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Abstract:

Background: Healthcare-associated infections represent a major burden in neonatal
intensive care units. Hand antisepsis is the most important tool for prevention,
however, compliance among healthcare workers remains low.

Objectives: To prospectively evaluate the influence of different work shifts (extended
working hours, night shifts) on the quality of healthcare workers’ hand antisepsis.

Design: Observational study.
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Settings: Two equivalent “Level llI” neonatal intensive care units at the University
Hospital Vienna, Austria.

Participants: Seventy healthcare workers, 46 nurses and 24 physicians.

Methods: The Semmelweis Scanner, an innovative training device assessing the
quality of hand antisepsis with an ultraviolet dye labelled alcohol-based hand rub,
was employed to collect data on the hand surface coverage achieved during hand
antisepsis of participants. It provides visual feedback of appropriately versus
inappropriately disinfected areas of the hand and can also be used for the objective
gquantification of hand surface coverage with the hand rub. Measurements were
performed before and after 12.5 hour (h) day and night shifts (nurses), as well as
before and after regular 8h day shifts and extended 25h shifts (physicians). To avoid
any bias caused by residual ultraviolet marker, scans had to be separated by 24
hours periods. Primary outcome was the hand surface coverage with the hand rub:
Hand scans were categorized as “passed” if an appropriate quality of hand hygiene,
defined as a minimum 97% coverage of hand surface, was achieved. A generalized
mixed model was used to analyse the data accounting for repeated measurements.
Results: Seventy healthcare workers performed a total of 485 scans. Sixteen scans
had to be excluded, resulting in 466 scans for further analyses. A difference in the
predicted probability of achieving appropriate hand antisepsis was found between the
beginning and end of extended shifts: In physicians, adequate hand antisepsis was
remarkably reduced after 25h shifts (predicted probability 99.4% vs 78.8%), whereas
there was no relevant difference between the beginning and end of 8h day shifts
(92.2% vs 97.3%). In nurses, a relevant difference was found between the beginning
and end of 12.5h day shifts (88.6% vs 73.6%). This difference was not found for
12.5h night shifts. The most frequently missed area on the hands was the right
dorsum.

Conclusion: The quality of hand antisepsis of healthcare workers in neonatal



Journal Pre-proof 7

intensive care units may be associated with long working hours.
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Contribution statement:
What is already known about the subject of the paper:

e Hand hygiene is a key measure to prevent healthcare-associated infections,
however, compliance rates of healthcare workers are heterogeneous and
remain notoriously low.

e The quality of hand hygiene performance (i.e., the coverage achieved) is
rarely assessed.

e Long working hours and disruption of the circadian rhythm may have an
impact on alertness and work performance.

What this paper adds:

e Extended working hours in nurses and physicians were inversely correlated
with the quality of hand antisepsis, defined as minimum 97% coverage of hand
surface area with the disinfectant.

e The most frequently missed area of the hands was the right dorsum.

Keywords:
Hand hygiene; healthcare-associated infection; neonatal nursing; patient safety;

quality assurance; hand antisepsis training tool; shift work schedule.
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Introduction

Healthcare-associated infections represent a major challenge in neonatal intensive
care units globally. Bloodstream infections are the most common healthcare-
associated infections in very low birth weight infants (Giannoni et al., 2018, Legeay et
al., 2015, Leistner et al., 2013). Reports on rates are depending on definitions and
differ between 8.6 per 1000 patient days (in preterm born infants <1500 g
birthweight) in the German Neo-KISS network (Leistner et al., 2013) and 6.3 per
1000 patient days (700 g -1200 g birthweight) in the U.K. (Leighton et al., 2012).
Affected neonates have a higher risk for prolonged hospital stay, poor neurological
outcome, or even death (Legeay et al., 2015, Schlapbach et al., 2011, Schwab et al.,
2015, Stoll et al., 2002). Hand antisepsis has been identified undisputedly as a key
measure to prevent healthcare-associated infections (Pittet et al., 2009, WHO, 2009).
Achieving best hand hygiene compliance in healthcare workers therefore is essential

to improve patient safety.

The World Health Organization (WHO) recommends hand hygiene by using alcohol-
based hand rubs before, during and after prolonged and intense contact with any
patient (WHO, 2009). Notably, compliance among healthcare workers remains low. A
recent study among six European intensive care units showed heterogeneous hand
hygiene with compliance rates ranging from only 3% to 100% (Musu et al., 2017),
and with overall low levels of adherence to best hand hygiene practices. For the past
decades, a so-called “multimodal approach” has been advocated by the WHO to
increase compliance towards hand hygiene (Allegranzi et al., 2013, Pittet et al.,
2000). For instance, an educational program in a neonatal intensive care unit was
able to increase the overall hand hygiene compliance before patient contact from
65% to 88%, and resulted in a reduction in healthcare-associated bloodstream

infections in very low birth weight infants (Helder et al., 2010). However, such quality
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improvements do not often show persistence as passive educational methods alone
are mostly insufficient as a change strategy (di Martino et al., 2011, Soong and
Shojania, 2020, von Lengerke et al., 2017). Therefore, ongoing audits and
awareness campaigns together with regular feedback to healthcare workers seem to

be beneficial to maintain high compliance rates (lvers et al., 2012).

In addition, simply performing hand antisepsis does not imply that the procedure is
done efficiently. While traditionally, most research has focused on improving hand
hygiene compliance regarding the frequency of application, little attention has been
paid to the quality, meaning the completeness of hand coverage with the disinfectant.
Coverage of hand rub was earlier shown to correlate with quality of hand hygiene
through microbiological analyses (Sari et al., 2019). A study conducted by Szilagyi et
al. including 5,200 clinical staff members reported a failure rate of 28% in achieving
satisfactory hand hygiene quality immediately after training the “WHO five moments”
(Szilagyi et al., 2013). Another study assessing healthcare workers from 26
Hungarian hospitals found that 33% failed to apply the hand rub correctly (Lehotsky
et al., 2017). Hence, even with education and training, compliance to hand hygiene
standards often remains poor, therefore, understanding the mechanisms for non-

compliance is key.

One factor not yet thoroughly investigated in the context of hand hygiene is
occupational stress, such as prolonged working hours or night shifts. Long working
hours can induce a lack of concentration and fatigue, which in turn has been shown
to be related with worse patient outcomes (Gander et al., 2019, Maltese et al., 2016,
Sturm et al., 2019, WHO, April 2009). Several studies have shown the influence of
extended work shifts on serious medical errors and occupational injury (Fletcher et

al., 2011, Landrigan et al., 2004, Lo et al., 2016, Stimpfel et al., 2015). Notably, a
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prospective, randomized study conducted by Landrigan et al. demonstrated that
physicians working in “traditional” schedules with extended 24h shifts made 35.9%
more severe medical errors as well as 5.6 times as many severe diagnostic errors
compared to an intervention schedule with reduced working hours (Landrigan et al.,
2004). In another very recent study on nurses” work patterns and its association with
fatigue and fatigue-related outcomes, 30.8% of participating nurses reported fatigue-
related errors during the last 6 month (Gander et al., 2019). These data are in line
with an investigation on the impact of intensive care unit night shifts on the cognitive
performance of physicians, showing significantly worsened working memory capacity,
speed of processing information, perceptual reasoning, and cognitive flexibility after
night shifts (Maltese et al., 2016). However, none of these studies evaluated the

influence of extended work shifts and night shifts on the quality of hand hygiene.

We hypothesized in this study that prolonged working hours and night shifts may
have an impact on hand hygiene quality, an important component of patient safety, in
a neonatal intensive care unit. According to the act on working hours in Austria, 8h
day shifts and extended 25h day and night shifts for physicians, as well as 12.5h day
and night shifts for nurses are standard at the University Hospital Vienna. The aim of
this clinical observational study was to prospectively evaluate if different work shifts
and duration of working hours have an impact on hand antisepsis quality of
healthcare workers in a neonatal intensive care unit, as measured and quantified by

the Semmelweis Scanner.
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Methods

Study design

In order to examine the influence of different work shifts on hand antisepsis
performance of healthcare workers, we conducted an observational study, and
analysed the quantified hand antisepsis quality at the beginning and end of shifts.
The study was performed in two equivalent “level IlI” neonatal intensive care units at
the University Hospital in Vienna, Austria, between November 2017 and April 2018.
The “Semmelweis Scanner” (HandInScan Zrt., Debrecen, Hungary) was used to

assess the quality of hand antisepsis.

Semmelweis Scanner

The Semmelweis Scanner is a recently developed, CE marked training tool educating
users about the quality of the hand rubbing technique by providing visual feedback of
appropriately versus inappropriately disinfected areas of the hand. The device
generates digital-image-based evaluation of hand surface coverage with an
ultraviolet dye labelied alcohol-based hand rub and can also be used for the objective
guantification of hand coverage with the disinfectant, saving the results in an online

reporting database for posterior evaluation.

The Semmelweis Scanner was employed to monitor hand antisepsis quality as
described and validated previously by Haidegger et al. and Lehotsky et al.
(Haidegger et al., 2011, Lehotsky et al., 2017). At the beginning and at the end of
shifts, digital images of both sides of the hands were taken by the device after regular
hand rubbing with an ultraviolet dye labelled alcohol-based training rub (Optik,
Schilke & Mayr GmbH, Norderstedt, Germany). Atrtificial intelligence-based image

processing was used to identify any missed areas on the hands (Haidegger et al.,
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2011, Lehotsky et al., 2015). For each measurement of each participant, the
percentage of hand surface coverage was determined. Based on established
educational metrics (Nagy et al., 2017), a minimum coverage of 97% of each hand
surface (palm and dorsum of left and right hand, each) was considered acceptable
and categorized as “passed”. If the coverage of any of the four surfaces (palm and
dorsum of left and right hand) was below 97%, the whole measurement was

categorized as “failed”.

Moreover, to analyse most frequently missed areas of hand antisepsis,

each hand surface was divided into 10 regions (0-9) as shown in Figure 1, and an
error in coverage in any of these particular regions was counted as a miss, which
were later computed for all measurements. Repeated measurements within 24h were
not allowed and excluded from the study to-avoid any possible bias caused by

residual ultraviolet marker.

Data collection

Registered nurses and physicians working in one of the two neonatal intensive care
units were eligible for participation and were included on a voluntary basis. They
were asked to scan their hands after hand antisepsis at the beginning and end of
12.5h day and night shifts (nurses) as well as at the beginning and end of regular 8h
day shifts and extended 25h shifts (physicians). Two scans pre and post each shift
were targeted, resulting in 8 scans per healthcare worker. To avoid any bias caused
by residual ultraviolet marker, scans had to be separated by 24 hours at least,
consequently, pre and post shift scans had to be done on different days. Resting
times after shifts were respected according to the act on working hours in Austria:
16h or 23h resting time provided after 8h shifts and 25h shifts, respectively, for

physicians, and a minimum of 11 hours between shifts for nurses.
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Due to regular obligatory hand hygiene education and trainings by the team of the
hospital hygiene department, all participants were trained and familiar with the correct
hand rubbing technique and did not require any additional training. The results of the
measurements were blinded for all participants to prevent bias during subsequent
scans. Images of hand-rubbing events were recorded using the Semmelweis
Scanner. In order to maintain personal data protection, all participants received a
Radiofrequency ldentification (RFID) card with a random number allowing to link the
scan results with the anonymized participant’s demographic information. Personal
data of participating healthcare workers regarding sex, age, dominant hand, and

occupation group were collected via a paper questionnaire.

Outcome measures

The primary outcome was the hand surface coverage with the disinfectant, observed
before and after shifts. Hand scans were categorized as “passed” if an appropriate
quality of hand hygiene, defined as minimum 97% coverage of hand surface, was

achieved.

Statistical Analysis

Hand antisepsis quality was computed as a percentage of the measured coverage
with ultraviolet dye labelled alcohol-based training hand rub. 8 scans per healthcare
worker were targeted for each data series, but not all participants managed to
complete that. To model the impact of the type of shift, and the possible effect of
being pre or post shift, a mixed model was used. The mixed model accounts for the
intra-individual correlation of the repeated measurements, i.e., that the same subject
was measured several times, and also automatically adjusts if the number of

measurements differs between subjects (Pinheiro and Bates, 2000). As outcomes
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were binary (pass/fail), a generalised mixed model was used, with binominal
response distribution and logit as the link function (Faraway, 2016). Modelling was
done separately for physicians and nurses. Explanatory variables were the type of
the shift when the measurement was performed (i.e., 8h day shifts or 25h shifts for
physicians, 12.5h day or night shifts for nurses) as a binary indicator and a binary
indicator whether the particular measurement was made before or after the shift. The
interaction of these indicators was also included, allowing all four possible
combinations to take separate values. Results are presented at the response scale,
l.e., as predicted probability of passing the test for the possible combinations with
95% confidence intervals. 95% confidence intervals were calculated using parametric
bootstrap with the percentile approach (Davison and Hinkley, 1997). Calculations
were carried out under R statistical environment version 3.6.3 (R Core Team (2019)

using package Ime4, version 1.1-21 (Bates et al., 2015).

The inter-person comparison was performed by creating three categories on the
basis of the possible ouicome of two measurements (Pass-Pass, Pass-Fail and Fail-
Fail). The proportion of participants in each of the three possible categories was
expressed as percentage, together with the 95% confidence interval (obtained with
Clopper-Pearson exact method). With respect to the most frequently missed areas,
the average occurrence of failure in each region was computed for all measurements,

per occupation.

Ethics statement
The study protocol was submitted to the ethics committee of the Medical University of
Vienna, which decided that an ethic committee vote was not necessary. All

healthcare workers gave written informed consent prior to participation.
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Results

Seventy healthcare workers, 46 nurses and 24 physicians, performed a total of 485
scans. Ten scans were excluded because the time from the previous scan was less
than 24 hours and 9 scans were excluded because of duplicated measurements,
leaving 466 scans for further analysis (166 scans done by physicians, 300 scans
done by nurses, Table 1). The overall pass rate was 78.3% (95% CI| = 74.3% -
82.0%). Thereof, 87.3% of scans done by physicians (95% CI = 81.3% - 92.0%) and
73.3% of scans done by nurses (95% CI = 68.0% - 78.3%) passed the hand

antisepsis criteria of minimum 97% hand coverage.

physicians nurses
participants, n 24 46
male, n (%) 9 (37.5) 0 (0)
dominant hand left, n (%) 1(4.2) 1(2.2)
hand scans, n total (% passed)
scans for analysis 166 (87.3) 300 (73.3)
8h day shift beginning 43 (86.1)
8h day shift end 42 (92.9)
25h day+night shift beginning 40 (97.5)
25h day+night shift end 41 (73.2)
12.5 day shift beginning 81 (80.2)
12.5 day shift end 83 (66.3)
12.5 night shift beginning 62 (74.2)
12.5 night shift end 74 (73.0)

Table 1: Demographic data and hand scans performed by physicians and nurses, grouped by
occupation and shift type. Data on hand scans are given as total number, with percentage passed in

parentheses.

Figure 2 plots the predicted probability of passing the minimum coverage of 97%
depending on the timing of scanning before or after different shifts. Pertaining to the
hand antisepsis quality among physicians, there was no relevant difference in hand

hygiene performance between the beginning and end of 8h day shifts [predicted
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probability 92.2% (95% CI = 81.9% - 99.5%) versus 97.3% (95% CI = 89.3% -
100%), respectively] while the predicted probability of achieving an adequate hand
hygiene quality was remarkably higher at the beginning of a 25h shift compared to
the end of shift [99.4% (95% CI = 95.4% - 100%) versus 78.8% (95% CI = 62.8% -

96.9%), respectively].

In the nurse group, interestingly, there was a relevant difference in the predicted
probability for passing the minimum 97% coverage between the beginning and end of
12.5h day shifts [88.6% (95% CI = 77.9% - 96.0%) versus 73.6% (95% CI = 59.0% -
86.4%), respectively], while there was no difference in the predicted probability
between the beginning and end of 12.5h night shifts [81.8% (95% CI = 68.4% -

93.6%) and 81.8% (95% CI = 69.5% - 91.3%), respectively] (Fig. 2).

In an inter-person comparison between scans done before or after shifts, noting that
these scans were done on different days, 10.0% (95% CI = 4.8% - 16.4%) of
physicians performed better at the beginning of 8h shifts, while 65.0% (95% CI =
57.8% - 71.2%) showed a similar performance and 25.0% (95% CI = 20.9% - 30.1%)
a worse performance compared to the end of 8h shifts. Conversely, when comparing
scans done before and after 25h shifts, 40.0% of physicians (95% CI = 32.4% -
47.7%) performed better at the beginning of shifts, 55.0% (95% CI = 46.9% - 62.4%)
presented comparable scan results at the beginning and end of shifts, and 5.0%
(95% CI = 2.1% - 9.2%) had worse scans at the beginning compared to the end of

shifts.

Looking on the inter-person comparison of nurses, 29.3% (95% CI = 24.3% - 34.2%)
of nurses performed better at the beginning of day shifts, while 56.1% (95% CI =

50.3% - 61.5%) showed a comparable and 14.6% (95% CI = 11.2% - 19.5%) a worse
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performance compared to the end of day shifts. For night shifts, 18.8% (95% CI =
14.7% - 23.7%) showed better scan results at the beginning of shifts, 59.4% (95% CI
=54.0% - 64.9%) presented comparable scans at the beginning and end of shifts,
and 21.9% (95% CI = 17.5% - 25.8%) performed worse at the beginning compared to

the end of shifts.

Interestingly, the inter-person comparison of both occupation groups showed one
person’s hand antisepsis performance at the beginning of shifts as a good predictor
for the hand antisepsis quality at the end of shifts (Fig 3): when ranking alcohol-
based hand rub coverage, those staff members who periormed worse at the
beginning of shifts mostly had a lower alcohol-based hand rub coverage at the end of

shifts, and vice versa.

Overall as well as in both occupation groups, the most frequently missed area of
disinfected hands was the right dorsum (Fig 4). When looking in detail on the different
regions of the hands, as shiown in Figure 1, both occupation groups showed a similar
distribution pattern of errors in coverage. Most frequently missed areas were the
dorsal side of the right thumb (region 1: 8.59% of the total number of scans done by
doctors; 17.08% of scans done by nurses), fingertips (region 0: 7.36% and 17.39%,
respectively) and base of the thumb (region 8: 5.52% and 11.80%, respectively) as
well as on the left hand the palmar side of the fingertips (region 0: 5.52 % and
16.46%, respectively), the dorsal side of the thumb (region 1: 6.13% and 16.77%,
respectively), and in scans done by nurses also the dorsal fingertips (region O:
13.66%) (Fig 4). Detailed numbers regarding the occurrence of errors in coverage
per region are given in the supplemental materials Table S1. Remarkably, when
looking at the inter-person comparison, the right dorsum was the area with the

highest variability of rub coverage between beginning and end of shifts.
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Discussion

Healthcare-associated infections are an important cause of morbidity and mortality in
neonatal intensive care units. Organisms causing infections are mostly transmitted by
the hands of nurses, physicians, and other individuals taking care of neonates.
Therefore, hand antisepsis is one of the most important measures of prevention
(Pittet et al., 2009, Pittet et al., 2000). To the authors’ best knowledge, the present
study is the first evaluating the influence of extended working hours and night shifts
of healthcare workers on the quality of hand antisepsis. The results from this study
suggest that long working hours and extended shifts might have an impact on the
quality of hand hygiene. Although all participants were aware of the ongoing
measurements with the Semmelweis Scanner, the predicted probability of achieving
appropriate hand antisepsis quality was remarkably reduced after prolonged working
hours as 12.5h day shifts of nurses and 25h shifts of physicians. Nonetheless, a
strong inter-person correlation was observed between the initial results and those at
the end of shifts. Best hand antisepsis quality was found at the beginning of day

shifts and at the end of 8h shiits.

Importantly, simply performing hand antisepsis does not necessarily imply that the
procedure is done correctly. Paula et al. investigated the effect of hand hygiene
training on the quality of hand antisepsis in terms of the proportion of wetted to un-
wetted skin of hands after application of an ultraviolet dye labelled alcohol-based
hand rub (Paula et al., 2018). They observed an increased percentage of wetted
hand surface when comparing trained with untrained participants (Paula et al., 2018).
Kampf et al. demonstrated that the use of a reduced volume of alcohol-based hand
rub leads to insufficient coverage of hands, and decreased antibacterial reduction
(Kampf et al., 2013). Similar results were shown by Zingg et al., indicating that in

most cases of hand antisepsis an insufficient volume of alcohol-based hand rub is
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used (Zingg et al., 2016). Consequently, an insufficient coverage of hands may

contribute to increased healthcare-associated infection rates.

In this study, we focused on the quality of hand antisepsis, defined as the percentage
of hand surface covered with an alcohol-based hand rub. To assess healthcare
worker’s hand antisepsis quality, a novel hand hygiene training device was
employed, providing digital images of the participants’ hands taken under ultraviolet-
A light after applying an ultraviolet dye labelled alcohol-based hand rub, and
objectively identifying missed areas after hand antisepsis. The most frequently
missed area of hand coverage was the right dorsum, which is in line with previous
literature showing that the non-dominant hand is typically less dexterous in spreading
the hand rub (Lehotsky et al., 2016). Therefore, continuous hand hygiene training

and feedback seems to be essential also for the experienced staff.

The European Working Time Directive (2003/88/EC), as well as the Accreditation
Council for Graduate Medical Education (ACGM) placed work-hour restrictions on
healthcare workers with the goal to improve patient safety. Several studies
demonstrated the effects of excessive duty hours or sleep deprivation of healthcare
workers on. serious medical errors (Fletcher et al., 2011, Hutter et al., 2006,
Landrigan et al., 2004, Stimpfel et al., 2015); however, none of them evaluated the
influence of extended work shifts and night shifts on the quality of hand hygiene. So
far, only one study analysed the impact of time at work on compliance towards hand
hygiene in a health care setting (Dai et al., 2015). It was reported that hand hygiene
compliance rates decrease from the beginning to the end of a typical 12h work shift,
and that the decline in compliance was magnified by increased work intensity.
Conversely, longer breaks between work shifts subsequently increased compliance

(Dai et al., 2015). In a recent study of our group, we could demonstrate that higher
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nurse workload was associated with clinically relevant higher occurrence of blood
stream infections in very low birth weight infants (Kung et al., 2019). Both prior
studies support the results of our current study, demonstrating an association
between long working hours and hand hygiene quality. It might seem unexpected
that scans performed by nurses showed a remarkable difference between the
beginning and end of 12.5h day shifts but not of night shifts. In this context,
numerous studies analysing stress of nurses in intensive care units have observed
that nurse workload is relevantly higher during day shifts with higher work pulse,
physical activity and significantly shorter rest periods compared to night shifts, which
might have an impact on concentration and compliance (Armstrong et al., 2015,
Debergh et al., 2012, Kraljic et al., 2017, Nicoletti et al., 2014).

Moreover, it was a surprising result that scans obtained from physicians showed a
higher overall pass rate compared to nurses, as in other studies, hand hygiene
compliance was repeatedly reported to be better in nurses (Szilagyi et al., 2013).
However, studies on compliance mostly provide little information on the quality of
hand antisepsis. Reasons for our observation may be multifarious: while day shifts of
physicians end after 8 hours, nurses have to stay for 12.5 hours. Consequently,
during a sequence of several shifts, rest periods are shorter for nurses, and the re-
increased compliance after longer breaks as shown by Dai et al. might be weakened
in this setting (Dai et al., 2015).

Indeed, at the end of 25h shifts, the predicted probability of physicians for passing
the hand scan was similar to the one of nurses at the beginning or end of night shifts,
possibly showing an effect of sleep deprivation and circadian rhythm. In numerous
prospective observational studies on nurses in the USA (Nurses” Health Study), the
group by Schernhammer et al. has shown that rotating shift work imposes circadian
stress and is linked to the risk of several chronic diseases (Devore et al., 2013, Gu et

al.,, 2015, Ramin et al., 2015, Schernhammer et al., 2001, Schernhammer and
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Thompson, 2011, Vetter et al., 2018, Vetter et al., 2015). Disruption of the circadian
rhythm, long working hours and sleep deprivation have been shown to be associated
with changes of alertness, cognitive efficiency, temporal memory and attentional
processes in healthy adults and night shift workers (Harrison and Horne, 2000, Kim
et al., 2001, Rouch et al., 2005). For example, two cross-sectional surveys among
nurses reported an association between long working hours and shift work with
higher rates of work-related injuries (Lo et al., 2016, Stimpfel et al., 2015). These
studies implicate the effect of circadian rhythm on cognitive performance, potentially
suggesting that repeated disruption could have an impact on concentration and might

be associated with decreased hand hygiene compliarice and quality.

It has been shown earlier that visual feedback on individual hand hygiene
performance, as provided by the Semmelweis Scanner, can help users to reduce the
rate of inadequate hand disinfection (Helder et al.,, 2010, Lehotsky et al., 2015,
Scheithauer et al., 2012). Future studies will have to address whether routine use of
the Semmelweis Scanner by healthcare professional teams results in reductions of

healthcare-associated infection rates in neonatal intensive care units.

Limitations

Among the technical limitations, it shall be noted that a special, ultraviolet dye
labelled alcohol-based hand rub is necessary to be recognized by the Semmelweis
Scanner. Therefore, all participants were aware of the up-coming measurements with
the Semmelweis Scanner, which may have biased hand hygiene performance.
Moreover, we did not collect data on workload on the respective days where scans
were performed, and therefore could not examine the potential association between
hand antisepsis performance and overall workload. Finally, we did not consider

individual shift patterns of participants, e.g., number of night shifts or extended work
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hours per week. Further, it has to be noted that in order to avoid any bias caused by
the residual UV marker, scans had to be separated by 24 hours at least.
Consequently, pre and post shift scans had to be done on different days, and

subsequently linked to different shifts.
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Conclusion

In this study, the quality of hand antisepsis was inversely associated with extended
working hours, potentially reflecting an increased lack of concentration and
consequently discontinuities in hand antisepsis at the end of prolonged shifts in
physicians and nurses working in a neonatal intensive care unit. This observation
may support the call for shorter shift durations in order to decrease stress and
increase patient safety. Alternatively, raising the awareness for hand antisepsis
failure and most frequently missed areas of hand surface coverage may be
beneficial. Whether continuous feedback on individual hand antisepsis performance,
as provided by the Semmelweis Scanner, has a positive effect on patient safety, will

have to be tested in future studies.



Journal Pre-proof

References

Allegranzi, B., Gayet-Ageron, A., Damani, N., Bengaly, L., McLaws, M.L., Moro, M.L.,
Memish, Z., Urroz, O., Richet, H., Storr, ]., Donaldson, L., Pittet, D., 2013. Global
implementation of WHO's multimodal strategy for improvement of hand hygiene:
a quasi-experimental study. Lancet Infect Dis 13 (10), 843-851.

Armstrong, E., de Waard, M.C,, de Grooth, H.J., Heymans, M.W,, Reis Miranda, D., Girbes,
AR, Spijkstra, ].J., 2015. Using Nursing Activities Score to Assess Nursing
Workload on a Medium Care Unit. Anesth Analg 121 (5), 1274-1280.

Bates, D., Machler, M., Bolker, B., Walker, S., 2015. Fitting Linear Mixed-Effects Models
Using Ime4. 2015 67 (1), 48.

Dai, H., Milkman, K.L., Hofmann, D.A,, Staats, B.R., 2015. The impact of time at work and
time off from work on rule compliance: the case of hand hygiene in health care. ]
Appl Psychol 100 (3), 846-862.

Davison, A., Hinkley, D., 1997. Bootstrap Methods and their Application. Cambridge
Series in Statistical and Probabilistic Mathematics Cambridge: Cambridge
University Press.

Debergh, D.P., Myny, D., Van Herzeele, I., Van Maele, G., Reis Miranda, D., Colardyn, F.,
2012. Measuring the nursing workload per shift in the ICU. Intensive Care Med 38
(9), 1438-1444.

Devore, E.E., Grodstein, F., Schernhammer, E.S., 2013. Shift work and cognition in the
Nurses' Health Study. Am ] Epidemiol 178 (8), 1296-1300.

di Martino, P., Ban, K.M,, Bartoloni, A., Fowler, K.E,, Saint, S., Mannellj, F., 2011. Assessing
the sustainability of hand hygiene adherence prior to patient contact in the
emergency department: A 1-year postintervention evaluation. Am ] Infect Control
39 (1), 14-18.

Faraway, ], 2016. Extending the linear model with R: generalized linear, mixed effects
and nonparametric regression models. Chapman and Hall/CRC Press.

Fletcher, K.E., Reed, D.A,, Arora, V.M., 2011. Patient safety, resident education and
resident well-being following implementation of the 2003 ACGME duty hour
rules. ] Gen Intern Med 26 (8), 907-919.

Gander, P., O'Keeffe, K., Santos-Fernandez, E., Huntington, A., Walker, L., Willis, ]., 2019.
Fatigue and nurses' work patterns: An online questionnaire survey. Int ] Nurs
Stud 98, 67-74.

Giannoni, E., Agyeman, P.K.A,, Stocker, M., Posfay-Barbe, K.M., Heininger, U., Spycher,
B.D., Bernhard-Stirnemann, S., Niederer-Loher, A., Kahlert, C.R., Donas, A., Leone,
A, Hasters, P., Relly, C, Riedel, T., Kuehni, C., Aebi, C., Berger, C., Schlapbach, L.,
2018. Neonatal Sepsis of Early Onset, and Hospital-Acquired and Community-
Acquired Late Onset: A Prospective Population-Based Cohort Study. ] Pediatr 201,
106-114.e104.

Gu, F,, Han, ]., Laden, F,, Pan, A, Caporaso, N.E., Stampfer, M.]., Kawachi, 1., Rexrode, K.M,,
Willett, W.C., Hankinson, S.E., Speizer, F.E., Schernhammer, E.S., 2015. Total and
cause-specific mortality of U.S. nurses working rotating night shifts. Am | Prev
Med 48 (3), 241-252.

Haidegger, T., Nagy, M., Lehotsky, A., Szilagyi, L., 2011. Digital imaging for the education
of proper surgical hand disinfection. Med Image Comput Comput Assist Interv 14
(Pt 3), 619-626.

Harrison, Y., Horne, J.A., 2000. Sleep loss and temporal memory. Q ] Exp Psychol A 53 (1),
271-279.

Helder, 0.K.,, Brug, J., Looman, C.W., van Goudoever, ].B., Kornelisse, R.F., 2010. The
impact of an education program on hand hygiene compliance and nosocomial
infection incidence in an urban neonatal intensive care unit: an intervention
study with before and after comparison. Int ] Nurs Stud 47 (10), 1245-1252.



Journal Pre-proof

Hutter, M.M,, Kellogg, K.C., Ferguson, C.M., Abbott, W.M., Warshaw, A.L., 2006. The
impact of the 80-hour resident workweek on surgical residents and attending
surgeons. Ann Surg 243 (6), 864-871; discussion 871-865.

Ivers, N., Jamtvedt, G., Flottorp, S., Young, ].M., Odgaard-Jensen, J., French, S.D., O'Brien,
M.A,, Johansen, M., Grimshaw, ]., Oxman, A.D., 2012. Audit and feedback: effects
on professional practice and healthcare outcomes. Cochrane Database Syst Rev
(6), Cd000259.

Kampf, G., Ruselack, S., Eggerstedt, S., Nowak, N., Bashir, M., 2013. Less and less-
influence of volume on hand coverage and bactericidal efficacy in hand
disinfection. BMC Infect Dis 13, 472.

Kim, D.]., Lee, H.P., Kim, M.S,, Park, Y.J., Go, H.]., Kim, K.S,, Lee, S.P., Chae, ].H., Lee, C.T.,
2001. The effect of total sleep deprivation on cognitive functions in normal adult
male subjects. Int ] Neurosci 109 (1-2), 127-137.

Kraljic, S., Zuvic, M., Desa, K., Blagaic, A., Sotosek, V., Antoncic, D., Likic, R., 2017.
Evaluation of nurses' workload in intensive care unit of a tertiary care university
hospital in relation to the patients' severity of illness: A prospective study. Int ]
Nurs Stud 76, 100-105.

Kung, E., Waldhor, T., Rittenschober-Bohm, J., Berger, A., Wisgrill, L., 2019. Increased
nurse workload is associated with bloodstream infections in very low birth
weight infants. Sci Rep 9 (1), 6331.

Landrigan, C.P., Rothschild, ].M., Cronin, ].W., Kaushal, R., Burdick, E., Katz, ].T., Lilly, C.M,,
Stone, P.H., Lockley, S.W., Bates, D.W., Czeisler, C.A., 2004. Effect of reducing
interns' work hours on serious medical errors in intensive care units. N Engl |
Med 351 (18), 1838-1848.

Legeay, C., Bourigault, C., Lepelletier, D., Zahar, J.R., 2015. Prevention of healthcare-
associated infections in neonates: room for improvement. | Hosp Infect 89 (4),
319-323.

Lehotsky, A., Morvai, |, Szilagyi, L., Bansaghi, S., Benko, A., Haidegger, T., 2017. [Hand
hygiene technique assessment using electronic equipment in 26 Hungarian
healthcare institutions]. Orv Hetil 158 (29), 1143-1148.

Lehotsky, A., Szilagyi, L., Bansaghi, S., Szeremy, P., Weber, G., Haidegger, T., 2017.
Towards objective hand hygiene technique assessment: validation of the
ultraviolet-dye-based hand-rubbing quality assessment procedure. ] Hosp Infect
97 (1), 26-29.

Lehotsky, A., Szilagyi, L., Demeter-Iclanzan, A., Haidegger, T., Weber, G., 2016. Education
of hand rubbing technique to prospective medical staff, employing UV-based
digital imaging technology. Acta Microbiol Immunol Hung 63 (2), 217-228.

Lehotsky, A., Szilagyi, L., Ferenci, T., Kovacs, L., Pethes, R., Weber, G., Haidegger, T., 2015.
Quantitative impact of direct, personal feedback on hand hygiene technique. ]
Hosp Infect 91 (1), 81-84.

Leighton, P., Cortina-Borja, M., Millar, M., Kempley, S., Gilbert, R.,, 2012. Risk-adjusted
comparisons of bloodstream infection rates in neonatal intensive-care units. Clin
Microbiol Infect 18 (12), 1206-1211.

Leistner, R, Piening, B., Gastmeier, P., Geffers, C., Schwab, F., 2013. Nosocomial infections
in very low birthweight infants in Germany: current data from the National
Surveillance System NEO-KISS. Klin Padiatr 225 (2), 75-80.

Lo, W.Y,, Chiou, S.T., Huang, N., Chien, L.Y., 2016. Long work hours and chronic insomnia
are associated with needlestick and sharps injuries among hospital nurses in
Taiwan: A national survey. Int ] Nurs Stud 64, 130-136.

Maltese, F., Adda, M., Bablon, A., Hraeich, S., Guervilly, C., Lehingue, S., Wiramus, S.,
Leone, M., Martin, C., Vialet, R,, Thirion, X., Roch, A., Forel, ].M., Papazian, L., 2016.
Night shift decreases cognitive performance of ICU physicians. Intensive Care
Med 42 (3), 393-400.



Journal Pre-proof 7

Musu, M, Lai, A., Mereu, N.M,, Galletta, M., Campagna, M., Tidore, M., Piazza, M.F., Spada,
L., Massidda, M.V., Colombo, S., Mura, P., Coppola, R.C., 2017. Assessing hand
hygiene compliance among healthcare workers in six Intensive Care Units. | Prev
Med Hyg 58 (3), E231-e237.

Nagy, K., Lehotsky, A., Bansaghi, S., Haidegger, T., 2017. Identyfining optimal pass-fail
criterion for hand hygiene technique_Meeting abstracts from International
Conference on Prevention & Infection Control (ICPIC 2017). Antimicrobial
Resistance & Infection Control 6 (3), 52.

Nicoletti, C., Spengler, C.M., Laubli, T., 2014. Physical workload, trapezius muscle activity,
and neck pain in nurses' night and day shifts: a physiological evaluation. Appl
Ergon 45 (3), 741-746.

Paula, H., Becker, R., Assadian, O., Heidecke, C.D., Kramer, A., 2018. Wettability of hands
during 15-second and 30-second handrub time intervals: A prospective,
randomized crossover study. Am ] Infect Control 46 (9), 1032-1035.

Pinheiro, ., Bates, D.W., 2000. Mixed-Effects Models in S and S-PLUS. Springer
Science+Business Media New York.

Pittet, D., Allegranzi, B., Boyce, J., 2009. The World Health Organization Guidelines on
Hand Hygiene in Health Care and their consensus recommendations. Infect
Control Hosp Epidemiol 30 (7), 611-622.

Pittet, D., Hugonnet, S., Harbarth, S., Mourouga, P., Sauvan, V., Touveneau, S., Perneger,
T.V., 2000. Effectiveness of a hospital-wide programme to improve compliance
with hand hygiene. Infection Control Programme. Lancet 356 (9238), 1307-1312.

Ramin, C.,, Devore, E.E., Wang, W., Pierre-Paul, J.,, Wegrzyn, L.R., Schernhammer, E.S.,
2015. Night shift work at specific age ranges and chronic disease risk factors.
Occup Environ Med 72 (2), 100-107.

Rouch, I., Wild, P., Ansiau, D., Marquie, J.C., 2005. Shiftwork experience, age and cognitive
performance. Ergonomics 48 (10), 1282-1293.

Sari, V., Bansaghi, S., Lehotsky, A., Haidegger, T., 2019. Microbiology-based reliability
assessment of the fluorescent method_Abstracts from the 5th International
Conference on Prevention & Infection Control (ICPIC 2019). Antimicrobial
Resistance & Infection Control 8 (1), 148.

Scheithauer, S., Haefner, H., Schwanz, T., Lopez-Gonzalez, L., Bank, C., Schulze-Robbecke,
R., Weishoff-Houben, M., Lemmen, S.W., 2012. Hand hygiene in medical students:
performance, education and knowledge. Int ] Hyg Environ Health 215 (5), 536-
539.

Schernhammer, E.S., Laden, F., Speizer, F.E., Willett, W.C., Hunter, D.]., Kawachi, 1., Colditz,
G.A., 2001. Rotating night shifts and risk of breast cancer in women participating
in the nurses' health study. ] Natl Cancer Inst 93 (20), 1563-1568.

Schernhammer, E.S., Thompson, C.A., 2011. Light at night and health: the perils of
rotating shift work. Occup Environ Med 68 (5), 310-311.

Schlapbach, L.J., Aebischer, M., Adams, M., Natalucci, G., Bonhoeffer, ]., Latzin, P., Nelle, M.,
Bucher, H.U,, Latal, B., 2011. Impact of sepsis on neurodevelopmental outcome in
a Swiss National Cohort of extremely premature infants. Pediatrics 128 (2), e348-
357.

Schwab, F., Zibell, R,, Piening, B., Geffers, C., Gastmeier, P., 2015. Mortality due to
bloodstream infections and necrotizing enterocolitis in very low birth weight
infants. Pediatr Infect Dis ] 34 (3), 235-240.

Soong, C., Shojania, K.G., 2020. Education as a low-value improvement intervention:
often necessary but rarely sufficient. BM] Qual Saf 29 (5), 353-357.

Stimpfel, A.W., Brewer, C.S., Kovner, C.T., 2015. Scheduling and shift work characteristics
associated with risk for occupational injury in newly licensed registered nurses:
An observational study. Int ] Nurs Stud 52 (11), 1686-1693.

Stoll, B.J., Hansen, N., Fanaroff, A.A., Wright, L.L., Carlo, W.A., Ehrenkranz, R.A., Lemons,



Journal Pre-proof

J.A., Donovan, E.F., Stark, A.R,, Tyson, ].E., Oh, W,, Bauer, C.R., Korones, S.B.,
Shankaran, S., Laptook, A.R,, Stevenson, D.K,, Papile, L.A., Poole, W.K,, 2002. Late-
onset sepsis in very low birth weight neonates: the experience of the NICHD
Neonatal Research Network. Pediatrics 110 (2 Pt 1), 285-291.

Sturm, H., Rieger, M.A,, Martus, P., Ueding, E., Wagner, A., Holderried, M., Maschmann, J.,
2019. Do perceived working conditions and patient safety culture correlate with
objective workload and patient outcomes: A cross-sectional explorative study
from a German university hospital. PLoS One 14 (1), e0209487.

Szilagyi, L., Haidegger, T., Lehotsky, A., Nagy, M., Csonka, E.A., Sun, X,, Ooi, K.L., Fisher, D.,
2013. A large-scale assessment of hand hygiene quality and the effectiveness of
the "WHO 6-steps". BMC Infect Dis 13, 249.

Vetter, C., Chang, S.C,, Devore, E.E., Rohrer, F., Okereke, O.I.,, Schernhammer, E.S., 2018.
Prospective study of chronotype and incident depression among middle- and
older-aged women in the Nurses' Health Study II. ] Psychiatr Res 103, 156-160.

Vetter, C., Devore, E.E., Ramin, C.A., Speizer, F.E., Willett, W.C., Schernhammer, E.S., 2015.
Mismatch of Sleep and Work Timing and Risk of Type 2 Diabetes. Diabetes Care
38(9),1707-1713.

von Lengerke, T., Lutze, B., Krauth, C,, Lange, K., Stahmeyer, ].T., Chaberny, L.F., 2017.
Promoting Hand Hygiene Compliance. Dtsch Arztebl Int 114 (3), 29-36.

WHO, 2009. WHO Guidelines Approved by the Guidelines Review Committee. In, WHO
Guidelines on Hand Hygiene in Health Care: First Global Patient Safety Challenge
Clean Care Is Safer Care. World Health Organization

World Health Organization., Geneva.

WHO, W.H.O., April 2009. Human factors in patient safety - Review of topics and tools.
WHO Geneva.

Zingg, W., Haidegger, T., Pittet, D., 2016. Hand coverage by alcohol-based handrub
varies: Volume and hand size matter. Am ] Infect Control 44 (12), 1689-1691.



Journal Pre-proof

Figure captions:

Fig 1: Defined regions of hand surface as analysed by the Semmelweis Scanner.
Hand surfaces (palm and dorsum of left and right hand, respectively) are divided into

10 regions (0-9) each to analyse most frequently missed areas of hand antisepsis.

Fig 2: Estimated probabilities of achieving appropriate hand antisepsis quality
(minimum 97%) according to the type of measurement (before or after shift, type of

shift), per occupation
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Fig 3: Ranking of hand antisepsis performance at the beginning and end of shifts
The total hand coverage of each healthcare worker was ranked from 1 to n both at

the beginning and at the end of shifts. 100% results are categorized as 1.
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Fig 4. Distribution of errors in hand antisepsis linked to hand surface regions

Colour coded distribution of errors in hand rub coverage out of the

total number of measurements, grouped by occupation (a, physicians; b, nurses).
Red — most frequently missed: over 10%. Yellow - frequently missed: 5-10%. Green -

less frequently missed: under 5%
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Caption for supplemental material:

Table S1 supplemental material: Most frequently missed areas of hand antisepsis
Occurrence of errors in hand rub coverage per hand region, shown as total number
and percentage of all scans perfermed, per occupation.

Red — most frequently missed: over 10%. Yellow - frequently missed: 5-10%. Green -

less frequently missed: under 5%
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