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SECTIN I - RESEARCE PROTOZOL

1. Title: A study of the impact of zinc therapy on
intestinal permeability in malnourished
Bangladeshi children with acute and
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study between ICDDR,B and Dept. of Human

Nutrition, LSHTM, London, UK)

2. Principal Investigator: br. S.K. Roy
Collaborative Investigator: Dr. A.M. Tomkins, Dr. R.H. Behrens
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Consultant: Dr. A.M. Molla
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5. Total cost: ' Us . 84,408
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Pathogenesis-Therapy Working Group
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ABSTRACT SUMMARY

Children with acute or persistent diarrhoea who are moderately or
severely malnourished will be studied at the International Centre for
Diarrhoeal Disease Research-Bangladesh (ICDDR,B). Microbioclogical studies
will seek to identify organisms capable of producing mucosal damage or
stimulating intestinal secretion. Intestinal permeability will be assessed
by measurement of sugars in 2 5 hour urinary collection after an oral dose
of lactulose/mannitol (L/M). Nutritional status will be assessed by bio-
chemical and anthropometric measurements after rehydration.

Children will be randomly allocated to clinical groups in order to
receive a zinc supplemented vitamin syrup or non supplemented syrup (control)
in addition to oral rehydration and nutritional advice. The duration and
severity of diarrhoea and the rate of change in intestinal permeability will
be assessed by regular interviews and repeated L/M tests in order to assess
the impact of zinc therapy on intestinal function and growth of malnourished

children with acute or persistent diarrhoea.

REVIEWS:

a. Ethical Review Comnmittee:

bh. Research Review Committee:

c. Director:




SECTION II - RESEARCH PLAN

INTRCDUCTICON

Objectives:

a. To assess the association between diarrhoeal pathogens, altered
intestinal permeability and morbidity among malnourished Bangladeshi
children with acute and persistent diarrhoea.

b. To investigate the impact of zinc supplements on the rate of improvement

of intestinal permeability and severity of diarrhoea in these childrer.

Background

Diarrhoea is a major problem among children with protein energy
mainutrition (PEM). Not only is the duration of symptoms prolonged in
children with moderate and severe PEM compared with infection in better
nourished children but fluid and electrolyte losses are greater,

The increased severity of diarrhoea in PEM has been attributed to the
effect of protein and energy deficiency on the intestinal mucosa but other
nutrient deficiencies may also be relevant. . Clinical studies in children
with severe PEM show the importance of a coexisting zinc deficiency (.
Experimental studies have emphasised the various effects of zinc deficiency
an enterocytes - degenerative changes in mitochondria, ébnormal desmosome
system and increased lateral space between enterocytes - as wéll as decreased
levels of mucosal enzymes and villus atrophy (2). These changes probably
account for the diarrhoeca and altered rates of intestinal secretion of
water and electrolytes when the small intestines of zinc deficient rats

are perfused 'in vivo'. Furthermore, the rates of secretion of water and



electreolytes in response to perfusion with cholera toxin are particularly
increased if the animals are zinc deficient. These changes are rapidly
reversed by the addition of zinc to the diet for 48 hours (3). Our
hypothesis therefore is that inchildren with moderate or severe PEM who
develop acute diarrhoea or persistent diarrhoea, zinc deficiency is an
important factor influencing the severity and duration of symptoms.

Recent microbiological studies of children with acute diarrhoea (AD)
at ICDDR,B have demonstrated a series of pathogens capable of damaging the

intestinal mucosa such as Rotavirus, Giardia lamblia, Cryptosporidium,

entercinvasive, E. coli (EPEC), Shigella and Campylobacter. Thre are also

several pathogens which stimulate secxetion of fluid by means of entero-

toxins such as Vibric cholerae and enterotoxin producing E. coli (ETEC) (4).

bPersistent diarrhoea (PD) develops through one or more of a variety
of mechanisms including persistent intestinal colonisation by entero-
pathogens, prolonged mucosal damage associated with food intolerance and
déla?ed mucosal recovery due to malnutrition., The mucosal lesions in PD
including villus atrophy and decreased brush border enzymes tend to improve
with intensive nutritional rehabilitation, the inference being that nutrient
replacement is responsible (5).

However there have been major problems in assessing the mucosal response
in children. Sequential assessment of mucosal structure (by examination of
biopsy samples) or function (by intubation and perfusion studies) are not
feasible on ethical and practical grounds. However a technique for assess-
ment of intestinal permeability in which measurement of urinary sugars were
expressed as a ratio, after an oral dose of lactulose {a large dissacharide
probe nét normally absorbed) and (mannitol a small probe molecule modestly

absorbed), has proved acceptable and reproducible method of measuring



intestinal integrity in studies from The Gambia (6;. This technigue
allows measurement of mucosal damage by a non invasive investigation.
Correlations between mucosal morphology from biopsy and urinary L/M
ratios in both Gambian children with persistent diarrhea with PEM (6) and
in children in UK with acﬁte diarrhoea {7), have been used to validate the
methed. The L/M ratio appears to be sensitive enough to differentiate
between infants with normal mucosa and those infected with a pathogen
causing mucosal damage i.e., Rotavirus (8). To date there has been no
evaluation of the tests efficacy in differentiating between diarrhoea due
to mucosal disruptive pathogens or symptoms due to the action of entero-
toxins in which the mucosal morphology is relatively preserved.

Current management of AD emphasies the efficiency of oral rehydration
therapy (ORT) in replacing fluid and electrolytes for excessive fluid loss.
However because the intestinal losses may be significant and duration of
symptoms may be longer in the malnourished, we propose that the administra-
tion of zinc in addition to CORT couid be valuable.

Current management of PD is unsatisfactory despite a variety of
antimicrobial and nutritional regimes. This may relfect the heterogenecity
of causes and risk factors; the proportion of cases in which a common
pathogen is isolated is small theough similar organisms to those found in

acute diarrhoea may be isolated.

Role of zinc in cell membrane

v

Tt has been suggested that zinc has profound effect on stabilization
of plasma membrane (9). Serotinin (5-CH Tfyptamine) is thought to be an
intestinal secretagogue which is inhibited by zinc (10) affecting the cell

membrane. Adenosine triphosphates {(ATPase} and phospholipase A2 are '



inhibited by zinc which may explain immobilization of energy dependantc
activity of plasma membrane or increased integrity of the membrane structure.
zinc inhibits calcium ATPase of red cell membrane which serves as calcium
pump for the cell. The probable mechanism was explained that zinc competes
with calcium and therby inhibit the effect of calcium which controls the
intracellular microtubules and microfilaments responsible for the mobility
of microorganelles, transport of granules to the membrane as well as the
excitability of plasma membrane itself (11).

Abnormalities of zinc metabolism associated with defective transport
of Scdi;m has been reported {12), Addition of zinc improved sodim trans-
port in leukocytes of children recovering from malnutrition. Despite of
high energy and protein supplementation, intracellular sodium and potassium
did not retumn to normal levels which only returned at physiological level
with zinc therapy (13). Sodium transport in uremic cells could be improved
by the addition of zinc (14). 2inc has been shown to modify membrane
permeability to sodium into dog red blood cells (15}. Zinc deficlency

was associated with impaired sodium reabsorption in renal tubules (16).

Continued diarrhoeal discrder in zinc deficiency

The most high-lighted human zinc deficiency syndrome associated with
diarrhoea, growth retardation, and skin lesion 1s acrodemmatitis entero-
and
pathica (AE) /was confirmed in 1974 by E.J. Moynehan (17). Diarrhcea is
reversible with zinc supplementation with improvement of other symptoms
without delay. 2inc deficiency in AE led inwvestigators to consider the

structural. changes of intestinal mucosa that might be responsible for

altered absorption or increased ultrafiltration into the gut.



Mainutrition in children is associated with zinc deficiency in
~ _ . (18).
Bangladesh as has been recently documented; About 50 per cent of severely
malnourished children presented with diarrhoes and serum zinc level was
significantly lower in those children comparecd to those without diarrhoes.
W propose that the addition of zinc may be important in achieving
improved rates of recovery of mucosal structure and propose to investigate

this in a coliaborative study between the ICDDR,B and the Department of

Human Nutrition, LSHTM.

RATIONALE

Malnutrition is most often complicated with infections and metabelic
derangements of which diarrhoea is predominant in developing countries.
In the Gambia, infantile diarrhoea was investigated in relation to intesti-
nal permeability. The findings suggest that there is 2 significant change
in permeability in acute diarrhoea, the changes are more severe in infants
with diarrhoea longer than 14 days; on therapy in hospital, the permeability
defect im?roves. Tﬁe data aiso éhows a significant correlation between

(19).

weight velocity and gut permeability/ Of the subjects suffering from
chrouic diarrnoea a great majority are malnourished. Excess loss of endoge-
nous zinc occurs in prolonged diarrhoea, when malnourished children are
zinc deficient. Mucosal permeability is altered in malputrition in rats,
causing higher absorption of macromolecules and foreigﬁ proteins, with higher
amount of water and electrolyte loss from the experimental intestinal segments
(20). This finding is partly confirmed in The Gambian infants, who, had a
moderate increase in gut permeability when malnourished with no diarrhoeal

disease (19).



The role of zinc on membrane stabilization angé repair of mucosal
insury is known but it is not known whether zinc could improve permeability
of intestinal mucosa sufficient enough for reduction of severity and
Suration of diarrhosa in the malnourished children who suffer from protracted
diarrhoesa.

The study examines the potential recle of zinc in improving membrane
permeability in intestinal mucosa to help development in management of

chronic diarrhoea with malnutrition.

SPECIFIC AIMS:

1. To investigate the impact of zinc supplementation orn the rate of
improvement of intestinal permeability in acute and persistent diarrhoea
among malnourished children.

2. To relate the association between altered intestinal permeability
and morbidity due to diarrhoeal pathogens in the children.

3. To document possible reduction in duratien of diarrhoea, stocl volume
and freguency of stool in acute or chronic diarrhoea by zinc
supplementation.

4. To document the effect of zinc supplementation on diarrhoeal morbidity

during the follow up period.



METHODS COF PROCEDURE:

Children suffering from (1) A.D. (2) P.D. who attend the cutpatients
department of the ICDDR,B will be eligible for the study. Acute diarrhoea
is defined as diarrhceé for less than 3 days. Persistent diarrhoea is
defined as diarrhoea lasting for more than 14 days during which there.is not
more than 3 days without symptcms. The diagnosis of the presence of diérrtoea
will be made according to the history given by parent/guardian as previous
studies in this community indicate a very close correlation hetween report-

ing of diarrhoea and abnormalities on macroscopical examination of stools.

Criteria for selection of children for the study will include:

a. Age range - 3 months to 24 months

b. Sex - Male/fenmale

c. Nutritional status - Weight/age <75% (assessed using a local events
calendar and comparing with NCHS standards)or the presence of nutritional
oe dema

d. Agreement by parent /guardian for child to enter study and to bring
child for follow up and receive home visits

2 number of measurements will be made:

a. A detailed elinical history, physical examination and socio-economic
interview - to assess dietary practice (especially weaning and source/
hygiene of sclid foods)

b. Nutritional assessment - weight, height, mid arm circumference, skinfold
thickness

c. Blood - plasma zinq, vitamin A, albumin, electrolytes, serum alpha 1=
antitrypsin, serum ferritin

d. Mucosal permeability test - measurement of urinary excrétion after oral

dose of L/M
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e. tool microbiology - culture for Shigella, Salmonelia, V. cholerae,

E. coli, (ETEC and EPEC), Campylobacter, Rotavirus, Clostridium

defficile

microscopical examination for parasites especially Giardia lamblia

and Cryptosporidium

f. Assessment of morbidity - a diarrhoeal history will be obtained by

trained fieldworkers

Protocol for acute diarrheoea

Ninety children will be admitted to this part of the study and
randomised such that half receive a water soluble vitamin syrup mix of
riboflavine, thiamine and ascorbate (but not folic acid) to be taken three
times per day. These will act as the control group. The other half will
receive the same interim mix to which has been added zinc acetate solution

to provide 100 mmol zinc/kg body welght /day.

Clincal Groups

When the results of the microbiological studies are available it will
be possible to allccate fhe children to one of three groups. ‘The number
in parenthesis indicate the expected numbers from results of recent studies
of children with acute diarrhoea at ICDLR, B,

Group 1. Mucosal damaging pathogen isolated (n=40)

This group will involve those with Rotavirus, Campylobaéter, Giardia lamblia,

EPEC.
Group 2. Enterotoxin producing pathogen isolate (n=30)

This group will include those with ETEC or Vibrio cholerae.

Group 3. No pathogen isolated (n=20)
Clinical examination and sample collection (L/M test Plasma Zinc, Intestinal
Microbiology) will be done under the supervision of the project clinician at

ICDDR,B. Parents/guardians will receive payment for transport to bring their



children to the clinic. The role of the fieldworker will be to follow
children to their home after the test on day 1 and re-visit on day 3, day 9,
and day 13 to remind them to came to ICDDR,B the fellowing day for an examina-
tion by the project physician and a further L/M test if diarrhoeal symptoms
persist.

parents will be recalled with child for a contrxol examination and L/M
test when the child has been asymptomatic for at least 7 days.

Each parent/guardian will be instructed in the use of oral rehydration
therapy (either rice-water oral rehydration solution or'electrolytes/salt
packets according to the regime in use at ICDDR,B at the time). They will
also receive nutritional advice on the importance of continued feeding

during and after recovery from diarrhea.

Protocol for persistent diarrhoea

A total of 100 children will be admitted to the study (including some
from the AD cohort} and yandomised such that half receive the vitamin syrup
only and half receive the zinc supplemented syrup as described in the protocol
for acute diarrhoea.

Children will be visited at home on days 6 and 13 to remind parents to
return to ICDDR,B on the following day for clinical assessment and repeat
L/M test (i.e., 1 and 2 weeks following admission to project). The chiléren
will then be followed at monthly intervals if symptoms p;rsist for up to
three months. Parents will be recalled with child for a control examination

when the child has been asymptomatic for at least 7 days.

Clinical Groups

When the results of the microbiological studies are available, it will

be possible to allocate the children to one of three clinical groups. There



is inadeguate data on the microbiological findings in children with PD at
ICDDR, B but extrapolating from studies in Bakau, Gambia, we anticipate a
smaller proportion in which pathogens can be identified.

Group 4. Mucosal damaging pathogens isolated (n=20)

This group will include those with Rotavirus, Campylobactor, Giardia lamblia

and EPEC.
Group 5. Enterotoxin producing pathogens isolated {n=15)

This will include those with ETEC or Vibrio cholerae.

Group 6. No pathogen iscolated (n=65)
Investigations will be performed at ICDDR,B and at home as in the children
with AD. Particular attention will be paid towards promoting the use of

oral rehydration and appropriate dletary intake.

Indications for treatment

Children with AD are nearly all treated with ORT alone though if the
clinical eondition merits it, certain antibiotics may be prescribed such as
Trimethoprim for severe shigellosis. The present treatment for PD is unsatis-
factory - antibiotics rarely produce consistent improvement and efforts at
improving dietary intake seem most effective. However there may be indications

for specific antimicrobial therapy.

Analysis of data

Data (clinical, nutritiocnal, microbiological, intestinal permeability,
morbidity) will be entered on the Microcomputer to be based at ICDDR,B. This
will enable the production of crosstabulations for analysis of the considerable

number of data sets.
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Administration of permeabiliitv test

Where required, under supervision of the clinician, infants will be

given (preferably by the mother) a freshly prepared drink containing

5g lactulose with 0.5g lactose (7.5ml Duphalac, Duphar Ltd., Southampton,
UK) and lg mannitol in 2éml 1% chloroform water. Breast feeding and fluid
intake will be encouraged during the test. Urine samples will be collected
for 5 hours into adhesive Uribags (Downs Ltd., Londen, UK). One dreop of

20%V/V chlorhexidine gluconate added to each urine collectieon., Urine

volumes will be measured and recorded. Aliguots (5ml} will be taken and

stored at -acc®. Lactulose and lactose can be measured using an automated
¢..Zyme assay System described previously (21). Mannitol can be assayed by
using a similar assay based con the oxidation of the sugar by mannitol dehy-

drogenase preparsd from leuconosto mesenteroides as descriped by Yamanakal(l

SIGIFICANCE

Zinc supplementation would provide informaticn which will help our
‘mderstanding 2f the exact nacuare of improvemnnt in memorane permeablility
involved in diarrhoceal state. Data of nutritional indices, diarrhoeal
pathogens and altered diarrhoeal morbidity in supplemented and concrol
groups would be available for evaluation of sugplementation benefic. [l
grazent gap in «now.edge sbourn 2iterad intestinal permeability due to
diarrnceal pathogens in acute and persistent diarrhoea will be reduced.
e stoiy will pe acie to Jevelop new knowledge in cthis Zield and may

indlcar

fu
r
[i1]
N
n

zinc supplementation in acute and persistenc diarrhoea 33 3 7

deve lcoment.
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COLIABORATIVE ARBANGEMENTS

Collapcrative arrangements will be made between ICDDK,® and Drs. E.M. Tonklne

anG Ron Behrens of London School of Hygiene anc Tropical Medicine,

(niversity of London) who have done related indepth study and are

arrlicantsicr the grant Ior tie prozosed study to  the Welicome Trust
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Crhalaren will bs included 3n-I4m, in <his s5Tu8y because they are

the group of high risk with malnutrition and diarrhoea.

There is nc risk to the subijects for this study rather home £ollow-up
and extensive investigations would helr the p:-ients. The rermeability

measurement 1s a proven safe rrogedure.

Tnere is no potential risk from the stud rather some benefits mavy bs
¥

seen curing zinc therapy and close-rapperting.

Dataz will be kept under lock and key and will not bhe available to

others.

Home follow-time maybe one hour at best - with 15 minutes interview,

Patients will be under special care angd monizToring. The assessment

of nutritional status will help tc take measures.

The research patients will have their own records. Venous blocd (7al)

urine and feaces will be reguired for investigations.
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Personnel Services

2. DETAILED BUDGET (For 2 vears’

Project regulircn-nt

Name. Position % of effort (in US Dollar)
Dr. S.K. Roy Pr.Investigator 50% 6,450
Dr. A.N. Alam Jo-Investigator 10% 2,290
Lr. A.M. Tomkins Collzborative Investigator - -
Dr. Ron Behrens " " - -
Dr. A.M. Molla Consultant - -
Health worker (3) 100% 9,060

Sub Total : 17,800
Supplies and Materials
Medical supply - - 1,100
Salter infant scale (25 kg x .1lg) @ 45 x 3 - 135
Bardenden Skinfold callipers € 75 x 2 - 300
Length Board @ 60 x 3 - 180
Aucomatic pipettes @ 135 x 4 - 560
Caliculator @ 50 x 2 100
Microcomputer (CIPROCC TANDY 1200 with supplies) or 3,500

(Olivetti Desk Top. M24 with supplies)

Sub Total : 5,775
Interdepartmental cost:
Lab costs Cost/test (§) No. of test
C.B.C. 1.8C 240 432
Serum electrolytes 2.72 120 326
Trace element 2.00 240 4B0O
Alk. phosphat ase 2.60 240 625
Stool ME 3.00 240 720
Stoocl €/S 7.00 240 1,680
Stool RV 3.30 120 396
Serum albumin 1.81 240 460
Lactulose /Mannitol 5.0 360 1,600
Campylobactor 8.00 150 1,200
Cl. defficile 8.00 150 1,200
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A, Detailed Budget continued

Patient hospitalization : 500 Taka per dav
Patient transportation

Transport

Hestel accommcdation {for collaborators)
Printing, Reporduction,

Stationery & Secretcarial service

Biochemistry (LSHTM)

Internaticnal Air-rfare
Intermational Air-freight

Insurance

Sub Total

Subh Total

8,500
1,440
3,6G0
3,000
4,600

31,758

4,200

2,900
1,250
4,900

Lad
W)

(o))
i

Uss

b
Wl

-

O =
~Il

L9}

Uss

84,408



ra
jea

B. SUMMARY BUDGET

Project requirement
(US Dollars)

Cescription

{n

alaries Iccal
Supplies & Matrerials
Interdepartmental cost
LSHTM Biochemisury

Inferxnaticnal Transcor:

Overhead 21%

Grand Total

17,300
5,775
31,758
4,200
4,900
64,433
19,375

84,40¢
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nternaticnal Centre for Diarrhoeal Disease for Research, Bangladesh

CONSENT FCRM {Impact of
. zinc therapy}

(Statement will be read out clearly and will ke explained to the legal
- n

3
guardian when ccnsent is obtained)

ICDDR,3 is carrving out research to improve management of malnutrition

and diarrhcea in cnila.en. For this purpose your child will receive

séditicnal vitamins aminerals along with standard treatment for diarvhess=.

This research will help ustounderstand more of the problem and tneredy

develop better care for the children in risk. If you put your child in
t

the study the penefit may help yocur child and the rest of the soclety.

if you decide to participate in the study, you may follow the following

procedures.

.

your child will receive best care possible on our part.

2. You may need to stay 5 hours minimum/or a period reguirea for complete
recovery.

3. To understand the illness better ané to assess the benifit of the
treatment 7 ml of venous blood, stcol &urine will be collected
for investigatioms.

4. The child will be allowed to drink a small amount of suger solution (30mli.
5. we shall fe=d the child adequately during study period.

6. The femaie health worker will visit your family at subsejuent pericd.

7

. %e shall like you to bring yoir child for periodical measurement of
improvement of health and nutritional status.

8. vYou will have full rights to withdraw your child from the study at any
time yet he/she will receive all necessary ctreatment.

Siqnature <¢f the Investig:tor iznatuyre /Tl Ligo . 30000

e
Izzzl zuardlian

AR YA
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- B B ez
}Fo-.ents No.o: Father's nang:
Ase: _ Sex: . Occupation:
hddress: Income /ronthly:
Scuarcs 2 din -
Duraticn Characier Yezuen oy
1. Diarrhoea:
2. Others: a)
b)
c) _
3. Past illness:
{Diarrhoea)
%, Dietary practice: Yes No  Stopped Duraticr reguincey  Amncunt
v B
Breastmiik !
i .
Adeguate | |
: ¢
Formula milk i
1
]
Cows' milk ;
Goats' milk
Barley
Rice powder
Dal
Vegetable
Egg/fish/meat
Rice
5. Immunization: Measles BEG peT

6. Age of the 2nd youngest child:

7. Mother's FP /




PHEYSICAL EXAMINATIONS:

10-

.11,

1z2.

13.

14.

15.

16,

17.

TOT TP ERERTETICE TTOT T TR

Date:

Age: 2 W 3. BHt.: 4. MAT S¥FT-
MK : 6. Kwashiorkor:
Marasmus
Year Month Week
QOedema leg: Duration: /
Skin change: Duration: /
Hair change: Duration: /
Eye:
Ear infection: Rt. Lt. Both No
Tonsils:
Dehydration: No Mild Mod Severe

Liver palpable:

Iungs:

HT

Others:

Others:




CINT SUPPLEMENTRETICN

APPENDIX IIl

{INVESTIGATIONS)

Date:

Patient No.:

1. Blcococd -

2. Stool - Protoxoa/Parasites

M/E -

Organism -

3. L/M test -

4. Others




