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S U M M A R Y

Background: Obtaining detailed insights into people’s unique hand hygiene behaviour
could play an important role in developing the most effective long-term hand hygiene
compliance (HHC) interventions.
Aim: To investigate the effect of two feedback interventions provided by an electronic
hand hygiene monitoring system (EHHMS) on sustained HHC improvement, individual
responsiveness, and prevention of hospital-acquired bloodstream infections (HABSIs) and
urinary tract infections (HAUTIs).
Methods: The study included two 2-year cohorts (exposed and unexposed to EHHMS)
observed over 4 years in an internal medicine department with 142 caregivers and 39
doctors. Healthcare workers (HCWs) were stratified into four groups based on their
baseline performance to assess predicted responsiveness to the interventions.
Findings: All HCWs increased their HHC independently from their performance at base-
line, except for a few in the low-performance groups with constantly low HHC. The two
low-performance groups at baseline were most responsive to group feedback (weekly
change in HHC of 4.4% and 3.1%) compared with individual feedback (weekly change in
HHC of 1.0% and 2.2%). The number of cases of HABSI reduced significantly during the
intervention period (P¼0.01), with the greatest effect on Staphylococcus aureus. No sig-
nificant change in HAUTIs was observed.
Conclusion: The EHHMS interventions sustained the HHC improvements successfully and
reduced the number of cases of HABSI. Nearly all HCWs responded to the interventions.
The two low-performance groups at baseline never reached the same HHC levels as those
in the high-performance groups, indicating the potential for further improvement and the
need for intensified individualized interventions.
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Introduction intervention period. In brief, the EHHMS data were presented
at staff meetings (education sessions) twice each month by
Hospital-acquired infections (HAIs) affect 6e8% of hospi-
talized patients in Europe [1]. Proximity to other patients and
frequency of healthcare worker (HCW) contact promote the
transmission of pathogens, including multi-drug-resistant
micro-organisms [2]. Hand hygiene (HH) is essential in
preventing cross-transmission. Therefore, the World Health
Organization (WHO) strongly recommends HH compliance
(HHC) as a key performance indicator in all countries, and
recommends that training should be based on the local HHC
results to measure the progress of HH programmes [3]. How-
ever, most infection prevention and control (IPC) teams do not
have the time to manually collect a sufficient sample size to
detect true changes in HHC over time for all wards, including
nights and weekends.

To meet these challenges, WHO encourages innovations,
such as electronic HH monitoring systems (EHHMSs) [3]. An
EHHMS addresses several of the concerns of traditional meth-
ods, as it allows for observation at all times while eliminating
potential observation and observer biases [4].

Although widely promoted, average HHC is 52% for nurses
and 45% for doctors with manual observation [5], and chal-
lenges remain to sustain the improvements achieved from
interventions [6].

Previously, the authors have reported the results from the
first European study to investigate the association between
HHC improvements and hospital-acquired bloodstream infec-
tions (HABSIs) using an EHHMS [7]. Both doctors and caregivers
improved their HHC significantly during the coronavirus disease
2019 (COVID-19) pandemic using data from the EHHMS, and the
improvement was associated with a significant reduction in
HABSIs. However, there is still a need to identify the most
effective long-term interventions and document the associated
changes in HAIs. In particular, more individual response data
are needed to determine the facilitators and barriers to
interventions that can help personalize the approaches. How-
ever, only a few studies have reported individual responses to
different interventions [8e14].

As such, this study aimed to examine the effects of two
types of HH feedback interventions provided by an EHHMS to
achieve sustained improvements and prevent HABSIs and
hospital-acquired urinary tract infections (HAUTIs). In addi-
tion, individual responses to the interventions were inves-
tigated in order to understand the underlying behavioural
dynamics.
Methods

Study design and setting

A long-term follow-up study was conducted to investigate
the sustained effects of the interventions on individual HHC and
the prevalence of HABSIs and HAUTIs. Two HH interventions
were tested in a European inpatient nephrology department: a
group feedback improvement strategy, and an individual feed-
back improvement strategy, as described previously [7].

After a baseline period of 3 months with HHC measure-
ments, the HCWs were exposed to HH insights provided by the
EHHMS. Initially, an improvement strategy based on group
feedback was tested during the first 5 months of the
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local hygiene mentors (champions), in newsletters and on
bulletin boards. Focused feedback was given on the areas with
low HHC and followed a three-step process: (1) summary of the
results from the previous weeks to generate awareness and to
ensure continuous follow-up; (2) open discussion to facilitate
knowledge distribution; and (3) guided practice to focus on the
most relevant areas for improvement.

An individual feedback improvement strategy was added for
the remaining part of the study period to see whether HHC
could be sustained or further improved. In brief, HCWs were
encouraged to obtain their own individual data via weekly
emailed reports, showing when and where improvements were
below target and how the staff member performed compared
with the rest of the team. At the same time, the local hygiene
mentors encouraged the HCWs to share their results and ask
their hygiene mentor for support whenever they felt it was
difficult to reach the targets.

Study participants

Doctors and caregivers were eligible if they had regular
patient contact and were willing to keep an anonymous sensor
affixed to their nametag throughout the study period. All eli-
gible staff members accepted to participate.

The electronic hand hygiene monitoring system

Data from a 4-year period were used in this study. The first 2
years (July 2018eJune 2020) served as a historical control for
the incidence of HAI. Once the EHHMS was implemented, a
baseline period was introduced (February 2020eJune 2020) to
investigate HHC levels with no ongoing HH efforts. In practice,
the EHHMS only collected data for 3 months during the baseline
because it was interrupted for 2 months due to the COVID-19
pandemic (the department relocated temporarily). The base-
line period was followed by 2 years with HH interventions (July
2020eJune 2022).

This study focused on alcohol-based hand rub (ABHR) based
on the WHO’s ‘My 5 Moments for Hand Hygiene’, and collected
the data using an EHHMS (Sani Nudge) that has been described
in detail elsewhere [7]. In brief, the HCWs attached an anon-
ymous sensor to their nametag, from where it collected and
shared each HH opportunity by connecting to dispenser sensors
and sensors at patient beds. The patient bed sensors identified
if the HCWs had patient contact (proxy based on time and
distance algorithms), and the dispenser sensors identified if the
HCWs sanitized before and after contact. Sensors were also
placed on walls in work areas, such as medication rooms, utility
rooms and staff toilets, to measure HH opportunities in these
places when entering or leaving the particular room. The
decision was made not to measure the use of soap (handwash),
although the EHMMS can do so, because the national hygiene
guidelines for HCWs state that handwashing must always be
followed by ABHR, making the hand registrations in this study
unnecessary. Data were collected via a cloud-based solution,
and processed results were presented via an online platform
and emails. Data presentation leveraged on nudge theory to
make data easy to understand and actionable. The focus was to
empower the HCWs and guide them to make correct HH deci-
sions in the moment.
iene improvements and effects on healthcare-associated infections: a
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Classification of HABSI and HAUTI

BSI was defined as the presence of a significant pathogen in
the blood and the prescription of an appropriate concomitant
antimicrobial treatment. UTI was defined as growth
(�104 colony-forming units/mL) of a significant pathogen in
urine samples obtained from patients with symptoms of UTI
(dysuria, urinary frequency, urgency and/or suprapubic pain)
and prescribed an appropriate concomitant antimicrobial
treatment. Species accepted as significant pathogens for
HAUTIs included Escherichia coli and other Enterobacterales.

Data were retrieved from an electronic monitoring system
[15] and classified as hospital-acquired if patients had been
hospitalized for >48 h at the time of a positive blood or urine
culture. The authors audited the classification of the cases
manually by reviewing the electronic medical records.
Ethics

Participation was voluntary. The Hospital Review Board
approved the study (No. 21/478).
Statistical analysis

Continuous variables were reported as mean with standard
deviation or 95% confidence interval (CI). The ShapiroeWilk
normality test confirmed the parametric distribution of data.
Differences between HHC means were assessed using Student’s
t-test. In order to investigate if HH behaviour at the beginning
of the study predicted responsiveness to the interventions, a
subgroup analysis of HCWs (N¼60) was conducted with no
interruption in data during the 2 years of EHHMS data collec-
tion. The HCWs were divided into four groups (percentiles)
based on mean HHC performance during baseline, and their
progress was followed over time (Figure 1). Differences in
infection incidence rates between the intervention period and
the historical control period (preceding 2 years) were assessed
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Figure 1. Grouped hand hygiene compliance by baseline performance
moderateelow at baseline; black, low at baseline.
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using the log-rank test. Two-sided P-values <0.05 were con-
sidered to indicate significance. All analyses were performed
using GraphPad Prism Version 9.1.0 and STATA Version 16.
Results

The EHHMS registered 181 Sani IDs (142 caregivers and 39
doctors) during the study period. On average, EHHMSs regis-
tered 33 caregivers and nine doctors monthly. Analysis of the
activity level showed a monthly average of 105 HH oppor-
tunities per doctor (range 16e172) and 594 HH opportunities
per caregiver (range 111e838). The higher number of HH
opportunities for the caregivers was explained by their work-
flow, with more time in the department, a higher number of
patient interactions, and daily tasks in medication rooms and
other utility rooms.
Hand hygiene compliance

Caregivers had higher baseline HHC than doctors (40% vs
22%; P<0.001), and the difference was sustained throughout
the study (Figure 2). Both groups increased their HHC during
group feedback and individual feedback compared with
baseline.

All HCWs increased their HHC independently from their
performance at baseline (Figure 1). In particular, the HCWs
with low and moderateelow performance increased their HHC
the most when receiving group feedback, but also had the most
potential to improve (Table I). This picture changed during the
period with individual feedback, where the HCWs with low
performance improved less than the other groups. The
behavioural pattern also showed that the HCWs with
moderateehigh performance improved quickly and reached
the same levels as those with high baseline performance. When
looking further into individual performances, only a few HCWs
were less receptive to the interventions, having a constantly
low HHC (Figure 3, low and moderateelow baseline).
onths

Individual feedback
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. Green, high at baseline; red, moderateehigh at baseline; purple,

iene improvements and effects on healthcare-associated infections: a
g system, Journal of Hospital Infection, https://doi.org/10.1016/



H
an

d
 h

y
g
ie

n
e 

co
m

p
li

an
ce

 (
%

)

Months

0
0 2 4 6

Group 

feedback

Individual feedback

Baseline

8 10 12 14 16 28

20

18 20 22 24 26

40

60

80

100

Figure 2. Changes in hand hygiene compliance over time. Purple, caregivers (N¼142); blue, doctors (N¼39).

Table I

Effect of interventions on hand hygiene compliance (HHC) by baseline performance level (percentiles of mean)

Low HHC at baseline (N[15)

Period Average change in weekly HHC HHC for the period

Baseline -0.3% 26.1%
Group feedback 4.4% 35.0%
Individual feedback 1.0% 43.7%
Moderate low HHC at baseline (N[15)

Period Average change in weekly HHC HHC for the period

Baseline -1.4% 32.5%
Group feedback 3.1% 48.8%
Individual feedback 2.2% 60.5%
Moderate high HHC at baseline (N[15)

Period Average change in weekly HHC HHC for the period

Baseline 1.1% 38.2%
Group feedback 2.6% 56.4%
Individual feedback 3.5% 71.7%
High HHC at baseline (N[15)

Period Average change in weekly HHC HHC for the period

Baseline -0.7% 46.2%
Group feedback 2.4% 57.4%
Individual feedback 1.6% 70.5%
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Hospital-acquired infections

Patient characteristics were comparable during the histor-
ical control period and intervention period (Figure S1, see
online supplementary material). The number of cases of HABSI
was reduced significantly during the intervention period to four
cases per 10,000 patient-days (95% CI 2e11) compared with 14
cases per 10,000 patient-days (95% CI 9e21) during the control
period, with an incidence rate difference of -9 per 10,000
patient-days (95% CI -16 to -2; P¼0.01). The number of cases of
HAUTI was slightly lower during the intervention period (35 per
10,000 patient-days, 95% CI 22e42) than the control period (36
per 10,000 days, 95% CI 28e47) but with no significant
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incidence rate difference (-1 per 10,000 patient-days, 95% CI
-16 to 14; P¼0.89). Table II shows the distribution of species
causing HABSIs and HAUTIs.
Discussion

The feedback interventions provided by the EHHMS were a
success. Both doctors and caregivers achieved sustained HHC
improvements, associated with a significant reduction in HABSIs
and a non-significant reduction in HAUTIs. Importantly, the
overall improvements in HHC at ward level were driven by a
collective effort and not by a few high performers. Only a few
iene improvements and effects on healthcare-associated infections: a
g system, Journal of Hospital Infection, https://doi.org/10.1016/
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Figure 3. Individual hand hygiene compliance by baseline performance. (a) Low at baseline; (b) moderateelow at baseline; (c)
moderateehigh at baseline; (d) high at baseline.
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HCWs in the low and moderateelow baseline groups were less
receptive to the interventions, and had constantly low HHC
throughout the study (Figure 3). These two low-performance
groups at baseline were most responsive to group feedback, but
also had the greatest potential for improvement. It could also be
that thesepeople learnbetterduring interactionswithcolleagues
rather than from individualized instructions directed to them.

This study is important because it aids understanding of the
patterns of individual HHC in response to interventions. The
benefits are two-fold: effective improvement efforts can be
designed, and training can be personalized according to indi-
vidual needs. In this study, only a few HCWs did not respond to
the interventions, indicating that explanation factors con-
cerned the HCWs individually rather than systemic factors,
such as lack of leadership support, inappropriate dispenser
placement or an excessive daily workload. Early recognition of
individual factors will help IPC teams to customize improve-
ment strategies to people with typical HH patterns where
personal beliefs, motivation and workflows play essential roles
[16,17]. Qualitative data were not collected systematically in a
structured manner in this study, but an example of interaction
between the local hygiene mentors and HCWs should be men-
tioned. Several HCWs had difficulty improving their HHC and
asked the local hygiene mentor to observe them in different
situations, and provide input as to when and where their HH
efforts could improve. The observations revealed some non-
compliant HH routines and behaviour. The feedback from the
hygiene mentor helped the HCWs to improve their HHC.
Please cite this article as: Rosenfeldt Knudsen A et al., Individual hand hyg
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Only a few modelling studies have investigated the HHC
level needed for HAIs to decline, and found a mean HHC
threshold >48%, 66% and 87%, respectively [18e20]. Modelling
data can be useful, but real-world data can reveal different
findings. The present study found that doctors reached sus-
tained HHC levels>50% and caregivers>70%, associated with a
significant reduction in HABSIs. Not only was a clinically rele-
vant reduction achieved, but the incidence of four cases per
10,000 patient-days was below other hospitals in the same
region (7.1 cases per 10,000 patient-days) and below the
national level (6.5 cases per 10,000 patient-days) [21]. No
significant reduction in HAUTIs was found. The large 95% CI
could indicate a lack of power. This study was performed in a
nephrology department with high risk of HAUTIs, given the
nephrological diseases and the high rate of catheter usage. A
larger sample size (more events, larger ward, more patients) or
an extended study period would be needed to detect a true
difference caused by the intervention. However, a slightly
lower incidence was found during the intervention period
compared with the historical control period, supporting the
significant reduction in HABSIs. This study supports the findings
of others, emphasizing the considerable potential to reduce
the occurrence of HABSIs [22].

Interestingly, Staphylococcus aureus was the dominant BSI
pathogen (approximately 50%) in the control period, but dis-
appeared as the cause of HABSIs during the intervention period
(Table II). As a common skin colonizer, S. aureus (a typical
exogenous cause of infection) may be more sensitive to
iene improvements and effects on healthcare-associated infections: a
g system, Journal of Hospital Infection, https://doi.org/10.1016/



Table II

Distribution of species

Hospital-acquired bloodstream infections

Distribution species Control Intervention

No. (%) No. (%)

Staphylococcus aureus 10 (45) 0 (0)
Klebsiella spp. 3 (14) 2 (40)
Escherichia coli 2 (9) 2 (40)
Other Enterobacterales spp. 2 (9) 0 (0)
Candida spp. 2 (9) 0 (0)
Streptococcus spp. 2 (9) 0 (0)
Pseudomonas aeruginosa 1 (5) 1 (20)
Total 22 5

Hospital-acquired urinary tract infections

Distribution species Control Intervention

No. (%) No. (%)

Escherichia coli 32 (56) 19 (50)
Other Enterobacterales spp. 19 (33) 10 (26)
Pseudomonas aeruginosa 1 (2) 3 (8)
Enterococcus faecalis 3 (5) 3 (8)
Aerococcus urinae 1 (2) 0 (0)
Streptococcus agalactiae 1 (2) 3 (8)
Total 57 38
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eradication by ABHR than Gram-negative rods from the gut
flora, which are the primary cause of UTIs (endogenous
source). These findings may explain the lesser effect of
increased HHC on HAUTIs compared with HABSIs in this study.

Some limitations should be addressed. First, this was a
small-scale study, but considerable HH data were collected
using the EHHMS, increasing the statistical power of the HHC
analyses. The design of the study only allowed the authors to
draw conclusions on the combined effects of the EHHMS
interventions, and not the effectiveness of group vs individual
feedback. Second, the observational nature of this study
limited the authors’ ability to control for unknown confounders
that could influence the reduction in HAIs. However, the study
involved two 2-year cohorts (exposed and unexposed to
EHHMS) observed over 4 years in one ward, which made it easy
to ensure that no substantial changes were made to the IPC
procedures and standards during the study period other than
the interventions. Third, some of the observed variability in the
individual HHC levels could be explained by chance findings due
to a limited number of data points collected compared with the
grouped analyses. However, an EHHMS and an extended study
period were used to increase the number of data points per
HCW, which is a limitation of large-scale studies using the
direct observation method [14]. Fourth, some HCWs stopped
working in the department during the study period, and new
staff members started. All of them were included, which could
have impacted the overall HHC levels in either direction.
However, the individual HHC levels allowed for detailed anal-
yses of the development over time. Fifth, HH opportunities
were not measured outside the patient zones, clean zones in
staff toilets, medication rooms, and clean and unclean utility
rooms. Thus, HH opportunities in other departmental rooms
related to patient interactions were not obtained. The EHHMS
Please cite this article as: Rosenfeldt Knudsen A et al., Individual hand hyg
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should be used to look at trends and changes, identify low-
performance departments and staff groups to initiate educa-
tional actions, measure the effects of different interventions,
automate audits by collecting the required number of HH
opportunities for reporting bodies, and provide each HCW with
insights to their HH behaviour to identify blind spots. Impor-
tantly, the EHHMS has shown high sensitivity for detecting HH
opportunities for nurses and doctors in previous clinical vali-
dation studies [23,24].

In conclusion, the EHHMS interventions sustained the HHC
improvements successfully and reduced the HAIs. The majority
of HCWs responded to the interventions. The two low-
performance groups at baseline never reached the same HHC
levels as those in the high-performance groups, indicating a
potential for further improvement and the need for intensified
individualized interventions. Collecting individual HHC data
helped to advance understanding of HH behaviour, and will
help in the design of effective interventions that work on as
many HCWs as possible.
Acknowledgements

The authorswish to thank all theHCWs from the department,
especially Mette Holst, as the local hygiene champion. The
authors also wish to thank Rikke Juul Poulsen for help with data
acquisition, Susanne Kolle for overall project coordination, and
the hospital’s executive leadership for support of the EHHMS.

Conflict of interest statement
MBH is employed by Konduto ApS, which developed Sani
Nudge. The other authors declare that they have no com-
peting interests. All authors approved the final article.
iene improvements and effects on healthcare-associated infections: a
g system, Journal of Hospital Infection, https://doi.org/10.1016/



A. Rosenfeldt Knudsen et al. / Journal of Hospital Infection xxx (xxxx) xxx 7
Funding source
The Development Council of Lillebaelt Hospital funded the
study (No. U19-12V).
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhin.2023.02.017.
References

[1] European Centre for Disease Prevention and Control. Point
prevalence survey of healthcare-associated infections and anti-
microbial use in European acute care hospitals 2011e2012.
Stockholm: ECDC; 2013. Available at: https://www.ecdc.europa.
eu/en/publications-data/point-prevalence-survey-healthcare-
associated-infections-and-antimicrobial-use-0.

[2] Versporten A, Zarb P, Caniaux I, Gros M-F, Drapier N, Miller M,
et al. Antimicrobial consumption and resistance in adult hospital
inpatients in 53 countries: results of an internet-based global
point prevalence survey. Lancet Glob Health 2018;6:e619e29.

[3] Allegranzi B, Kilpatrick C, Sax H, Pittet D. My Five Moments:
understanding a user-centred approach to hand hygiene
improvement within a broader implementation strategy. BMJ
Qual Saf 2022;31:259e62.

[4] Gould D, Lindström H, Purssell E, Wigglesworth N. Electronic hand
hygiene monitoring: accuracy, impact on the Hawthorne effect
and efficiency. J Infect Prev 2020;21:136e43.

[5] Bredin D, O’Doherty D, Hannigan A, Kingston L. Hand hygiene
compliance by direct observation in physicians and nurses: a
systematic review and meta-analysis. J Hosp Infect
2022;130:20e33.

[6] Gould DJ, Chudleigh JH, Moralejo D, Drey N. Interventions to
improve hand hygiene compliance in patient care. Cochrane
Database Syst Rev 2007;9:CD005186.

[7] Knudsen AR, Kolle S, Hansen MB, Møller JK. Effectiveness of an
electronic hand hygiene monitoring system in increasing com-
pliance and reducing healthcare-associated infections. J Hosp
Infect 2021;115:71e4.

[8] Cheng VCC, Tai JWM, Ho SKY, Chan JFW, Hung KN, Ho PL, et al.
Introduction of an electronic monitoring system for monitoring
compliance with Moments 1 and 4 of the WHO “My 5 Moments
for Hand Hygiene” methodology. BMC Infect Dis 2011;11:151.

[9] Lee A, Chalfine A, Daikos GL, Garilli S, Jovanovic B, Lemmen S,
et al. Hand hygiene practices and adherence determinants in
surgical wards across Europe and Israel: a multicenter observa-
tional study. Am J Infect Control 2011;39:517e20.

[10] Sánchez-Carrillo LA, Rodrı́guez-López JM, Galarza-Delgado DÁ,
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