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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 Investigator: Dr. Firdausi Qadri and Dr. Charles Larson


Project Name: Immunological and clinical responses to zinc: A randomized, double-blind trial of zinc treatment vs. zinc treatment plus daily supplementation for 3 months among children under 2 years of age with an acute diarrheal illness.


Total Budget.US $  275,826             Beginning Date: ASAP    Ending Date: 2-year from the date of starting



Zinc deficiency has been found to be widespread among children in developing countries.

Clinical and field studies have consistently observed an association between zinc deficiency and  higher rates of infectious diseases, including skin infections, diarrhea, respiratory infections, malaria, and delayed wound healing. Based upon the impact of zinc deficiency on diarrheal disease alone, it is estimated correction of this deficiency could save 450,000 under-five deaths annually.  What is the physiological explanation for this?  Zinc has been identified to play critical roles in metallo-enzymes, poly-ribosomes, the cell membrane, and cellular function, leading to the understanding that it also plays a central role in cellular growth and in the function of the immune system.  With zinc deficiency epithelial barriers are compromised and multiple components of the immune system malfunction. The obvious conclusion is that zinc deficiency results in diminished immunological competence that in turn leads to an increased risk for infectious diseases and greater severity of illnesses.  Whether this is the case requires substantiation. 
A related, but more pragmatic question is the value added of zinc supplementation in addition to zinc treatment.  The scale-up strategy being pursued in Bangladesh is to provide zinc for 10 days as a treatment at the time of a diarrhea episode.  This is in accordance with recently revised WHO recommendations for the treatment of childhood diarrhea (WHO, in press).  Can we conclude there is no or minimal value added to continuing zinc as a dietary supplement in zinc deficient children following an acute episode?  If there is added benefit, can this be explained by improvement in zinc levels and/or immune function?  The aims of this study include:

1. In children six to twenty-four months of age with an acute episode of diarrhea attributable to enterotoxigenic E. coli (ETEC), to describe the innate and adaptive immune response to zinc and to relate changes in immune function or zinc status to the occurrence of repeat infectious illnesses over a 9 month period of observation. 

2a. In children six to twenty-four months of age with an acute episode of diarrhea with enterotoxigenic E. coli (ETEC), and other non-ETEC diarrhea, to determine the value added of zinc supplementation following treatment in terms of the future occurrence of ACD, ARI, and impetigo and 

2b. to assess the impact of zinc supplementation on health services utilization and household expenditures for ACD, ARI and impetigo.

The study will be conducted in the urban Dhaka Mirpur zone over a period of 24 months. The results of this study are relevant to either laboratory or clinical sciences and to health services.  A dissemination plan that includes key stakeholders from the planning stages forward is in place. 

KEY PERSONNEL (List names of all investigators including PI and their respective specialties)


Name                                               Professional Discipline/ Specialty     Role in the Project


1. Dr. Firdausi Qadri,  

Immunologist

              PI (Design & conduct Immune response studies)

2. Dr. Charles Larson 

Pediatrician and Epidemiologist 
PI (Clinical and health service outcomes)

3. Dr. Rubhana Raqib

Immunologist


Co-PI

4. Dr. Dilruba Nasrin  

Physician


Co-PI

5. Mr. S. Meshbahuddin Ahmed 
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6. Professor D. A. Sack 
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8. Dr. Tanvir Ahmed/Mohiul Islam Clinician, Immunologist

 Field coordinator

9. Dr. Setarunnahar
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10. Mr M.A. Wahed

Nutritionist


 Coinvestigator

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.


Children 6 to 24 months of age with an acute episode of diarrhea treated with zinc 20 mg/day x 10 days and then supplemented with zinc, 10 mg/day for 3 months when compared to children treated with zinc treatment but not receiving zinc supplementation;

Hypothesis 1: Will have significantly (p<.05) greater improvement in innate and adaptive immune responses at 3 and 6 month follow-up. 

Hypothesis 2.Will experience significantly fewer cumulative episodes of acute childhood diarrhea (ACD), acute respiratory infection (ARI), or impetigo over 9 months of follow-up.

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).


In children six to twenty-four months of age with an acute episode of diarrhea with enterotoxigenic E. coli (ETEC);

1. To describe the innate and adaptive immune response to zinc at days 3, 15, 45 and  90, given either

a. as a treatment, 20 mg/day x 10 days 

b. as a treatment, 20 mg/day x 10 days + supplement, 10 mg/day for 3 months

2. To compare between group changes in immune status/function over time (day 15, 45 & 90).

3. To determine the relation between the magnitude of change in immune function or zinc status and the occurrence of repeat infectious illnesses (ACD, ARI, impetigo) over a 9  month period of observation. 

In children six to twenty-four months of age with an acute episode of diarrhea attributable to enterotoxigenic E. coli (ETEC) or other non-ETEC etiologies,

4. To determine the value added of zinc supplementation following treatment in terms of the future occurrence of ACD, ARI, and impetigo over 9 months of follow-up observation.

5.  To assess the impact of zinc supplementation on health services utilization and household expenditures for ACD, ARI and impetigo.

[Note: Fewer subjects are required for the study of immune response and we have chosen to limit this aspect of the study to a single pathogen.  ETEC has been chosen because of the existing ETEC surveillance already in place in the selected study site, Mirpur.  For study aims 4 and 5 all subjects will be included]

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).

                                                                                                                                                                                          

INTRODUCTION

Zinc deficiency has been found to be widespread among children in developing countries, and occurs in most of Latin America, Africa, the Middle East and South Asia (59, 63).  Clinical and field studies have consistently observed an association between zinc deficiency and infectious disease morbidity (64, 5).  Zinc deficiency results in higher rates of infectious diseases, including skin infections, diarrhea, respiratory infections, malaria, and delayed wound healing (1, 5, 42).  Based upon the impact of zinc deficiency on diarrheal disease, it is estimated correction of this deficiency would save 450,000 under-five deaths annually (14, 33).

The proven association of zinc deficiency with elevated risk for diarrheal illness led to the evaluation of its potential treatment and preventive impact, either as a dietary supplement or as a treatment.  Over the past decade multiple randomized trials have been carried out to determine, first, the efficacy, and later, the effectiveness of zinc (6,11,47,48, 50, 52-55, 57).  Meta-analyses of these trials estimate that children between 3 months and 5 years of age who receive zinc for the treatment of a diarrheal illness (20 mg/day for 10 days) recover faster and experience a 30% reduction in the likelihood of developing prolonged diarrhea.  Over the 3 to 6 months following treatment there is a 30% decreased likelihood of a subsequent episode and an estimated 50% reduction in non-injury mortality (6,10, 22, 68,70,71).

    
Why does zinc have a therapeutic and preventive impact on diarrheal illnesses?  The available evidence of zinc’s potential role is derived from randomized clinical trials of zinc treatment or supplementation that were not designed to explain why zinc is as effective as it seems to be.  Zinc has been identified to play critical roles in metallo-enzymes, poly-ribosomes, the cell membrane, and cellular function, leading to the understanding that it also plays a central role in cellular growth and in the function of the immune system (60, 32).  With zinc deficiency epithelial barriers are compromised and multiple components of the immune system malfunction. Although the zinc plasma pool is small, at a concentration of 12-16 umol/L in normally nourished children, it is extremely important for immune function.  Zinc deficiency, which is a common occurrence among Bangladeshi children, is known to adversely affect innate and active immunity.  Natural killer cells, phagocytosis of macrophages and neutrophils are impaired by even mild zinc deficiency (29, 30, 44, 62).  Also affected is the proliferation and function of cytotoxic T cells (60).  The obvious conclusion is that zinc deficiency results in diminished immunological competence, that in turn leads to an increased risk for infectious diseases and greater severity of illnesses.  Whether this is the case requires substantiation. 

     
A related, but more pragmatic question is the value added of zinc supplementation in addition to zinc treatment.  The scale-up strategy being pursued in Bangladesh is to provide zinc for 10 days as a treatment at the time of a diarrhea episode.  This is in accordance with recently revised WHO recommendations for the treatment of childhood diarrhea (WHO, in press).  Can we conclude there is no or minimal value added to continuing zinc as a dietary supplement in zinc deficient children following an acute episode?  Potential benefits would be preventive and include recurrence of childhood diarrhea, the likelihood of other common childhood infections (ARI, impetigo),  decreased utilization of health services and household expenditures for curative care.  If there is added benefit, can this be explained by improvement in zinc levels and/or immune function?

     
The Centre for Health & Population Research has considerable experience with laboratory, clinical and community-based studies of zinc as a treatment for childhood diarrhea.  It also has extensive experience and competence in lab-based studies of immune function.  A unique opportunity therefore exists to pursue combined explanatory, lab-based studies of how and why zinc works with more applied, community-based investigation of the clinical and programmatic impacts of adding zinc supplementation to zinc treatment.  This proposal will focus on the potential explanation of zinc’s preventive impact through enhancement of either innate and active immune function in zinc deficient children, 6 to 24 months of age, suffering from an acute episode of diarrhea.  The immune response to zinc following diarrheal episodes will be limited to those due to enterotoxigenic E coli (ETEC).  We will also follow these children and children with non-ETEC diarrhea for the occurrence of common early childhood infections over a 6 month period of observation.  

STATE OF KNOWLEDGE

Zinc, Infection and Immunity:

     
Zinc plays an important role in immunity. Studies have suggested that zinc deficiency impairs cell regeneration, epithelial barrier functions and linear growth (60). Zinc deficiency also impairs immuno-competence with reduced cell-mediated immune responses, decreased T lymphocytes, abnormal T-helper and/or suppressor functions and impaired macrophage function and reduced killer cells and antibody dependent cytotoxicity (29, 30, 44, 62).  Zinc is an essential mineral that is found in almost every cell. In zinc deficiency, there is reduced cell-mediated immune response, reduction in T cells, abnormal T-helper and /or suppressor functions, impaired macrophage function, and reduced killer cells and antibody-dependent cytotoxicity (12, 23, 69). Zinc supports a healthy immune system and it also supports normal growth and development during pregnancy, childhood, and adolescence (15).

     
The possible mechanism of the effect of zinc supplementation on the duration and severity of diarrhoea include improved absorption of water and electrolytes by the intestines (27,28, 41), regeneration of gut epithelium (8, 19, 21, 49), increased levels of enterocyte brush-border enzymes (26,34), and enhanced immunologic mechanisms for the clearance of infection. Zinc supplementation improves immunity (37, 24, 56) and thereby may promote rapid clearance of diarrhoeal pathogens from the intestine. The immune system is adversely affected by even moderate degrees of zinc deficiency. Severe zinc deficiency depresses immune function. The activity of natural killer cells, macrophages and neurtrophils are impaired by decreased zinc levels (4, 32, 36).  The innate immunity is the body’s first line of defense to pathogens and its functions are disturbed by altered zinc levels. The NK cell number and activity are dependent on serum zinc levels (44).  These levels also modulate the function of monocytes, macrophages and neutrophil polymorphs (32). Zinc is also required for the development and activation of T-lymphocytes. When zinc supplements are given to individuals with low zinc levels, the numbers of T-cell lymphocytes circulating in the blood increase and the ability of lymphocytes to fight against infection improves.  The activity of cytotoxic T cells (CD8+, T helper cells (Th, CD4+) are compromised by altered zinc levels.  An imbalance of ThI and Th2 functions may result in altered cytokine secretions.

     
The link between diarrhoea and zinc is well established. Diarrhoea leads to zinc loss and abnormalities of zinc metabolism. Substantial amounts of zinc are lost during acute diarrhoea. It has been observed that daily losses of zinc in children with diarrhoea could be as high as 159 µg/kg/day in control children  (16, 54). 

Although the Recommended Dietary Allowance (RDA) for infants, 0-6 months is 2.0 mg and 7-36 months is 5.0 mg per day, the amount of zinc needed in young infants to maintain a positive zinc balance in areas with a high prevalence of zinc deficiency is unknown.  Most of the published efficacy trials of zinc in infancy used a dose on 10 mg of elemental zinc per day.  There is no evidence that zinc supplementation in the range of 10-20 mg per day or up to 70 mg twice a week causes any toxic effect or clinically significant copper deficiency (7). 

ETEC infection in infants

     
It has been estimated ETEC may cause at least 210 million episodes of diarrhoea and over 400,000 deaths annually in children under 5 years of  age (13).  Of the 4-8 episodes of diarrhoea annually occurring in children in many developing countries, as much as 20 to 50% may be due to ETEC (25).  Diarrhea surveillance studies conducted at the Centre over the last five years in Bangladesh has found that about 18% of diarrhoea in children is caused by ETEC.  The peak incidence of ETEC diarrhoea occurs in the first year of life.  The pathogenicity of ETEC is due to its ability to colonize the small intestine and to  produce one or both of two types of toxins, the heat stable enterotoxin (ST) and/or the heat labile enterotoxin (LT) (65, 66). 

     
For ETEC, which is noninvasive, antibodies that can be induced locally in the gut are believed to be protective (38).  Both antibacterial and antitoxic antibodies act synergistically to provide protection (2). Protective immunity is dependent on the stimulation of the mucosal immune system and generation of secretory IgA antibodies in the gut-associated lymphoid tissue.  Studies in animal models and human volunteer studies suggest that infections can protect against re-infections (39,67).    Antibody production and B cell function is dependent on T cells which control its proliferation and differentiation and is, therefore, dependent on signaling by cytokines. Repeated ETEC infections have been shown to result in growth retardation and morbidity in children 0-5 years of age (13).  Infants and children have been shown to respond poorly to enteric vaccines including the killed cholera vaccine (17,18). Supplementation with zinc has been shown to amplify the vibriocidal responses to the cholera vaccine in children in an urban slum in Bangladesh (3). Even children in developed countries who are zinc replete have shown a boost in vibriocidal antibodies after weekly supplementation with zinc (35).

Zinc and the Prevention of Childhood Diarrhea

     
Several recent controlled trails have demonstrated the beneficial role of zinc in the prevention and treatment of diarrhoea, malaria, and pneumonia (6, 9, 10, 22, 58, 61, 68, 70, 71).  A community-based, double blinded, randomized trial in India observed a 26% lower diarrhoeal incidence and a 35% lower prevalence in children aged 11 months who received daily zinc supplementation for a six months period (57). A trial of zinc supplementation (10mg/day) in growth retarded Vietnamese children observed a 71% lower diarrhoeal incidence (40). A similar trial in Mexico found a 36% lower incidence of diarrhoeal episodes in zinc supplemented (20 mg/day) children (45). It has also been observed that zinc supplementation reduces the incidence of persistent diarrhoea in zinc deficient children and reduces the risk of dysentery in boys (55). A report from Guatemala also indicated that zinc supplementation reduces the incidence of all diarrhoea  (50).

     The therapeutic effect of zinc in diarrhoea has also been documented in number of recent controlled trials. There is an overall reduction of 23% in the risk of continued diarrhoea on a given day and a 37% reduction in the severity of diarrhoeal episodes when zinc was provided early in the illness episode (71). In another zinc treatment study, when zinc treatment was initiated within 3 days of the onset of diarrhoea, there was a 39% reduction in the frequency of episodes lasting more than 7 days after the beginning of the treatment (54). Table 1 provides a summary of several recently published studies examining the preventive effects of zinc provided either as a treatment or a daily 

supplement.  There are no published studies that test the effect of combining the two strategies.  As can be seen in the table, either strategy appears to provide protection against the future occurrence of acute childhood diarrhea.  This protection lasts for 3 to 6 months months following treatment or cessation of supplementation.  It has been demonstrated that supplementation also significantly decreases the likelihood a child who does experience an acute diarrheal illness progress to either prolonged (>7 days) or persistent (>14 days) diarrhea. It is unknown whether in zinc deficient children the provision of zinc as a supplement in addition to treatment leads to important, added preventive benefits in terms of protection against diarrhea and ARIs.

     
As we begin to develop strategies for the scaling up of zinc in Bangladesh and in other countries where zinc deficiency in young children in highly prevalent, it will be important to document the relative impact of public health treatment and supplementation strategies.  Equally important is the need for greater understanding of how and why zinc influences disease occurrences and their clinical course. This proposed investigation will include the testing of hypotheses relevant to both domains.

Table 1. Summary of studies testing for preventive impact of zinc as a treatment or supplement

     STUDY
 

 SETTING
ZINC DOSE
RESULTS

Roy SK 1999        
Bangladesh             
20 mg/d x 14 days    
↓ 14% repeat ACD or ALRI 
    (46)                          

Hospital-based       
treatment                     ↓ 58% ARI 
Baqui AH 2002    
Bangladesh
             
20 mg day                 
↓ 15% ACD prevalence
       (6)                   
Community based   
treatment                   

↓ 19% ACD hosp. 

↓ 51% non-injury mortality
Sazawal S 1996    
India



10 mg/day                 
↓ 21% PCD

        (55)                                                     
suppl x 6 mo.            
↓ 14% ACD

Rosado JL 1997  
Mexico                   

20 mg/d


↓ 20% ACD

       (45)                                                     
suppl x 12 mo

Ruel MT 1997    
Guatemala


10 mg/d


↓ 22% ACD

        (50)                                                     
suppl x 7 mo

↓ 67% PCD

Ruz M 1997         
Chile



10 mg/d                     
no effect on morbidity

   (51)                                                          
suppl x 14 mo       

Sazawal S            
India                        

10 mg/day


↓ 17% in ACD

1997 (57)






                                                          
suppl x 6 mo             
(effect limited to subjects 

                                                                                                
> 12 months of age)
Sazawal S           
India



10 mg/day                 
↓ 45% ALRI
1998 (58)                                                     
suppl x 17 wks
Bhandari N          
India



10-20 mg/d                
↓ 12% ACD

2002 (9)                                                    
suppl x 4 mo
              
↓ 21% PrCD

                                                                                               

↓ 31% PCD

                                                




↓ 25% pneumonia
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). 


METHODS

Study design:  A double-blinded, randomized field trial of the efficacy of zinc as a treatment 

(20 mg/day x 10 days for each diarrheal illness) vs. zinc treatment followed by daily zinc supplementation for 3 months (10 mg/day , placebo controlled) in children 6 to 24 months of age (Appendix 1).  Given our current state of knowledge, a placebo treatment group is not considered to be ethical. The study will be carried out over a period of two years in the Mirpur zone of Dhaka City, an urban field research site of  ICDDR,B. Based on the data of our ongoing research project “Studies to evaluate vaccines against watery diarrhoea suitable for use in Bangladesh” in Mirpur (Protocol No. 2001-027), we have identified about 100 incidence cases of ETEC among infants between 6 to 16 months of age over a period of 8 months in a birth cohort.  In this proposed study, we intend to obtain 148 ETEC diarrheal cases among infants 6 to 24 months of age and we anticipate that we will be able to recruit this required number of cases within a 1 year recruitment phase. The overall time line and the events of the study protocol are described in the appendices (Appendix 1 and 2)   
Intervention  groups 

Community-based surveillance for cases of acute diarrhea in children 6 to 24 months of age will be conducted daily in Mirpur.  Caretakers of identified cases will be informed of the study, what will be required if they agree to participate and written consent obtained (Appendix 6).  Following consent, all cases will begin zinc treatment.

Zinc Treatment: 20 mg/day x 10 days of zinc sulfate in a dispersible tablet formulation.  Repeat episodes of diarrhoea  that occur after 3  months of treatment will be treated with zinc using the dispersible tablet formulation.

At two to three days into treatment we will have the bacteriological stool culture results for enteric pathogens (WHO 1987) including GM1 ELISA for detection of  ETEC (43).  Based upon these results, subjects will be stratified into ETEC and non-ETEC groups.  We anticipate a ratio of ETEC to other causes to be 1:4, based upon our ongoing study as described earlier (we have obtained 99 ETEC out of 486 diarrheal cases).  Within each strata subjects will be randomly assigned to zinc supplementation or placebo groups, using a blocked (six) randomization procedure. Neither the enrolled families or investigators will be aware of group assignment.  All ETEC cases fitting the study’s eligibility criteria and parent consent will be retained.  We will require only 40% of

 non-ETEC cases, as per the sample size estimates described below.  The comparison groups are as follows:

a. Zinc treatment + supplementation: Following 10 days of treatment, children are to receive 10 mg zinc (zinc sulfate, syrup formulation) given daily for 3 months.

      b.  Zinc treatment + placebo:  Following 10 days of treatment, children are to receive a placebo

            (placebo syrup)  similar in appearance.

Zinc supplementation will be given in a 10 mg/ 5 ml syrup preparation.  Pre-coded packets containing either zinc or placebo syrup will be distributed to subjects on day 10.  Coding will be done by the manufacturer in blocks of 6.  The code will not be broken until the completion of the study. 

In order to monitor illness outcomes, adherence/compliance and future infectious episodes, households will be visited on days 3 and 10 and weekly for 9 months.  If in any 3 month interval a child has a repeat episode of diarrhea, this first episode will be treated with zinc, 20 mg/day x 10 days.  Additional episodes in the  3 month interval will not be treated.

Population:

a. Source population: Children 6 to 24 months of age living in the urban Dhaka, low-income area of Mirpur.
b. Study population: Children with an acute childhood diarrheal illness (greater than 24 hours, but less than 3 days). 
Exclusion criteria: 

· Severe dehydration, suspected cholera or pneumonia, chronic illness, bipedal edema (seriously ill children will be referred to ICDDR,B/Shishu Hospital).

· The child is currently receiving zinc (as a treatment or supplement)

· wt/length,  z-score below -3  (these children will be referred to ICDDR,B/ Shishu Hospital)

· Already participating in another study involving nutritional or therapeutic interventions

Note: The PIs recognize that a small proportion of children will not be zinc deficient.  Batch testing for zinc levels precludes obtaining zinc status at the time of entry.  Initial zinc serum levels will be adjusted for in the planned data analysis.

     Informed, written consent will be obtained prior to entry into the study.

c. Sample Size: Sample size estimation for the comparison of two
      independent means based on Jekels et al. 1994 (72).
                              (Zalpha + Zbeta)2  SD 2

               N/gp =                                          x 2  

                                             d2    

The following estimates are based upon two-sided hypotheses of effect, a 95% level of confidence and a power of 90%.

i. Immune Response:

To detect a minimum between group difference of 20 % in change in CD4 or Natural Killer Cell counts assuming the standard deviation to be 33% (57).

                      N/gp = 59 subjects/gp

Anticipating a 20% loss following enrolment, we will require 74/gp

To compare immune function at baseline with day 15, 45 and 90 follow-up values, paired testing procedures will be applied that require smaller sample sizes ranging from 11 to 29/gp. 
ii.  Clinical/Preventive Outcomes

To detect a minimum difference (d) of 20% in the likelihood of a repeat episode of diarrhea over 6 months and conservatively assuming the mean +/- SD to be 2.0 +/- 1.0 episodes,

                              (Zalpha + Zbeta)2  SD 2

               N/gp =                                          x 2  =  135 subjects/gp

                                             d2                                                 

anticipating a 20% loss following enrolment, 169 subjects per group are required. Since 74 children with ETEC will be recruited, we will need 95 non-ETEC in each group.  A similar calculation could be made for ARIs. 

Total sample: N = 338 ( total 148 ETEC and 190 non-ETEC).

Measurement:

1. Stool Culture: A stool specimen will be collected for culture at the time of entry into the study.  Stool samples will be collected for culture for repeat episodes of diarrhea active at the time of a household visit.

2. Baseline Information (prior to randomization): [Appendix 3]

a. Socio-demographic: age, gender, parent education and income category

b. Anthropometry: Child’s length and weight

c. Past history: Breastfeeding, vitamin A, co-morbidity

d. Current illness: duration, severity, treatments received, co-morbidity 

3.  Immune function:  Venous blood will be collected from all subjects at time 3, 15, 45, and 90 days.  A detailed protocol of immune function assessments for the specific aims 1 thru 3, including the volume of blood required for that purpose are annexed (Appendix 5). Description of the laboratory procedures is illustrated below: 

a. A complete blood count (CBC), including hemoglobin level will be done using an Excel 22 Hematology Analyzer (DANAM, Dallas TX) in the Clinical Pathology Lab at ICDDR,B.  The following leukocyte data will be provided: Total white blood cells (WBC), total and percentage neutrophils, lymphocytes, monocytes, eosinophils and basophils.  Erythrocyte and platelet data will also be collected.

b. For functional assays whole blood bacterial killing will be carried out using E. coli and S. aureus (Epower microorganisms, Molecular Probe, USA) using recently established procedures in the laboratory (Mesbahuddin Ahmed, ongoing studies).

c. Protocol for naïve CD4 cell and NK cell assessment: Absolute counts (per ml of whole blood) of naïve and memory T helper cell (CD4) as well as NK cells will be determined by flow cytometry using 3 Multitest four-color reagent kits with Trucount tubes (BD Bioscience) according to manufacturer’s instruction. One kit (CD45RA-FITC/CD45RO-PE/CD3-PerCP/CD4-APC) will be used to enumerate mature and naïve total T lymphocytes and CD4+ (helper) T lymphocytes and a second kit (CD3-FITC/CD16+CD56-PE/CD45-PerCP/CD19-APC) will be used to enumerate NK cells. Briefly, 20 (l of monoclonal antibody cocktail of particular set will be added into a TruCount tubes; following adding up 50 (l blood and incubation in the dark at the room temperature. For RBC lysis, FACS lysing solution is used and cells are analyzed by using a FACSCalibur flow cytometer (BD Bioscience) and MultiSET™ software. 
d. The oxidative burst activity of neutrophils and monocytes will be performed by using BURSTtest kit (PHAGOBURST, ORPEGEN Pharma, BioCarta Inc CA). This test kit allows the quantitative determination of oxidative burst in heparinized whole blood. It utilizes dihydrorhodamine (DHR) 123 as a fluorogenic substrate and three levels of stimulation- unlabelled opsonized E. coli bacteria as particulate stimulus, the protein kinase C ligand phorbol 12- myristate 13-acetate (PMA) as high stimulus and the chemotactic peptide N-formyl-MetLeuPhe (fMLP) as low physiological stimulus. Heparinized whole blood is incubated with the various stimuli at 37°C, a sample without stimulus serves as negative background control. Upon stimulation, granulocytes produce reactive oxygen metabolites (superoxide anion, hydrogen peroxide, hypochlorous acid) those are monitored by the oxidation of DHR 123. Which determines the percentage of phagocytic cells that produce reactive oxidants (conversion of DHR 123 to R 123) and their enzymatic activity (amount of R 123 per cell). To estimate these chemical reactions, cells will be analyzed by flow cytometry and CELLQuest TM software.

e. Immuno-turbidimetric assay will be used for the in vitro quantitative determination of human complement component C3 and its degradation products in plasma using C3c kit (Roche)

f. Plasma will be collected and preserved at –700C for the measurement of pro-inflammatory cytokines by flow cytometer using the Proinflammatory Cytokine Cytometric Bead Array (CBA) kit (BD Pharmingen) according to manufacturer’s instruction. The cytokines under study will be IL-8, IL-6, IL-10, IL-12, TNF-(, and IL-1(.

g. EPI vaccine DPT specific plasma antibody response will be measured using standard procedures and protocols set up at the Vaccine Unit of the Institute of Public Health in Dhaka.

h. The ETEC specific IgA, IgG and IgM immune response will be measured to the heat labile enterotoxin and  specific colonization factors using plasma (43).

4. Zinc: Serum zinc concentrations will be determined at baseline, 15, 90 and 180 days following enrollment into the study.  Venous blood will be drawn in trace element free vacutainers and placed in ice until arrival at the ICDDR,B laboratory on the same day.  Serum will be assayed by flame atomic absorption spectrophotometry and zinc deficiency will be defined as a serum zinc concentration <60 ug/dl (31).  Copper levels will be determined at enrollment (study day 3) and last day of zinc supplementation (study day 90) in the group of children with ETEC diarrhoea to determine the inhibitory  role of zinc in copper absorption (20)

6. Follow-up monitoring:  (refer to appendix 3 and 4). Home visits will occur on days 3 & 10, then weekly  for a total of  9 months.  The outcome of the diarrhea illness will be documented and new infectious episodes will be recorded. Further At the time of the day 10 home visit blister packs will be observed and a tablet count completed.  Thereafter the volume of syrup will be monitored.  Caretakers will be re-supplied as required. Caretakers will be asked to report all diarrhea, ARIs or skin infections occurring in the enrolled child since the previous visit to the household. At the time of weekly visits, the monthly calender will be filled up by the study team (Appendix 4).

Diarrhea: The passage of 3 or more loose or watery stools over a 24-hour period. A new diarrhoeal episode will be defined is there is a interval of diarrhoea free days for 72 h (73).  For each episode stools will be cultured for enteric bacterial pathogens and also for rotavirus. 

ARI: The occurrence of any of the following signs for longer than 24 hour will be considered a respiratory episode. These include cough, purulent nasal discharge, sore throat, earache, ear discharge. A new ARI episode will be defined when there is a symptom free interval of  consecutive 7 days.   Children suspected of having pneumonia (difficulty in breathing, rapid  breathing, chest indrawing) will be referred to Shishu Hospital. Those with diarrhoea with suspected pneumonia will be referred to ICDDR,B. 

Impetigo: The occurrence of crusted, oozing skin lesions will be considered as impetigo. As it is difficult to diagnose this in the field level, we plan to photograph the cases during the pilot stage to verify the diagnosis with clinicians in the study. Those confirmed for impetigo will be treated with cloxacillin.

6. Health services utilization:  For any of the recorded illnesses, the caretaker will be asked if care from a health service provider had occurred.  We will also inquire about user fees and the cost of any treatments.

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).  


Field site for studies planned in the project:

Children with acute watery diarrhoea from the urban slums in the Mirpur, Dhaka city area will be recruited in the study. We have been conducting other studies at this site (Protocols 99033, 98009, 2001-027).  A field station has been set up for the past 6 years for carrying out ETEC and cholera studies for vaccine and immunological studies. Mirpur is about 6 km northwest of ICDDR,B. The area has been used for field studies since 1987. It is about 10 sq km in radius and divided into 14 sections. We have previously carried out studies in sections 10, 11 and 12. Each section is again divided into camps. A population of about 300,000 is estimated in these three sections. There will be an adequate number of infants and children between 6 and 24 months of age to meet the requirement for the study.  Subjects enrolled in any other protocol being carried out by ICDDR,B or other institutions which require vaccine or nutritional interventions will not be eligible for recruitment into  this study. 

Facilities Available: 

Existing field, hospital, laboratory and office facilities are adequate and are outlined. A Cell harvester  will be purchased to support the study.
Recruitment of volunteers and field site for study:

The patients will be recruited from the urban slums in Mirpur in Dhaka for the study.  The project office will be around the same area which is at present being used for other studies ongoing in ICDDR,B (projects: 98009, 99033, 2001-027).

Clinical and field facilities:

The clinicians in the study will coordinate the clinical component of the study in the ICDDR,B hospital and in the Mirpur field site. Clinical facilities needed in the study will be provided by the study physicians and other clinicians at the Clinical Research and Service Centre of the ICDDR,B hospital in Dhaka. 

Laboratory facilities:

Existing laboratory facilities are adequate.  Equipment is needed for replacement of the existing equipment in the Immunology laboratory. To help facilitate the collaboration with IPH in this study we will provide reagents for the laboratory analyses as well as equipment on loan basis.

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).


Data will be entered and analyzed using SPSS-PC version 11.5 software.

Descriptive frequencies will be run to assess data validity, distributions and assumptions of normality. Data transformations will be made where needed.

Immune Function: To determine the differences of different immunological parameters at particular time point between the treatment and supplemental groups- t-test will be used. To compare changes in immunological parameters over time, repeated measure one-way ANOVA within group and  between groups two-way ANOVA will be used.  One of the major concerns in this proposed study is to determine whether the study groups at baseline are comparable in terms of immunological and nutritional status. To address these issues, we intend to determine age, W/H z-score, hemoglobin, serum zinc level and number of vitamin A capsule intakes in the mass supplementation program in addition to different immunological assays on different study day. .  If no differences are found on study day 3, the groups will be considered comparable. If differences are found, these differences may be evaluated as predictors of any changes in immune function that are expected to be seen across groups, using multiple regression analysis modeling.  Entry of covariates into the model will be determined by correlation analyses with the explanatory immunological variable under study.

Clinical outcomes: Univariate analyses will include chi-square (comparison of two proportions), t-test or paired t-test (comparison of two means), and linear regression (continuous exposure and outcome data).

Multiple linear or logistic regression models will be tested for main group differences in the occurrence of subsequent illness outcomes controlling for SES, anthropometric status, initial serum zinc levels and change over time, age and gender.  Similar models will be tested for the prediction of health services utilization.

Methods to ensure data quality

To ensure the quality of data, the study site will be visited by the investigators for random checks. In addition a 5% sample of study subjects will be re-interviewed within one day to re-assess the original interview.  

Data management; To maintain consistency, the data forms will be reviewed by the investigators. This will be carried out to ensure the completeness and accuracy of the data. If necessary, additional home visits will be made to recheck entries or fill in missing entries. After editing, data will be entered in an appropriate data entry  program that will be suitable for the study. 

The data will be entered into a computer and a data base created. Data will be analyzed using an appropriate statistical program, EpiInfo version 2000 or SPSS (verion 11.5). 

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.

Enrolment in this study will involve informed, written consent.  The consent forms are appended. Caretakers will be free to consent.  Whether caretakers consent or not, children considered to need clinical assessment for their illness will be offered this service.  The zinc treatments and supplementation will be provided free of charge.  Caretakers will be required to bring their child to the study field sites upon entry into the study and at 3, 15 days, 45 days, 90 and 180 days of the study.  Those identified to have ETEC will also be asked to return to the testing site on the day following positive culture identification.

All data collected will be maintained in locked filing cabinets.  At all times anonymity will be maintained.

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.

NA

Itemized tasks for investigators

Dr. Charles Larson and Dr. Firdausi Qadri will both be involved in studies in the field and laboratory. These will include the coordination of activities of co-investigators at ICDDR,B in the different divisions. Dr. Larson will mainly be responsible for the field activities related to zinc treatment and supplementation  while Dr Qadri will mainly  be responsible for coordinating  work  related to the microbiological and immunological components of the study of children in the Mirpur field with the Laboratory.

Both will be responsible for the analysis of data, evaluation of  results, writing of  reports and manuscripts.

Dr. D. A. Sack- Advice and support both in the field and laboratory aspect of the study.

Dr. Rubhana Raqib-  Immunological expertise in the laboratory component of the study.

Dr. Dilruba Nasrin-  Responsibility in field based zinc treatement and supplementation component and the epidemiological aspects.

Mr.  S. Mesbah Ahmed - He will help set up the assays for the innate and adaptive immune response studies using whole blood assays. 

Dr. Tanvir Ahmed/Mohiul Islam  (Study  coordinator at the field site)

Patient enrollment, clinical management and coordinate field based studies with laboratory at ICDDR,B.

Dr. Tahmeed Ahmed

Clinical support  and advice both in the hospital and in the field based study.

Dr.  Setarunnahar

Will be responsible for the study of antibody assays related to the DPT vaccine in the children. This component will be carried out at the laboratory at IPH. 

Research Officer-1 and Research Assistant-1
Use blood for study of the cellular component for adaptive and innate immune response studies. In the later part of the study  use plasma for study of innate and  antibody responses in patients. Store samples for micronutrient measurement.

Other personnel shown in the budget will help in the smooth functioning of the project in the different field and laboratory areas as necessary.
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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.


This investigation will be supported by the Zinc Scale up Project dissemination team.  This team assists with dissemination through a Project web-site, semi-annual newsletter, yearly conferences and related press releases.  In addition, we will be presenting this protocol and be providing up-dates to the Project’s Technical Interest Group (TIG).  The TIG is made up of stakeholders in the public, private and NGO sectors as well as multinational organizations.  It meets 3 times a year.

Study results will be submitted for publication in peer review journals.

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)


Dr. Setarunnahar, superintendent of the vaccine unit of the Institute of Public Health will be collaborating in the study. She will give scientific feedback and will be involved in setting up the technique for measuring the immune response of the study subjects to DPT.  This component of the study will be carried out in her laboratory at IPH. Professor Ann-Mari Svennerholm, Department of Medical Microbiology and Immunology, Goteborg University, Sweden will give feed back on the study on the immune response of children with ETEC diarrhoea. Her laboratory will serve as resource laboratory for the ETEC studies and for diagnostic reagents for ETEC.

Budget Justifications


Please provide one page statement justifying the budgeted amount for each major item.  Justify use of man power, major equipment, and laboratory services.


The funds will support the work at the field site for the zinc  treatment and supplementation study as well as the laboratory aspects of the work. Facilities including equipment and reagents will be needed for the immunological assays including those which will be carried out in collaboration with the coinvestigator at the  Institute of Public Health who is coinvestigator in the study.

                                                         Appendices

Appendix 1-   Architecture of the study

 Mirpur Area, Dhaka   Children, 6 to 24 months of age  with acute episode of diarrhea


                                                                                     meet inclusion/

                                                                                     exclusion criteria

                                                                                     informed

                                                                                     consent

                                                                                     stool culture

                                                                                     baseline intake


                                                            Zinc Treatment

                                                       20 mg/day x 10 days


                                 ETEC +                                              non-ETEC

 


(n=148)



     (n=190)


  day 3 immune

           function

  day 3                                                                                                        day 3 

  serum zinc                                                                                               serum zinc 

                           randomization                                         randomization

                      

                  Zinc                      Placebo                       Zinc                     Placebo

         *Supplementation        for 3 months         *Supplementation    for  3 months 

           for 3 months                    n= 74                  for  3 months                  n=95

                 n= 74                                                       n=95                   

                         immune function

                             d15,45,90

                                    +

                                 serum                                                       serum

                                  zinc                                                            zinc

                              d15,90,180                                               d15,90,180
                                months                                                    months

                                weekly                                                      weekly

                             home visits                                              home visits

                               x  9 mo.                                                      x  9  mo.

 APPENDIX-2

Table: Timeline for zinc treatment/supplement study and the events of the proposed study protocol  

	Events in Study Protocol
	Months of the Study

	
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	(a)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(b)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(c)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(d)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(e)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(f)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


(a) Study subjects recruitment ( upto 12 months of the study)

(b) Zinc supplementation period ( upto about 15-16 months of the study)

(c) Immune measures with whole blood (e.g. CBC, NK-cell, naïve CD4 cell count; whole blood bacterial killing assay, Neutrophil and Monocyte oxidative assays). 

(18 months)
(d) Follow-up period: monitoring morbidity (e.g. diarrhoea, ALRI) ( total 9 months follow-up period). Anthropometric measurements will be made at baseline and every three months over the 9 month study period. 

(e) Immune measures with frozen plasma (-700C) (e.g. Complement C3 and pro-inflammatory cytokine assay, Antibody assay for DPT vaccine and ETEC) (6 months).

       (f) Data analysis, report writing and dissemination (2-3 months).
Appendix 3 

                                              BASELINE INTAKE QUESTIONNAIRE

INTERNATIONAL CENTRE FOR DIARRHOEAL DISEASE RESEARCH BANGLADESH, (ICDDR,B)

Interviewer ID#: |___|___|
1. Study Subject ID # : |___|___| / |___|___|___|___| 

Child’s Name: |____________________________________________________|


2. Date of enrollment 





                                          day           mo          year  

Socio-demographic Data: 

3. Gender      male ___    female ___



4. Date of birth





       (English calendar)      day            mo        year



   

5.  Age in months                 


6. Education of mother


7. Occupation of mother  



8. Education of father



9. Occupation of father  


10. Family income (Taka)

The following two questions are about family income.  I want to assure you this is strictly confidential information and will not be shared with anyone else.

11. How much on average do you spend on food to feed your household each day? ________ Tk

      11.a. How many people do you feed each day? _____

12. Approximately how many Taka per month, in total, are earned by members of your household?

     _________________ Tk

Anthropometry




13. Length (cm)




14.  Weight (kg)     


15a. W/H- z-Score         +    -         .
.

    15b.  L/Age- z-Score    +  -  
..

16. Did you breastfeed your child?  No __,     if yes, for ______months

Previous immunization/supplementation 


17. DPT       
 


18. OPV       
 


19. Measles

 


20. BCG

 

 

 

21. Number of vitamin A capsule intake during the past 6 months 

Current Diarrheal Illness


22. Duration of diarrhoea before arrival, in days  


      23. Was diarrhea bloody?

24. Vomiting in the last 24 hours yes ___   No ___

Collection of samples

Stool collection for culture

Blood Collection
                                                   WEEKLY FOLLOW-UP

 Once per week x 6 months all study participants will receive a home visit.  At this visit caretakers/parents will be asked about the occurrence in their child of acute childhood diarrhea, ARI or skin infections.  Home visitors will be trained to visually diagnose impetigo.  If one-or-more of these outcomes is reported for the past week the interviewer will then inquire about expenditures on the illness and the utilization of health services. These information will be recorded in monthly calender (Appendix 4).

                                                              Appendix 4

Follow up Calendar –Mirpur                

Month/Year



PID


HHID

	Signs
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	Diarrhoea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Blood in stool
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Stool freq
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Runny nose/Nasal cong.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cough
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sore throat/hoarseness
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ear pain
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ear discharge
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fever
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Impetigo
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Medications
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Health service
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Referred to hospital
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Reason for referral


Total cost----------a) visit



  b) Medicine



                 c)Others

Name of interviewer




ID of Interviewer


         Date completed (dd/mm/yy)  


Codes used:

All symptoms/signs –Y=1, N=2

Medications—Zinc/placebo syrup=1, antibiotic=2, metronidazole=3, others=4

Health service—Study clinic=1, Govt=2, Private=3, Others=4

Referred to hospital----Y=1, No=2
 

APPENDIX-5
Study plan

	Immune Function Assays
	Study Day – Blood Draws

	
	03
	15
	45
	90

	Measures of Innate Immunity

	     Complete Blood Count (CBC)- Neutrophil, Monocyte
	(
	(
	(
	(

	     Whole blood absolute count for NK-cell
	(
	(
	(
	

	     Whole blood oxidative burst assay for Neutrophil
	(
	(
	(
	

	     Whole blood oxidative burst assay for Monocytes
	(
	(
	(
	

	     Plasma- Complement C3 measure
	(
	(
	(
	

	Measures of Adaptive Immunity*

	     Complete Blood Count (CBC)- Lymphocyte
	(
	(
	(
	(

	     Whole blood absolute naïve and memory CD4-cell
	(
	(
	(
	

	     Plasma- Antibody response for EPI vaccine (e.g. DPT)
	(
	(
	(
	

	     Plasma- Antibody response for ETEC (Pathogen specific)
	(
	(
	(
	(

	Blood to draw 

	0.4 ml for CBC
	(
	(
	(
	(

	0.1 ml for NK and naïve CD4 cell count
	(
	(
	(
	

	0.5 ml for oxidative burst assay for Neutrophil and Monocyte
	(
	(
	(
	

	0.6 ml for Complement C3 
	(
	(
	(
	

	0.4 ml  for antibody and cytokine measurements
	(
	(
	(
	(

	1.0 ml  for zinc and coppera measurements
	(
	(
	
	(

	0.5 ml of blood at day 180 for zinc measurementb
	
	
	
	

	Blood volume (ml); total for entire study = 10.3 ml 
	3.0
	3.0
	2.0
	1.8


aSample at day  3 and day 90 will be used to determine copper levels. 

bAn additional sample of blood (0.5 ml) will be obtained to determine zinc level at day 180. 
                                                                APPENDIX 6

International Centre for Diarrhoeal Disease Research, Bangladesh

                                   Voluntary Consent Form


Title of the Research Project: Immunological and clinical responses to zinc: A randomized, double-blind trial of zinc treatment vs. zinc treatment plus daily supplementation for 3 months among children under 2 years of age with an acute diarrheal illness.

       

Principal Investigators:

Dr. Firdausi Qadri; Immunology Section, Laboratory Sciences Division, ICDDR,B; 

Tel: 8811751-60 Extn. 2431 

Dr. Charles Larson; Health Systems & Infectious Diseases Division, ICDDR,B; Tel: 803307 


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.

CONSENT TO PARTICIPATE IN A RESEARCH STUDY

ICDDRB: Center for Health and Population Research


Based upon studies completed in Bangladesh and other countries, we now know that treating a child with a diarrheal illness will reduce the chance of another infection over the next 3 to 6 months. 

We are presently visiting the homes of families with young children in Mirpur and looking for children, such as your child who recently developed a diarrheal illness. This is being overseen by researchers at the Centre for Health and Population Research (also known as the Cholera Hospital) in Bangladesh who are planning to carry out a study that will tell us more about why zinc works as a treatment for diarrhea in young children. From this study we hope to learn how zinc affects a young child’s ability to fight off infection and if this can explain why fewer acute infections occur in the future.  Second, the study will tell us if after a 10 day zinc treatment, continuing to take zinc in a smaller quantity, but daily, will result in even better protection from acute infections.

We would like to explain what will be required of your child and yourself if you agree to participate in this study.  We will then ask for your consent (permission) to participate.  We are presently visiting the homes of families with young children in Mirpur and looking for children who recently developed a diarrheal illness.


PROCEDURES: If you consent to allow your child to participate in this study, you or your child will be asked to do the following:  

1. After entering into the study, we will ask you some questions regarding your family’s levels of education, occupation and income.  We will obtain a blood sample from a vein of your child. A needle will be inserted in the vein and 3 ml (about half a teaspoon of blood) will be removed. On the same day we will also collect stool sample from your child.  In addition to general care, which included ORS, your child will receive 20 mg zinc per day for 10 days.

2. We will then provide you with either zinc or a placebo syrup for the  next 3 months  (10 mg per day) of the study.  One day per week, for 9 months, a health attendant will visit your home and to collect information about recent episodes of diarrhea, respiratory and skin infections. Whether your child receives zinc or placebo syrup is determined by chance (random). Neither yourself or the researchers will know which until the end of the study.

3. On the 15th day of the study, we will obtain a second blood sample from a vein of your child. A needle will be inserted in the vein and about 3 ml  (half teaspoon of blood) will be collected.

During the study period we encourage you to participate in the ongoing national immunization and vitamin A supplementation programs for your child. 

4. One and a half months (45 days) and three months (90 days) and 6 months (180 days) after the enrollment, we will again obtain blood sample from a vein in your child’s arm. A needle will be inserted in the vein and about 2 ml (½ teaspoon) will be collected at days 45 and about 1.8ml (1/3rd teaspoon) at days 90 and about 0.5ml (1/10th teaspoon) at 180 days of the study period respectively. 

5. We will measure the length and weight of your child at different time points at the beginning, and at 3 month intervals after enrollment into the study.  

6. For each blood collection schedule, you need to bring your child at the field site i.e. a maximum of  5 times during the whole study period.

7.   The entire study will require 9 months and a maximum of about 10. 3 ml blood in 

       5   blood samples will be collected (about 2 teaspoons).


RISKS

There are no major risks associated with your childs participation in this study.  Risks of removing blood from a vein in your child’s arm include some discomfort, bruising, dizziness and rarely infection.  The amount of blood that will be taken will not affect your child’s health in any way. Consuming 10-20 mg zinc per day for about 3 months (i.e. twice the recommended dose) will not result in any side effects.  Previous studies have shown that daily supplementation of zinc is not associated with any adverse health outcomes.   

.
BENEFITS

In this study we will monitor your child for any kind of re-infections over 9 months and your child will receive any required treatment at no cost.  The results of this study will benefit society in general because, at present, there is very little information on how long dietary zinc supplementation is needed to meet the body’s defense or immune function.  This information will be useful to public health professionals for establishing programs and policies. 


CONFIDENTIALITY

The information obtained from this study will be shared within ICDDR,B. Names and personal information will be kept confidential to protect your and your child’s identity, however, absolute confidentiality cannot be guaranteed, since research documents are not protected from subpoena.


COST/COMPENSATION

You will be asked to provide us with your time.  There will be no cost to you to participate in this study. You will receive monetary compensation for the time you spend i.e. your wages lost and transportation costs to and from the center.. This compensation will be provided to you on the day you come to the center for that purpose even if you decide to withdraw before completing the study.   


EMERGENCY CARE AND TREATMENT FOR INJURY
 If you are injured as a direct result of research procedures, you will receive reasonably necessary medical treatment at no cost. ICDDR,B does not provide any other form of compensation for injury.


RIGHT TO REFUSE OR WITHDRAW

Participation in this study is voluntary.  You are not required to join this study.  If you decide to participate, you are free to change your mind about being in the study and quit at any time.


QUESTIONS

If you have any questions, please ask us.  If you have additional questions later, Dr. Firdausi Qadri, Dr. Charles Larson, Dr. Rubhana Raqib, Dr. D. Nasrin, Dr. Mohiul Islam Chowdhury, Dr. Tahmeed Ahmed, Dr. Tanvir. Ahmed or one of their assistants will answer them.  Dr. Firdausi Qadri and Dr. Rubhana, Dr. Mohiul Islam Chowdhury, Dr. Tanvir. Ahmed can be reached at Laboratory Sciences Division, ICDDR,B. Mohakhali, Dhaka, Bangladesh, Tel: 8811751-60 Extn. 2413. Dr. Charles Larson; can be reached at HSID, ICDDR,B. Mohakhali, Dhaka, Bangladesh. Tel: 011803307, Dr. Tahmeed Ahmed can be reached at CSD, ICDDR,B 88028811751-60 Extn 2304


CONSENT: YOUR WRITTEN CONSENT BELOW, WILL INDICATE THAT YOU HAVE DECIDED TO VOLUNTEER AS A RESEARCH SUBJECT AND THAT YOU HAVE UNDERSTOOD THE INFORMATION PROVIDED ABOVE. 

Name of participant (print):  ___________________________________

Signature or thumbprint of participant :
  Date _______________

Name of investigator (print): ___________________________________    

Signature of investigator:_____________________________________ Date  _______________

Name of witness(print):  ______________________________________    

Signature of witness: ________________________________________ Date ________________

We will give you a dated and  signed copy of this consent form to keep with you. If you would like to know anything more about the rights of the study participant please contact Mr. Bijoy Saha, at ICDDR,B, Mohakhali, Dhaka, phone no. 8811751-60;extn. 2115

 
Check List 

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

1.  Face Sheet Included                                       (              


2.  Approval of the Division Director on Face Sheet              (

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

(

4.  Table on Contents
       (


5. Project Summary       (

6.  Literature Cited        (

7. Biography of Investigators          (

8.  Ethical Assurance                 (

9.  Consent Forms                     (

10.  Detailed Budget 

   (



Reply to comments of reviewers

Reviewer 1

1. We hope that the study will provide data to link zinc supplementation with improvement of immune response and decline in overall morbidity.

2. The choice of specimen collection is around 2-3 days of enrollment into the study and defined as day 3 for the purpose of this study. It is not day 0 and this has been corrected in the text. The reason we would like to measure the immune status and all other parameters at the acute stage is that the effect will be seen early on before the effect of the treatment of zinc has occurred.  We will also measure at day 15 as has been suggested by the reviewer, and at two more time points during the supplementation at day 45 and day 90 of the study to see the immunological changes.

3. Antibody response in the different isotypes will be measured including the IgA response (page 19)

4. An additional functional assay has been added to measure whole blood killing capacity in addition to measuring activity of monocyte and neutrophils that we had already planned (page 18).

5. In our experience the CBA assay has proved very useful for measuring the cytokine responses in subjects with acute watery diarrhoea. 

6. It would be interesting to see the response to a novel vaccine. Since the EPI immunization is carried out at our field site we will be able to monitor the completeness of the immunization in the children. Other vaccines therefore do not need to be tested in these young children.

7. We have increased the costs for the kit in the budget.

8. We are hopeful about completing the study in the time planned based on our previous experience at the Mirpur field site and in our laboratory.

Reviewer 2

1. Recording the temperature of each child in the study is not practical.  Fever is not a key clinical feature of diarrheal illness and would not alter our decision to treat with zinc.  Fever, as part of a constellation of symptoms indicating severe infection, will be referred.

2. Modifications to the data collection form have been made.  We will employ experienced FRAs, but additional comprehensive training for detecting all clinical outcomes will be provided by the physicians in the study. 

3. The consent form has been modified as suggested.

Reviewer 3

1. We will measure growth but not use it as a primary outcome of the study. However based on the suggestion we have incorporated anthropometric measurements at baseline and 3 month intervals.

2. Intention to treat analyses are the gold standard applied to any randomized clinical trial.  Secondary data analyses are also possible, but testing of the main hypotheses will include all subjects in their originally assigned treatment groups.  




1= Yes





2= No








1= Yes





2= No
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