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Simple Summary: Antimicrobial resistance (AMR) is one of the main health concerns worldwide
and addressing the problem through the One Health approach is essential to manage the burden
of AMR emergence and transmission. Prudent use of antibiotics and compliance to the prescribed
therapy are key actions to prevent the impact of AMR in animals and humans. As regards companion
animals, the effective use of antibiotics depends on the collaboration of pet-owners with prescribing
vets. To improve compliance, it is important to improve pet-owner understanding of AMR-associated
risks. We conducted an online survey to investigate AMR knowledge amongst dog owners with a
focus on canine acute diarrhea (AD) management. AD is a good example to consider. The disease
is stressful for owners that seek veterinary help for their dog’s condition. Some cases of canine AD
are still treated with antibiotic courses as first-line medication despite antimicrobial administration
often being unnecessary. Rather, it has been observed that dietary management and administration
of nutraceuticals can positively impact on the resolution of symptoms. Respondents to our survey
were reasonably aware of AMR existence and AMR-associated risks. Almost all of them agreed that
treating canine AD with nutraceuticals would represent a valuable alternative to antibiotics.

Abstract: An ad hoc questionnaire was designed in order to investigate AMR knowledge amongst
Italian dog owners, owner expectations concerning pharmacological treatment of canine AD, and
client attitudes towards and compliance with alternative strategies to antimicrobial administration. A
total of 250 questionnaires were returned. Most of respondents were female, aged 36–70 and workers.
More than a half of participants owned one dog with mixed breed, with Labrador retriever, golden
retriever, dachshund, and border collie being the most represented breeds. On average, each dog was
treated with an oral antibiotic 1.044 times per year. Intestinal diseases were among the main reasons
(19%) for antibiotic prescription. Oral antibiotic courses without veterinary consultation (21%) and
anticipated termination of the therapy (17.1%) were less common than reported elsewhere. The
majority of respondents knew the meaning of AMR with a significant inverse association between
the level of education and the tendency to administer antimicrobials without consulting a clinician
(p = 0.004). Most of the owners expected a rapid recovery of clinical signs after a first episode of AD
and accepted natural dietary supplementation for treating the condition. Ninety-five percent of the
respondents believed that public funding should be spent to study AMR. Even though an acceptable
degree of AMR awareness emerged, we feel that further efforts should be made to increase public
AMR knowledge and to stimulate proactive measures to fight the phenomenon. On the other hand,
the development of guidelines for the treatment of uncomplicated canine AD would help clinicians
to rationalize antimicrobial use.
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1. Introduction

Antimicrobial resistance (AMR) is an advancing global menace to public and animal
health. Overuse or misuse of antimicrobials are established risk factors accelerating the
development of AMR [1]. While in the past decades much focus has been put on the
rise of resistant bacterial strains in humans and farm animals, currently there is growing
attention in the veterinary community on the spread of AMR in companion animals. Pet
ownership, indeed, has rapidly increased in developed countries and, nowadays, more
than 60 million of cats and dogs share the household with their caregivers [2], with the latter
being considered more as “family members” than as domestic animals. This change in the
human–canine relationship has been accompanied by a greater attention to the nutrition
of pets and a parallel evolution in the quality of veterinary care provided. In particular,
the demand of a state-of-the-art medical assistance in the course of various illnesses has
determined a massive use or abuse of drugs and antibiotics, contributing to the spread of
antimicrobial resistance (AMR) [3,4].

Resistance is problematic in many pathogens and commensals of canine origin, in-
cluding staphylococci, enterococci, Escherichia coli, and Salmonella [5–7]. For instance, in
a study performed by Elnageh et al. [8], 13 out of 38 staphylococci isolated from 151 pets
were identified as methicillin-resistant. As far as enterococci were concerned, strains iso-
lated from feces collected from pets visiting the University Veterinary Hospital of Porto
showed a resistance to tetracycline (67.0%), rifampicin (60.3%), azithromycin (58.4%), quin-
upristin/dalfopristin (54.0%), and erythromycin (53.0%) [9] and for Escherichia coli and
Salmonella, percentages of single and/or multidrug AMR of 53.4% and 85.1%, respectively,
have been identified from other authors [10,11].

The close human–animal bond mentioned above also leads to an increased risk of
transmission of zoonotic bacteria and resistance determinants [2,12]. Further challenges are
represented by the significant overlap with antimicrobials used in human medicine, the use
of critically important antimicrobials for human health, and the off-label use of drugs in the
veterinary field [13]. Despite this, the main antibiotic surveillance programs focus on food-
producing animals and the risk of AMR transmission along the food chain, while only few
countries have implemented ad hoc AMR-control programs in companion animals [14,15].
Accordingly, mitigation measures to reduce and prevent AMR in companion animals
mainly rely on awareness by veterinarians. From this point of view, the new Regulation
(EU) 2019/6 on Veterinary Medicine Products, the national prescribing guidance adopted
in some countries, and the Federation of Veterinarians (FVE) and Federation of European
Companion Animal Veterinary Association (FECAVA) guidelines on prudent prescription
of antibiotics have reinforced the need to improve diagnosis in order to control the spread
of AMR. Nevertheless, pet-owner compliance and attitudes toward antibiotic use are
also important drivers to reduce AMR [16]. Vets reported that owner pressure and their
expectations for a clearly defined and rapidly active treatment may favour unjustified
antimicrobial prescribing. We therefore felt that, in order to identify appropriate strategies
for change, it would be interesting to investigate client knowledge of antibiotics and
AMR and/or their inclination to use alternatives to antimicrobials. In canine medicine,
inappropriate antibiotic prescribing may concern treatment of self-limiting diseases and/or
illnesses of non-bacterial origin. Amongst them, diarrhea is a common matter of distress
for dog owners, who consider the cure of such condition an urgent priority. It has been
estimated that approximately 7% of canine patients admitted for medical care show acute
diarrhea (AD) as the major clinical sign [17,18]. Although AD tends to be self-limiting
in most cases, with a mild impact on dog wellness, owners commonly ask for veterinary
consultation or even resort to self-medication [18,19]. AD is most frequently related to
dietary indiscretion, endoparasites, or transient uncomplicated viral or bacterial infections;
however, in many patients, the exact aetiology is hard to identify and symptomatic medical
management with or without dietary changes is generally adopted [20]. In this context,
some cases of uncomplicated AD are still treated with a short-term antibiotic course
as first-line medication, despite antimicrobial administration being shown to be often
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unnecessary [21–23]. The administration of nutraceuticals has shown promising results in
treating diarrheic patients. These substances show anti-inflammatory effects and may act
synergistically in the restoration of microbiota wellness while contributing to management of
the symptoms [24]. Polyphenols, in particular, can be useful in modulating the gut microbial
ecosystem, limiting the translocation of pathogenic bacteria and reducing the inflammation
associated with colonic mucosal damage [18]. However, standardized protocols and/or
official guidelines for proper management of canine AD are quite inconsistent. Given the
above scenario, this survey aimed to investigate: (1) AMR knowledge amongst dog owners;
(2) owner expectations concerning pharmacological treatment of canine AD; and (3) client
attitudes towards and compliance with alternative strategies to antimicrobial administration.

2. Materials and Methods
2.1. Participant Recruitment and Survey Design

An online cross-sectional survey was administered from April 2020 to November 2020
to dog owners living in Italy, to investigate their perceptions of the AMR emerging issue
and of antimicrobial use, especially with respect to canine AD.

The questionnaire was created in the Italian language using Google Forms©, (accessed
on 10 March 2019), (see Survey, File S1) and it was shared on social media (Facebook©,
accessed on 30 April 2020 ) and distributed via email and instant messaging services
(WhatsApp© and Messenger©). The survey was organized into three separate sections:
(1) demographic and epidemiologic section (14 questions); (2) antimicrobial usage section
(16 questions), and (3) AMR perception section (5 questions).

In the first section an initial set of demographic questions was asked. These included
gender, age, residential code, level of education, employment status, and family status. Only
volunteers aged more than 18 years were considered eligible for enrolment. Respondents
were arbitrarily categorized into two classes: 18–35 years and 36–70 years. With respect
to employment status, respondents were classified as “workers” (i.e., part-time or full-
time professionals), “non-workers” (i.e., full-time students or unemployed people), or
“retired/homemakers” (see Survey, File S1).

Owners were then asked about the dog or dogs owned (number and breed of each),
species of animals kept other than dogs, and caregiver attitude for referring their dogs to a
trusted veterinarian or a specialist (see Survey, Section 1, File S1).

In the second section, online respondents were asked about their habits of antimicrobial
administration per os and their knowledge about when and how a canine disease could
benefit from an antibiotic treatment. Caregiver perception of antimicrobial utility and risks
in the course of various illnesses affecting canine patients, with particular emphasis on AD,
were also investigated (see Survey, Section 2, File S1).

The last section focused on owner awareness of AMR. In detail, respondents were
first asked if they knew the meaning of AMR; a definition of AMR was then provided and
further questions about associated risks were asked (see Survey, Section 3, File S1).

No ethics approval within either national or EU legal systems was needed for this
study as enrolment was on a voluntary basis and the participants consented to anony-
mous information collection as per General Data Protection Regulation (Regulation (EU)
2018/679). Respondents agreed to participate in the study voluntarily by self-enrolling.
They were informed that their answers would be published in a scientific paper. By
completing and returning the survey, they agreed to the inclusion of their data.

2.2. Data Analysis

The data collected in the survey were transferred to a spreadsheet (Excel, Microsoft)
and underwent descriptive analysis. Results are reported as frequency (n/N) and percent-
age (%). Some items were further analyzed to assess a relevant association. In detail, the
considered variables were: (a) the influence of the educational level on AMR awareness,
(b) the influence of the educational level on AMR concern, (c) the influence of the respon-
dent age on AMR concern, (d) the influence of education level/age on the administration
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of oral antimicrobials without consulting a veterinarian, (e) the influence of education
level/age on the number of antimicrobial courses stopped before the end of the treatment,
and (f) the influence of the employment status on the respondents’ willingness to personally
fund academic research into AMR. The statistical analysis, based on either the chi-square
test or Fisher’s exact test for small samples, was carried out by using “R”, a free software
environment for statistical computing and graphics (version 3.6.3), and ORs with 95 percent
confidence interval are reported for significant results. Statistical significance was set at
p < 0.05.

3. Results
3.1. Demographics

A total of 250 completed questionnaires was returned. The demographics of respon-
dents are summarized in Table 1. Most of respondents were female (79%) and aged 36–70
(60%). Almost all the respondents were Italian (96%). According to the answers, the level
of highest education was classified as “University”, including those with a bachelor’s or a
master’s degree, or “Non-University”, related to a middle- or a high-school certificate. The
two classes were homogeneously distributed with a slight prevalence of “Non-University”
respondents (51%). The employment-status categories were concentrated into three main
classes: “workers”, including full-time, part-time, and occasional workers, “unemployed”,
including students and unemployed people, and “retired/homemakers”. The “workers”
category represented the majority of the participants (77%). More than half of the partici-
pants owned only one dog (59.6%), 26.3% of respondents stated that they owned two dogs,
whereas 14.2% stated that they took care of three or more dogs. The most represented breeds
were mixed breed (34%), Labrador retriever (4.6%), golden retriever (4.6%), dachshund
(3.6%), and border collie (3.1%). Moreover, 50% of the survey respondents (125/250) were
also responsible for the care of species other than dog. For instance, 78.3% (97/125) kept a
cat; 12.5% (16/125) kept a fish; and around 10% (12/125) kept a turtle. Subscribing to pet
insurance was quite uncommon. Of the respondents, 29% declared that they were the sole
caregiver of his/her dog(s). The great majority (96%) had a trusted veterinarian, and 49%
had also referred their dog(s) to a specialist veterinarian. On average, the respondents took
their dog(s) for a veterinary consultation three times per year (mean = 2.9 times).

Table 1. Demographics of respondents.

Demographic Data Categories Percentage

Gender
Female 79%
Male 21%

Age group 18–35 years 40%
36–70 years 60%

Nationality Italian 96%
Other 4%

Highest education University 49%
Non-University 51%

Employment status
Workers 77%

Unemployed 13%
Retired/homemakers 10%

Pet insurance
Yes 29%
No 71%

Dogs owned

One 59.6%
Two 26%

Three 7.6%
Four 4.4%

Five or more 2.4%
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Table 1. Cont.

Demographic Data Categories Percentage

Pets owned
Only dog(s) 50%

Dog(s) + others 50%

Number of veterinary
consultations/year

0 1%
1 18%
2 28%
3 20%
4 8%

5 or more 25%

3.2. Antimicrobial Use

Forty-four percent (111/250) of respondents had administered at least one oral antimi-
crobial course over the previous 12 months. On average, each dog was treated with an oral
antibiotic 1.044 times per year and 23 respondents out of 111 (21%) admitted to having
administered an oral antibiotic course without a veterinary consultation. Among them, 65%
(15/23) administered drug leftovers from previous prescriptions, 17% (4/23) purchased the
antibiotics at the pharmacy without prescription, and 17% (4/23) purchased the antibiotics
using an old prescription (Figure 1). According to the respondent answers, the veterinarian
prescribed an oral antimicrobial course because of post-surgical prophylaxis 20% (18/88),
intestinal disease 19% (17/88), skin disease 13.6% (12/88), oral cavity pathology 9% (8/88),
parasitic disease 9% (8/88), urinary infection 9% (8/88), miscellanea 7% (6/88), respiratory
disease 6% (5/88), ear infection 4% (3/88), genital disease 1% (1/88), ab ingestis pneumonia
1% (1/88), and allergic disease 1% (1/88), Table 2. Nineteen (17.1%) respondents out of
111 declared having stopped antibiotic administration before the treatment protocol was
completed. The main reasons for termination of the therapy were: presence of side effects
(21.1%, 4/19), had finished the pack before the end of the treatment (10.15%, 2/19), the
symptoms had already disappeared (21.1%, 4/19), antibiotic seemed to not be working
(5.3%, 1/19), and other non-specified reasons (36.8%, 7/19). In one case the treatment
was discontinued because the dog refused to take the drug (Figure 2). Ten percent of the
total number of respondents (25/250) would take their pet to another veterinarian if their
veterinarian refused to prescribe an antibiotic treatment.
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Table 2. Reasons why oral antimicrobials have been prescribed by the veterinarians. Data are
expressed as percentage of the total number of dogs who had received antimicrobials in the previous
12 months, as declared by respondents.

Reasons Why Antimicrobials Had Been Prescribed Percentage (%)

Post-surgical prophylaxis 20
Intestinal disease 19

Skin disease 13.6
Oral-cavity pathology 9

Parasitic disease 9
Urinary infection 9

Miscellanea 7
Respiratory disease 6

Ear infection 4
Genital disease 1

Ab ingestis pneumonia 1
Allergic disease 1
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3.3. AM: Antimicrobials

Respondents were also asked to what extent an oral antibiotic is needed to treat dog
AD; multiple answers were possible. Forty-seven percent (158/250) said that antimicrobial
treatment should be administered when the cause of diarrhea has been identified; 15%
(50/250) thought that it is recommended in the case of bloody diarrhea; 10% (35/250) said
that it is needed if diarrhea persists for more than two days regardless of its characteristics;
9% (30/250) thought that it is needed if the dog has fever; 9% (30/250) said that it should
not be used; and 8% (27/250) said that it should be used in cases of diarrhea with mucus
(Figure 3). Most owners expected a rapid recovery of clinical signs after the first episode
of AD, with 51% seeking resolution of clinical signs within 5 days (Figure 4). Thirteen
percent of dog owners would still give antibiotics to their dog/dogs to treat diarrhea even
knowing that these molecules are not free from side effects and 30% would still administer
the antimicrobial therapy even knowing that it may represent a risk for human health.
Knowing that natural dietary supplements can help the resolution of diarrhea without any
side-effects, 92% of respondents said that they would accept this treatment approach, while
only 2% (4/250) would not.
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3.4. Antimicrobial-Resistance Perception

Eighty-four percent of respondents knew the meaning of AMR and the large majority
(96%) thought it was a major problem. Owners felt that public research is needed to face the
AMR challenges (97%). Ninety-five percent believed that public funding should be spent
in this field but only 33% of them would have been willing to personally fund targeted
public research.

No significant relationship (p = 0.2) was found between knowledge of what AMR
means and the level of education or between the education level and the belief that AMR
is a problem of major concern (p = 1). No significant relationship emerged between the
age of respondents and the belief that AMR is a major problem (p = 0.99). Otherwise,
the education level significantly inversely influenced the attitude to administer an oral
antimicrobial without consulting a veterinarian (p = 0.004 and OR = 0.24, confidence interval
0.07–0.70) and a trend was shown with respect to age (p = 0.07). No significant relationship
was observed between the age of respondents (p = 0.27) and the number of antimicrobial
courses stopped before the end of the treatment. There was also no relationship between
employment status and respondents’ willingness to personally fund academic research into
AMR (p = 0.82). However, among the “worker” category, 37% (72/193) said that they would
personally fund the research, 48% (93/193) answered ‘I don’t know’, and 15% (28/193)
would not be willing to fund it. Among the “unemployed” class, 22% (7/32) answered
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positively, 66% (21/32) did not know, and 12% (4/32) answered negatively. Among the
“retired/homemaker“ class, 20% (5/25) answered they would fund academic research, 20%
(5/25) they would not, and 60% (15/25) were doubtful.

4. Discussion

In recent years, there has been an increasing interest in the study of AMR in pets and
many efforts have been made to identify AMR determinants and predictors [15,16]. While
appropriate antibiotic prescription practices and the training of the healthcare professionals
have been recognized as essential measures to reduce AMR, it has been postulated that
the use of antimicrobials can be also affected by the interaction of knowledge of users and
prescribers as well as by the compliance with antibiotic treatment among the public [25,26].
As a result, different authors have recently investigated pet-owner knowledge and expec-
tations concerning antimicrobial use and AMR [27–30]. Our research fits into this field of
study providing original data from a southern European perspective. In Italy both the sale
of antibiotics and the prevalence of resistant bacteria are higher than in other European
regions, and different strategies have been implemented over recent years to tackle AMR
in the human and veterinary sectors [31]. A crucial aspect of AMR stewardship is access to
antibiotics and the need to improve awareness and understanding on AMR among citizens,
with a special focus on the One Health dimension [32].

Different aspects make dog owners an interesting population sample for the purposes
of this study. In Italy, dogs are among the predominant pets [33]. Moreover, according to
Joosten et al. (2020) [32] dogs receive antibiotic treatment more frequently than cats with
an odds ratio for dogs of 2.2.

Our descriptive analysis showed that most survey respondents were female and about
one third were the primary caregiver of their dog. This result is consistent with earlier
observations and with the ownership profiles of the Italian dog population [32–35]. As
already observed in other countries, it seems that women are the predominant pet-care
decision-maker in most households [25]. Additionally, the overrepresentation of female
respondents supports the observation that women are more likely to participate in mail
surveys than men [36].

In our study 60% of participants were aged 36–70 years. The data are partially in
agreement with some previous reports and may reasonably reflect the demographic evolu-
tion of the Italian population. In the study by Vinassa et al. (2020) [35] about 70% of the
respondent Italian pet owners were over 35 years of age. The educational level and the
employment status of the respondents were in line with the study of Slater et al. (2008) [33]
with a clear prevalence of workers.

The majority of respondents owned one dog, belonging mainly to a mixed breed,
and half of these dogs cohabited with at least another animal species. These data are in
line with Carvelli et al. (2020) [30] who reported that in Central Italy almost half of the
interviewed people (47%) owned at least one dog, male, crossbreed which attended a
veterinary visit one to two times per year. Our study, however, showed that, on average,
Italian pet owners take their dog/dogs to veterinary consultations three times per year, a
higher number compared to data reported in surveys carried out elsewhere. According
to an online survey conducted in 2019 in New Zealand among pet owners the mean
veterinary consultations over 12 months was 1.67 times [36]. However, the 2017–2018
U.S Pet Ownership & Demographics Sourcebook reveals that in the United States mean
dog veterinary visits per household per year is 2.4. Bir et al. (2020) [37] reported that
35% of owners seek veterinary care more than once a year, while according to Dotson
and Hyatt (2008) [38] the average dog visits the veterinarian twice as often as does the
average cat. Moreover, as the probability of visiting a veterinarian increases with age and
income of dog owners, our finding seems to be consistent with the demographic data of
participants. The data are also in line with the observations by Slater et al. (2008) [32]. By
studying pet ownership and pet management patterns in central Italy they found that the
median number of visits for dogs was one to three. It seems that the Italian dog owner’s
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attitude toward pet care has not significantly changed over time. Finally, it should also be
considered that about 60% of the respondents to our survey said that they owned one dog.
This could impact on the availability of time and resources to bring the dog to a veterinary
consultation in an emergency as well as for preventive purposes.

Our survey demonstrated that each dog had been treated with an oral antimicrobial
course 1.044 times over the previous 12 months and 17.1% of participants shortened the
recommended duration of antimicrobial treatment. A study conducted in Portugal between
2018 and 2019 showed that only 60% of pet owners completed the full course of treatment
recommended by the veterinarian despite administering antimicrobials at the prescribed
dose [39]. Despite our data depicting a more reassuring situation than that of Portugal,
they still underline how compliance with treatment remains a concern in both human
and veterinary medicine. In a recent survey of the population knowledge and attitude
toward human antibiotic usage in western Saudi Arabia it was noted that only 38.2%
of respondents realized the need to complete the course of treatment, and a percentage
between 30% and 72% of participants did not complete the antimicrobial course. The main
reasons for not completing the therapeutic protocol were respondents feeling better and
thinking that the used antibiotics did not work [40]. In veterinary medicine a variety of
factors can influence the observance of the therapeutic recommendations. Some practical
barriers, such as odd tablet size, difficulty in the administration, timing of dosing, and cost
play an important role in the shortening of an antimicrobial course [30]. Concern about
overmedicating the pet also represents a reason for not following vet directions [28]. On
the other hand, it has been proven that discussing the dosing regime in light of the owner’s
circumstances and providing them with an information-sheet about appropriate antibiotic
therapy are simple and inexpensive strategies to increase the rate of compliance [41].

Although in Italy antibiotics must be sold exclusively with a prescription by a health
professional, according to our findings 21% of participants still resort to antimicrobial
administration without consulting a veterinarian. This lower percentage compared to other
countries, could reflect a good knowledge of the importance of antibiotic prescription even
though it cannot be excluded that respondents were less likely to admit self-medication
practices. The majority of Greek small-animal veterinarians participating to a survey
declared that pet owners frequently administer antibiotics before bringing the animal
to the practice [42]. The main reasons were consistent with those in this survey. Drugs
administered are mainly leftovers from previous treatments, purchased at the pharmacy
with a previous prescription, or purchased without any prescription. The rapid expansion of
the internet in the last few years has also increased the possibility of purchasing antibiotics
for veterinary use online. It has been observed that more than a half of websites do not
require a valid prescription and the quantity of drugs is not limited to a certain number of
packages [15]. The availability of leftover antibiotics often results from either patient/pet
non-compliance or dispensing of a larger number of tablets than needed for a single
course [43]. According to the study of Redding et al. (2019) [28], 13% of interviewed dog
owners admitted keeping unused antimicrobials on hand and administering them in the
case of a flare-up of a chronic condition (e.g., otitis or dermatitis). However, administering
remnants for a later infection in the same patient carries a double risk: the subsequent
pathogen may not share the susceptibility of the original one and the medication may have
lost potency due to improper or prolonged storage [44].

Ten per cent of respondents to our survey declared they would take their pet to another
veterinarian should the consulted professional refuse to prescribe an antibiotic treatment.
This is not surprising as it has already been reported that both physicians and veterinarians
often perceive patient/owner demand for antibiotics [45,46]. A study of 25 US pet-owners
found that, in a scenario where antimicrobials may not be effective, most (n = 21) would
still like them to be prescribed [28]. Owner expectations of antibiotics may reflect the
lack of understanding of the risks associated with antimicrobial drugs as well as the self-
centered attitude that their pet should receive medication independently of general AMR
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concerns [31]. More effective vet–owner communication strategies may serve to prevent
pressure and mitigate the problem of sub-optimal prescriptions.

We felt intriguing to investigate owner perception about antimicrobial administration
in cases of dog AD as the symptom represents one of the most common causes of veterinary
consultation in dogs in Western countries. Moreover, even though microbiological or para-
sitological tests are rarely carried during such emergencies, use of systemic antimicrobials
is quite common. According to Singleton et al. (2019) [17] systemic antimicrobials are
prescribed in 49.7% of cases of dog AD. In our study, intestinal diseases account for 20% of
antibiotic treatments. However, it was not possible to ascertain if they were acute conditions.
Our results show that a considerable percentage of respondents consider diarrhea persist-
ing for more than two days, bloody diarrhea, and/or diarrhea with mucus, as conditions
requiring an antibiotic course. Moreover, 27% of participants expect complete recovery
from AD within 48 h after the first episode. In contrast to owner-belief, the normal duration
of AD can range from 5 to 7 days and the condition likely resolves without any medical
intervention [20]. Rather, provision of dietary modification advice and gastrointestinal
nutraceuticals alone are positively associated with resolution [17,18]. As an example, pro-
biotic administration reduced the duration of symptoms compared with placebo in acute
self-limiting cases of canine diarrhea [47]. It has been recently demonstrated that canine
AD is associated with redox imbalance and the dietary administration of antioxidants
could support the management of the condition and prevent the onset of chronic gastroin-
testinal diseases, thus reducing the use of antibiotics [18]. As our results suggest, this
latter approach would also intercept with the public growing interest in the use of natural
compounds to bring health benefits in both the prevention and the treatment of disease.
Taking into account the aforementioned and the availability of alternative treatment options
to antimicrobials, it would be desirable to achieve globally accepted guidelines for canine
AD management and to improve the knowledge of untrained practitioners to reducing
inappropriate interventions and the risk of AMR.

The present study suggests the existence of a not negligible level of public awareness
and concern about AMR. A high percentage of dog owners feel that AMR is a major
problem. Nevertheless, 16% of respondents admitted they did not know about AMR, and a
small percentage of respondents seemed to be less worried about the impact of AMR on
themselves or their families than on their pet’s health. Our findings agree with previous
reports describing improvement in Italian pet-owner knowledge related to AMR, while
also stressing the need to further develop awareness and responsibility at an individual
level [48]. It has been described elsewhere that few pet owners have an understanding
that AMR is an issue for animals and a very small minority know about interspecies
transmission [27]. From a veterinary perspective, it could be helpful to raise the awareness
of AMR as a One Health problem and to provide appropriate information about the risk of
sharing resistant bacteria between pets and humans. In particular, veterinarians should
inform pet owners that AMR can be hindered by properly administering their pets with
antimicrobials, by completing the prescribed treatment, and by using these drugs only for
proven bacterial infections and after medical prescription. In addition, it will be crucial to
make the public conscious that even one person can support the fight against AMR, as, for
instance, participating in surveys aimed at collecting epidemiological and social data, such
as the one described in the present paper.

The significant relationship between prudent administration of antimicrobials and
level of education was expected. A cross-sectional survey among Italian adults had in fact
already demonstrated that higher education levels are predictors of good knowledge about
antibiotics and AMR [49].

Our survey provided evidence that most respondents thought that public research is
needed to deal with the AMR problem and 95% believed that public funding should be
spent in this field. By contrast, only one third (33%) of the respondents were willing to
personally fund the research. As this survey was carried out in the midst of the COVID-19
crisis, the results may be partially explained by the emotional states that frequently mark
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pandemics, such as uncertainty and economic anxiety. On the other hand, citizen engage-
ment in AMR research should be further stimulated at different levels. Within most national
action plans for AMR, citizens are expected to be recipients of awareness activities or educa-
tion interventions rather than actively engage in proactive self-care measures to reduce the
need of antibiotics [50]. In some countries the societal mission of universities has been long
neglected and the broadening of science-communication activities by academics should be
strengthened. This could, in turn, motivate citizens to participate to AMR scientific projects
and even to donate to AMR crowdfunding.

Limitations

For ethical reasons our research relied on voluntary participation. This could have
implied engagement by highly committed owners with a higher-than-average perception on
risks associated with antimicrobial usage and AMR. One must also consider that although
the definition of AMR was provided in the questionnaire, its thorough understanding can
be challenging. In addition, social desirability bias cannot be excluded.

5. Conclusions

Our data provide information concerning dog owners’ perceptions of AMR-associated
risks and challenges. Compared with previous studies carried out elsewhere, an acceptable
degree of awareness emerged. Nevertheless, further efforts should be made to increase
public AMR knowledge and concern and to stimulate proactive measures to fight the
phenomenon. This, in turn, would positively affect the individual propensity to fund
public research on the topic. The focus on canine AD allowed us to investigate pet-owner
willingness to use natural dietary supplements instead of antimicrobials to manage this
clinical condition. Both in humans and in veterinary medicine, probiotics, prebiotics, post-
biotics, and antioxidants are showing promising results in the treatment of gastrointestinal
diseases. The outcomes of our survey are rather encouraging as the majority of respondents
demonstrated a high propensity to use this alternative approach. We suggest that the
development of globally accepted guidelines for the treatment of canine AD would help
clinicians to rationalize antimicrobial use. Likewise, vets should be aware of their role in
educating owners to compliant antibiotic use and in improving caregivers’ engagement in
the AMR fight, by promoting, for instance, participation in surveys distributed by medical
facilities or research institutes.

A possible limitation of the study could be the method of enrolling respondents, as
only owners who voluntarily filled in the questionnaire were recruited. Moreover, the
online recruiting process could also have selected only that part of the Italian population
that is more active on social-media platforms, possibly excluding caregivers with poor
informatics skills.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani13061061/s1, File S1: original survey (English translation).

Author Contributions: Conceptualization and methodology A.C.; validation, P.B.; investigation,
F.M.; data curation, U.A.; writing—original draft preparation, A.C. and R.O.; review and editing, F.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Ministero dell’Istruzione, dell’Università e della Ricerca under
the program of Dipartimento di Eccellenza ex L 232/20016 to the Department of Veterinary Sciences,
University of Torino, ECCELLENZA1822_D224_F.

Institutional Review Board Statement: No ethics approval within either national or EU legal systems
was needed for this study as enrolment was on a voluntary basis and the participants consented
to anonymous information collection as per General Data Protection Regulation (Regulation (EU)
2018/679).

https://www.mdpi.com/article/10.3390/ani13061061/s1
https://www.mdpi.com/article/10.3390/ani13061061/s1


Animals 2023, 13, 1061 12 of 14

Informed Consent Statement: Interviewees agreed to participate in the study voluntarily by self-
enrolling. They were informed that their answers would be published in a study. By completing and
returning the survey, they agreed to the inclusion of their data.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy reasons.

Acknowledgments: The authors would like to thank all the pet owners for participating in the
survey during the pandemic isolation period. Their willingness to adhere to the project allowed us to
continue our scientific mission despite begin physically apart.

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

References
1. Bassetti, S.; Tschudin-Sutter, S.; Egli, A.; Osthoff, M. Optimizing Antibiotic Therapies to Reduce the Risk of Bacterial Resistance.

Eur. J. Intern. Med. 2022, 99, 7–12. [CrossRef] [PubMed]
2. Rowan, A.; Kartal, T. Dog Population & Dog Sheltering Trends in the United States of America. Animals 2018, 8, 68. [CrossRef]

[PubMed]
3. Qekwana, D.N.; Oguttu, J.W.; Sithole, F.; Odoi, A. Patterns and Predictors of Antimicrobial Resistance among Staphylococcus Spp.

from Canine Clinical Cases Presented at a Veterinary Academic Hospital in South Africa. BMC Vet. Res. 2017, 13, 116. [CrossRef]
[PubMed]

4. Yu, Z.; Wang, Y.; Chen, Y.; Huang, M.; Wang, Y.; Shen, Z.; Xia, Z.; Li, G. Antimicrobial Resistance of Bacterial Pathogens Isolated
from Canine Urinary Tract Infections. Vet. Microbiol. 2020, 241, 108540. [CrossRef] [PubMed]

5. Bourély, C.; Cazeau, G.; Jarrige, N.; Leblond, A.; Madec, J.Y.; Haenni, M.; Gay, E. Antimicrobial Resistance Patterns of Bacteria
Isolated from Dogs with Otitis. Epidemiol. Infect. 2019, 147, e121. [CrossRef] [PubMed]

6. Wedley, A.L.; Maddox, T.W.; Westgarth, C.; Coyne, K.P.; Pinchbeck, G.L.; Williams, N.J.; Dawson, S. Prevalence of Antimicrobial-
Resistant Escherichia coli in Dogs in a Cross-Sectional, Community-Based Study. Vet. Rec. 2011, 168, 354. [CrossRef]

7. Nielsen, S.S.; Bicout, D.J.; Calistri, P.; Canali, E.; Drewe, J.A.; Garin-Bastuji, B.; Gonzales Rojas, J.L.; Gortázar, C.; Herskin, M.;
Michel, V.; et al. Assessment of Listing and Categorisation of Animal Diseases within the Framework of the Animal Health Law
(Regulation (EU) No 2016/429): Antimicrobial-resistant Escherichia Coli in Dogs and Cats, Horses, Swine, Poultry, Cattle, Sheep
and Goats. EFSA J. 2022, 20, e07311. [CrossRef]

8. Elnageh, H.R.; Hiblu, M.A.; Abbassi, M.S.; Abouzeed, Y.M.; Ahmed, M.O. Prevalence and Antimicrobial Resistance of Staphylo-
coccus Species Isolated from Cats and Dogs. Open. Vet. J. 2021, 10, 452–456. [CrossRef]

9. Leite-Martins, L.; Mahú, M.I.; Costa, A.L.; Bessa, L.J.; Vaz-Pires, P.; Loureiro, L.; Niza-Ribeiro, J.; de Matos, A.J.F.; Martins da
Costa, P. Prevalence of Antimicrobial Resistance in Faecal Enterococci from Vet-Visiting Pets and Assessment of Risk Factors. Vet.
Rec. 2015, 176, 674. [CrossRef]

10. Sevilla, E.; Mainar-Jaime, R.C.; Moreno, B.; Martín-Burriel, I.; Morales, M.; Andrés-Lasheras, S.; Chirino-Trejo, M.; Badiola, J.J.;
Bolea, R. Antimicrobial Resistance among Canine Enteric Escherichia Coli Isolates and Prevalence of Attaching–Effacing and
Extraintestinal Pathogenic Virulence Factors in Spain. Acta Vet. Hung. 2020, 68, 1–7. [CrossRef]

11. Seepersadsingh, N.; Adesiyun, A.A.; Seebaransingh, R. Prevalence and Antimicrobial Resistance of Salmonella Spp. in Non-
Diarrhoeic Dogs in Trinidad. J. Vet. Med. Ser. B 2004, 51, 337–342. [CrossRef]

12. Palma, E.; Tilocca, B.; Roncada, P. Antimicrobial Resistance in Veterinary Medicine: An Overview. Int. J. Mol. Sci. 2020, 21, 1914.
[CrossRef]

13. Messenger, A.M.; Barnes, A.N.; Gray, G.C. Reverse Zoonotic Disease Transmission (Zooanthroponosis): A Systematic Review of
Seldom-Documented Human Biological Threats to Animals. PLoS ONE 2014, 9, e89055. [CrossRef]

14. Garcia, J.F.; Diez, M.J.; Sahagun, A.M.; Diez, R.; Sierra, M.; Garcia, J.J.; López, C.; Fernandez, M.N. Availability of Antibiotics for
Veterinary Use on the Internet: A Cross-Sectional Study. Front. Vet. Sci. 2022, 8, 798850. [CrossRef]

15. Marco-Fuertes, A.; Marin, C.; Lorenzo-Rebenaque, L.; Vega, S.; Montoro-Dasi, L. Antimicrobial Resistance in Companion Animals:
A New Challenge for the One Health Approach in the European Union. Vet. Sci. 2022, 9, 208. [CrossRef]

16. Jones, P.H.; Dawson, S.; Gaskell, R.M.; Coyne, K.P.; Tierney, Á.; Setzkorn, C.; Radford, A.D.; Noble, P.-J.M. Surveillance of
Diarrhoea in Small Animal Practice through the Small Animal Veterinary Surveillance Network (SAVSNET). Vet. J. 2014, 201,
412–418. [CrossRef] [PubMed]

17. Singleton, D.A.; Noble, P.J.M.; Sánchez-Vizcaíno, F.; Dawson, S.; Pinchbeck, G.L.; Williams, N.J.; Radford, A.D.; Jones, P.H.
Pharmaceutical Prescription in Canine Acute Diarrhoea: A Longitudinal Electronic Health Record Analysis of First Opinion
Veterinary Practices. Front. Vet. Sci. 2019, 6, 218. [CrossRef] [PubMed]

18. Candellone, A.; Cerquetella, M.; Girolami, F.; Badino, P.; Odore, R. Acute Diarrhea in Dogs: Current Management and Potential
Role of Dietary Polyphenols Supplementation. Antioxidants 2020, 9, 725. [CrossRef] [PubMed]

19. Berset-Istratescu, C.M.; Glardon, O.J.; Magouras, I.; Frey, C.F.; Gobeli, S.; Burgener, I.A. Follow-up of 100 Dogs with Acute
Diarrhoea in a Primary Care Practice. Vet. J. 2014, 199, 188–190. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejim.2022.01.029
http://www.ncbi.nlm.nih.gov/pubmed/35074246
http://doi.org/10.3390/ani8050068
http://www.ncbi.nlm.nih.gov/pubmed/29710771
http://doi.org/10.1186/s12917-017-1034-3
http://www.ncbi.nlm.nih.gov/pubmed/28454567
http://doi.org/10.1016/j.vetmic.2019.108540
http://www.ncbi.nlm.nih.gov/pubmed/31928695
http://doi.org/10.1017/S0950268818003278
http://www.ncbi.nlm.nih.gov/pubmed/30868979
http://doi.org/10.1136/vr.d1540
http://doi.org/10.2903/j.efsa.2022.7311
http://doi.org/10.4314/ovj.v10i4.13
http://doi.org/10.1136/vr.102888
http://doi.org/10.1556/004.2020.00013
http://doi.org/10.1111/j.1439-0450.2004.00785.x
http://doi.org/10.3390/ijms21061914
http://doi.org/10.1371/journal.pone.0089055
http://doi.org/10.3389/fvets.2021.798850
http://doi.org/10.3390/vetsci9050208
http://doi.org/10.1016/j.tvjl.2014.05.044
http://www.ncbi.nlm.nih.gov/pubmed/25011707
http://doi.org/10.3389/fvets.2019.00218
http://www.ncbi.nlm.nih.gov/pubmed/31334254
http://doi.org/10.3390/antiox9080725
http://www.ncbi.nlm.nih.gov/pubmed/32784917
http://doi.org/10.1016/j.tvjl.2013.10.014
http://www.ncbi.nlm.nih.gov/pubmed/24268477


Animals 2023, 13, 1061 13 of 14

20. Marks, S.L.; Kather, E.J. Bacterial-Associated Diarrhea in the Dog: A Critical Appraisal. Vet. Clin. North Am. Small Anim. Pract.
2003, 33, 1029–1060. [CrossRef]

21. Marks, S.L.; Rankin, S.C.; Byrne, B.A.; Weese, J.S. Enteropathogenic Bacteria in Dogs and Cats: Diagnosis, Epidemiology,
Treatment, and Control. J. Vet. Intern. Med. 2011, 25, 1195–1208. [CrossRef]

22. Guarino, A.; Ashkenazi, S.; Gendrel, D.; lo Vecchio, A.; Shamir, R.; Szajewska, H. European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition/European Society for Pediatric Infectious Diseases Evidence-Based Guidelines for the Management of
Acute Gastroenteritis in Children in Europe. J. Pediatr. Gastroenterol. Nutr. 2014, 59, 132–152. [CrossRef]

23. Werner, M.; Suchodolski, J.S.; Straubinger, R.K.; Wolf, G.; Steiner, J.M.; Lidbury, J.A.; Neuerer, F.; Hartmann, K.; Unterer, S. Effect
of Amoxicillin-clavulanic Acid on Clinical Scores, Intestinal Microbiome, and Amoxicillin-resistant Escherichia coli in Dogs with
Uncomplicated Acute Diarrhea. J. Vet. Intern. Med. 2020, 34, 1166–1176. [CrossRef] [PubMed]

24. Dover, A.; Patel, N.; Park, K. Rapid Cessation of Acute Diarrhea Using a Novel Solution of Bioactive Polyphenols: A Randomized
Trial in Nicaraguan Children. PeerJ 2015, 3, e969. [CrossRef] [PubMed]

25. Janke, N.; Coe, J.B.; Bernardo, T.M.; Dewey, C.E.; Stone, E.A. Pet Owners’ and Veterinarians’ Perceptions of Information Exchange
and Clinical Decision-Making in Companion Animal Practice. PLoS ONE 2021, 16, e0245632. [CrossRef]

26. Redding, L.E.; Cole, S.D. Pet Owners’ Knowledge of and Attitudes toward the Judicious Use of Antimicrobials for Companion
Animals. J. Am. Vet. Med. Assoc. 2019, 254, 626–635. [CrossRef]

27. Smith, M.; King, C.; Davis, M.; Dickson, A.; Park, J.; Smith, F.; Currie, K.; Flowers, P. Pet Owner and Vet Interactions: Exploring
the Drivers of AMR. Antimicrob. Resist. Infect. Control. 2018, 7, 46. [CrossRef]

28. Stein, M.R.; Evason, M.D.; Stull, J.W.; McClure, J.T.; Weese, J.S. Knowledge, Attitudes and Influencers of North American
Dog-owners Surrounding Antimicrobials and Antimicrobial Stewardship. J. Small Anim. Pract. 2021, 62, 442–449. [CrossRef]

29. Scarborough, R.; Hardefeldt, L.; Browning, G.; Bailey, K. Pet Owners and Antibiotics: Knowledge, Opinions, Expectations, and
Communication Preferences. Antibiotics 2021, 10, 1326. [CrossRef] [PubMed]

30. Carvelli, A.; Scaramozzino, P.; Iacoponi, F.; Condoleo, R.; della Marta, U. Size, Demography, Ownership Profiles, and Identification
Rate of the Owned Dog Population in Central Italy. PLoS ONE 2020, 15, e0240551. [CrossRef]

31. Prigitano, A.; Romanò, L.; Auxilia, F.; Castaldi, S.; Tortorano, A.M. Antibiotic Resistance: Italian Awareness Survey 2016. J. Infect.
Public Health 2018, 11, 30–34. [CrossRef] [PubMed]

32. Joosten, P.; Ceccarelli, D.; Odent, E.; Sarrazin, S.; Graveland, H.; van Gompel, L.; Battisti, A.; Caprioli, A.; Franco, A.; Wagenaar,
J.A.; et al. Antimicrobial Usage and Resistance in Companion Animals: A Cross-Sectional Study in Three European Countries.
Antibiotics 2020, 9, 87. [CrossRef] [PubMed]

33. Slater, M.R.; di Nardo, A.; Pediconi, O.; Villa, P.D.; Candeloro, L.; Alessandrini, B.; del Papa, S. Cat and Dog Ownership and
Management Patterns in Central Italy. Prev. Vet. Med. 2008, 85, 267–294. [CrossRef] [PubMed]

34. Mulder, J.; de Bruijne, M. Willingness of Online Respondents to Participate in Alternative Modes of Data Collection. Surv. Pract.
2019, 12, 1–11. [CrossRef]

35. Vinassa, M.; Vergnano, D.; Valle, E.; Giribaldi, M.; Nery, J.; Prola, L.; Bergero, D.; Schiavone, A. Profiling Italian Cat and Dog
Owners’ Perceptions of Pet Food Quality Traits. BMC Vet. Res. 2020, 16, 131. [CrossRef]

36. Gates, M.; Walker, J.; Zito, S.; Dale, A. Cross-Sectional Survey of Pet Ownership, Veterinary Service Utilisation, and Pet-Related
Expenditures in New Zealand. N. Z. Vet. J. 2019, 67, 306–314. [CrossRef]

37. Bir, C.; Ortez, M.; Olynk Widmar, N.J.; Wolf, C.A.; Hansen, C.; Ouedraogo, F.B. Familiarity and Use of Veterinary Services by US
Resident Dog and Cat Owners. Animals 2020, 10, 483. [CrossRef]

38. Dotson, M.J.; Hyatt, E.M. Understanding Dog–Human Companionship. J. Bus. Res. 2008, 61, 457–466. [CrossRef]
39. Marta-Costa, A.; Miranda, C.; Silva, V.; Silva, A.; Martins, Â.; Pereira, J.E.; Maltez, L.; Capita, R.; Alonso-Calleja, C.; Igrejas, G.; et al.

Survey of the Knowledge and Use of Antibiotics among Medical and Veterinary Health Professionals and Students in Portugal.
Int. J. Environ. Res. Public Health 2021, 18, 2753. [CrossRef]

40. Alghamdi, S.; Berrou, I.; Aslanpour, Z.; Mutlaq, A.; Haseeb, A.; Albanghali, M.; Hammad, M.A.; Shebl, N. Antimicrobial
Stewardship Programmes in Saudi Hospitals: Evidence from a National Survey. Antibiotics 2021, 10, 193. [CrossRef]

41. Amberg-Alraun, A.; Thiele, S.; Kietzmann, M. Study of the Pet-Owners Compliance in a Small Animal Clinic. Kleintierpraxis 2004,
49, 359–366.

42. Valiakos, G.; Pavlidou, E.; Zafeiridis, C.; Tsokana, C.N.; del Rio Vilas, V.J. Antimicrobial Practices among Small Animal
Veterinarians in Greece: A Survey. One Health Outlook 2020, 2, 7. [CrossRef]

43. Grigoryan, L.; Burgerhof, J.G.M.; Degener, J.E.; Deschepper, R.; Lundborg, C.S.; Monnet, D.L.; Scicluna, E.A.; Birkin, J.; Haaijer-
Ruskamp, F.M. Attitudes, Beliefs and Knowledge Concerning Antibiotic Use and Self-Medication: A Comparative European
Study. Pharmacoepidemiol. Drug. Saf. 2007, 16, 1234–1243. [CrossRef] [PubMed]

44. Kardas, P.; Pechère, J.-C.; Hughes, D.A.; Cornaglia, G. A Global Survey of Antibiotic Leftovers in the Outpatient Setting. Int. J.
Antimicrob. Agents 2007, 30, 530–536. [CrossRef] [PubMed]

45. Rhys-Davies, L.; Ogden, J. Vets’ and Pet Owners’ Views About Antibiotics for Companion Animals and the Use of Phages as an
Alternative. Front. Vet. Sci. 2020, 7, 513770. [CrossRef] [PubMed]

46. Stivers, T. Managing Patient Pressure to Prescribe Antibiotics in the Clinic. Paediatr. Drugs 2021, 23, 437–443. [CrossRef]

http://doi.org/10.1016/S0195-5616(03)00091-3
http://doi.org/10.1111/j.1939-1676.2011.00821.x
http://doi.org/10.1097/MPG.0000000000000375
http://doi.org/10.1111/jvim.15775
http://www.ncbi.nlm.nih.gov/pubmed/32324947
http://doi.org/10.7717/peerj.969
http://www.ncbi.nlm.nih.gov/pubmed/26038724
http://doi.org/10.1371/journal.pone.0245632
http://doi.org/10.2460/javma.254.5.626
http://doi.org/10.1186/s13756-018-0341-1
http://doi.org/10.1111/jsap.13297
http://doi.org/10.3390/antibiotics10111326
http://www.ncbi.nlm.nih.gov/pubmed/34827264
http://doi.org/10.1371/journal.pone.0240551
http://doi.org/10.1016/j.jiph.2017.02.010
http://www.ncbi.nlm.nih.gov/pubmed/28285971
http://doi.org/10.3390/antibiotics9020087
http://www.ncbi.nlm.nih.gov/pubmed/32079072
http://doi.org/10.1016/j.prevetmed.2008.02.001
http://www.ncbi.nlm.nih.gov/pubmed/18374434
http://doi.org/10.29115/SP-2019-0001
http://doi.org/10.1186/s12917-020-02357-9
http://doi.org/10.1080/00480169.2019.1645626
http://doi.org/10.3390/ani10030483
http://doi.org/10.1016/j.jbusres.2007.07.019
http://doi.org/10.3390/ijerph18052753
http://doi.org/10.3390/antibiotics10020193
http://doi.org/10.1186/s42522-020-00013-8
http://doi.org/10.1002/pds.1479
http://www.ncbi.nlm.nih.gov/pubmed/17879325
http://doi.org/10.1016/j.ijantimicag.2007.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17933498
http://doi.org/10.3389/fvets.2020.513770
http://www.ncbi.nlm.nih.gov/pubmed/33134344
http://doi.org/10.1007/s40272-021-00466-y


Animals 2023, 13, 1061 14 of 14

47. Nixon, S.L.; Rose, L.; Muller, A.T. Efficacy of an Orally Administered Anti-Diarrheal Probiotic Paste (Pro-Kolin Advanced) in
Dogs with Acute Diarrhea: A Randomized, Placebo-Controlled, Double-Blinded Clinical Study. J. Vet. Intern. Med. 2019, 33,
1286–1294. [CrossRef]

48. Vaccaro, C.; Fortunato, F.; Iannazzo, S.; Furiozzi, F.; Martinelli, D.; Prato, R. Knowledge, Attitude and Practice on Antibiotic Use
and Resistance among the Italian Population, 2019. Eur. J. Public Health 2020, 30, ckaa165.318. [CrossRef]

49. Bianco, A.; Licata, F.; Zucco, R.; Papadopoli, R.; Pavia, M. Knowledge and Practices Regarding Antibiotics Use. Evol. Med. Public
Health 2020, 2020, 129–138. [CrossRef]

50. Castro-Sánchez, E.; Iwami, M.; Ahmad, R.; Atun, R.; Holmes, A.H. Articulating Citizen Participation in National Anti-Microbial
Resistance Plans: A Comparison of European Countries. Eur. J. Public Health 2018, 28, 928–934. [CrossRef]

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.

http://doi.org/10.1111/jvim.15481
http://doi.org/10.1093/eurpub/ckaa165.318
http://doi.org/10.1093/emph/eoaa028
http://doi.org/10.1093/eurpub/cky128

	Introduction 
	Materials and Methods 
	Participant Recruitment and Survey Design 
	Data Analysis 

	Results 
	Demographics 
	Antimicrobial Use 
	AM: Antimicrobials 
	Antimicrobial-Resistance Perception 

	Discussion 
	Conclusions 
	References

