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Background and Rationale 

Antimicrobial resistance spread is documented as a growing concern worldwide with increasing 

demands to regulate associated drivers. Traditionally, the environmental dissemination of 

antimicrobial resistance has been confined to occupational settings like hospitals, or in a linear 

fashion such as from farm to fork. Although the presence of antimicrobial resistant genes 

(ARGs) has been identified in bacteria and bioaerosols throughout the environment in various 

rural and urban settings, the environmental dissemination pathways are not yet fully understood 

(Song et al., 2021, Zhuang et al., 2021). This bioaerosol and dust knowledge gap is especially 

pertinent outside of the hospital or healthcare setting where extensive research has already 

been conducted (Gao et al., 2018b, Qian et al., 2017, Zemouri et al., 2017). Terrestrial and 

aquatic farming environments are generally closely related both in distance and in exposure 

pathway between reservoirs such as soil, crops and water and point sources of bioaerosols like 

composting plants, wastewater treatment and animal confinement buildings (Gao et al., 2018a, 

Gaviria-Figueroa et al., 2019, Ling et al., 2013, Pal et al., 2016, Yang et al., 2018). In order to 

support the exploration of factors contributing to bioaerosol and dust ARG abundance, diversity 

and transmission, a broad investigation of published research on ARG presence and 

dissemination within and between these settings is needed. Previous reviews do not include a 

conceptualization of bioaerosol and dust dissemination among multiple settings a round a 

particular node. A scoping review, therefore, will be conducted to identify the existing qualitative 

and quantitative data in this area, and to identify important gaps in current understanding of 

bioaerosol and dust bacterial and ARG dissemination in agricultural and wastewater treatment 

plant environments.  
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Review Question  

The objective of this scoping review is to identify the presence and dissemination of bacteria 

and antimicrobial resistance genes in bioaerosols and dust in the agricultural and wastewater 

treatment environment including associated reservoirs. Upon meeting the objective, the review 

will inform researchers and industry of potential sources of bioaerosol generation and proposed 

ARG 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 June 15th 2021, and was limited to scholarly journals 

and the English language. No reviews were discovered from OVID, Agricultural and 

Environmental Sciences Database and CAB Direct. Published reviews by others have 

investigated local microbiomes, emission factors or the prevention methods of bioaerosols in 

individual environmental settings (Lou et al., 2020, Singh et al., 2021) and do not conceptualize 

dissemination around our settings of interest. Thus, investigating the spread of bacteria and 

ARGs in bioaerosols and dust within the farm, aqua farm and wastewater treatment plant 

settings can help direct research for further quantification and control measures. 

Definitions 

An aerosol was defined as small water droplets or solid particles suspended in the air, while a 

bioaerosol was defined as aerosols containing viable or non-viable biological particles 

(bacteria, virus, fungal spores, fragments, and by-products) (Dungan 2010, Joung et al., 2016). 

The evaporation and suspension of fine water droplets containing microorganisms and the 

suspension of semi-solid particles containing microorganism in air was defined as 

aerosolization (Dungan 2010). Dust was defined as a fine solid particles ranging from 1-100 

µm in diameter, and it is important to note that dust can function as an umbrella term to include 

particulate matter. Particulate matter (PM) was defined as fine solid particles or liquid droplets 

that can be suspended in the air, typically ranging from 0.1µm to 10µm in diameter. Particulate 

matter therefore can also be considered as an aerosol particle, and such terminology will affect 

how extracted data from primary studies are characterized. For the purposes of this review, a 

node  was defined as a primary site of interest identified in the exposure pathway for the 

generation and dissemination of ARGs in bioaerosols, acting as an emission source. The nodes 

considered for this review are farms (both terrestrial and aquatic), facilities that store, use and 

treat manure and wastewater treatment plants. A site  was defined as a location within the 

system of interest contributing to the ARG and bioaerosol dissemination pathway, often 

associated with a node. A host was defined as a person or other living animal that affords 

subsistence or lodgment to an infectious agent under natural conditions (Porta et al., 2014). A 

reservoir was defined as any person, animal, arthropod, plant, medium (water, soil, air, dust) or 

substance, or combination of these in which an infectious agent normally lives and multiplies, on 

which it depends primarily for survival and where it reproduces itself in a way to be transmitted 

to a susceptible host (Porta et al., 2014). Dissemination was defined as the spread of microbial 

aerosols in the environment from any site or reservoir in the system of interest.  
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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).  

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 bioaerosols and dust. The context of interest is the presence bioaerosol 

and 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 the English Language 

2) Published in referred scholarly journals during or after the year 2000 

3) Investigate bioaerosol or dust environmental distribution  

4) Investigate bioaerosol or dust associated antimicrobial or antibiotic resistance  

5) Investigate the presence of bioaerosols and/or dust at the settings of interest; farms 

including fisheries, manure storage facilities, facilities that use manure and wastewater 

treatment plants.  

 

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 bioaerosols and ARGs, including 

MEDLINE (Ovid), CAB (CAB Direct) and Agricultural and Environmental Science Database 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 review process.  
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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 Medline associated database Ovid for 
bioaerosol and dust associated antimicrobial resistance dissemination in nodes of 
interest conducted on June 25th, 2021. Date restricted from the year 2000 to the current 
year including ahead of print, and the English language. 

# Search String Results 
1 (Bioaerosol* OR Bio-aerosol* OR droplet nuclei OR 

aerosol* OR droplet* OR total suspended 
particle*).ab,ti,kw. 

72,341 

2 (Dust* OR Particulate Matter OR Inhalable Dust OR 
Airborne dust OR Smog).ab,ti,kw. 

44,649 

3 (Transmission OR transmission route OR airborne 
transmission OR airborne OR airborne exposure OR 
exposure OR emission OR distribution OR dispersal OR 
plume OR generation OR air sampling OR atmospheric 
transport OR transport OR ventilation).ab,ti,kw. 

2,253,218 

4 (Antimicrobial resist* OR (antibiotic AND resistance) OR 
(antimicrobial AND resistance) OR antimicrobial 
resistance gene* OR antibiotic resist* OR antibiotic 
resistance gene* OR antibiotic resistant bacteria OR 
Resistome OR Drug resist* OR Multidrug 
resist*).ab,ti,kw. 

187,143 

5 (Manufacturing or Industrial Facilit* OR Fisher* OR 
Farm* OR Pen OR Barn OR Feed Mill OR Feed Lot OR 
Manure Pit OR Slurry OR Hatcher* OR Pasture OR 
Animal Feeding Operation* OR Confinement Building* 
OR animal confinement building* OR Confinement OR 
composting plant?).ab,ti,kw. 

205,577 

6 (WWTP* or Wastewater).ab,ti,kw. 54,314 

 (1 OR 2) AND 3 AND 4 AND (5 OR 6) 67 
 (1 OR 2) AND 4 AND (5 OR 6) 99 

 

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 and member of 

the bioaerosol project.  

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 
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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. 

1) Is the title/abstract in English? 

2) Was the study conducted within the last 20 years (2001-2021)? 

3) Does the title/abstract indicate a study focus on, or investigation of the environmental 

distribution of bioaerosols, dust or particulate matter? 

4) Does the title/abstract indicate a study focus on antimicrobial/antibiotic/multi-drug 

resistance?  

5) Does the title/abstract indicate a study focus at the settings (or associated settings) of 

farm, fish farm, or wastewater treatment plant (WWTP) nodes (excluding abattoir, 

rendering plants and hospitals)? 

 

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: 

1) Is the full text in English? 

2) Has this study been published through traditional means (i.e., not grey literature)? OR Is 

the study a primary research paper, review or meta-analysis?  

3) Did the study have a focus on, or investigate the environmental distribution of 

bioaerosols, dust or particulate matter? 

4) Did the study have a focus on antimicrobial/antibiotic/multi-drug resistance?  

5) Did the study have a focus at the settings (or associated settings) of farm, fish farm, or 

wastewater treatment plant (WWTP) nodes (excluding abattoir, rendering plants and 

hospitals)? 

 

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.  
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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 Mendeley software and exported into Covidence and 

Microsoft 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, bioaerosol or dust 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 bioaerosol and dust ARG 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 bioaerosol and dust mediated ARG 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.  

Limitations 
This scoping review declares limitations based on the inclusion and exclusion criteria, primarily 

the sole inclusion of studies in the English language, as well as the exclusion of grey literature. 

Bioaerosol emission pathways and interactions to settings related but excluded from this review 

include abattoirs and hospitals, which are known and expected to contribute to environmental 

ARG presence and transmission. A follow-up review capturing the results of this study with 

additional nodes of interest may generate a more comprehensive of environmental bioaerosol 

and dust ARG transmission.    

Conflict of Interest 
There is no conflict of interest declared for this study.  

Funding 
There is no external funding provided for this protocol.  
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Contributions 
Daniel Ofori-Darko is the MPH student for the scoping review protocol and the lead author. 

Daniel Ofori-Darko will: create the search string query, complete the literature search, compile 

the search results and import them into Covidence, perform both levels of screening, extract 

data from the approved references, analyze the results and create all presentation material. 

Daniel Ofori-Darko will prepare the protocol draft and the completed scoping review manuscript. 

All other contributing authors (Jane Parmley, Scott McEwen and Richard Reid-Smith) will 

provide input on the review methodology, information and result analysis. Scott McEwen will 

also serve as a co-reviewer for the screening process and Jane Parmley as a third reviewer to 

resolve conflicts. 

Search string phrases and strategies will be generated by Daniel Ofori-Darko with support from 

the contributing authors and with instruction from University of Guelph librarians.  

The authors would like to acknowledge Karen Nicholson for her consultation on the review 

search strategy through the University of Guelph library services.  

All participating authors will contribute to the completion of and approve the final manuscript.  
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