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ABSTRACT

Antimicrobial resistance is one of the major health prob-
lems we face in the 21st century. Nowadays we cannot under-
stand global health without the interdependence between the 
human, animal and environmental dimensions. It is therefore 
logical to adopt a “One Health” approach to address this prob-
lem. In this review we show why a collaboration of all sectors 
and all professions is necessary in order to achieve optimal 
health for people, animals, plants and our environment.
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Since ancient times, infectious diseases have been one of 
the greatest health problems faced by humankind. The discov-
ery of penicillin by Alexander Fleming in 1928 represented a 
worldwide revolution and one of the greatest achievements in 
medicine, since the use of antibiotics made it possible to deal 
with infectious diseases that had been fatal until then [1]. In the 
decades following the discovery of penicillin, numerous new 
molecules with antimicrobial activity were found, thus initiat-
ing the “golden age” of antibiotic discovery between the 1940s 
and 1960s. Antimicrobial agents were classified into different 
groups according to their mechanisms of action, e.g. molecules 
that target the cell wall (beta-lactam and glycopeptides), in-
hibitors of protein biosynthesis (aminoglycosides, tetracyclines, 
macrolides), inhibitors of DNA replication (quinolones) and fol-
ic acid metabolism inhibitors (sulfonamides and trimethoprim) 
[2]. From the earliest stages, antibiotics began to be used on a 
massive scale in both human and veterinary medicine, without 
full awareness of the implications that their indiscriminate use 
could entail. After the introduction of antibiotics, the develop-
ment of resistance to them was assumed to be unlikely, based 

on the theory that the frequency of mutations that generat-
ed resistant bacteria was insignificant. Unfortunately, this was 
not the case, and almost simultaneously with the discovery 
and use of new antibiotics, it was observed that bacteria could 
develop a wide variety of mechanisms that made themselves 
resistant to them [3]. Nowadays it is well known that bacte-
ria can develop resistance to antibiotics through mutation or 
acquisition of genetic material by conjugation, transformation 
and/or transduction, known as horizontal gene transfer (HGT) 
mechanisms. The rapid emergence and dissemination of these 
mechanisms of resistance to all antibiotics commonly used 
in the clinical setting, together with the scarce discovery or 
synthesis of new antibiotics by pharmaceutical companies in 
recent years, make antimicrobial resistance (AMR) one of the 
most serious threats to world health in the 21st century. Ac-
cording to The Review on Antimicrobial Resistance chaired by 
Jim O’Neill, approximately 700,000 people die each year glob-
ally as a result of antibiotic-resistant infections and AMR could 
kill 10 million people by 2050, surpassing other pathologies 
such as cancer [4]. For this reason, the World Health Organi-
zation (WHO) has recently reviewed the current pipeline and 
together with the Group of Eight (G8) declared this problem 
as a priority and are implementing action plans to address [5]. 
Wherever antimicrobials are used, reservoirs of AMR genes and 
drug-resistant pathogens emerge, including humans, compan-
ion and production animals, food and environment (Figure 1).

ANTIOTICS, ANIMALS AND THE FOOD CHAIN

It is widely known that antimicrobials can be used as 
growth promoters, e.g., given low doses to animals, giving rise 
to a 30-40% higher weight gain. This practice is however for-
bidden in January 2006 in Europe, and strictly controlled. In 
January 2017, the USA stopped using antimicrobials used in 
human medicine, as growth promoters. In some parts of the 
world, however, this is still a common practice. Further, a wide 
number of people in the society still believe, that antimicrobi-
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To illustrate AMR and One Health, over the last 15 years, 
16S rRNA methylases (as armA gene) that possess the capacity 
to completely nullify the efficacy of aminoglycosides in clin-
ical practice have been identified worldwide. Although the 
armA gene was initially isolated in a Klebsiella pneumoniae 
from a urinary tract infection of human origin [7], it was sub-
sequently identified in an Escherichia coli pig isolate [8]. The 
importance of coordinated surveillance of human and animal 
isolates was recognized immediately. Over the following years, 
the presence of ArmA methylase was reported in Salmonella 
enterica isolates from food [9], in K. pneumoniae isolates from 
companion animals [10] and in members of the Enterobacte-
riaceae family from aquatic environments (wastewater treat-
ment plants) [11]. A real concern is that most of these meth-
ylases are often part of mobile genetic elements (MGEs) such 
as plasmid-mediated transposons, increasing the possibility of 
horizontal transfer of these elements and their dissemination 
between bacterial species, genera and families, usually asso-
ciated with genes encoding resistance to other classes of an-
tibiotics. MGEs (such as phages and plasmids) play a key role 
in the development and dissemination of AMR. A recent study 
has shown that phages, viruses that are widespread in all en-
vironments and infect and replicate within bacteria, represent 
a novel high-efficiency transmission route of AMR genes [12]. 
Phages are capable to encapsidate and transfer AMR genes, 
and they do this in a highly efficient way when these genes 
are carried on small plasmids [12]. These elements, plasmids, 
are the most relevant MGEs in the evolution of bacterial re-
sistance to antibiotics in clinical settings. Plasmids are small 
circular DNA molecules that replicate independently of the 

als used in animals flow from the animals to the food chain. 
However, antibiotics and all medicines used in food-producing 
animals are associated with a withdrawal period. That means 
that when an animal is treated, depending on the drug, there 
is a period of time in which none of the animal’s food products 
can be used for human consumption [6]. This is, especially in 
developed countries, a strictly controlled process, that includes 
analysis of farms and food throughout the complete food 
chain in order to ensure that no residue levels of any antibiotic 
are exceeded. Thus, the use of antibiotics in food-producing 
animals is a necessity as animals eventually get ill. However, 
the routine use of antibiotics in animals needs to be controlled 
because antimicrobial resistant bacteria emerge and may 
eventually reach humans or accelerate the emergence of re-
sistance [3]. In the One health concept, all actors involved in 
or with antimicrobials could contribute to delay AMR. In the 
same line, in many countries worldwide antibiotics can be pur-
chased without prescription, being a major driver of the emer-
gence of antimicrobial resistance in the community. 

ANTIBIOTIC-RESISTANT PATHOGENS: A CRITICAL 
ONE HEALTH ISSUE

Among the drug-resistant pathogens, one of the main 
concerns nowadays is multidrug-resistant (MDR), extensively 
drug-resistant (XDR) or even pandrug-resistant (PDR) Entero-
bacteriaceae. Apart from Enterobacteriaceae, the WHO has 
identified bacteria critically important for their resistance and 
clinical relevance (Table 1). 

Figure 1  Diagram of the transmission routes of antimicrobial resistance between 
humans, animals and environment.
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it doesn’t stop there, following the identification of this new 
gene spread worldwide, bacteria in which mcr-1 coexists with 
genes that have the ability to hydrolyze penicillins, cephalo-
sporins, monobactams and carbapenems (carbapenemase 
genes) were reported [14]. This combination is of particular 
concern, as carbapenems are also last-resort antibiotics, and 
these bacteria could cause truly untreatable infections. In 
Spain, the Spanish Agency of Medicines and Medical Devices 
(AEMPS) has coordinated efforts from a One Health perspec-
tive involving professionals from different sectors (human, an-
imal and environmental health) to fight against AMR. In 2014, 
AEMPS implemented and approved the Spanish Action Plan on 
Antimicrobial Resistance (PRAN). Among other achievements, 
the REDUCE program successfully reduced the use of colistin 
in swine production by 98.88% (1015-2020) and 97% in poul-
try production (2015-1019) [15]. 

AMR AND AQUATIC ENVIRONMENTS

Finally, an important (and sometimes somewhat over-
looked) component of One Health concept is the environment. 
We know, that when antimicrobials are used clinically, most 
active molecules are secreted by the patient, human or animal, 
through urine or feces. These active molecules, together with 
the bacteria and mobile genetic elements flow then into the 
wastewater, mix, and eventually are shared between bacteria, 
including environmental bacteria. Thus, we can find antimicro-
bial resistant genes in clinically important bacteria when we 
analyze the hosts, but within environmental bacteria when we 
analyze wastewater and environmental reservoirs [11]. Identi-

bacterial chromosome and are transferred through a protein 
tunnel that directly connects to bacteria in a process known 
as conjugation. In a One Health context, plasmids bearing AMR 
genes can be thus selected in bacterial species adapted to a 
given environment, e.g., river, dog, hospital sink, and serve as a 
reservoir for genes that can be mobilized through the plasmids 
to pathogenic bacteria for humans. For this reason, it is not 
enough to try to isolate disease-causing bacteria in humans 
in other ecological niches to identify their reservoirs. We need 
genomic approaches to find mobile genetic platforms, often, 
but not only, plasmids, in different environments to assess 
their role in AMR in humans.

In 2015, a plasmid-mediated colistin resistance (mcr-
1) gene was reported for the first time in food animals, food 
and humans in China [13]. Why did this report have a big im-
pact? Because colistin is a crucial last-resort option. Colistin 
has been used, both in human and veterinary medicine, for 
more than 50 years. The drug was stopped for use in humans 
because of its side effects (nephrotoxicity and neurotoxicity). 
However, colistin has recently and increasingly been used to 
treat patients with infections caused by multidrug-resistant 
bacteria against which colistin remains effective, despite its 
side effects [13]. The use of colistin in veterinary medicine has 
been quite different, where colistin is widely used, especially 
for controlling diarrheal diseases in pig and poultry produc-
tion. In 2012, it was estimated that colistin consumption was 
on average more than 600 times higher in food animals than 
in humans in the European Union. Data from other parts of 
the world are scarcer, however, China was reported to be the 
largest user with an expected 12,000 tons in 2015 [13]. But 

Species Type of Antibiotic Resistance

Critical

Acinetobacter baumannii Carbapenem-resistant

Pseudomonas aeruginosa Carbapenem-resistant

Enterobacteriaceae Carbapenem-resistant, ESBL-producing

High

Enterococcus faecium Vancomycin-resistant

Staphylococcus aureus Methicillin-resistant, vancomycin-intermediate and resistant

Helicobacter pylori Clarithromycin-resistant

Campylobacter spp. Fluoroquinolone-resistant

Salmonellae Fluoroquinolone-resistant

Neisseria gonorrhoeae Cephalosporin-resistant, fluoroquinolone-resistant

Medium

Streptococcus pneumoniae Penicillin-non-susceptible

Haemophilus influenzae Ampicillin-resistant

Shigella spp. Fluoroquinolone-resistant

Table 1  WHO list of AMR priority pathogens for research 
and development of new antibiotics.
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fying and characterizing the sources of AMR emissions to the 
environment is crucial and, for this reason, a great emphasis 
has been placed in recent years on this issue. This situation is 
especially notorious in wastewater treatment plants (WWTPs) 
since they collect residual waters from diverse origins and 
populations where distinct anthropogenic activities occur and 
where processes often do not sufficiently neutralize antibiot-
ic resistant bacteria and genes. A recent work demonstrated 
that wastewater environments promoted the expansion of 
conserved E. coli sequence types (STs), bacteria that share a 
specific allelic profile, and resistance gene flow through high-
ly disseminated plasmids, leading to specific associations be-
tween plasmids and STs [11]. WWTPs allowed the exchange 
of a diverse genetic repertoire, and therefore, continued close 
monitoring of these hotspots is needed. 

AMR is an increasingly worrisome phenomenon. In this 
short review, we have shown how this problem involves sev-
eral actors. Regarding human health, AMR jeopardizes the use 
of so-called last-resort antibiotics (such as colistin and carbap-
enems). In recent years, action plans are being implemented 
involving and coordinating both sectors. We cannot fully un-
derstand the problem without considering the environment, 
which serves as the common link to global health. Therefore, 
efficient collaboration between all actors involved (humans, 
animals and environment) is crucial to combat this uncon-
trolled pandemic.
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