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	Project Summary
Briefly describe the hypothesis, objectives, and the relevant background of the project, and also 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 should be stand alone, and be fully understandable and interpretable when removed from the main application. 

	Principal Investigator:  Dr. Mohammad Aminul Islam (LSD)


	Research Protocol Title: Protection against Shiga toxin-producing Escherichia coli O157 infection in an animal model by oral immunization with non-Shiga toxin-producing E. coli O157 

	Total Budget US$: 25,000                    Beginning Date : 01/01/2010                    Ending Date: 31/12/2010

	Shiga toxin-producing E. coli O157 (STEC O157) are leading foodborne pathogens that cause a wide range of human infections, including mild diarrheoa to life threatening Haemolytic Uremic Syndrome (HUS). Unlike developed countries, STEC O157 infection in humans occurs rarely in developing countries, including Bangladesh. The reason is not that the organism is not present in the reservoir and in the food chain. For instance, in Bangladesh we found that there is high prevalence of STEC O157 in Cattle and in foods originated from animal origins. Therefore the lack of human infection might be due to acquired immunity among population against this organism. In our previous study, we found that around 50% of the healthy population included in the study were positive for antibodies against STEC O157. This can be explained by the fact that people are frequently exposed to STEC O157 organisms or other organisms that express the same antigens as E. coli O157 present in the environment. This exposure will cause either symptomatic or asymptomatic infection in humans that will develop antibodies and will give protection for further infection. As we do not see many symptomatic infections caused by STEC O157 we can expect asymptomatic infections provided that people are exposed to the non-virulent strains of E. coli O157. To elaborate this understanding, we analysed our animal and food isolates of E. coli O157 for production of the key virulence factor of the organism Shiga toxin by Reverse Passive Agglutination Assay (RPLA). We found that more than 80% of the isolates were negative for toxin production, although all were positive for Shiga toxin gene (Stx). This result can explain more explicitly why there is such a lack of STEC O157 infection in humans in Bangladesh. However, experimental proof is needed in order to make precise conclusion. In this study we intent to use an animal model to work on the hypothesis that oral immunization with non-Shiga toxin-producing E. coli O157 (N-STEC O157) will give protection against infection with Shiga toxin-producing E. coli O157. We will use our N-STEC O157 isolates that we previously isolated from animal sources to immunize a Rabbit model, followed by challenging them with virulent strains of STEC O157 to examine the protection. 
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Description of the Research Project
Hypothesis to be Tested:


Please briefly list the Hypothesis to be tested and provide the scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.


Shiga toxin (Stx) is the key virulent factor of all E. coli O157 strains that cause human infections. Recently, we found that majority of E. coli O157 strains isolated from animal and food sources in Bangladesh are not able to produce Stx in vitro despite possessing stx genes as identified by PCR. In our previous study, we concluded that the lack of STEC O157 infection in Bangladesh is attributable to the high prevalence of antibodies against this organism among the general population. By linking up these two observations we hypothesise frequent exposure of people to the non-Stx-producing E. coli O157 (N-STEC) present in the environment results in development of host defence against STEC O157 infection. The aim of this study is to examine in an animal model if oral immunization with N-STEC O157 strains protects against later challenge with STEC O157.   
Specific Aims:
Describe the specific aims of the proposed study. State the specific parameters, biological functions, rates, processes etc. that will be assessed by specific methods.


1. To examine the virulence properties of N-STEC O157 isolated from cattle sources in a Rabbit model

2. To measure the production of antibodies against E. coli O157 in Rabbits after immunization with N-STEC O157 strains 

3. To examine the protection against STEC O157 strains challenge after oral immunization of rabbits with N-STEC O157. 

Background of the Project including Preliminary Observations 



Provide relevant background of the proposed study, and discuss the previous works on the research topic by citing specific references. Describe in a logical way how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Provide scientific validity of the hypothesis on the basis of background information 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.. 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.


Shiga toxin-producing E. coli (STEC) comprise a distinct class of E. coli strains that cause severe gastrointestinal and systemic diseases such as hemorrhagic colitis and hemolytic uremic syndrome. The primary sources of the infection are from beef and various food items that are contaminated by STEC originating from the intestinal tract of cattle or other animals. Among the various STEC strains, the most dominant are the strain of serogroup O157. Pathogenicity of STEC is associated with various virulence factors, among which its capacity to form two potent phage-encoded cytotoxins called Shiga-toxins (Stx1 and Stx2) or verocytotoxins (VT1 and VT2) is most important. Epidemiology of STEC infection varies between countries and these organisms are greater public health problems in the industrialized countries. However, these organisms are found ubiquitously in animal reservoirs. In Bangladesh, we rarely observe patients infected with STEC O157 infection despite the fact that they are highly prevalent in animals and also found in human food chains (5, 6). It is clear that the conditions for transmission of these organisms from animals to humans exist. Therefore, the explanation that fits into this situation is the high prevalence of antibodies among human population in Bangladesh, which has also been suggested by other studies as a probable cause of the lack of STEC O157 infection in developing countries (13, 18). In our earlier studies, we found that around 50% of the enrolled healthy Bangladeshi individuals had antibodies against LPS of STEC O157 (4), suggesting their exposure to the antigens. Exposure to the antigens might result from sub-clinical or mild infections due to STEC O157 or to other organisms present in the environment that express O157 LPS antigens or have antigenic similarities. However, the lack of proven human infection with STEC O157 in Bangladesh does not support the idea that Bangladeshi population is frequently exposed to STEC O157 unless exposure is due to non-pathogenic or non-virulent strains of STEC O157 present in the environment. Recently, Koitabashi et al., reported that some STEC O157 strains isolated from non-clinical sources in Thailand, Japan and Malaysia carried the Shiga toxin (Stx) gene yet did not produce Stx in a reversed passive agglutination (RPLA) assay (9). They also observed that the lack of toxin production was due to the presence of defective Stx bacteriophages in these strains. They suggested these Stx-negative strains are widely distributed in Asia and other parts of the world where STEC are not considered as significant human pathogen. Recently, we analysed the Shiga toxin-producing capacity of our animal and food isolates of E. coli O157 by reverse passive latex agglutination assay (RPLA). We found that although these strains were positive for stx2 genes by PCR, they were negative for toxin production (Islam et al., unpublished data). The findings suggest that people are asymptomatically infected with these non-Stx-producing E. coli O157 (N-STEC O157) strains present in the food chain which might help develop antibodies against the organism. This may serve as an attenuated vaccine, which would reduce infection with Stx-producing E. coli O157 strains. However, further studies are needed to proof this idea. In this study we aim to translate this idea using an animal model. A number of experimental animal models have been proposed to study the pathogenicity of STEC, including gnotobiotic mice (7), streptomycin-treated mice (3), gnotobiotic piglets (2), newborn chickens (1), and rabbits (11, 17). While mouse models have been used most frequently to date, most are not appropriate because high doses of inoculum, more than 107 CFU/body, are usually required for establishment of STEC infection, and often mice do not develop diarrhoea even when they are inoculated with such high doses of STEC (8, 10). On the contrary, the rabbit model has the major advantages of the reproducibility of diarrhoea and susceptibility to STEC infection and Stx toxicity (11, 17). In this study, by using rabbit as an experimental infection model, we will investigate the protective effects of oral administration of N-STEC O157 strains against STEC O157. 

Research Design and Methods


Describe in detail the methods and procedures to be used in accomplishing 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.  

Research Design 


Fig.1. Flow chart of proposed research design. The experiments will be repeated with same number of animals for three N-STEC O157 strains.
Bacterial strains

The following bacterial strains will be used in this study:

1. Three strains N-STEC O157 that are positive for stx2 gene by PCR but are negative for toxin production by RPLA test and are TNP-PCR positive according previous study (9). These strains were isolated in our previous study from animal feces and raw meats (5).

2. Reference strain NCTC E. coli O157 12900, negative for Stx.

3. Reference strain NCTC E. coli O157 12079, positive for both Stx1 and Stx2 for challenge test

Animals
Inbred New Zealand White rabbits of either gender weighing 1.8–2 kg (2-month-old) maintained in the animal resource facilities of the ICDDR,B will be used. Health status of the rabbits will be determined by physical examination, culture of stool specimens, and fecal parasitic examination. Healthy rabbits free of enteric pathogens (e.g., Salmonella, Shigella, and Vibrio cholera, E. coli O157) and coccidia will be included. 
Specimens

Blood, stool, intestinal tissue samples will be collected from rabbits as shown in flow chart (Fig.1).
Examination of in vivo virulence of N-STEC O157

The in vivo virulence of N-STEC O157 will be determined in 2-month-old New Zealand White rabbits. Three animals will be inoculated with the same wild-type N-STEC O157 strain, three will be inoculated with the NCTC E. coli O157 12079, which is positive for both Stx1 and Stx2 and three will be inoculated only with PBS (will serve as control). Bacterial doses of 5×108 CFU per 90 g of rabbit body weight will be used in most experiments. The strains will be grown mid-exponential phase in Luria broth at 37°C, harvested by centrifugation. Bacterial pellets will be washed twice in phosphate buffered saline (PBS) and then re-suspended in sterile PBS (pH 7.2) and adjusted to a cell density of 109 CFU/ ml. Bacterial viable counts were determined by standard plating methods. 

A non-surgical rabbit model will be used as described previously (16). In brief, rabbits will be fasted overnight, given a single oral dose of a tetracycline hydrocholride (250 mg/kg; Novartis) suspension. After 36 hours, rabbits will be anesthetized with sodium pentobarbitol (33 mg/kg; Sigma, Chemical Co, St Louis, MO) and given 37.5 mg/kg weight of G-cimetidine (Gonoshasthoya Pharmaceuticals, Dhaka, Bangladesh) intravenously via the marginal car vein to inhibit gastric secretion. Fifteen minutes later, 7 ml of 5% sodium bicarbonate solution will be administered orally with a sterile plastic feeding tube (3.33 x 465 mm, Tycohealthcare Ireland Ltd., Tullamore, Ireland), followed 15 minutes later by a second 15-ml dose of 5% sodium bicarbonate solution and a 3-ml dose of the bacterial suspension (5×108 N-STEC O157 in 3 ml PBS) immediately thereafter. The feeding tube will then be flushed with 5 ml sterile PBS to ensure that the total inocula are delivered into the stomach. Thereafter, rabbits will be allowed to eat and drink ad libitum.
Rabbits will be weighed daily and observed for clinical signs of illness and stool characteristics. Stools will be graded on a scale of 1 (normal, hard pellets), 2 (soft), 3 (mixed soft and liquid), or 4 (completely liquid). Faecal shedding of the strains will be determined semiquantitatively by culture of rectal swabs. In brief, rectal swabs will be rolled onto Sorbitol MacConkey Agar (SMAC) (Oxoid Ltd., Basingstoke, United Kingdom) and CHROMagar O157 (ITK diagnostic, The Netherlands). The non-sorbitol-fermenting colonies on SMAC agar and mauve colonies on CHROMagar plates will be confirmed by multiplex PCR for the presence of stx1, stx2 and rfbO157 genes (6, 15) and by agglutination test using E. coli O157 latex agglutination kit (Murex Biotech Ltd., Dartford, Kent, United Kingdom). Rabbits will be sacrificed 14 days postinoculation for histopathologic evaluation of bacterial mucosal adherence and vascular changes by an overdose of intravenous sodium pentobarbitol (66 mg/kg; Sigma). The same experiments will be done for all four wild type N-STEC O157 and one reference strain NCTC E. coli O157 12900.  

Examination of protection against STEC O157 challenge following immunization

To determine if N-STEC O157 immunization would protect animals from experimental challenge with a virulent E. coli strain producing Shiga toxin, 12 rabbits will be orogastrically inoculated with N-STEC O157 as described above and boosted with the same dose 14 days later. Six of these immunized rabbits will be sacrificed at day 28 for determination of antibodies against E. coli O157 LPS (IgG and IgA) and histology postvaccination but prior to challenge. The remaining six rabbits, and six rabbits orogastrically inoculated with PBS to serve as controls, will be challenged with 5×107 CFU of E. coli O157 12079. Animals will be observed daily for clinical signs of disease. Rabbit weights will be recorded, and stool consistency will be scored daily. Fecal shedding of inoculated bacteria will be determined for each rabbit by semiquantitative cultures of rectal swabs as described above. Rabbits will be euthanized according to standard protocol (described above). At necropsy, the intestinal tract will be inspected for serosal hemorrhage and bowel edema and the degree of liquidity of cecal contents will be observed and recorded. 
Histopathological analyses 

Hematoxylin and eosin staining will be done in paraffin embedded tissue sections for histological grading to determine the severity of inflammation in the mucosa. Ileal, cecal and colonic biopsy (the major site of mucosal adherence and pathological changes) specimens will be fixed in 10% buffered formalin, processed, embedded in paraffin, cut in sequential 3 µm sections in a microtome (Leica RM 2055, Germany), mounted on glass slides (Superfrost*/plus; Menzel-Glaser, Germany), dried overnight at 37(C and kept at room temperature before use. Thereafter, paraffin sections will be deparaffinized, stained with hematoxylin and eosin and sections will be read using criteria described earlier for histological grading (11). Neutrophils stained by the hematoxylin-and-eosin method will be counted manually using an ocular micrometer (Olympus) fitted into the eyepiece at 40X, and data will be calculated as the number of cells per 100-m2 field area. Microscopic examination of the tissue sections will be based on sequential, well-oriented fields from each tissue sample. Neutrophil will be counted in the mucosa, in fields immediately adjacent to the muscularis mucosa extending luminally and counts from 20 fields will be tabulated, averaged, and expressed as the number of neutrophils per 100-m2 field area. The following parameters, reflecting toxin-induced vascular damage characteristic of STEC E. coli O157, will be evaluated. Vascular changes, defined as endothelial swelling, adherent neutrophils, endothelial denudation, and thrombus formation, will be graded separately in 10 sequential vessels in the mucosal, submucosal, and serosal compartments and recorded on a scale from 0 to 4 as previously described (14). These parameters will be separately analyzed and also examined as a composite score for vascular changes based on summation of the scores for the four individual parameters for each of the three tissue compartments (mucosa, submucosa, and serosa).

Detection of antibodies specific to E. coli O157 LPS 

Serum will be collected for antibody detection prior to immunization (day 0), prior to the first booster immunization (day 14), prior to challenge with E. coli O157 12079 (day 28), and at the time of sacrifice (day 35). Bile will be aspirated from the rabbit gall bladder for determination of IgA antibody titers to O157 LPS from a group of six immunized animals which will be euthanized at day 28 and from immunized and nonimmunized groups of animals following challenge with E. coli O157 12079 (day 35). Serum IgG or IgA specific to E. coli O157 LPS will be determined by enzyme-linked immunosorbent assay as previously described (12). In brief, microtiter plates (Nunc) will be coated with purified E. coli O157 LPS, biotinylated mouse monoclonal anti-rabbit specific IgG will be used as secondary antibody. The detection enzyme used will be streptavidin-conjugated horseradish peroxidase (Amersham Pharmacia Biotech, UK). Plates will be developed by using the substrate 3.3(, 5,5(-tetramethyl benzidine (Sigma) and the absorbance will be measured at 450 nm. The end point titer will be determined as the reciprocal of the highest dilution giving an optical density of 0.4 unit above background. Titer calculation will be carried out using computer-based software (Multi; DataTree Inc., Watthams, Mass.). 
Sample Size Calculation and Outcome (Primary and Secondary) Variable(s)


As there is no available information on animal model experiment with proposed organism, we could not use any statistical tool to calculate the sample size. Instead, we will be using the procedure as described in the flow chart (Fig.1). Briefly, to determine if N-STEC O157 immunization would protect animals from experimental challenge with a virulent E. coli strain producing Shiga toxin, 12 rabbits will be orogastrically inoculated with N-STEC O157 and boosted with the same dose 14 days later. Six of these immunized rabbits will be sacrificed at day 28 for determination of biliary antibody and histology postvaccination but prior to challenge. The remaining six rabbits will be challenged with 5×107 CFU of E. coli O157 12079. Six rabbits orogastrically inoculated with PBS will serve as controls. We will repeat the experiments with same number of animals for three N-STEC O157 strains.
Facilities Available

Describe the availability of physical facilities at site of conduction of the study. For clinical and laboratory-based studies, indicate the provision of hospital and other types of adequate patient care and laboratory support services. Identify 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.

This is a laboratory-based study carried out in animal model. The animal care facility at LSD has excellent capacity to breed and care of different types of animal for laboratory study. Most of the laboratory work will be carried at Enteric and Food Microbiology laboratory, which has related facilities to carry out the study, including bacteriological analysis of stool samples, ELISA, Western blotting, and PCR. Histopathology of the intestinal tissue will be done at the Nutritional Biochemistry Laboratory of LSD.
Data Safety Monitoring Plan (DSMP)


All clinical investigations (biomedical and behavioural intervention research protocols) should include the Data and Safety Monitoring Plan (DSMP) to provide the overall framework for the research protocol’s data and safety monitoring. It is not necessary that the DSMP covers all possible aspects of each element. When designing an appropriate DSMP, the following should be kept in mind.

a) All investigations require monitoring;

b) The benefits of the investigation should outweigh the risks;

c) The monitoring plan should commensurate with risk; and

d) Monitoring should be with the size and complexity of the investigation.

Safety monitoring is defined as any process during clinical trails that involves the review of accumulated outcome data for groups of patients to determine if any treatment procedure practiced should be altered or not.


Data Analysis


Describe plans for data analysis. Indicate whether data will be analysed 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 determine further course of the study. 

Statistical analyses will be done by Sigma stat for Windows version 3.1 and spss. Values for differences in rabbit weight gain, heterophiles/HPF, and antibody titers between experimental groups will be compared by Student’s t test or Fisher's exact test and χ2 test when appropriate. Because of the obvious non-Gaussian nature of score data, a nonparametric test (Wilcoxon rank sum) will be used to compare scores for fecal bacterial shedding, stool consistency, edema, and microvascular lesions in the tissue compartments (endothelial swelling, endothelial denudation, and thrombus formation) between experimental groups.

Ethical Assurance for Protection of Human Rights


Describe the justifications for conducting this research in human participants. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how participants rights will be protected, and if there would be benefit or risk to each participants of the study.

Not applicable
Use of Animals


Describe if and the type and species of animals to 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.


Inbred New Zealand White rabbits of either gender weighing 1.8–2 kg (2-month-old) maintained in the animal resource facilities of the ICDDR,B will be used. Standard animal ethical guidelines will be abided to perform the study and it will be ensured that animals will not be allowed to suffer.
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Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe if and how the research findings would be shared with stakeholder, identifying them if known, and the mechanism to be used. Also describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Indicate, if the project is linked to the Government of the People’s Republic of Bangladesh through a training programme or a collaborative arrangement.


Research findings will be presented in national and international seminars and published in peer reviewed International Journals in order to make the results available to all researchers in the relevant field. 
Collaborative Arrangements

Briefly describe 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. 

Budget Justifications

​​
Please provide one page statement justifying the budgeted amount for each major item, including the use of human resources, major equipment, and laboratory services.

     
Other Support

Describe sources, amount, duration, and grant number of all other research funding currently granted to PI or under consideration. 
     
Detailed Budget for the study titled: 
Protection against Shiga toxin-producing Escherichia coli 




O157 infection in an animal model by oral immunization 




with Shiga toxin-non-producing E. coli O157 

Name of Principal Investigator:
Dr. Mohammad Aminul Islam (LSD)
Protocol Number:


PR-09000
Division:



LSD
Funding Source:


ICDDR, B

Budget:



Direct: US$ 25,000; Indirect: US$: 0; Total: US$25,000

Study period:



From: 01/01/2010 through: 31/12/2010

Strategic Priority Code(s):

4.1
	Line Items
	Budget

	Payroll and Benefits:
	Name of personnel/position
	Pay level
	% Effort
	# of posts
	Monthly

Rate
	Year-1
	Year-2
	Total amount (US$)

	
	Dr. Mohammad Aminul Islam (LSD)
	
	10%
	1
	1410
	1,692
	
	1,692

	
	Research Officer to be recruited
	GS 5
	100%
	1
	446
	5,352
	
	5,352

	
	Md. Faruq Hossain
	GS 1
	50%
	1
	291
	1,746
	
	1,746

	
	
	
	
	
	
	
	
	

	
	Sub-total of Payroll and benefits:
	8790
	
	8790

	Travel and transport
	International travel cost 
	3700
	
	3700

	
	
	
	
	

	
	Sub-total of Travel and Transport:
	3700
	
	3700

	Supply and materials
	Laboratory Supplies
	700
	
	700

	
	Laboratory Chemicals 
	1500
	
	1500

	
	Consumables (Stock items)
	1800
	
	1800

	
	Non-stock reagents & supplies
	4,500
	
	4,500

	
	Animal experiments
	3,350
	
	3,350

	
	Sub-total of supply and materials:
	11,850
	
	11,850

	Other contractual
	Repair and maintenance
	350
	
	350

	
	Rent, utilities, fax, postage etc
	310
	
	310

	
	
	
	
	

	
	Sub-total of other contractual:
	660
	
	660

	Total direct costs:
	
	25,000
	
	25,000

	Total indirect cost:
	
	-
	
	-

	Total costs:
	
	25,000
	
	25,000


 





 





 





 





Boosted with same inoculums (5×108 CFU/90g of rabbit) 


 








Autopsy:


Intestinal tract


-Serosal hemorrhage


-Bowel edema


-Liquidity of cecal content


Histology 


-Transmural sections from ilium, cecum and colon for vascular damage


-Heterophile counts on mucosa








 





 





Blood:


Serum:


-IgG and IgA against O157 LPS








Autopsy:


Histology 


-Transmural sections from ilium, cecum and colon for vascular damage


-Heterophile counts on mucosa








Sacrifice and test for:








Sacrifice and test for:








 





 





 





 





Day 35 








Observe daily for: 


-Weight


-Stool consistency


-Diarrhoea


Observe periodically (every 3 days) for:


-Fecal shedding of inoculated bacteria by rectal swab culture





Challenge with STEC O157 12079 (5×107 CFU/90g of Rabbit)








Experimental group B (N=6):








Experimental group A (N=6):





Day 28 








Blood:


Serum:


-IgG and IgA against O157 LPS








Test serum samples for Antibodies (IgA and IgG) against E. coli O157 LPS








Test serum samples for antibodies (IgA and IgG) against E. coli O157 LPS 








Day 14 








Day 0 








Control group (N=6):


Orogastrically inoculated with PBS








Experimental group (N=12):


Orogastrically inoculated with N-STEC O157 (5×108 CFU/90g of rabbit) 





Rabbit Model (N=18)
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