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Background and Rationale 

The excessive use of antimicrobials generates an impact on ecosystems and promotes 
phenomena such as antimicrobial resistance (AMR), a major threat to global public health 
(Cabello et al., 2013; Millanao et al., 2018). Antibiotics are widely used to improve human and 
animal health, and agriculture. It is described that of the total antimicrobials used worldwide, 73% 
correspond to animal production, where they are considered a tool to obtain and maintain high 
yields (Van Boeckel et al., 2017). 

There are several studies and reviews about the presence of antimicrobial resistance in humans, 
plants, animals, and different non-biotic environments, such as rivers, sea, soils, wastewater 
treatment plants, bioaerosols, etc., around the world. However, to date there is no scoping reviews 
related to the study of antimicrobial resistance in Canadian environments. Therefore, a scoping 
review will be conducted, in order to identify and characterize the existence knowledge and gaps 
related to the use of antimicrobials and presence of antimicrobial resistance in water, soil, and 
bioaerosols in Canadian environments. Through the collection of this specific AMR occurrence 
data, a better understanding of the dynamics (factors and pathways) of antimicrobial resistance 
dissemination can be accomplished. 

Review Question 

The objective of this scoping review is to describe the occurrence of AMR, and the sources, 
pathways and risk factors involved in AMR dissemination in bioaerosols, water, and soil in 
Canada. Upon meeting the objective, the review will inform researchers and industry of potential 
sources of AMR spread and exposure pathways in the environment, opening the opportunity for 
further quantification and metagenomic profiling (Hu et al., 2018). 

A preliminary title and abstract search for scoping reviews covering the entire concept and context 
of this review was conducted on  December 6th, 2022, and was limited to scholarly journals  in 
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English and French languages. No reviews in Canada were found from PubMed, Scopus and 
Web of Science. 

 
Methodology 

 
This protocol was drafted with the Preferred Reporting Items for Systematic Reviews and Meta - 
Analyses Extension for Scoping Reviews (PRISMA-ScR) (Trisco et al., 2018) and the JBI Manual 
for Evidence Synthesis (Aromataris and Munn, 2020). We used as a base the protocol made by 
Daniel Ofori-Darko about AMR in bioaerosols. This protocol can be found at the following link: 
https://atrium.lib.uoguelph.ca/xmlui/handle/10214/25928 

This protocol will be submitted to and archived in the University of Guelph’s institutional 
repository called The Atrium for public access. Any changes to this protocol that occur during 
the review process will be noted on the final scoping review manuscript. 

 
Eligibility Criteria 

 
The overarching concept of interest for this scoping review is the dissemination of resistant 
bacteria and ARGs in water, air and soil. The context of interest is the presence bioaerosoland 
dust ARGs in the environment primarily at farms, aqua farms, facilities that use, store or treat 
manure and wastewater treatment plants. The source of information for this review includes 
primary research, reviews and meta-analyses if available. 

 
Inclusion Criteria: 

 
To be eligible for inclusion in this scoping review, studies must: 

1) Be available in English or French 
2) Published in referred scholarly journals 
3) Investigate water, soil, or airborne distribution 
4) Investigate water, soil, or airborne antimicrobial resistance or related antimicrobial use 
5) Investigate water, soil, or airborne antimicrobial resistance or related antimicrobial use in 

Canada. 
6) Primary research study 

 
Search Strategy 

 
A two-step search strategy will be conducted. The first step will be comprised of a preliminary 
search of three online databases with relevance to the topic of antimicrobial resistance, including 
PubMed, Scopus, and Web of Science to gather keyword components. The preliminary search 
will be followed up with a secondary search in the above databases based on extracted keywords 
and text from the titles and abstracts of the papers from the preliminary search. Thus, a formal 
search limited to keywords, abstracts and titles will be completed on these databases. 

It is also possible for an iterative search to be conducted if new keywords and text are extracted 
during the reviewprocess. 
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If it is relevant and required, it will be of interest to the reviewers to contact authors of primary 
sources for further information or details not publicly disclosed. 

Sample Search Summary Table 
Table 1. Results of literature search on PubMed for water, soil, and air associated 
antimicrobial resistance dissemination in nodes of interest conducted on January 2nd, 
2023. In bold: chosen search string. 

 
# Search String Results 
1 (Air or Dust* OR Bioaerosol* OR Bio-aerosol* OR 

Aerosol* OR Droplet* OR Water* OR Sewage OR Sludge 
OR Pond* OR Groundwater OR River* OR Sea OR Lake* 
OR Aqua* OR Wetland* or Wastewater OR Soil* OR 
Ground OR Sediment) 

2,504,930 

2 (Air or Dust* OR Smog OR Bioaerosol* OR Bio-aerosol* 
OR Aerosol* OR Droplet* OR Water* OR Sewage OR 
Sludge OR Manure OR Pond* OR Groundwater OR 
River* OR Sea OR Lake* OR Aqua* OR Wetland* or 
Wastewater OR Soil* OR Ground OR Sediment OR Sand 
OR Compost OR Biosolid*) 

2,525,324 

3 ("Antimicrobial resist*" OR "Antimicrobial susceptib*" OR 
"antibiotic resist*" OR "antibiotic suscept*" OR ARG OR 
Resistome OR "Drug resist*") 

443,579 

4 ("Antimicrobial resist*" OR "Antimicrobial susceptib*" OR 
"antibiotic resist*" OR "antibiotic suscept*" OR "resistance 
gene*" OR Resistome OR "Drug resist*" OR "Multidrug 
resist*" OR "antibiotic use" OR "antimicrobial use") 

464,626 

5 (Antibiotic* OR Antimicrobial OR "Antimicrobial resist*" 
OR "Antimicrobial susceptib*" OR "antibiotic resist*" OR 
"antibiotic suscept*" OR "resistance gene*" OR 
Resistome OR "Drug resist*" OR "Multidrug resist*" OR 
"antibiotic use" OR "antimicrobial use") 

2,387,490 

6 (Canad* OR Ontario OR Alberta OR "British Columbia" 
OR Manitoba OR "New Brunswick" OR "Newfoundland 
and Labrador" OR "Nova Scotia" OR "Prince Edward 
Island" OR Quebec OR Saskatchewan) 

1,217,384 

7 (Canad* OR "Northwest Territories" OR Nunavut OR 
Yukon OR Ontario OR Alberta OR "British Columbia" 
OR Manitoba OR "New Brunswick" OR "Newfoundland 
and Labrador" OR "Nova Scotia" OR "Prince Edward 
Island" OR Quebec OR Saskatchewan) 

1,217,948 

 2 AND 4 AND 7 1487 
 1 AND 3 AND 6 1327 
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Source of Evidence Selection 
 

Title, abstract, keyword and full-text screening will be completed independently by at least two 
reviewers based on the search string used and the criteria. In the event of disagreement, the 
resolution will be attained by consensus or by the input of a third-party reviewer. 

References obtained from the search string combinations will go through two levels of screening 
before considered for data extraction: 1) Title and abstract screening and 2) Full text screening. 
Reviewers will meet before the review process to ensure that the review approach is consistent 
among all reviewers. Reliability and disputes will be managed in Covidence and over Microsoft 
Excel. 

Level 1 
The title and abstract of references will undergo screening for relevance to the research topic 
with the following questions. The responses available to the following questions include “Yes”, 
“No”, and “Unclear”. If the answers to both questions are “Yes” or “Unclear” then it will go to level 
2 screening. A “No” at any stage in the screening will result in the exclusion of the paper. 

 
Select option “No” if: 

 
- The title/abstract is not in English/French 
- The title/abstract is not a primary research study 
- The title/abstract does not indicate a study focus on antimicrobial resistance, antibiotic 
resistance, multi-drug resistance, or related to that 
- The title/abstract indicates a laboratory-based study (field experiments can be included) 
- The title/abstract indicates a study made in a country other than Canada 

Select option “Yes” if: 

- The title/abstract indicates a study focused on Canada's environmental distribution (water, soil, 
air, or other environmental elements included in the search string) of antimicrobial resistance or 
associated antimicrobial use. 

 
Level 2 
The full text of references that pass level 1 screening will undergo level 2 screening questions.The 
responses available to the following questions include “Yes” or “No”. A reference will be denied if 
both reviewers respond “No” and included if both reviewers respond “Yes”. 
Disagreements between reviewers will be discussed for a consensus, and a third reviewer will  
resolve any conflicts if necessary. A “No” at any stage in the screening will result in the exclusion 
of the paper. The following questions will be used for level 2 screening: 

 
Select option “No” if: 

 
- The title/abstract is not in English/French 
- The title/abstract is not a primary research study 
- The title/abstract does not indicate a study focus on antimicrobial resistance, antibiotic 
resistance, multi-drug resistance, or related to that 
- The title/abstract indicates a laboratory-based study (field experiments can be included) 
- The title/abstract indicates a study made in a country other than Canada 
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Select option “Yes” if: 
 

- The title/abstract indicates a study focused on Canada's environmental distribution (water, soil, 
air, or other environmental elements included in the search string) of antimicrobial resistance or 
associated antimicrobial use. 

 

Data Extraction 
The data will be jointly charted by two reviewers to determine what variables and data need to 
be extracted. The data will be charted in an iterative process throughout the analysis and will 
follow Prisma-ScR guidelines. 

A data extraction table will be created to summarize the results, including authors, the year of 
publication, the country of study, aim, methodology, locations sampled / investigated, agent of 
interest, measure of association or measure or prevalence and key findings. 
The data charting process will be iterative as information pertinent to the review question may 
become apparent throughout the data extraction process and may not fit into our defined table 
categories. Such results will be added to the key findings column. 

Study outcomes will not be extracted as this scoping review does not intend to measure such. 

The quality of evidence will not be critically appraised as this is a scoping review. 

Data Items 
Search results will be uploaded into Zotero software and exported into Covidence andMicrosoft 
Excel where deduplication, screening and data extraction will occur. 

Analysis of Evidence 
The review will categorize and summarize the characteristics and key findings of studies in 
tables. Frequency counts for ARG types, sampling, location, and other key factors will be 
included. Quantitative results of ARG prevalence and diversity will be noted and qualitative 
exposure pathways will be noted. 

Result Strategy 
Numerous methods and presentation items will be generated to report the results of the review. 
As mentioned before, a data extraction table will be presented identifying key characteristics and 
results of included studies. 

A system map illustrating AMR distribution and presence in the environment around nodes of 
interest will be created. Figures and tables will be present throughout the review as appropriate. 

A standardized PRISMA flow chart will be included to illustrate the reference screening process 
of inclusion and exclusion criteria. 

Discussion 
This review will describe the trends of AMR presence and transmission in the environment at 
the nodes of interest. The results presented and discussed will center on qualitative 
observations from the articles included surrounding ARGs present, common environments and 
hypothesized transmission pathways. 
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Limitations 
This scoping review declares limitations based on the inclusion and exclusion criteria, primarily 
the sole inclusion of studies in the English and French languages, as well as the exclusion of grey 
literature and reviews. A follow-up review capturing the results of this study with additional nodes 
of interest may generate a more comprehensive of environmental ARG transmission. 
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(Daniel Ofori-Darko, Vanessa Nichols, Jane Parmley and Richard Reid-Smith) will provide input on 
the review methodology, information, and result analysis. Daniel Ofori-Darko and Vanessa Nichols 
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authors would like to acknowledge Melanie Cassidy for her consultation on the review search 
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