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'unas we'r'e studied.
) IS 4 gamzd more thmm
50% hqmd anﬂe«mc pathogems in thew stools. Sugaxr vckn,todeﬂarnce was also
comman ( ,@5% Srmmlwr clrmwwl ﬁaatmmes e $6bh i the children from

tlopiipqgtqmane .si‘,e/uem, formys,gf malnutrition and gross vitamin défi-

Ry ,~,«v{I’h/wtaen of thte Abmgmal oim,ldmn died; at necropsy ‘the most re-
I xmwﬂoable finding was fatty: mnf'bltmtw‘n of 1 the “liver: which in some oases
08 ;.ewtqem‘e. Thw, of course, is: chamacteristic of pn:otmnfcwlome molnu-

fmobmgs vﬁnolwﬂad severg pw‘wlrmt mfec }gn@, sept\w "
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cove gl 6, 1974, e fiae o
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' Iutrodudﬁon

Malnutmtlllon is ‘one of the mam
public health probdlems fa,cmg man:
kind ‘and is one of the main reasons
for unsatisfactory morbidity and
mortality in 1nfan1:s -and. chnldren in
pre-lndustrlallnzed ‘countries.

often, very serious in malnourished
children, yet its pathogenesis {s poor-
Iy understood.

This paper discusses the pathoge-
nesis of diarrhoea in malnourished
children. The information has been
obtajined from a,review. of the cur:
rent; luterature and from the. results
of our, collabora,twe research studles
belng done with, members of the De-
partment of Chlld Heaflth Unmversxrty
of Indonesia. Reference will also be
made to studles being. done m th]S
Iaborwtory on. malnouris
an aborlg‘maﬂ ‘ il

The fa,ctors |to be ccunsmdered m-
clude : S

(i) Intestma{l mfecftlon and mfes-
.. fations .

. »»(m) Abnorma:htles in small-mtes- :

o+ tinal-histology *

(i) Impa,med d1geshwe functmn
(iv) " Poor absorpta "unctnon
(v) Overgrowth in the small mi

testine by organisms not generally
considered enteropathogemc

L) Pos31b1e ) abnormalu’dﬂes “of
immune function, and

s(wik)

'Diarr-
hoeal disease is. very common and,

s withy

’ cmts Wlth gast

Envirenntental factors -1

CMICHABL GRACEY, - onniinl noinioifng'd

‘owho‘g‘ehe;s»iis of gastromftestmam
dlsease m malnultmt-on' RIERR

1; “Intestima.l _ Infectiphs _and Infesta-
tions

- A high  prevalence of . infections
and infestations of the gut is charac-

tenistic of malnutrition (Scrimshaw,

et al, 1968). This is in: contrast
s well-nourished  children in
whom enteric pathogens are found

in only 10 to 25% of patients. In mal-

-nourished Australian aboriginal chil-

dren, for example, enteric pathogens
- oceur, in. 50 %. and,;in. many instances,
. multiple infeefions or infestations are
.common :(Gracey,, 1973) Often; infec-
’mons with known. enteropathogens can
readily be implicated jnthe causation
of d'arrhoea as, for example, in.pati-
i :naﬂ mfectlon

have""deletenous ‘éffectd ‘on’ {ntestinal
ultrastructire and Fundtion (Barbieri
cietials, 1970) . -Quite often i however,
,pa)thogemc‘, miero-organising:will-inot
;- be;foundinchildren with diarrhoeal
1illnesses despite repeated::microbiolo-
. gicall. exa,mma,tlouns -of . specu)mens of
. stools, AN AT

It has recently been shown that

| Viruses are also an nmportand: factor
in yourng chlldren wnth acute dlarr-

hoea (Blshop et a!l 1973) and per-
-+haps-are: involved \nn the .production
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FIG. 1: I\.Tormml» steps i digestion of lactose by lacrase and absorp-
tionl ils competent monosaccharides by the small intestine.
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FIG. 3 :
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Weight chart of a malnourished Australian aboriginal infamt
with secondary lactase deficiency showing responmse to remo-
val of lactose from the diet (reproduced with the Iind wermi-
of the Archives of Disease in Childhood).
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of gastrointestinal symptoms in mal-
nounished children. Further investi:
gations are needed to confirm fthxs
possibility. : i e

I

2! Histological changes in the small

“‘bowel epithelium.

H1s~tologma1 abnormalities in the
epithelium of the upper small bowel

have been reported ini malnourished
children from many countries inclu-

ding Kenya (Burman, 1965), Uganda
(Stanfield et al., 1965) Chile (Brus-
ner et al., 1966) and in Australian
aboriginal children (Harnis et al.,

1970; Walker-Smith and Reye, 1971).
These ‘chamges appear to be common‘

and may be very severe.

Recently, Shiner (1973) has
shown extensive ultrastructural da-
mage in small bowel biopgies from

malnourished children. The pathoge-

nesis of these changes is uncertafin.

There is no doubt, however, that they

have important effects on gastroin-
testinal function as is outlined beflow

3. Digestive function

Tt ‘must be remembered that im-

portant digestive enzymes, such as

disaccharidases, normally line the
luminal surface of the small in-

testinal epithelium (Miller and
Crane, 1961) and are therefore very

vulnerable to damage in diseases
with abnormalities of small intesti-’
na] histology. It is to be expected,

then, that deficiencies of these enzy-
mes occur in malnourished children

# (Clinitest, Ames Company, U.S.A.

in whom abnormal hiistology is com-
mon.: Secondary disaccharidase defi-
ciency has been reported from vani-
ous centres (e.g. Bowie et al., 1965;
Wharton et al, 1968; Walker : and
Harry, 1972). This is an important
syndrome to recognize since .these
patients: ‘'may have very severe, life-
threatening diarrhoea which will res-
pond :to removal of the offending
sugar, usually lactose, from the diet.

‘Tt is essential that the pathogene-
siis of secondary sugar intolerance fis
thoroughly  understood because suc-
cessful treatment depends on a direct
application of this knowledge. As can
be seen in Figure 1, lactose is mor-
mally digested to its component mo-
nosaccharides (glucose and ‘galacto-
se): priori‘to absorption. In patients
with a' deficiency of ‘the enzyme
lactase, this does not occcur and the
undigested sugar attracts large volu-
mes.iof water into the Iumen of the
gut. When this load of sugar and
fluid reaches the large intestine, the
large  numbers of micro-organisms
normally present there produce aci-
dic by-products and large volumes
of carbon dioxide which is passed as
flatus. (F1g 2). Excessive amounts
of’ sugar can be detected in the fluid
pavi, “of the stool by the Clinitest
méthod,* a ‘simple modification of
the' 'method ‘used for detecting gly-
cosuria (Kerry and Anderson, 1964).

It must be stressed that this test
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must be-done on 'the fluid part of
the stool and that the specimen must:
be fresh; if the specimen is allowed
tostand around. on - a laboratory:
bench:-bacteria will ‘rapidly :break
down ‘any sugar present into organic
acids, such as /lactic acid, -and: 'the
test: will therefore produce: a ‘false
negative’ ‘result, Secondary Ilactase
deficiericy will respond rapidly: by
cessation of diarrhoea and improved
weight gain when a lactose-free diet
is given: (Fig. 3). Feeding formulae
containing reduced amounts of lacto-
se are now. commereially available.**

- Apart from lactase deficiency: se-.
condary to mucosal damage, it must
be realised that: lactase ' deficiency:
(possibly .genetic in-.origin)is com-:
mon in-certain-ethnic groups:inclu-
ding Indonesians (Suharjono :et: al.,:
1971). This is important in planning-
nutritional rehabilitation programmies’
and > foreign ‘aid programmes’ whichi
often include supplies of milk which®
may, in fact, be harmful to affected"
1nd|1'vtdua1s ~ R

4 Absorp'tlve fundtlon ,

Apa,r*t from poor digestive functi-
on, malnutrition causes poor intesti-
nal absorptive .function. The most.
important clnical result of this is,
Temporary .-Monosaccharide Malab-
sorption . (Burke and. Danks,: 1966)...
This. has: been reported from severat
countmes mclrwdmg Ausrtra]ma (Wal--,

% e, g Nutramxgen,

* e.g.CF1, Nestlé, Australia.
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ker. and . Harry, .1972),. Uganda
{(Wharton et -al,.:1968): and T.atin
America ) (Lifshitz. -et. al; .1970)«
These children are often!ifiextre~
mely.. ill,, with severe, dehydration
and acpdosxs and their mortality rate
is .very high, They :can. be reeogni-
zed by, showmg excessive, reducmg,
substances .in thelr stool’s which con-=
tllnue,s when . a, lactose free diet is. gi-:
ven. because they are. unable, to:tole:.
rate -all - sugars ;including: ;glucose,
galactose ;and fructose. They. should.
be treated with a carbohydrate-free.
feeding formula® and usually require
intravenous fluids. It is likely -that:
these children. have malabsorption;of;
other water-goluble nutrients. .such
ag -amino acids which contmbutes to.
their diarrhoea and comphca,tes their,
management corbdmin Do o] o
5 Overgrowth of micro- orgammms"

Cin !the upper gut ' e

It seems hkedy l“chat mlcroblalp
overgrowth in ‘the upper. _sma[h}lhbowel
is a significant feature in malnouri-
shed infants and children with diarr-,
hoea,l illnesses; In: manlnourlshetd Aus-.
+ra,lulam aborigines we found (Gracey:
and, Stone, 1972) a generalized and.
marked overgrowth by oraul-|type a,nd‘
faecal-type“mlcro, organisms, in com-.
parison with rspecimens of upper in-.
testinal contents from: Wedﬂ nourished:

(dile Y

Mead Johnson Galactomm 'I‘rufood Low Lactose Mllk Food o
Cow and QGate; Eiwit Melk; Almiron-Nutricia, Holland.
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chilldren. Moxre recently we have fo-
und, significant, microbjal: contamina-
tion of. aspirates. from the upper gas-
tromtes‘tmalw tract fn 21 malnourl-

Candida sp (Gracey et!aﬂ in 'press)
The - possible +contribution ' of these
microbiological ‘abnormalities to the
symptonis occurring:in ‘such' patients
has'not yet beén elucidated although
it is:known that bacterial ‘contamina-
tion!of the upper:small bowel results
in'various: metabolic ' sequelae ‘inclu-
ding  malabsorption 'of fat, proteins
and. carbohydra;tes (Gracey, 1971)
Prel'lmmary resu,l'ts from rthls [labora-
tory (unpubh.shed dafca) suggest thaJt
3evera1 orgamsms ‘not generaﬂly con-
sndered to be enrteropajthogenlc vimf
cTIud'rng non-pafchogemc varnetles of
.. ] 2y Catse im; aired. intesti-
nal” absorpltlon of Wéter—soluble nu-
trients, Our traditiona] ideas about
enteropathogenicity may need consi-

derable revision in the near future.’

6. Immunological function

The g“ut lS a ma,;]or organ of im-
mune defence and has a high rate of
exposure Ito foreugn anngens It is
important, itherefore, to consader
what elrcumstances allow gross
ovengrowth of this brga,n to oc-
cur in ma,lnou,mshed children. Is it,
for example, due:to a‘break-down fin

the immune defence mecham]sms al-
lowmg bacteria and yeasts to proli-
ferate umcontronlﬂled‘? Studies done in
malnourished: Australian ‘aboriginal
and. Indonesian . children show  that

these .. .individuals.' do-. not. have
decreased levels of serum and
intestinal Immunogﬂobufhns (Bell
etival.;1973). In" fact, théir levels

of: .1mmunoglobuallms were s1gn1f10an-
tly increased ; mdlcatlmg tha,t their
ﬂmmumoglobulms a responses ‘seem
adequaJte Cellular ‘medisted immimi-
ty 3§ known, however to be impaired
in malnutrition (Chandra 1973) and
it ‘seeris umportant that ilocal intesti-
nal" cell-ediated immune’ responses
should ‘be mveshga;ted in infants a.nd
chlLdren Wrth ma.lnutm-th}on

7 Enwronmenta,l factors

In commumtles where [rna,lnutrrtl'
on is -endemic, ]Jnvmg condl‘uons are
overcrowded and unhygnemsc (Jeﬂllf-

factory habu!ts in nutrmon and hy-

_giene, In a recent study, we found

a high rate of isolation of signifi-
cant' numbers of - faecal ‘organisms
not normally encountered in oro-pha-
ryngeal secretulons _in malnourished
children (Gracey et al., 1973). This
emphasizes. .the 1mporltance of - the
faecal-oral route of transmission of
infections and ‘infestations’ in malno-
urished children living in unsatlsfac-
tory culrcumstances It also re-empha-
sizes - the . importance of .adequate
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educational “and public health mea-
sures in preventive health program-
mes. Repeated hospital treatment is
not omdy expensive but it wil be inef-
fective if children return to living in
a -grossly: coma,mmated environment.

The fwbure

It )should be Culea,r from the fore-
gonng discussion that the production
of gastrointestinal disease in malno-
urished children is a very complex
process Whlc"l as yet, is not fully
understood One would seem justifi-
ed dn ‘as‘kmg 'what.is the point of
undertaking -sophisticated research
investigations in children with mal-
nufrition when the. solution to their
prob»lem would seem simple - more
food?. There are at least a couple of
reagsons why such studies are neces-
sary. We have a grave responsibility
as professionals to indicate to those
respons’ble for administering Gover-
nment funds that malnutrition and
intestinal disease are major problems
in certain communities. Pcliticians

/

and Government officialg: a,re”'ﬁot
eagily convinced by emo»*uonad pleas
or poorly substantlwted arguments

They can, however be convinced by _
facts and flgures The fma,ncmll costs
involved in current ther*a,peutlc health
measures in hospu!tals wouﬂd in ma-
ny instances, be more ’usefullly em-
ployed in prevend:lve progra,mmes

And, of course, we must convince
these. people that the future prospe-
rity of any nation depends ultimately
on the health of its children. Further-
more, results: of research . .studies
should be applied jin clinical practice;
one example is the useful place modi-

" fied milk formulae, ‘which ‘were in-

troduced only recen‘ly, now have in
the management of children with
sugar intolerance, Contmued _rese-
arch into gestrointestinal dlsease in
maﬂnoumshed children will . lead to
bettter management of our pa’uentq
and to a better understand: mg of gas-
trozmtestma;l disorders Whﬂch will,
eventually, benefnt ‘many chi I‘ldren
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