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Abstract: It is widely accepted that, in order to prevent and control antimicrobial resistance (AMR),
surveillance systems across human, animal and environmental sectors need to be integrated, in a
One Health approach. Currently, in Europe, there are surveillance networks established only for
the human and food sector and, until now, there has been no organized effort to monitor AMR in
bacterial pathogens derived from diseased animals in Europe. Since 2017, efforts to fill this gap
have taken place by the European Antimicrobial Resistance Surveillance network in a veterinary
medicine (EARS-Vet) initiative, included in the EU Joint Action on AMR and Healthcare-Associated
Infections (EU-JAMRALI). EARS-Vet is designed to complement and integrate with existing European
monitoring systems for AMR as well as constitute a European network of national monitoring systems.
As Greece has no national AMR surveillance system for pathogens of animal origin currently in
place, in the context of the development of EARS-Vet, an initiative took place for the organization of
such a system by competent agencies and other stakeholders. In this article, the steps to organize
a first AMR national surveillance network in Greece are presented and a Strengths, Weaknesses,
Opportunities, and Threats (SWOT) analysis is performed to present main characteristics of the
approach implemented.
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1. Introduction

Although significant efforts have been made in recent years to control the use of
antibiotics, the Antimicrobial Resistance (AMR) public health problem is still considered
significant, leading to millions of deaths worldwide and thousands in Europe every year [1].
In the European Union (EU), surveillance systems have been developed across human,
animal and environmental sectors to monitor the current situation, in a One Health ap-
proach as stated in the EU Action Plan against AMR [2]. In the human sector, two surveil-
lance systems are currently in place in the EU: one is called the European Antimicrobial
Resistance Surveillance Network (EARS-Net). This system performs a surveillance of
antimicrobial susceptibility of eight invasive bacterial pathogens isolated from blood or
cerebrospinal fluid, commonly causing infections in humans [3]. Another system called Eu-
ropean Food- and Waterborne Diseases and Zoonoses Network (FWD-Net) monitors AMR
in human Salmonella and Campylobacter infections [4]. In the animal and food sector, the Eu-
ropean Food Safety Authority (EFSA) coordinates an active monitoring of AMR in zoonotic
(Salmonella and Campylobacter), indicator bacteria (Escherichia coli) and extended-spectrum-
cephalosporin-resistant and carbapenemase-producing E. coli from healthy food-producing
animals [5]. It is easily understood from the above that there is a significant lack of data
regarding AMR in bacterial isolates derived from diseased animals, and thus, the role they
may play in the spread of AMR to other animals, humans and the environment. Moreover,
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with no data from diseased animals, there cannot be any serious attempts to organize
antimicrobials stewardship initiatives or propose specific treatment guidelines [6]. Having
knowledge that, one of the key activities of the European Union (EU) Joint Action on AMR
and Healthcare Associated Infections (EU-JAMRALI), was to strengthen an “One Health”
AMR surveillance approach in Europe, the building of the European Antimicrobial Resis-
tance Surveillance network in Veterinary medicine (EARS-Vet) was proposed by the EU
Member States [7]. In the context of EU-JAMRALI, it was decided that EARS-Vet would work
as a European network of national surveillance systems in diseased animals (similarly to the
European Antimicrobial Resistance Surveillance Network in human medicine—EARS-Net)
and should complement and integrate—under the One Health approach—with EARS-Net
and the EFSA monitoring. Its objectives are to report on the current AMR situation sur-
veying AMR trends in bacterial pathogens of animal origin in EU Member States (Greece
included) [8]. This knowledge could be used for: (i) advising policy makers on how to
intervene for mitigating AMR and monitoring the efforts to tackle AMR in the animal
sector, (ii) supporting antimicrobial stewardship by developing antimicrobial treatment
guidelines for the veterinary sector, (iii) generating /re-establishing missing epidemiological
cut-off values and clinical breakpoints for the interpretation of antimicrobial susceptibility
testing (AST) results, (iv) assessing the risk of AMR transmission from animals to humans
via non-food related routes, e.g., by direct contact with food animals, and (v) estimating
the burden of AMR in animal health, e.g., attributable deaths caused by infections with
antimicrobial-resistant bacteria [8].

This manuscript outlines the approach employed to assess the feasibility of establish-
ing an AMR surveillance system for diseased animals in Greece. The primary objective
was to determine the extent to which such a monitoring system could be built, while also
identifying the specific animal and bacterial species as well as the antimicrobial combina-
tions that would be included in the initial phase of the surveillance system. A Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis is performed to highlight the
advantages and disadvantages of the approach chosen and to be a source of information
for similar initiatives in other countries.

2. Organization of a Pilot Project: Decisions and SWOT Analysis

During the first kick-off meeting (see Section 4), it was decided that, in order to
evaluate the feasibility of establishing a monitoring system of AMR surveillance in diseased
animals in a country without a system in place (i.e., Greece), a “pilot project” should be
established as a first step. This pilot project should be based on similar systems already
used in countries with an established monitoring system. Efforts to organize this pilot study
would allow a SWOT analysis for the building of a broader AMR surveillance network in
veterinary medicine by the relevant stakeholders. The Ministry of Rural Development &
Food took the responsibility for the coordination of that initiative, defining a member of
the National Action Plan (NAP) Steering Committee as the pilot project coordinator.

All information collected during the following meetings with relevant stakeholders,
as well as during the 2020 presence meeting, led to the following conclusions.

The proposed scope for the pilot project is summarised in Table 1 in terms of animal
species, production types, specimens and bacterial species included.

Table 1. Animal species, production types, specimens and bacterial species to be covered by the pilot
project—Antimicrobial Resistance Surveillance network in Veterinary medicine in Greece.

Animal Species Production Type Specimens Bacterial Species

Cattle Dairy Cows (>18 months of age) Milk Staphylococcus aureus
Swine Post-weaning piglets (fattening pigs) Faeces Escherichia coli
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As regards initially proposed combinations that included Klebsiella pneumoniae,
Pseudomonas aeruginosa, Acinetobacter baumannii, Enterococcus faecalis and Enterococcus fae-
cium, that are monitored by EARS-Net in the human sector, it was decided not to include
these in the Greek pilot project as even countries with established national surveillance sys-
tems reported that it was not feasible to provide AMR information in the EARS-Vet frame-
work [7]. However, carbapenemase-producing E. coli, ESBL-producing E. coli, methicillin-
resistant S. aureus and colistin-resistant E. coli would be covered in the proposed scope.

The proposed scope for the pilot project is summarised in Table 2 in terms of the
antimicrobial combinations included, with some antimicrobial agents (e.g., enrofloxacin and
ceftiofur) prescribed only for veterinary use but having a crucial role in AMR emergence.

Table 2. Bacterium-antimicrobial combinations included in the pilot project—Antimicrobial Resis-
tance Surveillance network in Veterinary medicine in Greece.

Bacterial Species Antimicrobial Group Antimicrobial Agents

Penicillin Penicillin

Methicillin resistance Cefoxitin
Staphylococcus aureus Fluoroquinolones Enrofloxacin
Lincomycin Lincomycin

Gentamicin Gentamicin

Aminopenicillins Ampicillin

Third generat'lon Ceftiofur

S cephalosporins

Escherichia coli Fluoroauinol Enrofl .
quinolones nrofloxacin
Tetracyclines Tetracycline

Colistin Colistin
Gentamicin Gentamicin

The use of multiple antibiotics in veterinary medicine is necessary due to the diverse
range of bacterial infections that affect animals. Veterinarians require a variety of antibiotics
to effectively treat different infections and prevent the development of antibiotic resis-
tance. The relevant specific indications of the antibiotics targeted in the pilot project are
summarized in Table 3.

Describing the key areas in the Greek pilot project, as stated in Section 4, the following
decisions were made and actions took place.

2.1. Description of the Key Areas in the Greek Pilot Project
2.1.1. Political and Financial Support

By publishing a relevant Circular by the MRDF in March 2021, the Greek State con-
firmed that it strongly supports this initiative of AMR surveillance in pathogens derived
from animals, but participation or data collection has not been defined as mandatory by
any legislative framework. As it was highlighted by the EARS-Vet network, human and
financial resources are frequent limitations of national AMR surveillance systems. Thus,
funding needs, even for the narrow-scope pilot project, constitute a significant obstacle.
To overcome this difficulty, and as this project would rely on data produced by relevant
stakeholders around Greece, the livestock corporation representatives committed, during
the initial meetings, that all material costs needed for initiating this pilot study, would be
covered by their own funding.

2.1.2. Monitoring Objectives

Staphylococcus aureus is a frequent colonizer of human and several animal species,
including dairy cows. It is the most common cause of intramammary infections in dairy
cows [9,10]. Its public health importance increases in line with the continuous emergence
of drug-resistant strains, such as Methicillin-resistant S. aureus (MRSA). Indeed, the recent
emergence of human and animal adapted MRSA demands serious attention. A main aim
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of this pilot project is to determine the burden and drug resistance pattern of S. aureus in
dairy farms in all 13 Administrative Regions of Greece.

Table 3. Specific relevant indications of the antibiotics targeted in the Greek pilot project.

Animal  Antimicrobial

Species Agents Relevant Indications

Broad-spectrum antibiotic that works effectively against many
Penicillin gram-positive bacteria. It is commonly used to treat infections
caused by bacteria like Staphylococcus spp. in animals.
Broader spectrum of activity compared to penicillin. It is often used
to treat infections caused by both gram-positive and gram-negative
bacteria. Cefoxitin is particularly valuable in cases of mixed
infections or when bacteria show resistance to penicillin.
Cattle Broad spectrum of activity against both gram-negative and some
Enrofloxacin ~ gram-positive bacteria. It is commonly used in veterinary medicine
to treat mastitis in cows and other animals.
Effective against certain gram-positive bacteria, including some
Lincomycin strains of Staphylococcus. It is one of the antibiotics commonly used
to treat mastitis in cows and other animals.
Primarily used to treat severe infections caused by gram-negative
Gentamicin bacteria. It can also be used in combination with other antibiotics to
treat resistant infections.

Cefoxitin

Broad-spectrum penicillin-type antibiotic. It is commonly used to

Ampicilli . ' . . . .
mprerin treat gastrointestinal tract infections in animals.
Broad spectrum of activity against both gram-positive and
Ceftiofur gram-negative bacteria. In cases of diarrhea in pigs, where bacterial

infections are the underlying cause, ceftiofur may be prescribed by

a veterinarian.

Broad spectrum of activity against both gram-negative and some
Enrofloxacin gram-positive bacteria. It is commonly used in veterinary medicine,

including for the treatment of diarrhea in pigs.

Broad-spectrum antibiotic that works against a wide range of

bacteria, both gram-positive and gram-negative. It is particularly
Tetracycline useful in treating gastrointestinal infections in pigs, as it can target
bacteria commonly associated with diarrhea, such as Escherichia coli
and Salmonella spp.
Antibiotic of last resort used to treat severe infections caused by
multidrug-resistant gram-negative bacteria. It is used sparingly

Swine

Colistin and, as a last resort, due to concerns about the development of
resistance.
Primarily used to treat severe infections caused by gram-negative
Gentamicin bacteria. It can also be used in combination with other antibiotics to

treat resistant infections.

In addition, another aim is to investigate the presence of Escherichia coli at a stage after
the end of the rearing period of piglets; post-weaning diarrhoea caused by Escherichia coli is
considered one of the most important diseases in pig production worldwide with a huge
economic impact [11]. Rectal samples are collected from all 13 Administrative Regions of
Greece, in order to isolate the pathogen and characterise all isolates in terms of antibiotic
resistance profiles, using the techniques described in the Laboratory Techniques key area
(see below).

As regards the monitoring objectives which have been reported in various national
monitoring systems in the EARS-Vet Network [8], the Greek pilot project targets to monitor
AMR trends for the included bacterial and animal species, detect emerging AMR for
antimicrobials of interest, as well as monitor AMR trends and detect emerging AMR in a
public health perspective. As various stakeholders (veterinarians, livestock industry etc.)
participate in the pilot project, collected information will be disseminated to them to help
them in their antimicrobial treatment decisions.
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2.1.3. Central Institutional Organization

The Steering committee, as has been established by the Greek NAP, defines the vision
and objectives of the monitoring system, as well as approves monitoring procedures; for the
pilot project, the above are proposed by the Coordination Team. Coordinating institutions
[private and public diagnostic laboratories and representatives of different livestock sectors
(farmers, veterinarians etc.)], are defined as those running monitoring procedures in practice
(i.e., interacting with data providers, collecting data, analysing data, writing reports etc.)
under the stewardship of the National Antimicrobial Reference Laboratory—Department of
Veterinary Laboratory of Chalkis—Directorate of Veterinary Center of Athens—Directorate
General of Veterinary Services—Ministry of Rural Development & Food.

2.1.4. Laboratory Network

For the pilot project, the laboratory network responsible for the AMR investigation of
isolates includes one central (public sector, namely the National Antimicrobial Reference
Laboratory—Department of Veterinary Laboratory of Chalkis—Directorate of Veterinary
Centre of Athens—Directorate General of Veterinary Services—Ministry of Rural Develop-
ment & Food) and one private sector diagnostic laboratory; due to financial restraints, for
the pilot project, one private sector laboratory is responsible for AMR monitoring in sam-
ples from the targeted animal species (cattle—swine), with the prediction of expanding the
network as soon as financial support is available; the central public sector laboratory will
not perform re-testing due to the same financial constraints but will play an advisor role to
the private network (if expanded) for the harmonization of the AST methods implemented.

2.1.5. Monitoring Procedures—Monitoring Data

The pilot project is primarily based on an active monitoring procedure, where diseased
animals (clinical and sub-clinical cases) are sampled specifically for the purpose of AMR
monitoring and are submitted by field veterinarians to the private diagnostic laboratory.
This active surveillance is considered to generate more representative AMR data than by
passive monitoring; collecting passive data from veterinary diagnostic specimens tends to
overestimate the AMR levels, as they are usually performed only after treatment failure [12].
For the moment, all monitoring data are sent to the pilot project coordinator (based at
MRDF) and then it is progressively uploaded to WHONET [13], a free desktop Windows
application for the management and analysis of microbiology laboratory data with a
particular focus on antimicrobial resistance surveillance developed and supported by the
WHO Collaborating Centre for Surveillance of Antimicrobial Resistance and coordinated
(in Greece) by the National Public Health Organization (NPHO).

2.1.6. Laboratory Techniques

Laboratory techniques and standards of the Greek pilot project are described as
follows: Collection of samples is focused on dairy cows and post-weaning piglets that
exhibit relevant clinical symptoms (mastitis and diarrhoea, respectively). All collected faecal
and milk samples are transported in an icebox and investigation is initiated within 24 h.
For swine faecal samples, a culture is performed immediately after receipt, to isolate E. coli.
Specifically, in cases where faeces are collected directly from the rectum using disposable
gloves and sterile containers, a quantity of faeces of 1 gr is diluted in a quantity of 9 mL of
diluent MRD (Maximum Recovery Medium). Then, an inoculation takes place from the
dilution to sheep blood agar and MacConkey agar and the plates are incubated at 37 °C for
18-24 h. In most cases, faecal samples are collected directly from the rectum using sterile
cotton swabs; inoculation is performed directly on the agar plates. Three phenotypically
different lactose-fermenting colonies from MacConkey agar and three different colonies
from blood agar are isolated on Nutrient agar. After incubation for 18-24 h at 37 °C, the
suspected E. coli colonies are tested for indole production at 44 °C in tryptone water broth.
For bovine samples, culture is performed immediately after receipt, to isolate Staphylococcus
aureus. Regarding collection procedure, milk from dairy cows is collected by pooling
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samples from all udder quarters of each lactating cow. The udders are cleaned thoroughly
with water, dried using a clean towel, and the teat ends are disinfected with cotton swabs
soaked in 70% alcohol, then left to air dry. After discarding the first streams of milk, three
to four streams (1-2 mL each) from each udder quarter (totalling 12 streams from a single
cow) are collected into sterile leak-proof plastic containers. In the laboratory, a quantity
of 1 ml of milk is diluted in a quantity of 9 mL of MRD. Then, inoculation is performed
from the original sample on a sheep blood agar plate as well as inoculation of 50 puL of
both the original sample and the dilution using the spread plate technique on Mannitol
Salt agar plates, for better recovery capacity of the target microorganism. All plates are
incubated at 37 °C for 24-48 h. Three phenotypically different mannitol positive colonies
from the Mannitol Salt agar plates and three different beta-haemolytic colonies from the
blood agar, are isolated on Nutrient agar. After 18-24 h of incubation at 37 °C, the suspected
Staphylococcus aureus colonies are Gram stained and tested for catalase production. Gram
positive & catalase positive cocci are tested for coagulase production by tube method with
coagulase plasma.

Finally, the indole-positive (E. coli) and the coagulase-positive (S. aureus) colonies are
subjected to a Kirby—Bauer sensitivity test. Specifically, a suspension is prepared from the
confirmed colonies in 0.9% NaCl to obtain a turbidity of 0.5 McFarland units. Using a sterile
cotton swab, the suspension is spread on a Mueller Hinton agar plate and the appropriate
antibiotic disks, as reported previously and according to Clinical and Laboratory Standards
Institute (CLSI) standards, are placed. Regarding the AMR interpretation of results, the
Greek pilot project follows mainly the CLSI standards and interprets results according to
its veterinary clinical breakpoints (when available) [14,15]. When veterinary breakpoints
are not available, epidemiological cut-off values (ECOFFs) of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), Epidemiological Cutoff Values (ECVs) of
CLSI and human clinical breakpoints of EUCAST or CLSI, are used. In the case of colistin,
a published approach is applied for the use of the disc diffusion test [16]. It is important
to note that, until harmonization on the AST method is reached among the participating
EARS-Vet network countries, quantitative data (e.g., inhibition zone diameters) are accepted
regardless of the standards under which they are produced [7]. All related isolates are kept
for future Minimum Inhibitory Concentration (MIC) analysis.

2.1.7. Communication

Data will be analysed, and the survey results are to be published on an annual report
disseminated by the School of Public Health (University of Western Attica). A lag of six
months to one year from the end of the AST data collection to the reporting for the respective
calendar year is expected, not including the first year (2021) results that are considered
preliminary and have not yet been reported. The targeted audience for these reports
consists of field veterinarians, veterinary diagnostic laboratories, farming organizations
and relevant governmental bodies.

2.1.8. Evaluation

The pilot project was implemented for the first time in 2021. Regarding its evaluation,
there were no defined performance indicators except the total number of samples screened
during the year as a portion of the targeted number; this number was defined as the sample
size that would allow statistically an estimation of prevalence with a 5% margin of error
and a confidence interval of 95% at an infinite population (1 = 384 for each species) [17].

2.2. SWOT Analysis of the Pilot Project

During the organization of the pilot project, a SWOT analysis was produced
(Supplementary Material, Table S1). Nine themes are used to describe and analyze the
results, as performed previously by other countries-members of the EARS-Vet Network [8]:
(1) Public awareness and Policies, (2) Flexibility and Utility, (3) Data access and Sampling,
(4) Data management and Analysis, (5) Harmonization, (6) Representativeness, (7) Geo-



Antibiotics 2023, 12, 1442

7 of 13

graphical coverage, (8) Collaboration and Integrated monitoring, and (9) Sustainability
and Resources.

2.2.1. Strengths

The Pilot project in Greece will report annually AMR results, presenting data at train-
ings and lectures of the stakeholders as well as reporting survey results at an Administrative
Region scale. Organizing a two-member Coordination Team of the Pilot Project inside the
NAP Steering Committee allowed great flexibility and easiness in the organization of the
pilot project, while at the same time, a good collaboration was achieved among various
stakeholders from the private and public sector; the small country size, thus, the small
number of key experts who already have experience and previous collaborations helps on
this. The scope of the pilot project is narrow, and the needs of harmonization are minimal as
one accredited lab is performing the analyses so far and all isolates are currently stored for
future investigation. The small focus on only two bacterial pathogens and animal species
theoretically makes it easy to achieve good representativeness while, in the future, the
project can show great flexibility, adding more surveillance objectives according to needs
and capabilities.

2.2.2. Weaknesses

A weakness of the Greek pilot project is due to the lack of formalization; even though
the State supports this initiative, all participation is on a voluntary basis and AMR data
collection on pathogens derived from diseased animals is not enforced by any legislative
framework. This creates many implications in various aspects: participation of the data
providers (farmers, veterinarians, diagnostic laboratories) is not guaranteed, and their
participation may be hindered by other concerns. For example, a lot of farmers are afraid
of exposing inappropriate antimicrobials use during their practice and veterinarians and
private diagnostic laboratories have their own conflicts of interest with their customers. In
direct relation to this informality of the project, and even more important, is the limited
resources availability. As the State does not financially support the project, the available
financial and human resources do not allow the expansion of the project or performing
in-depth additional analyses/investigations. Hence, the scope of the project is kept narrow
(only two bacterial pathogens and animal species) in order to achieve a good representa-
tiveness at least for these targets.

Even though performing laboratory analysis in only one laboratory is good for some
aspects (e.g., harmonization), this has a negative impact on the efforts to achieve good
geographic coverage of the survey results. Moreover, AST via the disk diffusion technique
is not the optimal to achieve harmonization with the results obtained from other national
surveillance networks participating in EARS-Vet [8]. Data management and analysis
appears also as a major weakness; data management tools are not available, raw data is
basically collected on spreadsheets, making data analysis difficult and time consuming.
To address this weakness temporarilyy, WHONET data management and the analysis
program is used during the pilot project, however, it is not animal-focused and thus, a more
appropriate tool needs to be developed and used in the future.

2.2.3. Opportunities

Antimicrobial Resistance is considered as a high priority issue for Greek govern-
mental policy. The Greek NAP for combating AMR (in the context of the “One Health”
approach) [18] in compliance with the EU One Health Action Plan [2], supports the need to
monitor AMR. These facts create optimism for sustainability, support and future expansion
of projects on AMR surveillance on diseased animals. Moreover, increased public, farmers
and veterinarians’ awareness on AMR encourages efforts to raise the necessary funding;
the European Commission can play a significant role on this important aspect.
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There is also great interest from other private diagnostic laboratories in Greece to
participate in the project, however, not on a voluntary basis; financial support and govern-
mental policies implementation would help towards this direction. The participation of
more private labs will allow not only better representativeness and geographic coverage
of the collected data, but also the direct expansion of the scope of the project, adding
more bacterial pathogens and animal species of interest. The private labs’ network of
veterinary customers can have a great positive impact on the data collection aspect. Finally,
the direct connection of the Greek surveillance network to the EARS-Vet network creates
huge opportunities for adopting other countries’ practices and solutions that will allow the
successful implementation of the project.

2.2.4. Threats

The harsh economic situation in agriculture is a direct threat to data collection; the
interest to participate on a voluntary basis in the pilot project and thus, pay for sample
collection and analysis is being reduced. As there is no official financial support for the
project, low and decreasing staff and resource levels make the whole system too vulnerable;
even minor temporary shortages in personnel and materials may completely hinder the
data collection, analysis and reports. At the same time, public sector laboratories in Greece
are closing and merging due to financial constraints. Even though some harmonization
issues may arise if participation of more laboratories in the surveillance network is achieved,
the participation of a central public sector laboratory (the national reference laboratory of
AMR in Greece) will allow these problems to be addressed. Even though the increase in the
animal species and pathogens targeted in the project is desired, if this is to be performed
without financial support, aspects like representativeness and geographic coverage of the
data collected will be significantly reduced.

3. Discussion

To our knowledge, this is the first presentation of an approach to organize a national
monitoring system for AMR in bacterial pathogens of animals in Greece, describing system
structures and operations. As in Greece, a national monitoring system is not established yet,
a pilot project was launched, organized through a series of physical and online meetings
chaired by MRDF; a SWOT analysis was performed to evaluate the various aspects of
organization procedures and analyze all advantages and disadvantages characterizing
the Greek approach to build an initial pilot project. The series of meetings among the
stakeholders (farm organizations, field veterinarians, private laboratory representatives
and central competent authorities) allowed the provision of a broad overview of the
structure and operations of building a national monitoring system, by covering all necessary
key areas.

The pilot project organized in Greece was based on previous experience collected in
other countries already implementing national monitoring systems; unfortunately, many
Southern and Eastern European countries, that are characterized by similar AMR trends in
the human and animal sector, do not have any national monitoring systems for AMR in
bacterial pathogens derived from animals (Figure 1), demonstrating a major gap in AMR
monitoring in Europe. All currently available national monitoring systems are characterized
by many unique strengths and weaknesses [8]; a lesson to learn may be that each national
monitoring system needs to be adapted to its national context, capacities and objectives. At
the same time, some major common weaknesses are shared among many countries, e.g., the
lack of appropriate data management tools and the low representativeness of the samples
collected. Some important common threats are also demonstrated, such as the economic
vulnerability with a regular decrease in available financial and human resources [8]. The
expansion of the Greek pilot project to other targeted animal species and bacterial pathogens
of interest, the addition of more private laboratories to the data providers involved and the
efforts to create a legal framework that will promote the participation of stakeholders in
the system are key aspects that should be prioritized in the future.
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Figure 1. Map showing the 11 countries that reported having at least one national monitoring system
for AMR in bacterial pathogens of animals. (https:/ /www.mapchart.net/europe.html, accessed on
9 July 2023).

Even though the Greek pilot project (the forerunner to our national monitoring system)
did not undergo any evaluation using a validated tool [19], a major positive characteristic
was demonstrated: a collaboration between the public and the private sector was achieved.
This public—private partnership constitutes a significant opportunity to develop a broad
monitoring system where private stakeholders (farm industry, veterinary practitioners and
private diagnostic laboratories) will share related AMR data with the public competent
authorities, creating the potential to fully understand all aspects of AMR emergence and
trends, the epidemiological links among animal, human and environmental sectors and
propose appropriate interventions to mitigate public health impacts and raise public aware-
ness. It will be unfortunate if this opportunity is lost due to the major threat being reported
by all national monitoring systems, the economic vulnerability. As the first pilot-testing
results of the EARS-Vet surveillance network are disseminated [20], the resources (financial,
human, material) support of the network will ensure the sustainability needed to protect
Public Health in a One Health holistic approach.

4. The Approach Implemented

As a first step, a survey occurred from 2018 to 2020 [8]; EU-JAMRAI stakeholders from
27 EU and European Economic Area (EEA) countries—Greece included, were contacted
and asked if a national monitoring system for AMR in bacterial pathogens derived from
animals was in place in their country. A national monitoring system for AMR in bacterial
pathogens of animals was defined as any system that is collecting and regularly analyzing
AST results produced on bacterial isolates from clinical samples of animals that can be
considered as having a national coverage with no criteria being established on geographic
data representativeness or scope of bacterial and animal species.

In the European Union, 11 countries reported having a national monitoring system for
AMR in bacterial pathogens of animals: the Czech Republic, Denmark, Estonia, Finland,
France, Ireland, Germany, the Netherlands, Norway, Spain and Sweden. Stakeholders from
Denmark, the Netherlands and Sweden reported having more than one monitoring system
in their countries (Figure 1).
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As Greece was one of the countries that did not have a national monitoring system in
place, an initiative was established by competent authorities as a next step to determine the
feasibility of organizing a relevant network.

At the start, a first kick-off meeting with the scope “Identification of the feasibility in
building a monitoring system of AMR surveillance in diseased animals in Greece” was
announced by the School of Public Health of Greece (EU-JAMRAI Competent Authority
in Greece); several Greek Representatives were invited to participate. The representa-
tives were selected based upon their previous experience and cooperation with the School
of Public Health of Greece on the subject of AMR surveillance on the veterinary sector.
Participation of representatives from the human and the environmental sector with ex-
perience on the AMR public health issue was pursued as well, e.g., the co-authors of
the National Action Plan (NAP), published in 2019, for the period 2019-2023, to tackle
AMR [18]. No representation was pursued, at this stage, of the pharmaceutical agencies
(commercial sector).

The Greek Representatives were decided to be as follows:

From the Academic Sector: (a) Department of Public Health Policy, School of Public
Health (University of West Attica), (b) Hygiene of Food of Animal Origin and Veteri-
nary Public Health School of Veterinary Medicine (Aristotle University of Thessaloniki),
(c) Laboratory of Hygiene of Food of Animal Origin (Faculty of Veterinary Science, Uni-
versity of Thessaly), (d) Faculty of Medicine (Aristotle University of Thessaloniki), (e)
Department of Animal Production (School of Animal Bioscience, Agricultural University
of Athens).

From the technical sector: (a) Department of Veterinary Drugs, Residues and Veteri-
nary Supplies & Veterinary Centre of Athens—National Reference Laboratory for AMR
(Ministry of Rural Development & Food), (b) Hellenic Pasteur Institute [National focal point
of the World Health Organization (WHO) for AMR and EARS-Net/Global Antimicrobial
Resistance Surveillance and Use System (GLASS)], (c) Hellenic Center for Disease Control
and Prevention (currently National Organization of Public Health—EODY)—Central Public
Health Laboratory (Ministry of Health), (d) Special Water Secretariat (Ministry of Environ-
ment and Energy), (e) Asclepius One Health platform (Non-Profit Organization)—Chatham
House (International affairs think tank).

From the political sector: (a) Ministry of Rural Development & Food (consultant of the
Minister’s Cabinet).

Upon a request to explore the possibility of building a European Antimicrobial Resis-
tance Surveillance network in Veterinary medicine (EARS-Vet) according to the EU JAMRAI
Task 7.4.2 [21] in Greece, a call (via email exchanges) was initiated by the School of Public
Health of Greece—EU JAMRAI Competent Authority in Greece to all previously referred
stakeholders. During the kick-off meeting (a one-day physical meeting that took place in
2019), an EARS-Vet coordinator presented the current situation of the existing national
surveillance of AMR systems in diseased animals in Europe, shared current experiences
and gave specific examples of implemented systems. After this presentation, open dis-
cussion followed on what the participants surmise about the idea of building a national
surveillance network of AMR in diseased animals. Scenarios were further discussed on
how they would proceed if a monitoring system was to be built in Greece. Scientific advice
was finally provided by the coordinator of the EARS Vet.

After this first kick-off meeting, the Ministry of Rural Development & Food (MRDF)
defined a Coordination Team to organize the next steps. In Greece, there is a regulated
system—a National Action Plan (NAP), published in 2019, for the period 2019-2023, to
tackle AMR [18]. In accordance with the NAP, a Steering committee has been established,
based in the MRDF—State Veterinary Administration (General Directorate of Veterinary
Services) named as the “Steering Committee for the monitoring and implementation of
the ‘National Action Plan to combat Antimicrobial Resistance (AMR) in the context of
One—Health’ at the veterinarian sector”. The Coordination Team consisted of two members
of the Steering Committee, one of which was defined as the coordinator for the pilot project
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to be implemented (see below). The main duties of the Coordination Team were to specify
what procedures should be followed to build a monitoring system of AMR surveillance
in diseased animals in Greece. In practice, the Coordination Team should combine its
experience/knowledge in AMR against bacterial pathogens of animals, in compliance with
a common methodology across the EU JAMRAI participating countries, with relevant
feedback from all stakeholders to deliver a broad overview of the structure and operations
of a national monitoring system, covering all important areas; not limited to microbiology,
but also funding, regulation, institutional organization, procedures, laboratory networks,
communication and evaluation.

The Coordination Team took a first decision as a next step, based on its experi-
ence/knowledge, that the first pilot project should be focused on cattle and swine samples.
After this, the team sought help/feedback from a series of stakeholders related to the cattle
and swine industry and research stakeholders: farm organizations, farm veterinarians,
private laboratories representatives and central competent authorities. To achieve this, a
call (via email) for a series of physical presence/teleconference meetings was made to all
of the above-mentioned Greek stakeholders. During those meetings, representatives were
asked to answer a semi-structured questionnaire covering key areas as suggested by the
EARS-Vet [7] in order to define the combinations of animal species, bacterial species and
antimicrobials which would be the most relevant and feasible to monitor at a national level
in compliance with the “One Health” approach.

Finally, after collecting all the relevant feedback from the various stakeholders, a
one-day physical presence meeting took place in 2020 where relevant stakeholders and
the members of the Coordination Team participated. During that meeting, all participants
were asked to answer a semi-structured questionnaire based on the one designed by EARS-
Vet [8] covering the following key areas: (i) political and financial support, (ii) monitoring
objectives, (iii) central institutional organization, (iv) laboratory network, (v) monitor-
ing procedures—monitoring data, (vi) laboratory techniques, (vii) communication, and
(viii) evaluation.

The Ministry of Rural Development and Food eventually launched a pilot project
entitled “Trying to build our national surveillance system for the monitoring of the Antimi-
crobial Resistance in diseased animals (cattle and swine)”.

5. Conclusions

The Greek pilot project on AMR surveillance in diseased animals showcases several
strengths, including regular reporting, a flexible Coordination Team and successful collab-
oration among stakeholders. The focused scope and minimal harmonization contributes
to its representativeness and its adaptable nature allows for future expansion. However,
challenges such as the lack of formalization, limited resources and difficulties in data
management hinder its full potential. Nevertheless, opportunities arise from the govern-
ment’s prioritization of AMR, increased public awareness and potential support from the
European Commission. Nonetheless, economic challenges in agriculture and the need for
financial backing pose threats to its sustainability and data quality. Emphasizing the One
Health approach is essential in addressing these weaknesses and leverage opportunities to
enhance AMR surveillance in Greece, thereby safeguarding public health, animal health
and the environment collaboratively.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/antibiotics12091442 /s1, Table S1: SWOT Analysis of the Pilot
Project Organization in Greece.

Author Contributions: Conceptualization, C.Z.; methodology, C.Z.; writing—original draft prepara-
tion, C.Z. and G.V,; writing—review and editing, E.P., G.V. and P.G.; supervision, E.P.; All authors
have read and agreed to the published version of this manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/antibiotics12091442/s1
https://www.mdpi.com/article/10.3390/antibiotics12091442/s1

Antibiotics 2023, 12, 1442 12 0f13

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within this article or Supplementary Material.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Murray, C.J.L.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al.
Global Burden of Bacterial Antimicrobial Resistance in 2019: A Systematic Analysis. Lancet 2022, 399, 629-655. [CrossRef]
European Commission. A European One Health Action Plan against Antimicrobial Resistance (AMR). Available online: https:
/ /health.ec.europa.eu/system/files /2020-01/amr_2017_action-plan_0.pdf (accessed on 7 June 2023).

European Centre for Disease Prevention and Control. European Antimicrobial Resistance Surveillance Network (EARS-Net).
Available online: https://www.ecdc.europa.eu/en/about-us/networks/disease-networks-and-laboratory-networks/ears-net-
data (accessed on 7 June 2023).

European Centre for Disease Prevention and Control. European Food- and Waterborne Diseases and Zoonoses Network
(FWD-Net). Available online: https:/ /www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-
networks/fwd-net (accessed on 7 June 2023).

Aerts, M.; Battisti, A.; Hendriksen, R.; Kempf, I; Teale, C.; Tenhagen, B.; Veldman, K.; Wasyl, D.; Guerra, B.; et al.; European
Food Safety Authority (EFSA). Technical Specifications on Harmonised Monitoring of Antimicrobial Resistance in Zoonotic and
Indicator Bacteria from Food-producing Animals and Food. EFS2 2019, 17, e05709. [CrossRef]

Mader, R.; Damborg, P.; Amat, J.-P.; Bengtsson, B.; Bourély, C.; Broens, E.M.; Busani, L.; Crespo-Robledo, P.; Filippitzi, M.-E.;
Fitzgerald, W.; et al. Building the European Antimicrobial Resistance Surveillance Network in Veterinary Medicine (EARS-Vet).
Eurosurveillance 2021, 26, 2001359. [CrossRef] [PubMed]

Mader, R.; Bourély, C.; Amat, ].-P; Broens, E.M.; Busani, L.; Callens, B.; Crespo-Robledo, P.; Damborg, P; Filippitzi, M.-E.; et al.;
EU-JAMRAL Defining the Scope of the European Antimicrobial Resistance Surveillance Network in Veterinary Medicine
(EARS-Vet): A Bottom-up and One Health Approach. J. Antimicrob. Chemother. 2022, 77, 816-826. [CrossRef] [PubMed]

Mader, R.; Mufioz Madero, C.; Aasmde, B.; Bourély, C.; Broens, E.M.; Busani, L.; Callens, B.; Collineau, L.; Crespo-Robledo, P;
Damborg, P; et al. Review and Analysis of National Monitoring Systems for Antimicrobial Resistance in Animal Bacterial
Pathogens in Europe: A Basis for the Development of the European Antimicrobial Resistance Surveillance Network in Veterinary
Medicine (EARS-Vet). Front. Microbiol. 2022, 13, 838490. [CrossRef] [PubMed]

Cheng, W.N.; Han, S.G. Bovine Mastitis: Risk Factors, Therapeutic Strategies, and Alternative Treatments—A Review. Asian-
Australas. J. Anim. Sci. 2020, 33, 1699-1713. [CrossRef] [PubMed]

Vasudevan, P.; Nair, M.K.M.; Annamalai, T.; Venkitanarayanan, K.S. Phenotypic and Genotypic Characterization of Bovine
Mastitis Isolates of Staphylococcus Aureus for Biofilm Formation. Vet. Microbiol. 2003, 92, 179-185. [CrossRef] [PubMed]
Rhouma, M.; Fairbrother, ].M.; Beaudry, F.; Letellier, A. Post Weaning Diarrhea in Pigs: Risk Factors and Non-Colistin-Based
Control Strategies. Acta Vet. Scand. 2017, 59, 31. [CrossRef] [PubMed]

Larsen, R.; Boysen, L.; Berg, ].; Guardabassi, L.; Damborg, P. Lincosamide Resistance Is Less Frequent in Denmark in Staphylococcus
pseudintermedius from First-Time Canine Superficial Pyoderma Compared with Skin Isolates from Clinical Samples with Unknown
Clinical Background. Vet. Dermatol. 2015, 26, 202-e44. [CrossRef]

Agarwal, A.; Kapila, K.; Kumar, S. WHONET Software for the Surveillance of Antimicrobial Susceptibility. Med. ]. Armed. Forces
India 2009, 65, 264-266. [CrossRef] [PubMed]

CLSI. Performance Standards for Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated from Animals, 6th ed.;
Supplement VETO01S; Clinical and Laboratory Standards Institute: Wayne, NJ, USA, 2023; ISBN 978-1-68440-167-3.

CLSI. Performance Standards for Antimicrobial Susceptibillity Testing, 32nd ed.; Supplement M100; Clinical and Laboratory Standards
Institute: Wayne, NJ, USA, 2022; ISBN 978-1-68440-134-5.

Galani, I.; Kontopidou, F; Souli, M.; Rekatsina, P.-D.; Koratzanis, E.; Deliolanis, J.; Giamarellou, H. Colistin susceptibility testing
by Etest and disk diffusion methods. Int. ]. Antimicrob. Agents 2008, 31, 434—439. [CrossRef] [PubMed]

Serdar, C.C.; Cihan, M.; Yiicel, D.; Serdar, M.A. Sample Size, Power and Effect Size Revisited: Simplified and Practical Approaches
in Pre-Clinical, Clinical and Laboratory Studies. Biochem. Med. 2021, 31, 27-53. [CrossRef] [PubMed]

Ministry of Rural Development & Food, Ministry of Environment and Energy, Ministry of Health Greece: One Health National
Action Plan for Antimicrobial Resistance 2019-2023. Available online: https://www.who.int/publications/m/item/greece-one-
health-national-action-plan-for-antimicrobial-resistance-2019-2023 (accessed on 1 July 2023).

Peyre, M.; Hoinville, L.; Njoroge, J.; Cameron, A.; Traon, D.; Goutard, F; Calba, C.; Grosbois, V.; Delabouglise, A.; Varant, V.; et al.
The RISKSUR EVA Tool (Survtool): A Tool for the Integrated Evaluation of Animal Health Surveillance Systems. Prev. Vet. Med.
2019, 173, 104777. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(21)02724-0
https://health.ec.europa.eu/system/files/2020-01/amr_2017_action-plan_0.pdf
https://health.ec.europa.eu/system/files/2020-01/amr_2017_action-plan_0.pdf
https://www.ecdc.europa.eu/en/about-us/networks/disease-networks-and-laboratory-networks/ears-net-data
https://www.ecdc.europa.eu/en/about-us/networks/disease-networks-and-laboratory-networks/ears-net-data
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/fwd-net
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/fwd-net
https://doi.org/10.2903/j.efsa.2019.5709
https://doi.org/10.2807/1560-7917.ES.2021.26.4.2001359
https://www.ncbi.nlm.nih.gov/pubmed/33509339
https://doi.org/10.1093/jac/dkab462
https://www.ncbi.nlm.nih.gov/pubmed/35022739
https://doi.org/10.3389/fmicb.2022.838490
https://www.ncbi.nlm.nih.gov/pubmed/35464909
https://doi.org/10.5713/ajas.20.0156
https://www.ncbi.nlm.nih.gov/pubmed/32777908
https://doi.org/10.1016/S0378-1135(02)00360-7
https://www.ncbi.nlm.nih.gov/pubmed/12488081
https://doi.org/10.1186/s13028-017-0299-7
https://www.ncbi.nlm.nih.gov/pubmed/28526080
https://doi.org/10.1111/vde.12209
https://doi.org/10.1016/S0377-1237(09)80020-8
https://www.ncbi.nlm.nih.gov/pubmed/27408261
https://doi.org/10.1016/j.ijantimicag.2008.01.011
https://www.ncbi.nlm.nih.gov/pubmed/18328674
https://doi.org/10.11613/BM.2021.010502
https://www.ncbi.nlm.nih.gov/pubmed/33380887
https://www.who.int/publications/m/item/greece-one-health-national-action-plan-for-antimicrobial-resistance-2019-2023
https://www.who.int/publications/m/item/greece-one-health-national-action-plan-for-antimicrobial-resistance-2019-2023
https://doi.org/10.1016/j.prevetmed.2019.104777
https://www.ncbi.nlm.nih.gov/pubmed/31731037

Antibiotics 2023, 12, 1442 13 0f 13

20. Lagrange,J.; Amat, J.-P; Ballesteros, C.; Damborg, P.; Gronthal, T.; Haenni, M.; Jouy, E.; Kaspar, H.; Kenny, K.; Klein, B.; et al. Pilot
Testing the EARS-Vet Surveillance Network for Antibiotic Resistance in Bacterial Pathogens from Animals in the EU/EEA. Front.
Microbiol. 2023, 14, 1188423. [CrossRef] [PubMed]

21. Joint Action Antimicrobial Resistance & Healthcare Associated Infections (JAMRAI). Deliverable 7.5: Design, Roadmap and
Feasibility of an Integrated Surveillance Network of Antimicrobial Resistance in Bacteria from Diseased Animals in Europe
(EARS-Vet). Available online: https:/ /eu-jamrai.eu/wp-content/uploads/2021/05/EUjamrai_Design-roadmap-and-feasibility-
of-EARS-Vet_WP7_ANSES_2021.04.13.pdf (accessed on 6 June 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fmicb.2023.1188423
https://www.ncbi.nlm.nih.gov/pubmed/37283921
https://eu-jamrai.eu/wp-content/uploads/2021/05/EUjamrai_Design-roadmap-and-feasibility-of-EARS-Vet_WP7_ANSES_2021.04.13.pdf
https://eu-jamrai.eu/wp-content/uploads/2021/05/EUjamrai_Design-roadmap-and-feasibility-of-EARS-Vet_WP7_ANSES_2021.04.13.pdf

	Introduction 
	Organization of a Pilot Project: Decisions and SWOT Analysis 
	Description of the Key Areas in the Greek Pilot Project 
	Political and Financial Support 
	Monitoring Objectives 
	Central Institutional Organization 
	Laboratory Network 
	Monitoring Procedures—Monitoring Data 
	Laboratory Techniques 
	Communication 
	Evaluation 

	SWOT Analysis of the Pilot Project 
	Strengths 
	Weaknesses 
	Opportunities 
	Threats 


	Discussion 
	The Approach Implemented 
	Conclusions 
	References

