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Aims of the study
1. Investigate the prevalence and risk factors for carriage of multidrug resistant organisms (MDRO)
and the role of veterinary clinics as a source of MDRO acquisition in companion animals, veterinary
personnel and owners.
2. Assess current standards in IPC in first and second opinion veterinary practices and develop evidence-based hygiene concepts.
3. Gain knowledge on the prevalence, antibiotic resistance and spread of Macrococcus spp. in small
animals and contact persons.
Material and methods
Rectal and oro-nasal swabs were obtained from cats and dogs presented to 5 veterinary care facilities
in Switzerland. Fecal samples and nasal swabs were collected from owners of these animals and clinical staff. Dogs, cats and owners carrying MDRO were resampled for up to 8 months. Rectal swabs were
tested for the presence of Gram-negative MDRO using non-selective enrichment in LB followed by selection on CHROMID® ESBL, plates, CHROMID OXA-48, CHROMID CARBA and CHROMID® Colistin
R. Nasal swabs were tested for the presence of methicillin-resistant (MR) staphylococci and macrococci
using a two-step selective enrichment followed by selection on MRSA selective agar. Samples from predetermined high-touch surfaces were taken in three large clinics, two medium-sized clinics and two
primary opinion practices using swabs and processed as above. Isolates were identified to the species
level using MALDI ToF (Bruker). Antibiotic susceptibility was tested by the measurement of the minimal
inhibitory concentrations of different antibiotics using broth dilution the method and Sensititre plates.
Selected strains were tested via rep-PCR or ERIC-PCR and sequenced using Illumina and Oxford Nanopore technologies for clonality and the presence of specific resistance genes. Novel resistance genes
of Macrococcus spp and their mobile genetic elements were identified by whole genome analysis obtained with Illumina and Oxford Nanopore technologies.
A structured one-day audit of IPC practices was performed in three large clinics, two medium-sized
clinics and two primary opinion practices. A written report was provided including a list of deficiencies
that need to be addressed in these facilities. Hand hygiene compliance of the staff was assessed in the

seven clinics/practices by direct observation and according to WHO standards using the CleanHands
application.
Results and significance
Specific aim 1: Rectal and nasal/oropharyngeal swabs were collected from 88 cats and 183 dogs presented to 5 veterinary care facilities and 187/271 animals were resampled at discharge (Table 1). The
prevalence of MDRO carriage in pets at admission was 15.5% (95%CI 11.4-20.4) with ESBL-producing
E. coli (5.5%) and MR Coagulase negative Staphylococci (MRCoNS 8.5%) predominating. Overall discharge prevalence was 32.6% (95%CI 26-39.8) but varied significantly between different practices and
hospitals (range 17.2-42.7%). Predominant hospital-acquired isolates in the institution with the highest
discharge prevalence were: ESBL-producing E. coli (16.7%), and ESBL-producing K. pneumoniae
(13.7%). E. coli commonly (82.1%) displayed carbapenemase (CP) encoding genes (blaOXA-181, blaOXA48, blaNDM-5) and showed clonality (ST410, blaOXA-181), suggesting transmission from a common source
rather than de novo selection. Resistant bacteria were isolated from 9/46 owners (22%, 6/10 ESBLproducing E. coli; 3/10 MRCoNS; 2/10 MRSA). Persistence of ESBL-producing or CP E. coli or K.
pneumoniae was shown in 7/34 MDRO positive animals for up to 138 days. Transfer of MDRO between
pets and owners was not documented. The results of this study showed that veterinary hospitals play a
significant role in the selection and transmission of MDRO amongst veterinary patients. However, the
risk of colonization of owners via their pets appears low.
Specific aim 2: Assessment of infection prevention and control (IPC) standards in small animal
clinics and practices in Switzerland
Of a maximum total IPC score of 68, the institutions reached a median (range) score of 33 (19–55).
MDROs were detected in median (range) 8.2% (0–33.3%) of the sampling sites. Clinics with low IPC
standards showed extensive environmental contamination, i.e. of intensive care units, consultation
rooms and utensils. CPE were detected in two clinics; one of them showed extensive contamination
with CP K. pneumoniae (ST11, blaOXA-48) and MR Staphylococcus pseudintermedius (ST551). Despite
low IPC scores, environmental contamination with MDROs was low in primary opinion practices. Three
employees were colonized with E. coli ST131 (blaCTX-M-15, blaCTX-M-27, blaCTX-M-14). Two employees carried
CP E. coli closely related to environmental (ST410, blaOXA-181) and patient-derived isolates (ST167,
blaNDM-5). MRSA (ST225) and MRSP (ST551) of the same sequence types and with similar resistance
profiles were found in employees and the environment in two clinics.
Hand hygiene compliance (% [CI]) was low in all seven clinics/practices, with an overall compliance of
32% [30–34], ranging from 26–47% across institutions. Hand hygiene compliance was highest in the
consultation area (41% [38–45]) and after contact to body fluids (45% [40–50]), and lowest in the preOR area (20% [15–24]) and before clean/aseptic procedure (12% [9–15]). Veterinarians showed a higher HH compliance (37% [34–40]) than veterinary nurses (25% [22–28]).
The study indicates that IPC standards are variable and that hand hygiene compliance is generally low
in companion animal clinics and practices in Switzerland. The results suggest that insufficient IPC
standards contribute to the evolution of MDROs which can be transferred between the environment and
working personnel. The implementation of IPC concepts should thus urgently be promoted and efficient
hand hygiene trainings established that include all veterinary personnel.
Specific aim 3: Macrococcus spp. as reservoir of antbioic resistance and presence in human
infection
Four novel macrolide resistance determinants were identified in Macrococcus spp. The novel msr(F)
msr(H) and mef(D) were identified on chromosomal macrolide resistance islands McRI msr, and the novel
msr(G), and mef(F) on plasmids. One M. canis strain harbored a plasmid, which was almost identical to
the mecB-containing plasmid reported in S. aureus suggesting M. canis as potential source of mecB in
staphylococci. Presence of methicillin-resistant Macrococcus spp. was rare in animals and clinical environment and not detected in humans. However, M. canis was associated in one case of human infections.
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Publications, posters and presentations
Infection prevention and control concepts for small animal clinics and practices (finalisation
End of February 2020). These guidelines will be made available to veterinarians in Switzerland
through the project partners GST and SVK-ASMPA.
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