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Summary: Zinc has been shown to enhance intestinal mu-
" cosal repair in patients suffering from acrodermatitis en-
. teropathica; but the impact on mucosal integrily during
_acute (AD) or persistent (PD) diarthoea is unknown. Cne
hundred eleven children with AD and 190 with PD aged
between 3 and 24 months received, randomly and blind to
the investigators, either an elemental zinc supplement of
5 mg/kg body wt/day or ptacebo in multivitamin syrup for
2 weeks while intestinal permeability and, biochemical
and anthropometric markers were serially. monitored.
The permeabilily test was administered as an oral dose of
5 g lactulose/l g mannito! in a 20-ml solution followed by

Two-weck zinc supplementation significantly reduced
lactulose excretion in both AD and PD, whereas the -
change in matnitol excretion and L/M was similar be-

. tween study groups in both studies. Changes in lactulose

a 5-h urine collection. The ratio of the urinary probe sug- .

ars was correlated to clinical, biochemical, and microbi-
ological parameters. At presentauon factulose excretion
was increased and mannitol excretion decreased in both

AD and PD as compared with age-matched asymptomatic

chitdren. The lactulose/mannitol ratio (L/M} was highet in
subjects with mucosal invasive pathcgens (rotavirus and

. enteropathogemc Escherichia coli) compared with chil- .
" dren excreting Vibrio clwlera and enterolox1gemc E. coli.

excretion were significantly influenced by zinc supple-
mentation in children with E. coli, Shigella sp., and
Campylabacter jejuni stool isolates. The greatest reduc-
tion in total lactulose excretion was seen in supplemented
children who on préesentation were lighter (wt/age <80%),
thinner (wt/ht <85%), and undernourished [middle uppér -
arm circumference (MUAC) <12.5 cm) or with hypozin-
cacmia {<14 pmol/L). The results suggest zine supple-
mentation improves. intestinal permeability in certain
groups of children with AD ot PD syndrome and contrib-
utes to their recovery. This effect may indirectly refiect
enhanced mucosal recovery. Further studies on 'the
mechanisms of mucosal repair following zinc supplemen-
tation are recommended. Key Words: Zinc—Intestinal
permeability—Acute diarrhoea—Persistent diarrhoea-—
Laclulosc—Manmlol—Bang[adesh

Diarrhoea is one of the most common causes of

morbidity and mortality of children in the develop- -

ing world (1), and in Bangladesh occurs on the av-

erage at the rate of two to three attacks per child per-

year (2,3). Eight to 20% of ucute episodes continue

and are then cl;assiﬁcd as persistent diarrhoea (PD)
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(>14 days) (4). Childhood malnulrltlon especially -

- stunting and thinness, may predlspose td further at-

tacks of diarrhoea (5-8). PD may then imhpair nutri-
tional.status, creating a vicious cycle of dlarrhoea ‘
and malnutrition (1,9). -

" The mechanisms by which. dxarrhoeal pathogens _
initiate disease are well described. Subtotal villous -

) atrophy has in part been considered as a determi-
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nant of the chronicity of PD syndrome (PDS) (10).
Mucosal damage interferes with nutrient absotp-
tion, may cause loss of fluids and nutrients, and
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may alter the chiid’s abpetite, Some cﬁildren appear

to be unable to repair the intestinal mucosa and - - '
" of <75% wt/age of the (NCHS) standard. Recovery

have significant histological abnormalities in mu-
cosal morphology (11). Intestinal permeability has
been validated as a useful proxy indicator of mu-
‘cosal damage in children with diarrhoea by small
bowe! biopsy studies (12=14). Small intestinal mor-
phology may be significantly altered in malnutrition
(15,16). Increased intestinal permeability during
acute and pers:stent diarrhoea has been described
in studies from the developing and the developed
countries (12,13,17-19). The use of ratios of probe
markers as indicators of mucosal damage has been
accepted as an indirect technique for monitoring in-
testinal mucosal changes (18). This allows the im-
pact of micronutrient supplcments on intestinal
morphology and function to be studied indirectly.
Significant clinical improvements of diarrhoea in
patients with acrodermatitis enteropathica (AE) fol-
lowing treatment with zinc (20} promipted studies on
the interrelation of zinc to intestinal mucosal turn-
over and function. Ultrastructural changes in mu-
cosal morphology of zinc-deficient animals (21,22)
have been recorded that respond rapidly to replace-
ment therapy, entiancing enterocyte regeneration
and repair of the ultrastructural abnormalities seen

in AE patients (23): In the zinc- -deficient animal

~ model, zin¢ supplcmentatlon increases enterocyte
size and epitheleal growth and improves abrormal-
ities of the intracellular tight junction (24-27). The

clinical impact of zinc supplement was studied in’
two double-blind randomised supplementation
studies against placebo in Bangladeshi children pre-

senting with acute diarrhoea (AD) and PD. The

zin¢ supplementation altered serial measurements
of intestinal permeablllty to lactulose and mannitol

and the association between microbial pathogens

isolated in faeces and intestinal permeability.

- MATERIALS AND METHODS
Clinical Definition

Any,child between 3 and 24 months presenting to
the International Centre for Diarrhoeal Disease Re-
search, Bangiadesh, (ICDDRB) with diarrhoea was
recruited in a double-blind fashion by block ran-
domisation to either the PD cohort, where diar-
rhoea had lasted for >14 days, or to the AD cohort,

. ~ aims of the study included determining whether

for acute watery diarrhoea of <3-day duration. The
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" AD cohort was further divided into well nourished

children of >75% wt/age and malnourished children

from illness was defined as passage of a semiformed
or normal stool in an afebrile child accepting food.
The controlled clinical trials of zinc supplemen- -
tation were conducted on 111 children presenting to
ICDDRB with AD and 190 children with PD. De-
hydration was corrected within 4 h after admission. -
All patients received daily a multivitamin syrup (vi-
tamin A 3,000 1U, D 600 1U, B, 1.2 mg, B¢ 0.6 mg,
riboflavin 2.0 mg, nicotinamide 6.0 mg, and calcium
p-pantothenate 6.0 mg in 5 mi) in three divided
doses. In each study, half of all participants were
blindly assigned to receive. the above syrup incor-
porating zinc acetate providing 15 mg/kg wt/day
zinc acetate (3.9 mg elemental Zn mg/kg/day) as a
daily dose for the following 14 days. The taste of the
two preparations was comparable. The dose supple-
ment was selected to réplenish and replace Zn
losses during diarrhoéa but not disturb other body
trace elements including copper and selenium. The
study was approved by ethical committees of the
ICCDRB and of the London School of Hygiene and
Tropical Medicine. Dietary management of PDS
children was standardised on a chicken-based diet
containing zinc (2.2 mg/L), while the AD cohort

- received a diet of milk and cereal comammg 1.4mg

of zinc per liter.

Permeability Teéts

 Intestinal pcrmeablhty was asbessed usmg the di-
saccharide probe lactulose and the monosaccharide
mannitol. A freshly prepared solution with 7.5 ml of
Duphalac {Duphar Laboralones) containing 5 g of
lactulose and 1 g mannitol was made up 1o 20 m!
with 19 chloroform waler. Mothers were super-
vised as they fed the solution to the baby. Fluid
intake, especially ‘breast-feeding, was encouraged
for the next 5 h. The perineum was cleaned and
dried, and an adhesive paediatric urine collection
bag containing a drop of 20% (vol/vol) chlorohexi-
dine gluconate to prevent bacterial degradatlon of
the probes was attached. A complete urine collec-

-tion over the next 5-h period was madc. Whenever

urine was obtained, the bag was replaced to reduce
spillage; complete collection was obtained in alt
cases. All urine collections for permeability tests
were observed by hospital staff. The permeability
test was performed on the day of admission (day 1},
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after | week (day 8), and at the end of multivitamin
supplementation (day 15). Aliquots of urine were
collected and stored at —70°C for analysis as a
batch. Urinary lactulose and mannitol were anal-
ysed using an automated enzyme assay (28,29). Re-
covery of urinary sugars was estimated as percent-
age of the initial dose and expressed as a ratio of
lactulose to mannitol (L/M). Ten subjects from the
PD cohort did not have paired samples, so data pre-
sented are for 180 subjects with serial investiga-
tions. The percentages of subjects tested on day 15
were in the AD cohort 70% placebo and 68% sup-
plemented and in the PD cohort 75% placebo and
78% supplemented. Serum zinc was analysed from
samples collected in a standardised fashion after re-
hydration on an Atomic Absorption Spectropho-
tometer (Pye Unicam SP9), while serum vitamin A
was estimated using an HPLC technique (Waters

510). Baseline samples were collected after rehy-

dration and before any supplement was adminis-
tered, Microbiological studies were performed ac-
cording to the WHO manual (30) including a rota-
virus enzymeé-linked immunosorbent assay test (31)
and stool microscopy for helminths and protozoa.
Children were weighed unclothed on admission, af-
ter full rehydration, and then every morning be-
tween 9 a.m. and 10 a.m. using a weighing scale
with a sensitivity of 20 g (Toledo). Their supine
lengths were measured with a locally made stan-
dardised length board with a sensitivity of I mm on
admission and every week after their discharge.
Mid-upper arm circumference was taken at the
midpoint of the hanging left arm by TALC (Teach-
ing Aids at Low Cost) tape, with a sensitivity of 2
mm, on admission and weekly thereafter. All an-
thropometric instruments were checked and cali-
brated daily. The weight and hmght were compared
with the NCHS standards.

Statistical Methods

The code for the zinc recipients was broken after
analysis. The lactulose and mannitol results were
log-transformed before statistical analysis, tested
using a Student lest, and the anti-log expressed as
the geometric méan with 95% confidence interval.
Analysis on untransformed data of the change in
excretion of markers was undertaken using the

- Mann-Whitney U test, testing for differences be-

tween groups. Paired f test was used to examine the
change over time of anthropometric, biochemical,

and permeability data. Analysis of variance was
used on stratified or subgroups of data. Statistical
significance was accepted at thc 5% probability
level.

. RESULTS

The anthropometric, biochemical, and clinical
characteristics of the children at admission are
shown in Table 1. Placebo and zinc groups exam-
ined after rehydration after admission had compa-
_rable anthropometric and biochemical markers in
both AD and PD studies. The children presenting
with AD were older and more malnourished in com-
parison with children presenting with PD. Mean se-
rum zinc levels on-entry to the studies were at the
lower end of the normal range (12-20 pmol/L.) and
vitamin A levels were well below the internationally
accepted normal range (>20 ng/dl).

Clinical Response

Figure 1 shows the pattern of urinary excretion of
lactulose, mannitol, and the IL/M from the day of
admission in children with AD and PD and com-
pares the results with those obtained in well-

» TABLE 1. Cohon description of placebo and zinc-supplemented groups (means * SD). :
|

‘ -

Acute diarrhoea

"Persistent diarrhoea

Placebo Zinc Placebo Zinc

(n = 54} (n =359 ~{n = %0} (n =i 90)
Wi/age % median 67 =6 67T, 712 70 £ 11,
Hit/age % median 92 >3 91 +3 94+ 4 94 £ 5
WUHt % median 81 =7 826 82 = 10 §3+8
MUAC (cm) | 11.5+1 3+1 1161 11.6 £ 1
Age (mos) 11 -4 11x4 %3] 8+3
Diarrhoea (days) - 27207 C2Rx10 210 4 =11
Serum Za (pmol/L) 123+ 4 1s5+3 13.2%5 13.4+5
Serum vitamin A (pg/dl) 14 +74 I5+74 21,9+ 129 233+ 124

MUAC, middte upper arm circumference.

J Pedinir Ga:rmenr?ro‘I Nutr, Vol. 15, No. 3, {992
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FIG. 1. The mean = SEM of 5-h urinary lactutose, mannitol,
and the ratio of lactulose and mannital {L:M] in all-children
with persistent (PD) and acute (AD)-diarrhoea at presentation’
and a control group of 53 children asymplomatlc when
tested.

'nourished Bangladeshi children (>80% we’igmfage)-

(mean age 8.2 = 3.8 months, n = 53; male/female =
30/23). At presentation no differences in probe
markers between the two study groups were noted,
but levels of all markers were different from those
in the healthy control subjects who had a lower
mean lactulose (0.35 + 2.9%) 5-h excretion, giving a
significantly lower L/M of 0.13 to the diarrhoea
study groups. When grouped according to en-

teropathogens isolated from the stool, 33% of AD
patients and 45% of PDS patients had no pathogens
isolated. Permeability was significantly different be- -
tween groups stratified by enteric isolates (Table 2),
with the highest factulose excretion and L/M found -
in patients where no pathogens, rotavirus, or en-
{eropathogenic Escherichia coli were identified. A
similar pattern was also seen in the AD study,
where a higher pathogen isolation rate was ob-
tained. The lactulose and L/M values were nearly
half those found in children with invasive - patho--
gens. No significant differences |in excretion of
mannitol were seen in the groups excretmg different
fecal pathogens.

In the AD study, the total 5-h Iaétulose excretion
at 2 weeks had decreased mgmﬁcantly, but only in

- the supplemented children (Table 3), while mannitol

excretion progressively and significantly increased
in both groups. Significant reductions in L/M oc-
curred in both groups by the first week, remaining -
until day 15. The change was attributable mainly to
the two to threefold increase in total mannitol ex-
cretion.

In the PD'study, the significant reduction in lac-
tulose eéxcretion observed at day 7 (Table 3) in the
supplemented children was lost by day 15-when the
two groups had similar lactulose excretion. Manni-

TABLE 2. Imestmai permeabmry in pa!rems grouped by stool pathogen isolates at admission (geometric nean with
95% confidence interval)

Lactulose Mannitol Lactulose/mannitol
Pathogen - (% dose) (% dose) _ ratio
Acute diarrhoea : ‘
Rotavirus (n = 50) - ' 0.55° 0.91 : 0.70° -
) : {0.48-0.87) (0.66-1.21) {0.53-0.92}
--..EPEC (n = 15) 0.63° 1.49 0.457
T (0.33-1.08) {0.93-2.10) (0.28-0.72)
Unidenlified (n = 68) - 0.70" 1.30 0.5
o (0.55-0.88) (1.1-1.55) (0.39-0.63)
. Cholera + ETEC (n = 12) 0.27 1.10 . 0.24
’ (0.17-0.40) (0.70-1.67) (0.10-0.27)
' Shr'geHa + C.jejuni {n = 15) .24 L1 0.15 .
g (0.12-0.48) (1.0-2.55) (0.10-0.27)
Pers:stcnt dlarrhoea . :
Rotavirns (n = 10} . 0.60 0.91 ) 0.70
‘ . (0.33-1.10) 0.72-1.67 . (0.31-1.16)
EPEC (n = 31) T 0.50 - . 1.00 0.49
! . : ‘ (0.34-0.58) (0.71-1.42) : 0.29-0.80)
Unidentified (n = 76) - 0.46 . 1.23 0.37
i ‘ {0.24-0.65) (0.82-1.94) . © {0.28-0.48)
ETEC (n = 23) 2 0.48 1.26 0.28
(0).24-0.63) (0.82-1.54) ) (0.18-0.43)
Controls (n = 53) 0.34 2.67 . 0.03
o (0.26-0.300 (2.6-3.50) (0.1-0.16)

4 p < 0.05 by analysis of variance of rotavirus enteropathogenlc E. coti {EPEC) and umdennf“ ed against enterotoxigenic E. coli

(ETEC) and Shigella + C. jejuni.

7 Pediatr Gasiroenterol Nutr, Vol. 15, No. 3, 1902
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© TABLE 3. Change of intestinal permeability in
diarrhoea patients (geometric mean with 95%
confidence interval)

Day 1 Day 8 Day 15
Acute diarrhoea ’
Lactulose .
’ . Placebo (n = 34) 0.46 : 0.36 0.36
\ (0.35-0.60) (0.29-0.44) (0.27-047)
! Zing {n = 15) 0.48 0.35 0.28°
v ) {0.36-0.57) (0.28-0.43y (0.23-0.34)
Mannitol
. Placebo {n = 38) 0.96 1.90° 2.84°
(0.80-1.15) - (1.54-2.34) (2.35-3.43)
“ Zinc(n = 37) 1.2i 1.93* 2.20°
. 0.99-1 47) (1.50-2.48) (1.79-2.7)
Lactulose/mannitol ‘ '
- Placebo (n = 34) 0.50 - 0187 0.1
. (0.38=0.66)  (0.14-0.23)  (0.10-0.18).
Zinc (n = 35) 0.41 C 019 0.13°
{0.33-0.51)  {0.140.26)  (0.10-0.16)
Persistent diarrhoea ) '
Lactulose - . .
“Placebo {(n = 72) 0.42 - 033 0.42
{0.33-0.53)  (0.26-0:42)  (0.33-0.54)
Zinc (n = 79) 0.46 0.25¢ 0.4]
: ‘ : (0.35-0.59)  (0.19-0.33)  {0.32-0.52)
Mannito!l -
Placebo {(n = 71} 1.21 2.40° 2.96%
{0.97-1.49) (2.00-2.85) (2.50-3.40)
Zinc(n = 74) 1.13 2.00° 2.40°
(1.93-1.49)  (£.67-2.40) ~ (1.90-2.90)
Lactulose/mannitol
Placebo (n = 71) 0.35 0,14 0.15°
0.26-0.46) (0.10-0.18) {0.12-0.19
2Zinc (n = 74) 0.39 0.13¢ 0.18°
(0.19-0.85)  (0.09-0.17)  (0.14-0.23)

2 p < 0,05 by analysis of variance, day 1 to day Bfday 15.

tol excretion showed a similar progressive increase

(p < 0.05) as seen in the AD study. The most no- .

ticeable reduction of total lactulose excretion was
seen in supplemented children betweenday 1and 7,
in'whom no stool pathogens were recovered or
- where enteropathogenic E. coli or.Shigella sp. was
" isolated. A reduction in lactulose excretion was also
. noted in the placebo group excreting enterotokigen—
" ic E. coli (Table 4).

In children with PDS who weré <80% wt/age
(30% of the cohort) or <85% wt/ht (37.9% of the
cohort), had MUAC of <12.5 cm (76.3% of the co-
hort), or had zinc levels at presentation of <14
pmol/L (36.8% of the cohort), supplementation was
associated w1th significant reduction (p < 0.5) in
total ]actulose excretlon by the first week.

DISCUSSION

Measurements of intestinal permeability have
been used as a proxy indicator of intestinal damage

in children with diarrhoea and (18,19) Crohn’s and

coeliac disease (32). The excretion of lactulose and

mannitol has been validated in children with diar-

rhoca and malautrition and correlates with abuor-

malities of small intestinal morphology (12,33).

Children with AD and PDS in the present study had

significantly higher lactulose and lower mannitol

excretion compared with healthy Bangladeshi con-

trols, a finding consistent with other controlled

studies of permeability during diarrhoea (13,18).

The L/M values were lower than those described in

Gambian children with diarrhoea or U.K. children

studied with small intestinal pathology {0.40 vs. 1.3

and 1.16) (12,13). The osmolarity of oral dosing so- .
lution and concentration of probes are recognised

as having a considerable effect on probe kinetics

and absorption; therefore, as different dosing solu-

tion recipes have been used in the other studies,

comparisons of ratios are invalid. Thirty-three per-

cent of AD children and 43% of PD children in our

study had no identified stool pathogens; yet, their

urinary lactulose and L/M were significantly higher

than in children with noninvasive organisms in their

stool. This suggests the presence of mucosal dam-

age. .

Morc detailed virological studies may have high-
lighted the presence of other pathogens such as ad-
enovirus in the ‘‘negative’” group. Children from
both studics excreting rotavirus and enteropatho-
genic E. coli had higher urinary lactulose excretion
than children excreting enterotoxigenic E. coli
(ETEC) or V. cholera at admission. This difference
suggests that different organisms, depending on
theit mode of pathology, have a differing impact on

. enterocyte function. Zinc supplement appeared to

have its greatest impact in both studies, as reflected
by lactulose excretion, in those children excreting
enteropathogenic E. coli or in children in whom no
pathogens were isolated from stool. Zinc supple-
mentation appeared to reduce lactulose excretion
within the first week in PD and by the second week
in the AD group. A consistent fall in lactulose ex-
cretion was noted in the supplemented AD group
{observed only in the first week of the PD group)
over 2 weeks of observation. This did not occur in
the placebo group. i

There was in both studies no difference in man-
nitol excretion between the pathogen gropps. Man-
nitol absorption is thought to reflect the available
mucosal surface area, which may not be function-
ally altered during an episode of diarrhoea. Nutri-
tional status of all groups was similar although, sur-

J Pediatr Gastraenterol Nutr, Vol. 15, No. 3, 1992
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TABLE 4. fmpdct of zinc supplementation on 5-h lactulose excretion (% oral dose) by enteropathogen (geometric
' mearn and 95% confidence interval]

Placebo Zinc
Pathogen n Day 1 Day R n Dayl - Day 8
Persistent diarrhoea *
Unidentified 3 0.40 0.39 1 039 | 0.2°
(0.29-0.55) (0.27-0.55) {0.27-0.56) 0.12-0.31)
EPEC 13 0.41 030 1 0.57 ! 0.20°
: C(0.21-0.78) (0.15-0.59) (0.30-1.09] {0.10-0.38)
Rotavirus ‘ ) 7 0.64 0.30 5 0.54 ' T 040
(0.34-1.21) (0.11-0.80) ’ (0.07-0.55) {0.17-1.06
ETEC T3 041 . 0.217 11 038 030
: (0.24-0.69) 0.14-0,32) (0.16-0.8) 0.15-0.86)
Shigella and C. jejuni 6 0.14 0.57 3 T 0.69 0.140°
(0.06-0.30) (0.41-0.79) (0.25-1.89) (0.07-0.26)
Acute diarthoea ) f
Unidentified 16 0.60 . 0.45 18 0.7 0.34°
. (0.36-0.98) - (0.38-0.64) (0.45-1.08) {0.22-0.39)
EPEC 2 0.55 0.5 -2 0.24 0.08¢
(0.24-2.9) (0.33-0.74} (0.30-1.09 {0.10-0.38)
Rotavirus 6 0.63 0.21 12 0.35 0.30 -
: : : (0.30-1.19) (0.10-0.36) (0.19-9.63) (0.17-0.53)
ETEC 2 0.10 0.21 4 0.3 0.43
. (0.08-0.11) (0.05-0.74) {0.20-0.44) - (0.15-0.18)
Shigeila and C. jejuni 6 0.67 060 - -_— —
' - (0.28-1.26) (0.43-0.80)

2 p < 0.05 by analysis of variance, day 1 vs. day 8/day 15.

prisingly, children with AD had a greater weight/age
deficit at presentation than did the children with
PD; they were, however, on average 3 months
older. Malnutrition alone increased the L/M in
Gambian children (13); therefore, the higher L/M in
the AD group may be rationalised by the group’s
lower nutritional status and higher prevalence of
rotavirus diarrhoca. No attempt was made to assess
biochemical zinc status in the groups as it was felt
that current laboratory methods for estimating body

- zinc status were not adequately sensitive. The sup-

plemented group was considered to have received
enough zinc by supplement to separate them into
zinc-replete and zinc-deficient groups. Children
with diarrhoea have been reported to have transient
depression of serum zinc levels during diarrhoea
(34-37). The impact of zinc supplementation on mu-
cosal cell integrity, especially on the *‘tight” junc-
tion, may be one explanation of the apparent im-
provement of the barrier function (decreased lactu-
lose excretion) of the mucosa. In experimental
studies:of severe zinc deficiency (4 pg Zn/kg diet),
histological observations have revealed abnormal
cell membranes, disruption of desmosomes, in-

“creased paracellular space, reduced ribosomes,

and degenerate mitochondria (24). Following a 48-h
zinc supplementation, repair of many intracellular

J Pediatr Gastroentero! Nutr, Yol. 15, No. 1, 1992

ultrastructures occurred with increases in size of
the enterocytes and repair of intercellular tight junc- -
tions. Simultaneous improvements in water and so- .
dium absorption were also noted.
An unexpected rise of lactulose excretion in the
second week in children with PD was not easily
explained, but may have been subsequent to dietary
changes following hospital discharge preceding the
15-day test. The fall in'L/M was inversely related to
changing pattern of mannitol excretion, and the pat-
tern of increasing mannitol absorption with time
was similar in both zinc and placebo groups. The
rapid increase in urinary mannito! with recovery
from diarrhoea has been reported previously
.(12,19). The improvement in -mannitol excretion
may relate to reduced small intestinal transit-time,
improved function, or regeneration of mucosal sur-
face area.
The most profound reduction of lactulose excre-
" tion was observed in the severely malnourished
children and those with low serum zinc levels at
presentation who received zinc supplement. Hith-
erto it has not been clear whether zinc status and
abrnormal mucosal function are interrelated, but the
impact of a zinc supplement on improving mucosal
permeation of lactulose in malnourished children
and those excreting enteropathogenic organisms
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suggests an important role for zinc in mucosal re-
generation and enhancement of mucosal function.
In summary, the study shows that during diar-
rhoea, children excreting ‘‘mucosal invasive patho-
gens” had a higher mucosal permeability than chil-
dren excreting noninvasive organisms. Significant
lowering of lactulose excretion after a 2-week zinc
supplementation was observed in malnourished
children or children presenting with low serum zinc
and in children with PD excreting enteroinvasive

. organisms. This suggests a useful role for zinc in

debilitated children with diarrhoea associated with
certain enteric pathogens. Further studies are rec-
ommended 1o examine the exact mechanism of ac-
tion of zinc on intestinal permeability and the rela-
tion of permeability to the mucosal lesion in differ-
ent types of diarrhoea and in chlldren with varied
nutritional status.
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