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Abstract 12 

Infection prevention and control (IPC) practices vary among companion animal clinics 13 

and outbreaks with carbapenemase-producing Enterobacterales (CPE) have been 14 

described. This study investigates the effect of an IPC intervention (introduction of IPC 15 

protocols, IPC lectures, hand hygiene campaign) in four companion animal clinics. IPC 16 

practices, environmental and hand contamination with antimicrobial-resistant 17 

microorganisms (ARM) and hand hygiene (HH) were assessed at baseline and one 18 

and five months after intervention. IPC scores (% maximum score) improved from 19 

(median, range) 57.8% (48.0–59.8%) to 82.9% (81.4–86.3%) one month after 20 

intervention. Cleaning frequency assessed by fluorescent tagging increased from 21 

(median, range) 16.7% (8.9–18.9%) to 30.6% (27.8–52.2%) one months and 32.8% 22 

(32.2–33.3%) five months after intervention. ARM contamination was low in three 23 

clinics at baseline and undetectable after intervention. One clinic showed extensive 24 

contamination with ARM including CPE before and after intervention (7.5–15.5% ARM-25 

positive and 5.0–11.5% CPE-positive samples). Mean HH compliance [95% CI] 26 
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improved from 20.9% [19.2–22.8%] to 42.5% [40.4–44.7%] one and 38.7% [35.7–27 

41.7%] five months after intervention. Compliance was lowest in the pre-operating 28 

preparation area at baseline (11.8% [9.3–14.8%]) and in the ICU after intervention 29 

(28.8% [23.3–35.1%]). HH compliance was similar in veterinarians (21.5% [19.0–30 

24.3%]) and nurses (20.2% [17.9–22.7%]) at baseline but higher in veterinarians 31 

(46.0% [42.9–49.1%]) than nurses (39.0% [36.0–42.1%]) one month after intervention. 32 

The IPC intervention improved IPC scores, cleaning frequency and HH compliance in 33 

all clinics. Adapted approaches might be needed in outbreak situations. 34 

 35 

Introduction 36 

The emergence of antimicrobial-resistant microorganisms (ARM) is a major public 37 

health threat. Healthcare institutions play an important role in the transmission of ARM 38 

[1–6]. Over the past few years, the spread of highly critical drug-resistant organisms 39 

such as carbapenemase-producing Enterobacterales (CPE), endemic to countries 40 

such as Greece, Malta, Italy and Turkey challenges healthcare settings worldwide [7]. 41 

Since 2010, CPE have been described in human healthcare settings in Switzerland 42 

[8]. Recently, several outbreaks comprising meticillin-resistant staphylococci (MRS), 43 

extended spectrum beta-lactamase-producing Enterobacterales (ESBL-E) and CPE 44 

have been documented in companion animal clinics, also in Switzerland [2,5,6,9,10]. 45 

Besides ARM, companion animal clinics are faced with numerous highly contagious 46 

and zoonotic diseases [11] and transmission chains within these clinics can affect 47 

human and animal health [12–15]. Intensive medical care in small animal clinics might 48 

foster the development and spread of ARM. Animal patients receive invasive 49 

procedures similar like those in human hospitals and are treated with a variety of 50 

antimicrobials. Additionally, owners and their pets live in close contact within 51 

households, which promotes the transmission of pathogens, including ARM [16,17]. 52 
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Infection prevention and control (IPC) guidelines are key elements in human 53 

healthcare to prevent the development and spread of ARM and other pathogens [18]. 54 

The cornerstones of IPC guidelines are hand hygiene, staff education, personal 55 

protective equipment, adequate cleaning and disinfection, prudent use of 56 

antimicrobials and isolation measures [19–21]. Improvements in IPC practices result 57 

in better safety for patients and staff, reduced hospitalisation costs, and increased 58 

patient and staff satisfaction. The World Health Organization (WHO) established 59 

Guidelines on Core Components of Infection Prevention and Control Programs to be 60 

implemented at the national and acute human healthcare facility level [20]. Veterinary 61 

clinics and practices differ from human healthcare settings in relation to infrastructure, 62 

available resources, patient care and handling. Therefore, IPC guidelines for veterinary 63 

institutions need to be adapted and applicable also to private clinics and practices. 64 

Guidelines on IPC in companion animal medicine have been published, but since there 65 

is currently no legislation which regulates IPC practices in companion animal clinics 66 

and practices in Switzerland and other European countries, IPC implementation is 67 

optional and data on IPC in these settings are sparse. A previous study showed that 68 

IPC practices vary considerably across companion animal clinics and practices in 69 

Switzerland [19]. As a consequence, clinics with low IPC scores as evaluated by direct 70 

audits showed extensive environmental contamination with ARM, resulting in 71 

transmission opportunities to patients and staff. Hence, considerable colonization of 72 

patients with ARM during hospitalization was documented in extensively contaminated 73 

clinics [2,19,22]. These isolates included ARM of public health concern, such as MRS, 74 

ESBL-E and CPE [2,19,22]. Closely related ARM in patients, personnel and the 75 

environment of the clinics were documented, which underlines the need to break 76 

transmission chains by fostering IPC in these settings [2,23]. In addition to swab 77 

sampling, surface disinfection can also be evaluated with fluorescent tagging [24]. Both 78 
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methods have shown that there is a need to improve cleaning and disinfection in 79 

companion animal clinics since many high-touch surfaces are not cleaned in a frequent 80 

and adequate manner [16,24].  81 

Hand hygiene is regarded a key element of IPC because stringent hand hygiene of 82 

healthcare workers is one of the most effective measures to interrupt transmission 83 

chains in healthcare settings [25]. Results from the few available studies on hand 84 

hygiene in companion animal veterinary institutions in the USA, Australia and Canada 85 

showed that compliance with hand hygiene guidelines was poor (14-27%), but could 86 

be enhanced up to 46% with hand hygiene campaigns [26–29]. Only one published 87 

abstract reported on the sustainability of the improvements and found that although 88 

hand hygiene adherence dropped again after six months, hand hygiene adherence 89 

was still above baseline [29]. The studies used different techniques to define and 90 

evaluate hand hygiene and results are thus difficult to compare. Other studies looked 91 

at hand contamination of veterinary staff and documented a variety of ARM on the 92 

hands of veterinary healthcare workers [10,30,31].  93 

The first hand hygiene guidelines were introduced in human healthcare in the 1980s 94 

[32,33]. The WHO offers a comprehensive multimodal hand hygiene campaign for 95 

healthcare settings and the WHO Guidelines on Hand Hygiene in Health Care are well 96 

established in human hospitals [34]. The guidelines differentiate the patient zone (the 97 

patient with its immediate surroundings, Figure 1) from the healthcare area (all 98 

surfaces in the healthcare setting outside the patient zone). Within the patient zone, 99 

critical sites are defined, such as body sites or medical devices that must be protected 100 

against microorganisms. The WHO guidelines define “Five moments for hand 101 

hygiene”, which represent hand hygiene indications for healthcare workers with the 102 

goal to prevent the introduction of microorganisms by the hand of healthcare workers 103 

into the patient zone, between critical sites within the patient zone, and the spread of 104 
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microorganisms from the patient zone to the healthcare area. According to these 105 

guidelines, hand hygiene should be applied 1) before patient contact, 2) after body fluid 106 

exposure risk, 3) after touching the patient surrounding, 4) before clean/aseptic 107 

procedures and 5) after patient contact. Both hand disinfection, i.e. the use of alcohol-108 

based hand sanitizer, and washing the hands with water and soap are considered hand 109 

hygiene procedures [35]. Teaching and promoting these guidelines to healthcare 110 

workers can remarkably improve hand hygiene compliance in human hospitals and 111 

decreased the rate of nosocomial, i.e. hospital acquired, infections by almost 50% 112 

[34,36]. The WHO guidelines were recently applied to investigate hand hygiene 113 

compliance in companion animal clinics and practices in Switzerland, and a hand 114 

hygiene compliance of the veterinary staff ranging from 26% to 47% was found. Hand 115 

hygiene compliance was lowest before clean/aseptic procedures, and highest after 116 

body fluid exposure risk [31,37].  117 

No study has yet assessed whether a multimodal IPC intervention can improve IPC 118 

practices and hand hygiene compliance and reduce environmental contamination with 119 

ARM in companion animal clinics. The present study assesses baseline IPC practices, 120 

hand hygiene compliance, hand contamination of the veterinary staff, cleaning 121 

frequency and environmental contamination with CPE, ESBL-E, MRS and 122 

vancomycin-resistant enterococci (VRE) in four companion animal clinics in 123 

Switzerland. Each clinic was then part of a multimodal IPC intervention that comprised 124 

1) the recruitment of an infection control preventionist, 2) the implementation of written 125 

IPC guidelines, 3) the introduction of written cleaning/disinfection and isolation 126 

protocols throughout the clinic, and 4) a comprehensive hand hygiene campaign that 127 

included a lecture, hand hygiene posters, practical hand hygiene trainings and 128 

observation-feedback sessions. After the intervention, the above-mentioned 129 
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evaluations were repeated one (four clinics) and five months later (two clinic) and 130 

results compared to baseline values.  131 

 132 

Material and Methods 133 

Study set-up 134 

Four private companion animal clinics (Clinics 1–4) located in three different 135 

geographic regions of Switzerland (east, west, central) were recruited by direct contact. 136 

Participation was voluntary and was not reimbursed. Both clinics with and without pre-137 

existing IPC guidelines were included. The study focused on companion animal clinics 138 

(> 20 staff members, 24-hour emergency service and receiving first opinion and 139 

referred cases) in Switzerland. This decision was based on results of a previous study 140 

in companion animal clinics and practices in Switzerland that indicated that despite low 141 

IPC scores in first opinion practices (as assessed by direct audit), environmental 142 

contamination with ARM in first opinion practices was low [19]. The companion animal 143 

clinics were offered free of charge IPC evaluations by direct audits, evaluation of hand 144 

hygiene compliance and hand contamination with ARM, evaluation of environmental 145 

contamination with ARM and assessment of cleaning frequency by fluorescent tagging 146 

both before and after IPC implementation, and support in the development of IPC 147 

guidelines and written protocols and cleaning/disinfection and isolation measures. 148 

The study set-up and the timeline of the study are shown in Supplementary Figure S1. 149 

Due to a study interruption caused by the COVID-19 pandemic, the baseline 150 

microbiological evaluations took place between November 2019 and March 2020 151 

(Clinics 1, 3 and 4) and again in September 2020 (Clinic 2). IPC audits were performed 152 

in the same period in each clinic, but results were re-checked again between July 2021 153 

and August 2021 (before IPC intervention development) and scores adapted if 154 

necessary. Baseline hand hygiene evaluations and fluorescent tagging were 155 
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performed from July 2021 to August 2021 after COVID-19 restrictions had been lifted 156 

in Switzerland. Thereafter, the clinic-specific IPC interventions were developed 157 

(August 2021 to January 2022) with the selected infection control preventionist for each 158 

clinic. The multimodal IPC interventions were introduced to the staff and lectures and 159 

hand hygiene trainings were held between January 2022 and April 2022; the IPC 160 

intervention took one week per clinic. Clinics 1–4 were re-evaluated one month after 161 

intervention (April 2022 to July 2022) using the same methodology as for the 162 

establishment of the baseline data. In Clinics 1 and 2 (the best and the worst 163 

performing one month after implementation, respectively), a second re-evaluation took 164 

place five months after intervention (June 2022 and Sept 2022, respectively), to assess 165 

the long-term effect of the intervention. The five months follow-up comprised evaluation 166 

of hand hygiene compliance, cleaning frequency and environmental contamination 167 

with ARM. Follow-up data of each clinic were compared to baseline data. Selected 168 

results from the baseline evaluation of Clinic 2 have already been published [10].  169 

 170 

IPC evaluation by direct audit 171 

IPC practices in Clinics 1–4 were evaluated by a one-day direct audit by two of the 172 

authors (KD, BW) and a adapted IPC audit protocol comprising fifteen areas of IPC 173 

was applied [10,21]. The IPC audit protocol was originally published as part of the 174 

American Animal Hospital Association (AAHA) Infection Control, Prevention, and 175 

Biosecurity Guidelines. The audit assessed general IPC management, staff education, 176 

cleaning/disinfection, management of waste, vector control, equipment in examination 177 

rooms, isolation measures, handling of patients with ARM, hand hygiene equipment, 178 

personal hygiene, protection of employees, protective clothing, medication, use of 179 

antimicrobials and miscellaneous. A template for the audit has been published 180 

previously [10]. A scoring system (0: not fulfilled; 1: partially fulfilled; 2 completely 181 
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fulfilled) was applied as previously described [19] and % of the total score (n= 102) 182 

was calculated. After baseline evaluation, the participating clinics received a written 183 

report of the audits, highlighting the IPC deficits and an action plan for IPC 184 

implementation.  185 

 186 

Hand hygiene compliance 187 

Hand hygiene compliance was assessed by direct observation using the CleanHands 188 

application (Swissnoso, National Centre for Infection Prevention, Bern, Switzerland) 189 

as described [31,37]. All hand hygiene observations were performed in-person by the 190 

same observer (KD). Based on previously obtained data [31,37], a hand hygiene 191 

compliance of 32% at baseline was assumed and a samples size for 500 hand hygiene 192 

events per clinic (100 observations per study area) were collected to allow to 193 

differentiate a 10%-difference in hand hygiene compliance before and after 194 

intervention [38]. All hand hygiene observations were carried out by the same observer 195 

(KD) who has previously evaluated hand hygiene for other studies and received prior 196 

training by an experienced human infection control practitioner at the University 197 

Hospital in Zurich, Switzerland [10,31]. Hand hygiene was evaluated as published 198 

[31,37,38] and based on the WHO five moments for hand hygiene that are described 199 

in detail in the WHO guidelines on hand hygiene in health care [34]. The five moments 200 

comprise “before touching a patient”, “before clean/ aseptic procedure”, “after body 201 

fluid exposure risk”, “after touching a patient”, and “after touching patient 202 

surroundings". In accordance with the WHO guidelines, both hand disinfection with 203 

alcohol-based hand rubs and hand washing with water and soap but not the use of 204 

gloves were considered successful hand hygiene procedures [38]. The hand hygiene 205 

observations were conducted in five different areas of the clinics: the pre-operating 206 

preparation area, the intensive care unit, the wards, the consultation area, and the 207 
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examination area. If a certain area was not present in a clinic, the 500 observations 208 

were spread evenly across the existing areas. Additionally, three professional groups 209 

(veterinarians, nurses, others) were assessed. After recording, the data were extracted 210 

from the software as Excel files for statistical analyses. Non-coded hand hygiene 211 

observations, i.e., those that could not be matched to one of the five moments for hand 212 

hygiene, were excluded from analysis. Hand hygiene compliance (% of successful 213 

hand hygiene procedures per total number of observed hand hygiene observations) 214 

with 95% binomial confidence intervals were calculated using the hybrid Wilson/Brown 215 

method using the software GraphPad Prism (version 9.5.1 for Windows, GraphPad 216 

Software, San Diego, California USA) and hand hygiene compliance compared before 217 

and after intervention.  218 

 219 

Environmental contamination with ARM 220 

To assess environmental contamination with ARM in Clinics 1–4, 200 pre-defined high-221 

touch surfaces per clinic were sampled from all clinical areas using pre-moistened 222 

cotton swabs as previously described [10,16]. A list of high-touch surfaces has been 223 

previously published [10]. In each clinic, the sampling was performed during the first 224 

half of the day on four different sampling days over a two-week period (50 samples per 225 

day) to account for daily variation in environmental contamination [16]. At the five-226 

month follow-up in Clinic 1 and 2, 100 pre-defined high-touch surfaces per clinic were 227 

sampled on two sampling days (50 samples per day). The specific surfaces to be 228 

tested were not disclosed prior to sampling and the participating clinics were instructed 229 

to refrain from performing any special cleaning procedures prior to environmental 230 

swabbing. Samples were screened for the presence of CPE, ESBL-E, MRS and VRE 231 

(for details see below). Percentage of positive surfaces (before and after intervention) 232 
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with 95% confidence intervals was calculated using GraphPad Prism version 9.5.1 for 233 

Windows, GraphPad Software, San Diego, California USA. 234 

 235 

Cleaning frequency 236 

Fluorescent markers (DAZOTM Fluorescent Marking Gel, ECOLAB, Germany) were 237 

used as a non-cultural method to evaluate cleaning frequency in the clinics according 238 

to published methods [24]. A total of 90 surfaces from a list of 30 surfaces (Supplement 239 

Table S1, each surface was sampled thrice) were marked and re-evaluated for 240 

fluorescence after 24 hours. The sampled surfaces were not disclosed to the staff. 241 

Fluorescent tags and environmental sampling were conducted on the same day but 242 

independently of each other and thus did not impact one another. The percentage of 243 

successfully cleaned surfaces with 95% confidence intervals was calculated and 244 

compared before and after intervention using GraphPad Prism version 9.5.1 for 245 

Windows, GraphPad Software, San Diego, California USA. 246 

 247 

Hand contamination with ARM 248 

A total of 20 hand swabs per clinic were collected from the veterinary staff at baseline 249 

sampling and at the one-month follow-up using previously described methods [10,31]. 250 

Briefly, hand swabs of the entire dominant hand palm, fingers, and thumb were 251 

collected from 20 veterinary staff members without announcement and immediately 252 

before and after patient contact using a sterile cotton swab moisturized with 0.85% 253 

saline solution. If gloves were worn, hand swabs were taken from the gloved hand. All 254 

swabs were analysed for the presence of ESBL-E, CPE, MRS and VRE. Participation 255 

of the employees was voluntary and written informed consent was obtained. 256 

Percentage of positive hand swabs with 95% confidence intervals was calculated and 257 

compared before and after intervention using GraphPad Prism version 9.5.1 for 258 
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Windows, GraphPad Software, San Diego, California USA. The study protocol was 259 

approved by the Swiss Ethics Committees on research involving humans (approval no. 260 

2019-00768).  261 

 262 

Microbiological evaluation 263 

Microbiological analysis of the samples was carried out according to standard 264 

protocols as previously described [10,31]. Swabs were processed within 12 hours after 265 

sample collection.  266 

The homogenate of all samples was thereafter enriched (37 °C, 24 h), followed by 267 

selective enrichment for ESBL-E and CPE in Enterobacterales enrichment broth 268 

(Oxoid, Hampshire, UK), in BHI (BioRad, Hercules, CA, USA) with 6.5% saline for 269 

VRE, and additionally in Mueller Hinton broth (Oxoid, Hampshire, UK) with 6.5% saline, 270 

followed by anfingernails 271 

 enrichment in tryptone soy broth (Becton Dickinson, Allschwil, Switzerland) with 4 272 

mg/L cefoxitin and 75 mg/L aztreonam for the detection of MRS. ESBL-E were 273 

screened by using the chromogenic medium Brilliance™ ESBL Agar (Oxoid, 274 

Hampshire, UK), CPE by using chromID® CARBA SMART Bi-Plate-Agar (bioMérieux, 275 

Marcy-l’Étoile, France), VRE by using the Brilliance™ VRE Agar (Oxoid, Hampshire, 276 

UK) and MRS by using the Brilliance™ MRSA2 Agar (Oxoid, Hampshire, UK), 277 

according to the manufacturer’s instructions. Species identification was conducted by 278 

using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 279 

(MALDI-TOF–MS, Bruker Daltronics, Bremen, Germany). 280 

Polymerase chain reaction (PCR) was carried out to screen for the presence of genes 281 

encoding blaCTX-M group enzymes, blaSHV, and blaTEM, as previously described [39–42]. 282 

PCR targeting blaVIM, blaKPC, blaOXA-48-like, and blaNDM genes was carried out using 283 

custom synthesized primers (Microsynth, Balgach, Switzerland) and conditions 284 
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published previously [43,44]. PCR for the presence of mecA and mecC was conducted 285 

using custom synthesized primers (Microsynth, Balgach, Switzerland), as previously 286 

described [45,46].  287 

Antimicrobial susceptibility testing was carried out for all ESBL-E and CPE isolates as 288 

previously described [16]. Antimicrobial susceptibility testing was performed for 289 

Enterobacterales in accordance with the Clinical and Laboratory Institute (CLSI) 290 

performance standards [47] using the disk-diffusion method on Mueller Hinton plates 291 

(Oxoid, Hampshire, UK) and the 16 antibiotics: ampicillin (AM), amoxicillin with 292 

clavulanic acid (AMC), azithromycin (AZM), cefazolin (CZ), cefepime (FEP), 293 

cefotaxime (CTX), chloramphenicol (C), ciprofloxacin (CIP), fosfomycin (FOS), 294 

gentamicin (G), kanamycin (K), nalidixic acid (NA), nitrofurantoin (F/M), streptomycin 295 

(S), sulfamethoxazole trimethoprim (SXT), and tetracycline (TE) (Becton Dickinson, 296 

Allschwil, Switzerland). Results were interpreted according to CLSI standards [47]. For 297 

azithromycin, an inhibition zone of ≤12 mm was interpreted as resistant. In addition, 298 

the minimal inhibitory concentrations of the carbapenem antibiotics ertapenem, 299 

imipenem, and meropenem were determined for all CPE isolates.  300 

For MRS isolates, antimicrobial susceptibility profiling was performed using the 301 

automated VITEK® two compact system (bioMérieux, Marcy l’Etoile, France) with the 302 

AST-GP80 susceptibility testing card (bioMérieux, Nürtingen, Germany). 303 

 304 

Intervention 305 

An infection control preventionist (veterinarian or veterinary nurse) was elected from 306 

the existing staff and established in each clinic that was responsible for IPC 307 

implementation and future IPC maintenance. If possible, a person with a background 308 

in IPC was chosen. If such a person was not present, a veterinarian or veterinary nurse 309 

with interest in IPC was selected. Comprehensive IPC guidelines written by the study 310 

Jo
urn

al 
Pre-

pro
of



personnel and based on published protocols [48,49] were introduced in each clinic. If 311 

IPC guidelines were already in place, these were used as a basis and adapted. The 312 

focus of the intervention period was on adequate and written cleaning and disinfection 313 

protocols, personnel hygiene (i.e. working clothes and shoes, no jewellery, no long or 314 

artificial fingernails, no food consumption in patient areas, no storage of food of the 315 

staff in refrigerators in patient areas, laundry guidelines), hand hygiene and hand 316 

hygiene equipment, isolation measures, information dissemination among employees 317 

and involvement of employees in IPC. The guidelines were adapted to fit the specific 318 

needs and address as many IPC deficits identified during the baseline evaluation as 319 

possible. If implementation of certain aspects was considered unfeasible, the guideline 320 

was adapted. The final IPC guidelines were approved by the clinic directors. Written 321 

cleaning and disinfection and isolation protocols were established for each clinic and 322 

put up throughout the clinic. The IPC development and implementation in Clinics 1–4 323 

was guided and supported by the authors of this study by regular meetings with the 324 

infection control preventionists between August 2021 and January 2022. The IPC 325 

interventions took place between January 2022 and April 2022 (one week per clinic). 326 

The interventions included a half-day lecture hold by the first author to introduce the 327 

IPC guidelines and cleaning/disinfection and isolation protocols to all staff members. 328 

The lecture focused on the following topics: introduction on the importance of IPC in 329 

veterinary clinics, WHO guidelines on hand hygiene (i.e. hand washing vs. hand 330 

disinfection, correct use of gloves, hand hygiene in the clinical setting: my five moments 331 

for hand hygiene), personnel hygiene, newly implemented cleaning and disinfection 332 

protocols and isolation measures specific to each clinic. 333 

 334 

The hand hygiene intervention comprised a hand hygiene campaign, including a 335 

lecture (see above), a poster, a practical hand hygiene training session and an 336 
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observation–feedback session [50]. Practical hand hygiene training performed with the 337 

staff used fluorescent hand disinfectant to train hand disinfection techniques. 338 

Observation feedback sessions were carried out as published [50].  339 

 340 

Staff feedback on IPC intervention 341 

Barriers and facilitators for IPC implementation were qualitatively assessed using a 342 

questionnaire (Supplementary Table S2) sent by email to all staff members of the 343 

clinics (around 20–80 staff/clinic) after the IPC implementation. The questionnaire 344 

addressed possible barriers and facilitators for implementation and execution of IPC, 345 

the quality of the given lectures and an opportunity for the personnel to express 346 

constructive criticism. The personnel were asked to respond on a scale from 0 (very 347 

bad) to 10 (excellent). 348 

 349 

Results 350 

Microbiological evaluation and cleaning frequency before and after intervention 351 

Clinics 1–4 were based in three different parts of Switzerland. All clinics offered a 24-352 

hour emergency service. Clinics 1 and 2 additionally had an intensive care unit (ICU).  353 

A summary of the IPC audit and microbiological results can be found in Table 1. 354 

Baseline sampling detected selected ARM (ESBL-E, CPE and/ or MRS) in all four 355 

clinics. Environmental contamination with ARM was however negligible in Clinics 1, 3 356 

and 4 (range of ARM-positive swabs: 0–1.5%) and was undetectable in the follow-up 357 

evaluations (Table 1). Environmental contamination was extensive in Clinic 2 at 358 

baseline (15.5%), at one month (7.5%) and at five months after intervention (16.0%). 359 

Detailed microbiological results from the baseline evaluation in Clinic 2 have previously 360 

been published [10]. At the one-month follow-up, Clinic 2 showed a contamination with 361 

OXA-48 CPE (7.5%) and ESBL-E (0.5%) in the environmental samples.  362 
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Hand contamination with ARM was low in all clinics during baseline sampling and 363 

ranged from 0–10%. Meticillin-resistant Staphylococcus aureus were the only ARM 364 

retrieved from the hands of the healthcare workers. No ARM-positive hand swabs were 365 

detected after intervention. 366 

Fluorescent tagging revealed that at baseline (median, range) 16.7% (8.9–18.9%) of 367 

surfaces were cleaned in Clinics 1–4 within 24 hours after fluorescent tagging. One 368 

and five months after intervention, 30.6% (27.8–52.2%) and 32.8% (32.2–33.3%) of 369 

surfaces, respectively, were cleaned within 24 hours. 370 

 371 

IPC audit score before and after intervention 372 

The percentage of the total IPC audit score at baseline ranged from 48% (Clinic 1) to 373 

60% (Clinic 4, Table 1 and Figure 1). The IPC audit score of the clinics increased from 374 

(median, range) 57.8% (48.0–59.8%) to 82.9% (81.4–86.3%) one month after 375 

intervention. The IPC scores at one months were similar among the clinics (Table 1). 376 

Detailed results of the IPC audits are shown in Table 1. All clinics showed major deficits 377 

in hand hygiene infrastructure (a subgroup of the audit category hand hygiene) at 378 

baseline, e.g. a lack of washing stations with soap and hand disinfection in areas with 379 

patient contact. Additionally, deficits in cleaning and disinfection, e.g. the wrong 380 

application or insufficient coverage with the used product, were observed. All clinics 381 

had an insufficient general IPC management in place at baseline with Clinic 2 achieving 382 

the lowest score for this category at baseline and after intervention (Table 2).  383 

None of the clinics, apart from Clinic 4, had written protocols in place. Clinics 1 and 2 384 

additionally had inadequate isolation measures for infectious patients and personal 385 

protective equipment was insufficient in Clinic 1. After intervention, Clinic 1 achieved 386 

an improvement in the audit scoring. Successful implementation of IPC guidelines was 387 

achieved in all clinics. Food and beverages were completely removed from the patient 388 
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areas, a general IPC management was introduced, isolation measures were improved, 389 

written protocols for cleaning/disinfection and isolation measures were introduced and 390 

cleaning and disinfection products were adapted to the specific requirements of the 391 

clinic. Difficulties were experienced for the installation of sufficient hand hygiene 392 

equipment. Washing stations were not present in all examination rooms after 393 

intervention and construction of more stations was not always feasible. New hand 394 

hygiene disinfection stations were mounted in all participating clinics but were still 395 

lacking in Clinic 2 after intervention.   396 

 397 

Hand hygiene adherence before and after intervention 398 

In total, 5116 hand hygiene observations were carried out. Of these, 90 observations 399 

were classified as “non-coded”, i.e. none of the five moments for hand hygiene could 400 

be allocated to the observation, leaving 5026 observations to be included in statistical 401 

analysis. Overall mean hand hygiene compliance [95% confidence interval] was 20.9% 402 

[19.2–22.8%] before intervention and 42.5% [40.4–44.7%] one month and 38.7% 403 

[35.7–41.7%] five months after intervention. Hand hygiene improved in all clinics after 404 

training, also at five months (Figure 2). Hand hygiene was lowest in Clinic 2 at baseline 405 

(14.9% [12.1–18.2%]) and after intervention (30.5% [26.6–34.6%]).  406 

When looking at the professional groups in the four clinics, an increase in mean hand 407 

hygiene compliance was achieved in veterinarians in all clinics after intervention and 408 

this improvement was still present five months after intervention (Figure 3). In contrast, 409 

the nurses showed an increase in mean hand hygiene compliance only in Clinics 1 and 410 

4.  411 

Regarding the five hand hygiene indications, compliance was lowest before clean/ 412 

aseptic procedures at baseline in all four clinics (Figure 4) but increased after 413 
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intervention in all clinics except for Clinic 2. After body fluid exposure risk was amongst 414 

the best performing indications at baseline and after intervention in all clinics.  415 

Hand hygiene was lowest in the pre-operating preparation area at baseline (Figure 5). 416 

After intervention, hand hygiene compliance increased in the pre-operating preparation 417 

area and was the best performing area in Clinics 2 and 4.  418 

 419 

Staff feedback on IPC intervention 420 

The summarized responses of the questionnaires sent to the staff of Clinics 1–4 can 421 

be found in Supplementary Table S2. A total of 37 filled questionnaires were available 422 

for analysis. The personnel judged the general hygiene practices in their clinic (median, 423 

range) as a 5 (0–9) before and as a 7 (2–10) after intervention. The hand hygiene 424 

compliance was rated (median, range) a 5 (2–9) before and a 7 (3–10) after 425 

intervention. Quality of cleaning and disinfection was judged median (range) 6 (0–9) 426 

before and 7 (4–10) after intervention. The practicability of the hand hygiene practices, 427 

the implemented cleaning and disinfection protocols and the isolation measures were 428 

all rated (median, range) a 7 (1–10; 1–10 and 2–10, respectively). The quality of the 429 

lectures was rated (median, range) an 8 (0–10). Overall, 70% of the respondents 430 

expressed the wish to receive additional education on hand hygiene and other hygiene 431 

practices. Additionally, 51% also requested further education on prudent antimicrobial 432 

use and zoonoses, 49% on ARM.  433 

 434 

Discussion 435 

This study documents generally low IPC practices in four companion animal clinics in 436 

Switzerland before the introduction of comprehensive IPC guidelines. At baseline, the 437 

clinics reached 48–60% of the maximum IPC score in the audit, which is in agreement 438 

with a previous study from Switzerland, where three companion animal clinics reached 439 
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28–52% of the maximum IPC score [19]. As in the previous study [19], a CPE 440 

contamination was detected in one companion animal clinic in this study (Clinic 2): a 441 

total of 15.5% of the environmental swabs tested positive for ARM and 11.5% for CPE 442 

at baseline evaluation in this clinic. The dissemination of OXA-48 CPE in this clinic is 443 

particularly worrisome as CPE is considered an “urgent” public health threat since a 444 

case fatality rate of up to half of the cases has been documented in human infections 445 

[51,52]. The finding that two out of nine companion animal clinics in Switzerland 446 

examined in our two studies showed massive environmental contamination with ESBL-447 

E, CPE and Meticillin-resistant S. pseudintermedius is alarming [10,19]. It highlights 448 

the rapid emergence of CPE and other ARM of public health concern in companion 449 

animal medicine [2]. In our previous studies, we also documented a high-rate of 450 

acquisition of CPE by patients during hospitalization in the clinic [2] and the 451 

colonization of employees with epidemic clones of CPE closely related to 452 

environmental and patient-derived isolates [23]. This underlines the lack of efficient 453 

IPC practices to break transmission chains between patients, staff and the clinical 454 

environment in these settings [2,19,23]. There is thus an urgent need to foster IPC and 455 

to investigate the effect of IPC interventions on IPC standards, environmental 456 

contamination with ARM and hand hygiene in companion animal clinics.  457 

After a multimodal IPC intervention, the IPC scores in all four clinics improved and the 458 

clinics achieved similarly high scores (81–86% of the maximum score) one month after 459 

intervention. During the intervention, a special focus was set on written surface 460 

disinfection protocols, written isolation protocols, on the adaptation of the cleaning and 461 

disinfection products in the clinic and the addition of hand hygiene equipment in the 462 

patient areas. With these measures, ARM contamination in Clinics 1, 3 and 4 was 463 

undetectable after intervention. Furthermore, an increase in cleaning frequency, as 464 

evaluated by fluorescent tagging, was evident in all clinics. In contrast to Clinics 1, 3 465 
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and 4, the intervention was not successful in Clinic 2 in reducing or eliminating the 466 

extensive ARM contamination in the clinical environment. Our IPC scoring system did 467 

not really capture these failures in Clinic 2 at baseline and after intervention. The 468 

continuous presence of blaOXA-48 might point towards a common source of 469 

contamination in this clinic. A temporary patient stop to perform an extensive cleaning 470 

and disinfection of all surfaces and utensils of the clinic prior to IPC intervention might 471 

have been necessary to combat the outbreak in this institution. The IPC intervention 472 

performed in this study might not have been sufficient to address an outbreak situation.  473 

The IPC score used in this study was based on an audit protocol published as part of 474 

the American Animal Hospital Association (AAHA) Infection Control, Prevention, and 475 

Biosecurity Guidelines [21]. The protocol captures 15 areas of general IPC and is not 476 

specifically tailored to assess and combat ARM. The protocol might need to be adapted 477 

for future use to identify clinics with potential ARM dissemination. For instance, certain 478 

aspects such as equipment and utensils on critical surfaces, the number of hand 479 

hygiene dispensers, cleaning frequency and hand washing stations might need to be 480 

introduced into future scoring systems. Clinic 2 which showed severe ARM 481 

contamination reached amongst the lowest scores in the areas of general IPC 482 

management, cleaning and disinfection, hand hygiene and isolation measures. Hand 483 

hygiene infrastructure was absent in several animal patient areas in this clinic. 484 

Furthermore, observations during the audit revealed that the clinic was generally less 485 

cleaned-up than the other clinics, and equipment and utensils were present on 486 

surfaces in critical areas such as the pre-operating preparation area, making cleaning 487 

and disinfection more difficult. Staff members also used hip pockets (taille organizers) 488 

to store utensils such as scissors during daily work. Such practice has previously also 489 

been observed in another companion animal clinic with a severe CPE outbreak [19]. 490 

These hip pockets belong to the staff, are not regularly cleaned and could thus 491 
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contribute to ARM transmission chains. Furthermore, the clinical staff of Clinic 2 492 

showed one of the lowest baseline hand hygiene compliance with an overall adherence 493 

of only 15%. Many of these critical aspects could not be fully addressed during IPC 494 

intervention in Clinic 2. When evaluating IPC interventions in companion animal clinics 495 

in the future, particular attention should be paid to general IPC management, general 496 

cleaning status, cleaning and disinfection protocols, hand hygiene equipment in patient 497 

areas and hand hygiene adherence to better identify clinics with a higher risk of ARM 498 

dissemination.  499 

Previous studies have shown that animal-contact surfaces are often cleaned more 500 

frequently than hand-contact surfaces in small animal hospitals [24,53]. In this study, 501 

all clinics showed deficits in cleaning and disinfection. In accordance with a recent 502 

study [54], ARM were detected on surfaces with and without patient contact. This 503 

highlights the need to focus on hand hygiene and adequate cleaning and disinfection 504 

protocols not only of surfaces that come into contact with patients, but also of those 505 

that are solely being touched by the personnel. A recent publication showed that 506 

fluorescent tags could be effectively used to asses environmental cleaning [24]. In this 507 

study, fluorescent tagging was used at baseline and after IPC intervention and showed 508 

an increase in cleaning frequency in all clinics after intervention. Fluorescent tagging 509 

might be more reliable in IPC assessment than the collection and culture of 510 

environmental swabs, since the latter is limited to the detection of defined ARM. 511 

However, neither IPC scoring nor fluorescent tagging was able to point towards the 512 

critical situation in Clinic 2, and environmental swabs might still be indicated when ARM 513 

outbreak situations are suspected. 514 

In agreement with previous studies, we found insufficient hand hygiene compliance in 515 

veterinary staff in companion animal clinics in Switzerland, with a mean adherence of 516 

21% before the hand hygiene training. Previous studies reported a hand hygiene 517 
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compliance of 26% to 47% [31,37]. In this study, hand hygiene compliance increased 518 

from 21% before intervention to 43% one month and 39% five months after 519 

intervention, which documents that a significant and prolonged effect on hand hygiene 520 

can be achieved in veterinary staff by education and training. The decrease in 521 

adherence five months compared to one month after intervention might indicate that 522 

repetitive training of the staff, at least every twelve months [21] might be required to 523 

maintain compliance. It was however interesting that our hand hygiene campaign 524 

improved hand hygiene compliance primarily in veterinarians, whereas the effect was 525 

much less pronounced in veterinary nurses. Hand hygiene adherence in veterinarians 526 

improved in in all clinics after intervention, whereas this was only achieved in two clinics 527 

in nurses. This is in contrast to studies in human hospitals which reported that nurses 528 

respond better to hand hygiene training than doctors [36,55,56]. In this study, all staff 529 

members received the same teaching as part of IPC implementation. The results 530 

indicate that the hand hygiene lectures and training need to be better adapted to the 531 

nursing staff and that separate training lessons might be required for these two 532 

professional groups. 533 

Hand hygiene was lowest in the pre-operating preparation area before and in the ICU 534 

after intervention. Such areas with a high activity index, i.e. many opportunities for 535 

hand hygiene per hour, are prone to low hand hygiene compliance [57]. These results 536 

go in line with previous studies which document lower compliances in these critical 537 

areas [31,37]. The WHO five moments for hand hygiene guideline had originally been 538 

developed for stationary patient areas in hospitals which allow to clearly identify a 539 

patient area that needs to be protected [34]. In high activity areas such as ICUs or pre-540 

operating preparation areas, such patient areas are less clearly defined. Furthermore, 541 

the high activity index makes adherence to the 5 moments for hand hygiene more 542 

difficult. However, a good hand hygiene is of particular importance in such high traffic 543 

Jo
urn

al 
Pre-

pro
of



and high risk environments as there is an increased risk for ARM contamination and 544 

transmission [19,58].  545 

In agreement with previous studies in veterinary clinics, hand hygiene compliance was 546 

lowest before clean/ aseptic procedures and high after patient contact and after body 547 

fluid exposure risk [26,28,37], indicating that hand hygiene is often performed mainly 548 

for self-protection purpose. A similar pattern is also observed in human medicine where 549 

“before clean/aseptic procedures” is the indication with the lowest compliance and 550 

“after patient contact” and “after body fluid exposure risk” those with the highest hand 551 

hygiene compliance [56,59]. After intervention, “before clean/ aseptic procedures” 552 

remained the indication with the lowest compliance, but hand hygiene “before touching 553 

a patient” became the second-best performing indication. This might indicate that the 554 

indication “before patient contact” is easier to teach and to put into practice than before 555 

clean aseptic procedures. Our results contrast with a study from human medicine that 556 

found no change in the hand hygiene indication pattern after training. A study in 557 

veterinary medicine however showed that the presence of posters had a significant 558 

effect on hand hygiene “before patient contact” and “before clean/aseptic procedures” 559 

[28].  560 

The present study also has its limitations. For one, the IPC scoring system, although 561 

carried out by two people, might be subjective to interpretation. Additionally, the 562 

Hawthorne effect may have caused an overestimation of the hand hygiene results as 563 

direct observation may lead to a higher compliance [60,61]. Particularly after IPC 564 

intervention, this effect might have been more pronounced. To address this bias, a 565 

large number of observations was carried out over prolonged periods of time and as 566 

discreet as possible, because studies have shown that the Hawthorne effect is 567 

transient and decreases over time and with an increasing number of observations [38]. 568 

Furthermore, only four clinics were included in the present study. Thus, the results 569 
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might not be generally applicable to other clinics. In addition, the microbiological 570 

analyses at baseline were interrupted due to the COVID-19 pandemic, and thus these 571 

microbiological samples were collected relatively long before the IPC intervention 572 

started. However, environmental contamination with ARM was low in Clinics 1, 3 and 573 

4 before and after the intervention, and no decrease was observed in Clinic 2 which 574 

showed extensive ARM contamination. All other data (IPC audit scoring, hand hygiene 575 

evaluation, fluorescent tagging) were collected or re-confirmed directly before the 576 

development and implementation of the IPC guidelines when most COVID-19 577 

measures had already been lifted. Furthermore, given the very low environmental 578 

contamination with ARM at baseline in three of the clinics, the question to which extent 579 

the IPC intervention impacted the clinics at a microbiological cannot be fully answered 580 

by our study. The study focused on selected ARM, so it cannot be excluded that an 581 

effect on other pathogens or on hospital-acquired infections was present but missed 582 

due to the study set-up. Lastly, the final follow-up was conducted five months after 583 

intervention, and it remains unclear whether the positive effect of IPC implementation 584 

continued beyond this time. 585 

 586 

Conclusion 587 

The present study identified low IPC practices in companion animal clinics in 588 

Switzerland and extensive environmental contamination with ARM of public health 589 

concern in one of the clinics. The conducted IPC intervention was successful in 590 

improving general IPC practices and hand hygiene compliance in all clinics. 591 

Environmental contamination remained however high in the clinic with massive CPE 592 

spread. This may indicate that clinics with extensive contamination may require more 593 

targeted interventions to improve IPC and omit ARM spread. The hand hygiene 594 

campaign improved hand hygiene in the veterinary stuff in all participating clinics. Hand 595 
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hygiene represents the most effective measure to break transmission chains in clinical 596 

settings. The effect after intervention lasted for at least five months but was more 597 

pronounced in veterinarians than in nurses. The results of the study could lay the basis 598 

for minimal requirements for IPC practices for companion animal clinics in Switzerland 599 

as part of national strategies to combat the spread of ARM at the companion animal – 600 

veterinary clinic – human interface.  601 

 602 

Acknowledgements 603 

This study was financed by the Swiss Federal Food Safety and Veterinary Office 604 

[FSVO Grant no. 1.21.q “Effect of the implementation of infection prevention and 605 

control concepts and hand hygiene campaigns in companion animal clinics in 606 

Switzerland”] and the Swiss Association for Small Animal Medicine. The authors are 607 

grateful to the companion animal clinics for the participation in the present study.  608 

 609 

Conflict of interest  610 

None declared. 611 

 612 

Authors’ contributions  613 

RS, BW and KD contributed to the design of the study. KD conducted the sampling 614 

and data collection, BW and KD performed the IPC audits, KD and BW planned and 615 

supported the IPC implementation and KD hold the hand hygiene and IPC educations. 616 

RS, KZ and KD isolated and identified the strains and performed the microbiological 617 

work. RS, KZ and KD interpreted the bacteriological and molecular data, BW and KD 618 

the IPC and hand hygiene data. KD wrote the manuscript, and RS and BW edited the 619 

manuscript. This study was part of the Ph.D. project of Kira Dassler. All authors 620 

reviewed and approved the final version of the manuscript. 621 

Jo
urn

al 
Pre-

pro
of



 622 

 623 

References 624 

1.  Holmes, A.H.; Moore, L.S.P.; Sundsfjord, A.; Steinbakk, M.; Regmi, S.; Karkey, 625 

A.; Guerin, P.J.; Piddock, L.J. V Understanding the mechanisms and drivers of 626 

antimicrobial resistance. Lancet 2016, 387, 176–187. 627 

2.  Nigg, A.; Brilhante, M.; Dazio, V.; Clément, M.; Collaud, A.; Brawand, S.G.; 628 

Willi, B.; Endimiani, A.; Schuller, S.; Perreten, V. Shedding of OXA-181 629 

carbapenemase-producing Escherichia coli from companion animals after 630 

hospitalisation in Switzerland: an outbreak in 2018. Euro Surveill 2019, 24, 1–631 

12. 632 

3.  Rojas, I.; Barquero-Calvo, E.; van Balen, J.C.; Rojas, N.; Muñoz-Vargas, L.; 633 

Hoet, A.E. High prevalence of multidrug-resistant community-acquired 634 

methicillin-resistant Staphylococcus aureus at the largest veterinary teaching 635 

hospital in Costa Rica. Vector-Borne Zoonotic Dis. 2017, 17, 645–653. 636 

4.  Leonard, F.C.; Abbott, Y.; Rossney, A.; Quinn, P.J.; O’Mahony, R.; Markey, 637 

B.K. Methicillin-resistant Staphylococcus aureus isolated from a veterinary 638 

surgeon and five dogs in one practice. Vet. Rec. 2006, 158, 155–159. 639 

5.  Grönlund Andersson, U.; Wallensten, A.; Hæggman, S.; Greko, C.; Hedin, G.; 640 

Hökeberg, I.; Lindström, F.; Olsson-Liljequist, B.; Smedjegård, J.; Söderblom, 641 

T.; et al. Outbreaks of methicillin-resistant Staphylococcus aureus among staff 642 

and dogs in Swedish small animal hospitals. Scand. J. Infect. Dis. 2014, 46, 643 

310–314. 644 

6.  Grönthal, T.; Moodley, A.; Nykäsenoja, S.; Junnila, J.; Guardabassi, L.; 645 

Thomson, K.; Rantala, M. Large outbreak caused by methicillin-resistant 646 

Staphylococcus pseudintermedius ST71 in a Finnish veterinary teaching 647 

Jo
urn

al 
Pre-

pro
of



hospital – from outbreak control to outbreak prevention. PLoS One 2014, 9, 648 

e110084. 649 

7.  Albiger, B.; Glasner, C.; Struelens, M.J.; Grundmann, H.; Monnet, D.L.; the 650 

European Survey of Carbapenemase-Producing Enterobacteriaceae 651 

(EuSCAPE) working group Carbapenemase-producing Enterobacteriaceae in 652 

Europe: assessment by national experts from 38 countries, May 2015. Euro 653 

Surveill 2015, 20, 30062. 654 

8.  Poirel, L.; Lienhard, R.; Potron, A.; Malinverni, R.; Siegrist, H.H.; Nordmann, P. 655 

Plasmid-mediated carbapenem-hydrolysing-lactamase KPC-2 in a Klebsiella 656 

pneumoniae isolate from Switzerland. J. Antimicrob. Chemother. 2011, 66, 657 

675–676. 658 

9.  Shnaiderman-Torban, A.; Navon-Venezia, S.; Kelmer, E.; Cohen, A.; Paitan, 659 

Y.; Arielly, H.; Steinman, A. Extended-Spectrum β-Lactamase-Producing 660 

Enterobacterales Shedding by Dogs and Cats Hospitalized in an Emergency 661 

and Critical Care Department of a Veterinary Teaching Hospital. Antibiotics 662 

2020, 9, 1–16. 663 

10.  Schmitt, K.; Biggel, M.; Stephan, R.; Willi, B. Massive Spread of OXA-48 664 

Carbapenemase-Producing Enterobacteriaceae in the Environment of a Swiss 665 

Companion Animal Clinic. Antibiotics 2022, 11. 666 

11.  Diseases That Can Spread Between Animals and People | Healthy Pets, 667 

Healthy People | CDC Available online: 668 

https://www.cdc.gov/healthypets/diseases/index.html (accessed on Jun 5, 669 

2023). 670 

12.  Malo, J.A.; Colbran, C.; Young, M.; Vasant, B.; Jarvinen, K.; Viney, K.; 671 

Lambert, S.B. An outbreak of Q fever associated with parturient cat exposure 672 

at an animal refuge and veterinary clinic in southeast Queensland. Aust. N. Z. 673 

Jo
urn

al 
Pre-

pro
of



J. Public Health 2018, 42, 451–455. 674 

13.  Escárcega-Ávila, A.M.; de la Mora-Covarrubias, A.; Quezada-Casasola, A.; 675 

Jiménez-Vega, F. Occupational risk for personnel working in veterinary clinics 676 

through exposure to vectors of rickettsial pathogens. Ticks Tick. Borne. Dis. 677 

2019, 10, 299–304. 678 

14.  Schaffer, P.A.; Brault, S.A.; Hershkowitz, C.; Harris, L.; Dowers, K.; House, J.; 679 

Aboellail, T.A.; Morley, P.S.; Daniels, J.B. Pneumonic plague in a dog and 680 

widespread potential human exposure in a veterinary hospital, United States. 681 

Emerg. Infect. Dis. 2019, 25, 800–803. 682 

15.  Pedersen, N.C.; Elliott, J.B.; Glasgow, A.; Poland, A.; Keel, K. An isolated 683 

epizootic of hemorrhagic-like fever in cats caused by a novel and highly virulent 684 

strain of feline calicivirus. Vet. Microbiol. 2000, 73, 281–300. 685 

16.  Schmitt, K.; Kuster, S.P.; Zurfluh, K.; Jud, R.S.; Sykes, J.E.; Stephan, R.; Willi, 686 

B. Transmission Chains of Extended-Spectrum Beta-Lactamase-Producing 687 

Enterobacteriaceae at the Companion Animal Veterinary Clinic – Household 688 

Interface. Antibiotics 2021, 10, 171. 689 

17.  Grönthal, T.; Österblad, M.; Eklund, M.; Jalava, J.; Nykäsenoja, S.; Pekkanen, 690 

K.; Rantala, M. Sharing more than friendship – transmission of NDM-5 ST167 691 

and CTX-M-9 ST69 Escherichia coli between dogs and humans in a family, 692 

finland, 2015. Eurosurveillance 2018, 23. 693 

18.  Haley, R.W.; Culver, D.H.; White, J.W.; Morgan, W.M.; Emori, T.G.; Munn, 694 

V.P.; Hooton, T.M. The efficacy of infection surveillance and control programs 695 

in preventing nosocomial infections in US hospitals. Am. J. Epidemiol. 1985, 696 

121, 182–205. 697 

19.  Schmidt, J.S.; Kuster, S.P.; Nigg, A.; Dazio, V.; Brilhante, M.; Rohrbach, H.; 698 

Bernasconi, O.J.; Büdel, T.; Campos-Madueno, E.I.; Gobeli Brawand, S.; et al. 699 

Jo
urn

al 
Pre-

pro
of



Poor infection prevention and control standards are associated with 700 

environmental contamination with carbapenemase-producing Enterobacterales 701 

and other multidrug-resistant bacteria in Swiss companion animal clinics. 702 

Antimicrob. Resist. Infect. Control 2020, 9, 93. 703 

20.  Storr, J.; Twyman, A.; Zingg, W.; Damani, N.; Kilpatrick, C.; Reilly, J.; Price, L.; 704 

Egger, M.; Grayson, M.L.; Kelley, E.; et al. Core components for effective 705 

infection prevention and control programmes: New WHO evidence-based 706 

recommendations. Antimicrob. Resist. Infect. Control 2017, 6, 6. 707 

21.  Stull, J.W.; Bjorvik, E.; Bub, J.; Dvorak, G.; Petersen, C.; Troyer, H.L. 2018 708 

AAHA Infection Control, Prevention, and Biosecurity Guidelines. J. Am. Anim. 709 

Hosp. Assoc. 2018, 54, 297–326. 710 

22.  Dazio, V.; Nigg, A.; Schmidt, J.S.; Brilhante, M.; Mauri, N.; Kuster, S.P.; 711 

Brawand, S.G.; Schüpbach-Regula, G.; Willi, B.; Endimiani, A.; et al. 712 

Acquisition and carriage of multidrug-resistant organisms in dogs and cats 713 

presented to small animal practices and clinics in Switzerland. J. Vet. Intern. 714 

Med. 2021, 35, 970–979. 715 

23.  Endimiani, A.; Brilhante, M.; Bernasconi, O.J.; Perreten, V.; Schmidt, J.S.; 716 

Dazio, V.; Nigg, A.; Gobeli Brawand, S.; Kuster, S.P.; Schuller, S.; et al. 717 

Employees of Swiss veterinary clinics colonized with epidemic clones of 718 

carbapenemase-producing Escherichia coli. J. Antimicrob. Chemother. 2020, 719 

75, 766–768. 720 

24.  Langdon, G.; Hoet, A.E.; Stull, J.W. Fluorescent tagging for environmental 721 

surface cleaning surveillance in a veterinary hospital. J. Small Anim. Pract. 722 

2020, 61, 121–126. 723 

25.  Pittet, D. Compliance with hand disinfection and its impact on hospital-acquired 724 

infections. J. Hosp. Infect. 2001, 48, 40–46. 725 

Jo
urn

al 
Pre-

pro
of



26.  Smith, J.R.; Packman, Z.R.; Hofmeister, E.H. Multimodal evaluation of the 726 

effectiveness of a hand hygiene educational campaign at a small animal 727 

veterinary teaching hospital. J. Am. Vet. Med. Assoc. 2013, 243, 1042–1048. 728 

27.  Shea, A.; Shaw, S. Evaluation of an educational campaign to increase hand 729 

hygiene at a small animal veterinary teaching hospital. J. Am. Vet. Med. Assoc. 730 

2012, 240, 61–64. 731 

28.  Anderson, M.E.; Sargeant, J.M.; Weese, J. Video observation of hand hygiene 732 

practices during routine companion animal appointments and the effect of a 733 

poster intervention on hand hygiene compliance. BMC Vet. Res. 2014, 10, 106. 734 

29.  Willemsen, A.; Cobbold, R.; Gibson, J.; Wilks, K.; Reid, S. Hand hygiene in 735 

small animal veterinary practices – more than a lick and a promise. Infect. Dis. 736 

Heal. 2021, 26, S5. 737 

30.  Espadale, E.; Pinchbeck, G.; Williams, N.J.; Timofte, D.; McIntyre, K.M.; 738 

Schmidt, V.M. Are the hands of veterinary staff a reservoir for antimicrobial-739 

resistant bacteria? A randomized study to evaluate two hand hygiene rubs in a 740 

veterinary hospital. Microb. Drug Resist. 2018, 24, 1607–1616. 741 

31.  Schmitt, K.; Zimmermann, A.B.E.; Stephan, R.; Willi, B. Hand Hygiene 742 

Evaluation Using Two Different Evaluation Tools and Hand Contamination of 743 

Veterinary Healthcare Workers in a Swiss Companion Animal Clinic. Vet. Sci. 744 

2021, 8, 260. 745 

32.  Simmons, B. Guidelines for hospital environmental control. Section 1. 746 

Antiseptics, handwashing, and handwashing facilities. In: Centers for Disease 747 

Control and Prevention (CDC), ed. CDC Hosp. Infect. Progr. Guidel. Prev. 748 

Control Nosocom. Infect. 1981, 6–10. 749 

33.  Garner, J.S.; Favero, M.S. CDC Guideline for handwashing and hospital 750 

environmental control, 1985. Infect. Control 1986, 7, 231–243. 751 

Jo
urn

al 
Pre-

pro
of



34.  World Health Organization WHO Guidelines on Hand Hygiene in Health Care 752 

First Global Patient Safety Challenge Clean Care is Safer Care; 2009; 753 

35.  World Health Organisation WHO Five moments for hand hygiene; World Health 754 

Organization, 2014; 755 

36.  Pittet, D.; Hugonnet, S.; Harbarth, S.; Mourouga, P.; Sauvan, V.; Touveneau, 756 

S.; Perneger, T. V. Effectiveness of a hospital-wide programme to improve 757 

compliance with hand hygiene. Lancet 2000, 356, 1307–1312. 758 

37.  Schmidt, J.S.; Hartnack, S.; Schuller, S.; Kuster, S.P.; Willi, B. Hand hygiene 759 

compliance in companion animal clinics and practices in Switzerland: An 760 

observational study. Vet. Rec. 2021, e307. 761 

38.  Sax, H.; Allegranzi, B.; Chraïti, M.-N.; Boyce, J.; Larson, E.; Pittet, D. The 762 

World Health Organization hand hygiene observation method. Am. J. Infect. 763 

Control 2009, 37, 827–834. 764 

39.  Zogg, A.L.; Simmen, S.; Zurfluh, K.; Stephan, R.; Schmitt, S.N.; Nüesch-765 

Inderbinen, M. High prevalence of extended-spectrum β-lactamase producing 766 

Enterobacteriaceae among clinical isolates from cats and dogs admitted to a 767 

veterinary hospital in Switzerland. Front. Vet. Sci. 2018, 5, 62. 768 

40.  Geser, N.; Stephan, R.; Korczak, B.M.; Beutin, L.; Hächler, H. Molecular 769 

identification of extended-spectrum-β-lactamase genes from 770 

Enterobacteriaceae isolated from healthy human carriers in Switzerland. 771 

Antimicrob. Agents Chemother. 2012, 56, 1609–12. 772 

41.  Woodford, N.; Fagan, E.J.; Ellington, M.J. Multiplex PCR for rapid detection of 773 

genes encoding CTX-M extended-spectrum β-lactamases. J. Antimicrob. 774 

Chemother. 2006, 57, 154–155. 775 

42.  Zurfluh, K.; Nüesch-Inderbinen, M.; Morach, M.; Zihler Berner, A.; Hächler, H.; 776 

Stephan, R. Extended-spectrum-β-lactamase-producing Enterobacteriaceae 777 

Jo
urn

al 
Pre-

pro
of



isolated from vegetables imported from the Dominican Republic, India, 778 

Thailand, and Vietnam. Appl. Environ. Microbiol. 2015, 81, 3115–20. 779 

43.  Poirel, L.; Walsh, T.R.; Cuvillier, V.; Nordmann, P. Multiplex PCR for detection 780 

of acquired carbapenemase genes. Diagn. Microbiol. Infect. Dis. 2011, 70, 781 

119–123. 782 

44.  Ellington, M.J.; Kistler, J.; Livermore, D.M.; Woodford, N. Multiplex PCR for 783 

rapid detection of genes encoding acquired metallo-β-lactamases. J. 784 

Antimicrob. Chemother. 2007, 59, 321–322. 785 

45.  Mehrotra, M.; Wang, G.; Johnson, W.M. Multiplex PCR for detection of genes 786 

for Staphylococcus aureus enterotoxins, exfoliative toxins, toxic shock 787 

syndrome toxin 1, and methicillin resistance. J. Clin. Microbiol. 2000, 38, 1032–788 

5. 789 

46.  Stegger, M.; Andersen, P.S.; Kearns, A.; Pichon, B.; Holmes, M.A.; Edwards, 790 

G.; Laurent, F.; Teale, C.; Skov, R.; Larsen, A.R. Rapid detection, 791 

differentiation and typing of methicillin-resistant Staphylococcus aureus 792 

harbouring either mecA or the new mecA homologue mecALGA251. Clin. 793 

Microbiol. Infect. 2012, 18, 395–400. 794 

47.  CLSI Performance standards for antimicrobial susceptibility testing. 28th ed. 795 

CLSI Suppl. M100. Wayne, PA Clin. Lab. Stand. Inst. 2018. 796 

48.  Willi, B.; Hubbuch, A. Handbuch Infektionsprävention und -kontrolle für 797 

Kleintierpraxen und -kliniken in der Schweiz; 2020; 798 

49.  Anderson, M.; Wimmers, M.; Weese, J. Infection Prevention and Control Best 799 

Practices For Small Animal Veterinary Clinics, 2nd ed. Guelph: Ontario Animal 800 

Health Network; 2019; 801 

50.  Fuller, C.; Michie, S.; Savage, J.; McAteer, J.; Besser, S.; Charlett, A.; 802 

Hayward, A.; Cookson, B.D.; Cooper, B.S.; Duckworth, G.; et al. The Feedback 803 

Jo
urn

al 
Pre-

pro
of



Intervention Trial (FIT) - Improving Hand-Hygiene Compliance in UK 804 

Healthcare Workers: A Stepped Wedge Cluster Randomised Controlled Trial. 805 

PLoS One 2012, 7. 806 

51.  Mathys, D.A.; Mollenkopf, D.F.; Van Balen, J.C.; Wittum, T.E. β-Lactam and 807 

fluoroquinolone-resistant enterobacteriaceae recovered from the environment 808 

of human and veterinary tertiary care hospitals. Vector-Borne Zoonotic Dis. 809 

2018, 18, 620–623. 810 

52.  CDC Antibiotic resistance threats in the United States, 2013. Current 2013, 811 

114. 812 

53.  Perkins, A. V.; Sellon, D.C.; Gay, J.M.; Lofgren, E.T.; Moore, D.A.; Jones, L.P.; 813 

Davis, M.A. Prevalence of methicillin-resistant Staphylococcus 814 

pseudintermedius on hand-contact and animal-contact surfaces in companion 815 

animal community hospitals. Can. Vet. J. 2020, 61, 613–620. 816 

54.  Singaravelu, A.; Leggett, B.; Leonard, F.C. Improving infection control in a 817 

veterinary hospital: a detailed study on patterns of faecal contamination to 818 

inform changes in practice. Ir. Vet. J. 2023, 76, 4. 819 

55.  Duggan, J.M.; Hensley, S.; Khuder, S.; Papadimos, T.J.; Jacobs, L. Inverse 820 

Correlation Between Level of Professional Education and Rate of Handwashing 821 

Compliance in a Teaching Hospital. Infect. Control Hosp. Epidemiol. 2008, 29, 822 

534–538, doi:10.1086/588164. 823 

56.  Grayson, M.L.; Russo, P.L.; Cruickshank, M.; Bear, J.L.; Gee, C.A.; Hughes, 824 

C.F.; Johnson, P.D.R.; Mccann, R.; McMillan, A.J.; Mitchell, B.G.; et al. 825 

Outcomes from the first 2 years of the Australian National Hand Hygiene 826 

Initiative. Med. J. Aust. 2011, 195, 615–619, doi:10.5694/mja11.10747. 827 

57.  Pittet, D.; Mourouga, P.; Perneger, T. V. Compliance with Handwashing in a 828 

Teaching Hospital. Ann Intern Med 1999, 130, 126. 829 

Jo
urn

al 
Pre-

pro
of



58.  Feßler, A.T.; Schuenemann, R.; Kadlec, K.; Hensel, V.; Brombach, J.; 830 

Murugaiyan, J.; Oechtering, G.; Burgener, I.A.; Schwarz, S. Methicillin-resistant 831 

Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus 832 

pseudintermedius (MRSP) among employees and in the environment of a 833 

small animal hospital. Vet. Microbiol. 2018, 221, 153–158. 834 

59.  Moghnieh, R.; Soboh, R.; Abdallah, D.; El-Helou, M.; Al Hassan, S.; Ajjour, L.; 835 

Tamim, H.; Al Tabbah, S.; Nasreddine, W.; Mugharbil, A. Health care workers’ 836 

compliance to the My 5 Moments for Hand Hygiene: Comparison of 2 837 

interventional methods. Am. J. Infect. Control 2017, 45, 89–91. 838 

60.  Hagel, S.; Reischke, J.; Kesselmeier, M.; Winning, J.; Gastmeier, P.; 839 

Brunkhorst, F.M.; Scherag, A.; Pletz, M.W. Quantifying the Hawthorne effect in 840 

hand hygiene compliance through comparing direct observation with 841 

automated hand hygiene monitoring. Infect. Control Hosp. Epidemiol. 2015, 36, 842 

957–962. 843 

61.  Eckmanns, T.; Bessert, J.; Behnke, M.; Gastmeier, P.; Rüden, H. Compliance 844 

with antiseptic hand rub use in intensive care units: the Hawthorne effect. 845 

Infect. Control Hosp. Epidemiol. 2006, 27, 931–934. 846 

 847 

 848 

 849 

 850 

 851 

Tables and Figures 852 

 853 

Jo
urn

al 
Pre-

pro
of



 854 

Figure 1. The patient and the patient zone comprising all areas that could potentially 855 

come into contact with the patient, such as the table, the ward, the infusion pump and 856 

IV lines. 857 
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 859 

Figure 2. Mean hand hygiene compliance (%) with 95% confidence intervals in Clinics 860 

1–4 at baseline and 1 month (all clinics) and 5 months (two clinics) after intervention. 861 

Abbreviations: 1m., one month follow-up; 5m., five-month follow-up 862 
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 866 

Figure 3. Mean hand hygiene compliance (%) with 95% confidence intervals in 867 

veterinarians and nurses in Clinics 1–4 at baseline and 1 month (all clinics) and 5 868 

months (two clinics) after intervention.  869 

Abbreviations: 1m., one month follow-up; 5m., five-month follow-up; V, veterinarian; N, 870 

nurse 871 
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 874 

Figure 4. Mean hand hygiene compliance (%) with 95% confidence intervals according 875 

to hand hygiene indication in Clinics 1–4 at baseline and 1 month (all clinics) and 5 876 

months (two clinics) after intervention. 877 

Abbreviations: 1m., one month follow-up; 5m., five-month follow-up; BP, before patient 878 

contact; BA, before clean/aseptic procedures; AF, after body fluid exposure risk; AP, 879 

after patient contact; AS, after touching the patient surrounding 880 
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 884 

Figure 5. Mean hand hygiene compliance (%) with 95% confidence intervals according 885 

to clinical area in Clinics 1–4 at baseline and 1 month (all clinics) and 5 months (two 886 

clinics) after intervention. Intensive care unit was not present in Clinic 1 and 4, and 887 

examination area was not present in Clinic 2 and Clinic 4. 888 

Abbreviations: 1m., one month follow-up; 5m., five-month follow-up; A), pre-operating 889 

preparation area; B), intensive care unit; C), wards; D), consultation area; E), 890 

examination area. 891 
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Table 1. Overview of the results from the audit, hand hygiene evaluation, ARM sampling and fluorescent tagging at baseline and one 

month and five months after intervention. 

 Clinic 1  Clinic 2  Clinic 3  Clinic 4 
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Audit score in  

% of total 

score (102) 

48.0%  86.3%  n.a.  57.8%  81.4%  n.a.  57.8%  82.4%   59.8%  83.3%  

HH 

compliance 

(% [95%]) 

and number 

of 

observations 

30.3% 

[26.4–34.5] 

n=485 

67.4% 

[63.2–71.4] 

n=500 

52.5% 

[48.1–56.8] 

n=503 

 14.9% 

[12.1–18.2] 

n=525 

30.5% 

[26.6–34.6] 

n=509 

24.8% 

[21.2–28.8] 

n=500 

 21.1% 

[17.8–24.9] 

n=502 

32.5% 

[28.5–36.7] 

n=493 

 18.2% 

[15.0–21.8] 

n=501 

40.0% 

[35.8–44.3] 

n=508 

ARM-positive 

hand swabs 

(% [95%]) 

0% 

 

n= 20 

0% 

 

n=20 

n.a. 

 

 

 10%*  

[1.8–30.1]  

n=20 

0% 

 

n=20 

n.a.  10%*  

[1.8–30.1]  

n=20 

0% 

 

n=20 
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and number 

of samples) 

ARM-positive 

environment

al swabs (% 

[95%])  and 

number of 

samples)  

Type of ARM 

in 

environment

al swab  

0.5%  

[0.0–2.8]  

n=200 

 

 

 

ESBL-E 

0% 

 

n=200 

0% 

 

n=100 

 15.5% 

[11.1–21.2] 

n=200 

 

 

 

CPE, 

ESBL-E, 

MRS 

7.5%  

[4.6–12.0] 

n=200 

 

 

 

CPE, 

ESBL-E  

16.0% 

[10.1–24.4] 

n=100 

 

 

 

CPE, 

ESBL-E, 

MRS  

 1.0%  

[0.2–3.6] 

n=200 

 

 

 

ESBL-E, 
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0% 

 

n=200 

 1.5%  

[0.4–4.3]  

n=200 

 

 

 

ESBL-E 

0% 

 

n=200 

 

Fluorescent 

tags cleaned 

in % of total 

number of 

tags (90) 

8.9%  

 

 

52.2%  

 

33.3%  

 

 16.7%  

 

30.0%  

 

32.2%  

 

 18.9%  

 

31.1%  

 

 16.7%  

 

27.8% 

 

Abbreviations: HH, hand hygiene; ARM, antimicrobial resistant microorganisms 

* Meticillin-resistant Staphylococcus aureus in all poitive hand swabs 

Jo
urn

al 
Pre-

pro
of



 

Table 2. Results from the audit conducted in the four participating clinics at baseline 

and one month after intervention 

Abbreviations: IPC, Infection prevention and control; ARM, antimicrobial resistant 

microorganisms; CI, confidence intervals 
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IPC management (10) 2 9 1 7 4 8 3 10 

Staff education (12) 3 11 5 11 3 11 5 11 

Cleaning/disinfection (8) 5 8 5 7 3 8 6 7 

Management of waste 

(4) 

4 4 4 4 4 4 4 4 

Vector control (2) 2 2 2 2 2 2 2 2 

Equipment in 

examination rooms (4) 

3 3 2 2 3 3 3 3 

Isolation measures (6) 3 6 3 6 5 6 4 6 

Patients with ARM (4) 2 4 3 4 2 4 1 4 

Hand hygiene (8) 5 7 4 4 6 6 3 4 

Personnel hygiene (12) 6 10 10 10 8 8 10 10 

Protection of employees 

(8) 

2 4 5 7 2 4 2 4 

Protective clothing (6) 3 6 5 6 5 6 5 6 

Medication (6) 3 6 5 5 6 6 6 6 

Use of antimicrobials (4) 2 2 2 2 2 2 2 2 

Miscellaneous (8) 4 6 3 6 4 6 5 6 

Total (102) 

(%) 

49 

(48.0%) 

88 

(86.3%) 

59 

(57.8) 

83 

(81.4%) 

59 

(57.8%) 

84 

(82.4%) 

61 

(59.8%) 

85 

(83.3%) 
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