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Editorial on the Research Topic

Exposure, Risks, and Drivers of the Mobile Antimicrobial Resistance Genes in the

Environment—a Global Perspective

The life and work of Heather K. Allen
October 24, 1980 – March 7th, 2020

In 2010, Dr. Heather K. Allen published a foundational review paper on the emerging field
of environmental antibiotic resistance. “Call of the wild: antibiotic resistance genes in natural
environments” (Allen et al., 2010) introduced a conceptual framework for understanding and
assessing antibiotic resistance in water, soil, air, and wildlife, at a time when the focus of antibiotic
resistance work was primarily on human clinical settings. The paper provided a framework that
built on Dr. Allen’s Ph.D. work with Dr. Jo Handelsman, integrating microbial ecology with the
then-new metagenomic sequencing tools to probe antibiotic resistance in natural and agricultural
settings. The paper defined priority Research Topics that have guided a generation of researchers
in the field and has received over 1,900 citations to date. Dr. Allen’s “Call of the Wild” highlighted
the important role of naturally occurring antibiotic resistance; the diversity and role of antibiotic
resistance genes in bacterial communities from both naturally occurring and human-impacted
sites; and the need to better understand factors contributing to the spread of antibiotic resistant
bacteria and their genes in the environment. These are the topics covered by this current Frontiers
Research Topic “Exposure, Risks, and Drivers of the Mobile Antimicrobial Resistance Genes in the
Environment—a Global Perspective.”

After leaving the Handelsman laboratory, Dr. Allen took a position at the USDA-Agricultural
Research Service in Ames Iowa. While the focus of her antibiotic resistance research shifted to the
gut microbiome of swine, she remained a thought leader in the field of environmental antibiotic
resistance. During her short career she received numerous awards for her work on antibiotic
resistance, including the prestigious Arthur S. Flemming award for scientific achievements and
the Presidential Early Career Award for Scientists and Engineers.

Heather had a sharply analytical mind, visionary creativity, and a talent for writing that changed
the conversation around environmental antibiotic resistance. She leaves a lasting and positive
influence on the field, both through her innovative research, and through her gracious collegiality.

The potential sources and movement of antimicrobial resistant (AMR) bacteria and antibiotic
resistance determinants (ARD) through the soil and water can lead to a seemingly endless web of
interconnected public health consequences and the environment. While we, generally, are aware
of the many sources of AMR, we still don’t understand the environmental fate and ultimately the
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public health consequences of AMR bacteria. The goal of this
Research Topic is to present current research on the source of
AMR from both anthropogenic and animal sources, elaborate on
the potential movement through the environment, and present
new approaches to surveying for AMR and ARD.

ANIMAL AND HUMAN SOURCES OF AMR

The human and animal sources of AMR have long been tied to
spread to the environment. Long considered a major source for
environmental pollution, these respective sources are key control
points in the reduction of AMR in the environment. Animal
feeding operations and municipal wastewater treatment plants
are considered “ideal” milieu for promoting the proliferation
of AMR and selection and exchange of ARD. In the current
special section, we have gathered international contributions
from teams working on the presence of AMR in the environment,
with those focusing on farm and wastewater treatment plants.
While foodborne bacterial pathogens are typically investigated,
and rightly so, we have papers focused on commensal bacteria
as well. We have gathered papers covering the diversity of gene
cassettes in commensal E. coli at swine farms (Zhang et al.)
to whole genome sequencing of common foodborne pathogen
indicator species, such as vancomycin resistant Enterococcus
spp. (Foka et al.). Poultry production in Brazil is covered
by original research demonstrating extended spectrum beta
lactamase producing E. coli in samples through production and
the immediate food production environment (Gazal et al.). On
farm anaerobic treatment of manure and effects of wastewater
treatment plants on ARD and their surveillance were investigated
by Agga et al.; Majeed et al., respectively. Surveillance of ARD
and AMR bacteria utilizing metagenomics is a highly sought-
after topic, particularly while trying to understand the context of
baseline levels of these pollutants in the environment. Finally, we
have near retail meat products destined for human consumption
and potential for AMR exposure (Wang et al.), and review of
the current literature summarizing antibiotic resistance genes in
animal manure and potential fate following land application.

AMR IN WATER

One primary interface between the public and AMR bacteria is
in watersheds and surface freshwater. Manure and wastewater
treatment by products are often disposed of in pasture and row
crop fields which are buffered by surface water bodies. One
process that drives AMR bacteria and ARGs from manure is via
rain associated runoff. In the current special section, we have
an article covering the effect of long-term pasture management
on ARD in runoff (Yang et al.). We have also gathered
similar research in an urban watershed impacted by wastewater
treatment plant recharge (Mukherjee et al.). These two studies
focused on the targeting of ARD in the environment. A method
to control surface runoff is irrigation return flows, however
return flows are known to harbor high levels of contaminants and
bacteria. A study by Dungan and Bjorneberg investigated E. coli
and enterococcal AMR profiles in return flows.

NEW TOOLS FOR UNDERSTANDING

DISSEMINATION OF ANTIBIOTICS AND

ANTIBIOTIC RESISTANCE FROM THE

BROAD ENVIRONMENT TO CROPS

More advanced knowledge in chemistry, molecular
microbiology, metagenomics, and bioinformatics are needed
to understand the ecology of transmission of antibiotics and
ARGs from the environment to crops and potentially to human.
Matrices such as manures, biosolids, and wastewater are highly
significant sources of antibiotics and ARDs. In addition to
these, direct gene transfers between microbes present in the
waste material and the soil can also develop resistance owing
to the selective pressure applied by the presence of antibiotic
compounds in the waste material (Duan et al., 2017). The
occurrence of antibiotics in such systems may lead to genetic
changes in sensitive bacteria (Martinez, 2009). MGEs would
further enhance the dissemination and promotion of genetic
recombination of ARGs via horizontal gene transfer (HGT)
(Vikesland et al., 2017). In a minireview, Bartkova et al. outlined
the current technologies used to characterize microplastics based
ecosystems termed “plastisphere” and their AMR promoting
elements and highlighted emerging technologies that could
be useful for systems-level investigations of AMR in the
plastisphere. When analyzing these ecosystems scientists can
integrate metagenomics and metatranscriptomics with machine-
learning tools such as DeepARG or any other artificial intelligent
tools (AI) to find the existing and novel ARGs and MGEs for
future AMR work (Arango-Argoty et al., 2016; Cuadrat et al.,
2020).

In the broad environment, livestock manure application to
cropland for soil fertility presents a concern that ARG and
bacteria may proliferate and be transported in the environment
(Miller et al.). For instance, swine manure application to
agricultural soil can introduce diverse set of tet resistances genes
into low tet resistance agricultural soil. One of themajor concerns
after manure or wastewater application to agricultural soil is the
dissemination of chemicals of emerging concern (CEC) through
the food chain. This was observed when 11 fosfomycin-resistant
Citrobacter freundii strains from 270 samples were identified
from flowers and the retail environment (Cheng et al.). The
authors noted that these isolates were multidrug-resistant, and
most were simultaneously resistant to fosfomycin, cefotaxime,
ciprofloxacin, and amikacin, therefore potentially posing a public
health threat to workers. It is interesting to note that there is a
high prevalence of widespread acquired resistance genes among
bacteria such as Enterococcus strains exposed to anthropogenic
antibiotic pressure in the environment (Aun et al.). However,
they noted that E. faecium strains in their dataset were found
within the same host species or environmental origin, confirming
the previous findings that E. faecalis from the same ST can
be found in human as well as in other animal species, while
E. faecium strains tend to be host specific (Hammerum, 2012).
The biggest concern of AMR is their transferability from the
environment; one of the routes may be through fresh produce
that are eaten raw or with minimally processed. Due to high
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water demands especially in the southwestern part of the
United States, there is a high demand for new water reuse
programs, including treatedmunicipal wastewater usage. The use
of wastewater to grow leafy greens could pose potential health
risks due to the high probability of AMR in such wastewater
(Summerlin et al.). These authors suggested that successful
reuse of wastewater in agriculture will depend on appropriate
mitigation and management strategies to guarantee safe water
supply. In an integrated study to understand factors influencing
the occurrence, distribution, and fate of antibiotic resistance
genes in vegetable production systems,Wind et al., suggested that
pre-harvest and potentially post-harvest interventions may be
warranted to minimize risk of propagating antibiotic resistance
in the food chain. They demonstrated a holistic approach as the
best options to identifying key control points for the propagation
of ARGs in vegetable production systems, identifying potential
ARG-MGE combinations that could inform future surveillance.
They suggested that agroecosystems are a key reservoir of
antibiotic resistance and appropriate mitigation strategies are

needed to limit potential for ARGs to spread and negatively
influence human and animal health.

All told, this special section covers a wide swath
of research from AMR and ARD in wastes and
products derived from both human and animal
sources, and their potential movement through the
environment, ultimately culminating in potential public
health consequences.
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