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PROJECT SUMMARY: Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. Describe concisely the experimental design and research methods for achieving the objectives. This description will serve as a succinct and precise and accurate description of the proposed research is required. This summary must be understandable and interpretable when removed from the main application. (TYPE TEXT WITHIN THE SPACE PROVIDED).


Principal Investigators: Dr. Nur Haque Alam and Dr. Rubhana Raqib

Project Name: Exploratory study to evaluate the effect of L-isoleucine supplemented oral rehydration solution in the treatment of acute diarrhoea in children and in inducing innate immunity.



Total budget: US$ 30,988
Beginning Date: As soon as fund is available
Ending Date: 9 months from start



In the management of diarrhoea, the role of oral rehydration salts solution (ORS) is to prevent and correct dehydration, and maintain hydration. However, neither it does reduce the severity nor it does reduce the duration of diarrhoea. Thus researchers and clinicians are continuing their efforts to improve the efficacy of the oral rehydration solution to reduce severity and/or the duration of diarrhoea, mostly by adding different substrates for promotion of absorption by changing the composition and osmolarity of the solution. The recently recommended formulation of ORS by WHO and UNICEF has lower amount of sodium and glucose and thus lower osmolarity. This formulation has been found to reduce the need for unscheduled intravenous fluids. Antimicrobial peptides represent an important component of the innate defense of organisms ranging from plants to insects to humans. They are broad-spectrum, surface acting agents secreted by the epithelial cells of the body including intestinal mucosa, which kill microbes. Most such peptides possess activities against bacteria, viruses and fungi. Because pharmacological induction of these antimicrobial peptides at epithelial barriers could have potential therapeutic utility, a search for novel molecules that induces production of epithelial antimicrobial peptides has long been sought. Recently, L-isoleucine and its analogues have been found to induce antimicrobial peptides, and help shift the gut flora to the probiotic species. Therefore, L-isoleucine might have therapeutic potentials in the management of infectious diarrhoea. The aims of this pilot study are to examine if addition of L-isoleucine to currently recommended (WHO and UNICEF) ORS reduces the severity and/or duration of acute diarrhoea in children, and also to examine if it enhances antimicrobial peptide production in the intestine and help establish commensal bacteria. This will be a randomized, double blind clinical trial in 50 male children aged 6 –36 months attending the Dhaka hospital of ICDDRB with acute diarrhoea: 25 children will receive L-isoleucine added ORS solution and 25 will receive the same ORS solution but without additional L-isoleucine. Other aspects of management will be similar in both groups. The children will remain in the study until resolution of their diarrhoea but up to a maximum of 5 days. Time to resolution of diarrhoea and stool volume will be the primary outcome measures, and ORS intake, vomiting frequency and amount, requirement of unscheduled IV therapy, and levels of antimicrobial peptides in stool and appearance of commensal bacteria will be the secondary outcome measures. If the results are assessed encouraging, a larger study with adequate sample size would be the logical next step.
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DESCRIPTION OF THE RESEARCH PROJECT

Hypothesis to be tested:


Concisely list in order, in the space provided, the hypothesis to be tested and the Specific Aims of the proposed study. Provide the scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.


Hypotheses
We hypothesise that in the management of children with diarrhoea, L-isoleucine supplemented ORS solution will:

1. reduce severity and duration of diarrhoea, resulting in early resolution of clinical symptomatology when compared to treatment with the standard ORS formulation.

2. enhance production of endogenous antibacterial peptide in the small intestinal mucosa, and

3. help in increase in number and types of 
commensal gut flora.

Specific Aims:


Describe the specific aims of the proposed study. State the specific parameters, biological functions/ rates/ processes that will be assessed by specific methods (TYPE WITHIN LIMITS).


The aims of the study are to:

1. Examine the effects of L-isoleucine added ORS solution on the volume of watery stool and time to resolution of acute diarrhoea in children,

2. Study the expression (and release) of endogenous antibacterial peptide (LL-37 and human alpha and beta defensins HD-5 and 6) in the intestine by a novel non-invasive method, and

3. Assess the effect of L-isoleucine on changing pattern of commensal flora in the gut.

Background of the Project including Preliminary Observations 


Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific references. Describe logically how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. Provide scientific validity of the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives. (DO NOT EXCEED 5 PAGES, USE CONTINUATION SHEETS).

                                                                                                                                                                                          

Background

Globally, diarrhoea still accounts for 1.6 to 2.5 million deaths annually, and children in the developing world experience an average of 3 episodes of diarrhoea each year. Despite the decline in diarrhoeal mortality, it remains a leading cause of childhood morbidity and deaths [1]. Prevention of dehydration using appropriate home-made fluids or ORS solution, and correction of dehydration using ORS solution or intravenous fluid as indicated followed by maintenance of hydration using ORS solution, along with continuation of usual food including breastfeeding are most important elements of management of acute diarrhea. Antimicrobial therapy is recommended in the management of a few specific etiologic diarrhoeas such as severe cholera, shigellosis, invasive intestinal amoebiasis, and symptomatic giardiasis. The cost of therapy and more importantly the emergence of resistance pathogens are the major concerns for antimicrobial therapy for diarrhoea as for other bacterial infections.  

ORS  plays a major role in the treatment diarrhoeal diseases; however, it does neither reduce the severity nor the duration of diarrhoea, its major limitations. Efforts are continuing to overcome these limitations by developing newer formulations and delivery mechanisms e.g.

a) Changing/replacing the substrates (e.g. addition of alanine or glycine to glucose or replacing glucose by multodextrin and rice powder)

b) Reducing the concentration of glucose and sodium and thus osmolarity of ORS solution.

Alanine/glycine and rice powder containing ORS demonstrated some reduction in the stool output [2-5]. However, none of the formulations developed and tested till date demonstrated any beneficial effect on the duration of diarrhoea. Similarly, reduced osmolarity ORS has some beneficial effect on reducing the stool output and vomiting, and reducing failure of ORT mainly in children with non-cholera diarrhea, but did not have any effect on the diarrhoea duration [6]. The World Health Organization (WHO) and the United Nations Children Fund (UNICEF) have recently recommended routine use of the reduced-osmolarity ORS in the management of diarrhoeal diseases [7]; however, there are scopes to further improve its efficacy.

Antimicrobial peptides and innate immunity

Antimicrobial peptides represent an important component of the innate immune defenses of organisms ranging from plants to insects to humans. They are broad-spectrum, surface-active agents that kill microbes by forming pores in their membranes. Most have broad spectrum of activities against bacteria, viruses and fungi. In mammals, two major classes of antimicrobial peptides have been described- defensins and cathelicidins (LL-37). The defensins are a subclass of antimicrobial peptides, and in mammals, they are present in neutrophil granules where they are necessary for the non-oxidative killing of phagocytised microbes [8]. It is now well established that defensins are also produced at virtually all epithelial surfaces of mammals, including those of the skin, airways, gut, and urogenital tracts [9, 10]. Expression of some epithelial defensins is constitutive and contributes to a non-inflammatory antimicrobial barrier at the epithelial surface. Other defensins are inducible and highly expressed at sites of inflammation or infection [9, 11, 12]. Impairment of defensin functions increases susceptibility to infection of the airway in cystic fibrosis [13] and to enhanced Salmonella infection in the mouse intestinal tract [14]. In addition to their direct antimicrobial activities, (-defensins are chemotactic for memory T cells and dendritic cells, suggesting that they play an important role in the integration of the innate and acquired immune responses [15].

The molecular mechanisms underlying induction of epithelial defensins remain largely unexplored. Pattern-recognition receptors [16] likely play a critical role in this process, as has been shown in CD-14-mediated induction of (-defensins by bacterial lipopolysaccharide [17]. Whole heat-killed bacteria and fungi induce human (-defensins-2 in human keratinocytes, but the molecular basis of this response is not understood [11]. Inflammatory cytokines such as tumor necrosis factor ( (TNF-() and IL-1( also induces (-defensins [18, 19]. Because pharmacological induction of defensins at epithelial barriers may have therapeutic utility, a search for novel molecules that could induce production of epithelial defensin, assessed by using cell-based assays, have long been underway. It has recently been observed that L-isoleucine and its analogues are highly specific (-defensin inducers in epithelial cells [20]. It has also been observed that when isoleucine is administered to animals (chicken), the gut flora shifts to the probiotic species, it stimulates paneth cells to secrete antimicrobial peptides in human intestinal tissue, and it causes a shift in gut flora leading to an increased numbers of Lactobacilli. (Manuscript, Ashida T & M Zasloff et al) in treatment of patients with Crohn’s disease.

The above observations suggest a potential role of L-isoleucine in the management of infections of mucosal tissues including those in the gastrointestinal tract.

Antimicrobial peptides in Shigella infections

In 2001, researchers from ICDDRB and Karolinska Institute (BA) reported in Nature Medicine a down regulation of LL-37 and human (-defensin-1 (HBD-1) in the epithelial cells in diarrhoea caused by Shigella dysenteriae type I and other enteric bacteria [21]. This down regulation could be reproduced in vitro by using the cell lines U937 of monocyte origin and HT-29 of colonic epithelial origin, when infected with Shigella or plasmid DNA derived from Shigella. The down regulation can be an important immune escape mechanism for pathogens to avoid potent mucosal effector molecules such as antimicrobial peptides. Since antimicrobial factors drench the mucosal surfaces, it is conceivable that pathogenic bacteria down-regulate the front line defenses of humans as a part of their invasive process. Therefore, a novel approach will be to block this down-regulation or to take a therapeutic approach to up-regulate the production of endogenous antimicrobials. Recent studies have shown that short chain fatty acids (SCFA) can up-regulate expression of LL-37 in colonic epithelial cells, and among them sodium butyrate was the best inducer [22, 23]. Moreover, butyrate induces colonic cell differentiation that has been reported to be a key determinant of LL-37 expression in human colon epithelium [22]. However, it was shown that pathways other than those involved in cell differentiation are involved in the up-regulation of LL-37 with butyrate [23]. Butyrate is produced in the colon by fermentation of dietary fibre. Thus, there is a link between the normal gut flora and the expression of endogenous antibiotics. Additionally, SCFAs including butyrate has been shown to reduce clinical symptoms, and alter microbiological and pathological features in experimental Shigella infections in rabbit models [24]. Thus, a relationship between the severity of Shigella infections and mucosal levels of antimicrobial peptides is conceivable. Oral administration of sodium butyrate to rabbits infected with Shigella showed up-regulation of CAP-18 (rabbit homologue of LL-37) in the colonic epithelial cells with a concomitant reduction in shigella load in stool and clinical recovery (Raqib et al, manuscript accepted). Preventing down-regulation or enhancing antimicrobial peptide expression could provide an alternative treatment in protecting humans and animal livestock against bacterial pathogens. These studies may provide a basis for therapeutic manipulation of endogenous antimicrobial peptides including LL-37 expression in vivo using dietary substances or butyrate to strengthen the epithelial defense barrier. Therefore, we have initiated a clinical study in ICDDRB to evaluate the efficacy of butyrate enema in the treatment of shigellosis.

Butyrate has been shown to induce antimicrobial peptides in the colon; however; it can’t be administered orally as such. Moreover, most of the acute diarrhoeal diseases are caused by infection of the small intestine. Isoleucine, an essential amino acid, might be a reasonable alternative for enhancing secretion of antimicrobial peptides from the paneth cells and other defense molecules from the upper small intestine (Manuscript, Ashida T & M Zasloff et al). This may help clear the pathogens, shift gut flora to a more "normal" commensal species distribution, and enhance recovery from infectious diarrhoea. Therefore, we hypothesize that use of L-isoleucine supplemented ORS solution will induce antimicrobial peptides and enhance clinical recovery of children with acute watery diarrhoea. . 

Research Design and Methods


Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project. Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific aims. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and unambiguous assessment of the project. (DO NOT EXCEED TEN PAGES, USE CONTINUATION SHEETS). 


Study design

In this pilot, randmomised, double blind clinical trial 50 infants and young children, 25 in the study and 25 in control group, with acute watery diarrhoea will be studied at the Dhaka hospital of ICDDR,B. 

Inclusion criteria

1. Age: 6 months-36 months

2. Sex: only males, for precise separation of stool and urine

3. History of diarrhoea duration of <48 hours

4. Dehydration: some or severe

Exclusion criteria

1. Diarrhoea due to Vibrio cholerae that requires antimicrobial therapy by dark field microscopy

2. Dysentery (blood in stool), which requires antimicrobial therapy

3. Concomitant infection(s) e.g. ARI, meningitis, and sepsis

4. History of taking antibiotics for the current diarrhoea episode

5.
Severely malnourished children (Wt for length  < 70%) or patients with edema
Patient management and treatment schedule:

Children fulfilling the above-mentioned eligibility criteria will be admitted to the study ward of the Dhaka hospital of ICDDR,B and weighed. Their detailed medical history will be taken and a thorough physical examination, including assessment of dehydration, will be done and all findings recorded in pre-designed Case Report Forms (CRFs). Dehydration status will be assessed according to WHO guidelines. All patients on admission to the study will be randomized. Patients with severe dehydration will be initially rehydrated using intravenous polyelectrolyte solution (Dhaka solution containing 133, 13, 98 and 48 mmol/L of sodium, potassium, chloride and bicarbonate as acetate respectively) until they are out of shock and stable (2-3 hours), then they will be given the assigned ORS. Those with some dehydration will be randomized after initial assessment to receive allocated ORS. A trained staff of ICDDR,B, not involved in the study in any other way, will prepare the randomization list and the random numbers will be printed on a sealed envelope. The allocated ORS (intervention and control) will be indicated on a paper, kept inside the envelope. The envelopes will be supplied to the duty pharmacists of the Dhaka hospital who are not involved in the study. The study and the control ORS will be identical in appearance and similar in taste, and the pharmacists will supply them to the study staff in bottles labeled with the respective random numbers, name and hospital registration number of the children. Isoleucine is a neutral and stable amino acid molecule, white coloured powder and tasteless that will not be degraded within 12 hours (other amino acids have also been used in ORS and found to be stable up to 12 hours) after 12 hours unused ORS will be measured and discarded and a fresh bottle of ORS will be prepared for continuation of therapy, if required. Isoleucine powder is available in pure form. Although we don’t know the actual price, but it is not very expensive. We have planned to complete the patient recruitment within 4 months (3 patients per week). 

Treatment groups

Group A (Control Group): 
WHO-and UNICEF-recommended hypo-osmolar Glucose ORS ( Na 75 mmol/L, Cl 65 mmol/L, K 20 mmol/L, citrate 10 mmol/L and glucose 75 mmol/L, osmolarity 245 mosmol/L)

Group B (Study Group): 
The same ORS with added (2 grams/L) L-isoleucine

Treatment with ORS will be continued until resolution of diarrhoea but to a maximum of 5 days. Children with diarrhoea continuing beyond 5 days of randomization will be withdrawn from the study, transferred to the general ward of the hospital to receive the standard treatment and care of the hospital. The data (mainly intake and output) up to the time of withdrawal will be used for analysis for such children, they will be designated as treatment failures, and their proportions in two groups will be compared during analyses.

Rationale for choosing the dose of L-isoleucine 

The dose of Isoleucine (2 grams/L of ORS) has been selected arbitrarily. Toshifumi A et al. has used isoleucine at a dose 4 gram per day divided into two doses for 7 days in the treatment of Iinflammatory bowel disease in adult without any adverse effect (unpublished data). As we are planning to use in children, so we have selected 2 gram of isoleucine per litre of ORS solution that a child is expected to receive on average per day; this dose is expected to induce antimicrobial peptides and is safe as well for children. Because the stool output will vary from different patients (an average of 800 ml to 1000 ml with a range from 500 ml to 1200 ml/per day), so ORS intake also will vary from 500 ml to 1200 ml per day with an average intake of 1000 ml per day and L-isoleucine intake 1 – 2 g per day at least for initial 2 – 3 days.

Diet

Breast-fed infants and children will continue to receive breast milk. Infants aged 6 months or older children will receive milk suji (rice powder boiled in milk with sugar) according to the need of the children as assessed by their age and body weight. Older children, used to semisolid diets will be given “Khichuri”. Milk suji is a liquid diet will be measured as ml with calibrated cup, and semi solid and solid food will be measured in gm with an electronic scale of precision of 1 g. Actual intake will be done by subtracting the remained food from the offered food. All these measurements will be done every 6 hours.  Breast milk intake will not be measured.

Micronutrients

According to the hospital policy all children will receive one zinc tablet (10 mg) daily for 10 days.

Measurements

All children participating in the study will be placed on cholera cot covered with a plastic sheet with a central hole that leads to a transparent bucket underneath for collecting stool. Intake of ORS, plain water and food, and output of stool, urine and vomit will be measured every 6 hours from the time of randomization until the end of the study. Vital signs (pulse, temperature, respiration) will be measured and dehydration status will be assessed every 6 hours, and body weight will be measured on admission, after rehydration and before randomization and at least once daily, preferably at a fixed time in the morning, and all information will be recorded on appropriate data forms. 
Routine laboratory examination

Routine laboratory tests will be performed as described in the following table. Blood for CBC, electrolyte, specific gravity; and stool culture for Shigella, Salmonella and Vibrio cholerae will be done at the diagnostic laboratories of the Laboratory Sciences Division (LSD) of ICDDRB. The above tests will be done on admission only as a routine laboratory tests, but may be repeated at any other time if clinically indicated. Stool ELISA for diarrhoeagenic E. coli and rotavirus will be performed at the Immunology Unit and the Virology Unit of LSD respectively. (These tests will be done to characterise the cause of diarrhoea in the study patients).
Table 1. Scheme for clinical and laboratory procedures

	Procedure
	Period During Study

	
	Pre-randomization
	Day –1
	Day-2
	Day-3
	Day- 4
	Day-5

	Clinical
	
	
	
	
	
	

	
	History
	(
	(
	(
	(
	(
	(

	
	Physical Exams including DH assessment
	(
	(
	(
	(
	(
	(

	
	Body weight
	(
	(
	(
	(
	(
	(

	
	Vital signs (TPR, BP)
	(
	(
	(
	(
	(
	(

	
	Stool output
	
	(
	(
	(
	(
	(

	
	Vomit output
	
	(
	(
	(
	(
	(

	
	Urine output
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	Stool microscopy
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	(
	
	
	
	
	


Antimicrobial peptides

Fresh stool specimens will be collected during the last 6-hour period (between 19-24 hours) of each day, starting from the time of randomization, and divided into three aliquots  (Figure 1). One of them will be used to extract total RNA from exfoliated enterocytes in stool, which will then be reverse transcribed to make cDNA (22). Using antimicrobial peptide (LL-37, HD-5, HD-6) specific probes, PCR will be performed to quantify gene expression (29). Another aliquot will used for the estimation of excreted antimicrobial peptides (LL-37, human beta-defensin-1) by western blot analysis using monoclonal antibody specific for LL-37 and HBD-1 (26). In brief, polypeptides will be separated by discontinuous sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE), blotted onto polyvinylidene difluoride (PVDF) membranes by electrophoretic transfer, incubated with specific antibodies and developed by ECL Western blot detection system.

Identification of commensal flora

The third aliquot of stool will be used for a DNA-based microbial characterization process to determine the composition of bacterial flora. In brief, stool specimens will be processed for extracting bacterial DNA, PCR products from stool will be cloned, sequenced and will be analyzed for a number of commensal gut flora. Stool specimens will also be processed for extracting ribosomal RNA, and known amount of it will be blotted in two nylon membranes. One membrane will be hybridized with a universal oligonucleotide probe that detects all organisms by detecting a conserved target region in the 16S rRNA molecule; the other membrane will be hybridized with specific probes designed for detection of target organisms (27, 28). In addition, the Temporal Temperature Gradient gel Electrophoresis (TTGE) process will also be applied as described briefly. Total DNA will be extracted from the frozen fecal samples (30) and regions located between positions 350 and 788 of 16s rRNA genes will be amplified using PCR. PCR products will be then separated according to their GC content using TTGE by loading onto polyacrylamide gel. After run the gel can be stained with SYBR Green nucleic acid gel stain (Amresco) and be visualized using an UV transilluminator.
Figure 1
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	Aliquot -3

	Western blot analysis for specific antimicrobial peptides
	
	cDNA from exfoliated colonocytes, antimicrobial peptide-specific probes for quantitation by real time RT-PCR
	
	Extraction of rRNA of gut flora for quantitative dot-blot hybridization


OUTCOME MEASURES

On the basis of animal study and limited clinical study we have designed this protocol as an exploratory study to see any effect on clinical outcome (stool output, duration of diarrhoea) and other outcomes production of antibacterial peptides and change in commensal flora pattern in stool in different time periods. Any positive changes will help us further in developing a clinical trial with adequate sample size.  
Primary 

1. Weight of abnormal (watery/liquid) stool for each 6-hour and 24-hour (day) of the study as well as cumulative weight until resolution of diarrhoea (maximum of 5 days). 

2. Duration of diarrhea (in hours)

3. Levels of antimicrobial peptides in stool at admission, 24, 48 & 72 h

4.
Number and types of commensal flora in stool at admission, 24, 48 & 72 h
Secondary

1. ORS intake in different time periods, for each 6-hour and 24-hour (day) of the study as well as cumulative weight until resolution of diarrhoea (maximum of 5 days).

2. Requirement of unscheduled IV therapy for each 6-hour and 24-hour (day) of the study as well as cumulative volume until resolution of diarrhoea (maximum of 5 days).

3. Vomiting

Definitions of outcome variables

a. Resolution of diarrhoea: The appearance of two soft or formed stools or no stool for 12 hours. 

b. Stool weight: Weight of abnormally loose or watery stools in grams

c. ORS intake: The actual amount in mililitre ingested during each of the 6-hourly period of the study up to a maximum of 5 days.

d. Unscheduled IV fluid: When a child requires administration of intravenous fluid any time after randomization due either to high purging rate that can’t be matched with ORS solution and/or excessive vomiting

e. Duration of diarrhoea: Duration in hours from the time of randomization to the end of last 6 hours when watery stool has passed.

Safety issues and rationale

FDA classifies L-isoleucine as a nutritional/food additive item, listed as "GRAS" (Generally Regarded As Safe), and its use in man does not require FDA approval. Pharmaceutical L-isoleucine is a white powder, it can either be mixed in yoghurt or fed or can be added to sweetened drinks or ORS and can be easily administered to young children who would constitute the study population. In Japan, it is sold over the counter as neutraceutical in the brand name as Pro-defensin by the Company L&G. Elemental diets, containing pure amino acids are used in the feeding of infants with genetic disorders of specific amino acid metabolism, and in adults suffering from inflammatory bowel disease and to athletes. To our knowledge, no report has been found that evaluated the effect of L-isoleucine in the treatment of infectious diarrhoea in human. One study has been carried out in patients with inflammatory bowel disease to see the effect of L-isoleucine (4 g/L daily for 7 days) on changing of commensal bacteria in gut and secretion of antibacterial peptide. No adverse effect was found (Ashida T, personal communication, unpublished. In addition Rice contains 7-10% of protein and is rich in glycine, lysine, leucine and isoleucine.

Thus, L-isoleucine-containing ORS can be reasonably expected to be safe, inexpensive, and beneficial to the patients. Results of this pilot study might lay the ground for conducting larger clinical trials to monitor the therapeutic effect of isoleucine in early recovery from diarrhoeal diseases, through inducing endogenous antimicrobial peptides and promoting repopulation of the gut with "normal" commensals. The study will also help establish non-invasive methods to monitor production of endogenous antimicrobials in the intestine, both in the gene and the protein levels, through analysis of stool samples. Moreover, oral administration of L-isoleucine may lead to its rise in blood, which may act as an immune stimulant leading to a general enhancement of common mucosal defenses. This approach may give us an opportunity to create new classes of microbicides that would promote normal barrier function of the mucosal surfaces e.g. reproductive and respiratory tracts.

As we are expecting that isoleucine will also stimulate to proliferate the normal commensal including lactobacilli, these lactobacilli very rarely may cause severe infection especially in immuno-compromised host. Although, we will recruit apparently immuno-competent  children, still we will closely monitor all the children for the development of any severe infection/sepsis not only due to lactobacilli infection, also infection with other bacteria. 
Study schedule

Staff recruitment and training –2 months

Patient recruitment – 4 months (3 patients per week)

Data analysis and report writing – 3 months

Facilities Available


Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support. Point out the laboratory facilities and major equipment that will be required for the study. For field studies, describe the field area including its size, population, and means of communications. (TYPE WITHIN THE PROVIDED SPACE).  



The present study will be conducted at the Dhaka hospital ICDDR,B under its Clinical Sciences Division. The hospital provides care to around 110,000 diarrhoeal patients each year, about 60% of whom are under-five children; the study populations will be selected from among them. The hospital has a designated clinical research ward, equipped with required instrument/equipment and supported by well-experienced staff of all categories. 
Data Analysis


Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals. Specify what statistical software packages will be used and if the study is blinded,  when the code will be opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. (TYPE WITHIN THE PROVIDED SPACE).


a) All data generated from this study will be entered in a microcomputer and analysis will be done by using a statistical software (SPSS PC+). Baseline data of children in the two groups will be compared, and distribution of data will be examined for normalcy. The primary and secondary variables will be compared between the groups by appropriate statistical methods. Categorical data will be compared using (2 and Fisher’s exact test. Quantitative data such as  level of antimicrobial peptides and number of commensal flora in different time periods will be compared with baseline values, and also values in study group will be compared with the values in control group using two-tailed Student’s T-test and repeated measurement of ANOVA..  For skewed data non-parametric tests will be applied. For duration of diarrhoea survival plot will be constructed and will be compared by log rank test. Differences will be considered significant at a 5% probability level. Values will be expressed as means (SEM) or Median and range.

Ethical Assurance for Protection of Human Rights

Describe in the space provided the justifications for conducting this research in human subjects. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if there is any benefit or risk to each subject of the study.

The study will be conducted according to the Good Clinical Practice (GCP) and the Declaration of Helsinki, and upon approval by the Research and Ethical Review Committees of ICDDR,B. Since acute watery diarrhoea is a human disease, if the study  is found to be effective, the study patients as well as many other children throughout the world will be benefited from this study.

Use of Animals


Describe in the space provided the type and species of animal that will be used in the study. Justify with reasons the use of particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed procedures.


This study does not involve use of any animal.
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Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Mention if the project is linked to the Government of Bangladesh through a training programme.


Results of the study will be disseminated through presenting at the Centre; national, regional and international scientific conferences; and manuscript for publication in peer-reviewed journal.

Collaborative Arrangements


Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement between the applicant or his/her organization and the collaborating organization. (DO NOT EXCEED ONE PAGE)


This is a collaborative study between the two scientific divisions, the Clinical and the Laboratory Sciences divisions of ICDDR,B. In addition collaborative arrangements have been made with three international institutions (Karolinska Institute, Stockholm, Sweden; Georgetown University, Washington, USA;

University Hospital Liestal and Basel, Switzerland).

Biography of the Investigators


Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.


1. Name
:   Dr. Nur Haque Alam ( PI)

2. Present position
:   Scientist

3. Educational  background
:   MBBS and MD

       (last degree and diploma & training

          relevant to the present research proposal)

4. List of ongoing research protocols  

(start and end dates; and percentage of time)

4.1 As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	2002-034
	01-07- 2003
	28-02-2006
	5%

	
	
	
	


4.2 As Co-Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	2004-009
	12-01-2006
	31-12- 2007
	10%

	
	
	
	


4.3 As Co-Investigator  


	Protocol Number
	Starting date
	Ending date
	Percentage of time

	2004-031
	01-07-2005
	31-07-2007
	5%

	2003-018
	May 2005
	April 2006
	5%

	2005-037
	Jan 2006
	Dec 2007
	5%

	
	
	
	


5 Publications 

	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals
	30

	b. Peer reviewed articles and book chapters
	01

	c. Papers in conference proceedings
	

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
	10

	e. Working papers
	

	f. Monographs
	


6 Five recent publications including publications relevant to the present research protocol

a. Alam N H et al. Partially hydrolysed guar gum supplemented comminuted chicken diet in persistent diarrhoea: a randomized controlled trial Arch Dis Childhood 2005;90:195-1992.

b. Alam N H et al. Efficacy and safety of a modified oral rehydration solution (Resomal) in the treatment of severely malnourished children with watery diarrhoea J Pediatr 2003;143:614-9.

c. Alam N H et al. Efficacy and tolerability of racecadotril in the treatment of cholera in afults: a double blind randomized, controlled trial Gut 2003;52:1419-1423.

d. Alam NH et al. Characteristics of children hospitalized with severe dehydration and persistent diarrhoea in Bangladesh JHPN 2001;19:18-24.

e. Alam NH et al. Partially hydrolysed guar gum supplemented oral rehydration solution in the treatment of acute diarrhoea in children JPGN. 2000;31:503-507.

Biography of the Investigators


Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.


1. Name



: Dr. Rubhana Raqib ( PI)

2. Present position
: Scientist

3. Educational  background
: PhD
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relevant to the present research proposal)
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(start and end dates; and percentage of time)

3.1 As Principal Investigator

	Protocol Number
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	End date
	Percentage of time
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	Dec 2007
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	  15%


3.2 As Co-Principal Investigator
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	Dec 2006
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3.3 As Co-Investigator  
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4. Publications 

	Types of publications
	Numbers

	g. Original scientific papers in peer-review journals
	26

	h. Peer reviewed articles and book chapters
	

	i. Papers in conference proceedings
	

	j. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
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	k. Working papers
	

	l. Monographs
	


6. 
Five recent publications including publications relevant to the present research protocol
1. MJ Rahman, P Sarkar, SK Roy, SM Ahmad, J Chisti, T Azim, M Mathan, D Sack, J Andersson, R Raqib. 2005. Effects of zinc supplementation as adjunct therapy on the systemic immune responses in shigellosis. Am J Clin Nutr 81: 495-502.

2. R Raqib, SK Roy, MJ Rahman, T Azim, SS Ameer, J Chisti, J Andersson. 2004. Effect of zinc supplementation on the immune and inflammatory responses in pediatric patients with shigellosis. Am J Clin Nutr 79:444-50.

3. R Raqib, P Sarkar, P. Bergman, G Ara, M. Lindh, D Sack, KMN Islam, G Gudmundsson, Jandersson, B Agerberth. 2006. Improved outcome in shigellosis associated with butyrate induction of an endogenous peptide antibiotic. Manuscript accepted.

4. R Raqib, SMM Kamal, MJ Rahman, Z Rahim, S Banu, PK Bardhan, F Chowdhury, G Ara, K-Zaman, RF Breiman, J Andersson, DA Sack. 2004. Antibodies in Lymphocyte Secretions (ALS) may identify Subclinical Tuberculosis Infection in Asymptomatic Contacts. CDLI 11:1022-1027.

5. R Raqib, MJ Rahman, AKM Kamaluddin, SMM Kamal, FA Banu, MS Ahmed, Z Rahim, PK Bardhan, J Andersson, DA Sack. 2003. Rapid diagnosis of active tuberculosis by detecting antibodies from lymphocyte secretions (ALS). J Infect Dis;188(3):364-70.
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APPENDIX

International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form


Title of the Research Project: 
Exploratory study to evaluate the effect of L-isoleucine supplemented oral rehydration solution in the treatment of acute diarrhoea in children and in inducing innate immunity.


Principal Investigators: Dr. Nur Haque Alam and Dr. Rubhana Raqib

Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children, consents must be obtained from their parents or legal guardians. The subject must indicate his/ her acceptance of participation by signing or thumb printing on this form.


Your child is suffering from watery diarrhoea and losing water and salts from the body in stools and vomiting. If not properly treated, the amount of loss of body water and salts can be severe, which may even lead to death of the patients. The main treatment of watery diarrhoea is correction of the losses of water and salts using appropriate oral or intravenous saline in addition to continuation of normal feeding. Oral rehydration solution is effective in preventing dehydration, and also in correction of dehydration and maintenance of hydration, but does neither reduce stool volume nor the diarrhoea duration. Worldwide, including at ICDDR,B scientists are trying to improve the efficacy of ORS to reduce severity of diarrhoea in terms of stool volume and frequency and its duration. Till date many trials have been conducted with many different formulations of ORS but with very limited success. Recently, we have observed that an essential amino acid (which form protein), called isoleucine, can stimulate secretion of substances from the epithelial cells of the body including those in the intestinal mucosa, which acts against bacteria. We believe that these substances may help in the recovery of diarrhoea earlier.

We are conducting a research study at this hospital to examine if isoleucine, when added to ORS solution, improves its efficacy in the treatment of acute watery diarrhoea in young children. We are also to examine if it can stimulate secretion of antibacterial peptides and help in establishing the bacteria that normally resides in the intestine but replaced in diarrhoea by examining stool of the children. Since your child is suffering from acute watery diarrhoea we request you to help us in our efforts by allowing enrollment him in our study. We will enroll a total of 50 children, like yours in this study. 

If you agree to our proposal to include your child in this study, the followings would be done:

1. We would admit your child to the research ward of this hospital until your child recovers from diarrhoea but up to a maximum of 5 days. If his diarrhoea doesn’t improve within this time, we will admit him to another ward of this hospital for management where such children are usually treated.  

2. We will ask you some questions related to your child’s illness and perform his thorough physical examination including vital signs (pulse, temperature, respiration), body weight and length etc.

3.
We will treat your child following the standard guidelines practiced in our hospital. 

4. If your child is assessed to have severe dehydration then we will treat her/him initially with intravenous saline to correct that. Following that, and if your child does not have severe dehydration, she/he will be treated with either of the following two Oral Rehydration Solutions: (i) WHO-recommended ORS that is available in the market and is routinely used for treatment of diarrhoea, or (ii) the same ORS but with isoleucine added to that in an amount of 2 g/L. Which of these two ORS your child will receive will depend on a method called randomization, which is similar to lottery, in which your child will have equal chance to receive either of the ORS. Both of these ORSs are effective in the treatment of diarrhoea, and we would like to know if one of them is better than the other. Neither your child, nor you or we would know exactly which of the two ORSs your child has received. Your child will receive her/his normal food including breast milk.

5.
We will collect 2.0 ml of blood from a vein of the forearm of your child for some laboratory tests, which are normally done for other patients, and results of which will be used to assess her/his condition and management. These tests may be repeated at any time if that is considered necessary for her/his management.

6.
At the time of enrollment in the study, we will collect a small amount of your child’s stool for some laboratory tests, which are done routinely for the treatment of patients in this hospital. We will also collect small amount of her/his stool at 24, 48 and 72 hours of the study for some special tests for our research.

7.
Each day we will examine your child and will record the findings. All intakes (ORS, water, food) and output (stool, urine, vomit) will be measured 6 hourly until the end of our study. 

8.
Isoleucine is a food material, is safe, and in the amounts to be used in this study will not cause any harm to your child. Other than mild and momentary pain due to needle stick during collection of blood, a small change of discolouration of skin around the needle prick due to minor leakage of blood, and a remote chance of infection, collection of this amount of blood will not cause any ham to your child. We will use sterile, disposable syringes and needles for collection of blood, and take other measures to prevent such problems.

9.
Your child may or may not get additional benefit from participation in this study with the exception that she/he will be more closely observed. However, results of this study will improve our knowledge and may help improve treatment of diarrhoea in children in future and thus benefit the society.

10.
Your child’s participation in the study is entirely voluntary. You may refuse our proposal to include your child in this study. You may also withdraw your consent at any time during the study without showing any cause. If you do not enroll your child in the study and also if withdraw your child after enrollment, she/he will continue to receive the same care and treatment of this hospital as other patients get. 

11.
All information collected from your child and the results of her/his laboratory tests will be kept confidential, in a secured place, and none other than the investigators of this study, and the Ethical Committee of the ICDDR,B would have an access to that information. The name or identity of your child will not be used in the analysis of data or in publishing the results of this study.

12.
Your child will be treated free of charge but no compensation will be given for participating in the study except free treatment available in the country if injury to her/health occurs as a result of participation in this study. 

13.
We would be happy to answer to your question about your child’s illness and about our study now, and you would also be able to contact us at the following address in the event you want to have further information or you want to know the results of your laboratory tests.


Dr. N.H. Alam
Telephone number: PABX 8860523-32     Extension 2332

Dr. H. Ashraf




                Extension 2313

Dr. Fahima Chowdhury                                       

   Extension 2328 

If you have any questions about your rights as a research participant in this study, please contact Mr. B.R. Saha (Training and Education, ICDDRB, Mohakhali, Dhaka-1212; Telephone 8860523-32, Extn. 3508). 

If you want to participate in this project on the basis of the information provided above, you may sign or give your Left Thumb Impression at the place specified below. 

______________________

_______________________

__________________________

Signature/thumb impression

Signature of the



Signature of



of the patient 



Investigator/representative 

witness








Date:                                                   
Date:                               

Date:

APPENDIX-3


Check List


After completing the protocol, please check that the following selected items have been included.



1.  Face Sheet Included                 









X           


2.  Approval of the Division Director on Face Sheet   






X


3.  Certification and Signature of PI on Face Sheet, #9 and #10





X


4.  Table on Contents











X


5. Project Summary 











X


6.  Literature Cited











X


7. Biography of Investigators










X


8.  Ethical Assurance











X


9.  Consent Forms











X


10.  Detailed Budget 











X

Responses to Reviewers’ Comments

Response to Reviewer 1:

Reviewer’s Comment:

I am very keen on this clinical study. It is based upon strong basic expertise by some of the researchers who are part of the team, as well as excellent practice of clinical trials by the other members. This is typical of what ICDDR,B may achieve through its multidisciplinary structure.

L-isoleucine is a good choice, as sodium butyrate is difficult to handle, even though I thought that a clinical trial involving addition of sodium butyrate (SB) to ORS had been or was currently conducted at ICDDR,B. In such circumstances, if the SB trial has provided positive results, it may be interesting to organize the trial with an additional arm to include SB. I know that it’s that it’s easy to say…

Otherwise, the assay on epithelial cells collected from stools for RT-PCR for anti microbial peptides and other regulatory molecules is smart, even though one would like to see some elements of feasibility of this approach.

Having said this, this is an excellent project that needs to be conducted.

Answer to the Comment: 

We appreciate the comments of the reviewer

Response to Reviewer 2:

Reviewer’s Comment:

There is strong rationale that addition of L-isoleucine to oral rehydration fluid may provide benefit to the treatment of diarrheal disease in infants and children through the stimulation of antimicrobial peptides and other elements of innate immunity. The study is well designed. The one concern that I have is that no discussion or rationale was given for the chosen concentration of isoleucine (for example, was L-isoleucine (2 gram/L) picked for efficacy, low toxicity, cost?). Otherwise, this is a strong proposal that will recommend without qualification.

Answer to the Comment: 

The rational of choosing isoleucine concentration (2 gram/L) has been incorporated in the main protocol (page no. 12)

Professor Michael Zasloff (USA); Professor Niklaus Gyr (Switzerland)
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