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Abstract
Background: Hand hygiene (HH) is one of the most important measures to
prevent healthcare-associated infections. Data on HH compliance in com-
panion animal veterinary institutions in Europe are sparse.
Methods: This observational study assessed HH according to WHO standards
in three large and two medium-sized clinics and two primary care practices
in Switzerland. Associations with HH indication, professional group, clinical
area and institution were determined using a generalized linear mixed effects
model.
Results: Based on 2056 observations, overall HH compliance [95% confidence
interval] was 32% [30%–34%]. HH compliance was highest in the consulta-
tion area (41% [38%–45%]) and after contact to body fluids (45% [40%–50%]),
and lowest in the pre-OR area (20% [15%–24%]) and before clean/aseptic
procedures (12% [9%–15%]). Veterinarians showed a higher HH compliance
(37% [34%–40%]) than veterinary nurses (25% [22%–28%]). HH compliance
was lower before clean/aseptic procedures compared to all other indica-
tions (all p < 0.015 except ‘before touching a patient’ in medium-sized clin-
ics/practices, p = 0.095) and higher in the consultation area compared to all
other areas in large clinics (all p < 0.04).
Conclusion: Effective HH training should urgently be promoted for all vet-
erinary personnel with special emphasis on the importance of HH before
clean/aseptic procedures.

INTRODUCTION

Hand hygiene (HH) is considered one of the most
important infection control measures in human
healthcare1,2 and the most efficient way to reduce
transmission of pathogens between healthcare work-
ers and patients.1,3,4 Guidelines for proper HH perfor-
mance have been established to reduce the incidence
of healthcare-associated infections and the transmis-
sion of nosocomial pathogens.3 The World Health
Organization (WHO) defines five moments for HH
which indicate the five situations with highest risk of
hand contamination of healthcare workers and trans-
mission of pathogens (Table 1). Strict adherence to
the five HH indications can interrupt the transmis-
sion chain in these at-risk situations and reduce the
incidence of nosocomial infections.1,5 Despite these
benefits, HH compliance in human healthcare work-
ers has often been reported to be poor, and highly vari-
able HH compliance rates between 5% and 89% have
been described.1,6,7 Several studies have shown that

training and educational campaigns such as individ-
ual trainings, lectures and reminders can improve HH
compliance in healthcare workers.1,8 For instance, a
multimodal campaign over a period of 3 years held in
a Swiss university hospital improved HH compliance
from 48% to 66%.9

In companion animal medicine, the concept of the
WHO five moments for HH has so far gained little
attention, although the work performed by veteri-
nary professionals in companion animal clinics and
practices is comparable to that of human healthcare
workers. The recent progress in companion animal
intensive care has led to the establishment of large
and highly specialized clinics. In these settings, the
risk of pathogen transmission can be assumed to be
high due to the high density of hospitalized patients,
the many animals with conditions that compromise
immune response to infection, the high number
of invasive procedures and consequently a high
number of at-risk situations for hand contamina-
tion of the veterinary personnel.8 In line with this,
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T A B L E 1 Specification of the WHO five moments for hand hygiene. Modified from CleanHands: Handbuch, Swissnoso, Switzerland*

Moment Definition Examples

Before
clean/aseptic/invasive
procedures

Hand hygiene immediately before an
clean/aseptic/invasive procedure
during patient care

- Punctures (blood sampling, injections,
placement of intravascular/urinary
catheters, suction/change of urine
bags) and endotracheal intubation
- Manipulation of vascular/urogenital
accesses/drainage and infusion
systems
- Wound care
- Handling of sterile material

After body fluid
exposure risk

Hand hygiene immediately after
completion of any procedure with
exposure to body fluids, even after
removal of gloves

- Contamination of hands with blood,
urine, feces or other body fluids
- Blood sampling- Change of
dressings- Manipulation of urine
drainage systems

After touching a
patient

Hand hygiene after direct patient
contact, i.e., when leaving the patient
or patient surroundings

- Medical examination- Fur care

Before touching a
patient

Hand hygiene before first contact with
the patient

- Medical examination

After touching patient
surroundings

Hand hygiene after touching
objects/surfaces in the immediate
vicinity of the patient even without
direct physical contact to the patient

- Contact with animal cage, infusion
equipment, monitors and other
medical equipment

*CleanHands: Handbuch, Swissnoso, National Centre for Infection Prevention, Bern, Switzerland. https://www.swissnoso.ch/fileadmin/module/cleanhands/
Dokumente/cleanhands_manual_D.pdf. Accessed 8 July 2020.

companion animal clinics have recently been shown
to play a role in the development and spread of
multidrug-resistant organisms, and outbreaks with
methicillin-resistant Staphylococcus aureus10 and
Staphylococcus pseudintermedius,11 highly resistant
Acinetobacter spp.12,13 and carbapenemase-producing
Enterobacteriaceae have been reported.14,15 Further-
more, there is evidence for a transfer of multidrug-
resistant organisms between companion animal
patients, the clinical environment, veterinary staff
and pet owners.16–18 This underlines that good
infection prevention and control (IPC) standards
in veterinary clinics are of public health importance;
HH implementation with special emphasis on HH
training of the personnel plays a key role in IPC
concepts.

Only three studies performed in Canada and the
United States have evaluated HH compliance in com-
panion animal veterinary institutions based on HH
observations.19–21 One study from Ontario, Canada,
performed video observations in 38 primary care
companion animal clinics and mixed animal clinics
and assessed the effectiveness of a poster campaign
to improve HH compliance. The study reported an
overall poor HH compliance of 14%.21 HH was per-
formed in 3% and 26% of moments before and after
patient contact, respectively, and a poster interven-
tion had no significant effect on HH compliance. The
other two studies used direct HH observation and
reported an overall HH compliance of 21% and 27%,
respectively19,20; HH compliance improved to 42%
in one of these studies after training campaigns.20

To our knowledge, no study has yet assessed HH
compliance in different types of companion animal

veterinary institutions in Europe, including Switzer-
land, using direct observation and protocols recom-
mended by the WHO. Thus, the aims of this observa-
tional study were to evaluate HH compliance accord-
ing to the WHO five moments for HH in large and
medium-sized companion animal clinics and primary
care practices in Switzerland using an online applica-
tion tool and to investigate whether HH compliance
differs between the types of institutions, the clinical
areas and the professional groups.

MATERIALS AND METHODS

Companion animal clinics and practices

For this observational study, seven companion animal
veterinary institutions were recruited. The institutions
were chosen to be located in different parts of Switzer-
land (South, West, Central and East of Switzerland)
and to cover different clinic/practice types. The insti-
tutions included both university hospitals and pri-
vate clinics/practices and comprised three large clin-
ics (Clinic A–C), two medium-sized clinics (Clinic D
and E) and two small primary care practices (Practice
F and G). Details on the seven institutions are given in
File S1–S3; the IPC standards in these institutions have
been assessed and described in the previous study.14

The two small practices received first opinion cases,
whereas medium-sized and large clinics also received
referred cases. The large clinics additionally offered
a 24/7 emergency service and an intensive care unit.
Participation in the study was voluntary and was not
reimbursed.

https://www.swissnoso.ch/fileadmin/module/cleanhands/Dokumente/cleanhands_manual_D.pdf
https://www.swissnoso.ch/fileadmin/module/cleanhands/Dokumente/cleanhands_manual_D.pdf
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HH observations

Based on published studies19,21 and the first 200 obser-
vations obtained in this study, a HH compliance of
30% was assumed, and a sample size of 500 HH events
in Clinics A–C (100 observations per study area) and
130 HH events in Clinics/Practices D–G was calculated
to allow to differentiate a 10%-difference in HH com-
pliance between large clinics and a 20%-difference
between all institutions.22 All HH observations were
performed between September 2018 and May 2019 as
direct observations. The reason for the observations
was announced to the clinical staff at the beginning of
the study. To omit an observer bias, all observations
were done by the same person (Janne S. Schmidt)
who received training for three full working days prior
to the start of the observation period by an infection
control practitioner with extensive experience and
knowledge in HH observation. The clinical area, the
observation times during the day and the healthcare
workers were randomly chosen to omit a selection
bias. The observations were performed based on
recommended protocols.22,23 At the beginning of
each observation, the observer located herself dis-
creetly in one of the clinical areas at a position where
she had a good view of the workflow. A full clinical
procedure in a patient was observed from the begin-
ning to the end whenever possible, but observation
was ended within a procedure when the patient
was moved to another clinical area. A maximum of
three to five people were observed in parallel.23 In
areas with intensive workflow, the observer focused
on all people involved in the clinical procedures of
a patient. The direct observation session was con-
cluded after around 20 min or after completion of
a full procedure.22 No feedback was given during or
after the observation session. The HH observations
were recorded using the CleanHands application
(Swissnoso, National Centre for Infection Prevention,
Bern, Switzerland) which allows direct electronic data
collection and analysis of HH events based on the
concept of the WHO five moments for HH1,5,23; details
on how the HH observations were allocated to the
indications are given in Table 1. When opportunities
for HH involved more than one indication, only a
single indication was retained by applying the fol-
lowing published priority rules: before clean/aseptic
procedure > after body fluid exposure risk > after
touching a patient > before touching a patient > after
touching patient surroundings.22 HH actions that
occurred without an indication were recorded as
non-coded actions and were excluded from sta-
tistical analyses. In accordance with the WHO
standards both hand disinfection with alcohol-based
handrubs and hand washing with water and soap
but not the use of gloves were considered successful
HH procedures.1,22,24 Medical gloves are indicated
in certain situations such anticipated contact with
blood or another body fluid or when handling patients
under contact precautions. Wearing gloves cannot
fully prevent hand contamination and the trans-
mission of pathogens by the hands of healthcare

workers; therefore, the HH indications exist regardless
of glove use.1 Data on the use of gloves could not be
collected with the CleanHands application version
that was available at the time when the study was
performed.

The HH events were allocated to three professional
groups: 1) veterinarians, 2) veterinary nurses and 3)
others (e.g., students, technicians and cleaning staff).
HH observations were conducted in five different
areas in the Clinics A–C: 1) pre-operating preparation
area (pre-OR), 2) intensive care unit (ICU), 3) ward
(animal housing area), 4) consultation area (where
consultations are held with the patient owners) and 5)
examination area (where hospitalized and ambulatory
patients are examined and treated). Due to more lim-
ited infrastructure in Clinics/Practices D–G, HH obser-
vations were only performed in the examination area
(D and G), ward (E) and consultation area (D–G) in
these institutions.

Statistical analysis

HH compliance (%, number of correct HH events per
total number of observed HH events) with [95% con-
fidence intervals] based on Wilson binomial confi-
dence intervals was calculated by using the software
R25 and the Hmisc package.26 Data from Clinics A–
C and Clinics/Practices D–G were analysed separately
to account for different infrastructure and thus differ-
ences in the clinical areas included in the institutions
(see above). Association of HH with the type of insti-
tution, the HH indication, the professional group and
the area within the clinic was investigated using gen-
eralized linear mixed models and conditional infer-
ence trees. Conditional inference trees are based on
recursive partitioning, selecting covariates to split and
recurse the outcome variable. In order to account for
potential clustering within practice/clinic, generalized
linear mixed effects models with the five HH indica-
tions, the professional groups and the clinical areas
as fixed effects and the individual practice or clinic
as random effect were performed using the R package
nlme.27 Adjustment for multiple comparisons was per-
formed using Tukey’s approach available in the mult-
comp package.28 Conditional inference trees were
obtained with the package partykit with the software
package R.25,29

Ethics approval and consent to participate

The investigations were part of a study on infection
prevention and control standards in companion ani-
mal clinics in Switzerland that was approved by the
ethics committee of the Canton of Berne, Switzerland
(KEK-BE Nr.: 2018−00866). Each participating insti-
tution gave informed consent to participate in the
study. Healthcare workers were not identified during
observation sessions for confidentiality reasons, and
no data from any individual person were collected
in this study. The personnel of each institution were
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informed on the study set-up. In large clinics an infor-
mation session was held prior to the start of the study.

RESULTS

HH in the seven companion animal clinics
and practices

A total of 2123 HH opportunities were observed in
the seven institutions. Non-coded actions (HH actions
without an indication for HH, n = 67) were excluded
resulting in 2056 observations included in the analy-
ses. The distributions of the data of the seven institu-
tions related to clinical area, professional group and
HH indication are shown in Figures 1a–1c, respec-
tively. The results of HH compliance separated by
institution, HH indication, clinical area and profes-
sional group are given in Table 2. The overall HH com-
pliance in the clinics/practices was 32% [30%−34%],
ranging from 26% (Clinic E) to 47% (Practice F). HH
compliance was not significantly different between
large clinics (A–C: 31% [28%−33%]) and medium-
sized clinics/practices (D–G, 35% [31%−39%]). When
only HH compliance in the consultation area was
compared, which was assessed in all institutions,
highest HH compliance was found in Clinic A (52%
[42%−62%]), followed by Practice F (47% [39%−56%]),
Clinic B (46% [36%−55%]), Clinic D (46% [35%−57%]),
Clinic C (40% [31%−50%]), Clinic E (33% [23%−44%])
and Practice G (27% [20%−35%]). HH compliance
differed significantly between the five HH indica-
tions, the five clinical areas and the three professional
groups (Table 2). HH compliance was highest after
body fluid exposure risk (45% [40%−50%]) and low-
est before clean/aseptic procedure (12% [9%−15%]).
HH compliance was highest in the consultation area
(41% [38%−45%]) and lowest in the pre-OR area
(20% [15%−24%]), and veterinarians showed a higher
adherence to HH (37% [34%−40%]) than veterinary
nurses (25% [22%−28%]).

Association of HH compliance with
indication, clinical area and profession

To further evaluate the association of HH compli-
ance with HH indication, clinical area and veteri-
nary profession, a generalized linear mixed model
was applied; data from Clinics A–C and medium-
sized Clinics/Practices D–G were analysed separately.
Results for the pairwise comparisons of the areas,
professions and HH indications in the large clinics
(A–C) and medium-sized clinics/practices (D–G) are
shown in Files S2 and S3, respectively. In Clinics A–
C HH compliance differed significantly between clin-
ical areas (HH indications not sharing the same let-
ter being significantly different: pre-OR areaa, exami-
nation areaab, wardab, ICUb, consultiaton areac), but
not between the professional groups. HH compli-
ance was significantly different between the five HH

indications (before clean/aseptic procedurea, after
body fluid exposure riskb, after touching a patientb,
before touching a patientb, after touching patient
surroundingsb); HH compliance was significantly
lower before clean/aseptic procedure compared to the
other indications.

In Clinics/Practices D–G, HH compliance differed
between the professional groups (veterinariansb, vet-
erinary nursesa, othersab), whereas no difference was
found in HH compliance between the three clini-
cal areas. HH compliance also differed significantly
between the five HH indications (before clean/aseptic
procedurea, after body fluid exposure riskc, after
touching a patientb, before touching a patientabc, after
touching patient surroundingsbc).

Predictors for HH compliance

To depict a model that predicts HH compliance
best for the two groups of institutions (Clinics, A–
C; Clinics/Practices D–G), conditional inference trees
were calculated including the data from each group
(Figures 2 and 3).

In Clinics A–C, HH compliance was in a first step
influenced by the HH indication (before clean/aseptic
procedure vs. other indications, Figure 2). For the indi-
cation ‘before clean/aseptic procedure’, veterinarians
showed a higher adherence to HH than veterinary
nurses and others, and the latter showed a higher HH
compliance for this indication in the consultation area
compared to other areas. For the other HH indications,
HH compliance was influenced by the clinical area
and higher in the consultation area compared to other
clinical areas.

In Clinics/Practices D–G, HH compliance was also
primarily influenced by the HH indication (after body
fluid exposure risk, after touching patient surround-
ings vs. after touching a patient, before clean/aseptic
procedure, before touching a patient, Figure 3). HH
compliance after body fluid exposure risk and after
touching patient surroundings was higher in the con-
sultation and examination area compared to the ward.
For the other three indications (after touching a
patient, before clean/aseptic procedure and before
touching a patient), veterinarians showed a higher HH
compliance than veterinary nurses and others, and
HH compliance in veterinarians was lowest before
clean/aseptic procedures.

DISCUSSION

The present study investigated HH compliance in
different types of companion animal veterinary insti-
tutions in Switzerland and found an overall poor HH
compliance ranging from 26% to 47% across insti-
tutions. Our findings are in line with three previous
studies that reported an overall HH compliance of
14%–27% in companion animal clinics in Canada
and the USA.19–21 Differences in study set-up and
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F I G U R E 1 (a) Distribution of HH observations among different clinical areas in Clinics/Practices A–G. Percentages of HH
observations per clinical area are indicated for each institution and for all institutions. (b) Distribution of HH observations among different
professional groups in Clinics/Practices A–G. Percentages of HH observations per professional group are indicated for each institution and
for all institutions. (c) Distribution of HH observations among different HH indications in Clinics/Practices A–G. Percentages of HH
observations per HH indication are indicated for each institution and for all institutions
Abbreviations: ICU, intensive care unit; nurse, veterinary nurses; others, working personnel not allocated to veterinary nurses or
veterinarians (i.e. students, technicians and cleaning staff); pre-OR, pre-operating preparation area; ward, animal housing area.

evaluation of HH do not allow to directly compare the
reported HH compliance between these studies. How-
ever, the reported HH compliance is worryingly low
in all studies and can be interpreted as largely insuffi-

cient to break the transmission chains of pathogens in
veterinary institutions. Both infections with zoonotic
and non-zoonotic pathogens are of relevance in
companion animals.30 Furthermore, highly resistant
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F I G U R E 2 Conditional inference tree for HH observations obtained in Clinics A-C. A conditional inference tree for the binary
outcome HH compliance (1: successful, 0: unsuccessful) and the predictors (indication, area, profession, institution) based on 1505 HH
observations is shown. At each predictor node, the p-value (Bonferroni adjustment) indicating the strength of the statistical association is
displayed. In the boxes the proportion of the successful HH procedures is colored in dark grey (left side ’1’) and of the unsuccessful HH
procedures in light grey (left side ’0’); the scale on the right side represents the proportion. With n the number of observations in each
terminal branch is indicated
Abbreviations: abf, after body fluid exposure risk; apt, after touching a patient; bpt, before touching a patient; as, after touching patient
surroundings; bc, before clean/aseptic procedure; cons, consultation area; ex, examination area; IC, intensive care unit; nurse, veterinary
nurses; other: personnel not allocated to veterinarians or veterinary nurses (i.e. students, technicians and cleaning staff); pO, pre-operating
preparation area; wd, ward (animal housing area); vet, veterinarians

bacteria such as carbapenemase-producing Enter-
obacteriaceae or methicillin-resistant staphylo-
cocci play an increasing role in companion animal
medicine31 and have also been documented in the
environment and in patients of some of the com-
panion animal clinics included in this study.14,32

Most recently, HH has gained considerable public
health attention due to the SARS-CoV-2 pandemic.
Although originally assumed to be limited to humans,
active SARS-CoV-2 infections have in the meantime
been documented in companion animals, espe-
cially in felids and mustelids, with some of them
exhibiting respiratory or gastrointestinal signs.33 In
the light of this, proper HH adherence is of upmost
importance not only for the safety of the animal
patients, but also for the protection of staff exposed to
patients carrying zoonotic or antimicrobial resistant
pathogens.

HH compliance was higher in the consultation area
compared to the other four areas evaluated (wards,
examination area, pre-OR area and ICU). The low HH
compliance in the ICU and pre-OR is of special impor-

tance since patients admitted to these areas are often
in a critical condition and receive invasive procedures
such as intubation, ventilation and placement of uri-
nary or venous catheters, which makes them suscepti-
ble to infections for example with multidrug-resistant
organisms.34 These areas are further characterized by
a high density of patients and high traffic of patients
and personnel which increase the risk of pathogen
transmission by the hands of healthcare workers.34

Our results are in line with studies in human hospi-
tals where low HH compliance in intensive care areas
and the pre-OR area was also reported.8,35 The find-
ings were explained by the greater number of HH indi-
cations in these areas during daily work when com-
pared to consultation areas.8,35 Pittet et al showed that
a ’high activity index’ in critical care areas as well as
procedures that carry a high risk for contamination are
associated with low HH compliance.36

HH compliance was also remarkably low in the
wards where dogs and cats not admitted to the ICU are
hospitalized. This is of importance since the risks of
pathogen transmission in ward areas can be assumed
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F I G U R E 3 Conditional inference tree for HH observations obtained in Clinics/Practices D–G. A conditional inference tree for the
binary outcome HH compliance (1: successful, 0: unsuccessful) and the predictors (indication, area, profession, institution) based on 551
HH observations is shown. At each predictor node, the p-value (Bonferroni adjustment) indicating the strength of the statistical association
is displayed. In the boxes, the proportion of the successful HH procedures is colored in dark grey (left side ’1’) and of the unsuccessful HH
procedures in light grey (left side ’0’); the scale on the right side represents the proportion. With n the number of observations in each
terminal branch is indicated
Abbreviations: abf, after body fluid exposure risk; apt, after touching a patient; bpt, before touching a patient; as, after touching patient
surroundings; bc, before clean/aseptic procedure; cons, consultation area; ex, examination area; nurse, veterinary nurses; other, personnel
not allocated to veterinarians or veterinary nurses (i.e. students, technicians and cleaning staff); vet, veterinarians; wd, ward (animal housing
area)

to be high. Patient traffic occurs frequently, and par-
enteral application of medications is common in this
area. Furthermore, most of the work in the wards is
performed by veterinary nurses. In contrast to results
from human medicine, HH compliance overall was
lower in veterinary nurses than in veterinarians in our
study. This was also found in medium-sized clinics
and primary care practices. Our results concur with
the study by Anderson et al21 that showed a better
HH compliance among veterinary doctors compared
to veterinary nurses but they are in contrast to the
study by Smith et al19 which found a higher HH com-
pliance in veterinary nurses. We hypothesize that vet-
erinarians in our study may have had better knowl-
edge regarding the risks of exposure and transmission
of pathogens. Our results show that veterinary nurses
must be included in future efforts to improve HH
in veterinary clinics and practices in Switzerland. Of
note, investigations in human hospitals showed that
veterinary nurses show a better compliance after HH
training, whereas the effect of training is much less
pronounced in doctors.9,37,39

When looking at the differences among HH indica-
tions, HH was most frequently performed after body
fluid exposure risk and after patient contact. This
is in line with two previous studies in veterinary
personnel that found a higher HH compliance after
patient contact and after ’dirty procedures’ when com-
pared to before clean/aseptic procedures.19,21 Studies
in human healthcare workers also revealed that HH
is more commonly performed after body fluid expo-
sure risk and after patient contact when compared to
before clean/aseptic procedures.39,40 These findings
suggest that in the absence of HH education, HH is
carried out mostly for reasons of self-protection or
in moments of obvious contamination of the hands
rather than for the protection of patients. Clean and
aseptic procedures carry a high risk for the transmis-
sion of pathogens in patients.1

Wearing gloves is not considered an HH procedure
by the WHO.1 Therefore, HH indications exist regard-
less of glove use. Medical gloves are indicated when
a contact to blood or body fluids is anticipated and
when handling patients under contact precautions.
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Controversial data exist on the impact of gloves on
HH compliance, but a decreased HH adherence when
wearing gloves has been reported in several studies in
human healthcare settings.41–43 Universal gloving has
even been associated with a significant increase
of device-related infections in humans.43 Since
the CleanHands application version available at
the time of this study did not allow to record the use
of gloves by healthcare workers, the impact of wearing
gloves on HH compliance in the veterinary personnel
could not be assessed in this study.

In the present study, HH compliance was evaluated
by direct observation since this method represents the
WHO gold standard to estimate HH compliance in
human healthcare facilities.22 HH observations were
always performed by the same person to omit differ-
ences in the interpretation of HH between different
observers.22 In order to generate representative data,
as many different veterinary healthcare workers in
patient contact as possible were observed across insti-
tutions and HH evaluation took place at different time
points during the day because HH compliance can dif-
fer depending on the density of the HH indications.22

Furthermore, direct HH observation allows to include
a broad range of clinical areas. On the other hand,
awareness of being observed can lead to behavioral
changes of the study subject, known as the Hawthorne
Effect.44 This could have resulted in an overestimated
HH compliance in our study as already shown in other
studies.45,46 The Hawthorne Effect might have had a
bigger effect on HH compliance in the consultation
areas because of the low number of people and lim-
ited space which makes a person more aware of being
observed. This is in contrast to the observations col-
lected in the ICU and pre-OR areas which are usu-
ally characterized by a more intense work-flow and
higher density of personnel. The Hawthorne Effect
is assumed to be transient and most pronounced at
the beginning of the observation period.22 However,
even if our results might overestimate the real HH
compliance, HH compliance was still worryingly low
in all companion animal institutions included in this
study.

In conclusion, low HH compliance was found
in all companion animal clinics and practices in
this study. Veterinary nurses showed a lower HH
compliance than veterinarians, and HH compliance
was remarkably low in the pre-OR and wards and
before clean/aseptic procedure. In order to pre-
vent the transmission of pathogenic microorganisms,
including multidrug-resistant bacteria, multimodal
educational interventions as established in human
healthcare settings should urgently be implemented
in companion animal veterinary institutions, and their
effect needs to be assessed in future studies.
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