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Abstract
Background: The inappropriate use of antibiotics is a major issue in clinical practice in Greece with serious
implications for public health and animal health. The purpose of the present study was to provide a first insight
into the use of antibiotics by small animal practitioners in Greece and assess their compliance with general rules for
the rational use of antibiotics. This is the first survey of its kind in Greece.
Methods: A questionnaire was designed to collect basic information on the use of antibiotics by pet veterinarians.
The questionnaire was sent to a total of 70 veterinarians mainly operating in the region of Attica, a region that
comprises almost 50% of the Greek population and where veterinarians are engaged solely in small animal practice.
The questionnaire consisted of 37 closed questions dealing with various aspects on the use of antibiotics.
Results: The majority of practitioners report cases where the pet owner initiated antibiotic treatment without
veterinary prescription. Almost every clinician reported owner-compliance challenges. Regarding microbiological
analysis, 73% of respondents initiate empirical treatment while waiting for laboratory results or use antibiogram
only when the treatment is unsuccessful. Eighty-eight per cent declared to use antimicrobials postoperatively in
clean surgical procedures. Different types of antimicrobials and treatment durations than the ones proposed by
guidelines on rational use of antibiotics are preferred for various organ systems e.g. in urinary and gastrointestinal
infections.
Conclusions: Our findings suggest the need for guidelines on antibiotic use in small animal practice in Greece, and
the deployment of systematic surveillance on antimicrobials use and resistance to inform the initial choice of
antibiotics upon local antimicrobial resistance profiles. Targeting the other end of the problem, pet owners, our
findings indicate the need to educate them on the rational use of antibiotics and, critically, stop antibiotic
availability without prescription.
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Background
The use of antibiotics is essential in the treatment of infectious diseases in pets. However, the day-to-day use of
antibiotics has led to the emergence of significant bacterial populations resistant to many classes of antibiotics,
raising important public health issues [1, 2]. Antibioticresistant bacteria not only make it difficult to apply effective treatment to the patient, but can themselves 1)
be transmitted to other humans and animals, and 2)
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transmit their antibiotic resistant properties to other
types of bacteria through horizontal genetic transfer, further complicating the treatment of other diseases. These
phenomena occur in the clinical practice of pets for a
number of important pathogenic microorganisms such
as Staphylococcus spp., Campylobacter spp., Salmonella
spp. and Escherichia coli [3]. The amount of antibiotics
used in pet animals in Europe is small in comparison to
that used in livestock [4], however the close contact of
pets with their owners facilitates the transmission of
multidrug-resistant organisms between humans and
their pets [5–11].
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The spread of antimicrobial resistance (AMR) has led
to the rationalization of antibiotic use in humans and
animals. To help achieving this, information on the use
practices of antibiotics by clinicians and on locally developed antibiotic resistance patterns is needed. This evidence can help identify problems arising from wrong
practices and inform appropriate recommendations and
incentives to address them. At the same time, therapeutic protocols can be more stringently enforced
against local circulating bacteria, using specific narrowspectrum antibiotics instead of last generation antibiotics
of broad-spectrum that are more likely to promote AMR
in a broader group of bacteria [12].
The inappropriate use of antibiotics is a major issue in
human clinical practice in Greece with serious implications for public health [13–15]. Greece crowns the list of
EU countries regarding human antibiotic consumption
per capita and reports 40% of human infections due to
antibiotic-resistant bacteria compared to EU’s average of
20% [16]. Investments in public health actions to tackle
AMR are still insufficient [16]. To date, only a minority
of EU/EEA countries have implemented national action
plans against AMR and defined a monitoring and evaluation process. In Greece, a national action plan is being
prepared (www.moh.gov.gr, in Greek). However, use of
antibiotics in veterinary medicine, and especially in small
animal practice, is not yet being formally considered as
part of the Greek public health efforts to address AMR.
The purpose of the present study was to provide a first
insight into the use of antibiotics by small animal practitioners in Greece, and a preliminary assessment of the
trends of Greek pet veterinarians regarding the rational
use of antibiotics in small animal practice as proposed in
relevant guidelines contacted in other countries but not
in Greece [17]. The information collected aims to inform
current efforts towards the development and implementation of Greece’s national plan on AMR. To the best of
our knowledge, this is the first survey of its kind in
Greece.

Materials and methods
A questionnaire was designed to collect information on
the use of antibiotics by veterinarians. The questionnaire
was designed to be simple, with few questions so as not
to discourage participation. The questionnaire was sent
to a total of 70 veterinarians, a convenience sample built
from an initial list of pet veterinarians attending the 1st
Hellenic One Health forum in Athens in 2018 (n = 30)
and extended through a snowball sampling approach,
using data provided by the Hellenic Veterinary Association (HVA). The sampling targeted veterinarians mainly
operating in the region of Attica (n = 50, 71% of them),
a region that comprises almost 50% of the Greek population and where veterinarians are engaged solely in small
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animal practice, which is the main focus of this study.
Small animal veterinarians are approximately 400 in the
Attica region (Small Animal Veterinarians of Attica Association, www.skmza.gr), considered to be approximately 40% of the pet veterinarians in the country
(source: HVA). The rest (n = 20, 29%) of the veterinarians were selected from other areas of mainland Greece,
engaged also solely in small animal practice.
An email was sent to the veterinarians with a cover
letter explaining the purpose of the study and including
a link to an online questionnaire. The questionnaire
could be completed anonymously on a voluntary basis
over a period of 2 months.
The questionnaire was written by members of the research team and is consistent with questionnaires used
in similar studies in other countries, to allow comparison of the results [18–20]. It consists of 37 closed questions. Most of the questions aim to identify the
frequency of at which an events of interest, e.g. proportion of antibiotic treatment non-compliance by pet
owners (never 0%, sometimes 30%, frequently 70%, always 100%). The first part of the questionnaire (18 questions) gathers personal information about the clinician,
antibiotic use in clinical practice, and their postoperative
use in surgical procedures. The second part (11 questions) includes questions on the use of different types of
antibiotics by group of diseases and organ system; and
the third part (8 questions) enquires about the duration
of therapeutic protocols. Frequency tables and the Fisher's exact test, to assess the association between years of
experience and various aspects of the clinical practice
and use of antibiotics, were run in SPSS V.18.0.

Results
General demographic data

Forty-eight (68.6%) veterinarians responded to the questionnaire; most of them (n = 38, 79% of respondents)
come from the Attica region. Tables 1, 2 and 3 show the
answers to the three categories of questions. The majority of respondents taking part in the survey (n = 31, 65%)
were working in pet clinics with no more than 2 staff
veterinarians. At total of 37 (77%) were male. Almost
half (n = 21, 44%) were 36–50 years old, two were 25–
35 years old and the remaining (n = 25, 52%) were more
than 50 years of age. A total of 37 of the respondents
(77%) had more than 15 years of professional experience.
Use of antibiotics

Almost half of the veterinarians (n = 22, 46%) answered
that they have a written antibiotic policy in their practice. Forty-three respondents (90%) answered that petowners already administered antibiotics before they
bring the animal to the practice (65% “sometimes”, 25%
“frequently”), and every clinician reported treatment
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Table 1 Questionnaire responses (frequency and percentage) by the 48 respondents
Question

Options

Respondents
Frequency

(%)

37

77.08

Gender

Male
Female

11

22.92

Age

25–35

2

4.17

36–50

21

43.75

> 50

25

52.08

Years of experience

Number of Vets

Written antibiotic policy

How often do you encounter owner-initiated treatments
before a case is presented to the practice?

How often do you prescribe combinations of different antimicrobials?

How often do you encounter owner compliance challenges?

Choice of the antibiotic is based mainly on

How often do you use microbiological analysis and antimicrobial
susceptibility testing in cases where use of antibiotics is needed?

While you wait for the laboratory results, how often do you use antibiotics?

What is your preferred method of selecting your antimicrobial, in
relevance to antibiogram results?

Do you keep a client’s record for antibiotics prescribing?

If no, please state the reason

How often do you weight the animal before prescribing antibiotics?

How often do animals return because of antibiotic treatment failure?

1–15

11

22.92

16–25

26

54.16

> 26

11

22.92

1

16

33.33

2

15

31.25

>2

17

35.42

Yes

22

45.83

No

26

54.17

Never (0%)

5

10.42

Sometimes (30%)

31

64.58

Frequently (70%)

12

25.00

Infrequently

32

66.67

Frequently

16

33.33

Frequently (70%)

46

95.83

Always (100%)

2

4.17

Bibliography (e.g. therapy handbooks)

35

72.92

Leaflet indications

4

8.33

My own professional experience

9

18.75

Sometimes (30%)

27

56.25

Frequently (70%)

20

41.67

Always (100%)

1

2.08

Never (0%)

3

6.25

Sometimes (30%)

16

33.33

Frequently (70%)

17

35.42

Always (100%)

12

25.00

Empirical, whilst awaiting antibiogram

24

50.00

Empirical first, antibiogram if unsuccessful

9

18.75

Antibiogram first

13

27.08

I rarely use antibiogram

2

4.17

Yes

15

31.25

No

33

68.75

Lack of Time

31

64.58

Not important

1

2.08

Both of the above

12

25.00

Other reasons

4

8.34

Frequently (70%)

5

10.42

Always (100%)

43

89.58

Never

8

16.67
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Table 1 Questionnaire responses (frequency and percentage) by the 48 respondents (Continued)
Question

Options

Respondents

Sometimes (1–3 times a year)

How often do you use postoperative antibiotics in clean surgical
operations?

For which reason do you often (more than 50% in previous question)
apply postoperative antibiosis for this type of operation?

compliance challenges. Regarding microbiological analysis and antimicrobial susceptibility testing, 20 respondents (42%) use them “frequently” and 27 (56%)
“sometimes”. Only 6 % of the clinicians who make use of
such laboratory support declared to ‘always’ wait for the
results before prescribing an antibiotic. In a similar
question, focusing on what they “prefer” to do (even
though they may be forced to do differently in many
cases) 13 participants (27%) responded that they prefer
not to use antibiotics while awaiting the laboratory results. The remaining 35 participants (73%) prefer to
adopt an empirical treatment (i.e. a clinical “educated
guess” in the absence of accurate diagnosis) while waiting for the laboratory results or use antibiogram only
when the empirical treatment is unsuccessful. Forty-two
(88%) clinicians declared to use antimicrobials

Frequency

(%)

33

68.75

Frequently (more than 3 times a year)

7

14.58

0% of cases

6

12.50

1–10% of cases

13

27.08

11–50% of cases

5

10.42

51–90% of cases

6

12.50

> 90% of cases

18

37.50

Just the typical procedure

27

56.25

Operations last more than 90 min

2

4.17

Frequent issues with aseptic procedures

7

14.58

Frequent postoperative infections

3

6.25

Other reason

9

18.75

postoperatively in clean surgical procedures, half of them
in more than 50% of the cases. Most of them answered
that “this is the typical procedure”.
Based on the collected data, the veterinarians do not
frequently prescribe combinations of different antibiotics
(67% infrequently, 33% frequently). In order to understand what antibiotics are mainly used to treat infections
involving specific organ systems, veterinarians were
asked to indicate the class of antimicrobials or the active
compound of preference. The results showed that for
urinary tract infections veterinarians prescribe mainly
(fluoro) quinolones, for cutaneous diseases cephalosporins, for respiratory diseases tetracyclines, and for gastrointestinal diseases sulphonamides and nitroimidazole
(Table 2). Quinolones are the preferred type of antimicrobial used in cases of sepsis, penicillins in eye

Table 2 Percentage of respondents’ type of antimicrobial usage for different organs systems. The cells in bold represent the firstchoice antimicrobial for every organ system
Skin

Ear

Urinary

GIT

Reproductive

Respiratory

Penicillins

25,53

11,53

8,89

8,12

25,00

3,77

Cefalosporins 1st,2nd gen

31,91

7,69

11,11

5,41

12,50

7,55

16,67

18,75

Cefalosporins 3rd,4th gen

10,64

15,38

11,11

2,70

6,25

11,32

22,22

18,75

Aminoglycosides

2,13

34,62

6,67

2,70

6,25

1,89

11,11

Quinolones

4,26

15,38

46,67

5,41

6,25

7,55

2,70

12,50

32,07

13,33

32,43

25,00

7,55

6,25

16,98

Tetracyclines

3,85

Sulphonamides
Lincosamides

12,77

Macrolides

6,38

3,85
3,85

32,43

6,38

3,85

2,70

Nitroimidazoles
Other

2,22

2,70
2,70

7,55

3,77

Sepsis

Eye
25,00

33.33

6,25
12,50

5,56
11.11

6,25

12,50
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Table 3 Duration of treatment (columns) for different organ systems (rows). Cells show the frequency and percentage of responses
(in brackets). The cells in bold represent the most used duration of treatment for every organ system
Organ
system

Treatment length
Less than 3 days

3–7 days

8–14 days

15–21 days

Over 21 days

Skin

1 (2.08)

2 (4.17)

16 (33.33)

18 (37.50)

11 (22.92)

Ear

0 (0.00)

3 (6.25)

27 (56.25)

12 (25.00)

6 (12.50)

Urinary

0 (0.00)

4 (8.33)

23 (47.92)

18 (37.50)

3 (6.25)

GIT

2 (4.17)

23 (47.91)

18 (37.50)

3 (6.25)

2 (4.17)

Reproductive

1 (2.08)

12 (25.00)

30 (62.50)

4 (8.33)

1 (2.08)

Respiratory

0 (0.00)

8 (16.67)

29 (60.41)

11 (22.92)

0 (0.00)

Sepsis

0 (0.00)

1 (2.08)

14 (29.17)

14 (29.17)

19 (39.58)

Eye

1 (2.08)

28 (58.33)

13 (27.08)

6 (12.50)

0 (0.00)

infections, and aminoglycosides in ear infections. Finally,
for reproductive diseases, sulphonamides and penicillins
are mainly used.
Treatment periods

Treatment periods were variable depending on the organ
system (Table 3). Skin infections were treated for more
than 15 days by most of the clinicians (60%). The majority of the clinicians treat urinary, reproductive, ear, and
respiratory diseases for more than 8 days (92, 73, 94,
83% respectively). Gastrointestinal Tract (GIT) and eye
infections are treated mainly for more than 3 days; 48%
of respondents treat GIT infections for more than 8
days. Finally, cases of sepsis are treated usually for more
than 15 days.
Statistical analysis

Fischer's exact tests did not return any significant association between years of experience (less than or greater

than 15 years) and having written antibiotic policy, the
habit of weighing animals before prescribing antibiotics,
preferred method of selecting antibiotics, and postoperative use of antibiotics in clean surgical operations
(Table 4).

Discussion
The 38 veterinarians from Attica who completed the
questionnaire represent approximately 10% of the population of small animal practitioners in the area of Attica
(source: HVA). The 48 veterinarians represent approximately 5% of the small animal practitioners in Greece.
This sample size is similar to that of other early studies
conducted elsewhere (10% in Italy, 14% in UK, 16% in
South Africa) [18–20]. This sample size corresponds to a
14–15% margin of error for the region of Attica as well
as Greece, an acceptable number for a first preliminary
survey. In order to draw safer conclusions for the entire
Greek territory, the study must be expanded to a

Table 4 Correlation between veterinarians’ years of experience and aspects of small animal practise
Years of experience
Written antibiotic policy

Weighing animals before prescribing antibiotics

Preferred method of selecting antibiotics

1–15

> 15

Yes

3

19

No

8

18

Always (100%)

8

35

Often (100%)

3

2

Empirical, whilst awaiting antibiogram

6

18

Empirical first, antibiogram if unsuccessful 1

8

Antibiogram first

9

4

I rarely use antibiogram

Fisher Exact p = 0.1887
Fisher Exact p = 0.0716
Fisher Exact p = 0.6657

2

Postoperative use of antibiotics in clean surgical operations 0% of cases

6

1–10% of cases

2

11

11–50% of cases

1

4

51–90% of cases

2

4

> 90% of cases

6

12

Fisher Exact p = 0.5094
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significant number of veterinarians in other areas producing a more representative set of results for the whole
country. Participation was encouraging with a response
rate of 69%.
Almost half of the veterinarians answered that they
have a written antibiotic policy in their practice. This
compares to 27% in South Africa and 30% in Denmark
[20, 21]. In the UK, 97% of practicing veterinarians
responded in earlier studies that they did not use fixed
protocols [19]. Having written antibiotic protocols is important as it promotes optimal treatment, and helps
limit the prescription of antimicrobials of critical clinical
importance in human medicine, e.g. fluoroquinolones
and cephalosporins of 3rd and 4th generation which
should only be used following culture and susceptibility
testing. Despite the apparent large proportion of respondents affirming that they have written protocols, it is important to state that there are no guidelines on the use
of antibiotics by any veterinary authority in Greece.
Practitioners developtheir own protocols, possibly leading to heterogeneity in the antibiotic treatment of clinical cases, and over-prescription of “last resort”
antimicrobials when the practitioner is not up to date in
the rational use of antibiotics. This likely heterogeneity
is compounded by the lack of geographically explicit
AMR surveillance data to inform practitioners’
protocols.
Of grave concern is that the majority of pet-owners
administer antibiotics before they bring their animals to
the practice. Pet owners are probably using antimicrobials without taking into consideration their spectrum of
activity or resistance profiles, and they are either using
remnants from previous visits to a veterinarian or even
antibiotics used in human medicine. In Greece, there is
legislation stipulating that antibiotics should only be prescribed by health professionals. Eurobarometer data on
human antibiotic use for Greece in 2013 and 2016
showed that 16 and 20%, respectively, of all users do so
without a medical prescription, the highest percentages
in the EU [22]. This figure decreased to 9% in 2018, indicating success in the implementation of policy recommendations as suggested by the European Commission.
However, Eurobarometer data indicates that Greece is
still one of the EU countries with the lowest awareness
and understanding of antibiotic use by the general population [23].
Use of antimicrobial combinations is not frequent; our
results are similar to those of a study in Italy [18],
but different from a study in the UK that showed that
antibiotic combinations were commonly prescribed [18].
We did not enquire further about the specific combinations; these should be investigated in a next extended
survey. Antimicrobial combination is suggested to
achieve synergistic or additive results, allowing lower

Page 6 of 8

doses of compounds and thus preventing emergence of
antimicrobial resistance [24].
Almost every clinician reported owner-compliance
challenges; this usually has to do with pet owners stopping treatment when clinical signs disappear (a general
rule of thumb is to continue treatment for 1–2 days beyond resolution of clinical signs and for 2 weeks in serious deep pyoderma problems) [17]. This should be
further investigated in a future more extensive study, as
it is important to educate pet owners accordingly.
Most of the veterinarians answered that they use
microbiological analysis and antimicrobial susceptibility
testing, alas with variable frequency; most (56%) answered “sometimes” and 41% answered “frequently”. A
similar result was obtained by Barbarossa et al. in Italy
[18] (69 and 20%, respectively, while 2% answered “always”). However, only 27% of our respondents answered
that they prefer to wait for the antibiogram results before using any antibiotics, and 94% answered that they
have to use antimicrobials while waiting for the laboratory results, with variable frequency (from “sometimes”
to “always”). These answers indicate that the first choice
of antibiotic is usually made empirically; most answered
that they based their choice on bibliography (e.g. therapy
handbooks), which we assume is their main source for
compiling their written antibiotic policies. The empirical
use of antimicrobials should be avoided, with the exception of infections causing pain or discomfort or for complicated or life-threatening infections [25]. There is an
urgent need to reinforce the use of laboratory analysis in
cases where multiresistant bacteria may be implicated or
there is a risk of increasing antimicrobial resistance, e.g.
Staphylococcus spp. and E. coli in cutaneous and urinary
tract infections, respectively. For those cases where empirical use of antimicrobials cannot be avoided, up-todate information on local resistance profiles would be
critical to narrow down antibiotic choice.
Most veterinarians (85%) do not see animals returning
to the practice because of antibiotic treatment failure.
This may explain why 69% of respondents answered that
they do not keep their clients’ record of antibiotics prescription, believing it is not important or due to lack of
time. Although most respondents weigh the animals before prescribing antibiotics, answers regarding the types
of antibiotics used and duration of treatment per organ
system are concerning.
Forty seven percent of the veterinarians treat urinary
tract infections with (fluoro)quinolones. Relevant guidelines suggest the use of (fluoro) quinolones only in upper
urinary tract infection (pyelonephritis) in dogs and cats;
most cases of cystitis should be treated with amoxicillin
or trimethoprim/sulphonamides, optimally after laboratory results confirm the presence of bacteria [17]. The
frequent isolation of ESBL-producing E. coli from the
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urinary tract of dogs and cats is of increased significance
due to the risk of infecting owners and veterinarians.
Thus, it is important to limit their advance with increased microbiological monitoring and rational antibiotic use.
In the present survey, respondents answered that
cephalosporins of 1st and 2nd generation, and penicillins
are the preferred choices for dealing with skin infections,
which is encouraging. Cutaneous infections are important in terms of antimicrobial resistance, with methicillin
resistant strains of Staphylococcus aureus and Staphylococcus pseudintermedius presenting a serious threat to
animal health due to the increased risk of treatment failure. These bacteria are recognised nosocomial pathogens
and can spread between animal patients via contamination of the hospital environment, invasive procedures
and veterinary personnel [26]. As for ESBL-producing E.
coli, it is important to limit the genetic pressure towards
antimicrobial resistance development through microbiological monitoring of all cutaneous infections and rational use of antibiotics.
For respiratory infections, tetracyclines are the preferred choice, which is consistent with guidelines, with
macrolides being second choice, where penicillins should
be. In reproductive infections, penicillins and trimethoprim/sulphonamides are preferred by half of the respondents, as recommended by the guidelines. A concerning
finding is that, in GIT infections, metronidazole is used
by 1/3 of the respondents as the first choice antimicrobial; metronidazole is critical in managing Clostridium
difficile infections in humans, and countries like
Denmark have managed to reduce its use in veterinary
medicine to nearly zero levels after a campaign initiated
in 2012 [17]. For the rest of the system organs (eye, ear,
sepsis, reproduction) first choice antibiotics are near the
recommended ones.
Different treatment durations than the ones proposed
by guidelines on rational use of antibiotics were reported
for various organ systems. Almost every veterinarian (91,
67%) reported treatment durations of more than 8 days
for urinary tract infections, while the recommended
period is for 3–5 days [17]. For respiratory diseases, more
than 83% of the practitioners stated a usual treatment duration of more than 8 days (vs. the recommended 5–7 days
duration). For GIT infections, almost half of the respondents (48%) apply antimicrobials for 8–14 days, while the
general recommendations are for 3–7 days [14]. For the
other organ systems (skin, ear, reproduction, sepsis and
eye) reported treatment periods were similar to those recommended by the guidelines.
Regarding postoperative use of antibiotics in clean surgical procedures, half of the veterinarians reported their
use in more than 50% of their cases, answering that they
consider this to be “the typical procedure”. It is generally
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accepted that low-risk patients (healthy or with localised
disease), and apyrexic patients with serious systemic illness, undergoing a clean or clean-contaminated procedure do not require antibiotic prophylaxis [27]. Hence, it
is a subject in which most of the respondents appear unaware of best practices. We must of course take into account that pet owners in Greece are usually surprised to
learn that their pet will not receive antibiotics prior to
routine surgery, and that they will be sent home without
oral antibiotics.

Conclusions
Our findings suggest a number of recommendations towards the rationalization of antibiotics use in small animal practice in Greece.
Firstly, practitioners need guidance on the subject. Official guidelines have been implemented by some countries, e.g. Denmark, with encouraging results showing
overall decrease of the use of antimicrobials and especially those of importance for human health such as
cephalosporines of 3rd and 4th generation and metronidazole [21]. Guidelines for the rational use of antibiotics in small animal practice should be compiled by the
country’s relevant authorities, e.g. the professional Veterinary Association, or the relevant government department. Moreover, these guidelines should be included in
the veterinary undergraduate curriculum. These guidelines should have a “per organ system” recommendations
approach, so as to highlight the most important needs
for changes in small animal practice; regular data collection (using appropriate questionnaires) by the veterinarians should be used to detect periodically large
discrepancies, and adjust the guidelines accordingly.
Secondly, there should be systematic antimicrobial use
and AMR surveillance to inform the initial choice of
antibiotic upon local resistance profiles. As sensitivity
testing in general practice tends to be restricted to the
most difficult cases there is an overestimation of resistance levels and their severity. Surveillance should comprise a larger number of uncomplicated or first-time
infections leading to improved monitoring quality and
giving a more accurate picture of resistance development
generally. This data should regularly update the previously compiled guidelines, redefining empirical therapy
protocols and ensuring optimized treatments using the
most appropriate, locally relevant, narrow-spectrum antibiotics per organ system infections.
Finally, it is important to reduce the availability of antibiotics without prescription to pet owners and educate
them about antimicrobial resistance and the importance
of rational use of antibiotics on their pets. In a truly One
Health approach, the veterinarian should be able to explain to the animal owner in simple terms why an antimicrobial is given, the importance of completing
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treatment, how antimicrobial resistance develops and its
significant impact on the pet’s health and, critically, on
public health. Similarly, public health campaigns should
widen their message to include the AMR risks from the
indiscriminate use of antibiotics in animals.
Abbreviations
AMR: Antimicrobial resistance; GIT: Gastrointestinal tract; HVA: Hellenic
Veterinary Association
Acknowledgements
We thank the Hellenic Veterinary Association (HVA) for their critical
contribution to this study, which is a follow-up on the activities of the 1st
Hellenic One Health forum in Athens in 2018, organized by HVA and supported by Chatham House. We also thank the Athens Technology Center
(ATC) for its contribution regarding data collection using its online platform.
Authors’ contributions
GV, EP, VJDRV and CF designed the study, collected, analysed and
interpreted the data and were the major contributors in writing the
manuscript. CNT contributed in the compilation of the questionnaire,
grouped the collected data, designed the tables, reviewed the manuscript.
All authors read and approved the final manuscript.

Page 8 of 8

8.

9.

10.

11.

12.

13.

14.

15.

Funding
Not applicable.
16.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

17.

Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Faculty of Veterinary Science, University of Thessaly, Karditsa, Greece.
2
Centre for Universal Health, Chatham House, London, UK. 3Asclepius One
Health Platform, Athens, Greece. 4Hellenic Republic Ministry of Rural
Development & Food, Athens, Greece.
Received: 29 January 2020 Accepted: 29 April 2020

18.

19.

20.

21.

22.
23.

References
1. Rodriguez-Rojas A, Rodriguez-Beltran J, Couce A, Blazquez J. Antibiotics and
antibiotic resistance: a bitter fight against evolution. Int J Med Microbiol.
2013;303(6–7):293–7.
2. Dyar OJ, Obua C, Chandy S, Xiao Y, Stalsby Lundborg C, Pulcini C. Using
antibiotics responsibly: are we there yet? Future Microbiol. 2016;11:1057–71.
3. Guardabassi L, Schwarz S, Lloyd DH. Pet animals as reservoirs of
antimicrobial-resistant bacteria. J Antimicrob Chemother. 2004;54(2):321–32.
4. European Medicines Agency, European Surveillance of Veterinary
Antimicrobial Consumption. Sales of veterinary antimicrobial agents in 31
European countries in 2017. (EMA/294674/2019), vol. 2019; 2019.
5. Guardabassi L, Loeber ME, Jacobson A. Transmission of multiple
antimicrobial-resistant Staphylococcus intermedius between dogs affected by
deep pyoderma and their owners. Vet Microbiol. 2004;98(1):23–7.
6. Weese JS, van Duijkeren E. Methicillin-resistant Staphylococcus aureus and
Staphylococcus pseudintermedius in veterinary medicine. Vet Microbiol. 2010;
140(3–4):418–29.
7. Johnson JR, Owens K, Gajewski A, Clabots C. Escherichia coli colonization
patterns among human household members and pets, with attention to
acute urinary tract infection. J Infect Dis. 2008;197(2):218–24.

24.
25.

26.

27.

Zhang XF, Doi Y, Huang X, Li HY, Zhong LL, Zeng KJ, et al. Possible
transmission of mcr-1-harboring Escherichia coli between companion
animals and human. Emerg Infect Dis. 2016;22(9):1679–81.
Couto N, Monchique C, Belas A, Marques C, Gama LT, Pomba C. Trends and
molecular mechanisms of antimicrobial resistance in clinical staphylococci
isolated from companion animals over a 16 year period. J Antimicrob
Chemother. 2016;71(6):1479–87.
Paul NC, Moodley A, Ghibaudo G, Guardabassi L. Carriage of methicillinresistant Staphylococcus pseudintermedius in small animal veterinarians: indirect
evidence of zoonotic transmission. Zoonoses Public Health. 2011;58(8):533–9.
Schmitt K, Lehner C, Schuller S, Schüpbach-Regula G, Mevissen M, Peter R,
et al. Antimicrobial use for selected diseases in cats in Switzerland. BMC Vet
Res. 2019;15(1):94.
Boerlin P, White DG. Antimicrobial resistance and its epidemiology. In:
Giguère S, Prescott JF, Dowling PM, editors. Antimicrobial Therapy in
Veterinary Medicine (fifth edition): Wiley; 2013. p. 21–40. https://doi.org/10.
1002/9781118675014.ch3.
Karakostantis S, Kalemaki D. Antimicrobial overuse and misuse in the
community in Greece and link to antimicrobial resistance using methicillinresistant S. aureus as an example. J Infect Public Health. 2019;12(4):460–4.
European Centre for Disease Prevention and Control Surveillance of
antimicrobial resistance in Europe. Annual report of the European
antimicrobial resistance surveillance network (EARS-net) ECDC, Stockholm,
vol. 2017; 2016. https://doi.org/10.2900/296939.
European Centre for Disease Prevention and Control Point prevalence
survey of healthcare associated infections and antimicrobial use in
European acute care hospitals ECDC, Stockholm (2013), https://doi.org/10.
2900/86011.
Organisation for Economic Co-operation and Development (OECD).
Antimicrobial Resistance: Tackling the Burden in the European Union,
Briefing note for EU/EEA Countries. 2019.
Jessen LR, Damborg PP, Spohr A, Sørensen TM, Langhorn R, Goericke-Pesch
SK, Houser G, Willesen J, Schjærff M, Eriksen T, Jensen VF, Guardabassi L.
Antibiotic use guidelines for companion animal practice. 2nd ed: The
Danish Small Animal Veterinary Association, SvHKS; 2019. https://www.ddd.
dk/media/2175/assembled_final.pdf.
Barbarossa A, Rambaldi J, Miraglia V, Giunti M, Diegoli G, Zaghini A. Survey
on antimicrobial prescribing patterns in small animal veterinary practice in
Emilia Romagna, Italy. Vet Rec. 2017;181(3):69.
Hughes LA, Williams N, Clegg P, Callaby R, Nuttall T, Coyne K, et al. Crosssectional survey of antimicrobial prescribing patterns in UK small animal
veterinary practice. Prev Vet Med. 2012;104(3–4):309–16.
Chipangura JK, Eagar H, Kgoete M, Abernethy D, Naidoo V. An investigation
of antimicrobial usage patterns by small animal veterinarians in South
Africa. Prev Vet Med. 2017;136:29–38.
Jessen LR, Sorensen TM, Lilja ZL, Kristensen M, Hald T, Damborg P. Crosssectional survey on the use and impact of the Danish national antibiotic use
guidelines for companion animal practice. Acta Vet Scand. 2017;59(1):81.
European Commission, 2017. Antimicrobial resistance and causes of nonprudent use of antibiotics in human medicine in the EU.
European Commission, 2018. Special Eurobarometer 478, Antimicrobial
resistance. Eu Commission September 2018.
Walsh C. Molecular mechanisms that confer antibacterial drug resistance.
Nature. 2000;406(6797):775–81.
Guardabassi L, Kruse L. Principles of Prudent and Rational Use of
Antimicrobials in Animals. Guide to Antimicrobial Use in Animals. In:
Guardabassi L, Jensen LB, Kruse L, editors. Principles of prudent and rational
use of antimicrobials in animals: Blackwell Publishing; 2008. p. 1–12. https://
doi.org/10.1002/9781444302639.
Wieler LH, Ewers C, Guenther S, Walther B, Lubke-Becker A. Methicillin-resistant
staphylococci (MRS) and extended-spectrum beta-lactamases (ESBL)-producing
Enterobacteriaceae in companion animals: nosocomial infections as one
reason for the rising prevalence of these potential zoonotic pathogens in
clinical samples. Int J Med Microbiol. 2011;301(8):635–41.
Eugster S, Schawalder P, Gaschen F, Boerlin P. A prospective study of
postoperative surgical site infections in dogs and cats. Vet Surg. 2004;33(5):
542–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

