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ARTICLE INFO ABSTRACT

Keywords: The role of small animal veterinary hospitals in the onset and dissemination of antimicrobial-resistant organisms
Antimicrobial resistance (AMROs) is still not clear, and the implementation of an internal surveillance systems is a cost-effective tool to
Companion animals better understand their impact. The aim of this study was to describe a pilot program of active surveillance in a
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Carbapenem resistance
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Spanish Veterinary Teaching Hospital, developed to estimate the detection frequency of AMROs in the
commensal flora of patients and in the environment. Surveillance was focused on Methicillin-resistant Staphy-
lococci (MRS), third generation cephalosporins resistant gram-negative bacteria (3GCR-GNB), and carbapenems-
resistant gram-negative bacteria (CR-GNB). Oral and perirectal swabs were collected in the same dogs and cats
hospitalized > 48 h, at their admission and before their discharge. Out of 50 patients sampled, 24% (12/50) were
carriers at admission of at least one of the three investigated AMROs. Twenty-eight percent of patients (14/50)
acquired at least one AMRO during the hospital stay. MRS detection frequency at admission was 12% (6/50),
while acquisition was 6% (3/50). 3GCR-GNB detection frequency was 14% at admission (7/50) and acquisition
22% (11/50), while CR-GNB detection frequency was 2% at admission (1/50) and acquisition 2% (1/50).
Environmental surveillance (98 samples) showed a total detection frequency of 22.4% for MRS (22/98), 2% for
3GCR-GNB and CR-GNB (2/98). Clinical staff’ shoe soles showed high detection frequency for MRS (50%). 3GCR
Escherichia coli was the most isolated species in patients (n = 17). The results show how active surveillance can be
used as a tool to assess the impact of AMROs in veterinary hospitals to subsequently build up tailored control
plans based on specific issues.

1. Introduction or overuse) in the last decades is accelerating the phenomenon at an
exponential level [1]. Specifically, hospitals are considered one of the

Antimicrobial resistance (AMR) is considered the most important major sources for AMR onset, due to the massive use of antimicrobials
emerging threat in both human and veterinary medicine. AMR can be and the presence of high-risk patients [2]. Such as human settings, also
seen as a natural consequence of the antibiotic era due to the selective veterinary hospitals are experiencing the same issue [3] and need
pressure exerted by antibiotics, but the increasing use (including misuse further attention to guarantee the healthcare for the animals,
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considering that the some antimicrobials used are shared, and so the
emerging antimicrobial-resistant organisms (AMROs). While hospital-
ized, patients can be colonized by AMROs in their commensal flora, with
subsequent spread to the local community when discharged, or can
contract healthcare-associate infections (HCAIs). HCAIs are often caused
by AMROs, and represent a serious threat for their high morbidity and
mortality rates, the association with prolonged hospital stays and the
significant financial burden [4]. From a global One Health perspective,
some AMROs are considered particularly relevant. Methicillin-resistant
Staphylococci (MRS) are well-recognized as important infectious agents,
often showing multi-resistance patterns [5]. While in human medicine
the major pathogen MRS is MR Staphylococcus aureus (MRSA), in small
animal practice MR Staphylococcus pseudintermedius (MRSP) is the most
relevant species, often associated with skin, surgical site or urinary tract
infections [6,7]. The emergence of gram-negative bacteria resistant to
third-generation cephalosporins (3GCR-GNB), including Enter-
obacterales able to produce extended spectrum beta-lactamases
(ESBL-E), is another health concern [8]. ESBL production is associated
with resistance to penicillins and cephalosporins, and in some cases to
beta-lactamase inhibitors [9,10]. Furthermore, despite carbapenems are
not approved for veterinary use [11], the onset of carbapenem-resistant
gram-negative bacteria (CR-GNB) has also been described in small ani-
mal practice [12-14]. In a One Health context, small animal veterinary
hospitals should be monitored with attention. Indeed, still little is known
about their role in the onset and dissemination of AMROs [15], but they
represent an epidemiological point of risk, also in relation with the risk
of zoonotic transmission, as previously described by many authors
[16-18]. Indeed, dogs and cats are increasingly popular in the family
households, especially in high income countries after the COVID-19
pandemic [19,20], and are often at close contact with people,
enhancing the chances of AMR transmission.

For these reasons, the implementation of surveillance systems can be
a useful and cost-effective tool also for veterinary hospitals [21]. These
systems mainly collect, organize, and analyze information subsequently
used for the building of tailored infection control policies, including
antimicrobial stewardship programs. In this way, surveillance improves
not only patient safety, but also reduced the costs related with HCAIs
outbreaks. Although efforts are in progress, small animal practice still
lacks standardized and coordinated procedures, so self-reporting sys-
tems could be used by veterinary hospitals as a first step in the process.
Surveillance can be executed by collecting and analyzing data already
present (passive surveillance) or by actively screening patients (to find
asymptomatic carriers of AMROs), the personnel or the environment. In
order to minimize the costs, it can be targeted on specific patients (e.g.,
oncological patients), bacterial species (e.g. MRS) or syndromic events
(e.g. fever of unknown origin). The aim of this study is to describe a pilot
program of active surveillance developed in a Spanish Veterinary
Teaching Hospital (VTH) to estimate the detection frequency of specific
AMROs (MRS, 3GCR-GNB, CR-GNB) in the commensal flora of hospi-
talized patients and in the environment (including hospital’ personnell),
to define where to focus on in long-term prevention and control policies.

2. Materials and methods
2.1. Study design

From October 2022 to February 2023, a longitudinal prospective
study was conducted into a Spanish Veterinary Teaching Hospital, as a
part of a pilot experimental surveillance program for the assessment of
AMR in VTHs. The study included: i) pulsed active surveillance on pa-
tients for the evaluation of the commensal flora; ii) active surveillance
on environment and staff; and iii) feedback reports.

2.1.1. Pulsed active surveillance on patients
Active surveillance on patients was performed in two periodic ses-
sions (pulsed surveillance), within a month from each other. According

Comparative Immunology, Microbiology and Infectious Diseases 108 (2024) 102169

with clinical staff’s indications, every patient expected to be hospital-
ized for more than 48 h was sampled twice, at admission and before
discharge, until reaching twenty-five patients for each session. For every
patient, demographic data (species, sex) and the length of hospitaliza-
tion were recorded.

2.1.2. Active surveillance on environment and staff

Environmental surveillance was performed monthly for four times by
sampling surfaces (chairs, exam tables, keyboards, stretchers and
stretcher wheels, tables and lead gowns of X-ray room, table in the
laboratory of bacteriology) and devices (dogs scale, thermometers, ur-
gency phone, hair clipper, portable ultrasound machine) from different
areas (waiting room, general wards, consultation room, X-ray room,
laboratory of bacteriology). With the same modalities, samples from
randomly chosen (simple random sampling) hospital staff were taken.
For each person, three samples (hands, clothes and shoe soles) were
collected; the same person could be sampled more than once in different
months.

2.1.3. Feedback reports

Clinical, surgical, and microbiological personnel was involved in
result communication, feedback reports and discussion of single cases
through videocalls and chat groups.

2.2. Sampling

Samples were collected with gloved hands and dedicated disposable
gowns. Oral and perirectal swabs were collected from the same patients
at the admission (within 12 h) and on the day of discharge using sterile
swabs with Amies transport medium. Oral sampling was performed by
gentling inserting the swab for 10-15 seconds into the oral cavity, lateral
to the tongue. Perirectal samplings were performed by gently putting the
swab in the perirectal area and rotating it for 10-15 s. For environmental
surveillance, samples from personnel’ hands were collected with sterile
swabs with AMIES transport media by scrubbing the swab on the palm
and the back of both hands for 5-10 s each. All the other samples
(equipment, surfaces and shoe soles) were collected using sterile
sponges pre-soaked with 5 ml of sterile saline solution and scrubbed over
the target in an area of approximately 80-100 cm?. After the sampling,
sponges were added with 5 ml of additional sterile solution and
squeezed, then the liquid transferred in a sterile tube. Samples were
stored at 4 °C for a maximum of 24 h before being processed.

2.3. Isolation and identification

Every sample was then processed by streaking into selective chro-
mogenic media. Perirectal swabs were cultured on CHROMAGAR TM
KPC (Chromagar™, Paris, France) for CR-GNB, and on CHROMAGAR
TM ESBL (Chromagar™, Paris, France) for 3GCR-GNB. Oral swabs were
cultured on Oxacillin Resistance Screening Agar Base (ORSAB, Oxoid,
Wesel, Germany) for MRS. Environmental samples were cultured on all
the three selective media. Bacterial culture was performed by rubbing
the swab over approximately one third of the surface of each plate, and
subsequently streaking using a sterile loop. For the samples collected
using sterile sponges, the bacterial culture was performed by directly
streaking 10 microliters of the liquid in the plate with a sterile loop.
After 24-48 h of incubation at 37 °C in aerobic conditions, colonies
chromogenically different isolated from positive cultures were sub-
cultured on blood agar with 5% sheep blood (Oxoid) and subsequently
identified with the matrix-assisted laser desorption/ionization time of
flight (MALDI-TOF) using a Bruker Daltonics UltrafleXtreme equipment,
and the Biotyper Real Time Classification software v3.1 (Bruker Dal-
tonics, Germany). Interpretation was done according to Bruker standard
criteria. Colonies identified with a score > 2.2 were considered at spe-
cies level, while colonies with a score between 1.8 and 2.2 were
considered only at the genus level.
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2.4. Resistance detection by phenotypic methods

To confirm the resistance pattern of every isolate, a phenotypic
confirmatory test was performed by disc diffusion method. Mueller-
Hinton Agar (Oxoid) was inoculated with the tested isolates at stan-
dard concentration (0.5 Mc Farland), and different antimicrobials were
used to test the resistance patterns. Non-susceptibility to both cefotax-
ime and ceftazidime was used to confirm 3GC resistance, according to
EUCAST guidelines [22] (inhibition zones: < 21 mm for cefotaxime 5 pg,
< 22 mm for ceftazidime 10 ng). Furthermore, ESBL production in
confirmed 3CGR Enterobacterales was evaluated with a combination
disc test (CDT) with cephalosporins (ceftazidime 30 pg, cefepime 30 pg,
and cefotaxime 30 pg) alone and in combination with clavulanic acid
10 pg, following EUCAST guidelines [22]. An additional confirmatory
phenotypic test to discriminate the expression of AmpC p-lactamases
was performed through a CDT with disks containing the cephalosporins
(ceftazidime 30 pg, cefepime 30 pg, and cefotaxime 30 pg) and both
cloxacillin 200 pg and clavulanic acid 10 pg, according to EUCAST [22].
Carbapenem resistance in screened CR-GNB isolates was tested with the
commercially available kit for synergy test “KPC&MBL&OXA-48 disc
kit” (Liofilchem, Roseto degli Abruzzi, Italy), while MRS isolates were
evaluated with the phenotypic confirmatory disc diffusion test described
by EUCAST guidelines (cefoxitin 30 p disc diffusion test with inhibition
zone < 22 mm) [22]. For negative control, strains S. aureus ATCC 29213
and Escherichia coli ATCC 25922 were used for MRS and for 3GCR/CR
GNB, respectively. For positive control, genotypically characterized
strains from the VTH internal collection were used.

2.5. Data analysis

Descriptive statistics was performed using Microsoft Excel. In pa-
tients, detection frequency at admission was assessed by dividing the
number of patients with a positive sample for the total number of pa-
tients included, while potential in-hospital acquisition was determined
by dividing the number of patients with at least one new AMRO species
detected at discharge, by the number of total patients. The correlation
between frequency of detection at admission and discharge for each
AMRO typology (MRS, 3GCR-GNB, CR-GNB) was evaluated with the
chi-square test. Results were considered significant at p value < 0.05.
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3. Results
3.1. Active surveillance on patients

A total of 50 patients was sampled in two sessions (25 patients in
each session), and a total of 100 samples (both perianal and oral) was
collected. Forty-two out of fifty (84%) patients were dogs and 8/50
(16%) cats. 27/50 were males and 23/50 females, while the average
length of hospitalization was 3.8 days. A total of 49 investigated AMROs
was isolated from 24/50 (48%) patients. Overall frequency of detection
for MRS was 16% (8/50), while it was 38% (19/50) for 3GCR-GNB and
6% (3/50) for CR-GNB. All the 14 MRS isolates (100%) were confirmed
at the disc diffusion test analysis, while the phenotypically confirmed
3GCR-GNB and CR-GNB were 96.7% (30/31) and 75% (3/4), respec-
tively. Considering confirmed 3GCR-Enterobacterales (n = 29/30),
ESBL or AmpC production was confirmed by the CDT for all the isolates.
In total, 24% of patients (n = 12/50, 9 dogs and 3 cats) were carriers at
admission of at least one of the three investigated AMROs, and 4%
(n = 2/50, two dogs) were carriers of two. Patients that acquired at least
one of the three investigated AMROs during the hospital stay were 14/
50 (28%, 13 dogs and one cat). One patient (1/50, 2%, one dog) ac-
quired two AMROs (3CGR Klebsiella pneumoniae and CR Pseudomonas
aeruginosa).

Positivity rates are shown in Fig. 1. Considering MRS screening,
detection frequency was 12% (6/50 patients, 5 dogs and one cat) at
admission. At discharge, the same patients were still positive; addi-
tionally, two more dogs that were negative at admission acquired MRS
during hospitalization. One dog that was positive at admission acquired
a new MRS species. In total, 8/50 patients (16%, 7 dogs, one cat) were
found to be MRS carriers at discharge, and 3/50 (6%) acquired MRS
during hospitalization.

Considering confirmed 3GCR-GNB, detection frequency was 14% (7/
50 patients, 6 dogs and 1 cat) at admission. The same patients were
positive also at discharge; furthermore, 11 patients negative at admis-
sion were found to be positive at discharge. In total, 18/50 patients
(36%, 16 dogs and 2 cats) were positive at discharge, and 11/50 patients
(22%, 10 dogs, one cat) acquired confirmed 3GCR-GNB during
hospitalization.

Considering CR-GNB detection, one cat (1/50, 2%) was positive

cats total dogs cats total
3GCR - GNB CR - GNB
m discharge

Fig. 1. Detection frequency of MRS, 3GCR-GNB and CR-GNB in the commensal flora of the 50 patients hospitalized for more than 48 h at a VTH and included in the
study (from October 2022 to February 2023), sampled with oral and perirectal swabs both at admission (< 12 h) and before discharge. CR-GNB: Carbapenem-
resistant gram-negative bacteria. 3GCR-GNB: third-generation cephalosporins resistant gram-negative bacteria. MRS: Methicillin-Resistant Staphylococci. VTH:

Veterinary Teaching Hospital.
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admission. The same cat was positive also at discharge, and one dog
acquired CR-GNB during hospitalization. In total, 2/50 patients (4%)
were positive at discharge, and one patient (1/50, 2%) acquired
confirmed CR-GNB during hospitalization.

At the statistical analysis, a significant correlation (p = 0.0115) was
found between 3GCR-GNB detection at admission and at discharge.
3GCR-GNB were more likely to be detected at discharge than at
admission.

3.2. Active surveillance on environment and staff

From a total of 98 samples collected, 34 isolates of the investigated
AMROs were detected. All the MRS isolates (n = 22) were confirmed at
the disc diffusion test analysis, while the phenotypically confirmed
3GCR-GNB and CR-GNB were 2/8 and 2/4, respectively. No confirmed
3GCR-Enterobacterales were detected. Total detection frequency was
22.4% for MRS, and 2% for 3GCR-GNB and CR-GNB. Detection fre-
quencies for every sampling site are shown in Table 1. MRS were found
to be more present in clinical staff’ shoe soles (6/12, 50%) and hands (4/
12, 33%). 3GCR-GNB and CR-GNB were found in the shoe soles, but also
in the hair clipper of the general ward.

3.3. Species identification

Results are shown in Fig. 2. 3GCR-E. coli was the most isolated spe-
cies in patients at admission (n = 6) and at discharge (n = 11). The three
CR-GNB isolated from patients were identified as S. maltophilia, P. aer-
uginosa and K. pneumoniae. MRSP was the most frequent species found in
the environment (n=8), followed by MRSA and Staphylococcus epi-
dermidis (n = 4).

3.4. Feedback reports

A total of three videocalls (one at the beginning of the project, one at
the halfway and one at the end) were done to highlight the most critical
points, to define how to improve some parts and to discuss single cases.

Specifically, we report three anecdotical cases discussed:

Table 1
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-

i) During the first session of active surveillance on the environment,
of particular concern was the isolation of 3GCR and CR Acineto-
bacter pittii from one of the hair clippers used in the general ward.
The result was rapidly communicated, and a specific disinfection
method was added for the clipper. This method included a first
general cleaning, followed by a disinfection of the blade with
96% alcohol soak for 1 min after every use. Furthermore, the
body of the clipper must be disinfected once a day with peroxy-
genic acid (Virkon), with a waiting time of 10 min. In the sub-
sequent samplings, no more AMROs were isolated from the
clippers.

During the first session of active surveillance on patients, a cat
with an history of previous hospitalizations in a different setting
was admitted at the hospital and sampled. The patient had a
diagnosed urinary tract infection caused by a multidrug resistant
P. aeruginosa. The AST from urine performed at the referring
clinic showed resistance to all tested antimicrobials except for
amikacin, imipenem, and ceftazidime. At the admission, the pa-
tient was under treatment with imipenem. After 24 h of incuba-
tion, the perirectal sample realized at admission revealed
positivity for CR Stenotrophomonas maltophilia. The result was
communicated to the staff and with the suspect of the develop-
ment of resistance towards imipenem confirmed by the presence
of commensal CR S. maltophilia at the perirectal swab, the anti-
microbial treatment was changed to ceftazidime, with a rapid
improvement of clinical signs.

iii) A dog with history of chronic skin disease was hospitalized for six
days during the first session, and the acquisition of 3GCR-GNB
E. coli and K. pneumoniae during the stay was recorded. During
the second session (74 days later), the patient was hospitalized
again, and the perirectal swab at the admission revealed the same
3GCR-GNB pattern.

ii

—

4. Discussion

In a real-life scenario, few veterinary healthcare settings can afford
the costs, both in terms of time and money, related with an extensive,

Environmental and staff surveillance sampling sites included in the study, and number of positive samples for each site for the detection of MRS, 3GCR-GNB, CR-GNB.

Samples were taken monthly from October 2022 to February 2023.

Area Sampling sites Total MRS positives (phenotypically 3GCR-GNB positives (phenotypically ~ CR-GNB positives (phenotypically
samplings confirmed by CDT) confirmed by CDT) confirmed by CDT)

Waiting room Chairs 4 2 0 0
Dog scale 2 1 0 0

General Ward Exam tables 4 1 0 0
Thermometers 4 0 0 0
Urgency phone 4 1 0 0
Keyboards 4 1 0 0
Hair clipper 4 0 1 1
Stretcher wheels 4 1 0 0
Stretcher 4 1 0 0
Portable ultrasound 4 0 0 0
machine
Clinical staff’ hands 12 4 0 0
Clinical staff’ working 12 1 0 0
clothes
Clinical staff’ shoe 12 6 1 1
soles

Consultation rooms Exam tables 8 0 0 0

X-Ray room Lead gowns in X-ray 4 0 0 0
room
Table in X-ray room 4 2 0 0

Laboratory of Laboratory of 8 1 0 0

bacteriology bacteriology
TOTAL 98 22 2 2
% of positive 22.4% 2% 2%

CDT: Combination Disc Test. CR-GNB: Carbapenem-resistant gram-negative bacteria. 3GCR-GNB: third-generation cephalosporins resistant gram-negative bacteria.

MRS: Methicillin-Resistant Staphylococci.VTH: Veterinary Teaching Hospital.
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Bacterial species

M Patients at admission

Patients at discharge

environment

Fig. 2. List of bacterial species isolated and identified with MALDI-TOF, divided considering the isolation site (patients at admission, patients at discharge
and environment/staff). *isolates identified as E. coli are not distinguible from Shigella spp. with MALDI Biotyper technology.

non-specific, active microbiological surveillance system. For this reason,
it becomes necessary to detect where to concentrate the efforts, that
should be addressed to the setting-specific needs. In our study, we report
the development of a 5-months pilot surveillance program into a Spanish
VTH, that aimed to assess the endemic rates of specific AMROs and to
identify such priorities.

The results described are comparable with other studies in hospi-
talized pets from the same region, both at admission and at discharge
[23,24]. In Europe, the prevalence of MRS carriage is reported to be
generally lower (1.5-9.6%) [25-28], while for 3GCR-GNB it ranges
between 1.4% and 45% [26,29-31]. These differences could be due to
the different methodologies, patient or targets used, but primarily are
attributable to geographical reasons, so comparisons should be done
with prudence. Indeed, the general antimicrobial consumption in the
local community may primarily influence the results [32]. In Spain,
observed prevalence of ESBL-producing Enterobacterales in human pa-
tients admitted to hospitals varies between 7.6% and 36.3% [33-35]. At
the statistical analysis, a significant correlation was found between
3GCR-GNB positivity at admission and discharge, Considering CR-GNB,
the low detection frequency found should not surprise considering that
at the time of the samplings carbapenems use was restricted for pets in
Spain, and it is in accordance with other studies from the same region
[23,36]. Nevertheless, CR-GNB prevalence seems to be increasing in
small animal practice and it has been growingly described [14].
Considering that resistance to carbapenems is one of the most con-
cerning public health problems, surveillance of CR-GNB should be
enhanced also in veterinary settings to avoid that colonized animals
could silently contribute in the dissemination to the community. The
confirmatory test for some of the most common carbapenems resistance
mechanisms confirmed all except for one isolate (Klebsiella spp). A false
positive could be possible, but also the production of different resistance
mechanisms should be considered [37]. Hence, the absence of a deeper
phenotypical analysis is one of the limits of this study.

Comparing dogs and cats, the latter seem to be less susceptible to
AMROs acquisition. This finding could have different explanations.
First, the lower number of cats involved (8 vs 42 dogs) could have biased

the results. Second, cats tend to have less contact with hospital envi-
ronment (they are normally brought into the hospital in cat carriers, and
do not go out for urinate or defecate): this could lead to a lower exposure
to hospital AMROs, and subsequently a lower chance to acquire them.
Third, according to studies by Hur et al. [38] and Joosten et al. [39], cats
seem to be less frequently treated with antibiotics compared with dogs,
and consequently they are less susceptible to AMR. In our case, we did
not measure antibiotic treatment in the patients considered, and this
consideration cannot be confirmed. Additionally, a statistically signifi-
cant correlation (p = 0.0115) was found between 3GCR-GNB frequency
of detection at admission and discharge. The finding suggests that
3GCR-GNB tended to be frequently acquired during hospitalization than
MRS or CR-GNB. In companion animals, 3GCR-GNB prevalence seems to
be generally higher than MRS and CR-GNB [25-31], with a subsequent
higher exposure for susceptible patients to acquire them. Another
important factor is the rapid horizontal transmission mechanism that
many GNB tend to possess, that leads to a faster and higher acquisition of
resistance genes (e.g., ESBL-related genes) compared with MRS, as re-
ported by other studies from the same region [23,24]. On the other
hand, CR-GNB acquisition is less likely than 3GCR-GNB due to the
absence of selective pressure exerted by carbapenems use.

Screening patients at admission not only provides data about AMROs
spread in pets from the local community, but it can be used to reduce the
chance of in-hospital transmission in case of a positive carrier. Indeed,
through the rapid communication of the results to the clinical personnel,
positive patients could be properly managed with extra-preventive
measures, such as contact isolation precautions. In human medicine,
the 2014 European Society of Clinical Microbiology and Infectious

Diseases (ESCMID) guidelines strongly recommend the imple-
mentation of such precautions [40]. Nevertheless, different studies are
arguing about the effectiveness of such precautions for ESBL-producing
Enterobacterales, due to the absence of evidence-based results able to
confirm their ability to reduce in-hospital AMROs transmission and
HCAIS in endemic settings [41,42]. The major issues highlighted are the
difficulty to afford contact isolation for too many patients and the
turnaround times, often too long to allow a proper risk reduction [43,
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44]. Furthermore, a universal screening at admission could be difficult
to afford in terms of workload and resources [40]. Although specific
studies in small animal practice are absent, this topic could be applied
also in small animal veterinary hospitals, where often economic re-
sources are scarcer. On the other hand, sampling patients at discharge
allows to evaluate the in-hospital AMROs acquisition during time. This
can help not only to assess the individual risk of colonization, but also to
detect potential epidemic transmissions in carriers before the onset of
HCALIs. In our case, the results suggest as these screening methods could
be focused only on CR-GNB. Indeed, CR-GNB did not seem to be
endemically present in the VTH, so the timely detection of positive
carriers might be relevant to avoid their spread within the hospital,
especially in relation with their importance for public health. The low
detection frequency at admission would potentially allow a contact
isolation for every positive patient at admission. In addition, although
we did not perform any risk factor analysis due to the small population
size considered, the screening of carriers at admission should be targeted
only on patients with the major risk factors reported in literature, such as
previous antimicrobial use or hospitalization, raw meat consumption,
long-term use of invasive devices or advanced age [45,46]. The con-
ventional methods to detect AMROs, such as bacteriological culture on
selective media, have several limits in terms of time and specificity [43],
so then possible, the implementation of faster and more accurate
methodologies could be considered to reduce turnaround times or to
focus on specific resistance mechanisms.

Environmental contamination of AMROs has been linked with high
incidence of HCAIs in human medicine [47]. In small animal practice,
VTHs are considered a high-risk places due to the high number of
referred patients, among others [48], so surveillance on staff and envi-
ronment is even more relevant. A contaminated environment not only
increase the chance to contaminate animals, but also the staff itself, with
a potential spread from the hospital to the local community. Walther
et al. [49] report that veterinary hospital workers have a major risk of
being colonized by AMROs. Through periodic samplings, a
hospital-specific risk analysis can be done, allowing to detect the most
important hazard points and to develop specific preventive measures,
such as the disinfection protocol for the hair clipper described in our
case. The results from the samplings in the environment and staff
showed a generic discrepancy compared with patients, with a higher
detection frequency of MRS (22.4%) compared with 3GCR-GNB (2%),
among other facts, this could be due to the low capacity of
gram-negative bacteria (especially Enterobacterales such as E. coli and
K. pneumoniae) to survive in the environment [41]. Furthermore, as the
highest detection frequencies were related with hospital personnel (shoe
soles, hands), their potential role as vectors of resistance should be
further investigated. Hand hygiene has been well recognized as an
effective factor to reduce HCAIs incidence [50]. Indeed, contaminated
hands can directly transfer AMROs to patients, but also contaminate
fomites and devices, such as the hair clipper. With a proper hand hy-
giene executed before and after patient contact and contact with
high-risk surfaces, the risk of transmission would be reduced [51]. Staff
compliance is essential, and can be achieved by direct observation and
by measuring the use of alcohol-based hand-rub solution [51,52], or by
periodic samplings (e.g. twice a year) of devices and points at higher risk
[21]. The importance of shoe soles in the transmission of AMROs have
not been well established [52], but the high detection frequency
detected suggest they can be the reflection of the floor contamination.
Some studies [53-55] have highlighted high prevalence of AMROs in the
floor, although a study in an equine hospital [56] described no signifi-
cant reduction in the floor microbial load after the use of footwear hy-
giene practice. In small animal practice, patients (especially dogs) tend
to have much more contact with the floor, with a subsequent higher
exposure, and there is no legislation about minimum cleaning and
disinfection standards. Low infection prevention and control standards
have been linked with a high AMROs contamination [57]. Veterinary
hospitals and large clinics are considered a higher risks compared with
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first opinion practices [49], so they should be incentivized to start spe-
cific written protocols focused on the primary role of the personnel and
on devices reported to have high prevalence.

Feedback reports are an essential part of the surveillance program.
Indeed, the continuous, evidence-based result communication to the
clinical staff, including about their compliance, can enhance their
awareness about the problem, and help to detect the most common
practice deficiencies [58,59]. In our case, the three anecdotical exam-
ples explain how these feedback reports can be used in an every-day
situation.

This study has several limitations. First, although some phenotypical
confirmatory tests were performed, the absence of genotypical confir-
matory tests did not allow to assess the real presence of resistance genes
and a deeper epidemiological investigation. Another limit is the absence
of a statistical risk factor analysis for the carriage and the acquisition of
AMROs, that could have been implemented for future studies to assess if
there were setting-specific risk factors.

5. Conclusions

In conclusion, this study aimed to show how a pilot surveillance
study can be used in the first place to understand how to build up a
tailored plan based on specific issues. It did not demonstrate the effec-
tiveness of surveillance systems in the reduction of AMROs impact, but
describes how large veterinary settings can approach the topic, with an
initial plan built to assess the risks and indicate where to concentrate the
efforts. Active surveillance should be combined with passive surveil-
lance and tailored antimicrobial stewardship policies, considering that
also selective pressure from antimicrobial use plays a major role in the
AMROs dissemination. Local data from settings like veterinary hospitals
are very important to improve the quality of the global overview about
AMR.
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