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ABSTRACT SUMMERY

Shigellosis is one of the major causes of morbidity and mortality in many developing countries. The continued emergence of antibiotic resistant strains has complicated the treatment of shigellosis and has increased the cost of treatment markedly. Antimicrobial peptides are effectors of immediate defenses in innate immunity can be considered as endogeneous antibiotic. A mixture of these antimicrobial peptides drenches the mucosal epithelial surfaces forming a barrier for invading microorganisms and may participate in the regulation of normal flora. Antimicrobial peptides expressed in colon mucosal by human epithelial mucosal cells are LL-37, the -defensins-1 and –2. Recently, we found that Shigella down-regulates the expression of LL-37 and beta-defensin 1 (HBD-1) in the colon of patients, including children during acute shigellosis thereby facilitating bacterial invasion. Both LL-37 and HBD-1 could inhibit the growth of various microbes including S. dysenteriae type 1, S. flexneri, and S. boydii. Our study indicated that bacterial DNA might be a potential mediator for the down- regulation in vitro. Down-regulation of LL-37 and HBD-1 was also seen in watery diarrhea caused by pathogens other than Shigella. Thus, bacteria-mediated down-regulation of our front line defenses could be one strategy evolved by the pathogens to subvert this host-defense mechanism. Interestingly, we noted up-regulation of the gene encoding LL-37 in cultured epithelial cell lines when treated with butyrate and indeed butyrate has been shown to decrease the severity of Shigella infections in a rabbit experimental model system. In our recently completed study, we used rabbit as a model system to determine the expression of antimicrobial peptides in experimental shigellosis and the effects of butyrate treatment. We could reproduce our findings from human i.e. downregulation of CAP-18 (the rabbit homologue to human LL-37) in colon epithelia after infection with Shigella flexneri. Very interestingly the expression of CAP-18 reappeared after treatment of the infected rabbits with sodium butyrate. These results emphasize the importance of the finding that butyrate upregulates the expression of LL-37 in colon epithelia. Thus, the rabbit model demonstrated the proof of principal. 

In this study, we aim to reconstitute local immunity in humans via pharmacological up-regulation of endogenous peptides (LL-37 and human beta-defensins (hBD)) by sodium butyrate enemas. Our aim is to assess the efficacy of sodium butyrate enema in reduction of clinical symptoms and / severity, reduction of inflammatory responses and induction of endogenous antibiotic activity in the rectum in adult patients with shigellosis. 

Requirement of a population:

Adult patients with shigellosis have been selected because sodium butyrate enemas have been applied in inflammatory bowel diseases, including ulcerative colitis, diversion colitis, Crohn’s Diseases but never in an infectious colitis. There are only two published reports of oral use of butyrate for treatment of IBD. If the clinical trial of sodium butyrate enema is found to be successful/beneficial in the treatment of shigellosis (acute infectious colitis), we intend to go into the next phase of application of colon-targeted sodium butyrate capsules orally in adult patients. 

Potential risks and protecting against or minimizing potential risks:
A large body of evidence is available to show that sodium butyrate enema given twice daily over a range of 2 –6 weeks in adult patients with inflammatory bowel disease (IBD) is safe with no obvious side effects. The topical dosage used in various studies ranged from 528 mg/day to 1.12 g/day, which corresponds to 35-60% of the normal daily intracolonic production of butyrate. None of these studies reported any adverse effect or reactions. According to a recent study, daily oral dose of 4g of sodium butyrate given as colonic-targeted tablets for 6-weeks was also found safe and well tolerated without any adverse effects. The FDA Drug Information Service informed us that sodium butyrate enema product is not commercially available and that sodium butyrate is included in the list of bulk substances that may be used in pharmacy compounding (relevant mail is enclosed).

Before obtaining rectal biopsy specimen, the bleeding parameters i.e. prothrombin time and platelet counts will be checked. If these are found normal, then there is no risk involved, as only seven tiny pieces of biopsies (about the size of mustard seeds, 2 mm across) will be obtained with a flexible sigmoidoscope from the rectosigmoid area of adults at two time points.  Bleeding, though seldom and usually minor, may occur from the site of biopsy and there is a very rare possibility of perforation during endoscopy, since a trained and well-experienced clinician, an investigator of this study, will perform the procedure. To prevent such complications, every possible precaution will be taken, and the patient and controls will be kept under observation for 3-4 hours after the sigmoidoscopic examination for any untoward effect if it were to occur. Prompt and necessary treatment will be provided. Appropriate measures will be taken to avoid introduction of any infection during the procedure. This procedure has been performed previously at ICDDR,B in conjunction with studies of immune responses in shigellosis. No serious side effects have been associated with sampling in previous studies. The above information has been provided in the consent form.

Confidentiality
All information/data of this study will be kept confidential and will be provided to the patient upon request. All information and results of laboratory tests will be kept under lock and key and only the investigators of this study would have access to the information. In case of future use of information in the form of Abstract or publication, the anonymity of participant will be strictly maintained.

Informed Consent form and Statement: The statement to the subject includes information specified in item 2,3,4,5(c) and 7. It also indicates the approximate time required for participation in the activity and the information that the patient can withdraw from the study at any time point at his will, which in no way will hamper treatment and management of this disease.
As advised by the RRC, approval from the Drug Administration of GoB will be sought for using sodium butyrate enema for research purpose.

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. We propose that topical administration of sodium butyrate, a potential anti-inflammatory drug will prove effective in the treatment of shigellosis in adult patients.

2. A potential mechanism maybe that sodium butyrate enema reduces the bacterial load as well as inflammation by enhancing LL-37 production in the epithelial cells and leukocytes. 

 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).

1. The primary endpoints of the study were to assess the efficacy of sodium butyrate enema in adult patients with shigellosis in marked improvement in clinical, endoscopic and histological findings.

2. To study the effect of sodium butyrate on the induction of endogenous antibiotic peptides in the rectum in adults with shigellosis.

3. Screen for relevant additional natural stimulators for production of common endogenous mucosal antibiotics.

4. To characterize butyrate induced signaling pathways for induction of different endogenous antibiotics in the gut including potential effect on TLR expression.
Background of the Project including Preliminary Observations 



Shigellosis is one of the major causes of morbidity and mortality in many developing countries. It is estimated that approximately 165 million people are infected with Shigella species every year throughout the world, of which about 163 million are from the developing world (21). The annual worldwide mortality rate from acute shigellosis is approximately 1 million 94 thousand. Approximately 61% of all Shigella-related deaths are in the developing world in children younger than 5 years who are the most susceptible and 0.2% in industrialized countries. Persistent diarrhea, a common sequel to shigellosis accounts for an additional death toll in the hundreds of thousands annually. Out of the four pathogenic Shigella species, S. dysenteriae type 1 and S. flexneri are of major importance for dysentery in developing countries. During the last two years (2002 and 2003), multidrug-resistant strains of S. dysenteriae type 1 have emerged in three outbreaks and sporadic cases of dysentery in eastern India (10). All the recent strains have been found resistant to conventional as well as major fluoroquinolone drugs such as norfloxacin, lomefloxacin, pefloxacin, and ofloxacin and showed reduced susceptibility to ciprofloxacin. Ciprofloxacin resistant strains have already emerged in northern Bangladesh in an outbreak and in isolated patient cases in the ICDDR,B hospital (KA Talukder, personal communication). Emergence of fluoroquinolone resistance in S. dysenteriae 1 strains has complicated the treatment of shigellosis and has increased the treatment cost tremendously.

Previous studies (2002-2004):

We have studied local and systemic immune responses in Shigella infected adults and children. We have also carried out a clinical study with micronutrient supplementation to infected children aiming at induction of innate and specific immunity as well as early clinical recovery. Outcome of this continued collaboration (since 2002): five papers have been published and two manuscripts submitted and two in preparation. In brief:
 

I) Infect Immun 2002;70:3199-3207

In adults with acute shigellosis, massive apoptosis in T cells, macrophages and granulocytes was paralleled by an increased expression of apoptosis promoters: Fas/Fas-ligand, perforin, granzyme A and a down-regulation of apoptosis inhibitor: Bcl-2 and IL-2 in the rectal mucosa. At the late recovery stage, a significantly enhanced expression of Bcl-2 and IL-2 was accompanied by reduced numbers of apoptotic and necrotic cells. 

II) Infect Immun 2003;71:2684-2692

We hypothesized that increased morbidity and mortality seen in children in comparison to adults were due to a lack of adequate specific and nonspecific immune response development in children during the course of natural Shigella infection. We studied mediators of the innate defense system in stool and plasma as well as in the mucosa of adult and pediatric patients with shigellosis and in healthy matched controls. The results indicated that some aspects of innate immunity against shigellosis in children were reduced as compared to adults. 

III) Scand J Immunol. 2002;55: 414-423
 Antigen specific immune responses were also studied. Peak frequencies of antigen (invasion plasmid coded antigen B (Ipa B), lipopolysaccharide (LPS)) specific IgM-ASC (antibody secreting cells) were seen within 3-5 days after the onset of diarrhea (1st time-point) in children while peak IgA- and IgG-ASCs were obtained 8-10 days later (2nd time-point) as seen in adults. Antigen-specific ASC responses in children ranged between 2-4% of the total ASC responses in contrast to 8-15% in adults. The kinetics of LPS-specific serum IgG subclass pattern in younger patients (2.5-5 yrs) was different (IgG1>IgG2>IgG4>IgG3) than that seen in older group (6-8 yrs) (IgG2>IgG1>IgG3>IgG4) or in adult patients. The induction of stool LPS specific-IgA, -IgA1 and -IgA2 was also delayed in children compared to adults. Similarly, higher frequency of cytokine expressing cells was seen in adult patients in response to antigens compared to pediatric patients. Healthy Bangladeshi adults have significantly higher titers of LPS specific IgG antibodies in serum than Bangladeshi infants (6-10 months) and children. Thus, pediatric patients with shigellosis have reduced and delayed adaptive immune responses compared to adult patients.

IV) Am J Clin Nutr 2004; 9:444-50

Moderately malnourished children with acute shigellosis were given the micronutrient zinc as an adjunct therapy for 14 days together with the antibiotic treatment. Zinc supplementation increased lymphocyte proliferation response and antigen-specific IgG responses. The data suggest that instead of prolonged supplementation, a short course of zinc as an adjunct therapy in common infectious diseases may be equally beneficial in boosting immune responses. In underdeveloped countries where micronutrient deficiency is widely prevalent, it may be a useful, practical and cost-effective therapy in the view of public health perspective.

V) Am J Clin Nutr 2004 submitted

Zinc supplementation given during acute Shigella infection significantly enhanced serum bactericidal antibody response against Shigella and proportion of circulating plasma cells and antigen-presenting cells in children. Zinc supplementation had beneficial effects both clinically and in modulating the systemic humoral and cellular immune responses for increased host defense. 

VI) J Infect Dis 2003;188: 364-70

The TB diagnostic performance of an assay based on detection of tuberculosis-specific antibodies from peripheral blood mononuclear cells (PBMC) was tested to determine whether antibodies in lymphocyte secretions (ALS) could be used for detection of active disease. Immunoglobulin G specific for antigens Bacillus Calmette-Guerin (BCG) vaccine and purified protein derivative (PPD) was measured in lymphocyte secretions. Patients with active TB had higher BCG- or PPD-specific IgG antibody responses than patients without TB or healthy subjects. This method can be used as a quick diagnostic aid to facilitate rapid detection of TB cases.   

VII) Clin Diag Lab Imm 2004, in press
We aimed to determine whether the ALS method allows detection of subclinical TB infection in asymptomatic individuals. A prospective study of family contacts (FCs) of patients with active TB and healthy controls was performed. Thirteen of 42 FCs had high ALS responses including six FCs who subsequently developed active TB. Among patients with active TB, BCG-specific ALS responses steadily declined from the time of diagnosis through 6 months following antimycobacterial chemotherapy (p=0.001). The ALS assay enabled detection of infection in exposed symptom-free contacts, who are at greater risk of developing active TB. The method may also allow discriminating between effective treatment of active infection and suboptimal response to therapy. 

Area of scientific interest
Antimicrobial peptides

Antimicrobial peptides are key effecotrs in innate mucosal immunity and were first detected by their ability to kill micro-organisms. Further studies have shown that apart from the microbicidal activity these peptides have acquired new functions during evolution (2), which includes involvement in chemotaxis, angiogenesis, and immune-modulation. Failure in wound healing and bacterial clearance of wounds has been connected to shortage of these effectors. Bacterial colonization and biofilm production are promoted in absence of the peptides. The peptides are targets for pathogens and the combined action of the peptides is most likely involved in regulating the natural flora.
 

Antimicrobial peptides in Shigella infections

In 2001, our group reported in Nature Medicine that there is downregulation of LL-37 and human -defensin-1 (HBD-1) in the epithelial cells in diarrhea caused by Shigella dysenteriae type I as well as other enteric bacteria (51). Furthermore, the downregulation was reproduced in vitro by using the cell lines U937 of monocyte origin and HT-29 of colonic epithelial origin, that were infected with Shigella or plasmid DNA derived from Shigella. This down regulation can be an important immune escape mechanism for pathogens to avoid potent mucosal effector molecules, like antimicrobial peptides. Since antimicrobial factors drench the mucosal surfaces, it is conceivable that pathogenic bacteria downregulate our front line defenses as a part of their invasive process. Therefore, a novel approach will be to block this down-regulation or a therapeutic approach that up-regulates the production of endogenous antimicrobials. Recent studies have shown that short chain fatty acids can upregulate expression of LL-37 in colonic epithelial cells and sodium butyrate was the best inducer (16, 38). It is well known that butyrate induces colonic cell differentiation and cell differentiation was reported to be a key determinant of LL-37 expression in human colon epithelium (16). However, we have now shown that pathways other than those involved in cell differentiation are included in the upregulation of LL-37 with butyrate (38). Butyrate is produced in the colon by fermentation of dietary fiber. Thus, there is a link between the normal flora and the expression of endogenous antibiotics. Furthermore, short chain fatty acids including butyrate has been shown to decrease clinical symptoms, microbiological and pathological features in experimental Shigella infections in rabbit models (30). Thus, a relationship between the severity of Shigella infections and mucosal levels of antimicrobial peptides is conceivable. Preventing down-regulation or enhancing antimicrobial peptide expression could provide an alternative treatment in protecting humans and animal livestock against bacterial pathogens. These studies may provide a basis for therapeutic manipulation of endogenous antimicrobial peptides including LL-37 expression in vivo using dietary substances or butyrate to strengthen the epithelial defense barrier. Furthermore, we aim to evaluate if this also involves induction of Toll-like receptors TLRs (see below) in the colon mucosa
Treatment with short chain fatty acids 

Ample evidence is available to suggest the significance of short chain fatty acids (SCFA) in maintenance of the integrity of the intestinal mucosal health. Short chain fatty acids  (SCFA) are the major nutrients that are produced as a byproduct of colonic fermentation of carbohydrates (40). Of the three major SCFAs, butyrate is a major metabolite of intestinal bacteria, a crucial energy source for gut epithelial cells and is most readily metabolized by the colonic mucosa (25, 37). It is the preferred metabolic substrate for the colonic mucosa even in presence of glucose and glutamine (35). Several studies have been carried out to investigate the role of SCFAs in the treatment of inflammatory bowel diseases (IBD) and in ulcerative colitis (UC). In a study done in 1989, Harig et al reported successful treatment of patients with “diversion colitis” using enemas containing mixture of SCFAs (15). Breurer et al demonstrated improvement in disease activity in 75% (9/12) patients with distal ulcerative colitis after treatment with SCFAs enemas (4). Scheppach W et al demonstrated first in a randomized, single-blinded controlled study followed by a randomized controlled trial in a larger group, improvement in clinical, endoscopic and histologic parameters after 2-weeks and 4-weeks of twice-daily butyrate enemas respectively (39, 40).  In an open-labeled study patients with distal UC who were refractory to all previous therapy showed an overall 60% response rate (42) after receiving once daily for 6-weeks therapy of butyrate enemas. Patz et al showed in an open-labeled study in patients with refractory distal UC, that 50% had an overall clinical endoscopic response (29) after 6 weeks of twice-daily butyrate enemas. More recently, a double-blinded, placebo-controlled multi-center study showed that combined treatment of topical butyrate plus steroid was significantly more effective than steroid alone in the treatment of refractory distal colitis (44). In another recent randomized, double-blinded, placebo-controlled study by Vernia et al has demonstrated that oral sodium butyrate (4g/day; colon targetted) plus oral mesalazine (2.4g/day) treatment lead to a significantly better-improvement vs baseline values compared to mesalazine treatment alone in Ulcerative colitis (47). The oral butyrate was also found to be safe and well tolerated. All these studies have shown that SCFAs and butyrate were safe and majority of these studies reported butyrate to be efficacious in the treatment of colonic inflammatory diseases. Application of butyrate enemas in healthy adults showed that butyrate enema was well tolerated and induced no histological changes in rectal mucosa (12). Moreover, butyrate stabilized cell-substratum adhesion in surface epithelium.


Butyrate exhibits differentiating effects in various undifferentiated colon and intestinal cell culture types and has been shown to stimulate sodium and water absorption in the colon (36). In addition, butyrate mediated stimulation of epithelial proliferation as seen in butyrate starved or nutrient depleted cells, in atrophic mucosa. Butyrate also possesses anti-inflammatory properties and has been shown to inhibit lymphocyte proliferation, IL-2 and IFN- production (7, 19). A combination of three SCFAs appeared to impose an anti-inflammatory effect by causing a shift in the T helper lymphocyte phenotype to anti-inflammatory phenotype. Sodium butyrate down-regulates generation of myeloperoxidase-mediated oxidants and thus inhibits myeloperoxidase activity that in turn attenuates the destructive activity of neutrophils in UC (24). Butyrate also affects differentiation, maturation and functions of dendritic cells and macrophages and thus modulates both inflammatory and immune responses (28). 

Antibacterial peptide LL-37

The antibacterial peptide, LL-37 is produced by epithelial cells, neutrophils, NK cells,  T cells, B cells and monocytes (1). It is stored in a precursor form (hCAP-18) and is converted into the active form after one proteolytic cleavage. LL-37 can bind and neutralize bacterial endotoxin and limit adverse effects by down-regulating LPS-induced inflammatory responses (22, 23). In addition to its microbicidal activity, LL-37 contributes to innate and adaptive immunity by recruiting neutrophils, monocytes, mast cells and T cells to the site of invasion, modulating dendritic cell differentiation and dendritic cell-induced T cell polarization thus bridging innate and adaptive immune responses (1, 2, 9, 41). LL-37 alters transcriptional responses in macrophages, stimulates wound vascularization and re-epithelialization of healing skin, in addition to induce angiogenesis (8, 17, 20). 

Regulation of the CAMP gene coding for LL-37


We have characterized the gene encoding LL-37 (now named CAMP for cathelicidin antimicrobial peptide) (11, 13). The gene has four exons and the gene promoter contains potential binding sites for the transcription factors STAT3 and the nuclear factor for interleukin-6 expression (NF-IL6). These cis-regulatory elements are common to acute phase protein genes that are induced by interleukin-6 (3). However, the importance of these cis-elements for the CAMP gene has not been determined experimentally. The signal pathways and necessary transcription factors for expression of genes encoding antimicrobial peptides in mammals have not been defined. Based on previous results, expression of the peptides is included in the differentiation program of progenitor cells for neutrophils, regulated through pattern recognition receptors on epithelial cells and affected by cytokines in specific lymphocytes (1, 50). Interestingly, the gene encoding LL-37 seems unique as it is expressed both in pro-granulocytic cells (neutrophils and eosinophils) and epithelial cells, further enhancing the interest in the regulation of this gene.


We have analyzed LL-37 expression in response to different stimuli. The monocytic cell line U937 and the epithelial cell line HT-29, derived from colon epithelium, do respond to Shigella infection by downregulating the gene encoding LL-37 (18). This indicates an in vitro response in the cell lines that reflects the in vivo situation and thus makes these cells suitable as a model system to approach the signal pathways for LL-37 expression. Furthermore, our expression studies for LL-37 show butyrate as a potent inducer. These experiments are informative for the responses of antimicrobial peptides/proteins in immunity in addition to serve as the base for detailed characterization of the intracellular pathways. As mentioned above we have results, indicating that butyrate counteracts the bacterial downregulation (Raqib et al. Manuscript). It is therefore not far fetched that intracellular signal pathways for antimicrobial peptides could be targets for drug development.


In the initial phase for identifying cis-regulatory elements we have utilized a luciferase reporter system for the gene expression and the human colonic cell line HT-29. A 650 bp region upstream of the transcription start site has been cloned into a vector coding for the luciferase reporter gene. This construct has been transfected into HT-29 cells and the expression of the luciferase is induced by butyrate stimulation, indicating that the 650 bp upstream of the transcription start site contains the necessary cis-regulatory elements for the response. With deleted version of the promoter, a region of 72 base pairs is mapped as the main element for the butyrate induction. Fine mapping aiming at identifying critical sites and then the involved factors are ongoing. 


One extension of this work is to establish a stable cell line that will express the luciferase reporter gene under the control of the promoter for LL-37 (the CAMP gene). The approach is still on the drawing table but will involve the construction of a retroviral vector with necessary elements and with the capacity to be integrated into the genome. Such a cell line can then be utilized in a high throughput screen to identify chemicals that can stimulate LL-37 expression using luciferase detection. With inducing activities by specific chemicals in this system will be further confirmed on isolated cells or primary cell cultures. Chemicals with this property are potential drugs for hardening our immediate defenses, preventing antimicrobial peptide downregulation by pathogens or downregulation during immune-suppressive treatment.

Evaluating potential effects of sodium-butyrate on toll like receptor (TLR) expression
Pattern recognition receptors (PRR) play an important roll in immediate responses to different conserved molecules produced by microbes. One class of PRR are the Toll and the Toll-like receptors (TLR) that consist of a family of transmembrane molecules found in a broad range of organisms from Drosophila to higher mammals (6, 26, 27, 34). In some species they have been shown to regulate production of antimicrobial peptides. Currently 10 different human TLR are identified. Different TLR have the capacity to bind to different parts of bacteria. TLR2 binds to lipoteichoic acid, TLR4 to lipopolysaccharide while TLR9 binds to bacterial CPG motifes. TLR are characterized by an extracellular domain consisting of multiple leucine-rich repeat elements and a cytoplasmic domain that belongs to the IL-1/TOLL receptor family which is able to transduce signals through MyD88, IRAK, NF-[image: image1.png]


B and mitogen-activated protein kinase signaling cascade (6) leading to anti-microbial immune responses. Specific structures on pathogens designated PAMP for pathogen-associated molecular pattern can activate cells through TLR family members which can lead to a wide variety of responses from different cell types ranging from chemokine and cytokine production, increases in antigen-presentation capacity co-stimulatory and adhesion molecules, initiation of cell proliferation, and antimicrobial peptide production. We hypothesize that sodium butyrate may induce TLR expression in the colon epithelium as well as in local macrophages and granulocytes. This will be tested in the HT 29 cell line following exposure to sodium butyrate at different doses with and without shigella. Expression of TLR 1 to TLR 9 will be performed with RT-PCR, western blot and immunohistochemistry. These assays have recently been developed in our laboratory.

Furthermore we aim to assess the expression of TLR 1 to TLR 9 in colon biopsies of Shigella-infected patients as well as in healthy controls. Cryopreserved rectum biopsies obtained at 1 and 14 days after clinical diagnosis and induction of antibiotic plus minus sodium butyrate will be used for comparison. We will use RT-PCR, western blot and immunohistochemistry for comparative analyses. These types of analyses have not been performed earlier in context of any human intestinal infection.
Current Results
We initiated to utilize a non-surgical rabbit model of shigellosis to determine the expression of antimicrobial peptides in the experimental shigellosis and to study the effects of butyrate treatment. We have been able to infect rabbits with Shigella flexneri by oral feeding. In addition, we have synthesized the rabbit homologue to LL-37 named CAP18 and antibodies have been raised to this peptide. Using this antisera we could reproduce our findings from human i.e. downregulation of CAP-18 in colon epithelia after infection with Shigella flexneri. Most interestingly the expression of the antimicrobial CAP-18 reappeared after treatment of the infected rabbits with sodium butyrate (figures1a, b, c). Treatment with sodium butyrate resulted in decreased bacterial (Shigella) load in stool (Table 1). There was complete clinical recovery from shigellosis in terms of normalization of fever, disappearance of muscus and blood from stool and appearance of formed stool. These results emphasize the importance of the finding that butyrate upregulates the expression of antibacterial peptide, CAP18 in colon epithelia in vivo and a correlation to the improved clinical feature and expression of endogenous antimicrobial peptides.

Table 1. Serial dilutions of stool from Shigella-infected rabbits for bacterial colony counting.
	Rabbits #
	Bacterial dose given
	Bacterial CFU / gm stool

	
	S. flexneri 2a
	Butyrate treatment given, twice daily

	
	Day-1
	Day-2
	Day-3
	Day-4

	Control
	9 x 109
	1.1 x 108
	1.1 x 107
	1.2 x 108

	Test rabbit
	9 x 109
	1.1 x 105
	1.13 x 104
	0

	Test rabbit
	9.5 x 109
	1.6 x 104
	No stool
	0


Figure 1. Immunoperoxidase staining of the antimicrobial peptide, CAP18 in the colon of rabbit, predominantly localized to the epithelial cells in the surface epithelium as well as to some granulocytes in the lamina propria. Epithelium of the healthy rabbit colon (a) has constitutively high expression of CAP18, while the expression disappeared (b) almost completely during acute infection with Shigella flexneri. Reappearance of CAP18 expression after treatment with sodium butyrate (c).

a) Healthy rabbit
b) Shigella-infected rabbit
c) Shigella-infected rabbit
 


treated with sodium butyrate

Synergistic bactericidal effects of CAP-18 and sodium butyrate (40 mM)

Using synthetic CAP18, we could show that the minimal inhibitory concentration (MIC) for Shigella flexneri and S. dysenteriae type 1 strains was 5 and 4 g/ml respectively. In order to investigate a combined bactericidal effect of butyrate and CAP18, we conducted an in vitro study. A synergistic antimicrobial effect of CAP-18 and sodium butyrate (40mM) was detected, where the MIC for CAP18 in presence of butyrate were 4 and 3 g/ml for S. flexneri and S. dysenteriae type 1 respectively (Figure 2a, b). The results suggest that in addition to induce CAP18 in the epithelial cells, butyrate works in synergy with CAP18 in its antimicrobicidal action against Shigella spp. A synergistic affect of butyrate and CAP-18 in the killing of various other enteric pathogens such as V. cholera O1, enterotoxigenic E. coli (ETEC), Salmonella typhi  was also seen.
Figure  2


Synergistic effect of butyrate and LL-37 (human)

Using synthetic LL-37, we could show that the MIC for Shigella flexneri and S. dysenteriae type 1 strains was 3 and 4 g/ml respectively. In order to investigate a combined bactericidal effect of butyrate and LL-37, we conducted a similar experiment as described above. A synergistic antimicrobial effect of LL-37 and sodium butyrate (40mM) was detected, where the MIC for LL-37 in presence of butyrate were 2 and 3 g/ml for S. flexneri and S. dysenteriae type 1 respectively.

Minimal Inhibitory Concentration of sodium butyrate

The minimal inhibitory concentration of butyrate was 400 mMol/L for both S. dysenteries type 1 strain and S. flexneri strain.

Safety issues of sodium butyrate

A large body of evidence is available to show that sodium butyrate enema given over a range of 2 –6 weeks in adult patients with inflammatory bowel disease (IBD) is safe with no obvious side effects. The topical dosage used in various studies ranged from 528 mg/day to 1.12 g/day, which corresponds to 35-60% of the normal daily intracolonic production of butyrate (4, 5, 15, 29, 40, 42-47). None of these studies reported any adverse effect or reactions. According to a recent study, daily oral dose of 4g of sodium butyrate given as colonic-targeted tablets for 6-weeks was also found safe and well tolerated without any adverse effects (47).
With these data in hand, we aim to continue with further functional experiments in vitro and in vivo in humans using sodium butyrate enemas.

Research Design and Methods


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


Study design:  A double blind randomized clinical trial with subsequent follow-up.
Study Subjects: Adult male patients attending the Clinical Research and Service Center (CRSC) of ICDDR,B and Matlab Hospital will be screened for participation in the study. 

Inclusion criteria:

· 18-45 years of age

· duration of diarrhoea 0-3 days

· culture-confirmed Shigella spp (all Shigella spp)  in stool on enrolment

Exclusion criteria:

· who received antimicrobial treatment before attending the ICDDR,B hospital

· clinical symptoms of other concomitant infections (such as chronic respiratory infections, other concomitant gastrointestinal infections)

Randomization

According to a computer-generated randomization list, patients full filling the entry criteria will be randomized to either intervention group (Pivmecellinam plus butyrate enema) or control group (Pivmecellinam plus normal saline enema). Butyrate enema will contain 30 mmol/L of butyrate in normal saline (pH 7.2). Placebo enema will contain 30 mmol/L NaCl (pH 7.2)

Case management

After enrolment, the patients will be admitted in the study ward of ICDDRB Dhaka and Matlab hospital. A standard clinical history and clinical examination will be performed by one of the investigators or study physician. All patients will receive Pivmecillinam, 400 mg, 8 hourly for 5 days. The intervention group will receive butyrate enema 80 ml of 30 mM sodium butyrate, 12 hourly for 72 hours while the placebo group will get 80 ml of normal saline 12 hourly for 72 hours. All patients will receive the usual hospital food three times a day (breakfast, lunch and supper). The patients will remain in the study ward for 5 days to enable identification of any relapse cases.

Procedure for butyrate enema

Patients will be instructed to lie on a bed (cholera cot) in left lateral position. A soft rectal catheter will be introduced by a nurse/physician, through which 80 ml of butyrate solution will be instilled slowly with a 50 ml plastic syringe. Patients will be asked to retain the enema for at least ½ hour by remaining supine for 30 minutes after the administration. However, if a patient cannot retain the enema for 30 minutes, he will be given a second round of enema immediately after defecation.

Definition of clinical cure: A patient will be defined as clinically cured if on day-3, no blood or mucus is observed in the stool, there is ≤ 3 unformed stool in 24 hours and no fever (oral temperature > 37.5° C) is recorded.

Treatment failure: A patient will be considered a treatment failure on day 3 when there is any one of the following features present: > 3 unformed stool in 24 hours, presence of blood in any stool or presence of fever (oral temperature > 37.5° C). 
Collection of Samples

Patients will be requested to stay in the hospital for at least 5 days to facilitate disease monitoring and sampling. On admission day (patients will be enrolled after serological confirmation by slide agglutination test on the subsequent day i.e. day-1), stool specimens will be collected from each patient every day starting from the day of admission till 4 days after admission. Rectal biopsy samples will be collected on the day of admission and 14 days after admission from patients enrolled in Dhaka hospital only. Three mL blood will be collected after admission for measurement of prothrombin time and platelet counts (to check bleeding parameters before proctoscopy) and C-reactive protein (CRP) that will be used as an indicator for monitoring magnitude of inflammation. 1 mL blood from patients will be collected to measure CRP in serum on the 4th day of admission.

Stool: Fresh stool samples will be collected for routine microscopic examination for parasites or cysts. Stool samples will also be tested for measuring bacterial counts/load. In brief, 1 g of stool will be diluted in normal saline (1:10), vortex-mixed for 5 min, followed by serial dilutions of 1:10 in normal saline and plated in MacConkey agar plates. After overnight incubation at 37ºC, bacterial cfu will be counted. Fresh stool specimens will also be extracted as described earlier for measuring LL-37 by ELISA method (33).
Rectal biopsy: Rectal biopsy samples will be obtained from patients (enrolled in Dhaka hospital only, n ≈ 60) at the day of enrolment (day-1) and 2 weeks after enrolment (day-14). These biopsy samples will then be used to assess the production of antimicrobial peptide, LL-37 by Real-time PCR as described below and for histology and immunohistochemistry. Biopsy samples will also be be analysed for the presence of TLRs by RT-PCR, western blot and immunohistochemistry.
Immunohistochemistry and histology

Biopsy specimens (two pieces) will be fixed in 10% buffered formalin, processed, embedded in paraffin, cut in sequential 3 m sections and then will be used for hematoxylin and eosin staining for histological grading. Histological grading will be performed to determine the severity of inflammation in the rectum according to the standard procedure (32). Biopsy samples (two pieces) will be snap frozen in liquid nitrogen, sectioned in cryostat at 5 microns and used for immunohistochemical staining. Sections will be stained for TLRs, inflammatory cytokines IL-1, TNF- and IFN- as well as LL-37 and HBD1-2 by immunohistochemical staining as described before (31). 

In vitro stimulation of LL-37

Cell lines, HT-29 and U937 will be sensitized with sonicated bacterial lysate of S. flexneri strain (18). Briefly, HT-29 and U937 cells will be suspended in RPMI 1640 supplemented with 5% fetal calf serum, 2mmol/L of L-glutamine, 100 U/ml penicillin, 100 g streptomycin, and seeded into 8-well plates and cultured at 37ºC in presence of 5% CO2. Cells will be treated with 100 L of sonicated bacterial lysate for 3 and 9 hours. Furthermore, sodium butyrate, zinc acetate, retinoic acid and L-histidine will be added in different doses in serum free medium and cells will be incubated for 48 hours as described (38, 48). Supernatant will be collected and frozen down for later use in ELISA for determining content of LL-37. Cells will be harvested and total RNA will be prepared using commercial kits (RNeasy) according to the manufacturer’s instruction. 

RT-PCR and TaqMan real time PCR for LL-37

Total RNA will be extracted from frozen rectal biopsies using RNeasy (Qiagen, CA) according to the manufacturer’s instruction and cDNA will be prepared. All RNA material will be denatured at 94ºC for 5 min and then chilled to 4ºC. A semi quantitative reverse transcriptase (RT) PCR procedure will be done by PCR amplification followed by Southern blotting and hybridization (18). For quantitative evaluation, LL-37 expression and the housekeeping gene glyceraldehydes-3 phosphate dehydrogenase (GADPH) will be measured in triplicate from 2-3 independent RNA extractions by real time quantitative RT-PCR using a PE Applied Biosystems (ABI, Foster City, California) PRISM model 7700 sequence detection instrument. The sequences of forward and reverse primers, as designed by Primer Express (ABI) for quantification of LL-37 mRNA are 5´- ACC CAG CAG GGC AAA TCT C-3´ and 5´- GAA GGA CGG GCT GGT GAA G-3´, respectively. The TaqMan fluorogenci probe used for LL-37 will be 5´-TGT TAT CCT TAT CAC AAC TGA T-3´ FAM label. A standard curve will be constructed from serial dilutions of cDNA synthesized from a known quantity of total RNA from U937 cells (ACC5, DSMZ Braunschweig, Germany) (38). 


LL-37 and GAPDH starting transcript number values for the standard curve will be set arbitrarily and LL-37 and GAPDH values in unknown samples will be quantified by measuring Ct and reading the corresponding value off the standard curve. LL-37 expression will be normalized to GAPDH expression and LL-37 expression levels in control cells (medium alone) will be considered “1” in LL-37 expressing cells (HT-29 cells). Relative expression of LL-37 will be calculated by relating LL-37 expression in treated cells to control cells.

ELISA for measuring LL-37 in stool/supernatant

Levels of LL-37 peptide will be measured by an enzyme-linked immunosorbant assay. A 96-well Maxisorp plate (Nunc) will be coated with 5 g/ml monoclonal LL37 antibody (49) in coating buffer (carbonate/bicarbonate buffer, pH 9.6) overnight. Wells will be blocked with 0.1% gelatin in PBS prior to incubation with 100 l of culture supernatant or stool extracts diluted in phosphate buffered saline and N-acetyl cysteine (final concentration 2%) or LL37 (Innovagen, Lund, Sweden) standard (0.01 ng–10,000 ng/ml).   Samples will be incubated with biotinylated rabbit-anti-LL-37 (ref)(14) (20 µg/ml in 0.1% gelatin in PBS buffer) followed by labeling with streptavidin-AP (Dako) (diluted 1:2000). Subsequently samples will be developed with p-Nitrophenylphosphate (Sigma) in diethanolamine buffer. The plates will be read at 405 nm using a ThermoMax( microplate reader (Molecular Devices, Sunnyvale, CA) and results will be compared to the standard curve. 
RT-PCR for Toll-like Receptors

We aim to assess the expression of TLR 1 to TLR 9 in colon biopsies of Shigella infected patients as well as in healthy controls. Cryopreserved rectum biopsies obtained at 1 and 14 days after clinical diagnosis and induction of antibiotic plus minus sodium butyrate will be used for comparison. We will use RT-PCR, western blot and immunohistochemistry for comparative analyses. These types of analyses have not been performed earlier in context of any human intestinal infection.RT-PCR analyses of various TLR will be done using the following primer pairs: 

TLR1, 5'-AGACAGCAC AAAGATGG-3' and 5'-TCCCCAAAGTTACATATAC-3'; TLR2, 5'-AGCTCTTTGGCTCTT CTG-3' and 5'-AGAACTGGGGG ATATGC-3'; TLR3, 5'-CAGTTCAGAAAGAACGG-3' and 5'-AGCCTTATACCATAAAAGC-3'; TLR4, 5'-GCATGGCTTACA CCACCTCT-3' and 5'-GTGCTGAAAATCCAGGTGCT-3'; TLR5, 5'-GCAGATAATTCCTGAAGG-3' and 5'-CTTCCTTTAAAATG CATCCG-3'; TLR6, 5'-AATGACTTTGATGTACTG-3'; TLR7, 5'-AGAAACCTCCAGGAAC-3' and 5'-CATACACAATAAAAGC ATC-3'; TLR9, 5'-TCCCTGTATAGAATGTG-3' and 5'-TGGA GGCGTGAGAG-3'; CD14 5'-CTAGTCGGATTCTATTCGGA GC-3' and 5'-AGACAGGTCTAAGGTGGAGAGG-3'; MyD88 5'-ATCCGAGAGCTGGAAACG-3' and 5'-GCAAGGG TTGGTATAATC-3' 

Immunohistochemistry
Sections from frozen colon tissue or HT29 cells grown on coverslips fixed with paraformaldehyde will subsequently be incubated with monoclonal antibodies against TLR2, TLR4 and TLR9 or irrelevant isotype-matched antibodies. This will be followed by incubation with Fluorescein-conjugated goat anti-mouse anitbody and analyzed using immunofluorescence microscope or laser-scanning confocal microscope.

Western blot analysis

HT 29 or colon biopsies will be lysed in buffer.  Lysates will be homogenized, and protein contents will be determined using the Bradford method. For Western blotting, 20 µg of protein from each sample will be subjected to SDS-PAGE on a 4%–20% gradient Tris-Glycine gel under reducing conditions. Proteins will then be transferred onto a nitrocellulose membrane and blots blocked overnight in PBS followed by incubation with primary antibodies. The blots will be incubated with secondary antibodies and the hybridized bands will be detected utilizing an enhanced chemiluminescence Western blotting system. 

Flow sheet for sample collection and activities


Sample size


In a study by Kabir I et al (1984), it has been shown with 3.2+/− 1.8 mean +/−SD duration of diarrhoea of patients with shigellosis while treated with pivmecillinam. Expecting a 30% reduction in duration of diarrhoea when treated with butyrate enema along with pivmecillinam, considering 5% level of significance and 80% power the sample size will be 55 per group. Considering a dropout of 10%, the sample size in each group will be 61.

Data Analysis

For normally distributed data, we will use appropriate parametric tests (eg. t test) to compare the results between groups. In case the data is skewed, we will use nonparametric tests. Then, statistical analysis will be done using two-factor ANOVA to determine significant interactions between time and treatment and in case of any significant interactions post hoc Tukey procedure will be performed. For data that are not normally distributed, ANOVA on ranks will be applied. For within group (between days) comparisons, one-way ANOVA will be done. Statistical calculations will be performed using the statistical software SigmaStat( 2.03 (Jandel Scientific, San Rafael, Calif.).

Collaborative Arrangements


The proposed study is based on the collaboration between Professor Jan Andersson, Head of the Division of Infectious Medicine, Karolinska University Hospital, Sweden and the PI at ICDDR,B. Associate Professor Birgitta Agerberth at the Karolinska Institute and Professor Gudmundur Gudmundsson at the University of Iceland, Reykjavik, Iceland are active collaborators in this study. Real time RT-PCR and ELISA for determining LL-37 content in samples will be done in Dr Agerberth’s lab.
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 equipments 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).  


Studies using immunohistochemical techniques, histology, and enzyme-linked immunosorbant assay will be carried out at ICDDR,B since the techniques have been standardized and the equipment needed for carrying out the experiments are available at ICDDR,B. Clinical trial will be done in ICDDR,B. Quantitative studies of TLR expression in experimental settings as well as in colon biopsies will be performed at the Division of Infectious Diseases, Karolinska University Hospital at the Karolinska Institutet. The synthetic peptide CAP18 and LL-37 as well as the specific antibodies have been developed by Drs Agerberth and Gudmundsson in the Department of Medical Biochemistry and Biophysics (MBB), Karolinska Institutet (KI) and will be applied for immunohistochemical staining in ICDDR,B. However, for quantitative estimation of tissue content of the antibacterial peptides by Real time PCR, the method has been established and standardized by Drs Gudmundsson and Agerberth. The facilities are available at the Department of Medical Biochemistry and Biophysics as well as at the Division of Infectious Diseases, Karolinska University Hospital at the Karolinska Institutet. For this work, cDNA from rectal biopsies and cell-lines will be prepared at ICDDR,B and will be sent in dry ice to KI; the relevant part of the work will be done at the KI and later the technology and the experimental know how will be transferred to ICDDR,B, Dhaka. In vitro experiments for induction of LL-37 in cell lines will be done at ICDDR,B using various stimulants. 

Ethical Assurance for Protection of Human Rights

The ethical implications are outlined below.

1. For inclusion of patients, informed consents will be required according to the guide lines of the local ethical committee at ICDDR,B.  

2. Patients will receive clinical care and therapy free of charge. The study will not in any way interfere with the management and treatment of the patients. Patients may discontinue their participation in the study at any time point. This decision will not have any influence on the clinical management or therapy of the patients.

3. Butyrate enemas will be given twice daily (12 hourly) for three days only. 

4. The proposed study involves repeated sampling of stool and rectal mucosa from patients. None of the procedures are harmful and none will result in permanent physical damage or injury.

5. Before obtaining rectal biopsy specimen, the bleeding parameters (prothrombin time and platelet counts) will be checked. If these are found normal, then there is no risk involved, as only a few millimeters of the superficial mucosa will be taken. With a flexible sigmoidoscope seven tiny pieces of biopsies (about the size of mustard seeds, 2 mm across) will be obtained from the rectosigmoid area of adults at two time points. This instrument has a tube, which will be passed through anus up to 10-12 cm and with a biopsy needle, pinches of rectal biopsies (about the size of mustard seeds, 2 mm across) will be obtained. Bleeding, though seldom and usually minor, may occur from the site of biopsy and there is a very rare possibility of perforation during endoscopy, since a trained and well-experienced clinician, an investigator of this study, will perform the procedure. To prevent such complications, every possible precaution will be taken, and the patient and controls will be kept under observation for 3-4 hours after the sigmoidoscopic examination for any untoward effect if it were to occur. Prompt and necessary treatment will be provided. Appropriate measures will be taken to avoid introduction of any infection during the procedure. This procedure has been performed previously at ICDDR,B in conjunction with studies of immune responses in shigellosis. No serious side effects have been associated with sampling in previous studies.

Risk Analysis


A delay in recruiting patients can delay the completion of the project in the stipulated time period and then the implementation of the project will be difficult. 

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 program.

Recent emergence of multidrug-resistant strains of S. dysenteriae type 1 strains has complicated the treatment of shigellosis as well as increased the cost of treatment to a great extent. In this scenario, it is of utmost importance to develop alternative methods that may be cheap and effective such as butyrate or other components that can strengthen our own barrier. Furthermore, to understand the underlying basic regulatory mechanisms can then lead to complementary therapy to antibiotics for tackling the invading pathogens. Results obtained from this study may help in better understanding the role of sodium butyrate in enhancing the production of effector molecules (LL-37, CAP18, human beta-defensins) and protective immune responses in the host against acute colitis of infectious origin. Besides elimination of pathogens, these effectors might also be involved in immune modulation at the local site. Understanding the appearance, abundance and regulation of these effectors at invasion barriers is therefore relevant for basic medical research. Detailed understanding of the effector molecules in innate immunity and their induction might lead to alternative treatments, which is important because resistant bacterial strains are continuously evolving and are instrumental in causing an enormous burden on the health care system. Thus, this study may provide information on better therapeutic interventions as well as alternate methods for treatment of shigellosis and in the long run will benefit the society.


Research findings will be published in international journals to make the results available to all researchers in the relevant fields and will be presented at international conferences.
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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.


1. Full salaries of the senior research officer, research officer, lab attendant, 50% of study physician, 30% salary of the PI (ICDDR,B) and 5% salary of the co-investigators is requested.   

2. Charges for patients include costs for stay in study ward, medicines, enemas, hospital supplies and hospital meals during their stay and endoscopy. 

3. Costs for paying patients on follow-up for wage loss and meals.

4. Interdepartmental charges include costs of microbiological, pathological, histopathological and biochemical tests. 

5. Costs for supplies and reagents required for various immunological and microbiological assays, disposable plasticware, glassware.

6. Expenses for publication has been requested.

7. International travel is required per year for carrying out work at KI in Sweden, for analysis and group discussions of results and writing up of manuscripts at KI and at ICDDR,B. 

8. Local travel is required for visiting patients / household contacts to remind and encourage them to complete their follow-up visits.

9. Part payment for automesh requested.

10. Costs for spare parts such as disposable knives, knife holder, lamina flow bulbs, voltage stabilzers etc have been requested.

Sequence of tasks within time frame:


	
	Year 1
	Year 2
	Year 3

	Initial set up
	
	
	

	Patient enrolment with follow-up
	
	
	

	Laboratory assays
	
	
	

	Data analysis and writing up
	
	
	


Itemized specific tasks for each listed investigator:

1. Rubhana Raqib (PI): Designing and planning of study, overall supervision of work in the lab, coordination of specimen and data collection and analysis. Writing up of results obtained.

2. Jan Andersson (PI):  Plan of work, scientific and academic feedback. Technical support for relevant work as well as TLR related work.

3. David Sack: Scientific and academic feedback, especially on the clinical trial.

4. Birgitta Agerberth: Plan of work, scientific and academic feedback; Work related to ELISA and real time-PCR based methods and relevant technical support.

5. Gudmundur H. Gudmundsson: Plan of work, scientific and academic feedback. Coordination in obtaining purified / synthetic proteins, antibodies, primers etc for relevant laboratories and relevant technical support.

6. NH Alam: Sigmoidoscopy, management of clinical trial, scientific and academic feedback especially on clinical trials. 

7. Dr Md Yunus: Scientific and academic feedback.

8. Medical officer:  Patient enrolment and routine clinical management and administration of enema in Dhaka Hospital. 

9. Research physician: Patient recruitment, routine clinical management and administration of enema in Matlab Hospital.

10. Research Officers:   Carry out experiments specific for the protocol involving immunological and microbiological techniques; data collection, data compilation.

11. Lab Attendant:  Motivate patients for enrolment, helping in the enema and sigmoidoscopy procedures, sample collection from study patients, stool processing and extraction, labeling and storing of biopsy and stool samples. 

12. Field Attendant: Washing and cleaning of laboratory ware, autoclaving and discarding infected materials. When required, visiting patients at their respective homes to encourage patients to come to the Center for follow-up visits.

FORMAT FOR CONSENT FORM

Protocol Number:  __# 2004-031____________________________________
Protocol Title:            Therapeutic induction of endogenous antibiotics for improved recovery in shigellosis___

Investigator’s name: _Rubhana Raqib____________________________________________ 

Organization: ___   ICDDR,B: Centre for Health and Population Research___________

Purpose of the research

Dysentery or bloody diarrhea is caused by a germ called Shigella. Antibiotics are routinely used for the treatment of dysentery and diarrheal diseases. Excessive use of antibiotics has made the germs resistant to many antibiotics and has made the treatment of shigellosis very complicated and expensive. Thus, researchers are trying to find alternative medicines that are both cheap and effective. We plan to conduct a study to assess the efficacy of sodium butyrate enemas in the treatment of shigellosis in adult patients. Results obtained from this study may provide information on improving treatment of shigellosis, and will benefit the society in future. 
Why selected 

Since you have bloody diarrhoea caused by the germ Shigella, we are inviting you to help us in the research by participating in this study. Your participation in this study may help to save lives in future due to this bloody-diarrhea.
What is expected from the patients/respondent?

· For this study, you will be required to stay in the hospital for 5 days and will be discharged on the 6th day. You will be examined by a narrow, flexible tube-like instrument called flexible sigmoidoscope, which will be passed through your anus (10-12 cm from anus) to examine the rectosigmoid area of the large intestine. A lubricating jelly (bacteriostatic) will be applied locally at the anal orifice so that you will only feel a slight discomfort during this examination. Blood clotting time and platelet counts will be checked. If these are found normal, then seven tiny pieces of biopsies (about the size of a mustard seed, 2 mm across) will be obtained from your rectum. Such samples will be obtained from you twice, on the day of admission, and 14 days later when you will be requested to come for follow-up visits on day-14 after enrollment. 
· Enema will be given by a nurse/physician who will insert a soft flexible tube through the anus, through which 80 ml of butyrate solution will be instilled. You will be asked to retain the fluid for at least ½ hour. If for any reason, you cannot retain the enema for ½ hour, a second round of enema will be administered. Enema will be given twice daily for 3 days. 

· Blood will be collected from you to examine blood-clotting time on the first day (3 ml, about 1/2 teaspoon) and 4 days later (1 ml, about 1/5 teaspoon) to check if the infection has subsided. Stool samples will be collected from you on each day during your hospitalization and also on the 14th day when you come for the follow-up. 
Risk and benefits

· Other than momentary pain and a very small chance of bruising at the site of insertion of the needles, drawing blood will not cause any harm to you. To minimize the chance of infection, we will take aseptic precautions and use disposable, sterile syringes and needles for drawing blood.
· Bleeding, though seldom and usually minor, may occur from the site of biopsy and there is a rare possibility of perforation during endoscopy. The chance of rectal perforation is very small, as this procedure will be performed by a trained and well-experienced clinician, an investigator of this study. To prevent such complications, every possible precaution will be taken, and you will be kept under observation for 3-4 hours after the sigmoidoscopic examination for any untoward effect if it were to occur. Necessary treatment will be provided. Appropriate measures will be taken to avoid introduction of any infection during the procedure.

Privacy, anonymity and confidentiality

All information/data of this study will be kept confidential and information related to the medical condition will be provided to you upon your request subject to the availability. We will keep all the information and results of laboratory tests performed on you under lock and key and only the investigators of this study and the ERC would have access to the information. You would be able to communicate with the investigator of this study (Dr. Rubhana Raqib). 

Future use of information

In case of future use of information collected from the study in the form of Abstract or publication, your name and identity will not be used. 

Right not to participate and withdraw

It is your decision to participate in this study. Even after initial participation in the study, you have the right to withdraw from the study at any time at your will. After enrollment in the study if you are found to have additional infections or other medical conditions besides shigellosis, we will exclude you from the study. If you do not agree to participate or want to withdraw from the study, you will receive the standard treatment of this hospital now and in future. 

Principle of compensation 

There may not be any direct benefit to you as a result of participation in this study. However, the results of this study will help us to understand better about the treatment and management of this disease and will thus benefit the society. We will compensate for any wage loss and travel costs that you may incur for each follow-up visit.

If you agree to participate in this study, please indicate that by putting your signature or put your left thumb imprint at the specified space below:

Thank you for your cooperation

_______________________________________

____________________

Signature or left thumb impression of subject


Date

_______________________________________

____________________

Signature or left thumb impression

 


Date

of attendant/Guardian

_______________________________________

____________________

Signature or left thumb impression of the witness


 Date

_______________________________________

___________________

 Signature of the PI or his/her representative

 
Date

Name, designation and contact phone number of the Investigator(s):

Dr Rubhana Raqib




Dr Nur Haque Alam

Immunology Laboratory



Clinical Research and Service Centre

Laboratory Sciences Division, 


Clinical Sciences Division

ICDDR,B





ICDDR,B

Phone: 8811751-60/Extn 2404


Phone: 8811751-60/Extn 2311 & 2332 
Attachment 1









Date: 17 August 2004


  (FACE SHEET)

                         ETHICAL REVIEW COMMITTEE, ICDDR,B.

	Principal Investigator:
	Rubhana Raqib
	Trainee Investigator (if any): _______________________

	Application No.
	2004-031
	Supporting Agency (if Non-ICDDR,B) _______________

	Title of Study:
	Project Status: ___________________________________

	Therapeutic induction of endogenous antibiotics 
	[  √  ] New Study
	

	for improved recovery in shigellosis.
	[    ] Continuation with change
	

	
	[    ] No change (do not fill out rest of the form)



Circle the appropriate answer to each of the following (If Not Applicable write NA)

	1.
	Source of Population:
	
	
	5.
	Will Signed Consent Form be Required:
	
	

	
	(a)
	Ill subjects
	Yes
	No
	
	(a)   From subjects
	Yes
	No

	
	(b)

(c)
	Non-ill subjects

Minor or persons under guardianship
	Yes

Yes
	No
No
	
	(b)   From parents or guardian

        (if subjects are minor)
	Yes
	No

	2.
	Does the Study Involve:
	
	
	6.
	Will precautions be taken to protect
	 Yes
	No

	
	(a)

(b)
	Physical risk to the subjects 

Social risk
	Yes
Yes
	No

No
	
	anonymity of subjects
	
	

	
	(c)

(d)
	Psychological risks to subjects 

Discomfort to subjects
	Yes

Yes
	No
No
	7.
	Check documents being submitted herewith to Committee: 

	
	(e) 
	Invasion of privacy
	Yes
	No
	
	____
	Umbrella proposal - Initially submit an with

	
	(f)
	Disclosure of information damaging to subject or others
	Yes
	No
	
	
	overview (all other requirements will be

submitted with individual studies

	
	
	
	
	
	_√_
	Protocol (Required) 

	3.
	Does the Study Involve: 
	
	
	
	 √_
	Abstract Summary (Required)

	
	(a)
	Use of records (hospital, medical,     death or other)
	Yes
	No
	
	_√__
	Statement given or read to subjects on nature

of study, risks, types of questions to be asked,

	
	(b)
	Use of fetal tissue or abortus
	Yes
	No
	
	
	and right to refuse to participate or withdraw)

	
	(c)
	Use of organs or body fluids
	Yes
	No
	
	
	(Required

	
	
	
	
	
	__√_
	Informed consent form for subjects

	4.
	Are Subjects Clearly Informed About:
	
	
	
	____
	Informed consent form for parent or guardian

	
	(a)
	Nature and purposes of the study
	Yes
	No
	
	_√__
	Procedure for maintaining confidentiality

	
	(b)
	Procedures to be followed including
	Yes
	No
	
	____
	Questionnaire or interview schedule*

	
	(c)

(d)
	alternatives used 

Physical risk

Sensitive questions
	Yes
Yes
	No

No
	
	*
	If the final instrument is not completed prior to review, the following information should be included in the abstract summary

	
	(e)

(f)


	Benefits to be derived

Right to refuse to participate or to

withdraw from study
	Yes

Yes
	No

No
	
	1.
	A description of the areas to be covered in the questionnaire or interview which could be considered either sensitive or which would

	
	(g)
	Confidential handling of data
	Yes
	No
	
	
	constitute an invasion of privacy

	
	(h)
	Compensation &/or treatment where

there are risks or privacy is involved
	Yes
	No
	
	2.
	Example of the type of specific questions to be asked in the sensitive areas

	
	
	in any particular procedure
	
	
	
	3.
	An indication as to when the questionnaire will be presented to the Committee for review

	
	
	
	
	
	
	      
	


  We agree to obtain approval of the Ethical Review Committee for any changes involving the rights and welfare of subjects

   before making such change.

 
_Rubhana Raqib_________________


______________________________________

  
    
        Principal Investigator




                           Trainee
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												DETAILED BUDGET

		Project Title: (A) Therapeutic induction of endogenous antibiotics for improved recovery in shigellosis.

		Name of PIs: (1) Rubhana Raqib, Laboratory Sciences Division, ICDDR,B

				(2) Jan Andersson, Division of Infectious Diseases, Karolinska University Hospital.

		Funding Source: SIDA/SAREC								Duration: January, 2005-December 2007

								BUDGET  FOR  ICDDR,B								Yearly Budget, 1 US$=7 SEK

		Salary Support										1st Year				2nd Year				3rd Year				Total in 3 yrs

				Personnel		Position		Effort%		Salary		US$		SEK		US$		SEK		US$		SEK		US$

		1		Rubhana Raqib		NOC		30		1,262		4,543		33,801		4,770		35,491		5,009		37,266		14,322

		2		NH Alam		Sr. Medi.Off.		10		1,716		2,059		15,320		2,162		16,086		2,270		16,891		6,492

		3		Sr.Research Officer		GS-VI		100		521		6,252		46,515		6,565		48,841		6,893		51,283		19,709

		4		Research Officer		GS-5		100		410		4,920		36,605		5,166		38,435		5,424		40,357		15,510

		5		Lab Attendent		GS-1		100		210		2,520		18,749		2,646		19,686		2,778		20,671		7,944

		6		Matlab,GS-1		GS-1		100		146		1,752		13,035		1,840		13,687		1,932		14,371		5,523

		7		Study physician (Matlab)				100		254		3,048		22,677		3,200		23,811		3,360		25,002		9,609

		8		Medical Officer		NOA		50		563		4,054		30,159		4,256		31,667		4,469		33,250		12,779

				Sub Total								29,148		216,861		30,605		227,704		32,136		239,089		91,889

				Travel

		8		Local Travel								600		4,464		550		4,092		300		2,232		1,450

		9		International Travel								3,500		26,040		3,500		26,040		3,500		26,040		10,500

				Sub Total								4,100		30,504		4,050		30,132		3,800		28,272		11,950

		10		Immunological Assays:

				Immunohistochemistry, histology								3,200		23,808		3,500		26,040		3,000		22,320		9,700

				In vitro stimulation assays								2,000		14,880		2,500		18,600		1,200		8,928		5,700

				cDNA preparation, PCR								1,800		13,392		2,000		14,880		2,100		15,624		5,900

		11		Laboratory Supplies:

				Plasticware, glassware, office supplies								2,500		18,600		3,500		26,040		2,000		14,880		8,000

				Chemicals and media								1,800		13,392		2,500		18,600		1,800		13,392		6,100

				Sub Total								11,300		84,072		14,000		104,160		10,100		75,144		35,400

		12		Interdepartmental Services:

				Pathological Tests								800		5,952		1,500		11,160		600		4,464		2,900

				Microbiological tests								1,500		11,160		2,500		18,600		1,400		10,416		5,400

				Biochemistry Tests								900		6,696		900		6,696		600		4,464		2,400

				Patient Study

				Study ward costs (122x30$x4)								4,500		33,480		5,700		42,408		4,440		33,034		14,640		14,600		all patients

				Saline, enema, drugs, food costs etc								800		5,952		950		7,068		850		6,324		2,600

				Endoscopy plus related costs (20 US$/endoscopyx2)								800		5,952		900		6,696		800		5,952		2,500		2,400		endoscopy to be done in

				Traveller's clinic and utility								600		4,464		600		4,464		300		2,232		1,500				50% patients in Dhaka

				Wage loss for follow up								500		3,720		600		4,464		650		4,836		1,750

				Sub Total								10,400		77,376		13,650		101,556		9,640		71,722		33,690

		14		Other Contractual Services

				Rent, communications, Electricity, Utility,								1,200		8,928		1,500		11,160		1,000		7,440		3,700

				Repair, Maintanence, freight charges, liq Nitorgen, dry ice								800		5,952		1,000		7,440		1,000		7,440		2,800

				Printing and Publication								900		6,696		900		6,696		1,500		11,160		3,300

				Staff development, training, workshop								500		3,720		500		3,720		500		3,720		1,500

				Sub Total								3,400		25,296		3,900		29,016		4,000		29,760		11,300

		15		Capital Expenditure (computer,								5,000		37,200		5,000		37,200		2,000		14,880		12,000

				part payment of cell harvestor, spare parts)

				Total costs								63,348		471,309		71,205		529,768		61,676		458,867		196,229

												58,348		434,109		66,205		492,568		59,676		443,987		184,229

				25% overhead								14,587		108,527		16,551		123,142		14,919		110,997		46,057

				Total costs at ICDDR,B								72,935		542,636		82,757		615,710		74,595		554,984		230,286

		Swedish Project Leader: Jan Andersson, Head, Division of Infectious Diseases, Karolinska Institutet, Huddinge University Hospital, Stockholm, Sweden

										BUDGET FOR KAROLINSKA INSTITUTET

																Yearly Budget, 1 US$=10 SEK

												1st Year				2nd Year				3rd Year				Total in 3 yrs

		1		Salary Support				Effort%		Salary		US$		SEK		US$		SEK		US$		SEK		US$

				Biomedical assistant A. Hoffmann				25				11,239		83,618		11,239		83,618		11,239		83,618		33,717

				Biomedical assistant H. Concha				15				8,692		64,668		8,692		64,668		8,692		64,668		26,076

				Sub Total								19,931		148,287		19,931		148,287		19,931		148,287		59,793

				Overhead 35%								6,976		51,900		6,976		51,900		6,976		51,900		20,928

				Sub Total								26,907		200,187		26,907		200,187		26,907		200,187		80,721

		2		International Travel

				Guest researcher to ICDDR,B, lodging, accomodation								1,000		7,440		1,000		7,440		1,000		7,440		3,000

				Guest researcher from ICDDR,B, lodging, accomodation								1,300		9,672		1,300		9,672		1,300		9,672		3,900

				Visit to ICDDR,B								1,500		11,160		1,500		11,160		1,500		11,160		4,500

				Sub Total								3,800		28,272		3,800		28,272		3,800		28,272		11,400

		3		Supplies and Materials

				Real time PCR, synthetic peptides, LL-37 ELISA								5,500		40,920		6,000		44,640		5,800		43,152		17,300

				TLR studies-western blot, RT-PCR								3,800		28,272		4,200		31,248		3,600		26,784		11,600

				Biochemical analysis and toxicity assays								3,200		23,808		3,500		26,040		3,500		26,040		10,200

				Plastic disposals, glass ware, photo material,								3,250		24,180		3,900		29,016		3,200		23,808		10,350

				Sub Total								15,750		117,180		17,600		130,944		16,100		119,784		49,450

				Overhead 35%								5512.5		41,013		6160		45,830		5635		41,924		17,308

				Sub Total								21,263		158,193		23,760		176,774		21,735		161,708		66,758

												1st Year				2nd Year				3rd Year

				Applying inst. Administered by Cooperating inst.								US$		SEK		US$		SEK		US$		SEK		US$		SEK

				Purchase of reagents,  lab materials,

				cell cultures, biological material for ICDDR,B								4,000		29,760		3,500		26,040		3,000		22,320		10,500

				Shipment of reagents to ICDDR,B								1,000		7,440		1,000		7,440		950		7,068		2,950

				Sub Total								5,000		37,200		4,500		33,480		3,950		29,388		13,450

				Overhead 35%								1,750		13,020		1,575		11,718		1,383		10,286		4,708

				Sub Total								11,750		87,420		10,575		78,678		9,283		69,062		31,608

				Small equipment								2,000		14,880		0		0		0		0		2,000

				Overhead 35%								700		5,208		0		0		0		0		700

				Sub Total								2,700		20,088		0		0		0		0		2,700

				TOTAL COST AT KAROLINSKA INSTITUTET								66,419		494,160		65,042		483,911		61,724		459,229		193,186

				Yearly Costs at ICDDR,B								72,935		542,636		82,757		615,712		74,595		554,987		230,287

				Yearly Costs at KI								66,419		494,157		65,042		483,912		61,724		459,227		193,185

				SUB-TOTAL								139,354		1,036,794		147,799		1,099,625		136,319		1,014,213		423,472

				GRAND TOTAL FOR THREE YEARS								423,472		US$

												3,150,632		SEK
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						DETAILED BUDGET, January 2008-December 2009

		Project Title:(B) Evaluation of the ALS method for diagnosis of tuberculosis in children.

		Name of PIs: (1) Rubhana Raqib, Laboratory Sciences Division, ICDDR,B

				(2) Jan Andersson, Division of Infectious Diseases, Karolinska University Hospital.

		Funding Source: SIDA/SAREC

								BUDGET  FOR  ICDDR,B						Yearly Budget, 1 US$=7.44 SEK

		Salary Support										4th Year				5th Year				Total in 2 yrs

				Personnel		Position		Effort%		Salary		US$		SEK		US$		SEK		US$

		1		Rubhana Raqib		NOC		30		1,262		4,543		33,801		4,770		35,491		9,314

		2		Zeaur Rahim		NOC		10		1,522		1,826		13,588		1,918		14,268		3,744

		3		Sr.Research Officer		GS-6		100		521		6,252		46,515		6,565		48,841		12,817

		4		Research Officer		GS-5		100		410		4,920		36,605		5,166		38,435		10,086

		5		Lab Attendent		GS-1		100		210		2,520		18,749		2,646		19,686		5,166

		6		Medical Officer		NOA		50		563		4,054		30,159		4,256		31,667		8,310

		7		Study Physician (NIDCH)				100		237		2,844		21,159		2,844		21,159		5,688

		8		Study Physician (SSS)				100		237		2,844		21,159		2,844		21,159		5,688

				Sub Total								24,115		179,417		25,321		188,388		49,436

				Travel

		9		Local transport to TB clinic								800		5,952		800		5,952		1,600

		10		International Travel								3,500		26,040		3,500		26,040		7,000

				Sub Total								4,300		31,992		4,300		31,992		8,600

		11		Immunological Assays:

				ALS assay								2,400		17,856		2,200		16,368		4,600

				In vitro stimulation assays								2,200		16,368		2,500		18,600		4,700

				Flow cytometry								2,500		18,600		2,500		18,600		5,000

		12		Laboratory Supplies:

				Plasticware, glassware, office supplies								2,500		18,600		2,500		18,600		5,000

				Chemicals and media								1,500		11,160		2,500		18,600		4,000

				Sub Total								11,100		82,584		12,200		90,768		23,300

		13		Interdepartmental Services:

				Pathological Tests (lymph node biopsy, histology)								2,500		18,600		2,500		18,600		5,000

				Biochemistry Tests (liver function test etc)								1,000		7,440		1,200		8,928		2,200

				Patient costs:

				Chest x-ray								500				500

				Antimycobacterial drugs, food etc								2,200		16,368		2,200		16,368		4,400

				Wage loss for follow up								800		5,952		850		6,324		1,650

				Sub Total								7,000		48,360		7,250		50,220		14,250

		14		Other Contractual Services:

				Rent, communications, Electricity, Utility,								1,200		8,928		1,500		11,160		2,700

				Repair, Maintanence, freight charges, liq Nitorgen, dry ice								1,000		7,440		1,000		7,440		2,000

				Printing and Publication								900		6,696		900		6,696		1,800

				Staff development, training, workshop								500		3,720		500		3,720		1,000

				Sub Total								3,600		26,784		3,900		29,016		7,500

		15		Capital Expenditure (ELISA reader, spare parts)								5,000		37,200		2,000		14,880		7,000

				Total costs								55,115		410,057		54,971		408,984		110,086

												50,115		369,137		52,971		390,384		103,086

				25% overhead								12,529		93,214		13,243		98,526		25,772

				Total costs at ICDDR,B								62,644		462,351		66,214		488,910		128,858

		Swedish Project Leader: Jan Andersson, Head, Division of Infectious Diseases, Karolinska Institutet, Huddinge University Hospital, Stockholm, Sweden

										BUDGET FOR KAROLINSKA INSTITUTET

																Yearly Budget, 1 US$=10 SEK

												1st Year				2nd Year				Total in 3 yrs

		1		Salary Support				Effort%		Salary		US$		SEK		US$		SEK		US$

				Biomedical assistant A. Hoffmann				25				11,239		83,618		11,239		83,618		22,478

				Biomedical assistant H. Concha				15				8,692		64,668		8,692		64,668		17,384

				Sub Total								19,931		148,287		19,931		148,287		39,862

				Overhead 35%								6,976		51,900		6,976		51,900		13,952

				Sub Total								26,907		200,187		26,907		200,187		53,814

		2		International Travel

				Guest researcher to ICDDR,B, lodging, accomodation								1,000		7,440		1,000		7,440		2,000

				Guest researcher from ICDDR,B, lodging, accomodation								1,300		9,672		1,300		9,672		2,600

				Visit to ICDDR,B								1,500		11,160		1,500		11,160		3,000

				Sub Total								3,800		28,272		3,800		28,272		7,600

		3		Supplies and Materials

				Antibody, conjugates								5,500		40,920		5,500		40,920		11,000

				PCR products								3,200		23,808		3,200		23,808		6,400

				Biochemical analysis								2,000		14,880		2,000		14,880		4,000

				Plastic disposals, glass ware, photo material,								3,000		22,320		3,000		22,320		6,000

				Sub Total								13,700		101,928		13,700		101,928		27,400

				Overhead 35%								4795		35,675		4795		35,675		9,590

				Sub Total								18,495		137,603		18,495		137,603		36,990

												1st Year				2nd Year

				Applying inst. Administered by Cooperating inst.								US$		SEK		US$		SEK		US$		SEK

				Purchase of reagents,  lab materials,

				cell cultures, biological material for ICDDR,B								4,000		29,760		3,500		26,040		7,500

				Shipment of reagents to ICDDR,B								1,000		7,440		1,000		7,440		2,000

				Sub Total								5,000		37,200		4,500		33,480		9,500

				Overhead 35%								1,750		13,020		1,575		11,718		3,325

				Sub Total								11,750		87,420		10,575		78,678		22,325

				Small equipment								2,000		14,880		0		0		2,000

				Overhead 35%								700		5,208		0		0		700

				Sub Total								2,700		20,088		0		0		2,700

				TOTAL COST AT KAROLINSKA INSTITUTET								63,652		473,570		59,777		444,740		123,429

				Yearly Costs at ICDDR,B								61,144		454,911		67,339		501,002		128,483

				Yearly Costs at KI								65,002		483,615		61,127		454,785		126,129

				SUB-TOTAL								126,146		938,526		128,466		955,787		254,612

				GRAND TOTAL FOR TWO YEARS								254,612		US$

												1,894,313		SEK
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																Shigella infected patients

												Stool								Rectal biopsy

								Day-1						Day-2,3,4,14						Day-1, 14

						i)		Stool M/E				i)		Bacterial cfu in stool

						ii)		Stool culture				ii)		LL-37 ELISA

						iii)		Bacterial cfu in stool				iii)		serum CRP in day-4 only

						iv)		LL-37 ELISA

						v)		Blood (CRP, prothrombin time, platelet count)										i)		Histology

																		ii)		RT-PCR

																		iii)		Immunostaining
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