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PROJECT SUMMARY

Background and Objectives: Better management of dysentery caused by Sijligellg spp.
necessitates search for effective and safe alternative adjuvant therapy. A b_a515 exists to
consider dietary sources rich in amylase-resistant starch (ARS) fiber as a poj[entlal t_herape.utl'c
regimen because of its beneficial effects on intestine, particularly colon, since shigellosis is
predominantly a colonic disease. Dietary fibers including ARS havc—:: be(?n foupd to be
effective in many types of gastrointestinal disorders, however, their role in sh1g§11051s has r}Ot
been investigated. Green banana is a potential source of ARS and short-chain fatty acm_ls
(SCFA:acetate, propionate, butyrate) genecrated by fermentation by anaerobic (:.oi'olnlc
bacteria. SCFA have colonotrophic, anti inflammatory as well as antimicrobial activities.
Two recent studies at ICDDR,B by one of our authors (Rabbani et al, 98, 99) documented the
beneficial effects of SCFA and green banana in the treatment of experimental shigellosis in
rabbits and in children with persistent diarrhoea respectively. Green banana is also
inexpensive, culturally acceptable and accessible in many countries including Bangladesh.
We, therefore, propose a double-blind, controlled clinical trial with the primary objective to
evaluate the therapeutic efficacy of green banana in the management of children with
shigellosis.

Methods: Two hundred twenty children aged 6-59 months with Shigelia dysentery of <48
hours duration will be hospitalized for 6 days in a study ward at ICDDR,B. Routine clinical
care will be provided. All children will receive syrup pivmecillinum 60 mg/kg/day in four
equal divided doses for five days. They will be randomized to either green banana-
supplemented (n=110) or the standard diet group (n=110). For children in banana group,
green banana will be cooked, peeled and pulp blended using a standard kitchen blender, and
200g of the pulp (wet weight) will be mixed with a milk-based diet (total volume will be 1L)
and given by mouth. The amount of banana pulp to be provided is the same amount we have
previously used with good results and without any side effects in children with persistent
diarrhea. A detailed clinical history will be obtained, and a thorough physical examination
including anthropometry will be performed. Vital signs will be recorded every 8 hours.
During baseline observation and entire study period, the volume, frequency and type of stool,
vomit, presence of straining at stools, rectal prolapse, body temperature, urine output, food
and ORS intake, and requirement of unscheduled intravenous fluid will be obtained and
compared between the groups. Breast feeding will be allowed and the amount will be
recorded by test weighing. Main outcome variables e.g. clinical cure rate and bacteriologic
cure rate according to pre-set criteria will be compared between the groups. Stool samples
will be collected daily and stored at - 20°C until assay, and concentration of various SCFA
wil! be determined by standard methods. No invasive procedures are planned as part of the
study protocol. Informed written consents will be taken from the parents/guardians.

Rationale: If the study demonstrates efficacy of green banana as an adjunct in the

management of shigellosis, it would simplify the treatment of shigellosis by using a locally
available, culturally acceptable, cheap food material. This treatment can also be introduced as
a home-treatment in the community.
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HYPOTHESIS

We hypothesize that SCFA formed in the colon by the anaerobig fermentation of. uqabsorbgd
amylase-resistant starch (ARS) from ingested green banana will improve dysenteric illness in
children caused by infection due to Shigella spp.

SPECIFIC AIMS AND OBJECTIVES

e Evaluate the therapeutic efficacy of cooked green banana in improving clinical and
bacteriologic features of acute shigellosis by specifically assessing changes in stool
characteristics and frequency and fecal excretion of Shigellae (clinical cure and
bacteriologic cure according to pre-set criteria) in children population.

e To show that the therapeutic effects of green banana is mediated by the production of
colonic SCFA.

BACKGROUND OF THE PROJECT INCLUDING PRELIMINARY OBSERVATIONS

Shigellosis remains a major cause of childhood morbidity and mortality in many developing
countries including Bangladesh (1-3). Published reports reflect that at least 140 million cases of
shigellosis, and almost 600,000 deaths due to shigellosis occurs worldwide annually among under 5
children, primarily in developing countries (4). It is estimated that approximately 3.8 million
diarrhea related deaths that occurs worldwide in children annually (exclusive of China), 0.5 million
are attributable to shigellosis (5). In the Matlab field study area of ICDDR,B approximately two
thirds of all diarrhea related deaths are caused by dysentery (2). Based upon studies in other parts
of Bangladesh (1), it is likely that more than half of these children with dysentery are infected with
Shigella spp. Although malnourished population are more prone to this bacteria, it also induces
malnutrition particularly in children. It causes anorexia and catabolism. The magnitude of protein
loss in shigellosis is much higher than in acute watery diarrheas, and an adult may lose up to 500
ml of serum in stoo! in a day during severe shigellosis (6-8). In children of developing countries,
who are already in a marginal nutritional status, this loss of serum protein 1s detrimental. The risk
of death increase in sepsis, and in patients with severe protein energy malnutrition. Treatment of
children with shigellosis with an effective antimicrobial agent is known to shorten both the duration
of illness as well as the duration of fecal excretion of the pathogen (9). It is also likely that early
treatment may prevent deaths (10), and complications, such as toxic colitis, hemolytic-uremic
syndrome (11), and sepsis (12), occur late in the course of the illness.

Effective treatment of shigellosis has been complicated by the recent emergence of multiresistant
strains (13-15). These strains are resistant to ampicillin, co-trimoxazole and nalidixic acid, which
until recently had been the drugs of choice for treating shigellosis (9). In-vitro resistance to
pivmecillinum (selexid) has been only occasionally encountered (105 of 2005 Shigellae isolates at
ICDDR,B: J Albert, personal communication), and the drug is used for management of
multiresistant Shigellae infections, irrespective of age of patients without any notable side effect, at
hospitals of ICDDR,B and other places of Bangladesh. It is likely that, as with the other -lactam
agents, resistance will also develop to this agent with its wider use. Thus, there is a pressing need to
find additional effective antimicrobial as well as adjuvant therapies for shigellosis.



During the last decade, the beneficial role of ARS in the management of a vgnety .of
gastrointestinal disorders has been the subject of increased interest. Many types of fibers 1nclpd1ng
wheat bran, oat bran, cellulose, guar gum, ispaghula and pectin have been shown to be US@ﬁ:ll in Fhe
symptomatic control through a variety of mechanisms in inflammatory bowel diseases, dlver51qn
colitis, diabetes mellitus, and gall stone disease (16,17). It has been postulated that the therapeutic
effects of fibers in certain diseases are mediated by the effect of SCFA produced in the colqn.
SCFA (mainly acetate, propionate, and butyrate), are generated in the colon by bacterial
fermentation, especially by anaerobic organisms, of dietary fibers, polysaccharides, and sugars that
escape absorption in the small bowel. SCFA are the major anions in the human colon, present at
concentrations of 50-70 mmol/kg for acetate, 20-25 mmol/kg for propionate, and 18-26 mmol/kg
for butyrate (18). Acetate, propionate, and butyrate account for approximately 95% of colonic
SCFA contents and butyrate provides 60% to 70% of the colonocytes energy needs (19, 20). They
play a significant role in the overall regulation of colonic function including fluid and electrolytes
transport, protein-synthesis, and they also have antibacterial actions (21, 22).

Inhibition of SCFA-stimulated Na*-H" exchange and SCFA absorption contribute to the diarrheal
fluid loses observed in acute colitis, and may reduce colonocyte energy supply (23). Recent
evidence suggest that SCFA contribute to maintaining the health and integrity of the colonic
epithelium (20). Daily perfusion of SCFA for two weeks through the defunctionalized colon in
patients with diversion colitis resulted in clinical and endoscopic remission (24). SCFA increase
colonic mucosal blood flow and mucous secretion, and particularly through butyrate controlling
colonocyte growth and differentiation (25). Scheppach et al. also reported the direct colonotrophic
effect of SCFA (26). The mechanism for locally-mediated colonotrophism is probably
multifactorial, and may include increase in visceral blood flow (27-29), aerobic oxidation of SCFA
for energy (30), increased production of enterotrophic hormones (31), and stimulation of the enteric
nervous system (32). SCFA reduce the severity of diversion colitis and distal ulcerative colitis in
humans (25, 33, 34). Butyrate and other SCFA have a marked effect on crypt cell proliferation in
patients with active ulcerative colitis (35).

Preliminary observations from ICDDR,B

In a placebo controlled, metabolic balance study done in ICDDR,B, 62 children with persistent
diarrhea inctuding shigellosis were randomly given cooked green banana (n=22) or pectin (n=19)
or a placebo (n=21) daily for 7 days. Both banana and pectin were found clinically useful in the
dietary management of persistent diarrhea in children, and no unpleasant effects were observed.
[Rabbani et al. Beneficial effects of pectin and raw banana in the dietary management of persistent
diarrhea in children. Digestive Disease Week' 1998 (Abstract)]. See P8.

In another study at ICDDR,B, the same group (36: Rabbani et al) demonstrated that SCFA have
therapeutic properties in the treatment of Shigella colitis in animals. In this animal model acute
colitis was induced in adult rabbits by intracolonic administration of Shigella flexneri 2a. After 24
h, rabbits were given 6-h colonic infusions of SCFA (acetate, propionate, n-butyrate; 60:30:40 mA)
or SCFA-free solution (control). Rabbits were kiiled in
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( Fig I and fig 2,Rabbani et al. Benéficial effects of pectin_ﬂnd raw
banana in the dietary management of persistent diarriea tn.children)

batches of 2 or 3 animals at 24, 48, 72, and 96 h after treatment for histologic and bacteriologic
assessment. SCFA significantly reduced fecal blood and mucus and improved clinical symptoms.
Histologically, SCFA significantly (p<.01) reduced mucosal congestion, cellular infiltration, and
necrotic changes. SCFA significantly (p<.01) reduced the number of Shigellae in the colon. These
effects were not observed in the conirol animals. Effects of SCFA on histologic improvement of
colitis, its antibacterial and bactericidal effects are shown in annexure 1, 2 and 3 respectively. It
was suggested that SCFA may be useful agents in improving clinicopathologic features of
shigellosis and should be clinically evaluated (36).

Composition of green, unripe banana

Green banana (Musa paraidisiaca sapientum) has been analysed by modern methods and found to
have the following chemical composition (Faisant 95): (g/kg): protein 38, dietary fiber 92
{corresponding to cell materials) and total a-glucans 770, including oligosaccharides 60 (free
glucose 47 plus oligosaccharides of DP 2 to 12, 13) and ‘insoluble’ starch 710. Thus, 30g banana
flour contained 23.1 g o-glucans of which 1.8 g were oligosaccharides (including 1.4 g glucose)
and 21.3 g ‘insoluble’ starch (Faisant 95).



Rationale for the use of green banana

Green banana is a potential source of ARS and SCFA (Faisant 95). ARS reduces frequency.of
diarrheic stools (37). Studies observed that absorption of calcium, magnesium, copper and zinc
utilization remains unchanged (38, 39).

Green banana has been reported to have a protective effect against acute aspirin-induced gastric
mucosal injury in rats (41). Banana powder has also been demonstrated to protect against aspirin,
indomethacin, phenylbutazone, prednisolone, and histamine induced ulcer in guinea pigs (42).
Beneficial effects of dried banana powder on patients with non-ulcer dyspepsia and peptic ulcer
have been reported (43, 44). It has been hypothesized that bananas enhance mucosal resistance and
promote healing of ulcers due to the presence of water-soluble polysaccharides (e.g. pectin) in
green bananas and surface-active phospholipids in ripe sweet bananas (44). Approximately 75% of
resistant starch (45) of banana origin, i.e. starch that escapes digestion in the human small
intestine, undergoes fermentation in the colon (46). Anaerobic breakdown of these starch yields
SCFA, CO, H, (methane production minimal) and cnergy. In addition to ARS, bananas also
contain phospholipids and other ingredients which have the potential to directly affect the
physiology and biochemical functions of humans and animals. Green banana has been used as an
antidiarrheal agent in many traditional communities of Asia and Africa. It 15 speculated that the
mechanism of action of banana is related to its high content of ARS and fiber (47).

In summary, we believe that there is convincing evidence proving a rationale to study green banana
as a potential inexpensive, safe, culturally acceptable, and accessible therapeutic agent in children
with invasive diarrhea, particularly shigellosis. We, therefore, propose the current study to evaluate
the role of green banana in the management of Skigella dysentery in children.

Significance

The study will address two important issues. First, whether cooked green banana improves the
clinical outcome in children with acute shigellosis. Second, we shall get some information on the
levels of fecal SCFA (baseline) as well as effect of green banana supplementation on fecal SCFA in
the course of acute shigellosis in children. If the study demonstrates significant effect of green
banana, this could be a major development in the field of child survival. Green banana could then
be used in the treatment of shigellosis, both at hospital and community settings.
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RESEARCH DESIGN AND METHODS
Study design and sample size: Double-blind study

This study will be a double-blind, controlled clinical trial involving 220 children, both
boys and girls, aged 6 - 59 months with Shigella dysentery who will be hospitalized for
6 days in a research ward of Dhaka Hospital of ICDDR,B. All children will receive
syrup pivmecillinum 60 mg/kg per day in four equal divided doses, for five days. They
will be randomly assigned to either milk-suji supplemented with green banana (test
diet) (p=110) or the milk-suji alone (control diet) without any supplementation

(n=110). In a recent study, Salam et al. (48) found 65% clinical cure rate with

pivmecillinum in shigeilosis in children population. The sample size estimation is based
on an assumption that addition of green banana will result in 85% improvement (30%
specific) in the treatment groups at a 5% significant level with 80% power and
assuming a drop out rate of ~56%. Actually we have to recruit 140 evaluable children
(70 in each group). Additional 80 (56%) children (40 in each group) will be recruited to
compensate for drop-outs, non-compliance and incomplete study. All the children will
be selected from the outpatient department of Dhaka Hospital of ICDDR B.

The sample size is calculated using the following statistical formula.

P;(100-P,) + P5(100-P;) x o

(Py —Py)”

where: P, = 65% (observed clinical cure rate in std treatment)
P> = 85% (expected clinical cure rate in study (experimental) treatment)
o = 0.05 (level of significance)
B = 80% (statistical power)

Selection criteria

1. Age: 6 - 59 months.
Both boys and girls will be included.
Stool characteristics: Frankly bloody or bloody mucoid on inspection.

Duration of dysentery: < 48 hours.

A g

Optional symptoms: Fever, abd pain, anorexia, dehydration, vomiting,

Exclusion criteria

1. Failure to obtain parental consent.

2. Prior treatment with an antimicrobial and/ or antidiarrhoeal agent (loperamide,
metronidazole).

3. Demonstration of erythrophagocytic trophozoite of Entamoeba histolytica or cyst
of Giardia,

4. Severe malnutrition (weight for age < 60% of NCHS median), and/or presence of
nutritional edema.

Jo



5.  Presence of any associated condition such as: pneumonia, sepsis, meningitis, severe
dyselectrolytemia, hemolytic uremic syndrome, renal failure and toxic megacolon.

6.  Failure to isolate any Shigella spp. from admission fecal/rectal swab culture.

Informed consent

Written, voluntary informed consent will be required from the parents or legal guardian of
the patients before the child is admitted into the study.

Randomization

Patients will be assigned a study number upon enrollment into the study W{;
starting the banana therapy. Such study numbers will be assigned consecutively, @ study diet
will have been randomly pre assigned to each study number using a computer generated table of

random numbers.
Clinical management

On admission, a clinical history and physical examination will be completed to assure that each
patient fulfils the entry criteria of the study. Information obtained on admission will also be used to
compare the treatment groups as baseline. The history and physical examination will include the
followings:

Patients’ identification, age, gender, date and time of admission, study random number.

b.  Description and duration of symptoms prior to admission including stool character, amount
and frequency of vomiting, abdominal pain, straining, fever, change of appetite etc.

¢.  Treatment provided prior to admission including ORS, intravenous fluid and drugs.

d.  Physical examination to assess hydration status, nutritional status, and abnormal physical
findings.

The children will be placed on a "cholera cot' to facilitate quantitative collection of stool and urine.
Urine will be collected separately from stool by using Pediatric Urine Collection (PUC) bags. All
stool will be collected and frequency will be recorded by the attending mother and staff nurses.
Patient status, body weight, weight of the stool and urine and physical characteristics of the stool
will be assessed and recorded by well experienced staff nurses. A physician will evaluate the
patients on each day, to specially assess the severity of a set of defined clinical symptoms. All
intake-output and vital signs will be recorded in eight hourly schedule. Patients will be hospitalized
for six days following initiation of study diets. Initial and subsequent dehydration if any, will be
corrected using ORS or intravenous cholera saline as appropriate. Each child will receive syrup
pivimecillinum 60 mg/kg per day in four equal divided doses for five days. Pivmecillinum resistant
cases (resistant to pivmecillinum in this hospital in last year was ~5%) will receive alternate
sensitive drug (e.g. ciprofloxacin).

11



Laboratory Procedures

1. On admission
Stool microscopy for erythrocytes, pus cells and parasites. Stool/rectal swab cultures for
isolation and identification of Shigella spp. Salmonella spp. and V. cholerae.
Complete blood count (routine test).

2. After 72 hours (study day 3)

Stool /rectal swab culture for Shigella spp. and microscopic examination of stool,

3.  After 120 hours (study day 5)

Stool/rectal swab culture for Shigella spp. and microscopic examination of stool.

4. From admission to day-6, all stool passed cach day will be saved, homogenized, and its
volume recorded; an aliquot of 50 mL from this sample will be stored at -20°C with added
magnesium chloride as a bactericidal agent to prevent fermentation during storage, this
sample will be subsequently analyzed for SCFA.

5. Other tests like serum electrolytes, creatinine, blood culture, urine analysis etc. will be
performed if and when clinically indicated.

[No additional blood will be drawn or any invasive procedure will be done specially for this

study].

Study diets and double-blinding

Children will be fed milk suji (a standard milk based diet of this hospital), and for older children
additional meals of steamed rice, chicken, potato, refined white bread and eggs. Breast-fed child
will be allowed to take breast milk but each time there will be test weighing to calculate the amount
of breast milk ingested by the child. During the study known amounts of food will be given with
their known calorie contents. Since the plant fibers of many vegetables normally consumed by the
patients may confound the effects of the dietary intervention, the children will not be given
vegetable containing food, particularly currics containing leafy vegetables during the study period,
the diets will be standardized according to fiber content (apart from interventions of green banana)
as well as the proportion of carbohydrate, fat, and protein.

Green banana (Musa sapientum) will be procured locally and stored in the kitchen refrizerator. The
fruits will be boiled, peeled, and the pulp blended using a standard kitchen blender, 200 g of banana
pulp (wet weight) will be mixed with milk-suji (total volume 1000 mL) and will be offered freely
to children (target 20 to 30g banana /kg body weight/day). For older children, over 2 years of age
who usually take lesser amount of milk-suji, additional amount of banana pulp ( to meet 20 to 30
g/kg/d) will be given in the form of ‘chop’ (fried banana pulp) made by banana pulp and mild
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spices. For the purpose of double-blinding, chop will be made of banana or potato by adding an
inert food colour (cocoa dust), so that the chops can not be distinguished by their appearances. The
amount of banana pulp to be provided is the same amount we have previously used with good
results and without any side effects in studies in children with persistent diarrhea (Rabbani et al.
1998). The approximate macronutrient composition of banana is carbohydrate 17.8 g, protein 1.2 g,
and fat 0.1 g with an energy value of 75 kcal per 100 g (analyzed from ICDDR,B Nutrition
Laboratory). The control group of children will receive the same diet but without supplemental
banana. The older children (more than 2 years old) in this group will receive same amount of chop
(as green banana group) made only with potato without any banana. The dietitian will prepare the
diets and will keep the blind codes of the diets without any knowledge of the investigators and
nursing personnel.

COMPOSITION OF DIFFERENT DIETS*

Ingredients/per 1000 ml Milk Sujif Banana diet
(Control diet)

Full cream milk powder (g) 40 40
Rice powder (g) 40 5
Sugar (g) 25 25
Oil (Soya) (g) 25 25
Magnesium chloride (g) 0.5 0.5
Potassium chloride (g) 1 I
Calcium (g) 2 2
Green banana pulp (g) 0 200
Energy-keal /100 ml 67 67
Protein g /100 ml 1.4 1.4
Protein energy ratio 8% 8%
Fat energy ratio 47% 47%

* Plus water as required to make it 1000 mL
!Standard milk based diet for patients 6 - 60 months old, in Dhaka hospital of ICDDR,B

Fecal short chain fatty acids

All stools will be collected daily for 6 days and their volume recorded. An aliquot of 50 mL of
homogenized stool will be stored for SCFA assay. Specimen will be stored at - 20°C until analysis.
Magnesium chloride (MgCl,) will be added to the stool sample as a bactericidal agent to prevent
fermentation during storage (23).The following SCFA will be determined by gas chromatography:
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acetate, propionate, butyrate, valerate, and isovalerate. Briefly, homogenate of 2 - 10 gram of fecal
sample will be prepared by the vacuum-distillation method described by Zijlstra et al. and modified
by Treem et al. (49,50).The distillate is subsequently analyzed by gas liquid chromatography using
a gas chromatograph (Hewlett-Packard (HP) Model 5890, Palo Alto, CA, USA) attached to an
integrator (HP 3396 series II). Different concentrations of SCFA are prepared by using acetate,
propionate, butyrate, valerate, and caproate, which are utilized as internal standards. All
determinations of fecal SCFA will be run in friplicate and the mean expressed as the final value.
Fecal SCFA concentrations will be determined using HPLC either at the ICDDR,B laboratory or at
the Christian Medical College, Vellore.

The possibility of determining SCFA concentrations in fecal specimens using HPLC at the
ICDDR,B Nutritional Biochemistry Laboratory is currently being explored. It has been suggested
that if we can buy a SCFA-specific column, it can be done here. In view of this the cost of a HPLC
column has been included in the budget.

Evaluation of outcome (outcome variables)

A. Primary response variables:
Clinical cure
Bacteriologic cure
B. Secondary response variables:
e Stool frequency: Daily, and total stool frequency
e Stool characteristics: Time to last watery, and first formed stools, and last bloody-
mucoid and mucus in stools.
e Fever: Time to last fever (rectal temp >38°C)
» Straining/tenesmus: Presence of straining/tenesmus on every study day, and time to
last straining/tenesmus
¢ Number of WBCs and RBCs in stool microscopic examination after 72 and 120 hours
¢ Number of cases with negative culture for Shigella spp. after 72 and 120 hours

e Adverse events: Abdominal distention etc. (if any).

Definitions

Bacteriologic cure: Bacteriologic cure will be defined if Shigella are not isolated after study day 3,
with subsequent stool samples remaining culture negative for Shigella.

Clinical cure: This will be judged on the basis of patient's status on study day 5. Patients having
the following features will be considered to have clinical cure, and those having "Slight-
improvement", or "Failure" will be considered to have clinical failure. Grading the responses into

the above mentioned categories will be done as follows:
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Clinical cure:

1. No frank bloody mucoid stool and

———

£

One or zero watery stool and

< 6 stool and

Ll

Afebrile (no rectal temperature >38°C, or no more than one measurement of 38°C)

Slight improvement:

1. One or zero bloody mucoid stool

2. 3 or less number watery stools

3. 9 or less number total stools

4. Afebrile (no rectal temperature measurement >38°C, or no more than one measurement of

38°C).

Failure:

1. More than 1 bloody mucoid stool, or

2. More than 3 watery stools, or

3. More than 9 total stools, or

4. Febrile ( rectal temperature > 38°C, or more than one measurement of 38°C)

Study Medical Officer, Principal and/or other Investigators will assess and evaluate the above
features/grading who will remain blinded about the type of the given diet.

Management of treatment failure and complications
Patients who will fail to respond by five days treatment, or develop complication will be transferred
to General Ward or Special Care Unit of this hospital or other hospitals as necessary for clinical
management.

Organization of the trial

Patients will be selected from the outpatient department of Dhaka Hospital of ICDDR,B, and will
be admitted to the study ward if they fulfill the admission criteria. The Research Physician with the
assistance of Principal and/or other investigators will take care of the patients for clinical
management. The research data will be recorded in coded forms and will be preserved securely
after completion of the study. Patients will be admitted in the study from 8:30 am to 5 pm.

DATA ANALYSIS

SPSS windows version 7 program will be used. Clinical cure rate, bacteriologic cure rate and other
secondary outcome variables e.g. frequency and type of stool, presence/absence of fever, straining,
rectal prolapse, etc. will be compared by chi-square test or Fisher's exact test if indicated. Means of
stool volume, fluid and calorie intake, intravenous fluid/ ORS requirement between two groups will
be compared by Student's t-test or Mann-Whitney U test. A p value < (.05 will be considered
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significant. Depending on the type of distribution of data, we will also apply Poissons’s curve
analysis, Rank Sum test (non-parametric) and Kaplan-Meiyer survival analysis.

Dropout patients (after randomization and before completion of the study) will also be included in
analysis, and the data of those patients as long as they will maintain the protocolized management

will be analyzed.

FACILITIES AVAILABLE

Site: The Research Ward of the Dhaka Hospital of ICDDR,B will be used for hospitalization of the
study patients. The facility is being used for similar clinical studies for decades.

Study population: The Dhaka Hospital provides treatment to over 120,000 diarrheal patients each
year, about 70% of whom are <5 years of age. Cholera and Shigella dysentery are endemic in
Bangladesh, and this hospital is well known as the hospital for treatment for diarrhea and dysentery
in and around Dhaka city (capital of Bangladesh) where many of the patients do come with
shigellosis each year; study subjects will be selected from these patients’ population.

Laboratory facilities: The Clinical Laboratory Services and Nutrition Biochemistry Laboratory of
the Laboratory Sciences Division of ICDDR, B will be used for all study related laboratory
investigations (test), including hematology, bacteriology, clinical chemistry, and other pathological
tests that may be necessary. These laboratories are competent enough and regularly used for all
study protocols.

Standard kitchen facility: The hospital has excellent kitchen facilities and qualified nutritionists,
they use to serve different types of diet as required both for the general- and study patients.

ETHICAL ASSURANCE FOR PROTECTION OF HUMAN RIGHTS

This study will be done on children, aged 6 -59 months. Half of them will be provided with a diet
supplemented with boiled green banana which is a constituent of normal food. The potential for
adverse effects is very low, but would include mild abdominal distention. No invasive clinical
procedures are planned as part of the study protocol. The clinical record of each patient will be kept
confidential, and the final report will be published without reference to the identify of the
individual.

As study patients are usually more closely monitored than the other inpatient children, a high
degree of clinical care will be ensured. Normal hospital guidelines will be strictly adhered to with
regard to the management of the Shigella patients. Finally, informed parental consent will be
obtained prior to recruitment of each subject.
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C V OF DR. MD. IQBAL HOSSAIN (PRINCIPAL INVESTIGATOR)

Educational Qualifications:

Examination | Institute Board/University Year Division/Class

a) | D.C.H. | Bangladesh Institute of Child Health, 1990 3" position
(Dhaka University)
Dhaka, Bangladesh

b) | M.B.B.S. | Rajshahi Medical College, May, 1985 Regular
(Rajshahi University)
Rajshahi, Bangladesh

c) [ H.S.C. Sirajganj College, Rajshahi, 1979 First
Bangladesh.

d) | S.S.C. Gnanadyini High School, Rajshahi, 1977 First
Bangladesh

Experience:

D=

1

Served as Medical Officer at Sirajganj Children Hospital (MCHC Centre) from 1.8.1986 to

o — 31.3.1991
. MServed as Junior Consultant and Chief Physician at Sirajganj Children Hospital (MCHC

e

Centre) from 1.4.1991 to 30.4.1993.

Served as Medical Officer in ICDDR,B from 6.5.1993 to 30.4.1999.

1

o

8

@ < Has been serving as Assistant Scientist in ICDDR,B since 1.5.1999.
£

1.

[F ]
Hossain M1, Kabir AKMI, Khan WA and Fuchs GJ. Acinetobacter bacteraemia in patients

with diarrhoeal disease. Epidemiol Infect 1998;120:139-42.
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Indian Journal of Public Health 1999;43(1):37-41.

5. Teka T, Faruque ASG, Hossain MI and Fuchs GJ. Aeromonas-associated diarrhoea in
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CV OF DR. G. H. RABBANI, CO-PRINCIPAL INVESTIGATOR

Academic Qualifications

1966

1968

1974

1975

1980

1981

1989

1994

Secondary School Certificate Examination (SSC), (1st Division), Rajshahi Education Board,
Rajshahi, Bangladesh.

Higher Secondary Certificate Examination (HSC), (1st D1v1510n with distinction), Rajshahi
Education Board, Rajshahi, Bangladesh.

Bachelor of Arts (B.A.), Dhaka University, Bangladesh.

Bachelor of Medicine & Surgery (MB, BS), Dhaka Medical College, University of Dhaka,
Bangladesh.

Master of Science (M.Sc., with distinction) in Community Health in Developing Countries,
London School of Hygiene and Tropical Medicine, University of London, England.

Diploma in Public Health (D.P.H), Royal Tropical Institute of Public Health and Hygiene,
London, England.

Doctor of Medicine (MD) and Fellowship of the American College of Gastroenterology
(FACQG).

Ph.D from the University of Copenhagen, Denmark.

Professional Training and Experience

1975-76 Intemnship (House Job), Dhaka Medical College and Hospital, University of Dhaka,
Bangladesh.
1976-77 Lecturer in the Department of Medical Physiology and Biochemistry, Dhaka

Medical College, University of Dhaka, Bangladesh.

1977-78 Working experience on animal models of intestinal secretion with special

reference to inhibition of secretion using pharmacological agents. Department of
Medical Microbiology, University of Goteborg, Sweden.
(Reference: Professor Jan Holmgren MD).

1981-82 Clinical experience and virological studies at the Kenyatta Hospital, Nairobi,

1982
1983

1984

Kenya and Department of Microbiology, Free University of Brussels, Belgium.
(Reference: Professor George Zissis).

Certificate Course in Computer Programming, University of Engineering and
Technology, Dhaka, Bangladesh.

Certificate Course in Research Methodology of Clinical Trials in Diarrhoeal Diseases,
Organized by the World Health Organization, ICDDR,B Dhaka, Bangladesh.
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1988 Two years Fellowship in Pediatric Gastroenterology and Pediatric Gastroenterology
And Nutrition, International Institute of Infant Nutrition and Gastrointestinal Diseases,
State University of New York School of Medicine at Buffalo, New York, USA (Ref. Prof.
Emanuel Lebenthal).

1989 Post Doctoral Training: Research Associate in Gastroenterology (1-Year Faculty
Position), Yale University School of Medicine, Department of Internal Medicine,
New Haven, Connecticut (Ref. Prof. Henry Binder, MD).
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DISSEMINATION AND USE OF FINDING

The findings of the study will be disseminated as follows:

1. Presentation(s) at Scientific Forums, ICDDR,B for dissemination among scientists of the
Centre.

2. Presentation at the Annual Scientific Conference (ASCON) of ICDDR,B for dissemination
among scientists and health officials of the Govt. of Bangladesh and of the Non-Govt.
Organizations.

3. Presentation(s) at Regional and International Scientific Conferences.

4. Publication in peer-reviewed international medical journal.
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VOLUNTARY CONSENT FORM

The following information will be read out to parents or the legal guardians of patients in Bangla.

1. Your child is suffering from invasive diarrhea / dysentery which is probably due to infection with a
germ named Shigellae. Management of this disease requires the use of effective drugs. Unfortunately the
Shigellae germs have become resistant to most of the drugs once useful in its treatment. Therefore, we

are attempting to find effective adjuvant therapy.

2. In the present study we are evaluation the therapeutic effects of green banana in the management of
shigellosis in children.

3. Your child will be admitted into the hospital study ward for 6 days. During this period the child will be
given the standard treatment for the illness, which may include normal feed, ORS, iv fluid, and drugs
(e.g. syrup pivmecillinum 60 mg/kg body weight/day in four equal divided doses for 5 days).

4. Your child will be randomly assigned to any of the two different diet groups and there is equal chance
that the child will get green banana supplemented or the normal hospital diet, milk-based (milk suji) and
specially for the older children additional rice-chicken-based diet. As you may know that different
preparations of cooked green banana (curry, bharta, chop etc.) is normally eaten in this country. If your
child will assign to banana group he will be given a similar preparation of green cooked banana which
will be mixed with milk based diet and/or given in chop form (for older children) and fed freely during
the study period. The amount of cooked banana that will be given approximately half to one full banana
per child per day (~ 20 to 30g/kg body weight per day). We do not expect any unpleasant effects due to
feeding banana in children above the age of 5 months.

5. During the study, all stools, urine, and vomit will be collected and quantitated daily. Daily body weights
will be measured.

6. If you have your child admitted into the study, you will still possess the right to withdraw from the study
at any point in time. In that case, you wiil not be penalized anyway and your child will not be prevented
from getting standard care of the hospital.

7. All medical records of your child’s treatment will be kept confidential and will be published without
reference to the name and identity of the child. :

8. If you are confident that you have understood all these points and all your questions have been answered
to your satisfaction, and you wish to have your child admitted into the study, please indicate your
consent by signing your name or thumb printing in the space below.

Signature of the Investigator Signature of Parent/Guardian
Date: Date:
Patient's Name Adm# Date
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Budget

Project Title: Clinical evaluation of green banana {(amylase-resistant
starch) in the management of childhood shigellosis

P.l: M.lgbal Hossain,MBBS,DCH
Co-PI: G. H. Rabbani, MD, PhD
Duration: 2 years

Donor- USAID/W

Personnel

Dr. M. Igbal Hessain, Pl

Dr. G. H.Rabbani, Co-PI

Dr. Ali Miraj Khan,Co-Investigator
Mrs. Naseha Khatun, Co-Investigator
Dr.George J Fuchs, Consultant
Research Physician, MD

Research Assistant-1, MSc

Health Worker-3

Sub-total:

International Travel

(To disseminate study findings at Seminar/Conference)
Sub-total:

Supplies and materials:

Office stationery

Drugs

Materials for study i.e., {raw banana, fibre test kits,
stool/urine collection bags etc.)

Others

Sub-total:

Other Contractuals
Fax,phone,DHL,postage etc

Xerox & mimeography

Sub-total:

Interdepartmental Services

Laboratory cost (Stool M/E, C/S, CBC,
Electrolytes, etc.)

SCFA test in Stool, HPLC column etc.
Local transport

Patient hospitalization

Evaluable case (140 pt x 6 d x $ 25/d)
Absconded / drop out (22 pt x 3 d x $ 25/d)
Sub-total:

Capital Expenditure

Refrigerator

Computer, Printer, UPS etc.

Sub-total:

Total Direct Cost

Budget Justification:
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% effort

20

15

10

10

5

100

100

100

1st year
2,100
1,050
665
520

2,350
2,000
1,800

10,485

3000
3000

350
400
800

300
1,850
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100
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2850

4,000
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19,600
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2nd year
2,190
1,100
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550
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1,900

10,875
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3000
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400

100
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50
50
100

2,000

1,000
500

10,000
700
14,200

0
0

28,925
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4,290
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1,350
1,070

4,750
4,050
3,700

21,360

6,000
6000

400
600
1,200

400
2,600

150
150
300

4,850
5,000
1,300

21,000
1,650
33,800

600
3,000
3,600
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Budget Justification:

Personnel expenses: In this trial the PI and Co-PI will contribute 20% and 15% of their efforts
respectively. There will be one Co-investigator, dietitian, one medical officer, one research officer
and 3 hospital assistants. A total amount of $21,360 for 2 years have been allocated for all
personnel expenses according to the salary structure of ICDDR,B. We think this amount is
justified.

Patients’ Hospitalization: This is a major line item which would require $33,800 for hospital bed
and treatment including laboratory cost of investigations of 162 patients over the 2 year period at
the present rate of expenses at the Centre ($25/day).

Supplies and materials: Items like office stationery, drugs, banana, clinical supplies will require
$2,600 for 2 years.

Contractual services, including fax, phones, DHL services will need $300 for 2 years.

Capital expenses: An amount of $3,600 has been budgeted for procuring necessary capital items
including a refrizerator and a PC with printer and UPS.

Travel: An amount of $6,000 has been budgeted for international travel for the investigators to

present the results of the study at important international meetings/conferences/seminars as a
means for disseminating the study findings.
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Figure 1. Effects of SCFA treatment on histologic improvement of
colitis due 1o S. flexneri 2a infection in rabbits as assessed by colitis
index (CI). Cl is established by assigning numeric scores according to
severity of inflammation: mild = 1.0, moderate = 2.0, and severe =
3.0 points. CI is defined as ratio between sum of histologic scores and
total no. of autopsy specimens. Solid bars show mean CI of control
rabbits; patterned bars show those of SCFA-treated rabbits. Asterisks
indicate statistically significant P values (<.05 or <.01). Gradual decline
of Cl values in SCFA-treated rabbits indicates significant improvement

of colitis; marginal decrease in CI values in control rabbits indicates

no improvement.
Source {(Rabbani{ et al, Ref- 36)



ANNEX-2
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Figure 2. Anubacterial effects of SCFA treatment in experimental
shigeilosis in rabbits. Each point represents mean count (cfu/g) of viable
S. flexneri 2a recovered from colonic lumen (L) or tissue (T) of SCFA-
treated or control (untreated) rabbits. SCFA treatment significantly
reduced bacterial counts (cfu/g) in colon compared with untreated an-

imals at 48 h and 96 h after starting treatment.
Source {(Rabbanl et al. Ref- 36)
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ANNEX-3
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Figure 3. In vitro bactericidal effects of different SCFA on S, flexneri
2a. Bacteria were grown on Mueller-Hinton broth containing different
SCFA at different molar concentrations and then plated on Mac-
Conkey agar. After overnight incubation at 37°C, colonies were
counted and expressed as no. of colony-forming units (cfw/mL). There
is dose-dependent antibacterial effects of all 3 SCFA; 60 mM acetate

produced highest inhibition, followed by 40 mM propionate and 30
mA{ n-butyrate.

Source (Rabbanl et al. Ref- 36)



Responses to Reviewer’s Comments

Reviewer A: Dr, Dilip Mahalanabis

L.

We agree with the suggestion of this reviewer that the title does not seem to be appropriate
and accordingly we have changed the title into: Clinical evaluation of green banana
(amylase-resistant starch) in the treatment of childhood shigellosis. (Please see the Title
Page).

The study will be a double-blind study, the test diet will contain milk-suji with cooked
banana (test), and in the control diet, banana will be replaced by rice powder, providing
equivalent calories. These diets can not be distinguished by their appearances or taste.

As rightly suspected by the reviewer, green banana could cause digestive problem in children
less than 6 months old; to avoid this problem, we will give this diet to children between 6
months and 60 months of age. Please see the inclusion criteria in the Method Section of the
revised protocol.

As suggested, for patients dropped after enrollment will have their information and outcome
recorded and will be replaced by a new entry from the random list. Please see Method Section
of the revised protocol.

As suggested, concealing of the patients’ random number will not be necessary because now
we will carry out the trial as a complete double-blind study.

Children’s stool will not be collected in diapers but in the cholera-bed and thus plastic diapers
will not be needed. :

Further clarification about the definition of bacteriologic cure with regard to stool culture
methods has been provided in the Methods Section of the revised protocol.

Confusions about the definitions of clinical cure on the basis of stool characteristics have
been clarified in the revised protocol.

Reviewer B: Prof. B. S. Ramakrishna

As mentioned earlier, we have changed the title of this protoco! according to the suggestions
of both the reviewers.

As suggested by the reviewer, we will now measure total SCFA out in feces by collecting all
stools daily and taking known aliquot for measuring SCFA concentrations. The methods have
been mentioned in detail in the Methods Section of the revised protocol.

We hope that our responses to the reviewers’ comments and corresponding revisions thereto
would be acceptable to the Research Review Committee.
Thanks.

G. H. Rabbani, MD, PhD
Co-Principle Investigator
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Summary of the Referee’s Opinions: Please see the following table to evaluate the various
aspects of the proposal by checking the appropriate boxes. Your detailed comments are
sought on a separate page.

Rank Score

High Medium Low
Quality of project v
Adequacy of project design S

Suitability of methodology s
Feasibility within the time period WV

Appropriateness of budget Ve

Potential value of field of knowledge v

CONCLUSIONS

I support the application:

a. Without qualification

b. With qualification

- on technical grounds

- on level of financial support

I do not support the application

Name of Referee: DL (P MAHALAN ABIS
Signature: %MW Date: /3%- 3. 2000

Position:  DIRECT oA

Institution: SOO(-UL\/\I —JCW ﬂf:}f:/féo( SW (b2 5 @mg@/\/ﬂ?\—




Detailed Comments:

Please briefly provide your opinion of this protocol, giving special attention to the originality
and feasibility of the project, its potential for providing new knowledge and the justification
of the financial support sought; including suggestions for modifications (scientific or
financial) where you feel they are justified.

Title: Dietary fibers and short-chain fatty acids. ...childhood shigellosis.
PI: = Dr. M. Igbal Hossain

The study is important both from the biomedical and public health point of view. The
investigators propose to use an edible source of ‘fiber’ which would generate SCFA in the
colon when ingested as a food in patients with shigellosis. The investigators are competent to
conduct such a study. I fully support this proposal subject to their attending to the following
comments:

1 have the following comments which the PI may address:

1. It is a controlled trial of cooked green banana in childhood shigellosis; but the title
does not indicate it.

2. It should be stated that the study cannot be blinded.

Could cooked green banana cause any problem in infants i.e. <1 yr ? The

investigators may have data on this.

4. Page 6: For patients dropped after enrollment, full record on cause of illness and
outcome should be kept. This is necessary for all clinical trials.

5. Page 7, Randomization: Because the study is not double-blind, it is important that the
information on patient assignment to treatment is not known to the investigators until
a patient has been definitely enrolled. This can be done by sealing the assignment
code in serially numbered envelopes; the serial numbers then correspond to the patient
ID numbers.

6. Page 7, Clinical Management: If the stool is collected in plastic diapers, what is the
need for the cholera-cot collection method?

7. Page 7 & 10, Stool Culture and bacteriologic cure: Culture will be done on day 3 and
day 5, but the definition for bacteriologic cure is culture negative after day 3 and
consecutive days.

8. Page 10, clinical cure definition: The definition for “Resolution of Illness” mentions
............. Dysenteric stool” (no mention of bloody/bloody-mucrid). But, the
definition for marked/slight improvement and failure are all based on watery stool.
This should be recitified.

98]

In conclusion, I fully support this research proposal. The comments above should not be
difficult for the PI to attend to.

M~y -
Unlef et
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Title: Dietary fibers and short-chain fatty acids in the management of chilodhood
shigellosis

Summary of Referee's Opinions:

Quality of project . High

Adequacy of project design High

Suitability of methodology High (see comments about SCFA)
Feasibility within time period High

Appropriateness of budget High

Potential of ﬁeld of knowledge Medium to high
CONCLUSIONS

1 support the application with minimal qualification (on technical grounds).

Name of Referee:

Signature: (this is a copy sent by e-mail) Date: November 22, 1999
Position: -
Institution: e T e L Ty
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Detailed Comments

Title:  Dietary fibers and short-chain fatty acids in the management of chilodhood
shigellosis

PL: Dr. M. Iqbal Hossain

‘The proposed study will evaluate the use of supplemental cooked green banana on the

chinical and bacteriological outcome of shigellosis in children. The mnvestigators
correctly state that green banana is (1) commonly used as a traditional remedy for
diarrhea; and (2) that green banana would provide a good source of pectin and starch for
fermentation in the colon to short chain fatty acids. There is thus a rationale for trying
out the efficacy of green banana in reducing diarrhea, increasing SCFA, and hastening
bacteriologic recovery in childhood shigellosis.

Strictly speaking, this is a trial of green banana in management of shigellosis, and the title
of the project should reflect this. If green banana is indeed found to be effective, it will
remain to be proved that it acts through SCFA formation. Banana is also a source of
other biologically active molecules, which could potentially contribute to any observed
effect.

The study is well designed with regard to dietary interventions, study numbers, collection
of data, inclusion and exclusion criteria. Keeping proper account of intake would be
important. Since feces will not be quantitatively collected for SCFA, it appears that only
SCFA concentrations would be measured. This may be fallacious, since SCFA
concentrations would anyway rise as a result of resolution of watery diarrhea. le, as
stool water decreases (during recovery) SCFA concentrations will rise. In other words.
this will only tell us that green banana works, not that it works through SCFA production.
Total SCFA output in the feces, although it has its own drawbacks, will provide a slightly
better measure of SCFA production.



