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ROJECT 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).
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T lymphocytes carrying the γδ T cell receptor (γδ T cells) are important in innate immune responses, particularly at mucosal and body surfaces such as the intestinal tract, and differ from the αβ T cell receptor positive T cells (αβ T cells) of the adaptive immune response. Gamma delta (γδ) T cells, particularly the Vδ1 subset which predominates in the gut, occur at the highest frequency in very young children. These cells have been demonstrated to reach a significant proportion of circulating T cells (>30%) during local and systemic infections and “home” to the intestinal track via specific lymphocyte homing receptors (i.e. α4β7). The proposed effector function of γδ T cells in the intestine include immunomodulation of inflammation, via regulation of cytokine production and destruction of CD4 + αβ T cells, and epithelial repair.

This proposal seeks to understand the role of γδ T cells in the modulation of the innate immune response to human Cryptosporidium infection in children, in particular it will focus on modification of the inflammatory mileu, cell killing and the mechanism of activation of gamma delta T cells in cryptosporidiosis. To link this data with future work, clinical samples from a cohort of children infected with Cryptosporidium will confirm in vitro findings in the last aim. Data from this work on Cryptosporidium, as a prototypic enteric pathogen, should be broadly applicable to a better understanding of innate immunity to enteric infections in young children. 

 This proposal will use three approaches to study γδ T cells in the innate immune response to Cryptosporidium infection. The first two aims will demonstrate, in a Vδ1 clone from an intestinal source, the methods of activation and effector functions of the γδ in cryptosporidiosis. Using the methods of the first two aims, Aim 3 will establish γδ clones from peripheral lymphocytes from children with cryptosporidiosis and demonstrate whether these γδ clones are enriched for responsiveness to Cryptosporidium and have the same activation and effector functions as γδ clones from intestinal biopsy.

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


Name                                                                Professional Discipline/ Specialty                                         Role in the Project


1.  Rashidul Haque                                     
 Parasitology




           PI

2.  Beth Kirkpatrick

               Infectious Disease                                                                   Co-PI



3.  Dr. Dinesh Mondal                                    Physician                                                                                 Co-Investigator

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.

1. 
2. Intestinal γδ Tcells stimulated with Cryptosporidium parvum are activated via the T cell receptor and require co-stimulation by the common MHC-1 –like glycoprotein MIC-A. 

A major source of controversy in the literature is how γδ, as part of the innate immune response, are activated. To demonstrate whether the T cell receptor is used by the γδ cell in cryptosporidiosis, the specific T cell receptor will be cloned and transfected to a Jurkat cell line. Alternatively, as part of the innate immunity response in the intestine, γδ cells may respond to the antigen in association with a MHC-1 like molecule, MIC-A, which is associated with non-specific measures of inflammation, such as heat shock protein. This aim will also demonstrate that γδ express the receptor to MIC-A, NKG2D.

3. Antigen-independent cytotoxicity is manifested by Vδ1 gamma-delta (γδ) T cells due to high and prolonged expression of FasL and perforin. Cytolytic killing is enhanced by Cryptosporidium infection. 

In other models, γδ T cells, cause cytolysis of infected cells, including CD4+ αβ T cells. Demonstration of destruction of CD4+ T cells by γδ in Cryptosporidium infection would have clinical significance in the understanding of this disease, particularly in children and immunocompromised individuals. This aim will evaluate the γδ role in cell killing in cryptosporidiosis, and will included whether mechanisms of Fas-FasL are utilized and whether CD4+ αβ T cells are specifically targeted. 

4.  Vγ1 γδ  Tcell clones from children with cryptosporidosis are enriched in responsiveness to Cryptosporidium parvum, with the same activation and effector functions as an intestinal Vδ1 T cell clone?

A significant drawback to the study of mucosal immunity in children (as well as other populations) is the dependence on intestinal biopsy to study or clone the immune cell of interest. The study of lymphocyte homing now suggests that activated lymphocytes track through the systemic circulation prior to homing or settling in the gut. Studies of other non-invasive intestinal pathogens have noted a marked increase of γδ T cells in the circulation early in infection (up to 30%). Early in intestinal infection, γδ lymphocytes destined for the gut should be available via study of peripheral lymphocytes.. This work will specifically evaluate whether the study of cloned γδ T cells from the peripheral circulation have the same activation and effector function as a intestinal-biopsy derived γδ T cell clone. 

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).


Aim 1: Intestinal γδ Tcells stimulated with Cryptosporidium parvum are activated via the T cell receptor and require co-stimulation by the common MHC-1 –like glycoprotein MIC-A.

· Demonstrate that the activation of the γδ T cell by Cryptosporidium is via the T cell receptor. The γ and δ chains of the γδ T cell receptor will be cloned from established Vd1 clones and transfected to a T cell receptor negative (JURKAT) cell line. Activation via the transfected T cell receptor will be assessed by production of the cytokine IL-2. 

·  Show that γδ T cells express NKG2D and are activated by the MHC-1-like MIC-A expressed on intestinal epithelial cells in cryptosporidiosis.   51Cr cytotoxicity assays will be performed using as targets  the C1R B cells transfected with MICA and intestinal γδ T cells as effectors.

Aim 2. Antigen-independent cytotoxicity is manifested by Vδ1 gamma-delta (γδ) T cells due to high and prolonged expression of FasL and perforin. Cytolytic killing is enhanced by Cryptosporidium infection. 

· Demonstrate that Vδ1 T cells can kill intestinal epithelial cells and CD4+ αβ Tcells in an antigen-independent manner.

· Show that Vδ1 γδ T cells kill infected cells via cytolytic (Perforin) and apoptotic (Fas-FasL) dependent mechanisms.

·  Demonstrate that Cryptosporidium infection causes upregulation of FasL and perforin in γδ Tcells and enhanced killing.

Aim 3: Are γδ clones from children with cryptosporidosis functionally the same as an intestinal Vδ1 T cell clone?

· Demonstrate that γδ T cells are increased in the peripheral circulation and proliferate in response to acute intestinal infection with Cryptosporidium parvum.

· Demonstrate that peripheral γδ T cells have surface markers demonstrating activation and homing to the intestinal mucosa. 

· Demonstrate that Vδ1 γδ T cell clones derived from peripheral blood of children with cryptosporidiosis are capable of killing infected intestinal cells and CD4+ T cells.

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).

                                                                                                                                                                                          

Gamma-delta T cells in children with cryptosporidosis: 

This proposal seeks to demonstrate that γδ T cells play an important role in the innate immune response to cryptosporidiosis in children.  Data on γδ cells in animal models of cryptosporidiosis, ontogony of human γδ T cell development and data from other human systemic and enteric infections suggest an important role of γδ cells in intestinal immunity, especially in situations where populations αβ T cells are absent, malfunctioning (i.e. HIV, immunodeficiency), or undeveloped (i.e. children). Infection with Cryptosporidium parvum clearly represents part of the “burden” (increased prevalence, frequency, persistence and severity) of diarrhea and other infectious diseases borne by children of developing nations. We hope this data will help explain the diversity of clinical cryptosporidiosis in all populations, but especially children.  Data demonstrating regulation of the innate immune response and the control of inflammation via Vδ1 γδ T cells would offer a new paradigm to understand the clinical expression of enteric disease in young children.
Epidemiology: Cryptosporidiosis, caused by the protozoan Cryptosporidium parvum  (C. parvum) is a common cause of acute, persistent and chronic diarrhea throughout the world, especially in children (1). The Environmental Protection Agency estimates that 2.1-4.3 million cases of cryptosporidiosis occur annually in the United States alone (2). From 1991-1994, over 408,041 cases of cryptosporidiosis have occurred due to waterborne outbreaks, causing more infections than any other pathogen (9). 

Small, hardy infectious cysts enhance C. parvum  infection and outbreak potential (3-6). In addition, the infective dose of C. parvum is as small as 10 oocysts in volunteer studies and is easily spread person-to-person or animal-to-person (7). The difficulty in filtering this pathogen from water supplies, the small infectious dose and its demonstrated ability to infect large numbers of people give Cryptosporidium the potential for use as a bioterrorism agent (CDC category “B”) (11). Little is understood about the human immune response to cryptosporidiosis, especially in children.

Clinical Disease. In healthy hosts the spectrum of diarrheal disease caused by C.parvum is broad and includes an acute watery diarrhea, which may be voluminous. Substantial dehydration and weight loss may occur.  Systemic antibodies do not protect against re-infection (16).  A series of manuscripts have clearly outlined cryptosporidosis in the healthy adult volunteer population (17-19).

Patients with immundeficiencies such as AIDS, IgG deficiency and deficits of cell-mediated immunity have a more severe illness and difficulty controlling infection (20-22). In patients with AIDS, cryptosporidiosis may lead to intractable diarrhea with dramatic weight loss, dehydration and a average prognosis of 8 months (21, 22). Antimicrobial therapy against cryptosporidiosis is not available.

Cryptosporidiosis in children: Although this group does not attract the publicity of the above groups, the largest burden of disease from cryptosporidiosis is children in the developing world. Over 95% of the population of developing countries have antibodies to Cryptosporidium by the age of 5 years (27, 28). The highest rates of infection appear to be at 6-24 months of age (28), prior to the development of adult levels of αβ T cells, which occurs after ~2 years of age (ref). In these children, acute infection can be associated with profound dehydration, weight loss and increased mortality (29,30). Cryptosporidiosis is an established important cause of persistent and chronic diarrhea in young children (31-35) and is clearly associated with malnutrition (32, 35-39), particularly growth stunting. (37,38) as well as well- studied long term complications (table 1). 


Immunity to crytosporidiosis: The human immune response to C. parvum is poorly understood, particularly in children. In all species, suseptibility to infection appears to be age-dependent. In animals, such as the mouse, pig and bovine models, only neonatal and immunocompromised animals are susceptible to infection. Neonatal and genetically altered (SCID, athymic, IFN γ knock-out, TCR α-) mouse models have been used extensively to study cryptosoridiosis (42-44). Published data suggest that activation of gut intraepithelial lymphocytes (45-47) and cellular immunity, including the production of INFγ and IL-12 (42, 43), are important in recovery from infection in these models. In healthy North American adult human volunteers, IFN-γ was also found to correlate with prior exposure to and control of C.parvum oocyst excretion (48). Systemically, an antigen-specific immune response to cryptosporidiosis has been demonstrated in healthy adult volunteers. Morales et al (49, 50). Production of INFγ and IL-10 were also expressed in this population, but not found in HIV-positive patients (50). 

Since cryptosporidosis is not a systemic infection, the intestinal musosa and GALT (gastrointestinal associated lymphoid tissue) are critical in the initial, innate immune response as well as the effector response and specific adaptive response to the pathogen. At the intestinal mucosa, pro-inflammatory cytokines and C-X-C chemokines (e.g. IL-8, GROα TNFα) have been demonstrated in a human colon xenographs transplanted to SCID mice and human intestinal cell lines (51, 52) and indicate that cryptosporidiosis is an “inflammatory” diarrhea. Our population of acutely infected Haitian children (who have significant levels of TNFα and IL-8 during symptomatic infection) and suggests that, as in other animal species, the immune responses of children to C. parvum infection differs from that of adults (ref).

Gamma Delta (γδ) T cells: Background
In general, T lymphocytes are identified by the chains of the T cell receptor (TCR) as either αβ T cells or γδ T cells. Most αβ T cells carry the surface markers CD4+ or CD8+, whereas γδ T cells are either CD4- CD8- or CD4-CD8+ (54). Gamma-delta T cells are further identified by the expression of genes of the variable (V) region of the γ and δ chains of the T cell receptor. Although in a healthy human adult, γδ T cells are approximately 5% of circulating CD3+ T cells(predominately the Vδ2 subset), in young children a much larger percentage of circulating T cells are γδ (see below) (53).  In sharp contrast to the circulation, gut intraepithelial lymphocytes (IEL) are approximately 37-50% γδ T cells, and consist of the specific subset Vδ1 (55-58). 

γδ Tcells develop early in fetal life make up a large percentage of peripheral blood T cells by birth. The maximal number of γδ T cells in the child corresponds to the same period that children are at highest risk of enteric infections. The Vδ1 subset of γδ Tcells predominates at birth over all other subsets of γδ Tcells.  After  the first 2 years of life, the Vγ2δ2 subset increases toward adult levels. Vδ1 γδ Tcells do not demonstrate markers of memory T cells (45RO), although Vδ2 γδ Tcells do.

Distinct from αβ T cells, γδ T cells do not require professional antigen presenting cells for stimulation. These cells are able to recognize antigens directly as a “first line defense” and do not need to undergo clonal expansion to respond to the antigen (59, 60). In addition, γδ cells can expand without αβ T cell help (61-63). In human disease, γδ T cells proliferate systemically in response to a variety of intracellular infections including a variety of enteric infections (see below) as well as mycobacteria (M.tuberculosis and M.leprae), Listeria monocytogenes, B.burgdoferi, Herpes viruses, and Plasmodia (59). 

Enteric Disease and γδ T cells: Important to this proposal, the percentage of Vδ1 γδ T cells in the systemic circulation increases dramatically in response to a variety of human infectious pathogens (many intracellular, like  C.parvum) in the gastrointestinal tract. These lymphocytes are activated (carry the CD 69 surface marker), express the Vδ1 gene and are considered “in-transit” to their effector site, the intestinal mucosa.

	Ref
	Pathogen/Disease
	Population
	Effect on peripheral GD T cells
	Other

	
	
	
	
	

	
	None
	normal adults
	5% peripheral T cells
	αβ T cells predominate at baseline

	
	
	
	
	

	69
	Salmonella spp*
	adults
	Mean 17.9% γδ cells in cases 
	Activation of γδ  always higher than αβ Tcells in early disease

	
	
	
	(5% controls)
	(no activation of γδ with extracellular pathogens)

	
	
	
	
	

	66,

67
	Cytomegalovirus, GI
	renal transplant
	Increased to 15%  
	The γδ cells are  activated (CD69), are Vδ1 subset, increase in γδ T cells persists >1 yr

	
	
	
	
	

	68
	Inflammatory Bowel Diseases**
	adults
	Increase, max 37%
	Both absolute and % increase γδ T cells


* S. typhi, S. paratyhpi, S. newport, S. typhimurium. **Both Crohn’s disease and Ulcerative Colitis.

The effector role of γδ cells in human disease is an area of intense interest.  Cytolytic activity similar to Natural Killer (NK) cells and killing via a Fas-FasLigand mechanism has been described in γδ cells(54, 62). Stimulating and regulating inflammation may be a main function of these cells, via direct stimulation of inflammatory mediators (54)(64, 65) or via modulation of αβ T cells (54). The production of inflammatory mediators by γδ cells may be another important function of γδ T cells, which can be activated to have either a predominately Th1 or Th2 cytokine phenotype (54). In the gut, the protective and regulatory features of γδ cells appear ideal for a surface with continuous antigen exposure.

Gamma-delta T cells and Cryptosporidium parvum. Animal studies suggests an important role for γδ T cells in cryptosporidium infection. Eichelberger et al. (44) examined the intraepithelial lymphocytes and lamina propria T cell subsets of αβ- T cell-deficient [TCR α(-/-), (γδ T cells present)] mice. When treated with antibodies to γδ T cells after infection with C.parvum, 50% of these mice remained persistently infected, whereas mice with active γδ T cells had proliferation of this T cell population and were able to clear infection. Walters (45) et al demonstrated that neonatal mice, but not adult mice deficient in γδ T cell receptors had an increased suseptibility to cryptosporidiosis. In immunocompetent adult mice infected with C. parvum, Huang (46) demonstrated a preferential increase in laminia propria (LP) γδ T cells in LP cell lines, concurrent with a decline of CD4+ T cells, the later hypothesized to be from γδ cell killing (add human decl CD4 here?). In the bovine model Abramson (47) demonstrate a preferential 2:1 increase in LP γδ Tcells after primary infection in calves and Wyatt (48) suggested that this increase is from a γδ influx from the systemic circulation rather than local migration.

Fascinating work on the similar protozoan parasite, Eimeria vermiformis, provides comparative data and elaborates the findings above (70). Eimeria infection of BALB/c mice increased the number of IEL γδ T cells moderately on day 3 post infection and again dramatically (a 5-fold increase) late post-infection (day 12-15).  Analysis of TCR expression suggested that the increase of γδ cells late in infection is not from mitosis of resident IELs, but from recruitment of γδ cells from the circulation. 

Table : Summary of γδ Tcells and cryptosporidiosis literature, animal models.

	Ref
	Animal 
	Age
	Deficiency
	Outcome after Cryptosporidium parvum challenge

	45
	mouse
	neonatal
	TCR deficient
	γδ TCR deficient neonatal mice more suseptible to 1° infection with C.parvum

	45
	mouse
	adult
	TCR deficient
	 γδ TCR deficient adult mice NOT more suseptible to C.parvum

	
	
	
	
	

	72
	mouse
	adult
	TCR deficient
	Germinal centers undeveloped in γδ T cell receptor deficient mice

	
	
	
	
	

	
	mouse
	adult
	Athymic nude 
	Increased expansion of γδ IEL Tcells associated with decreased C.parvum shedding and increased fecal and systemic parasite specific antibodies.

	
	
	
	
	

	44
	mouse
	adult
	Αβ TCR deficient
	After Mab to γδ Tcells, no LP γδ Tcells found and 50% more mice infected with C. parvum

	
	
	
	
	

	46
	mouse 
	adult
	None
	Lamina Propria lymphocytes with marked increase in γδ Tcells; CD4+αβ T  cells decrease suggests inhibition or killing by γδ T cells.

	
	
	
	
	

	47
	bovine
	neonatal
	None
	 γδ T cells increase 2:1 over AB Tcells in Lamina Propria in primary infection

	
	
	
	
	

	48
	bovine
	neonatal
	None
	Explanted ileum demonstrates only CD8+ T cells from local migration, 

	
	
	
	
	suggests systemic migration of γδ and αβ T cells

	
	
	
	
	

	77
	mouse
	neonatal
	Athymic
	Increased peritoneal γδ Tcells and production of Heat Shock Protein 65 

	
	
	
	
	in C57BL/6J nude mice


TCR= T cell receptor, LP=lamina propria, Mab= monoclonal antibodies. C. parvum=Cryptosporidium parvum, 

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). 

D. Research Designs and Methods:

D.1.  Overview: The objective of this proposal is to examine the hypothesis that γδ T cells are a critical part of the innate immune responses to Cryptosporidium parvum. As in figure 1, this application proposes that γδ T cells (of the gut- specific Vδ1 subset) are stimulated by antigens of Cryptosporidium parvum in addition to non-antigen specific markers of intestinal epithelial stress such as the MHC-1 like co-stimulatory molecule MIC-A. γδ cells expand in response to infection and home (via the circulation) to the intestinal epithelium and lamina propria as effector cells. The interaction of γδ T cells, Cryptosporidium and antigen presenting cells modify local inflammation by altering cytokine and chemokine production locally and by targeted cell killing of infected cells and αβ CD4+ T cells.

Transfection studies will confirm specific use of the γδ T cell receptor, in activating this γδ cell population. In addition, the cytokine profile produced by these cells, and the presence of cytolytic killing by  Fas-Fas Ligand and/or perforin mechanisms will describe important effector roles for γδ T cells in the immune response to C. parvum. The use of a small clinical cohort of children with cryptosporidiosis will permit access to peripheral blood γδ T cells and allow demonstration that the functions of Cryptosporidium-stimulated γδ cells can be confirmed in a clinical population. Establishing Vδ1 γδ T cell clones from the peripheral blood of children with cryptosporidiosis, which will permit unlimited cells for study and will invasive procedures to study this important T cell population.

D.2.  Study population and site:

Patients with Cryptosporidiosis   (cases) will be recruited from the International Center for Diarrheal Disease Research, Bangladesh (ICDDR, B) Dhaka hospital s surveillance patients.  At present Dhaka hospital surveillance are being screen d for Cryptosporidium infection by the   Cryptosporidium specific stool antigen detection test.   Children who will be positive for Cryptosporidium infection by the antigen detection test will also be tested microscopy for confirmation as per standard procedure in the Parasitology lab. The ICDDR,B   is a multidisciplinary research center in one of the poorest and most densely populated countries in the world.  ICDDR, B provides clinical care to the residents of Dhaka and is an established center of excellence in the study of diarrheal disease, recently recognized (2001) by the Gates foundation.  Approximately 275 individuals (59% <5 years of age) are seen daily at the ICDDR, B hospital with diarrheal disease. By prevalence studies, 3% (8 patients, 5 children a day) have diarrhea due to Cryptosporidium infection in the ICDDR, B hospital.  Control children will be recruited from the same neighborhood from where the cases   will be recruited and will matched for age, sex and socio-economic status.

Procedure for enrollment of the study participant:  as mentioned above if a children is positive for Cryptosporidium infection in the Dhaka hospital surveillance system as mentioned above then   his /her parents or legal guardian will be informed and written consent will be taken from the appropriate guardians. Similarly written consent will also be taken from the guardians from the control children.

Laboratory sites: Research laboratory assays will be performed at The University of Vermont (UVM) and the ICDDR,B. Stool tests to confirm cryptosporidiosis and co-pathogens  (stool culture, ova and parasite staining, antigen testing on fecal samples) as well as cell separation and liquid nitrogen freezing of peripheral blood lymphocytes will be performed in Dhaka.  If facilities permit, some flow cytometry work may be performed in Dhaka under the supervision of the investigators. Cell mixing experiments, flow cytometry, transfections and T cell cloning will be established at UVM with the plan to transfer technologies for future studies.

D. 3. Data collection on cases and controls:
Clinical Data:

Ten children with Cryptosporidiosis and five healthy control children will be enrolled. Ages will be 6 months-2 years.

Clinical data obtained at the day 0 (acute) visit will include: Age, gender, estimate of dehydration, duration of diarrhea, history of breast feeding and indices of growth and nutritional status. Measurements will include height, weight and head circumference. 

Sample size:

We have calculated the sample size using  EpiInfo2000  for the case-control design using a ratio of  the control and  cases 1:2.5. Sample size is calculated based on aim 3 since it is a test of principal. We hypothesized that 10% and 90% of γδ T cells respectively from controls and patients will have the cytolytic killing capacity of infected epithelial cells. Assuming alpha=0.05, beta=0.20, the required sample size is 5 for controls and 12 for cases.

Specimen collection: A single blood draw of approximately 3-5 mL (depending on age) will be taken from each cases and controls at the time of enrollment. Explicit description of amount of blood to be taken will be part of the consent form in the local language. Assesment of hydration will be performed before phlebotomy. If dehydrated, the child will be hydrated with oral rehydration solutions (ORS) (IV if necessary) overnight and asked to return for reassessment and phlebotomy the following day.  The volume of peripheral blood will be reviewed and approved by the ICDDR, B IRB/ethics review board.  Blood will be used for analysis of lymphocyte phenotypes, T cell cloning. Peripheral blood mononuclear cells (PBMC) will be separated by Ficoll gradient from whole blood obtained from children. Cells will be frozen on liquid nitrogen for later analysis, after addition of 16% DMSO in fetal bovine serum.  

Stool will be collected from each patient at enrollment. Acid fast stain of the stool (positives confirmed with direct Cryptosporidium antigen testing) will be performed to diagnose cases of Cryptosporidiosis. Both cases and controls will have standard stool culture and parasite examination of the stool performed to rule out co-infection with other enteric pathogens. 

D. 4. Specific Aims:

Aim 1: Intestinal γδ T cells stimulated by Cryptosporidium parvum are activated via their T cell receptor and require co-stimulation by the common MHC-1 like glyoprotein MIC-A.

Background: In other systems, γδ T cells react to non-traditional antigens (54). Establishing the specificity of the γδ T cell receptor (TCR) will be important to determine activation of this T cell subset in Cryptosporidium infection. Instead of proliferation assays, transfection of the γ- and δ- chains into TCR-deficient Jurkat cell line (JRT3-T3.5) will be chosen for this aim. This approach avoids the confounding issues of FasL and NK-like receptors expression by the γδ cells (causing cell killing during a proliferation assay) and uses the production of IL-2 as a reliable measure of activation. Since the TCR γδ may be stimulated by several molecules tested (and not exclusively C. parvum), further work on MIC A as a common co-stimulatory molecule will be performed. This MHC class I-like molecule is expressed on intestinal epithelial cells in response to injury and stress. Vδ1 γδ T cells kill injured cells via a specific receptor NKG2D that recognizes MIC A (76).

A.  Activation of the γδ T cell by Cryptosporidium is via the T cell receptor. The γ and δ chains of the γδ T cell receptor will be cloned from established Vd1 clones and transfected to a T cell receptor negative (JURKAT) cell line. Activation via the transfected T cell receptor will be assessed by production of the cytokine IL-2. 

From the clones of the γδ T cells above, molecular sequencing by PCR will be performed. The full length cDNAs, approximately 1500 base pairs, of the γ and δ chains will be PCR amplified using specific primers within the 5’ untranslated regions of the Vγ1 and Vδ1 genes and the 3’ untranslated regions of the Cγ and Cγ segments.

An episomal transfection system will be used for transfecting TCR γ and δ chains. This system has been successfully used for Vγ2 (Vγ9) Vδ2 clones (65) and for Vδ1 TCR in the mentor’s laboratory. Full length γ and δ chain cDNAs will be cloned into two episomal plasmids (pREP7 and pREP9, Invitrogen), respectively. Each plasmid is co-transfected by electroporation (960μF and 250V) into the TCR β-deficient Jurkat mutant cell line (JRT3-T3.5). Stable transfectants will be selected by cloning at limiting dilution at two weeks and analyzed for surface expression of the transfected γ and δ chains by flow cytometry using anti CD3 and anti-γδ antibody. Transfectants expressing the highest levels of TCR-γδ will be identified by flow cytometry. Immunoprecipitant of the γδ chains will confirm expression of full-length chains.

Antigen specificity of the Jurkat-TCR-γδ transfectants will be assessed using IL-2 production. Antigenic determinates will include 1) Cryptosporidium parvum sonicate, 2) The MHC class I B molecule CD1, 3) Lipopolysaccaride (LPS).  Jurkat-TCR-γδ transfectants will be plated at 1 x10 5 cells/ well in 96-well plates and candidate antigen presenting cells at 5 x10 4 cells/well. Antigen presenting cells will be the cell line C1R B. PMA may be needed to reveal a specific IL-2 response, as described (71), and will be added (at 10 ng/mL) or deleted in duplicate cultures. Negative control wells will not contain antigen presenting cells. After 24 hours, supernatants will be assayed for IL-2 production via the CTLL assay. Reactivity will be examined toward Cryptosporidium parvum and HSP. This transfection system has been established in the mentor’s laboratory, which has considerable experience deriving stable transfectants in Jurkat cells.

C. γδ T cells express NKG2D and are activated by the common MHC-1 like molecule MIC-A expressed on intestinal epithelial cells in cryptosporidiosis 51Cr cytotoxicity assays will be performed using as targets the C1rB cells transfected with MIC-A and intestinal γδ cells as effectors.

To demonstrate that intestinal Vδ1 γδ T cells express NKG2D and are activated by the common MHC-1 like molecule MIC A in cryptosporidiosis, we will check NKG2D by staining  of Vδ1 clone with anti-NDG2D or isotype control antibody and evaluating by flow cytometery. Recognition of MICA will be assessed by  51Cr cytotoxicity assays using the C1R B cell line transfected with MICA (and  the CR1 mock transfected with empty plasmid) as targets to determine killing by Vδ1 γδ T cells. Some MICA+ targets will be pre-incubated with either control IgG or anti MICA  at 10ug/mL before the addition of Vδ1 γδ cells. 

Anticipated results, alternatives and future directions, Aim 1: The TCR γδ is anticipated to be required for response to C. parvum, and that MIC-A is an important co-stimulatory molecule.  Confirmation that stimulation of the TCR is not via costimulatory molecules B7.1 and B7.2 will be performed on the original γδ T cell clones by blocking B7.1 and B7.2 with soluble CTLA-Ig. If MICA responsiveness if not found, work will also evaluate if Vδ1 clones recognize the CD1 family specific to lipid antigens. This data will move us forward toward determining the immunodominant Cryptosporidium epitope needed to stimulate γδ T cells. 

Aim 2. Cytotoxicity is manifested by Vδ1 gamma-delta (γδ) T cells due to high and prolonged expression of FasL and perforin. Non-antigen specific cytolytic killing is present, but enhanced by Cryptosporidium infection. 

Background: The Vδ1 population of T cells makes up a large percentage of the intraepithelial lymphocytes (IEL) and has a potentially large role in antigen recognition, surveillance and regulation of inflammation. Gamma Delta T cells have sustained Fas expression in a model of synovial disease and may be involved in cell killing which is not antigen specific. This aim will offer direct evidence into the effector function of intestinal γδ cells by evaluation of evidence of cytolytic activity via Fas Ligand and via perforin activity. Upregulation of baseline non-antigen specific cytotoxic killing by cryptosporidium antigen exposure will be demonstrated.

A. Vδ1 T cells can kill intestinal epithelial cells and CD4+ αβ T cells in an antigen-independent manner.

To determine whether γδ T cells stimulated by C.parvum have cytolytic activity with and without antigen exposure, several approaches will be used. First, cytolytic cell functions will be studied by the 51Chromium release assay. As targets, both cell lines such as K562 and Jurkat T cells, a polarized intestinal epithelial cell line (Caco) as well as a primary αβ CD4+ T cell clone will be chosen. Cells will be counted, checked for viability with trypan blue and labeled with 100μCi of 51Cr for each 20 x 106 cells.  Cells will be incubated one hour, washed and resuspended  and diluted in RPMI/Fetal calf serum with L-glutamine. Labeled cells will be dispensed to 96-well flat-bottom plates and gut-derived Vδ1 γδ T cells will be added to each well, with use of 1% Triton X as a control. Plates will be covered, centrifuged and incubated in 5% C02 incubator for 4 hours. After incubation is terminated, supernatant will be transferred to counting tubes. 51Cr will be counted in the gamma counter and % cytotoxicity can be calculated as described (74). 

B. Vδ1 γδ T cells kill infected cells via cytolytic (Perforin) and apoptotic (Fas-FasL) dependent mechanisms.

Next, Fas-blocking studies will be performed to determine if cytolysis is Fas-dependent. Using the cell lines described above and our Vδ1 γδ Tcell clones as effector cells, another 51Chromium release cytolysis assay will be performed. In this assay, Fas-Fc (20 μg/mL) will be used to determine whether Fas-Fasl mediated killing can be blocked. To establish whether perforin activity is causing cytolysis, a perforin inhibitor (concanamycin A, or CMA) will be added to assess effect on γδ cell killing.

Activated γδ Tcell clones from the intestinal Vδ1 γδ T cell clone and children with cryptosporidiosis (see Aim 4) will be examined to determine if they express Fas Ligand (FasL). To demonstrate expression of FasL on the cell surface of cloned γδ T cells, an enzymatic amplication system (Flow-Amp) will be used. This system circumvents problems in demonstrating FasL by flow cytometry, and uses a avidin-horseradish peroxidase (HRP) to bind to biotinylated anti-FasL. The HRP reacts with a biotinylated substrate, which is then revealed with avidin-fluorescence and demonstrates clear surface FasL staining on live cells. 

C. Cryptosporidium infection causes upregulation of FasL and perforin in γδ Tcells and enhanced killing.

To determine if Cryptosporidium infection causes upregulation of FasL and perforin in Vδ1 γδ T cells, Cryptosporidium antigens (crude antigen sonicate and  recombinate 15, 23 KD sporozoite antigens) will be used to stimulate γδ cells prior the 51Cr, Flow-Amp and perforin inhibitor assays above. 2 x104 Vδ1 γδ T cells/well will be stimulated with individual antigens and the mitogen PHA (1ug/mL) in the presence of IL-2, IL-7 and 10 4 antigen presenting cells/well for 48 hours before being added to the cell lines  and assays above.  

Anticipated results, alternatives and future directions, Aim 2:  We anticipate that in both the established γδ clones (and in children with cryptosporidiosis from aim 3), γδ T cells will express high and sustained levels of FasL and demonstrate cytotoxicity by the 51 Cr assay, which will be further upregulated by the addition of specific antigen.  If, as is shown in Lyme arthritis (73), a target of the γδ T cell is the Fas high CD4+ αβ T cell, this would be clinically important information for all enteric infections. Follow up studies will confirm an increase of FasL in RNA by real–time PCR and Replication Protein A (RPA) assays.

Aim 3: The role of peripherally circulating γδ T cells in clinical cryptosporidiosis.

Background:

Gamma delta T cells activated at the Peyer’s patches of the intestinal mucosa are hypothesized to expand clonally and circulate, via gut-specific homing receptors (i.e. α4β7) to the effector sites of the mucosa (lamina propria). This route of activation of T cells has been demonstrated in a variety of intestinal pathogens() () particularly in early (first ~7 days) infection. In contrast to intestinal biopsy, peripheral blood γδ T cells (destined for the GI tract) should be a comparatively easy-to-obtain source of γδ T cells to evaluate their role in clincal disease. This aim will begin to evaluate whether peripheral γδ T cells are equivalent to those from an intestinal source. The γδ T cells’ proliferative ability, surface markers of activation and presence of the α4β7 gut homing receptor will provide this evidence. In addition, these γδ cell clones will be used in the above aims 1-3 as further evidence that these cells from children with cryptosporidiosis have the same activation, antigen-presenting cell interaction and cytolytic functions as a laboratory gut-derived Vδ1 γδ clone.

A. Demonstrate that circulating γδ T cells are activated with Cryptosporidium parvum and home to the intestinal mucosa.

Small volume peripheral blood lymphocytes (PBL) from children with acute cryptosporidiosis will be separated from whole blood by Ficoll gradient centrifugation. T lymphocytes will be removed by immunomagnetic separation or via cell sorting, depending on the number of PBLs obtained. Homing receptor antibodies (α4β7, αEβ7), γδ T cells and markers of activation (CD25, CD69, both of which have been good markers of activation in previous work with γδ cells) will be used with the flow cytometer to separate out populations of γδ T cells that are both activated and homing to the intestinal mucosa.

Next, PBL from children with cryptosporidiosis will be stimulated in a proliferation assay with Cryptosporidium parvum sonicate and sporozoite antigens (17KD, 23KD). PBLs will be incubated at 2x104 PBL/well, Cryptosporidium sonicate at 10, 20 and 50ug/mL with IL-2 and IL-7 . Antigen presenting cells will include irradiated C1R transfected with MICA will be added at 1 x104 cells/mL. After incubation for 72 hours, half the wells will be labeled with 3H to measure proliferation. Remaining wells will be counted, T cells separated and evaluated by flow cytometry as above to measure γδ and percentage of cells bearing intestinal homing markers and cell surface markers of activation.

B. Are γδ clones from children with cryptosporidosis functionally the same as an intestinal Vδ1 T cell clone?

This aim will be done concurrently with methods of aims 1-3 (as clinical samples become available) and will help to demonstrate whether γδ T cells circulating in the periphery are functionally the same as those obtained by intestinal biopsy.


T cell cloning of γδ cells will be performed by plating PBL on 96-well flat bottom plates at an average of one, two and 10 cells per well. PBLs will be cultured with 1ug/mL PHA, IL-2 at 10ug/mL, IL-7 100U/mL and 1 x 104/well CR1 antigen presenting cells transfected or non-transfected with MICA. After 7 days of growth, plates will be scored for colony (clonal) growth. Cloning efficiency (X) will be determined using the formula below: 

Poisson distribution (P0=e-x) 

X=(-LN P0)/n 

X=cloning efficiency

n=average cells plated per well

Clones will be grown further with antigen presenting cells, PHA at 0.5ug/mL and IL-2, IL-7 at concentrations above. Flow cytometry using antibodies to γδ and αβ T cell receptor and CD3 will be used to characterize T cells and select the γδ clones. A selected γδ clone from each of 5-10 infected children will be used for evaluation of activation, interaction with antigen presenting cells and cytolytic effector functions in aims 1-3.

Anticipated results, alternatives and future directions, Aim 3

This aim will be important to establish whether the findings from the initial aims (elaborating activation, interaction with antigen presenting cells and cytolytic effector functions of γδ in cryptosporidiosis) can translate into γδ cells from children with wild type infection with Cryptosporidium parvum. It is anticipated that peripheral γδ clones with markers of activation (CD 25, 69) will demonstrate activation via the T cell receptor, co-stimulation with MICA and cytolytic killing via FasL and perforin. This aim uses the ability of the investigator to successfully grow T cell clones, the collaboration with our international site (ICDDR, B) and our ability to successfully ship frozen PBL from Bangladesh to Vermont. If the circulating γδ T cells and the γδ clones from infected children behave like a intestinal γδ T cell clone, further evaluation of this important cell line can be done in the future on peripherally-derived cells, rather than isolating cells from intestinal biopsy. Having identified the activation, APC-interactions and cytolytic effects of γδ cells in this population, further work with clinical samples (matched with clinical data) will establish the immunomodulating role and precise effector mechanisms of γδ in acute vs. chronic cryptosporidosis as well as in other enteric infections.

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 study will use the laboratory facilities of the University of Vermont and the ICDDR, B.

At the University of Vermont Unit of Infectious Diseases and Immunobiology, the investigator (BDK) has assess to a 

full tissue culture facility, flow cytometry and cell sorter, an imaging facility, access to microarray and proteomics. Liquid nitrogen and –80 freezers are also available, as is the appropriate laboratory and office space.

At the ICDDR, B (RH) directs the Parasitology Laboratory and has full access to these facilities. RH also has the capacity to separate and freeze cells on liquid nitrogen, as well as flow cytometry.

The Mirpur field site has an established study clinic, used for other trials, including those of E. histolytica. This latter trial 

has a well-established study population, as well as clinic staff (clinicians, field workers) to monitor volunteer well-being and follow for any complications of diarrhea or phlebotomy.
-----------------------------------------------------------------------------------------------

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).

The data will be analyzed by the investigators, with the assistance of professionals from the Department 

of  Biostatistics as needed. STATA software will be use for data analysis. The study is not blinded. 

Categorical and dichotomized data ( proportion of killing by the gamma delta T cells) will be analyzed

 by “Chi square”,“Chi-square with Yate correction” and “Fisher exact test”. The probabilities will be 

verified by “t”, “F”, “(2” and a p values ( 0.05  will be considered statistically significant.

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.

This information is important to the understanding of mucosal immunity to enteric pathogens in young children. The study will evaluate children with acute watery diarrhea from cryptosporidiosis and will require evaluation of height, weight and length of diarrheal illness. It will also require a small-volume peripheral blood sample (3-5 mL)at the time of enrollment so that γδ T cells can be seperated and analyzed. No medical intervention or investigational drug will be administered.

The risk to the volunteer will include the risk of phlebotomy, that is bruising, bleeding and pain. The small volume of blood used will not pose a health risk to the child. 

Phlebotomy will not be performed on a moderately or severely dehydrated child. If the parent is willing, the child will be assessed for hydration. If needed, the child will be treated for dehydration with oral rehydration solution and may return over the next 24-48 for reassessment and phlebotomy if the child is then adequately hydrated.

Consent in the local language, signed by the parent or guardian, will be used prior to any contact with the child. This will include specific details regarding the amount of blood needed.

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.


No animals will be used.

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.


The data will be disseminated at international meetings (IDSA, ASTMH, US-Japan conference on Parasitic Diseases) and through international publications (JID, Infection and Immunity, etc).


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 will be a collaborative project with the ICDDR, B and the University of Vermont College of Medicine (UVM). The co-PI at the  UVM  Beth Kirkpatrick, MD will take the lead  of lab investigation. 

This project is being performed as part of an NIH K08 proposal.  Dr. Beth Krikpatrick is the recipient  of this award. Mentors for this project include David Sack, MD (Director ICDDR, B), Cynthia Sears MD (Cryptosporidium, Johns Hopkins) and Ralph Budd (Immunology, University of Vermont).
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International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B)

                                           Consent form:  Infected Individual
Protocol Title: Innate and acquired immunity to E. histolytica associated colitis.
Principal Investigator’s name: Dr. Rashidul Haque, Parasitology laboratory, ICDDR,B

Introduction: Amebic dysentery  is an important health problem in Bangladesh. This disease is caused by the intestinal protozoan parasite Entamoeba histolytica. The main clinical manifestations of the disease are amebic colitis and amebic liver abscess. Our current understanding about this infection, particularly the human immune responses to amebic colitis are not complete. Research is required for further improvement of our knowledge on amoebic colitis for better management and control of diseases caused by this parasite.

Purpose of this study: We at the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B) are conducting a study the aim of which is to understand the innate and acquired immunity to E. histolytica associated colitis. 

Why you/your child is invited to participate to the study? After testing the stool specimens of  you/your child we know that  you/your child  are suffering  from colitis caused by the  parasite E. histolytica. That is why we are proposing you/your child to participate in this study.
Study procedures:

If you/ your child agree with our proposal for the participation in this study then:

1. You/your child will get usual standard care and treatment in this hospital and you/your child will be discharged from the hospital as usual procedure and appropriate time. So, there will no change on the usual hospital care and management for you/your child.

2. We will ask you/your child and/or you some questions about you/your child’s illness for this study
3. For special examinations for this study we will collect each time a small amount of stool sample, 2-3 ml (½ tea spoon full) saliva and 5 mL (1 teaspoon full) of blood   from the forearm vein using a fine needle at the day of enrollment in this study and on days 5 th, 30th  and 60th after enrollment.

4. Taking all necessary precautions we will do recto-sigmoidoscopy of you/yours child on the day of enrollment and on the 60th day. During recto-sigmoidoscopy biopsy will be done and 4 small pieces of tissue specimens will be collected. To avoid possible pain during recto-sigmoidoscopy and to make this procedure more tolerable the very thin pipe of the recto-sigmoid scope will be rubbed with an oily substance to make it glossy. An experienced doctor, who has done the recto-sigmoidoscopy on hundreds of adult and pediatric patients, will perform this procedure.

5. In case of your/your child’s early discharge from the hospital, you/your child have to come back to the hospital on the 5th, 30th and 60th days from enrollment for the need of this study. 

Alternative of participation to the study: Not to participate in this study is the alternative of participation in this study.

Risk to participate in this study: During blood sampling with the exception of mild, temporary pain during insertion of needle to collect blood, temporary vertigo, small chance of mild, temporary oozing of blood from the needle prick, discoloration of the surrounding skin, and remote chance of local and systemic infection, collection of this amount of blood will not cause any other harm. We will use disposable sterile syringes and needles, and other precautions to avoid these problems. During the intestinal biopsy procedure there is a chance of transient mild bleeding from the site of biopsy. Before this procedure we will know you/your child’s bleeding tendency with the help of a blood test. In addition to this, you/your child will be observed closely for several hours after recto-sigmoidoscopy to make sure that you/your child have no significant bleeding. Apart from this, there is no risk for you/your child from the participation in this study.

Benefits/usefulness of participation: You/ your child will not get any benefits or extra benefit to this hospital for the participation in this study. But, derived results from this study will enrich our knowledge, which will help to control the disease and/ will contribute for its treatment in future so the society will be benefited.

Confidentiality: All information related to all participants of this study will be kept at the ICDDR,B under the control of the principal investigator in a locked cabinet. No people other than the investigators or the designated workers of this study, the Institutional Review Board of ICDDR,B will have an access to this information. At the time when we publish the results of this study the name and identification of you/ your child will not be mentioned.   But, it is not possible to keep fully confidential the identities and other information since this information may be required in the court according to the law of Bangladesh. The data and samples related to this study may be sent outside of the country.   In that case limited appropriate staff of that organization will know any personal identifiable information of you/your child. If you like and if you know then we will inform you about some or all investigations results of you/your child. But, we would also like to inform you that in some cases tests would be performed in batches at the end of the study. So, to get the results it may be delayed in that case.

Future use of the information for other use:  In future the information and collected samples of you/your child may be used for other requirement. In that case you / your child’s name and identity will be kept confidential.

Compensation 

You/ your child should not have to pay any money or you will be given any money for the participation in this study. If problem arise with you/your child during blood collection and intestinal biopsy we will arrange all possible necessary treatment for you/your child in Bangladesh with our own expense. Besides these, ICDDR, B is unable to provide you/your child any other compensation and benefit. According to the rule of the ERC of ICDDR, B we will compensate your daily wages and transport cost only for the days of your/your child’s follow up visit to the hospital for the need of the study.
Emergency care and treatment: You/ your child can receive treatment from ICDDR, B hospital for diarrheal illness as usually during this study. For other health problems your child should be treated in an appropriate health centre in your own expense, but we are ready to advise you with pleasure about this.

Right to withdraw from this study: You are the sole authority to decide for and against you/your child’s participation in this study. You would be able to withdraw your consent at any time during the study without any compensation even after you have given consent.  If you don’t participate or even you withdraw your consent after participation you/your child and family will receive the usual care of the Cholera hospital as before. 

Your right and answers of your questions:  If you have any question about this study we will answer you appropriately. You can ask any question in future and in need you can contact with the principal investigator of this study Dr. Rashidul Haque at ICDDR, B Hospital, Mohakhali, Dhaka or to contact with him on telephone number 8811751-60/2411 to get the answers of your questions. If you want to know the rights as a participant you can visit Mr. Bijoy Ratan Saha at ERC office of ICDDR, B or to contact with him on telephone 8811751-60/2115 to get the answers.
Consent: If you agree to our proposal of enrolling you/your child in our study, please indicate that by putting your signature or your left thumb impression at the specified space below. Your sign indicates that you are in detail informed about the purpose, procedures, risk and benefits, alternative and responsibilities of the participant of this study and you have understood all those things and you came to know in details about your right as a participant.

 Thank you for your cooperation.

_______________________________________

____________________

Signature or left thumb impression of subject/



Date

Child’s father/ Child’s mother/ Guardian

_______________________________________

____________________

Signature of the PI or his/her representative

 

Date

_______________________________________

____________________

Signature or left thumb impression of the witness


Date

N.B: You will get a copy of this consent form if you agree to enroll you/your child in this study.

International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B)

                                           Consent  form:  Uninfected Individual
Protocol Title: Innate and acquired immunity to E. histolytica associated colitis.
Principal Investigator’s name: Dr. Rashidul Haque, Parasitology laboratory, ICDDR,B

Introduction: Amebic dysentery is an important health problem in Bangladesh. This disease is caused by the intestinal protozoan parasite Entamoeba histolytica. The main clinical manifestations of the disease are amebic colitis and amebic liver abscess. Our current understanding about this infection, particularly the human immune responses to amebic colitis are not complete. Research is required for further improvement of our knowledge on amoebic colitis for better management and control of diseases caused by this parasite.

Purpose of this study: We at the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B) are conducting a study the aim of which is to understand the innate and acquired immunity to E. histolytica associated colitis. 

Why you/your child is invited to participate to the study?:  We are enrolling in this study patients with colitis caused by E. histolytica.  But to understand their innate and acquired immunity to E. histolytica there is a need to compare their immunity with the immunity of healthy people who are not infected with this parasite. Since you/your child are not infected with  E. histolytica we are proposing you/your child to participate in this study.
Study procedures: If you/ your child agree with our proposal for the participation in this study then, we will collect only one time a small amount of stool sample, 2-3 ml (½ tea spoon full) saliva and 5 mL (1 teaspoon full) of blood   from the fore-arm vein using a fine needle at the day of enrollment.

Alternative of participation to the study: Not to participate in this study is the alternative of participation in this study.

Risk to participate in this study: During blood sampling with the exception of mild, temporary pain during insertion of needle to collect blood, temporary vertigo, small chance of mild, temporary oozing of blood from the needle prick, discoloration of the surrounding skin, and remote chance of local and systemic infection, collection of this amount of blood will not cause any other harm. We will use disposable sterile syringes and needles, and other precautions to avoid these problems. 
Benefits/usefulness of participation: You/ your child will not get any benefits for the participation in this study. But, derived results from this study will enrich our knowledge, which will help to control the disease and/ will contribute for its treatment in future so the society will be benefited.

Confidentiality: All information related to all participants of this study will be kept at the ICDDR,B under the control of the principal investigator in a locked cabinet. No people other than the investigators or the designated workers of this study, the Institutional Review Board of ICDDR,B will have an access to this information. At the time when we publish the results of this study the name and identification of you/ your child will not be mentioned.   But, it is not possible to keep fully confidential the identities and other information since this information may be required in the court according to the law of Bangladesh. The data and samples related to this study may be sent outside of the country.   In that case limited appropriate staff of that organization will know any personal identifiable information of you/your child. If you like and if we know then we will inform you about some or all investigations results of you/your child. But, we would also like to inform you that in some cases tests would be performed in batches at the end of the study. So, to get the results it may be delayed in that case.

Future use of the information for other uses:  In future the information and collected samples of  you/your child may be used for other requirement. In that case you / your child’s name and identity will be kept confidential.

Compensation: You/ your child should not have to pay any money or you will be given any money for the participation in this study. If infection occurs at the site of blood collection or in the blood then we will arrange all possible necessary treatment for you/your child in Bangladesh with our own expense. Besides these, ICDDR, B is unable to provide you/your child any other compensation and any type of benefit.

Right to withdraw from this study: You are the sole authority to decide for and against you/your child’s participation in this study. You would be able to withdraw your consent at any time during the study without any compensation even after you have given consent.  If you don’t participate or even you withdraw your consent after participation you/your child and family will receive the usual care of the Cholera hospital as before. 

Your right and answers of your questions:  If you have any question about this study we will answer you appropriately. You can ask any question in future and in need you can contact with the principal investigator of this study Dr. Rashidul Haque at ICDDR, B Hospital, Mohakhali, Dhaka or to contact with him on telephone number 8811751-60/2411 to get the answers of your questions. If you want to know the rights as a participant you can visit Mr. Bijoy Ratan Saha at ERC office of ICDDR, B or to contact with him on telephone 8811751-60/2115 to get the answers.
Consent: If you agree to our proposal of enrolling you/your child in our study, please indicate that by putting your signature or your left thumb impression at the specified space below. Your sign indicates that you are in detail informed about the purpose, procedures, risk and benefits, alternative and responsibilities of the participant of this study and you have understood all those things and you came to know in details about your right as a participant.

 Thank you for your cooperation.

_______________________________________

____________________

Signature or left thumb impression of subject/

Date

Child’s father/ Child’s mother/ Guardian

_______________________________________

____________________

Signature of the PI or his/her representative

 
Date

_______________________________________

____________________

Signature or left thumb impression of the witness

Date

N.B: You will get a copy of this consent form if you agree to enroll you/your child in this study.

Revised on: 19 November  2002





Table 1: 


Adverse Outcomes of cryptosporidiosis in young children in developing countries.





Persistent or chronic diarrhea (31-35)


Increased acute and delayed mortality (2, 30)


Decreased height and weight for > 6 months post-infection (37, 38)


Decreased height > 1 year post-infection (37,38)


Increased diarrheal disease morbidity for two years post-infection (40)


Cognitive and physical function deficits for 4-7 years post-infection (41)
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