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[bookmark: _Toc458782853]Background
Rationale:
Timely identification of the source of an enteric illness outbreak is critical to implementing risk mitigation steps and preventing further illnesses, and is achieved through the collection of epidemiologic, laboratory and food safety/traceback evidence. Source identification starts with hypothesis generation, followed by the collection of additional evidence and testing to prove or disprove the hypothesis. The goal of this study is to identify and characterize hypothesis generation methods used, or that could be used, in enteric illness investigations, including considerations or contextual factors that might impact their use. 
This project was prioritized during the 2013 PulseNet annual meeting by the federal and provincial/territorial (FPT) foodborne enteric disease representatives. Methods to improve hypothesis-generation and source identification in enteric disease outbreaks were identified as an area of mutual interest to FPT participants. The output of this scoping review will be used by FPT enteric epidemiology representatives and by the Outbreak Management Division (OMD) during outbreak investigations.
In order to provide a clear, transparent and evidence-based approach to evaluating the global literature, synthesis expertise from Public Health Risk Sciences Division (NML) was sought.  This project will be done collaboratively with the two divisions.

Definition of hypothesis generation
Once an outbreak has been identified, hypothesis generation is initiated and serves as a key step in an enteric illness outbreak investigation. For this study, hypothesis generation is defined as the process of developing a tentative explanation(s) about the source of the outbreak used to inform further investigation.  

Some commonly used steps and approaches to hypothesis generation include: 
1) Using previous science, surveillance findings, outbreak investigations, and product distribution information to inform possible risk factors/exposures/food items of interest. 
2) Performing hypothesis-generating interviews (comprehensive questionnaires or open ended).
3) Descriptive analysis of food, animal, and water exposures amongst cases to identify commonalities and exposures of interest.
4) Comparing descriptive epidemiological findings with baseline estimates using binomial/exact probability statistics (e.g., Foodbook, market share estimates).
5) Classic analytic observational studies such as case-control and cohort.  
6) Other analytic observational studies such as case-case, case-crossover and novel methodologies like case-chaos.
7) Product investigation, including using purchase records (e.g., receipts, loyalty/shopper cards, debit/credit cards), traceback and reviewing product distribution.
8) Reviewing laboratory evidence, including genotyping results of food items.

The next step of the investigation, hypothesis testing, occurs once the hypotheses are generated. Hypothesis testing is defined as the process of confirming that a specific exposure is or is not the cause of an outbreak. Hypothesis testing is done on a small number of suspect exposures, and may include statistical testing or traceback investigation. Hypothesis testing is not within the scope of this study. 
[bookmark: _Toc458782854]Objectives of the Study
[bookmark: _Toc458782855]Study Question
What methods have been used, or could be used, in human enteric outbreak investigations for hypothesis generation? 

[bookmark: _Toc458782857]Planned Study Outputs
1. Primary publication of the scoping review findings.
2. A repository and dataset of all relevant literature captured in this study.
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Authorship on the primary literature publication will depend on sufficiently meeting the participation requirements.  Typically each author is to have had significant input into the design, execution, analysis and writing of the manuscript.  Thus participation only in “reviewing” does not qualify for authorship, but will be acknowledged in the appropriate section of the manuscript. 
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[bookmark: _Toc413392494][bookmark: _Toc458782861]Algorithms
(((((("outbreak" OR "outbreaks") and ("social network" or "binomial probability" or "comparison study" OR "exact probability" OR case-case OR case-control OR cohort OR case-crossover OR case-chaos OR "population registry" OR "case cluster" OR "linked cases" OR case-series or "questionnaire")))) 
OR 
(("outbreak" or "outbreaks") and (evaluation or hypothesis or hypotheses or investigating or investigation or  "method" or "methodology" or source  or "source identification") and (zoonotic or zoonoses or zoonosis or epidemiological OR infectious or waterborne or water-borne or enteric or foodborne or food-borne  or (human and food)) and ((cluster OR trace OR traceback or testing or "generation" or generating or receipts or receipt or (cards and (shopper or customer or loyalty or credit or debit)))))))
Date limits: 2000/01/01-2015/05/25
[bookmark: _Toc413392495][bookmark: _Toc458782862]Databases
PubMed, Scopus, Embase, CINAHL (nursing), ProQuest Public Health
[bookmark: _Toc413392496][bookmark: _Toc458782863]Grey Literature Sources and Procedures
Only the following grey literature sources will be considered for inclusion in the review: formal government and research reports; journal news, commentary or editorial articles; and theses and dissertations, public health newsletters/ outbreak reports, conference abstracts. 
	
Possible sources of grey literature
· Zanran
· Targeted searches for grey literature on the websites of  government and research organizations  
· CDC website
· ECDC website
· National Public Health and Food Safety Agency websites (eg. HPSC- Ireland, EFSA…) 
· Eurosurveillance 
· CCDR
· MMWR
· Conferences (past 5 years max, perhaps less after discussion about what we would be collecting)
· ESCAIDE
· CDC EIS Conference
· ICEID
· InFORM: OutbreakNet
· TEPHINET
· IAFP
· CSTE
· Presentations (These will require cross referencing for a publication or report and/or follow-up with the author for a proper reference.  It is nearly impossible to extract appropriate information from a presentation.)

[bookmark: _Toc413392497][bookmark: _Toc458782864]Search Verification
To evaluate the sensitivity of the search, the reference lists of selected relevant primary and literature review papers will be screened for relevant citations not captured by our search strategy.  If a potentially relevant citation is not already included in our ScR database, it will be added to the review for screening and evaluated to understand why it was not captured.
· Screening reference lists of10 review articles and 10 or more relevant primary papers
Examples of possible review papers to hand search:  
· van de Venter et al. Timeliness of epidemiological outbreak investigations in peer-reviewed European publications, January 2003 to August 2013. Eurosurveillance, Volume 20, Issue 6, 12 February 2015 
· Waldram et al. Control selection methods in recent case–control studies conducted as part of infectious disease outbreaks. Eur J Epidemiol DOI 10.1007/s10654-015-0005-x
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The relevance screening level is done with a title, abstract and keywords where available.  There are usually 1-3 questions that can be used to quickly determine the relevance of a citation.  The questions are based upon the inclusion / exclusion criteria below and the tool can be found in the appendix.
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1) Methods applicable to enteric illness outbreak investigation to assist in hypothesis generation and source identification 
2) Time frame – Research published ≥ 2000
3) Country – All
4) Language – English and French only
5) Document Type: All e.g.: any peer review primary articles, outbreak reports,  reviews, commentaries, PhD/MSc Theses , relevant conference abstracts, public health newsletters?
[bookmark: _Toc458782867]List of possible enteric pathogens:
This list may not be exhaustive, although we have tried to be thorough.
· Amoebic infections (esp Entamoeba histolytica), causing amoebic dysentery
· Bacillus species
· Campylobacter species 
· Clostridium botulinum – causes botulism
· Clostridium difficile - causes antibiotic-associated diarrhoea (AAD)
· Clostridium perfringens
· Cryptosporidium species 
· Cyclosporiasis 
· Enteroviruses
· Escherichia coli - including vero cytotoxin-producing (VTEC) strains 
· Giardia species
· Hepatitis A virus
· Listeria
· Marine biotoxins – marine algal shellfish poisoning syndromes and ciguatera poisoning and, especially scombrotoxic poisoning
· Vibrios (including cholera) 
· Noroviruses (aka Norwalk-like viruses (NLV), a cause of winter vomiting disease)
· Rotavirus
· Salmonella species – including typhoid/enteric fever and paratyphoid/enteric fever
· Shigella
· Staphylococcus aureus
· Toxoplasmosis
· Yersinia
· Worms (helminths)

[bookmark: _Toc458782868]Definitions
Hypothesis Generation Methods (not exhaustive)
(see Appendix A – Study Characterisation Tool)
Enteric and non-enteric illness
Enteric illness: An illness caused by an infection or intoxication resulting from the ingestion of bacteria, viruses, parasites, or toxins transmitted through food, water, animals or person-to-person contact. 
Outbreak
An incident in which two or more persons experience similar illness and there is epidemiologic evidence of an association between them.
Cluster
An unusual aggregation of similar health events, generally grouped together as they appear over a particular time period or geographical area. A cluster may be seen as the occurrence of cases of disease (human illnesses) in excess of what is usually expected for a given period of time. The use of the term is particularly common in describing the results of subtype-based surveillance, which may detect a cluster of infections caused by similar microbial strains.
[bookmark: _Toc458782869]Study Characterisation
The characterisation level of this scoping review is to first confirm relevance of a publication and second to extract all important information from a citation to understand the value and characteristics of the hypothesis generation methodology.  This will include: descriptions of hypothesis generation methodology used in the outbreak/ reported in a methodology paper; and any considerations for the use of this methodology as stated by the author (Appendix 3). The authors of publications of interest can also be referred for potential inclusion in the expert elicitation phase of the study. 
[bookmark: _Toc458782870]Review Management
The search strategy will be compiled and de-duplicated in a RefWorks database.  This database will then be exported to DistillerSR, web-based systematic review software designed to manage all stages of conducting scoping reviews and systematic reviews.  All stages of the scoping study from relevance screening to data extraction will be conducted within this software.  The final dataset will be exported into MS Excel, cleaned and tabulated for use in the publication and reports. 
[bookmark: _Toc458782871]Data Analysis
Frequencies will be calculated for each method described in the article, and statistical tests may be applied to explore whether some methods are described more frequently when there is a specific setting involved (vs. general population), or have greater success at identifying the source of the outbreak. The open-text details about the hypothesis generation method, and authors’ comments or considerations in terms of the usefulness and application of these methods will be analyzed qualitatively to identify common themes.  
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Relevance Screening 

	Question
	Answers
	Explanation

	 Does the paper describe:

An enteric illness associated outbreak/cluster investigation in humans?

OR

A methodology used to identify the source/possible source of enteric illness resulting in human outbreak/cluster/sporadic cases, published from 2000 onward?


If any of the last three boxes are checked, submit form and move on.
	· Yes, a specific outbreak/cluster investigation
· Yes, methodology used to identify the source of an enteric illness in outbreak/cluster/sporadic cases
· Non-enteric illness – submit form
· Published before 2000 – submit form
· No, submit form
	Include if hypothesis generation phase discussed.
Outbreak: An incident in which two or more persons experience similar illness and there is epidemiologic evidence of an association between them.
Cluster: An unusual aggregation of similar health events, generally grouped together as they appear over a particular time period or geographical area. A cluster may be seen as the occurrence of cases of disease (human illnesses) in excess of what is usually expected for a given period of time. The use of the term is particularly common in describing the results of subtype-based surveillance, which may detect a cluster of infections caused by similar microbial strains.
Enteric illness: An illness caused by an infection or intoxication resulting from the ingestion of bacteria, viruses, parasites, or toxins transmitted through food, water, animals or person-to-person contact. 
Exclude (NO) if not relevant or if the focus is on the identification of an outbreak (pre- hypothesis generation).
Include (Yes) if investigation focus is on both outbreak and sporadic cases.


All articles on enteric illness outbreaks that describe how the authors investigated risk factors/sources or discussed new/novel methods to investigate these RFs/sources will be included at the RS level.   
Reviewer tip/guideline: 
All articles that summarize trends in multiple outbreaks over a period of time, reference surveillance data, or reference the detection of diseases, can be excluded as they do not pertain to one specific outbreak and/or the methods used for hypothesis generation.


[bookmark: _Toc438037789]Secondary Relevance Screening (2RS)
	Question
	Answers
	Explanation

	RELEVANCE CHECK
	
	

	Does the paper describe:

An enteric illness associated outbreak/cluster investigation in humans?

OR

A methodology used to identify the source/possible source of outbreak/cluster/sporadic cases, published from 2000 onward?


If any of the last three boxes are checked, submit form and move on.
	· Yes, a specific outbreak investigation
· Yes, a specific cluster investigation
· Yes, a paper examining the methodology used to identify the source of outbreak/cluster/sporadic cases
· Non-enteric illness, but would otherwise be relevant to the question
· Published before 2000 
· No
	Include if hypothesis generation phase discussed.
Outbreak: An incident in which two or more persons experience similar illness and there is epidemiologic evidence of an association between them.
Cluster: An unusual aggregation of similar health events, generally grouped together as they appear over a particular time period or geographical area. A cluster may be seen as the occurrence of cases of disease (human illnesses) in excess of what is usually expected for a given period of time. The use of the term is particularly common in describing the results of subtype-based surveillance, which may detect a cluster of infections caused by similar microbial strains.
Enteric illness: An illness caused by an infection or intoxication resulting from the ingestion of bacteria, viruses, parasites, or biological toxins (NOT chemicals) transmitted through food, water, animals or person-to-person contact. 
Exclude (NO) if not relevant or if the focus is on the identification of an outbreak (pre- hypothesis generation).

	Is the article published in English or French?
	· English
· French
· Other; please specify ___
	

	What type of document is the article?
	· Outbreak report (a form of primary research; may be in a peer-reviewed journal)
· Primary research in peer-reviewed journal
· Thesis ___
· Conference proceeding abstract/short paper ___ 
· Grey literature with primary information (non-peer reviewed reports, guidance documents etc.) ___
· Literature review
· Systematic review/meta-analyses
· Grey literature, on previously reported research (newspaper or magazine articles, etc.) ___
	Outbreak report: a summation of the steps, findings, and recommendations involved in an outbreak investigation
Primary research: original research/investigation/study carried out by the researcher (incl. surveys, interviews, observations, etc.)
Thesis:  a long paper/essay or dissertation involving personal research (usually written for a university degree)
Conference proceeding abstract/short paper: A collection of published academic papers 
Grey literature: Research that is unpublished or published in a non-commercial form 
Literature review: Examination of published literature
Systematic review/meta-analyses: Analysis and interpretation of primary research

	If exclusion criteria were selected in the first 3 questions- SUBMIT THE FORM without proceeding.

	Where did the outbreak/case cluster occur?
	· N. America 
· Europe
· Australia/New Zealand/Australasia
· Central America/S. America/Caribbean
· Asia
· Africa
· Other; please specify ___
	North America: Includes Canada, USA and Mexico 
Central America/South America/ Caribbean: Includes Caribbean, and all of south and central America.
Europe: includes, Belarus, Latvia, Ukraine, Estonia, Cyprus & west (incl. Iceland and Greenland) 
Asia: Russia, Turkey, middle eastern countries and east 
Australia/New Zealand/Australasia: limited to Australia, New Guinea, New Zealand, New Caledonia, and neighbouring islands, including the Indonesian islands from Lombok and Sulawesi eastward. 

	When did the outbreak/case cluster or study occur? 
	· 2010-2015
· 2005-2009
· 2000-2004
· Before 2000; please specify ___
	N.B. This is when the event or study took place, not the publication date

	What type of enteric pathogen(s) was investigated in this outbreak/case cluster or study?
	· Bacteria
· Virus
· Parasite
· Bio-toxin
· Pathogen not identified/confirmed
· N/A, this is a methodology paper not focused on a particular pathogen
	*please see the list of potential pathogens by category at the end of the from for reference

	What was the implicated source in the outbreak/case cluster or study?
	· Food
· Water
· Soil/environment
· Animal-to-human
· Person-to-person
· Infected food handler
· Other; please specify___
· Source/source category not identified 
· N/A this is a methodology paper not focused on a particular source
	

	Were the hypothesis generation methods described in the paper?
	· Yes
      Did the author discuss how the hypothesis generation methods impacted (improved/hindered) the investigation?
· Yes
· No
· No
	




[bookmark: _Toc458782872]Study Characterisation Tool
Reviewer tips/guidelines:
· if more than one outbreak is discussed in the paper, consider filling out one form per outbreak (especially if methods were different)
· All articles that summarize trends in multiple outbreaks over a period of time, reference surveillance data, or reference the detection of diseases, can be excluded as they do not pertain to one specific outbreak and/or the methods used for hypothesis generation. Other articles to consider excluding are those describing outbreaks that start with a recall or positive sample and cases are identified afterwards, as well as rapid communications/outbreaks still in progress.
	Question
	Answers
	Sub-questions
	Explanation

	Relevance Screen:
	
	

	Does this paper describe the hypothesis generation method(s)?


	· Yes
· No  skip to second last (“should the author…”) question
	
	Hypothesis generation: the process of developing a tentative explanation(s) about the source of the outbreak used to inform further investigation

Hypothesis testing: The process of confirming that a specific exposure is or is not the cause of an outbreak. Hypothesis testing is done on a small number of suspect exposures, and may include statistical testing or traceback investigation. Sometimes, when the hypothesis is refuted, additional rounds of hypothesis generation may be initiated. 

	Hypothesis Generation Methods:
	
	

	What methods were used to generate a hypothesis?
(Check all that apply. Each sub option has a textbox where details about the method and authors considerations for using the method should be captured if described in the article.)
	Epidemiology
Interviewing and Data Collection Methods
· Routine questionnaire
· Hypothesis-generating (trawling/shotgun) questionnaire
· Focused or investigation-specific questionnaire (including menu- or event-specific)
· Enhanced surveillance questionnaire (e.g., Listeria)
· Iterative/dynamic interviewing
· Centralized interviewing 
· Single interviewer
· Open-ended interviewing
· In-person interviewing
· Focus groups (interviewers or cases)
· Anecdotal reports (e.g. event attendees, media, social media, online reviews, consumer complaints)
· Purchase records (e.g., loyalty cards, invoices from institutions)
· Menu or recipe review (to identify components of meals, not for questionnaire development)

Analysis Methods
· Descriptive epidemiology suggested interesting:
· demographics (age, ethnicity, gender). E.g., predominantly men, pregnant Hispanic women. 
· place (close or disperse geography, specific location, or type of location). 
· time (case distribution/epi-curve or season). 
· exposure or behaviour (healthy eaters, event, poor food handling practices, hobbies). 
· Frequency comparisons to population estimates (food consumption survey or market share)
· Analytic study to generate a hypothesis (in the absence of a specific hypothesis) 
· Investigation of non-household sub-clusters or group exposures (e.g. event, food establishment, school) 
· Investigation of outliers (e.g., vegetarians, people with allergies, eating only pot pies)
Other
· Food or Environmental sampling (prior to having a hypothesis – e.g., sampling everything in fridge)
· Epidemiological traceback – tracing back source of food items or ingredients to identify or rule out links between cases 
· Facility inspections 
· Review of existing information (e.g. outbreak reports, enteric surveillance systems, etc) 
· Other method, specify:___________
	These sub-questions will appear for each method selected:

Further details about the method (e.g., questionnaire administered online, photos taken during in person interviewing, type of analytic study): [open text]

Authors’ comments or considerations for use of the method (e.g. expensive, time consuming, resource demanding, biased) : [open text]
	Routine questionnaire: Questionnaire administered as part of initial case (routine) follow-up; usually brief, containing only common risk factors.
Hypothesis-generating questionnaire: Questionnaire designed to capture information on a large number of exposures/risk factors to generate hypotheses about possible sources of infection. Might also be referred to as “trawling” or “shotgun”.
Focused or investigation-specific questionnaire: questionnaire developed for a specific outbreak investigation, often with a shorter, more focused list of exposures. 
Enhanced surveillance questionnaire: Standardized questionnaire routinely administered as part of an enhanced surveillance initiative for a specific pathogen. 
Iterative/dynamic interviewing: As cases are interviewed, exposures reported are added to (or removed from) the questionnaire for future cases; previous cases may be re-interviewed with the new questions.
Centralized interviewing: All interviews are conducted by one organization, with one or more interviewers.
Single interviewer: All interviews are conducted by the same person.
Open-ended interviewing: Less-structured, exploratory interview with open-ended questions to collect a detailed exposure history.
In-person interviewing: Face-to-face interview, sometimes in the case home.
Focus groups: Multiple interviewers or cases are brought together to discuss exposures to identify commonalities.
Anecdotal reports: Unverified reports or suspicions from cases/external sources about the potential source(s) of outbreak.
Purchase records: Records of sales or service transactions used to verify exposure, identify commonalities between cases, obtain product details, identify controls, etc
Menu or recipe review: Review of menu/recipe to verify exposure reported by case, or to identify ingredients within a reported meal. 
Descriptive epidemiology: Examination of case demographic and risk factor data to identify commonalities or patterns that can provide clues about the source of the outbreak.
Frequency comparisons to population estimates: Case exposure frequencies are compared to background rates of purchase/consumption, often using binomial probability calculations.
Analytic study to generate a hypothesis: An analytic study conducted in the absence of a clearly stated hypothesis (or hypotheses). Many exposures or risk factors are included, with the aim of narrowing/focussing the number of potential hypotheses. (e.g. case-case comparisons of enhanced surveillance cases)
Investigation of non-household sub-clusters or group exposures: Investigation of a localized event or non-household setting linked to two or more cases in the outbreak.
Investigation of outliers: Cases that purposely avoid or have unusually frequent exposure to certain food items, that can help generate new hypotheses or narrow down the number of hypotheses.

Food or Environmental sampling (prior to having a hypothesis): Sampling that is not directed by the epidemiological investigation (e.g. sampling whatever is available or is biologically plausible, to see if available food items are contaminated).
Epidemiological (or investigational) traceback: Conducted to support epidemiological investigations, a limited traceback to determine whether a food consumed by more than one case has a common point of convergence in the supply chain, or comparing the distribution of illnesses to the distribution of a food commodity of interest. This is not the same as a formal regulatory traceback, which only occurs once a specific food item or ingredient is implicated.
Facility inspections: Inspection of a facility (e.g. restaurant) prior to having a hypothesis, to identify sources of contamination and foods that might be implicated by such contamination.
Review of existing information (outbreak reports, enteric surveillance systems, etc): Reviewing existing information sources to assess foods or risk factors that the pathogen has previously been associated with as well as biologically plausible exposures.

	Was the source of the outbreak identified (suspect or confirmed)?
	· Yes
· No
· N/A; not an outbreak
	
	Stronger confidence in source identified
· Epidemiological evidence with or without analytic study implicating the source
· Traceback evidence
· Laboratory confirmation from the source
Weaker confidence in source identified
· Vehicle is a known risk factor
· Established errors in food preparation
· Consumption reported by a high proportion of cases

	Did this outbreak occur in the general population or was a specific setting identified? 
	· General population with or without sub-clusters
· Single setting only (e.g., all cases at one wedding, long term care, etc)
· N/A; not an outbreak
	
	

	Should the author(s) of this paper be considered for a key informant interview?
	· Yes, Email address of author for correspondence: _______________ 
· No
· To discuss with team 

	
	Consider “Yes” if novel approach, interesting outbreak or if we have further questions. 

	Notes or Comments
	· [open text]
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