SUPPLEMENTARY MATERIAL FOR CAMBRIDGE JOURNALS ONLINE WEBSITE
APPENDIX 1 - Search strategy for systematic review / aquaculture scoping study

Electronic Search

Databases (6): PubMed, and on the Biological Sciences platform at University of Guelph: AFSA 1 Biological Sciences and Living Resources (1971- current), AFSA 3 Aquatic Pollution and Environmental Quality (1990- current), AFSA Aquaculture abstracts (1984- current), Ecology Abstracts (1982- current), ZoologicalRecordPlus (2008). 
Search Limits:  date range 1990- October 28, 2008; performed again up to October 2010.

The components to the search algorithms:

	Acronym
	Search String

	FISH
	(fish or aquaculture or aquafarm* or fishfarm* or aquarium* or seafood or shellfish or crustacean* or mollusk* or mollusc* or oyster* or clams or shrimp or mussel* or trout or salmon or salmonid or salmonids or finfish or lobster or crab)

	PATH
	(aeromonas or campylobacter or campylobacteriosis or salmonella or salmonellosis or vibrio* or "e. coli" or escherichia or edwardsiella  OR erysipelothrix OR streptococcus)

	AMR
	(resistance or resistant or residue or residues or use or usage) AND (drug or antimicrobial* or "anti microbial" or "anti microbials" or anti-microbial* or antibiotic* or "anti biotic" or "anti biotics" or anti-biotic* or antibacterial* or "anti bacterial" or "anti bacterials" or anti-bacterial* or biosecurity or effluent)

	AMs
	(resistance or resistant or residue or residues or use or usage or treatment*) AND (sulphonamide OR sulfadiazine OR trimethoprim OR sulfamethoxazole OR sulfisoxazole OR sulfamerazine OR sulfamethazine OR sulfadimethoxine OR sulfamonomethoxine OR chloramphenicol OR chloramine OR novobiocin OR "nalidixic acid" OR ormetoprim OR spiramycin OR florfenicol OR tetracycline OR oxytetracycline OR doxycycline OR chlortetracycline OR penicillin OR ampicillin OR amoxicillin OR fluoroquinolone OR enrofloxacin OR "oxalinic acid" OR flumequine OR nitrofuran OR nifurpirinol OR nitrofurazone OR furazolidone OR virginiamycin OR trifluralin OR neomycin OR macrolides OR erythromycin OR tylosin OR streptomycin OR dihydrostreptomycin OR nystatin OR antifungal OR cephalosporins OR rifampicin OR aminoglycosides OR gentamicin OR kanamycin OR isoniazid OR griseofulvin)

	DYE
	(malachite green or leucomalachite green or acriflavine or methylene blue)

	Final Strings
	FISH and PATH, FISH and AMR, FISH and AMs, FISH and DYE 


Background on Search Development:

Databases on the health Canada and University of Guelph library sites were evaluated for coverage of aquaculture and a list was provided to the systematic review team to evaluate.  The goal was to choose 5 or more databases that together covered all disciplines and research related aquaculture.  The five databases are listed at the beginning of this section.  The results of the electronic search will be coupled with a search verification strategy that will evaluate “n” randomly selected literature reviews on each sub-question in the systematic review to identify potentially relevant research that may have been missed by the electronic search which will verify or improve the search sensitivity and the systematic review.

Terms:  

Search terms were initially brainstormed by the systematic review team to come up with Population terms (fish, aquaculture and human terms), Outcome terms (Pathogens, residues, AMR terms), Intervention/Risk factor terms (dyes, antimicrobials).  More terms were added by evaluating a collection of potentially relevant papers.  This same collection was used to verify the search being implemented was capturing all identified papers.

Whole groups of terms and individual terms were identified by our search expert as likely to be removed.  Reasons for removal included that the term was too broad and that there were other terms already capturing that term.  All terms relating to humans, and disease in human were removed as they inflated the search by 30k citations and aquaculture + pathogens or AM or AMR or Dye would capture any human related citations that had to do with exposure to aquaculture + outcomes of interest.   The next step was to look at terms that may not stay in the search, which required testing each term to see what it uniquely captured and evaluating whether it was capturing relevant literature.  Within PubMed each string was tested to make sure the database didn’t detect any spelling errors, was mapping terms properly within the database and was interpreting punctuation correctly (quotes, wildcards or phrases).  

· Population terms:  initially evaluated with general and specific fish terms, aquaculture terms, aquarium terms and water terms.  Upon refinement, water terms and aquatic environment were removed because the hits were not relevant to the topic. AND fishery, finfish, crab and lobster were added due to a very small number of citations that were using only those terms and not our other key words. 

· Pathogen terms:  The systematic review team had brainstormed a list of pathogens, some were quite specific and some were general e.g. e.coli.  It was decided that Listeria, botulium and mycobacteria would be removed from this list as they were infections of processed products or handler infections.  The bacteria left were tested to make sure the general genus names were properly mapping in the database, specific species were not searched for as the difference was only a few hundred hits.

· AMR terms: Based on the first algorithm and the objectives of this search, general anti-microbial terms, biosecurity and effluent were included in the search string in combination with residue, resistance and use terms.  Without the latter the search was too large for most databases to handle.  
· Antimicrobial terms: Family and specific antimicrobial terms were extensively tested to come up with the final algorithm of those that appeared to be capturing relevant articles.  

· Dye terms:  This list was short, direct the terms functioned well within the databases.

· Note the MISC terms and the Occupational terms: Not used in search because their hits were being full captured by other algorithms.  E.g. FISH AND AMR = FISH AND (AMR OR MISC).

Search Verification

To verify that the search strategy yielded all relevant articles and conference proceedings and to identify any additional articles of potential relevance, the reference lists of several selected literature reviews will be checked. To identify a random sample of review articles covering general and specific aquaculture topics, literature reviews will be grouped by coverage of information and a random selection of each group will be drawn for verification.    

All references found within the Literature Cited section of the selected papers will be cross-checked with the references in SRS. All new references (ie. not already in the eSR system) will be screened liberally by title for potential relevance. This is accomplished by looking for any of the Aquaculture and/or fish terms used in the original database searches.  The citations and abstracts for all potentially relevant articles will be downloaded into Procite, uploaded into eSR and screened using the relevance tool by two reviewers.
APPENDIX 2 -  Systematic Review Relevance Screening

	Aquaculture Scoping Study: Relevance Confirmation and Primary Quality Assessment

	QUESTION
	CODING
	RESPONSE OPTIONS AND REVIEWER GUIDELINES
	APPLICABLE STUDY DESIGNS
	Exclusion

	Bold indicates question containing exclusion criteria.
If you select exclusion criteria at any question in the relevance confirmation section, please stop and submit your answers.

The primary quality assessment section must be answered in its entirety for papers passing relevance confirmation.

	Relevance confirmation
	
	

	1. What does this study investigate?
	Please check all that apply
1. Yes. 

Prevalence or risk factors or interventions for selected four aquatic bacteria at processing, retail, ready-to-eat or import/export fish or seafood.

2. Yes. 

Antimicrobial use, or antimicrobial resistance, or association between antimicrobial use and resistance, or interventions for reducing antimicrobial resistance, in the four selected aquatic bacteria

3.(2b) Yes. Antimicrobial use, or antimicrobial resistance, or association between antimicrobial use and resistance, or interventions for reducing antimicrobial resistance, in the four selected aquatic bacteria but unclear as to whether fish/seafood is derived from aquaculture or wild captures.

4. Yes.
Human illness cases or outbreaks suspected or associated with ANY resistant aquatic bacteria.

5. Yes. 

Prevalence or risk factors or interventions or antimicrobial use or antimicrobial resistance or human illness cases or outbreaks associated with ANY  zoonotic aquatic bacteria in ORNAMENTAL FISH 

6. Exclude

None of above
	Four aquatic bacteria are: 

· Aeromonas (any species)

· Salmonella (any serovar) 

· Vibrio spp.

· Escherichia spp. (generic or pathogenic) 

See also definition document. 

Additional Information for Reviewer’s Responses:

Response Option 1:
· Includes prevalence, risk factor or intervention studies for Vibrio, Aeromonas, Salmonella and Escherichia 
· ONLY processing, retail, ready-to-eat products, and imported/exported products are relevant
Response Option 2: 
· Must come from fish/seafood derived from aquaculture systems, NOT from wild captures
· e.g. grow-out ponds, large rearing tanks, raceways, fish cages placed: in lakes, bayous, ponds, rivers or oceans 
· if can’t tell, please contact Natasa 
· Measurement of antimicrobial use at farm level, at ANY point in the aquaculture systems/operations (from hatchery to market size live fish/seafood) is relevant.
· Measurement of antimicrobial resistance at the farm 

              level (EXCEPT hatchery/egg level)  and at 

              processing, retail, ready-to-eat or import/export fish 

              or seafood  is relevant 
· Includes interventions SOLELY (not for pathogens only) for reducing antimicrobial resistance applied at ANY point  of the aquaculture systems/operations (from hatchery to market size live fish/seafood).  
Response Option 3 (2b):

· This option is selected when it is truly unknown whether fish/seafood is derived from aquaculture systems or from wild captures. (Encompasses all the criteria under Option 2 except the first point.)
Response Option 3: (Human Illness)

· Suspected or confirmed human illness cases or outbreaks due to resistance to ANY bacteria from fish/seafood (excluding ornamental fish) through consumption, leisure or occupation
· Includes human illness studies where resistance was tested for but may or may not have been found
Response Option 4: (Ornamental Fish)
· Applies only to studies with ORNAMENTAL FISH
· Any studies regarding prevalence, risk factors, interventions or human related cases for ANY zoonotic aquatic bacteria in ornamental fish are to be included under this option
· Studies on antimicrobial use or antimicrobial resistance in ANY bacteria in ornamental fish are to be included under this option
	All
	5. Exclude = Exclusion

If yes is checked for any option from 1-4, study is included.

	2. What aquatic species does this study investigate?
	Please check all that apply

1. Yes. Salmon

2. Yes. Trout

3. Yes. Shrimp/Prawn

4. Yes. Catfish

5. Yes. Oyster/Mussel/Clam

6. Yes. Tilapia

7. Yes. Lobster

8. Yes. Cod

9. Yes. Carp

10. Not applicable.  This study reports on ornamental fish or human illness cases or outbreaks suspected or confirmed to be associated with any resistant aquatic bacteria.

11. Exclude

None of above.
	Please select as reported in the article – check all that apply:

Other: Please specify genus, species and common name as provided.


	All
	11. Exclude =Exclusion

If yes is checked for any option from 1-11, study is included.


	3. Was this study conducted under field conditions?


	Please select one option

0. No

1. Yes

2. Not applicable. This study involves ornamental fish or reports cases or outbreaks of human disease
	0. No: 

· samples originate from diseased fish/shellfish, or intervention is applied in the laboratory
· sampled experimental fish kept under laboratory as opposed to ‘natural’ conditions

1.Yes: 

· Prevalence/ Risk factor Studies:
· For live, apparently healthy fish/shellfish, or for processed/packaged fish/shellfish, all samples of the selected four bacteria originate from aquatic wild or farmed populations (e.g. fish, shellfish or seafood) that are raised or produced under commercial, field conditions 
· e.g. farms, processing plants, retail stores 
· Antimicrobial use at ANY  point of the aquaculture systems/operations (from hatchery to market size live fish/seafood) are considered field conditions 
· Antimicrobial resistance at ANY point of the farm to fork continuum, EXCEPT hatchery/egg/larvae, are considered field conditions
· Intervention Studies: 
· For reducing the levels of the four selected aquatic bacteria for retail products/seafood, intervention may be applied at the: 
· processing or 
· retail or 
· ready to eat or
· import/export level
· Interventions for reducing anti-microbial resistance AT ANY POINT of  the of the farm to fork continuum SHOULD be included
2. Not applicable: 

· Studies related to prevalence or risk factors or interventions or antimicrobial use or antimicrobial resistance or human illness cases or outbreaks associated with ANY zoonotic aquatic bacteria in ORNAMENTAL FISH
· Human illness cases or outbreaks suspected or associated with the four selected bacteria or ANY resistant aquatic bacteria.


	All
	0 No = Exclusion

If yes is checked for 1 or 2, study is included.

	Primary Quality Assessment

	4. Is raw/unadjusted data or measures of association/effect provided?
	Please select one option

0. No, please specify

1. Yes, please specify

2. Not applicable. This study reports cases or outbreaks of human disease.
	0. No, please specify:
· Results provided included (please select all that apply) for all of the components of the study (whether it is prevalence, risk factor, intervention, antimicrobial use, antimicrobial resistance or human cases)

a. No reporting of raw results 

b. Just median 

c. Only p-value 

d. Only denominator 

e. Only numerator 

f. Graphical format from which results could not be extracted

g. Other, please specify

1.Yes, please specify:  

· Raw results or measures of association/effect unadjusted by statistical modeling are provided

· At least one of the below (options a, b, c) is reported along with its minimum necessary data for at least one of the components of the study (whether it is prevalence or risk factor or intervention or antimicrobial use, antimicrobial resistance or human cases )

Minimum necessary data:

a. Prevalence/frequency: 

· Following data must be reported measuring in at least ONE microbe in ONE discrete sample type (eg Vibrio in oysters or AMR)

· Numerator and denominator, or 

· proportion + EITHER numerator or denominator

b.     Concentration: 

· Original measured value (usually a mean for a treatment group) cfu/unit or log cfu/unit and raw count (n) reported.

c.  Measures of association/effect: 

· OR/RR/IR/RD/PAF/ AFe reported and its measure of variability (SE, SD, CI) or P-value is provided and sample size (n) reported

What
	All


	0 No = Exclusion

	5. Were adjusted measures of association/effect and measures of variability presented?
	Please select one option

0. No, please specify

1. Yes

2. Not applicable
	0. No, please specify:

· Results of the multivariable model (please specify below) for all of the components of the study (whether it is prevalence, risk factor, intervention, antimicrobial use, antimicrobial resistance or human cases):

a. Were not provided or
b. Were not presented in extractable format (graph from which results cannot be extracted) or
c. Included measure of association/effect but no measures of variability were presented

1.Yes: 

· results of the multivariable model are presented for at least one of the components of the study (whether it is prevalence or risk factor or intervention or antimicrobial use or antimicrobial resistance or human cases):

a. Included parameter estimates (e.g. OR, RR) and 
b. Measure of variability (e.g. SE, SD, CI) or P-value are provided after adjusting for other variables, confounders and/or clustering and
c.    Sample size (n) reported
2. Not applicable: No multivariable model was used.

	All 
	0 No = Exclusion

	6. What is the study design as identified by the reviewer?
	Please check all that apply

1. Prevalence survey 

2. Longitudinal prevalence

3. Challenge trial (ChT)

4. Controlled trial (CT)

5. Quasi-experiment (QE)

6. Cohort study

7. Case-control study (C-C)

8. Cross-sectional study (XS)

9. Other (please specify)
	1. Prevalence survey: 
· Study that measures outcome only (prevalence and distribution of microbial hazard on commodity) at a single point in time

2. Longitudinal prevalence: 

· Study that measures outcome (prevalence and distribution of disease only) at multiple points in time on the same population

· Does not evaluate intervention

3. Challenge trial:

· Planned experiment where subjects are artificially challenged or exposed to the studied microorganism

· Challenge may occur in the lab but the intervention is applied under ‘field’ conditions

4. Controlled trial: 

· Planned experiment with natural disease exposure

· May or may not be randomized

5. Quasi-experiment: 

· Before and after trials, including prevalence measures at various points (before and after one or more stages) in the farm to consumer continuum

6. Cohort study: 

· Group of fish/shellfish exposed to a hypothesized risk factor (exposure), and a group not exposed to the factor are selected and observed over the study period to record contamination with selected microorganism in each group

7. Case-control study: 

· Group of patients with a foodborne disease and a group without the disease are selected and compared with respect to the presence of the hypothesized risk factor (exposure)

8. Cross-sectional study: 

· Study done at a single point in time to investigate the prevalence and distribution of the microbial hazard in fish/shellfish and hypothesized risk factors within the population

9. Other: 

· Case report on human illness, or

· Descriptive and other studies
	All
	

	7. If this is an INTERVENTION study, was an appropriate control group used?
	Please check all that apply

0. No

1. Yes

2. Yes, historical

3. Before and after trial

4. Not applicable; this is not an intervention study
	0. No: 

· No control group is used, or controls are from a different sampling frame
1. Yes: 

· Controls are drawn from same sampling frame and are measured in the same timeframe as treatment group

2. Yes, historical: 

· Controls are drawn from same sampling frame measured in an earlier timeframe than the treatment groups and are not the same samples as the treatment groups

3. Before and after trial: 

· The study uses the same samples as its own control from measurements at an earlier point in time
4. Not applicable: 

· This is not a Controlled trial, Challenge trial, Quasi-experiment, or Cohort study
	Controlled trial

Challenge trial

Quasi-experimental

Cohort
	0 No = Exclusion

	8. Was the intervention protocol described in sufficient detail to allow reproduction of the experiment?
	Please select one option

0. No

1. Yes

2. Referenced paper

3. Not applicable
	0. No: 

· Necessary information is missing

(Please see ‘yes’ option for minimum necessary data reported)

1.Yes: 

· Methods are thoroughly described and allow for replication 

Minimum necessary data reported:

· intervention used

· method of application

· dosage

· duration/frequency of treatment

2. Reference paper: 

· Methods are referenced in another paper

3. Not applicable: 

· This is not a Controlled trial, Challenge trial or Quasi-experiment
	Case Control

Controlled trial

Challenge trial

Quasi-experimental


	0 No = Exclusion

	9. Was the challenge protocol sufficiently reproduced to allow reproduction of the experiment?
	Please select one option

0. No

1. Yes

2. Referenced paper

3. Not applicable


	0. No: 

· Necessary information is missing

(Please see ‘yes’ option for minimum necessary data reported)

1.Yes: 

· Methods are thoroughly described and allow for replication

Minimum necessary data reported:

· challenge organism

· inoculation method

· concentration and frequency of inoculation

2. Reference paper: 

· Protocol is referenced in another paper

3. Not applicable: 

· This is not a Challenge trial
	Challenge trial
	0 No = Exclusion

	10. What is the total number of samples tested in this study?
	Please select one option

0. ≤10

1. 11-29

2. ≥30

3. Not applicable. The  study investigates:

- Antimicrobial resistance or 

antimicrobial use 

- Ornamental fish

- BOTH prevalence and AMR or

AMU

- or human case/outbreak 

suspected or associated with 

ANY resistant bacteria
	Samples can be obtained from seafood, live cultivated fish, ornamental fish or human cases. Samples refer to individual fish/seafood as opposed one individual sampled multiple times.

0.  ≤10:  Study investigates interventions or risk factors or prevalence for four selected bacteria using less than or equal to 10 samples. 

1. 11-29: Study investigates interventions or risk factors or prevalence for four selected bacteria using 11-29 samples. 

2. ≥30:  Study investigates interventions or risk factors or prevalence for four selected bacteria using 30 or more samples.

3. Any antimicrobial resistance or antimicrobial use studies, OR any ornamental fish studies, OR studies reporting both prevalence of the four selected bacteria and AMR or AMU, OR studies reporting human case/outbreak suspected or associated with ANY resistant bacteria.   
	All
	

	11. Which type of operation was sampled in this study?
	Please check all that apply

0. Wild caught 

1. Commercial farm

2. Research farm

3. Commercial processing plant

4. Supermarket

5. Local or specialty markets

6. Imported products

7. Restaurant

8. Human case(s) / outbreak setting

9. Ornamental Fish

10. Other (please specify)


	Please answer based on the operation sampled; you may choose more than one option: 

0. Wild caught: 

· Study conducted on samples of wild-caught fish/shellfish obtained:

· outside of commercial production or 

· not raised in an aquaculture setting

1. Commercial farm: 

· Study conducted on operations rearing fish/shellfish in ponds, nets, cages, raceways for commercial (consumption or display) purposes
2. Research farm: 

· Study conducted on operations affiliated with universities and/or research organizations
· Typically mimic field conditions and keep fish/shellfish in large tanks or large scale holding facilities including ponds (e.g. earthen ponds), tanks, farms, raceways, oyster lines, floating cages 
· Fish/shellfish may be sampled from commercial farm
3. Commercial processing plant: 

· Study conducted in operating commercial processing plant 

4. Supermarket: 

· Study conducted from samples purchased at a large grocery store belonging to a company chain with numerous locations

5. Local or Specialty markets: 

· Study was conducted on samples purchased at a small, typically privately-owned establishment selling fish/shellfish products among other produce 

· includes specialized fish markets

6. Imported products: 

· Study conducted on samples that were reported as imported

7. Restaurant: 

· Study conducted on samples that were obtained from establishments selling prepared meals

8. Human illness/outbreak: 

· Study conducted on samples that were obtained from human illness/outbreak as a result of exposure to fish/seafood through occupation, leisure or consumption. 
9. Ornamental Fish:

· Samples derived from source providing ornamental fish such as a retail fish tank or commercial facility selling or distributing fish for the ornamental fish industry

10. Other: Please specify.
	All 


	

	12. Were laboratory methods for aquatic bacteria sufficiently described to allow replication of the study?
	Please select one option

0. No

1. Yes

2. Referenced paper

3. Not applicable. Laboratory methods were not used or human illness study.
	0.  No: 

· Methods are not sufficiently reported 

· Study cannot be reproduced without contacting the author

 (Please view under ‘yes’ option for minimum necessary data reported)

1. Yes: 

Minimum necessary laboratory protocol data reported:

· Media type 

· Time and temperature of incubation

· Pre-enrichment and enrichment steps (if used) to allow for replication

2.  Referenced paper: 

· Methods are referenced in another paper

3.  Not applicable: 

· Laboratory methods were not used in this study


	All 


	 

	13.  Were laboratory methods for susceptibility testing sufficiently described to allow replication of the study?
	Please select one option

0. No

1. Yes

2. Referenced paper

3. Not applicable. Susceptibility methods were not used or human illness study.
	0.  No: 

· Methods are not sufficiently reported 

· Study cannot be reproduced without contacting the author

(Please view under ‘yes’ option for minimum necessary data reported)

1. Yes: 

Minimum necessary laboratory protocol data reported:

Susceptibility testing:

· Type of method applied: disk diffusion,    broth dilution, micro broth dilution, gel dilution, E-test, etc

· Media used

· Time and temperature of incubation

2.  Referenced paper: 

· Methods are referenced in another paper

3.  Not applicable: 

· Susceptibility testing methods were not used in this study
	
	

	14.  If the study reports antimicrobial resistance, was the reporting of antimicrobial resistance done appropriately?
	Please select one option

0. No

1. Yes

2. Reference paper

3. Not Applicable – study does not report AMR
	0. No: 

· Methods are not sufficiently reported to be extracted and used for qualitative or quantitative summary 

1. Yes: 

Minimum necessary reported data include:

· Numerator OR % and denominator for resistant bacterial isolates AND breakpoints used or reference for breakpoints used

· Full description of the distribution of minimum inhibitory concentration,  (any bacterial species, breakpoints do not need to be provided)

· Full range of dilutions tested if dilution technique is reported (any bacterial species, breakpoints do not need to be provided)

2. Not applicable: 

· Susceptibility testing was not reported in this study
	All
	

	Additional comments 
	Text box
	(If the reviewer feels there is something that was not captured in the tool but should be acknowledged in the primary QA)
	
	


APPENDIX 3 - Survey on Antimicrobial Use and Resistance in Zoonotic Bacteria in Aquaculture, Seafood and Ornamental/Pet Fish1 and Non-Response Survey
Section 1:Respondent demographics (Applicable to all respondents)
1. My main area(s) of expertise is: (Please check all that apply)
___   Microbiology

___   Epidemiology 

___   Fish health / Clinical medicine

___   Food safety

___   Outbreak investigation

___   Molecular biology / Genetics

___   Other, please specify: _______________________________

2. My expertise was primarily acquired in: (Please check all that apply)
___   Government

___   Academia

___   Industry

___   Other, Please specify:  ________________________________

3. My primary activity(ies) is (are) in: (Please check all that apply)
___   Research (e.g. new test development)

___   Clinical or field work

___   Laboratory work (e.g. routine diagnostic testing)

___   Administrative tasks (e.g. management) 

___   Animal health surveillance

___   Public health surveillance

___   Other, please specify: _________________________________

4. I acquired my expertise primarily in: (Please check all that apply)
___   Africa

___   Asia

___   Europe

___   North America

___   Oceania

___   South and Central America and Caribbean

___   Other, Please specify region: _____________


5. Do you have experience with any of the following OR other aquatic species: catfish, clams, crawfish, lobster, mussels, oysters, salmon, shrimps/prawns, tilapia, trout, wild fish populations and/or ornamental/pet fish?

□
Yes, I have experience with one or more of the listed OR other aquatic 



species.

□
No, I do not have experience with any of the listed OR other aquatic species (Please proceed to Section 3. Do not complete the remaining questions in this section).

6. Please rate your level of experience with the following types of fish or seafood. (Please rate all that apply.) 
  Please use the scale 1 to 5 or check “No experience” where appropriate.

	No experience
	Low

(e.g., no direct experience, anecdotal knowledge only)
	
	Medium

(e.g., some direct experience, but extensive review of literature 
	
	High

(e.g., primary focus of my professional work)

	
	1
	2
	3
	4
	5


	Practice
	No Experience
	1
	2
	3
	4
	5

	Catfish
	
	
	
	
	
	

	Clams
	
	
	
	
	
	

	Crawfish
	
	
	
	
	
	

	Lobster
	
	
	
	
	
	

	Mussels
	
	
	
	
	
	

	Oysters
	
	
	
	
	
	

	Salmon
	
	
	
	
	
	

	Shrimps / prawns

	
	
	
	
	
	

	Tilapia
	
	
	
	
	
	

	Trout
	
	
	
	
	
	

	Ornamental/pet fish 
	
	
	
	
	
	

	Wild fish populations
	
	
	
	
	
	

	Other
	
	
	
	
	
	

	If you selected ornamental/pet fish and/or wild fish populations and/or other, please specify:

_________________________________
	
	
	
	
	
	


7. How many years of expertise have you accumulated with aquaculture and/or seafood and/or ornamental fish?

□
< 3 years

□
3 – 10  years

□
>10 years

8. Aquaculture and/or seafood and/or ornamental fish represents 

 (Please choose one of the following.)

□
< than 25 % of my day-to-day work activities.

□
26 to 50% of my day-to-day work activities.

□
51 to 75% of my day-to-day work activities.

□
76 to 100 of my day-to-day work activities.

Section 2: Antimicrobial drug usage in aquaculture (including ornamental/pet fish production)

9. Do you have expertise with antimicrobial drug usage in aquaculture?



□
Yes



□
No (Please proceed to Section 3. Do not complete the remaining 


 


questions in this section.)

10. To the best of your knowledge, please approximate how frequently each antimicrobial drug class was used for the listed aquatic species? 

Please use the scale 1 to 5, choosing the one that best applies. Leave blank if you do not know.

	Never used
	Rarely used
	Occasionally used 
	Frequently used
	Almost always used

	1
	2
	3
	4
	5


	
	Aquatic species

	Antimicrobial drug class
	Example: Fish Species
	Catfish
	Clams
	Crawfish
	Lobster
	Mussels
	Oysters
	Salmon
	Shrimps/Prawns
	Tilapia
	Trout
	Ornamental / Pet fish
	Other, please specify:

________________

	Aminoglycosides (e.g. gentamicin, streptomycin.)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Tetracyclines (e.g.  chlortetracycline,  oxytetracycline)
	2
	
	
	
	
	
	
	
	
	
	
	
	

	Macrolides (e.g. erythromycin, spiramycin)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Nitrofurans (e.g. furazolidone)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Penicillins (e.g. ampicillin, amoxicillin)
	5
	
	
	
	
	
	
	
	
	
	
	
	

	Phenicols (e.g. chloramphenicol, florphenicol, tiamphenicol)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Potentiated

Sulfonamides (e.g. ormetoprim-sulphamethoxazole)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Quinolones (e.g. ciprofloxacin,  enrofloxacin, norfloxacin, oxolinic acid, perfloxacin, flumequine, sarafloxacin)
	3
	
	
	
	
	
	
	
	
	
	
	
	

	Sulfonamides (e.g. sulfamerazine, sulfadimidine, sulfonamides)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Other, please specify:

_______________
	
	
	
	
	
	
	
	
	
	
	
	
	


11. To the best of your knowledge, please approximate what proportion of the listed species’ production was treated with antimicrobial drugs in each production phase. 

Please leave blank if you are NOT involved in a given production phase.
	
	Production phase

	
	Hatchery (Eggs/Larvae)
	Fingerlings

/Juveniles
	Brood stock


	Note

	Example : Fish Species 1
	
	75%
	50%
	We do not produce or hatch eggs

	Example : Fish Species 2
	0%
	0%
	0%
	No antimicrobial used in that species

	Catfish
	
	
	
	

	Clams
	
	
	
	

	Crawfish
	
	
	
	

	Lobster
	
	
	
	

	Mussels
	
	
	
	

	Oysters
	
	
	
	

	Salmon
	
	
	
	

	Shrimp/prawns
	
	
	
	

	Tilapia
	
	
	
	

	Trout
	
	
	
	

	Ornamental/pet fish
	
	
	
	

	Other, please specify:

________________
	
	
	
	


12. To the best of your knowledge, please approximate the proportion of the total volume of antimicrobial drugs used in each species for the purposes listed. 
Leave blank if you do not know.
	
	Aquatic species

	Purpose of the use
	Example: Fish Species
	Catfish
	Clams
	Crawfish
	Lobster
	Mussels
	Oysters
	Salmon
	Shrimps/Prawns
	Tilapia
	Trout
	Ornamental / Pet fish
	Other, please specify:

__________

	Growth promotion1
	5%
	
	
	
	
	
	
	
	
	
	
	
	

	Preventive treatment2
	80%
	
	
	
	
	
	
	
	
	
	
	
	

	Therapeutic treatment3
	15%
	
	
	
	
	
	
	
	
	
	
	
	

	Total
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	100%


        1: used primarily to increase feed efficiency, not to control or treat diseases

          2: antimicrobial treatment initiated before the onset of clinical signs/disease 
          3: antimicrobial treatment initiated after observation of clinical signs/disease in any part of the treated population
Section 3:
Antimicrobial resistance in aquaculture, including seafood and ornamental/pet fish.

13. In your opinion, how important are the following practices for the development of antimicrobial resistance in aquaculture?  

Please use the scale 1 to 5, choosing the one that best applies or select “Don’t know” where appropriate. 
	Don’t know
	Not at all important
	Slightly important
	Fairly important
	Quite important
	Very 

important

	
	1
	2
	3
	4
	5


	Practice
	Don’t know
	1
	2
	3
	4
	5

	Absence of accurate diagnosis
	
	
	
	
	
	

	Inadequate storage of antimicrobials
	
	
	
	
	
	

	Use of antimicrobials of unsure/unproven quality
	
	
	
	
	
	

	Lack of information concerning fish cohort (ex. biomass)
	
	
	
	
	
	

	Utilisation of sub-therapeutic dosages 
	
	
	
	
	
	

	Inappropriate duration of treatment
	
	
	
	
	
	

	Lack of approved medications (few products available)
	
	
	
	
	
	

	Use of antimicrobials in place of improving husbandry
	
	
	
	
	
	


14. Have you ever submitted samples for testing or tested resistance to antimicrobials in bacteria recovered from aquaculture, seafood or ornamental/pet fish?


□
Yes



□
No (Please proceed to Section 4. Do not complete the remaining 




questions in this section.)

15. To the best of your knowledge, please approximate how frequently antimicrobial resistance was observed for each antimicrobial drug class and aquatic species listed. 

Please use scale 1 to 5, choosing the one that best applies. Leave blank if you do not know or not tested. 

	Never observed


	Rarely observed
	Occasionally observed
	Frequently observed
	Almost always observed

	1
	2
	3
	4
	5


	
	Aquatic species

	Antimicrobial drug class
	Example: Fish Species
	Catfish
	Clams
	Crawfish
	Lobster
	Mussels
	Oysters
	Salmon
	Shrimps / prawns
	Tilapia
	Trout
	Ornamental or pet fish
	Other, please specify:

______________

	Aminoglycosides (e.g. gentamicin, streptomycin.)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Tetracyclines (e.g.  chlortetracycline,  oxytetracycline)
	5
	
	
	
	
	
	
	
	
	
	
	
	

	Macrolides (e.g. erythromycin, spiramycin)
	2
	
	
	
	
	
	
	
	
	
	
	
	

	Nitrofurans (e.g. furazolidone)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Penicillins (e.g. ampicillin, amoxicillin)
	4
	
	
	
	
	
	
	
	
	
	
	
	

	Phenicols (e.g. chloramphenicol, florphenicol, tiamphenicol)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Potentiated

Sulfonamides (eg. ormetoprim-sulphamethoxazole)
	3
	
	
	
	
	
	
	
	
	
	
	
	

	Quinolones (eg. ciprofloxacin,  enrofloxacin, norfloxacin, oxolinic acid, perfloxacin, flumequine, sarafloxacin)
	2
	
	
	
	
	
	
	
	
	
	
	
	

	Sulfonamides (e.g. sulfamerazine, sulfadimidine, sulfonamides)
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Other, please specify:

 _______________
	
	
	
	
	
	
	
	
	
	
	
	
	


16.  To the best of your knowledge, please approximate how frequently antimicrobial resistance was observed for each antimicrobial drug class and bacteria listed. 

Please use scale 1 to 5, choosing the one that best applies. Leave blank if you do not know or not tested.

	Never observed
	Rarely observed
	Occasionally observed
	Frequently observed
	Almost always observed

	1
	2
	3
	4
	5


	
	Bacterium Genus or Species

	Antimicrobial drug  class
	Example: Bacteria Species 
	Aeromonas spp.
	Edwardsiella spp.
	Escherichia coli
	Salmonella spp.
	Streptococcus spp.
	Vibrio spp.
	Other, please specify: 

______________



	Aminoglycosides (e.g. gentamicin, streptomycin.)
	
	
	
	
	
	
	
	

	Tetracyclines (e.g.  chlortetracycline,  oxytetracycline)
	1
	
	
	
	
	
	
	

	Macrolides (e.g. erythromycin, spiramycin)
	
	
	
	
	
	
	
	

	Nitrofurans (e.g. furazolidone)
	2
	
	
	
	
	
	
	

	Penicillins (e.g. ampicillin, amoxicillin)
	4
	
	
	
	
	
	
	

	Phenicols (e.g. chloramphenicol, florphenicol, tiamphenicol)
	1
	
	
	
	
	
	
	

	Potentiated

Sulfonamides (e.g. ormetoprim-sulphamethoxazole)
	2
	
	
	
	
	
	
	

	Quinolones (e.g. ciprofloxacin,  enrofloxacin, norfloxacin, oxolinic acid, perfloxacin, flumequine, sarafloxacin)
	1
	
	
	
	
	
	
	

	Sulfonamides (e.g. sulfamerazine, sulfadimidine, sulfonamides)
	1
	
	
	
	
	
	
	

	Other, please specify:

____________________
	
	
	
	
	
	
	
	


Please use this space for additional relevant comments pertaining to the previous questions if needed.

Section 4:
Antimicrobial resistance monitoring and surveillance. 

17. To the best of your knowledge, which of the following practices or measures for controlling  antimicrobial resistance are applied in aquaculture in your jurisdiction: 

Please check all that apply. 
___  
None

___  
Rotation of antibiotic class usage

___  
Ban the use of certain antimicrobial drugs 

   (please specify: __________________)

___  
Restricted use of certain antimicrobial drugs (e.g. authorization required) (please specify: __________________)

___ 
Adoption of general prudent use guidelines in aquaculture
___  
Depopulation of a fish farming site when antimicrobial resistant strains of animal health or public health significance are identified

___   Strict biosecurity measures to avoid pathogen strain introduction

___ 
Other (please specify: _______________________________________)

18. Are you aware of a jurisdiction-specific government or industry program for monitoring or surveillance of antimicrobial drug usage and /or antimicrobial resistance data in aquaculture?


□ 
Yes (Please specify in the space below the name of the program 



and the country of origin.  If possible, please also provide contact 



name and information. Thank-You!)




□ 
No


19. Please identify what you feel are important knowledge gaps in evaluating the risks of antimicrobial resistant aquatic bacteria on human health.

20. Are you aware of other professionals that would potentially be interested in completing this questionnaire and whose input would be valuable for the success of our project?  If so, please list the name and available contact information:

Name:

Organisation:

Address:

Phone:




Email:

Name:

Organisation:

Address:

Phone:




Email:

Name:

Organisation:

Address:

Phone:




Email:

If you have any additional comment, please use the space below.

Section 5:
Antimicrobial susceptibility testing - laboratory  information

21. Do you have expertise in microbiology?



□
Yes




□
No (Do not complete the remaining questions in this section. 
  


Please proceed to question 26.)

22. For antimicrobial susceptibility testing in your laboratory, what guidelines/criteria are used for interpretation of susceptibility and resistance of aquatic bacteria?

	Guidelines
	Reference document if known

	Example:

	(
	CLSI
	M31-A3 

	
	
	

	
	CLSI 

(Clinical and Laboratory Standards Institute)
	

	
	EUCAST (European Committee on Antimicrobial Susceptibility Testing)
	

	
	Breakpoints developed In-house (or locally)
	

	
	Other guidelines, please specify:
	


23. What temperature is routinely used in your laboratory to incubate bacterial isolates for susceptibility testing?



□
15oC



□
22oC


□
28oC


□
37oC



_____  Other
24. Do criteria for resistance interpretation vary among different bacterial genera?



□
All aquatic bacteria are evaluated with the same criteria 



□
Different genera of bacteria may be evaluated differently 


□
Don’t know
25.  Would it be possible to contact you for more specific information about the susceptibility methods or breakpoints used in your laboratory?


□
  Yes (If yes, fill in your contact information below.)


□
  No

Name:

Organisation:

Address:

Phone:




Email:

26. Thank you for your participation!  If you have any additional comments, please use the space below. 
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ONTARIO VETERINARY COLLEGE
Department of Population Medicine
Dear Colleague:

You may recall receiving a request for participation in a questionnaire on aquaculture led by researchers from the University of Guelph, University of Montreal and the Public Health Agency of Canada.

Although we realize that you have chosen not to participate, we are kindly asking you to complete the five questions below. These multiple choice questions ask for your demographic information as well as your reason(s) in choosing not to participate. 

To answer, please select ‘reply with history’, or equivalent, on your browser and mark X beside your choices. 

Please take a minute of your valuable time to answer these questions. We will attempt to contact you via telephone if you do not respond as your answers are essential in evaluating the integrity of our study. 

If you have reconsidered and would like to participate in our questionnaire, please contact Nataša below.

Thank you in advance for your participation!

Sincerely,

	Nataša Tuševljak
Graduate Student
University of Guelph
519-826-4185
natasa_tusevljak@phac-aspc.gc.ca

	Scott McEwen
Professor 
University of Guelph
519-824-4120 ext 54751
smcewen@uoguelph.ca



Questions:

1) I have declined to participate in the aquaculture survey because (Please choose one of the following.)
□ 
I don’t believe I can contribute as it is not relevant to my professional experience

□
I don’t have time

□ 
I don’t participate in surveys regardless of topic

□
Other (please specify):
2) My main area(s) of expertise is: (Please check all that apply)

□   Microbiology

□   Epidemiology 

□   Fish health / Clinical medicine

□   Food safety

□   Outbreak investigation

□   Molecular biology / Genetics

□   Other (please specify):
3) My primary activity(ies) is (are) in: (Please check all that apply)

□   Research (e.g. new test development)

□   Clinical or field work

□   Laboratory work (e.g. routine diagnostic testing)

□   Administrative tasks (e.g. management) 

□   Animal health surveillance

□   Public health surveillance

□   Other (please specify):
4) Please mark with an X beside the aquatic species with which you have experience. 


2
3
4
5

□ Catfish







□ Clams







□ Crawfish







□ Lobster







□ Mussels







□ Oysters







□ Salmon







□ Shrimps / prawns








□ Tilapia







□ Trout







□ Ornamental/pet fish (please specify):







□ Wild fish populations (please specify):







□ Other (please specify):









5) How many years of expertise have you accumulated with aquaculture and/or seafood and/or ornamental fish?

□
< 3 years

□
3 – 10  years

□
>10 years

□
I am not involved with aquaculture/seafood/ornamental fish

APPENDIX 4 –References for Case Reports, Case Series, Outbreak Reports, Bacterial Pathogens in Ornamental Fish, AMR in Ornamental Fish studies
Table 1 Case reports, case series, outbreak reports

	Type of Report
	Number of Studies (n)
	References

	Case reports
	41
	1-41

	Case-series
	16
	42-57

	Outbreak reports
	6
	58-63


Table 2 Mycobacterium marinum human illness reports

	Type of Report
	Number of Studies (n)
	References

	Case reports
	32
	7, 10-39, 41

	Case-series
	16
	42-57

	Studies reporting AMR in human isolates
	11
	10, 12, 22-24, 27, 32, 43, 47, 53

	Studies reporting death
	3
	22-24


Table 3 Other bacterial pathogens related to human illness reports

	Pathogen
	Number of Studies (n)
	References

	Mycobacterium szulgai
	4
	5-7, 55

	Aeromonas hydrophila
	1
	1

	Comomonas species
	1
	2

	Edwarsiella tarda
	1
	3

	Erysipelothrix rhusiopathiae
	1
	4

	Vibrio cholerae, 
	1
	9

	Salmonella paratyphi B var Java
	1
	8


Table 4 Bacterial detection and AMR studies in ornamental fish (n = 25 studies)

	Descriptor
	Number of Studies (n)
	References

	Studies reporting AMR of bacterial isolates
	19
	64-82

	Studies reporting multiple-drug resistance and plasmids/AMR genes
	5
	68, 72, 74, 79, 81

	Fish from domestic sources
	9
	70-72, 74, 76, 78-81

	Fish from imported sources
	7
	65, 66-68, 75, 83-84

	Fish from both domestic and imported sources
	1
	85

	Fish from unknown sources
	7
	64, 69, 73, 77, 82, 86,87

	Sampling of healthy fish
	7
	65, 66, 68, 69, 76, 82, 83

	Sampling of sick fish
	13
	64, 67, 69-71, 73-75, 78, 79, 85-87

	Sampling of both healthy and sick fish
	2
	72, 81

	Examination of fish transport or production water
	6
	68, 76, 77, 80, 82, 84

	Farm-level sample collection and testing
	6
	70, 74, 76, 79-81
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1: Definitions:


Aquaculture: The farming of marine and freshwater fish and animals for human consumption.


Seafood: Any fish and shellfish (including mollusks and crustaceans, excluding seaweed) that is served as food or is suitable for eating.


Ornamental Fish: Any small fish/shellfish that are kept in aquariums intended to be kept as pets and not for consumption.
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