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Abstract

Background: Antimicrobial resistance is awidespread, alarming issuein global health and a significant contributor to human
death and illness, especialy in low and middle-income countries like Bangladesh. Despite extensive work conducted in
environmental settings, thereis a scarcity of knowledge about the presence of resistant organismsin the air.

Objective: The objective of this protocol isto quantify and characterize the airborne resistomes in Bangladesh, which will be
aguideto identify high-risk environments for multidrug-resistant pathogens with their spatiotemporal diversity.

Methods: Thisis across-sectional study with an environmental, systematic, and grid sampling strategy focused on collecting
air samples from different outdoor environments during the dry and wet seasons. The four environmental compartments are the
frequent human exposure sites in both urban and rural settings. urban residential areas (n=20), live bird markets (n=20), rural
households (n=20), and poultry farms (n=20). We obtained air samples from 80 locations in two seasons by using an active
microbial air sampler. From each location, five air samples were collected in different mediato yield the total bacterial count of
3rd generation cephal osporin (3GC) resistant Enterobacteriaceae, carbapenem-resistant Enterobacteriaceae, vancomycin-resistant
Enterococci and methicillin-resistant Saphylococcus aureus.

Results: The study started in January 2018, and the collection of air samples was completed in November 2018. We have
received 800 air samples from 80 study locationsin both dry and wet seasons. Currently, the laboratory analysisis ongoing, and
we expect to receive the preliminary results by October 2019. We will publish the complete result as soon aswe clean and analyze
the data and draft the manuscript.

Conclusions: The existence of resistant bacteria in the air like those producing extended-spectrum beta-lactamases,
carbapenem-resistant Enterobacteriaceae, vancomycin-resistant Enterococci, and methicillin-resistant Saphylococcus aureus
will justify our hypothesis that the outdoor environment (air) in Bangladesh acts as a reservoir for bacteria that carry genes
conferring resistance to antibiotics. To our knowledge, this is the first study to explore the presence of superbugs in the air in
commonly exposed areas in Bangladesh.
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Introduction

Antimicrobia resistance is considered a rapidly progressive
global public health issue with the potential of environmental
transmission to alarger extent. However, very littleinformation
is available on the transmission of antimicrobial resistance
through the air. Additionally, the capacity to carry and propagate
resistance of these resistomes is poorly studied worldwide.
There is a recognized need to examine the existence of such
bacteria that have the ability to confer resistance through
atmospheric air. Bangladesh is an important location to study
this pathway. This study can provide critical insight into
antimicrobial resistance transmission and help determinewhere
efforts could be implemented to reduce environmental
transmission.

Antimicrobial resistanceis awidespread and alarming issuein
global health, causing more than 700,000 deaths every year [1].
In Bangladesh, the insufficient and poor guidelines for the
disposal of antibiotic residues into the environment from
pharmaceuticals or clinical settings and the high population
density have made its environment favorable for the wide
dissemination of antimicrobial resistance. In addition to usein
human therapy, antibiotics are used extensively in animal
farming and eventually, alarge amount of antibiotics and their
residues are disseminated into the environment through both
air and water [2]. Again, environmental contamination with
human and animal-originated bacteria contributes significantly
to the mechanism of development of extensive antimicrobial
resistance [3]. This occurs when the unlimited genes contained
inthebacteriacirculating in air invade other pathogenic bacteria
through mobile genetic elements and may be transformed to
antibiotic resistance genes like integrons, transposons, and
plasmids[4,5].

Based on few studies conducted on the presence of antimicrobial
resistancein the environment, the spatial and seasonal diversity
of antibiotic resistant bacteria are well established [6-11], but
the diversity in air is not well studied. In case of detection of
airborne resistomes, most of the studies have been conducted
in clinical settings, pharmaceutical industries, animal farms,
laboratory settings, or highly polluted sites [12-27]. However,
there is a gap in the quantification of airborne resistomes in
both high-risk and low-risk areas like urban versus rural areas
and poultry/industry versus nonpoultry/residential areasin the
same study area as well as their transmission dynamics with
seasonal differences.

Additionally, several anthropogenic events also enhance the
ability of antibiotic resistance genes to be transferred
horizontally and pose a further risk for the environment to act
as areservoir for resistant bacteria [28,29]. Unfortunately, we
are not quite aware of the presence of resistant genesin the air
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or their capability of transmission to humans. This needs to be
explored, especialy the transmission potential of pathogenic
resistant bacteria [30]. Another less-exposed area of research
is the climatic and seasonal variability (eg, humidity, rainfall,
temperature) in the environmental transmission of antimicrobial
resistance. Therefore, the quantity of organisms and diversity
of antibiotic resistance genes will vary depending on the air in
different environments and seasons. The alarming situation is
the presence of the same genesin clinicaly ill patients, which
issupported by different studies[31-33]. A study [34] conducted
on the hospitd air environment yielded 25% multidrug-resi stant
organisms. This study will address not only the presence of
resistant organismsin the air, but also the clonal distribution of
those organisms based on seasonal variation. Therefore, we will
be able to identify the risky environments effectively.

Themain study objectiveisto detect the existence of resistomes
in the air samples from outdoor environments of Bangladesh,
which carry genes that confer resistance to antibiotics with
temporal and spatial diversity. We hypothesize that the outdoor
environment (air) in Bangladesh acts as areservoir for bacteria
carrying genesthat confer resistance to antibioticswith temporal
and spatial diversity. The specific objectives of the study are as
follows:

1. To determinethe prevalence of antibiotic-resistant bacteria
in the air samples of outdoor environments (both poultry
and residential) in Bangladesh that carry genes conferring
resistance to antibiotics.

2. To characterize antibiotic-resistant organisms using different
phenotypic and genotypic methods.

3. To explore the clona relationship between antimicrobial
resistant organismsisolated from high- and low-risk aress.

4. Toidentify thetemporal and spatial distribution of resistant
bacteriain outdoor environments of Bangladesh.

Methods

Overview

This is a cross-sectional pilot study designed to collect air
samplesfrom high-risk and low-risk environmentsin urban and
periurban settings of Bangladesh, mainly the Dhakametropolitan
area and Mirzapur Upazilla (subdistrict) of Tangail District.
Environmental systematic and grid sampling will be followed
according to approaches described by Keith [35]. Thisissuitable
for finding hotspots for target organisms/genes over a specific
period of time, as samples aretaken at regularly spaced intervals.
Data collection started in January 2018, and the laboratory
analysis is currently ongoing. The live bird markets and
commercia poultry farms are considered to be high-risk areas,
while the urban residential areas and the periurban households
are low-risk areas (Figure 1).
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Figure 1. Sampling strategy and framework.
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1. Prevalence of antibiotic resistant bacteria and antibiotic resistant gene(s) in air samples

2. Characterization of antibiotic resistant organisms/genes in air sample
3. Clonal relationship between resistant organisms isolated from high and low risk areas

4. Temporal and spatial distribution of antibiotic resistant gene(s) or bacteria

Geospatial Mapping

Mapping with GI S software (ArcGIS, Esri, Redlands, California)
will  plot concentrations of resistant genes and
antimicrobial -resistant bacteriain environmental compartments
(high- and low-risk areas) in each location using GPS
coordinates. Temporal variation will be observed by comparing
the magnitude of resistant bacteria and genesin the dry season
with those in the wet season.

Coallection of Air Samples From Study Sites

Air samplesfrom commercial poultry farms, live bird markets,
rural households, and urban residential areas will be collected.
All active sampling will be performed using the same Surface
Air System Sampler (SAS Super 180 Microbia Air Sampler,
Bioscience International, Rockville; Figure 2), with aflow rate
of 180 L/min. The following mediawill be used for collection
of samples: standard plate count (SPC) agar (Oxoid, Hampshire,
United Kingdom) for aerobic plate count, MacConkey agar (BD
Difco, Becton Dickinson, New Jersey) supplemented with

http://www.researchprotocols.org/2019/12/e14574/

cefotaxime (1 mg/L) and MacConkey agar supplemented with
meropenem (0.5 mg/L) to obtain gram-negative resistant
organisms, Mannitol Salt agar (MSA) (Oxoid) supplemented
with oxacillin (8 mg/L), and Slanetz and Bartley (SB) agar
(Oxoid) medium supplemented with vancomycin (6 mg/L) to
obtain gram-positive resistant organisms. During sampling, the
aspirating head will be removed from the air sampler. An
identified, closed, and prepared plate will be inserted, and the
plate lid will be removed. The aspirating head will be replaced
again to cover the plate. The required volume and air flow rate
will be adjusted, and the air sampler will be started.
Subsequently, the airflow will be directed into the agar surface
of the plate and at the end of a cycle, the aspirating head will
be removed. The plate will be closed with the lid and removed
from the air sampler. An identical method will be followed for
different types of agar plates in each location, athough the air
volumewill bedifferent (ie, 1000 L for MacConkey, MSA, and
SB agar and 100 L for SPC agar). After sampling, the plates
will be carried in a carrying case and transported to the
laboratory.
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Figure 2. Active microbia air sampler.
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Processing and Laboratory Analysis of Air Samples

Analysis of Antibiotic Resistance Genesin the Air
Metagenome

According to the manufacturers’ instruction and using QlAamp
DNA Mini Kit (QIAGEN, Germany), total DNA from the
culture sweepswill be extracted after counting colonieson SPC
agar plates. The colonies will then be incubated for 44 hours at
37°C. High-throughput sequencing will be performed using an
Ilumina Mi Seq sequencing system (I1lumina, San Diego, CA).
The downstream analysis quality will be ensured by removing
raw reads, with an average quality score below 20 or with length
less than 100 bp (101 bp in length) or having three or more
ambiguous nucleotides. The high-throughput sequencing will
be carried out by the “Index 101 PE” (paired-end sequencing;
101-bp reads and 8-bp index sequence) sequencing strategy.
There will be amost the same quantity of clean reads in this
manner for each sample. The processing of the call sequences
aswell as raw fluorescent images will be carried out through a
base-calling pipeline (Sequencing Control Software, [1lumina).
M etagenomic analyseswill be carried out with thefiltered clean
reads (almost 1.6 GB per sample) after removal of the raw reads
contaminated by an adapter (>15 bp overlap) or having three
or more “N” [36,37]. The antibiotic resistance genes in the
samples will be identified through alignment of the Illumina
sequencing reads via offline BLAST (Basic Loca
Alignment Search Tool) against a self-established database.
Similarity above 90% and alignments =25 amino acids are the
identification criteria of a read to be confirmed as an
antimicrobia resistance gene based on its best BLAST hit
(blastx) [36].

Culture of Samplesto I dentify Antibiotic-Resistant
Gram-Positive and Gram-Negative Organisms

All the culture plates (except SPC) exposed to air during air
sampling will be incubated at 37°C, with 44 hoursfor SB agar
and 18-24 hours for MacConkey agar and MSA. After
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incubation, each plate will be counted for both types of colonies
(typical and atypical). To achieve clean/pure cultures, 3-4
phenotypically different isolated colonies will be subcultured
from each plate on corresponding antibi otic-supplemented agar
media. Following incubation (mentioned earlier), culture sweeps
from each plate will be dissolved in tryptic soy broth cryovias
containing 30% glycerol. These will be preserved at —80°C for
future usage.

Antimicrobial Susceptibility Testing

By using different antibiotic discs, the agar diffusion test will
determine the antimicrobial susceptibility as per the Clinical
and Laboratory Standards Ingtitute (CL S| 2016) guidelines[38].
Third-generation cephal osporin-resistant isolateswill be tested
for extended spectrum beta-lactamase (ESBL) production by
performing combination disc tests. Vancomycin-resistant
Enterococci (VRE), carbapenem-resistant Enterobacteriaceae
(CRE), and methicillin-resistant Staphylococcus aureus (MRSA)
will be confirmed by reviewing the susceptibility test results.

Detection of Antibiotic Resistance Genes

Polymerase chain reaction for genes specific for each of the
resistance phenotypes (for ESBL: CTX-M, TEM, SHV; for
carbapenem: NDM; for VRE: vanA; for MRSA: mecA) will be
carried out according to the procedures described previously
[39-42].

Genetic Fingerprinting of | solates

Phenotypically sameisolates (with or without similar resistance
pattern) obtained from different locations or time periods will
befurther tested by pulsed-filed gel electrophoresisto determine
their clonal diversity and dispersion.

Test for Antibiotic Resistance Plasmid

Plasmid DNA extraction and analysis from resistant isolates
will be executed through the rapid akaline lysis method and
horizontal gel electrophoresisin 0.8% agarose gel's, respectively
[43]. The unknown plasmid size will be assumed by using
known standard plasmid marker following gel electrophoresis
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for which the plasmids Escherichia coli V517 (1.4, 1.8, 2.0,
2.6, 3.4, 3.7, 4.8 and 35.8 MDa), pDK9 (140 MDa), R1 (62
MDa), RP4 (36 MDa), and Sa (23 MDa) will be considered as
standards. Both filter mating and broth mating assays will be
performed for conjugation at 30°C for 18 hours. The donor will
be the resistant bacterial isolates when E. coli J53 (AziR, F-)
and E. coli MC1061 (SmR, F-, nonlactose fermenting) will be
recipients. MacConkey agar will be used for the selection of
both E. coli J53 and E. coli MC1061 transconjugants. However,
MacConkey agar will contain sodium azide (100 mg/L) and
cefotaxime (20 mg/L)/cefoxitin (16 mg/L) for E. coli J53 and
ampicillin (50 mg/L) for E. coli MC1061 transconjugants. The
antibiotic susceptibility test will be performed to confirm
transconjugant colonies. Using the akaline lysis method
described above, plasmid DNA will be extracted from
transconjugants [43].

Estimation of Sample Size

The primary objective of this study is to determine the
prevalence of antibiotic resistant organismswith resistance gene
characterization in air samples from different locations and
during different seasons. However, there are no basdline data
available about measuring antimicrobial resistance in air
samples. No prior assumptions were possible to show the
anticipated variation in different exposures or seasonal contexts,
although some prior knowledge has been utilized [29]. In this
exploratory study, we have estimated 5% probability and 95%
confidence, which requires a sample size of 59, as per the
formula for sample size calculation of pilot studies published
by Rik Crutzen et al [44]. Owing to the large number of study
settings, we have included 80 sampling units for each season,
which includes 20 live bird markets, 20 rura poultry farms, 20
periurban households, and 20 urban residential areas. The
sampling bias is expected to be reduced through this strategy
and will provide robust findings based on repeating the sampling
in wet and dry season conditions.

Outcome Variables
The outcome variables that will be assessed are as follows:

1 The prevalence of antibiotic-resistant organisms and
resistance genes (positive occurrence of resistant
bacteria/genes as a proportion of the number of samples)
from each environmental location

2. Thegeospatial distribution of antibiotic resistant organisms
and antibiotic resistance genesin study areas

3. The tempora prevalence of resistant bacteria and
concentration of resistant genes in dry and wet season to
assess seasonal variation in antimicrobial resistance

4. The identification of high-risk environments for air borne
pollution with antimicrobial resistance

Data Analysis Plan

In this study, we will determine the presence of resistant
organisms in air samples by total counting (colony-forming
units per liter) at different study sitesin Bangladesh. Significant
differences in carriage rates of antibiotic-resistant organisms
(and concentrations of resistant genes) in high- and low-risk
environmentswill be determined by Chi-square and independent
t tests. Hence, significant predictors will be identified. For
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identification of significant risk factors, logistic regression
analysis will be used. Repeated measures analyses will be
applied to examine whether there is significant seasonal
variation in the prevalence of antimicrobial resistant bacteria
and concentrations of antimicrobial resistance genes (paired t
test or repeated measures analysis of variance). Count regression
model s like Poisson, negative binomial, and zero inflated count
will be used, where appropriate, for antibiotic resistance count
data

Results

The Research Review Committee and Ethical Review
Committee of International Centre for Diarrhoea Disease
Research, Bangladesh, have approved this research protocol
(protocol number: PR-17048). A unique study identification
number was assigned to all air samples to ensure anonymity of
the study sites. The study started in January 2018, and the
collection of air samples was completed in November 2018.
We have received 800 air samples from 80 study locations in
both dry and wet seasons. Currently, the laboratory analysisis
ongoing, and we expect to receive the microbiological results
by October 2019. After completion of datacleaning and analysis,
the manuscript submission isanticipated to be submitted before
fal 2020. In addition to publication in a high-impact,
peer-reviewed journal and as per the dissemination plan, the
study results will be shared with the study participants, with
scientific communities, with relevant government authorities,
and in related conferences or workshops.

Discussion

Overview

The rise and spread of superbugs have become a key public
health and planetary health concern worldwide. Infections
caused by multidrug-resistant bacteria are linked to greater
mortality rates than antimicrobial-susceptible bacteria[45]. For
therapeutic purposes, medically important antimicrobials are
used extensively in agricultural and farming industries for
disease prevention (eg, prophylaxis and metaphylaxis),
treatments, and growth promotions. More than two-thirds of
antimicrobials are consumed in the livestock sector each year.
It is projected that by 2030, there may be a massive increase
(up to 67%) in global antimicrobial use in food-producing
animals, especially in Brazil, Russia, India, China, and South
Africa (BRICS) [46]. The antimicrobial resistance problem is
severe, not only in developed countries but aso in
nonindustrialized countries. Scarcity of antimicrobial usage
policiesand substandard hygiene situations are the precipitating
factors that drive antimicrobia resistance issue to be more
challenging [47].

The burden of the antimicrobial resistance rate depends on the
population of a country and its environment. Bangladesh is a
highly populated country; therefore, the rate of antimicrobial
resistance is extensve due to rapid spread of
antimicrobial-resistant organisms. Antimicrobial resistance
genesare conferring their resistance valueto awider community
including both animals and humans, through close interactions
with the environment and the wastes that are disposed in the
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environment, directly affecting the food chain [48]. Due to the
extensive use of antibiotics as therapeutic and prophylactic in
farming, bacterial resistance may be developed by either
chromosomal gene mutation or gene acquisition through
different mechanisms like transformation, transduction, or
conjugation [49]. Continuous accumulation of multiple
mutations have caused the genome to become resistant to
antibiotics. To screen the antimicrobial resistance genes, whole
genome sequencing is an important tool for understanding the
antimicrobial resistance mechanisms. Whole genome sequencing
helps evaluate the number of mutations and particular
mechanisms of the mutated gene that drive antimicrobial
resistance to develop new drugs (antibiotic) and diagnose the
disease state and treatment process [47]. Primary biological
aerosol particles such as bacteria, viruses, pollens, and mold
spores are important components of airborne parti cul ate matter
(PM), and abundant pathogenic bacteria have been identified
from PM25 and PM10 samples [50]. However, these
compounds from pollution and other sources are not prioritized
during analysis. Our study will also focus on the resistant
bacteria as an integral part of air pollution.

Intrinsic genetic determinants of resistance factors are harbored
by bacteria with macromolecules in the environment. Robust
evidence suggests that such macromolecules developing
“environmental resistomes’ are a source from which clinically
relevant bacteria acquire antibiotic resistance genes [51].
Poultry, the most common rural domestic species, isconsidered
amajor driver for selection of antimicrobial resistance fromthe
environment to human/animal dueto fecal shedding of resistant
bacteria. As poultry feces are used as fertilizers and household
members share sleeping spaces with poultry animals, antibiotic
use in poultry in the last 6 months has been reported by more
than 50% poultry owners [37]. Commercial poultry farm areas
harbor the antimicrobial-resistant isolatesin the air, and humans

Asaduzzaman et al

are easly exposed to these antimicrobial -resistant isolates during
inhalation of dust and particles. Consequently,
antimicrobial-resistant organisms can build up a strong biofilm
intheintestinal tract of humans. Through excretion of stool and
other body fluids, these can be spread in the environment. Urban
live bird markets are the largest site of bird daughtering, with
no proper waste management setting, and the huge amounts of
wastes are directly passed into environment through dust and
direct wash out [14].

The importance of environmental compartments as the
transmission hub of antimicrobial resistanceiswell established.
However, airborne resistomes and their transmission pathway
are poorly studied. Without containment of environmental
reservoirs, antimicrobial resistance prevention policy will fail
[52]. The occurrence of pathogenic resistant organisms and
resistance genes in atmospheric air of different locations will
guideresearchers and policy makersto adopt new strategiesfor
the containment of this alarming issue. However, further
large-scale studies need to be carried out to link the clinically
important organisms and airborne resistomes. To achieve this,
One Health surveillance needsto be carried out in humans (both
healthy and clinical patients), animals, and environments at the
national level.

Strengths and Limitations

Regarding the strengths, our study will focus on the air
resistomes, which is aless explored environmental dimension
of antimicrobial resistance transmission dynamics. To our
knowledge, this is the first study to explore the presence of
superbugsintheair in commonly exposed areasin Bangladesh.
The limitation exists in the small sample size and lack of
baseline datafrom the atmospheric environment of Bangladesh.
Therefore, the findings may not be generalizable for al areas
in the country.

Acknowledgments

This research protocol was funded by The Swedish International Development Cooperation Agency (SIDA; contribution no.
54100089). The International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) acknowledges with gratitude the
commitment of SIDA to its research efforts. The icddr,b is also grateful to the Governments of Bangladesh, Canada, Sweden,
and the UK for providing core/unrestricted support. MA issupported by National Institutes of Health Fogarty International Centre
Global Health Equity Scholars program (D43TW010540).

Authors Contributions

MA and MAI conceptualized the idea and developed the study protocol and field methods with study supervision; MA, MAI,
MIH, SRS, and NA formulated the laboratory protocols; MA, MAI, and MRI worked on the sample size estimation and analysis
plan; MIH and SRS are responsible for the sample processing and |aboratory experiments; MA wrote the original draft; and all
authors reviewed, edited, and contributed substantially to writing the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Peer-reviewer report from the International Centre for Diarrhoeal Disease Research, Bangladesh.
[PDF File (Adobe PDF File), 501 KB-Multimedia Appendix 1]

References

http://www.researchprotocols.org/2019/12/e14574/ JMIR Res Protoc 2019 | vol. 8 | iss. 12 | €14574 | p. 6

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v8i12e14574_app1.pdf&filename=15c26d4f93158633de04ba4c2a451d0f.pdf
https://jmir.org/api/download?alt_name=resprot_v8i12e14574_app1.pdf&filename=15c26d4f93158633de04ba4c2a451d0f.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Asaduzzaman et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

O'Nelll J. Review on Antimicrobial Resistance: Tackling drug-resistant infections globally. United Kingdom: UK Department
of Health; 2014 Dec 11. Antimicrobial Resistance: Tackling a Crisis for the Future Health and Wealth of Nations URL :
https.//amr-review.org/sites/defaul t/files/

AMR%20Revien%20Paper%20-%20Tackling%20a%620cri S s%620f or%20the%620heal th%20and%20wesl th%6200f%620nations 1.
pdf [accessed 2019-11-19]

Martinez JL. Environmental pollution by antibiotics and by antibiotic resistance determinants. Environ Pollut 2009
Nov;157(11):2893-2902. [doi: 10.1016/j.envpol.2009.05.051] [Medline: 19560847]

Baguero F, Martinez JL, Cantén R. Antibiotics and antibiotic resistance in water environments. Curr Opin Biotechnol 2008
Jun;19(3):260-265. [doi: 10.1016/j.cophi0.2008.05.006] [Medline: 18534838]

van Hoek AHAM, Mevius D, Guerra B, Mullany P, Roberts AP, Aarts HIM. Acquired antibiotic resistance genes: an
overview. Front Microbiol 2011;2:203 [FREE Full text] [doi: 10.3389/fmicb.2011.00203] [Medline: 22046172]
D'CostaVM, McGrann KM, Hughes DW, Wright GD. Sampling the antibiotic resistome. Science 2006 Jan
20;311(5759):374-377 [FREE Full text] [doi: 10.1126/science.1120800] [Medline: 16424339]

Kim S, Carlson K. Temporal and Spatial Trends in the Occurrence of Human and Veterinary Antibiotics in Aqueous and
River Sediment Matrices. Environ Sci Technol 2007 Jan;41(1):50-57. [doi: 10.1021/es060737+]

Yang J, Ying G, Zhao J, Tao R, Su H, Liu Y. Spatial and seasonal distribution of selected antibiotics in surface waters of
the Pearl Rivers, China. JEnviron Sci Health B 2011 Apr;46(3):272-280. [doi: 10.1080/03601234.2011.540540] [Medline:
21462055]

Ham Y, Kabori H, Kang J, Matsuzaki T, lino M, Nomura H. Distribution of antibiotic resistance in urban watershed in
Japan. Environ Pollut 2012 Mar;162:98-103. [doi: 10.1016/j.envpol.2011.11.002] [Medline: 22243853]

Knapp CW, LimaL, Olivares-Rieumont S, Bowen E, Werner D, Graham DW. Seasonal variations in antibiotic resistance
gene transport in the almendares river, havana, cuba. Front Microbiol 2012;3:396 [FREE Full text] [doi:
10.3389/fmich.2012.00396] [Medline: 23189074]

Gandolfi I, Bertolini V, Ambrosini R, Bestetti G, Franzetti A. Unravelling the bacterial diversity in the atmosphere. Appl
Microbiol Biotechnol 2013 Jun 21;97(11):4727-4736. [doi: 10.1007/s00253-013-4901-2] [Medline: 23604562]

Zhao S, Liu X, Cheng D, Liu G, Liang B, Cui B, et al. Temporal-spatial variation and partitioning prediction of antibiotics
in surface water and sediments from the intertidal zones of the Yellow River Delta, China. Sci Total Environ 2016 Nov
01;569-570:1350-1358. [doi: 10.1016/].scitotenv.2016.06.216] [Medline: 27387795]

LiuF, Xu X, Tu B, Wang C, Jiang X, Wang L, et a. Distribution Characteristics of Antibiotic Resistance Genesin PM of
a Concentrated Broiler Feeding Operation [in Chinese]. Huan Jing Ke Xue 2019 Feb 08;40(2):567-572. [doi:
10.13227/j.hjkx.201808017] [Medline: 30628318]

Li Y, Liao H, Yao H. Prevalence of Antibiotic Resistance Genesin Air-Conditioning Systemsin Hospitals, Farms, and
Residences. Int J Environ Res Public Health 2019 Feb 26;16(5):683 [FREE Full text] [doi: 10.3390/ijerph16050683]
[Medline: 30813565]

Zhang M, Zuo J, Yu X, Shi X, ChenL, Li Z. Quantification of multi-antibiotic resistant opportunistic pathogenic bacteria
in bioaerosols in and around a pharmaceutical wastewater treatment plant. J Environ Sci (China) 2018 Oct;72:53-63. [doi:
10.1016/j.jes.2017.12.011] [Medline: 30244751]

Shi X, Wang S. Antibiotic resistance in environment of animal farms[in Chinesg]. Sheng Wu Gong Cheng Xue Bao 2018
Aug 25;34(8):1234-1245 [FREE Full text] [doi: 10.13345/j.¢jb.180177] [Medline: 30152209]

Rosen K, Roesler U, Merle R, Friese A. Persistent and Transient Airborne MRSA Colonization of Pigletsin a Newly
Established Animal Model. Front Microbiol 2018 Jul 13;9:1542 [FREE Full text] [doi: 10.3389/fmich.2018.01542] [Medline:
30057576]

Matinyi S, Enoch M, Akia D, Byaruhanga V, Masereka E, Ekeu I, et al. Contamination of microbial pathogens and their
antimicrobial pattern in operating theatres of peri-urban eastern Uganda: a cross-sectional study. BMC Infect Dis 2018 Sep
10;18(1):460 [FREE Full text] [doi: 10.1186/s12879-018-3374-4] [Medline: 30200891]

JangM, Mu, Li N, Zhang Z, Han S. Carbapenem-resistant from Air and Patients of Intensive Care Units. Pol JMicrobiol
2018;67(3):333-338. [doi: 10.21307/pjm-2018-040] [Medline: 30451450]

Gao X, Shao M, Wang Q, Wang L, Fang W, Ouyang F, et a. Airborne microbial communitiesin the atmospheric environment
of urban hospitalsin China. JHazard Mater 2018 May 05;349:10-17. [doi: 10.1016/j.jhazmat.2018.01.043] [Medline:
2941474Q]

Bragoszewska E, Biedron I. Indoor Air Quality and Potential Health Risk Impacts of Exposure to Antibiotic Resistant
Bacteriain an Office Roomsin Southern Poland. Int J Environ Res Public Health 2018 Nov 21;15(11):2604 [ FREE Full
text] [doi: 10.3390/ijerph15112604] [Medline: 30469413]

Solomon FB, Wadilo F, TufaEG, Mitiku M. Extended spectrum and metal o beta-lactamase producing airborne Pseudomonas
aeruginosa and Acinetobacter baumanii in restricted settings of areferral hospital: aneglected condition. Antimicrob Resist
Infect Control 2017 Oct 23;6(1). [doi: 10.1186/s13756-017-0266-0]

Gao M, JaR, Qiu T, Han M, Wang X. Size-related bacterial diversity and tetracycline resistance gene abundance in the
air of concentrated poultry feeding operations. Environ Pollut 2017 Jan;220(Pt B):1342-1348. [doi:
10.1016/j.envpol.2016.10.101] [Medline: 27836477)

http://www.researchprotocols.org/2019/12/e14574/ JMIR Res Protoc 2019 | vol. 8 |iss. 12 | €14574 | p. 7

(page number not for citation purposes)


https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
http://dx.doi.org/10.1016/j.envpol.2009.05.051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19560847&dopt=Abstract
http://dx.doi.org/10.1016/j.copbio.2008.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18534838&dopt=Abstract
https://doi.org/10.3389/fmicb.2011.00203
http://dx.doi.org/10.3389/fmicb.2011.00203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22046172&dopt=Abstract
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=16424339
http://dx.doi.org/10.1126/science.1120800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16424339&dopt=Abstract
http://dx.doi.org/10.1021/es060737+
http://dx.doi.org/10.1080/03601234.2011.540540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21462055&dopt=Abstract
http://dx.doi.org/10.1016/j.envpol.2011.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22243853&dopt=Abstract
https://doi.org/10.3389/fmicb.2012.00396
http://dx.doi.org/10.3389/fmicb.2012.00396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23189074&dopt=Abstract
http://dx.doi.org/10.1007/s00253-013-4901-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23604562&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2016.06.216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27387795&dopt=Abstract
http://dx.doi.org/10.13227/j.hjkx.201808017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30628318&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph16050683
http://dx.doi.org/10.3390/ijerph16050683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30813565&dopt=Abstract
http://dx.doi.org/10.1016/j.jes.2017.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30244751&dopt=Abstract
https://doi.org/10.13345/j.cjb.180177
http://dx.doi.org/10.13345/j.cjb.180177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30152209&dopt=Abstract
https://doi.org/10.3389/fmicb.2018.01542
http://dx.doi.org/10.3389/fmicb.2018.01542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30057576&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3374-4
http://dx.doi.org/10.1186/s12879-018-3374-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30200891&dopt=Abstract
http://dx.doi.org/10.21307/pjm-2018-040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30451450&dopt=Abstract
http://dx.doi.org/10.1016/j.jhazmat.2018.01.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29414740&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph15112604
http://www.mdpi.com/resolver?pii=ijerph15112604
http://dx.doi.org/10.3390/ijerph15112604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30469413&dopt=Abstract
http://dx.doi.org/10.1186/s13756-017-0266-0
http://dx.doi.org/10.1016/j.envpol.2016.10.101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27836477&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Asaduzzaman et al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.
36.

37.

38.

39.

40.

41.

42.

Gao X, Shao M, Luo 'Y, Dong Y, Ouyang F, Dong W, et al. Airborne bacterial contaminationsin typical Chinese wet market
with live poultry trade. Sci Total Environ 2016 Dec 01;572:681-687. [doi: 10.1016/j.scitotenv.2016.06.208] [Medline:
27503629]

Blaak H, van Hoek AHAM, HamidjajaRA, van der Plaats RQJ, Kerkhof-de Heer L, de RodaHusman AM, et a. Distribution,
Numbers, and Diversity of ESBL-Producing E. coli in the Poultry Farm Environment. PLoS One 2015 Aug 13;10(8):e0135402
[EREE Full text] [doi: 10.1371/journal.pone.0135402] [Medline: 26270644]

LiuD, Chai T, XiaX, Gao Y, Ca Y, Li X, et a. Formation and transmission of Staphylococcus aureus (including MRSA)
aerosol s carrying antibiotic-resistant genesin a poultry farming environment. Sci Total Environ 2012 Jun 01;426:139-145.
[doi: 10.1016/j.scitotenv.2012.03.060] [Medline; 22542226]

Brooks J, McLaughlin M, Scheffler B, Miles D. Microbial and antibiotic resistant constituents associated with biological
aerosols and poultry litter within acommercial poultry house. Sci Total Environ 2010 Sep 15;408(20):4770-4777. [doi:
10.1016/j.scitotenv.2010.06.038] [Medline: 20655094]

Sapkota A, Ojo K, Roberts M, Schwab K. Antibiotic resistance genes in multidrug-resistant Enterococcus spp. and
Streptococcus spp. recovered from the indoor air of alarge-scale swine-feeding operation. Lett Appl Microbiol 2006
Nov;43(5):534-540 [FREE Full text] [doi: 10.1111/].1472-765X.2006.01996.x] [Medline: 17032228]

Gaze WH, Krone SM, Larsson DJ, Li X, Robinson JA, Simonet P, et al. Influence of humans on evolution and mobilization
of environmental antibiotic resistome. Emerg Infect Dis 2013 Jul;19(7) [EREE Full text] [doi: 10.3201/eid1907.120871]
[Medline: 23764294]

Pehrsson EC, Tsukayama P, Patel S, Mgjia-BautistaM, Sosa-Soto G, Navarrete KM, et al. Interconnected microbiomes
and resistomes in low-income human habitats. Nature 2016 May 12;533(7602):212-216 [FREE Full text] [doi:
10.1038/naturel7672] [Medline: 27172044]

Huijbers PMC, Blaak H, de Jong MCM, Graat EAM, Vandenbroucke-Grauls CMJE, de Roda Husman AM. Role of the
Environment in the Transmission of Antimicrobial Resistance to Humans: A Review. Environ Sci Technol 2015 Oct
20;49(20):11993-12004. [doi: 10.1021/acs.est.5b02566] [Medline: 26355462]

Forsberg KJ, Reyes A, Wang B, Selleck EM, Sommer MOA, Dantas G. The shared antibiotic resistome of soil bacteria
and human pathogens. Science 2012 Aug 31;337(6098):1107-1111 [FREE Full text] [doi: 10.1126/science.1220761]
[Medline: 22936781]

Humeniuk C, Arlet G, Gautier V, Grimont P, Labia R, Philippon A. Beta-lactamases of Kluyvera ascorbata, probable
progenitors of some plasmid-encoded CTX-M types. Antimicrob Agents Chemother 2002 Sep 01;46(9):3045-3049 [FREE
Full text] [doi: 10.1128/aac.46.9.3045-3049.2002] [Medline: 12183268]

Poirel L, Rodriguez-Martinez J, Mammeri H, Liard A, Nordmann P. Origin of Plasmid-Mediated Quinolone Resistance
Determinant QnrA. Antimicrobial Agents and Chemotherapy 2005 Jul 26;49(8):3523-3525. [doi:
10.1128/aac.49.8.3523-3525.2005]

Lemmen S, Hafner H, Zolldann D, Stanzdl S, Liitticken R. Distribution of multi-resistant Gram-negative versus Gram-positive
bacteriain the hospital inanimate environment. JHosp Infect 2004 Mar;56(3):191-197. [doi: 10.1016/j.jhin.2003.12.004]
[Medline: 15003666]

Keith L. Environmental Sampling and Analysis: A Practical Guide, 1st Edition. New York: Taylor & Francis Group; 1991.
Huang K, Tang J, Zhang X, Xu K, Ren H. A comprehensive insight into tetracycline resistant bacteria and antibiotic
resistance genesin activated sludge using next-generation sequencing. Int JMol Sci 2014 Jun 05;15(6):10083-10100 [FREE
Full text] [doi: 10.3390/ijms150610083] [Medline: 24905407]

Roess AA, Winch PJ, Akhter A, Afroz D, Ali NA, Shah R, Bangladesh Projahnmo Study Group. Household Animal and
Human Medicine Use and Animal Husbandry Practicesin Rural Bangladesh: Risk Factors for Emerging Zoonotic Disease
and Antibiotic Resistance. Zoonoses Public Health 2015 Nov 19;62(7):569-578 [FREE Full text] [doi: 10.1111/7ph.12186]
[Medline: 25787116]

Clinical and Laboratory Standards I nstitute. 2016. M 100S: Performance Standardsfor Antimicrobia Susceptibility Testing
URL: http://ljzx.cqrmhospital .com/upfiles/201601/20160112155335884.pdf [accessed 2019-11-19]

Talukdar PK, Rahman M, Rahman M, Nabi A, Islam Z, Hoque MM, et al. Antimicrobial resistance, virulence factors and
genetic diversity of Escherichia coli isolates from household water supply in Dhaka, Bangladesh. PLoS One 2013 Apr
3;8(4):€61090 [FREE Full text] [doi: 10.1371/journal.pone.0061090] [Medline: 23573295]

Isam MA, Talukdar PK, Hoque A, Hug M, Nabi A, Ahmed D, et a. Emergence of multidrug-resistant NDM-1-producing
Gram-negative bacteriain Bangladesh. Eur J Clin Microbiol Infect Dis 2012 Oct 17;31(10):2593-2600. [doi:
10.1007/s10096-012-1601-2] [Medline: 22422273]

Kim M, ChaM, Ryu J, Woo G. Characterization of Vancomycin-Resistant Enterococcus faecalis and Enterococcus faecium
Isolated from Fresh Produces and Human Fecal Samples. Foodborne Pathog Dis 2017 Apr;14(4):195-201. [doi:
10.1089/fpd.2016.2188] [Medline: 28346839]

SharmaNK, Rees CED, Dodd CER. Devel opment of asingle-reaction multiplex PCR toxin typing assay for Staphylococcus
aureus strains. Appl Environ Microbiol 2000 Apr 01;66(4):1347-1353 [FREE Full text] [doi:
10.1128/aem.66.4.1347-1353.2000] [Medline: 10742210]

http://www.researchprotocols.org/2019/12/e14574/ JMIR Res Protoc 2019 | vol. 8 | iss. 12 | €14574 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.scitotenv.2016.06.208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27503629&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0135402
http://dx.doi.org/10.1371/journal.pone.0135402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26270644&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2012.03.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22542226&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2010.06.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20655094&dopt=Abstract
https://doi.org/10.1111/j.1472-765X.2006.01996.x
http://dx.doi.org/10.1111/j.1472-765X.2006.01996.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17032228&dopt=Abstract
https://dx.doi.org/10.3201/eid1907.120871
http://dx.doi.org/10.3201/eid1907.120871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23764294&dopt=Abstract
http://europepmc.org/abstract/MED/27172044
http://dx.doi.org/10.1038/nature17672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27172044&dopt=Abstract
http://dx.doi.org/10.1021/acs.est.5b02566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26355462&dopt=Abstract
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=22936781
http://dx.doi.org/10.1126/science.1220761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936781&dopt=Abstract
http://aac.asm.org/cgi/pmidlookup?view=long&pmid=12183268
http://aac.asm.org/cgi/pmidlookup?view=long&pmid=12183268
http://dx.doi.org/10.1128/aac.46.9.3045-3049.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12183268&dopt=Abstract
http://dx.doi.org/10.1128/aac.49.8.3523-3525.2005
http://dx.doi.org/10.1016/j.jhin.2003.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15003666&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijms150610083
http://www.mdpi.com/resolver?pii=ijms150610083
http://dx.doi.org/10.3390/ijms150610083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24905407&dopt=Abstract
http://europepmc.org/abstract/MED/25787116
http://dx.doi.org/10.1111/zph.12186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25787116&dopt=Abstract
http://ljzx.cqrmhospital.com/upfiles/201601/20160112155335884.pdf
http://dx.plos.org/10.1371/journal.pone.0061090
http://dx.doi.org/10.1371/journal.pone.0061090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23573295&dopt=Abstract
http://dx.doi.org/10.1007/s10096-012-1601-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22422273&dopt=Abstract
http://dx.doi.org/10.1089/fpd.2016.2188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28346839&dopt=Abstract
http://aem.asm.org/cgi/pmidlookup?view=long&pmid=10742210
http://dx.doi.org/10.1128/aem.66.4.1347-1353.2000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10742210&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Asaduzzaman et al

43. Kado Cl, Liu ST. Rapid procedure for detection and isolation of large and small plasmids. JBacteriol 1981
Mar;145(3):1365-1373 [FREE Full text] [Medline: 7009583]

44, Viechtbauer W, SmitsL, Kotz D, Budé L, Spigt M, Serroyen J, et al. A simple formulafor the calculation of sample size
in pilot studies. J Clin Epidemiol 2015 Nov;68(11):1375-1379. [doi: 10.1016/].jclinepi.2015.04.014] [Medline: 26146089]

45. AraosR, Tai AK, Snyder GM, Blaser MJ, D'Agata EMC. Predominance of Lactobacillus spp. Among Patients Who Do
Not Acquire Multidrug-Resistant Organisms. Clin Infect Dis 2016 Oct 01;63(7):937-943 [FREE Full text] [doi:
10.1093/cid/ciw426] [Medline: 27358350]

46. Brower CH, Mandal S, Hayer S, Sran M, Zehra A, Patel S, et al. The Prevalence of Extended-Spectrum
Beta-L actamase-Producing Multidrug-Resistant Escherichia Coli in Poultry Chickens and Variation According to Farming
Practicesin Punjab, India. Environ Health Perspect 2017 Jul 24;125(7):077015. [doi: 10.1289/ehp292]

47. Abdelgader SA, Shi D, Chen M, Zhang L, Hejair HMA, Muhammad U, et al. Antibiotics Resistance Genes Screening and
Comparative Genomics Analysis of Commensal Isolated from Poultry Farms between China and Sudan. Biomed Res Int
2018 Aug 26;2018:5327450-5327459 [FREE Full text] [doi: 10.1155/2018/5327450] [Medline: 30225258]

48. Holvoet K, Sampersl, Callens B, Dewulf J, Uyttendaele M. M oderate Prevalence of Antimicrobia Resistancein Escherichia
coli Isolates from Lettuce, Irrigation Water, and Soil. Appl Environ Microbiol 2013 Aug 23;79(21):6677-6683. [doi:
10.1128/aem.01995-13]

49. daCostaP LoureiroL, Matos A. Transfer of multidrug-resistant bacteria between intermingled ecological niches: the
interface between humans, animals and the environment. Int JEnviron Res Public Health 2013 Jan 14;10(1):278-294 [FREE
Full text] [doi: 10.3390/ijerph10010278] [Medline; 23343983]

50. LiuH, Zhang X, ZhangH, Yao X, Zhou M, Wang J, et al. Effect of air pollution on the total bacteriaand pathogenic bacteria
in different sizes of particulate matter. Environ Pollut 2018 Feb;233:483-493. [doi: 10.1016/j.envpol.2017.10.070] [Medline:
29101891]

51. MunitaJM, Arias CA. Mechanisms of Antibiotic Resistance. Microbiol Spectr 2016 Apr;4(2) [FREE Full text] [doi:
10.1128/microbiolspec.V MBF-0016-2015] [Medline: 27227291]

52. Asaduzzaman M. Antimicrobial resistance: an urgent need for a planetary and ecosystem approach. Lancet Planet Health
2018 Mar;2(3):€99-e100 [FREE Full text] [doi: 10.1016/S2542-5196(18)30019-6] [Medline: 29615230]

Abbreviations

BLAST: Basic Local Alignment Search Tool

CRE: Carbapenem-resistant Enterobacteriaceae
CLSI: Clinical and Laboratory Standards Institute
ESBL: Extended-Spectrum Beta-L actamase
MRSA: Methicillin-resistant Staphylococcus aureus
VRE: Vancomycin-resistant Enterococci

Edited by G Eysenbach; submitted 02.05.19; peer-reviewed by E Boriani, L Sheets; comments to author 09.08.19; revised version
received 28.09.19; accepted 22.10.19; published 19.12.19

Please cite as:

Asaduzzaman M, Hossain MI, Saha SR, Islam MR, Ahmed N, Islam MA

Quantification of Airborne Resistant Organisms With Temporal and Spatial Diversity in Bangladesh: Protocol for a Cross-Sectional
Sudy

JMIR Res Protoc 2019;8(12):e14574

URL: http://www.researchprotocols.org/2019/12/e14574/

doi: 10.2196/14574

PMID: 31855188

©Muhammad Asaduzzaman, Muhammed Igbal Hossain, Sumita Rani Saha, Md Rayhanul Islam, Niyaz Ahmed, Mohammad
Aminul Islam. Originally published in IMIR Research Protocols (http://www.researchprotocols.org), 19.12.2019. This is an
open-access  article  distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Research Protocols, is properly cited. The complete bibliographicinformation,
alink to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2019/12/e14574/ JMIR Res Protoc 2019 | vol. 8 | iss. 12 | €14574 | p. 9
(page number not for citation purposes)


http://jb.asm.org/cgi/pmidlookup?view=long&pmid=7009583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7009583&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2015.04.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26146089&dopt=Abstract
http://europepmc.org/abstract/MED/27358350
http://dx.doi.org/10.1093/cid/ciw426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27358350&dopt=Abstract
http://dx.doi.org/10.1289/ehp292
https://dx.doi.org/10.1155/2018/5327450
http://dx.doi.org/10.1155/2018/5327450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30225258&dopt=Abstract
http://dx.doi.org/10.1128/aem.01995-13
http://www.mdpi.com/resolver?pii=ijerph10010278
http://www.mdpi.com/resolver?pii=ijerph10010278
http://dx.doi.org/10.3390/ijerph10010278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23343983&dopt=Abstract
http://dx.doi.org/10.1016/j.envpol.2017.10.070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29101891&dopt=Abstract
http://europepmc.org/abstract/MED/27227291
http://dx.doi.org/10.1128/microbiolspec.VMBF-0016-2015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227291&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(18)30019-6
http://dx.doi.org/10.1016/S2542-5196(18)30019-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29615230&dopt=Abstract
http://www.researchprotocols.org/2019/12/e14574/
http://dx.doi.org/10.2196/14574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31855188&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

