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Evolution and spread of antibiotic resistance: A
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Antibiotic-resistant bacteria already existed in the environment before antibiotics were used in nivarsity of Mnstsr

human icine.1 Besides p ing the of new resi: traits, the way and S elspnane
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extent we use antibiotics today in food production selects for existing resistant clones within o i
microbial i and p their ion. The spread of antibiotic resistance genes @ Visit Websilé
and the of idrug resi P major threats to public health.23 Fig. 1: Interaction between microbial communities from Contact Author

different environments affects the mobilome composition and
As antibiotics are not only used in human and veterinary medicine, but also in animal food production antibiotic resistance gene reservoir —_—
and agncu\ture,"'5 the environment plays an important role in the spread of antibiotic resistances,
because it provides a multitude of relevant niches (soil, water, plants, animals) for the spread of resistance. The evolution of antibiotic resistance and the s it
interplay of clinical and environmental bacteria is not yet well understood. In 2001, the European Council recommendation on the prudent use of antimicrobial i
Sharo Report

agents in human medicine supported the idea that the occurrence of antibiotic resistance in human pathogens correlates with their occurrence in animals and the n"uﬁn (o] +]

environment.® Against this background, the European Food Safety Authority (EFSA) has re-evaluated antibacterial products used as feed additives and their
impact on resistance development to antibiotics of human and veterinary importance.” In 2010, 63,200 tons of antibiotics were used in livestock and this number
is expected to increase to 105,600 tons in the year 2030.8 It is easy to understand this excessive use of antibiotics p the of antibi
resistant pathogenic as well as commensal bacteria.

This process is a major concern not only for animal, but also for human health, as some of these bacteria have zoonotic potential or serve at least as a reservoir
for resistance genes, which can be transferred to other bacteria including human pathogens. Based on a recent decision of the European Commission regarding
the monitoring of antimicrobial resistance in zoonotic and commensal agents in food-producing animals and meat, the detection of changes in antibiotic

resistance patterns in animal populations should help define future trends in the occurrence of antimicrobial resistance.®

So far, attempts to prevent or counteract the occurrence and spread of antibiotic resistance in food animals were mainly based on a reduction of antibiotic use in

food production. As a 1ce, the use of antibiotics as growth promoters has been banned in the European Union.'? However, this decision has several
unexpected consequences, such as an overall negative impact on animal health, animal morbidity and increased levels of certain pathogens in livestock, which

was considered to be associated with increased numbers of food-borne infections in the EU.'! The biggest problem associated with the ban of antibiotics as

growth promoters is the observed concomitant increase of therapeutic use of antimi in animal p Compared with the situation before

the ban, the total amount of antibiotics used in conventional livestock breeding increased in some countries.'! As the demand for animal products will constantly
rise due to the growing human population, this calls for further improved ing the and spread of antibiotic resistance traits in order to
develop gies to counteract antibi i

Microbial antibiotic resistance traits and individual mobile genetic elements (MGEs), on which resistance determinants are frequently located, have been

intensively studied regarding the spread of antimit ial drug resistance. However, the composition and dynamics of the global bacterial mobile gene pool in a
given niche (humans, animals) or the envi t, the so-called * i ', has not been comp! ly studied so far. The mobilome consists of MGEs,
including plasmids, bacteriophages, genomic islands (GEls), ir ive and conjl i lements (ICEs), integrons, and transposons. These MGEs can

frequently carry antibiotic resistance genes and serve as vectors for the lateral dissemination of antibiotic resistance determinants between microbes. Among
MGEs, plasmids, which can carry (multiple) resistance determinants, are among the most important vehicles for the spread of antibiotic resistance. In order to
better understand the constraints and driving forces of horizontal gene transfer (HGT), we have to determine the molecular basis of the bacterial host range of
resistance plasmids, the contribution of environmental conditions to the transfer efficiency of such plasmids and the impact that resistance plasmid carriage has
on the fitness and competitiveness of the recipient hosts.

The uptake and exchange of bacteria between the environment, animals and humans increases the diversity and dynamics of the mobilome. In the wake of
analyses, the p of antibiotic resi genes in the i iota as well as iti changes of the mi iota are more

and more in the research focus. Recent analyses indicate that resistance genes are widely distributed in the intestinal gut microbiota of healthy individuals.'2-14

Accordingly, the detailed analysis of the intestinal mobilome, not only in humans, but also in companion and food animals is critical for our understanding of the
spread of antibiotic resistance as well as for relevant preventive approaches. 417

Although we are slowly beginning to elucidate (i) the impact of antibiotics on the composition of the microbiota and environmental microbial communities and (i)
the relevance of certain compositional changes of the microbiota regarding its impact on human health, our of the resi: mobil in general, the
interplay between different mobilome components and different members of the intestinal microbiota or environmental microbial communities is still

limited. 15:16.18-20

Accordingly, in order to improve tracking of antibioti i food safety and p ive as well as therapeutic health measures, we have to strengthen more
holistic approaches including studies of the diversity, dynamics and evolution of antibiotic resistance genes and their vectors together with compositional
analyses of their reservoirs in the environment, food animals and the human population.
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