect of
diarrhoea on permanent stunting is small because
growth velocity can be faster than average for age between
illness episodes resulting in catch-up growth.6 Hence,
the relative contribution of diarrhoea to undernutrition
and, consequently, the potential eﬀect that diarrhoea
control programmes (ie, sanitation and hygiene
interventions) could have on growth are still unresolved.
The Lancet Maternal and Child Undernutrition Series
estimated that sanitation and hygiene interventions
implemented with 99% coverage would reduce diarrhoea
incidence by 30%, which would in turn decrease the
prevalence of stunting by only 2·4%.7
This report suggests: that a key cause of child
undernutrition is a subclinical disorder of the small
intestine known as tropical enteropathy, which is
characterised by villous atrophy, crypt hyperplasia,

increased permeability, inﬂammatory cell inﬁltrate, and
modest malabsorption;8 that tropical enteropathy is
caused by faecal bacteria ingested in large quantities by
young children living in conditions of poor sanitation
and hygiene; that provision of toilets and promotion of
handwashing after faecal contact could reduce or
prevent tropical enteropathy and its adverse eﬀects on
growth; and that the primary causal pathway from poor
sanitation and hygiene to undernutrition is tropical
enteropathy and not diarrhoea.
If this is true, the Lancet Maternal and Child
Undernutrition Series7 might have substantially
underestimated the contribution of sanitation and
hygiene to growth because the eﬀect was modelled
entirely through diarrhoea. Importantly, because of
mortality, and cognitive and economic consequences of
child undernutrition, sanitation and hygiene interventions
might have been undervalued because they have been
mainly appraised for their eﬀect on diarrhoea.
Conﬁrmation of these hypotheses might provide evidence
to accelerate provision of toilets to the 2·6 billion people
(40% of the world’s population) who currently lack them,
hasten progress towards the Millennium Development
Goal to halve this number by 2015, and ultimately yield
improvements in child growth, health, and survival.
Several studies done mostly in the 1960s in Asia, Africa,
and Central America showed that almost all apparently
healthy adults and children in developing countries
worldwide had morphological changes or functional
signs of tropical enteropathy.8 Although the cause of
tropical enteropathy has not been clearly elucidated, most
of these investigators suggested that tropical enteropathy
results from exposure to poor environmental sanitation.
Further evidence for an environmental cause comes from
studies of asymptomatic American soldiers in Vietnam
and Peace Corps volunteers in Pakistan who got tropical
enteropathy after a few months of residence in these
settings and recovered soon after returning to the USA.8
Similar to other inﬂammatory bowel diseases, tropical
enteropathy results from unrestrained enteric T-cell
activation.9 However, unlike diseases caused by abnormal
hyper-reactivity to a normal exposure (eg, in coeliac
disease, enteric T cells are phenotypically hyper-reactive
to gluten10), tropical enteropathy probably develops when
normal T cells are hyperstimulated by abnormally high
concentrations of ingested faecal bacteria in the
small-intestinal lumen.11
Over the past 20 years, investigators at the MRC Dunn
Nutritional Laboratory (Cambridge, UK, and Keneba, The
Gambia) have studied growth in Gambian children.
Dietary inadequacy and diarrhoea were not associated
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Figure: Model of the mechanisms from poor sanitation and hygiene to tropical enteropathy, child undernutrition, and child development and survival
Thick lines indicate primary pathways and thin lines secondary pathways, as hypothesised in this report.

with growth failure, but the lactulose to mannitol urinary
excretion ratio—an indicator of intestinal permeability—
explained 39% of ponderal and 43% of linear growth.12
Moreover, gut hyperpermeability was a chronic condition:
these children had diarrhoea on 7·3% of days between
birth and 2 years of life, but had lactulose to mannitol
urinary excretion ratios associated with growth suppression on 76% of days during this period.
In a subsequent study,13 the same investigators also
measured plasma concentrations of total IgG and
IgG–endotoxin-core antibody (EndoCAb). Endotoxin is a
component of gram-negative bacterial cell walls probably
derived from faecal contamination. A permeable gut
allows endotoxin translocation into the body, where it
stimulates an immune response that stimulates
production of EndoCAb. At 2 months of age, the weightfor-age Z score, height-for-age Z score, lactulose to
mannitol ratio, and plasma IgG and EndoCAb
concentrations were similar to those in normal infants in
www.thelancet.com Vol 374 September 19, 2009

the UK. However, by 15 months of age, mean height-forage Z score fell from –0·6 to –1·8, mean weight-for-age
Z score fell from –0·4 to –2·4, the lactulose to mannitol
ratio almost tripled (in normal infants in the UK, this
ratio declined during this period), and mean IgG and
EndoCAb concentrations were 2-fold and 5-fold higher
than normal, respectively. The lactulose to mannitol ratio
and IgG and EndoCAb concentrations were correlated
with each other and all were negatively correlated with
linear and ponderal growth. Using semipartial regression
analysis methods, the combined eﬀects of IgG and
EndoCAb concentrations explained 51% of linear growth,
which increased to 56% when the lactulose to mannitol
ratio was also included.
Solomons and colleagues tell a similar story from
animal husbandry.14 In controlled studies, chicks raised
amidst faeces, dust, and dander but fed antibiotics grew
better than chicks living in similar conditions but not
fed antibiotics, and grew as well as chicks raised in
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steam-cleaned cages for whom antibiotics had no growth
eﬀect.15 The poor growth of dirty chicks not fed
antibiotics was accompanied by high plasma
concentrations of interleukin 1, a major mediator of the
immune response, which was not observed in dirty
chicks fed antibiotics or in clean chicks. On this basis,
antibiotics (termed growth permitters in this context)
have been used for decades on poultry farms to maximise
meat yield. Therefore, when confronted by incessant
microbial challenge, both the Gambian infants and
chicks studied entered a near-continuous state of
growth-suppressing immune response: dietary nutrients
were repartitioned away from anabolism in favour of
glucose oxidation and synthesis of acute-phase proteins
and other immune mediators.14
The ﬁgure shows a model of these pathways. Children
living in poor sanitary conditions ingest high
concentrations of faecal bacteria, which colonise the
small intestine and induce tropical enteropathy through
a T-cell-mediated process. The hyperpermeable gut
facilitates translocation of microbes, which trigger the
metabolic changes of the immune response. Growth
falters when these changes coincide with reduced
nutrient absorption by atrophied villi, marginal dietary
intake, and the high growth demands of the ﬁrst 2 years
of life.
How can children be protected from faeces? Safe
disposal of stools (ie, toilets) and handwashing with soap
after faecal contact are the primary barriers to faecal-oral
transmission because they prevent faeces from entering
the domestic environment. Many randomised trials of
handwashing16 have shown substantial reductions in
diarrhoea, although none included the eﬀect of these
interventions on tropical enteropathy or child growth.
Surprisingly, there are no published randomised trials of
toilet provision on child growth or even diarrhoea.
Almost all existing evidence that sanitation beneﬁts
human health comes from cross-sectional, prospective
cohort, case-control, and non-randomised intervention
studies. Thus, all have methodological issues, including
potential confounding by socioeconomic status, lack of
adequate
control
in
before–after
programme
assessments, and inadequate statistical power when a
single control community is compared with a single
intervention community.17 Nonetheless, many of these
studies have documented beneﬁts on child growth.18
Indeed, in an analysis of demographic and health survey
data from eight countries, Esrey19 estimated that
improvements in sanitation were associated with
length-for-age Z score increments of 0·06–0·62 in
children living in rural areas and 0·26–0·65 in children
living in urban areas, which are similar to the growth
eﬀects of dietary interventions reviewed earlier in this
report4 (ie, 0·00–0·64). Moreover, from a mean
length-for-age Z score (SD) of –1·69 (1·45) in rural
children and –1·19 (1·45) in urban children, these
increments correspond to 4–37% and 20–46% decreases
1034

in stunting prevalence in rural and urban children,
respectively, suggesting a considerably greater eﬀect
than the 2·4% decrease previously estimated in the
Lancet Series.7
Undoubtedly, the complex problem of child
undernutrition will not be solved with toilets and
handwashing alone. Interventions focused on gut
microbial populations20 and improved drinking water
quality21 might be important, together with continued
eﬀorts to improve infant diets. However, I hypothesise
that prevention of tropical enteropathy, which aﬄicts
almost all children in the developing world, will be
crucial to normalise child growth, and that this will not
be possible without provision of toilets. Randomised
controlled trials of toilet provision and handwashing
promotion that include tropical enteropathy and child
growth as outcomes will give valuable evidence for this
premise, and might oﬀer a solution to the intractable
problem of child undernutrition.
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