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Antimicrobial Resistance

Introduction
Antimicrobial Resistance (AMR) is a grow-
ing concern globally and a significant threat 
to public health. It has been demonstrated to 
be on a steady rise and new mechanisms of 
resistance are emerging every day, exhausting 
the antibiotic options currently available.

AMR has both health and economic im-
plications. The UK Review on AMR has 
estimated that the costs of AMR will be 
staggering – by 2050 the annual death toll 
of AMR will surpass cancer, and the lost 
global production will equal the equivalent 
of the United Kingdom’s gross domestic 
product (GDP) or 100 trillion USD [1].

Increasing evidence that the overuse and 
misuse of antibiotics in food animal produc-
tion is contributing to this rise in resistance 
has also emerged. In November 2015, re-
searchers in China discovered mcr-1, a gene 
conferring plasmid mediated resistance to 
colistin in pigs, which since has been found 
in humans as well.

The root cause of rising resistance has many 
facets and involves a multitude of stake-
holders from different sectors, however 
today, an overwhelming proportion of the 
worldwide consumption of antibiotics is 
for animal use. This puts the veterinary and 
agricultural sector use at the essence of the 
fight against AMR. In May of 2015, the 
World Health Assembly adopted the Glob-

al Action Plan on Antimicrobial Resistance, 
which articulated five main objectives. Ob-
jective four more notably focuses on opti-
mizing the use of antibiotics in both human 
and animal health [2]. At this stage of the 
action plan implementation, it is critical for 
all stakeholders to engage and commit to 
combat the rampant AMR threat.

The Intersection of 
Antimicrobial Resistance and 
the “One Health” Concept

Infectious pathogens, whether by endemic 
or epidemic trends, continue to produce sig-
nificant morbidity and mortality across com-
munities. The World Health Organization 
(WHO) reported that infectious diseases rep-
resented 12 million deaths (23%) in 2000 and 
9.5 million deaths (17%) in 2012, of all causes 
of global mortality in humans [3]. These esti-
mates may be underreported, however, since 
they do not account for pathogens that cause 
chronic diseases (e.g., rheumatic heart dis-
ease caused by Streptococcus) or other disease 
complications (e.g., hepatocellular carcinoma 
caused by chronic hepatitis B or C infec-
tion)  [4]. As global mortality trends due to 
infectious diseases have declined over the past 
decade, public health leaders should quickly 
identify economic, environmental, political 
and social challenges encountered in disease 
control and form multi-sectoral collabora-
tions to continue this downhill disease trend.

Since the 1990s, globalization has facilitated 
the spread of infectious diseases, especially 
through increased travel for humans, expand-
ed geographic boundaries for commerce and 
trade for animal products and other goods, 
and anthropogenic changes to the physi-
cal environment such as deforestation or air 
and water pollution [5]. These new environ-
ments have facilitated the emergence and re-
emergence of infectious diseases which add 
to the global health burden. These “emerg-
ing diseases” are novel pathogens or existing 
pathogens that have increased in number or 
expanded in geographic distribution within 
the environment [6]. Zoonotic infections, or 
those pathogens transmitted from animals 
to humans, are estimated to represent up to 
75% of these emerging diseases [7]. Zoonot-
ic disease transmission may include contact 
with domestic or wild animals or exposure 
to animal products, vectors or contaminated 
environments.

In order to strengthen the global control and 
prevention of emerging diseases, the “One 
Health” approach should be implemented 
into public health practice. Recognized since 
the 1800s, yet more recently coined the term, 
the “One Health” concept links human health, 
animal health and the environment. Six pri-
mary factors have been described to drive the 
spread of these emerging diseases: 1) human 
population growth and mobility (e.g., chol-
era, influenza A virus); 2) food production 
through agriculture and livestock farming 
(e.g., Escherichia coli, Salmonella enterica); 
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3)  wildlife trade by legal or illegal means 
(e.g., influenza virus); 4) environmental fac-
tors such as land use changes and manmade 
influences on loss of biodiversity (e.g., malar-
ia, leishmaniasis); 5) technological advance-
ments such as improved disease detection or 
unintentional or intentional release of labo-
ratory agents (e.g., anthrax, brucellosis); and 
8)  poor leadership and infrastructure across 
public and private sectors (cholera, tubercu-
losis) [8; 9]. Among these factors, the com-
mon element lies in the potential of increased 
proximity to domestic or wild animals. First, 
companion animals, primarily dogs and cats, 
may enhance the human-animal emotional 
bond, but remain a threat for various zoonot-
ic disease transmission, such as bartonellosis, 
giardiasis and toxoplasmosis [10]. Second, 
animal husbandry or caring for and manag-
ing livestock represents a significant source 
of food security and economic sustainability 
for livestock owners and families. Thus, public 
health programs can effectively prepare and 
educate their local communities about health 
hazards if they understand this interplay be-
tween zoonotic disease transmission and un-
derlying cultural, economic and environmen-
tal influences related to animal contact.

AMR has been reported in emerging infec-
tious diseases, emphasizing this intimate 
connection to the “One Health” concept 
and human, animal and environmental 
health [11]. More specifically, three specific 
challenges should be addressed. First, food-
borne zoonoses are increasing in incidence 
and becoming more resistant to antibiot-
ics [12]. Thus, food safety education and 
proper hygiene when handling domestic or 
livestock animals can inform communities 
about the health risks of food-borne zoo-
noses. Second, specific driving factors that 
influence the spread of emerging diseases 
in target communities should be identi-
fied [13]. Public health practitioners can 
then be prepared to act promptly and ap-
propriately to reduce disease transmission 
or propagation to new geographic areas. 
Third, low- and middle-income countries 
may not have elaborate surveillance systems 

to monitor food production or veterinary 
health risks due to inadequate leadership, 
political or economic conflict, or natural di-
sasters [14; 15]. Since complex epidemiol-
ogy describes pathogen transmission in the 
human-animal interface, which challenges 
the formal assessment of AMR [16], estab-
lishing the infrastructure of the surveillance 
system should be a priority for the health 
sector. As such, by using the “One Health” 
approach, public health leaders can collabo-
rate across disciplines to reduce zoonotic 
transmission and AMR, thereby improving 
disease control and prevention strategies.

Antibiotics for non-
Therapeutic Use
When discussing AMR, another essential 
point to mention would be Antibiotics for 
non-therapeutic use, which is a practice pe-
culiar to the animal sector.

Non therapeutic indications for antibiotic 
use in animal agriculture and aquaculture 
involve administering antimicrobial drugs 
to healthy animals for prophylaxis or growth 
production. Hypothesized mechanisms in-
clude a more rapid growth of animals while 
preventing disease. Studies have linked an-
tibiotic induced changes to changes in me-
tabolism, adiposity and higher fat mass [17]. 
In some countries gross weight of antibiot-
ics used in animals is higher than the gross 
weight used in humans and the classes of 
antibiotics used are mostly the same  [18].

There are several pathways for transmission 
of antibiotic resistant bacteria from food 
animal production to humans. These might 
include transmission of resistant pathogens 
from food animals to producers and proces-
sors, through contaminated food or animal 
products, environmental releases from pro-
duction facilities, poor control of waste man-
agement and non-domesticated animals [19].

Clinical studies have confirmed that the use of 
antibiotics in agricultural settings contributes 

to the development and spread of resistant 
bacteria. In 1940, antibiotic use to increase 
the amount of meat produced in animals was 
found to be effective. This constituted the first 
step into widely using antibiotics as growth 
promoters, despite some early studies like 
Levy et al. [20] showing an increase in antibi-
otic resistance. This study tested a long course 
of low-dose tetracycline in chickens; this led 
to single drug resistance which rapidly devel-
oped into multidrug resistance that spread 
beyond individual animals exposed and into 
humans. A more recent study performed by 
Price et al. [21] found evidence that Methi-
cillin-resistant Staphylococcus aureus (MRSA) 
acquired tetracycline and methicillin resis-
tance in livestock. This has been confirmed 
by another study [22] which found MRSA in 
meat and poultry in the United States.

Many governments have taken actions into 
this matter. One of the first countries to ad-
dress this issue was Denmark. By 1995 they 
banned avoparcin, one of many antibiotics 
used for growth promotion; this was the be-
ginning of a series of regulations which lead 
to the European Union (EU) in 1998 banning 
feeding of antibiotics to animals that are valu-
able to human health. Less than 10 years later 
the EU banned all antibiotics and related drugs 
to livestock for growth promotion purposes.

Denmark also created DANMAP in 1995, 
their own system for monitoring antibiotic 
resistance in farm animals with the objective 
of following the outcomes of banning anti-
biotic drugs for growth promotion which 
through VETSTAT, a monitoring system 
which task was to gather and process records 
of drug use in animal herds. They also creat-
ed the Yellow Card scheme which decreased 
the total consumption of antibiotics in pigs 
by implementing a monitoring system with 
penalties and regular visits to producers.

When measuring its effect, antimicrobial 
agent usage dropped and AMR for growth 
promotion also decreased. These actions did 
not have a negative effect in Danish swine 
and poultry production.
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Despite their efforts, the use of antibiotics 
for therapeutic indications in animals and an 
increase in meat imports makes resistance a 
continuing problem [23]. In 2003 a scientific 
assessment by the Food and Agriculture Or-
ganization and the WHO determined that 
the use of antibiotics in the agricultural set-
ting is the principal contributing factor to the 
emergence and dissemination of AMR [24].

Many recommendations have been made 
to incorporate surveillance in all countries 
using antibiotics for non-therapeutic uses, 
but only a limited number of countries have 
complied. Monitoring in most of the EU 
member states is performed by the Europe-
an Food Safety Authority (EFSA). Starting 
in 2011, a combined report with animal and 
human data is now being compiled.

All improvements in monitoring and regula-
tion lead up to the concept of integrated sur-
veillance of antimicrobial resistance in food-
borne bacteria. This covers testing of bacteria 
from food animals, foods, environmental 
sources and clinically ill humans and the 
antibiotic resistance found during the proce-
dures that encompass this elements. WHO 
has recommended the use of this integrated 
surveillance in all countries to monitor and 
control the spread of resistant bacteria in 
animal products [18]. One of the biggest 
challenges to perform and share this infor-
mation globally is the lack of harmonization 
between reports in different countries. This is 
one of the objectives of the WHO Advisory 
Group on Integrated Surveillance of Anti-
microbial Resistance (WHO-AGISAR). 
Their main objective being to minimize the 
public health impact of AMR associated 
with food producing animals.

The Current State of 
the Danish Model
Even though the Danish Ministry of Agri-
culture continuously focuses on the preven-
tion of the development of AMR, several 
scenarios are challenging the Danish posi-

tion. A major part of Danish export is based 
on swine production, and the demand of ani-
mal export is increasing. Increased produc-
tion has led to a rise in the use of antibiotics, 
especially tetracyclines, which holds a central 
role in the treatment of animal infections in 
Denmark. A consequence of rising demands 
is an increased number of animals per area 
in piggeries, and hence, a higher possibility 
of animal-to-animal transmitted infections. 
This has led to a general increase in the use of 
broad-spectrum antibiotics, which started in 
2009. Despite that, the total use of antibiotics 
in 2014 was 86 tonnes which is five percent 
lower than in 2013 when adjusted for the in-
creased export [25]. In the past five years, the 
total use in swine production has been stable, 
and there has been a small increase in the use 
of antibiotics for pig finishers, but a signifi-
cant decrease in the use of systematic use of 
cephalosporins for pigs in general. Based on 
these data, it is fair to conclude that Danish 
farmers are balancing the use of antibiotics 
responsibly, but that the guidance of DAN-
MAP surveillance and regulations are critical 
to secure a sustainable development.

The pressure on lowering use of antibiotics 
has created an incentive to use zinc-based 
agents, such as zinc oxide or zinc chloride. 
These agents have been used increasingly 
instead of antibiotics, but most recent stud-
ies indicate that the use of zinc possesses 
a risk of developing MRSA strains in the 
treated animals  [26], and are at this point 
being monitored carefully.

Another more direct challenge is the in-
creasing numbers of cases of MRSA and 
ESBL bacterial strains in Danish pigger-
ies where DANMAP described increases 
in MRSA in their 2011 report [27]. In the 
following years, the same agency docu-
mented several new cases of both MRSA 
and ESBL, and scientists documented the 
rise of the multidrug resistant MRSA strain 
ST398 [28] within the meat production fa-
cilities. Alongside this, new cases of animal-
human transmitted infections appeared 
country wide, leading to an increasing 

number of deaths in the years 2013-2015, 
in particular due to MRSA ST398.

A series of screenings and quarantine regu-
lations for people living in close proximity 
to animal production facilities was imple-
mented, and a mandatory screening for 
farmers at the admission to hospitals was 
initiated. From October 1, 2014, it became 
mandatory for all Danish farmers to create 
and implement an approved strategy for 
prevention of transmissions approved by a 
veterinarian, and among other initiatives it 
became a requirement that only sick ani-
mals are to be treated with antibiotics [29].

The Danish Models has been proven to be 
successful in terms of creating awareness 
of the problem of AMR development, and 
the initiative implemented over the past 
20 years such as the Yellow Card, new re-
strictive legislation, and research and sur-
veillance have created a strong platform and 
tradition to battle the emerging challenges.

Conclusion
It is evident today that the issue of AMR 
cannot be restricted to the silo of human 
or animal health. At this point, it is critical 
for healthcare professionals, researchers and 
policy makers to join efforts with the veteri-
nary and agriculture professionals, to gain a 
better understanding of the “One Health” 
approach, more specifically in the context of 
AMR, which is an urgent threat to global and 
public health. Stronger policies and innova-
tive research to address the use of antibiotics 
and to explore new solutions to minimize 
the development of resistance in the ani-
mal and agricultural sector are needed. The 
World Medical Association and the World 
Veterinary Medicine Association have initi-
ated this dialogue several years ago, and will 
continue this academic exchange during the 
second One Health Conference in Novem-
ber 2016. On the United Nations system 
level, a much anticipated high-level AMR 
meeting will occur in September 2016, with 
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hope that decision makers will acknowledge 
the importance of a multisectoral approach 
to the issue at hand.
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