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Abstract: From an anthropocentric perspective, aquatic environments are important to maintain 
health and survival, however, as they are sometimes managed based on misconception, they are 
considered a convergent pathway for anthropogenic residues and sanitation. Thus, it is observed that 
these ecosystems have been threatened by chemical pollution due to xenobiotics, especially from a 
more contemporary approach, by the selective pressure associated with antimicrobials. There are several 
studies that report the enrichment of antimicrobial resistant bacteria and mobilizable antimicrobial 
resistance genes in aquatic and adjacent ecosystems. From the perspective of the emerging and 
reemerging number of diseases related to the interplay of human, animal, and environmental factors, a 
new conception arose to address these issues holistically, which is known as the One Health approach. 
Scientific and political discourse on this conception should lead to effective action plans for preventing 
and controlling the spread of infectious diseases in open environment, including those impacted by 
anthropogenic activities. Therefore, nowadays, discussions on antimicrobial resistance are becoming 
broader and are requiring a multi-disciplinary view to address health and environmental challenges, 
which includes aquatic environment management. Water may represent one of the most important 
ecosystems for the in antimicrobial resistance phenomenon that arises when a dynamic and singular 
microbial community may be influenced by several characteristics. As antimicrobial substances do 
not all degrade at the same time under the same treatment, strategies concerning their removal from 
the environment should consider their individualized chemical characteristics. 

Keywords: One Health; antimicrobial resistance genes; dissemination routes; aquatic environment; 
human activities.

Resumo: Em uma perspectiva antropocêntrica, os ambientes aquáticos são importantes para 
manutenção da saúde e da sobrevivência, entretanto, gerenciados muitas vezes de maneiras equivocadas, 
são considerados uma via convergente para os resíduos gerados por atividades humanas e saneamento. 
Desta forma, observa-se que esses ecossistemas têm sido ameaçados pela poluição química devido 
a xenobióticos, sobretudo em uma abordagem mais contemporânea, pela pressão seletiva associada 
aos antimicrobianos. Vários estudos têm reportado o enriquecimento de bactérias resistentes aos 
antimicrobianos e genes mobilizáveis relacionados a esse fenômeno em ambientes aquáticos e 
ecossistemas adjacentes. Do ponto de vista das doenças emergentes e reemergentes relacionadas à 
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One Health is related to the integrative view and 
management considering human health, animal 
health, and environment, as well as adoption of 
effective public policies to prevent and control 
diseases. The approach also includes the need of 
discussions aimed at solutions at the local, national, 
and global scale, which might include food safety, 
zoonosis, and antimicrobial-resistance control 
(Ogawa et al., 2019; Sanderson et al., 2019). From 
the One Health perspective, the antimicrobial 
resistance problem relates to human behavior, which 
includes, as a matter of fact, chemical pollution 
(xenobiotics) discharge in the open environments 
by different routes, with critical consequences 
considering for both human and animal health. 
In this regard, there is widespread expectation for 
the rise of comprehensive ecological studies to map 
the problem and lead to understanding of the main 
related impacts, since several pathogenic bacteria 
and their resistance genes have environmental 
origins (Rousham et al., 2018).

Antimicrobial resistance is a global public 
health problem. Since they were discovered, 
antibiotics have been used in human and veterinary 
medicine, in therapy, human prophylaxis, and 
in animal health as prophylaxis and growth 
promoters (Marti et al., 2014; Van Boeckel et al., 
2015; Gonzalez Ronquillo & Angeles Hernandez, 
2017). Thus, the selective pressure exerted by its 
constant and often inadequate use has resulted in 
the emergence of multi-resistant bacteria that no 
longer respond to traditional therapies. The World 
Health Organization considers drug resistance a 
global public health problem and concerns about 
their use are an essential part of global health. 
Data show that more than 700,000 people die 
from untreated infections due to antimicrobial 
chemotherapy failure each year around the world, 
and if this pattern stays uncontrolled, by 2050, 
infections related to drug-resistant bacteria are 

1. Introduction

An ecosystem is a set of different communities 
of higher organisms and microorganisms that 
interact with each other and with the environment, 
constituting a stable, balanced, and self-sustained 
system. The aquatic ecosystem plays one of the 
most important integrative roles, as it is an essential 
natural resource, either as a biochemical component 
reservoir or as an interconnection pathway between 
several other ecosystems and convergent to several 
species (Na et al., 2018).

From an anthropocentric perspective, the 
aquatic environment is important to maintain 
health and survival, for example, by providing food 
and allowing its productivity in both agricultural 
and industrial levels. However, anthropogenic waste 
and sanitation are important sources of pollution 
for aquatic ecosystems (Berglund, 2015). Thus, due 
to the excessive human activity and environmental 
degradation, aquatic ecosystems are being 
threatened, especially by chemical pollution due 
to the impacts of xenobiotic discharge (Berglund, 
2015; Na et al., 2018). The indiscriminate use of 
xenobiotics, such as antimicrobial drugs, biocides, 
and toxic metals resulted in the emergence of 
classical multi-drug resistant putative pathogens 
(Resende et al., 2012).

In this regard, the term One Health has 
gained space in scientific discussions dealing with 
epidemiological issues. The origins of the One Health 
approach are based on the mutual dependency of 
humans and animal and the recognition that they 
share, not only the same environment, but also 
many health threats such as infection diseases 
(Collignon & Mcewen, 2019). Since the late 1990s, 
numerous endemic and/or neglected zoonoses 
were transmitted between humans and animals. 
It has been estimated that at least 60% of human 
diseases and 60-75% of new emerging diseases are 
multi-host zoonoses (Webster et al., 2016). Thus, 

interação de fatores humanos, animais e ambientais, surgiu uma nova concepção para abordar, em uma 
visão holística, essas questões, conhecidas como abordagem de saúde única (One Health). Discussões 
científicas e políticas nessa concepção devem levar a planos de ação eficazes para prevenir e controlar 
a disseminação de doenças infecciosas em ambiente aberto, incluindo aquelas afetadas por atividades 
antropogênicas. Portanto, hoje em dia, as discussões sobre resistência antimicrobiana estão se tornando 
mais amplas e exigindo uma visão multidisciplinar para enfrentar os desafios de saúde e ambientais, 
que incluem a gestão do ambiente aquático. A água pode ser um dos ecossistemas mais importantes 
no fenômeno da resistência antimicrobiana que surge quando uma comunidade microbiana dinâmica 
e singular pode ser influenciada por várias características. Como as substâncias antimicrobianas não 
são degradadas, ao mesmo tempo sob um mesmo tratamento, as estratégias relativas à sua remoção 
do meio ambiente devem considerar suas características químicas individuais. 

Palavras-chave: One Health; genes de resistência a antimicrobianos; vias de disseminação; ambiente 
aquáticos; atividades humanas.
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estimated to seize around 10 million lives a year 
(O’Neill, 2014; Ogawa et al., 2019).

Considering that most antibiotics administered 
to humans and animals are excreted unchanged into 
the environment (sewage, hospital waste, livestock 
and aquaculture discharges, and agricultural 
run-off), concerns about the potential impact of 
antibiotic residues in the aquatic environment 
keep growing in recent years (Gros  et  al., 2012; 
Manyi-Loh  et  al., 2018). The phenomenon has 
reached ecological importance and goes beyond 
the risks associated with therapeutic failures in 
human health, due to the ease of mobilization and 
dissemination of genetic markers. In this context, 
human activities of agriculture and livestock are 
also relevant, as are their related microbiomes (soil 
and water) (Zhang et al., 2009; Marti et al., 2014; 
Colombo et al., 2017).

The aquatic environment is doubly associated 
with the spread of antimicrobial resistance, due to its 
role as a convergent ecosystem being a natural source 
of antimicrobial resistance genes (ARG), including 
those harbored by both commensal and pathogenic 
bacteria. Thus, the aquatic environment itself is 
a large recipient of antibiotic-resistant bacteria 
that come from different effluents and, not only 
accumulate in this environment, but also spread 
through different niches (Manaia  et  al., 2016). 
The intensification of anthropogenic activities has 
increased the prevalence of antibiotic-resistant 
bacteria and their ARG. According to the literature, 
it has been over a decade since it has been difficult 
to find a natural environment where antibiotics of 
medical relevance and human and animal clinical 
practice cannot be detected (Zhang et al., 2009). 
In this way, both water and sediment will play 
a fundamental role in the selection, evolution, 
and spread of bacteria and bacteria-harboring 
antimicrobial resistance genes.

In Brazil, the aquatic environment has been 
neglected in the action plans and regulations used 
to address antimicrobial resistance, although the 
phenomenon has already been discussed in scientific 
literature. Effluents from urban, hospital, and 
animal farm wastewater have been shown to harbor 
significant levels of antimicrobial resistant bacteria 
in aquatic ecosystems, which is related to the overuse 
and misuse of antimicrobial agents (Resende et al., 
2012; Magalhães et al., 2016; Conte et al., 2017). 
Adding to that, as a mitigation strategy to avoid 
environmental pollution with cattle manure and 
as a recycling strategy, its agricultural application as 
biofertilizer from medicated animals could lead to 

the terrestrial accumulation of antimicrobial residues 
and antimicrobial-resistant bacteria (Heuer et al., 
2011; Resende et al., 2014; Bastos et al., 2018).

2. Aquatic and Terrestrial Ecosystems: 
Interplay in Enrichment and 
Dissemination of Antibiotic Resistance 
Genes

Considering the widespread environmental 
distribution of antimicrobial resistance and its 
consequences for human and animal medicine, 
which is widely discussed, anthropogenic activities 
are particularly relevant. According to the literature, 
ecology of antimicrobial resistance is related to 
different environmental reservoirs, for which 
anthropogenic activities may play an important role 
as feeding source (Resende et al., 2014; Berglund, 
2015; Na  et  al., 2018). From this perspective, 
studies have shown that resistant bacteria strains 
isolated from humans, animals, and aquatic and 
terrestrial environments may harbor the same 
types of gene sequences and/or had identical 
plasmid-borne resistance genes, which might 
suggest that the environmental resistant-bacteria 
are potentially transmitted to humans (Ewers et al., 
2012; Schauss et al., 2015).

Depending on the antibiotic class, up to 80% 
of the antibiotics that are in widespread use in 
both human and animal medicine is released 
into the open environment in its active form, by 
excretion via bodily fluids and excrement, such as 
urine, sweat, and feces, but also by intentional or 
accidental environmental discharge. In this regard, 
there is a need for improved understanding of the 
impacts of human activities on antibiotic resistance 
development, a part of disease treatment that also 
includes pharmaceutical manufacturing waste, 
domestic and agricultural waste releases into the 
environment, and the influence of poor sanitation 
and unsafe water supplies.

There are emerging concerns that the so called 
anthropogenic impacts are changing environmental 
reservoirs of resistance genes, which may increase 
the selection of resistance genes into clinically 
relevant pathogens. For example, as wastewater 
treatment, drug manufacturing, and agricultural 
effluents release massive amounts of antibiotic 
residues, resistant bacteria may be selected, not 
only in open environment, but also in the digestive 
tracts of humans and animals as a biological 
consequence (D’Costa et al., 2006). Adding to that, 
exposure of bacteria to antibiotics or drug-resistant 
microorganisms in an open environment may 
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accelerate the evolution of resistance, increase 
the abundance and distribution of resistance 
genes within the resistome that is critical to the 
development of clinical resistance, and increase 
exchange of antibiotic resistance genes between 
bacteria (Finley et al., 2013).

That said, it is reasonable to identity different 
ways in which antimicrobials or xenobiotic 
usage may contribute to the selective pressure 
imposed towards selection of resistant-bacteria 
and/or enrichment of genetic determinants of 
drug resistance in different situations: (i) treatment 
of infectious diseases at both nosocomial and 
community levels; (ii) therapeutic or prophylactic 
use of antimicrobials and other chemical substances 
as food additives and agricultural defensives in 
activities related to animal husbandry, aquaculture, 
and plant production; and (iii) at the industrial 
level, often related to accidental and intentional 
release of antimicrobials and other xenobiotics in to 
the environment (Resende et al., 2012; Andersson 
& Hughes, 2014; Berglund, 2015). The soil and 
aquatic ecosystems are, in turn, important in this 
scenario, allowing the widespread selective pressure 
imposed. As a whole, this environmental network 
may contribute to the global movement of antibiotic 
resistance genes and determinants, and thus it is 
important to consider antibiotic resistance within 
the One Health concept, which might provide 
a global strategy for expanding interdisciplinary 
collaboration and communication (Finley  et  al., 
2013; Andersson & Hughes, 2014; Berglund, 2015; 
Karkman et al., 2019).

Currently, livestock activities are very important 
in Brazil, from both economical and socio-cultural 
perspectives, with approximately 222 million head 
of cattle and 40 thousand head of pigs, among other 
farmed species (Brasil, 2018). The current activity 
expansion has, as its main directives, a high animal 
density per farmed area, aiming to meet the internal 
and external needs of meat consumption, trade and 
profit along their derivative such as dairy industry. 
Thus, intensification of livestock production 
has been accompanied by higher risks of disease 
and disease transmission, with intensification 
of antimicrobial drugs and other antimicrobial 
substances use to increase profit. According to the 
literature, the average antimicrobial consumption 
in livestock per capita varies with species, and a 
range of 45 mg/kg was associated with cattle farms 
(Van Boeckel et al., 2015). The authors state, also, 
that back in 2010, Brazil was the third consumer 
of antimicrobial agents in food animal production, 

and an increase, nearly double in their consumption 
rate and up to seven times the projected population 
growth in Brazil, Russia, India, China, and South 
Africa, is estimated.

Overall, the use of antimicrobial agents in cattle 
farms is recommended to treat diseased animals. 
However, as a controversial issue, they are widely 
used, mainly in intensive systems, to treat animals 
that do not exhibit clinical signs of disease. Adding 
to that, administration of these compounds as 
prophylaxis or growth promoters may frequently 
occur in both therapeutic and sub-therapeutic levels 
offered along with water and food (Brown et al., 
2017; Manyi-Loh et al., 2018).

Even though most of the administered 
antimicrobial agents are typically metabolized 
directly by the animal or its gastrointestinal 
microbiome, active residues may be excreted in the 
feces or urine leading to soil and water pollution 
in open environment (McAllister & Topp, 2012; 
Sanderson  et  al., 2019). Lately, several studies 
are reporting increased isolation of obligatory 
or putative pathogenic bacteria in dairy cattle 
waste, including a diverse and altered microbiota 
profile enriched with potential human pathogens 
(Resende et al., 2014; Howard et al., 2017).

Anyway, the spread of microorganisms from 
intensive and extensive livestock operations is 
thought to be complex, and the arrival of these 
pathogens to adjacent water sources may happen 
through multiple pathways (McAllister & Topp, 
2012). The prevalence and levels of pathogens in 
the wastes are affected by several factors, such as 
animal race, diet, stress, age, or even grazing habits 
(Nicholson et al., 2005).

Microbial contamination of vegetables with 
manure or manure-contaminated water increases 
the chance of viable pathogens being consumed, 
especially in raw or low processed foods. Lack 
of sanitation and hygienic practices increase 
the chances of contamination. In this context, 
immunocompromised individuals are particularly 
susceptible to waterborne infections. In many 
cases, waterborne diseases that have been linked 
to cattle pathogens have been amplified as a result 
of person-to-person transmission (McAllister & 
Topp, 2012). In order to show the implications 
of agricultural use of manure-based fertilizers, 
researchers have recently studied soil samples in 
the past 87 years, from 1923 to 2010. Data from 
this study showed, in soil fertilized by manure, 
that levels of antimicrobial resistance genes 
(ARG) such as blaTEM, blaSHV, and blaOXA, which 
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are related to beta-lactams-resistance, increased 
in the mid-1970s. Interestingly, at the same 
time, there were the first reports of these genes 
in clinical isolates from hospitals. Therefore, it is 
suggested that the ARG detected in soils might 
reflect a broader expansion throughout human 
society (nosocomial and community), implying 
that clinical and agricultural antibiotics and 
antimicrobial-resistance development are mutually 
influential (Graham et al., 2016). Proper manure 
handling in livestock operations is thought to be just 
one of the critical control points required to avoid 
foodborne illness and spread of ARG (McAllister 
& Topp, 2012; Sanderson et al., 2019).

In the last 20 years, aquaculture in Brazil has 
been experiencing rapid expansion, and currently 
occupies a prominent position, contributing 
to job and income offers along the productive 
chain (Bueno et al., 2015). In Brazil, aquaculture 
regulation requires institutions that produce 
sectorial and social environmentally friendly 
standards, which lead to the implementation of 
policies and strategies that provide rational use of 
antimicrobials, protection against pollution, and 
recycling of water resources. However, aquaculture 
may result in important ecological impacts related 
to the destruction of natural habitats, deterioration 
of water quality, introduction of non-native 
species, and intensive use of chemical substances, 
such as antimicrobial agents and hormones in 
production systems (Cabello, 2006; Lima  et  al., 
2018). For technical reasons, these compounds 
are introduced directly into the water as food 
components. Due to the high population densities 
of the species cultivated in each fish pond or space, 
it is difficult to quantify individual dosages, and 
a large number of antimicrobial agents is added 
(Baquero et al., 2008; Heuer et al., 2009).

In general, concerning resource management 
issues, water used in fish ponds is generally returned 
to the open environment following the original 
stream. When enriched with antimicrobials or 
antimicrobial-resistant putative human and animal 
pathogens, aquaculture might have an impact on 
the different associated ecosystems (Sanderson et al., 
2019). Resistance genes are highly persistent and 
do not disappear or dissipate from aquaculture 
sites, even after several years without antimicrobial 
use (Tamminen et al., 2011; Resende et al., 2012). 
Although some scientific studies have already 
addressed these issues, there is still the need for more 
information on the impacts caused by fish farming 

systems, taking into account intrinsic and extrinsic 
characteristics of each farm.

3. Factors Influencing Pathogen 
Proliferation and the Spread of Resistance 
Genes

Since Alexander Fleming’s discovery of penicillin, 
several antimicrobial drugs were discovered and 
revolutionized worldwide healthcare, becoming 
one of the most important medical advances of 
the 20th century. As long as the key information to 
becoming drug-resistant has been with environmental 
bacteria (i.e., antimicrobial-resistance genetic 
determinants), the constant use and sometimes misuse 
of such medicines has lead the microbial evolution 
towards widespread resistance determinants, 
whose purpose is to allow bacterial strains to adapt 
to different selection pressures occurring in the 
environment (Mugnier et al., 2009).

Nowadays, antimicrobial resistance phenomena 
threaten many of the most important medical 
advances we have made. The understanding of 
various drivers of antibiotic resistance is the key to 
addressing the resistance problem, which includes 
their use in health care systems, environment, and 
agriculture and livestock. Additional important 
factors that are potent drivers of antibiotic resistance 
are sanitation settings, infection control standards, 
water hygiene systems, drug quality, diagnostics and 
therapeutics, and travel or migration quarantine 
(O’Neill, 2014; Aslam et al., 2018). The functional 
meta-genomic analysis of soil microbes has revealed 
an extensive diversity in genetic determinants 
associated with antibiotic resistance. In this 
scenario, there are the so-called genetic reservoirs, 
which are potential sites for genetic exchange and, 
hence, the spreading of potentially pathogenic 
bacteria due to high biological connectivity and 
the presence of specific selection (Baquero et  al., 
2008). Briefly, the emergence of resistance genes in 
the environment can happen in different ways, and 
in the aquatic environment, competition between 
different microorganisms for space and nutrients 
can be an important one. This happens when non-
pathogenic, antibiotic-susceptible bacteria begin 
to produce antimicrobial substances in order to 
eliminate other microorganisms. The benefits of 
antibiotics for microbial producers are not entirely 
clear, but the explanation is that the producers use 
them as ecological weapons to inhibit neighboring 
competitors. In this sense, as these bacteria produce 
antimicrobial substances, resistance mechanisms are 
developed in order to gain adaptive advantage in 
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the environment. Thus, susceptible non-pathogenic 
bacteria become resistant non-pathogenic bacteria, 
and these new resistance genes may occasionally 
be disseminated to other microbial groups, such as 
pathogenic bacteria to humans and other animals 
(Andersson & Hughes, 2017). This spread occurs 
mainly in an environment with selective pressure 
(presence of antimicrobials, biocides, and heavy 
metals, among other xenobiotics) and by horizontal 
transfer mechanisms (conjugation, transduction, 
transformation, and also gene transfer agents). 
In addition, resistance acquisition can also occur 
in this environment by mutation, and pathogenic 
bacteria become resistant and can easily be spread 
across different ecological spheres (Bengtsson-Palme 
& Larsson, 2015; Berglund, 2015).

An example is  Kluyvera ascorbata ,  an 
environmental bacterium that had on its chromosome 
the blaKLUA gene, which confers resistance to 
third-generation cephalosporins. In this particular 
case, due to the presence of a transposable genetic 
element (insertion sequence ISEcp1), it was possible 
to transpose the resistance gene from the Kluyvera to 
other bacteria species of concern, in either human 
or animal medicine (enterobacteria). This gene 
then becomes known as blaCTX-M in these bacteria 
(Andersson & Hughes, 2017). Clearly, the selective 
pressure imparted by the use of cephalosporins in 
humans and animals will increase the chance of 
the mobilization of blaCTX-M. In Brazil, the presence 
of this gene in isolates from commercial lettuce 
(Lopes et al., 2017) and in wild fish from Atlantic 
coast of South America was recently reported 
(Sellera  et  al., 2018). Developing countries with 
low levels of sanitation provide opportunities for the 
transfer between humans, animals, and the natural 
environment (Bevan et al., 2017).

As ARG may reach the aquatic environment 
through a variety of pathways, including 
anthropogenic activities; water bodies represent one 
of the most important ecosystems for antimicrobial 
resistance phenomenon. The aquatic environments 
have dynamic and distinct microbial composition 
patterns influenced by temporal and spatial 
unevenness in physicochemical and biotic factors, 
including environmental stresses and nutrient 
composition. As a consequence, antibiotic-resistant 
bacteria and their ARG may be directly influenced, 
altered, or amplified under selective pressures 
(Manyi-Loh et al., 2018).

While residues found in animal tissues may be 
directly related to the use of antimicrobials in the 
respective sector (cattle raising, pig farming, and 

poultry), these issues are more complicated with 
regards to aquaculture. Aquatic environments 
receive effluents from hospitals, animal farms, and 
agricultural field. Hence, antimicrobial-resistant 
bacteria are selected in other sectors, find their 
way into the aquatic environment, and may 
eventually reach aquaculture systems. Further 
ARG respect neither phylogenetic nor geographical 
borders, i.e. genetic markers selected in one 
sector may impact another. Gene transfer can be 
hindered or aided by ecological (e.g., resource 
availability, population density, and diversity) 
and environmental factors (e.g., heavy metal 
content, temperature, pH, moisture content, and 
predation). When favorable conditions for bacterial 
growth and interrelationships are available in an 
open environment, gene transfer may occur at 
higher frequencies. In turn, the accumulation of 
ARG in an environment cannot be controlled by 
simply reducing the input of antimicrobials to the 
environment, as, once settled, ARG are not likely 
to be completely eliminated as a result of removal of 
the antimicrobial agent source. Additionally, ARG 
can be selected through selective pressure for other 
environmental stressors, such as heavy metals and 
temperature (Bengtsson-Palme & Larsson, 2015; 
Na et al., 2018; Karkman et al., 2019).

In most developed countries, the use of 
antimicrobial agents in aquaculture and livestock is 
under regulatory oversight and should be done in 
consultation with a veterinarian (Sanderson et al., 
2019). In undeveloped or developing countries, 
such as Brazil, concerns with possible human 
health impacts and recommendations of 
international references counseling for rational use 
of antimicrobials in animals are advised. In this 
regard, the Brazilian Ministry of Agriculture and 
Livestock has restricted the authorization of 
several antimicrobials. Since 1998, several drug 
classes and/or antimicrobial substances have 
been banned in Brazil, such as cloranfenicol 
(IN nº 09, 27/06/2003), tetracyclines, penicillins, 
cephalosporins, quinolones, sulfonamides 
(IN nº 26, 9/07/2009), erythromycin, spiramycin 
(IN nº 14, 17/05/2012) and, more recently, 
colistin (IN nº 45, 22/11/2016). Apart from these 
governmental regulations, residues of antimicrobial 
drugs (β-lactams, tetracyclines, quinolones, and 
sulfonamides) were recently found in milk marketed 
in Southwestern Brazil (Schlemper & Sachet, 2017). 
In other countries, such as those that are low income 
and developing, including some African and Asian 
countries, persistent use of these antimicrobials 
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may be attributed to the inadequate governmental 
policies and absence of legal control over their use 
and sale.

The technical recommendation for the 
management of wastes potentially related to 
putative pathogenic and antimicrobial-resistant 
bacteria or ARG include stockpiling/composting 
or treatment in lagoon storages for later release 
or use in crops as fertilizer (McAllister & Topp, 
2012). However, it is possible to consider that 
none of these treatments in use in Brazil or other 
developing/undeveloped countries are able to 
eliminate the final residue to the point of being 
released directly into the watercourses. Besides, 
different released antimicrobials do not all degrade at 
the same time, under the same treatment. According 
to their chemical characteristics, they should exhibit 
different rates of removal by processes such as 
sorption, photo degradation, biodegradation, and 
oxidation (Resende et al., 2014).

Lately, from a wider view, the One Health 
approach has been expanding to aquaculture 
production, using methods that may minimize 
risks to both public and animal health and open 
environment. In this way, healthy animal production 
systems should converge with efforts to reduce the 
risk for disease outbreaks to improve food security 
and human health (Cavalli  et  al., 2015). As one 
of the major consequences, resistance in bacteria 
causing human disease may arise either directly, 
via enrichment of these bacteria in the aquaculture 
environment, or indirectly, via enrichment of the 
genes that encode such resistance; and which may 
be transferred to bacteria associated with human 
disease. Besides that, there are concerns related 
to the adverse health effects associated with the 
presence of antimicrobial residues in the food. It is 
consensual that hazards related to animal disease, 
contamination, recontamination, or persistency 
of biological threats during processing can be 
controlled by applying approaches such as “Good 
Manufacturing Practice”, “Good Hygiene Practice”, 
and “Hazard Analysis and Critical Control Point” 
(Huss et al., 2000).

4. Concluding Remarks

The increasing scientific information that 
is widely observed has contributed, not only to 
new technologies, which have been incorporated 
in anthropogenic activities, and animal and 
environmental management, but also several social 
transformations. The open environment, which 
includes the interplay and connectivity between 

urban and natural areas, when considering soil 
and water, plays an important and central role in 
this scenario at community, healthy systems, and 
industrial levels. As a side effect, several concerns 
addressing how these technologies and social 
transformations are dealing to issues such as human 
health, microbiological safety, economy, and the 
social structure as a whole have been documented.

Overall, spreading of ARG through water and 
surrounding ecosystems is widely observed and not 
only considering antimicrobial chemotherapy at 
community and health treatments levels. The food 
production chain, the lack of universally applied 
practices in antibiotic stewardship, and effective 
environmental legislations are also highly related 
to the ARG occurrence and persistence in open 
environment. Besides that, the release of the 
medicines into the aquatic environment through 
leaching from unconsumed feeds and intentional 
or unintentional release of effluent water from 
aquaculture facilities and presence of residues in 
fecal materials are some of the environmental issues. 
The impacts on the local ecosystem are, in general, 
poorly studied. The ecological concerns should 
include accumulation of residues in the sediments, 
impacts of drugs and chemicals on indigenous 
biota, and possible development of antimicrobial 
resistance in aquatic bacteria.

Along with ARG, the presence of antimicrobial-
resistant bacteria or putative pathogenic 
microorganisms may lead to sanitary and ecological 
risks for the One Health approach, as it concerns 
the 21st century. In the context of aquaculture, 
discussions are needed on occupational health 
seeking safe practices, in order to promote the 
health of the workers, the animals, and the shared 
work environment. Environmental regulations 
should address the sanitary and microbiological 
safety taking in account the interactions between 
our society (human behavior) and the environment 
regarding the persistence of putative pathogens and 
antimicrobial-resistant bacteria.
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