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Abstract: Hand hygiene plays a pivotal role in preventing Healthcare-Associated Infections (HAIs).
Nevertheless, the quality of hand disinfection techniques remains suboptimal, and the reliability
of assessment methodologies is notably lacking. This study aimed to evaluate hand disinfection
techniques using an automated system in an Italian research hospital. Hospital employees underwent
automated hand-disinfection technique assessment, according to the World Health Organization’s
six-step protocol, at a basal time and two further times. Detection was carried out with a scanner that
evaluated the effective hand disinfectant coverage through a fluorescent dye present in the hydro-
alcoholic gel rub. The hand-hygiene technique of 222 employees was analyzed by HandInScan®.
At the initial assessment of hand coverage with the hydro-alcoholic gel, the mean palm coverage
was 82.2%, mean back coverage was 66.8%, and overall mean hand coverage was 74.5%. Then,
two measurements were performed in June (t1) and December 2022 (t2). The third measurement
showed an increase in hand coverage, with a mean palm coverage of 97.2%, a mean back coverage of
91.8%, and a mean hand coverage of 94.5% (p < 0.05). Moreover, the mean coverage of the hand-back
was lower than that of the hand-palm at all times (p < 0.001). The automated scanner provided
evidence supporting its effectiveness in enhancing hand hygiene among hospital employees. These
findings have motivated researchers to conduct long-term studies, given the potential effects on HAI
prevention—including their impact on HAI trends.

Keywords: infections; infection control; hand hygiene; preventive health services; preventive
medicine; risk management; hospital administration

1. Introduction

The most common transmission vectors of healthcare-associated pathogens are the
hands of healthcare employees (HCW); thus, hand hygiene represents the single most
effective means of reducing healthcare–associated infections (HAI), with relevance for
patient care safety and overall hospitalization costs [1–4].

HAIs represent the most frequent adverse event associated with patient care, con-
tributing to significant morbidity, mortality, and financial burden in patients and healthcare
systems due to direct and indirect costs—thus further representing a central indicator of
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health service quality [5]. Indirect costs also include those related to HAI-related litigations,
a phenomenon that is growing in terms of economic impact and claim frequency [6–8].
Annually, the mean Italian HAI incidence rate is between 5 and 10% [9,10]. The specific
incidence rate related to Neurology departments or research hospitals varies between 2.7
and 4.4% [11,12] and 3.9 to 7.4% [13], respectively. Healthcare leaders and organizations
support and continuously implement hand hygiene programs within wards, focusing on
HCW compliance together with long-term efficacy, but these two goals usually remain
unmet [14–16]. Several studies have emphasized the need for the integration of HAI preven-
tion systems in a multimodal way, highlighting the role of hand hygiene along with HCW
training, personal protection equipment (PPE), and hydro-alcoholic gel use [17,18]. Other
authors have studied the minimal average hand coverage for the proper hand hygiene of
HCW (threshold > 85, 90, or 95%), focusing on the amount of disinfectant, the exposure
time, and the disinfection technique itself, as well as the size of the hands, with different
results [19–21]. Most of the available data on hand disinfection practice has dealt with staff
compliance, assessed by various methods [22,23]. Results widely vary between 30% and
60% [24], and about 44% of physicians in neurology departments have adopted “bare below
the elbows” guidelines to keep their hands disinfected [25]. If hand hygiene in its simplicity
and effectiveness could prevent the spread of infections in hospitals, disinfection hand tech-
niques remain suboptimal [26–28]. Additionally, technique assessment methods—based on
self-observation or external observation—remain critical, with poor reliability [29–31].

Since the World Health Organization (WHO) recommendations on hand hygiene
created in 2009, a five-dimensional model was proposed to support successful infection
prevention and control (IPC): (1) Alcohol-Based Hand Rub (ABHR) at the point of care
for the HCW, (2) ABHR assessment and performance feedback, (3) continuous training
and education, (4) widespread reminders in the workplace, and (5) institutional safety
and a supportive climate [32–34]. Recent studies have highlighted the value of automated
systems for hand-disinfection technique assessment, albeit with limited geographic repre-
sentativeness [22,35,36].

The IRCCS Fondazione Istituto Neurologico Nazionale C. Mondino (Mondino Foun-
dation), Pavia, Italy, is an Italian research hospital dedicated to the care of patients and
research in the field of neuroscience and neurological and neuropsychiatric disorders. The
Mondino Foundation is equipped with an Hospital-acquired Infection Control Committee
(HICC), a multidisciplinary team dedicated to the IPC function.

This study aimed to evaluate Mondino Foundation employees’ hand disinfection
technique with an automated system in the context of a broad, multimodal HAI prevention
project [18].

2. Materials and Methods
2.1. Hospital Context

This study was conducted at the Mondino Foundation, an Italian research hospital
with 131 beds: 60 for neurological disorders, 39 for neurological rehabilitation, 22 for
neuropsychiatry, and 10 technical rooms for day-hospital treatment. In 2022, there were
around 3500 (2800 adult) hospitalizations and 35,000 (30,000 adult) patient days.

2.2. Hospital IPC Strategies

In 2022, the Mondino Foundation’s HICC collaborated with the hospital’s health
direction and with the occupational health service to improve IPC activities in the hospital
in a comprehensive way. The HICC planned an automated assessment of hand-disinfection
technique and performance feedback, integrated with the WHO’s aforementioned five di-
mensional model. Disinfection protocols were revised, together with protocols on infection
control and isolation, the correct use of PPE, and the management of urinary and vascular
catheters. In addition, during the first half of the year, nurses were trained in urinary and
vascular catheter management to prevent urinary tract and bloodstream infections. In the
second half of the year, a workshop on the prevention and management of HAIs and sepsis
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was held. Point-of-care ABHR was provided by hydro-alcoholic gel dispensers (column
or wall-mounted) located at the entrances to outpatient areas and inpatient wards, along
the corridors of inpatient rooms, at the hospital entrance, in common and administrative
areas, and in each outpatient room. The area supervisors were responsible for refilling the
dispensers once they were empty. Posters on correct and frequent hand washing/rubbing
and WHO Six Moments for hand hygiene were posted by each dispenser and in each toilet
for visitors and staff [37]. The HICC, in conjunction with the hospital pharmacy service,
also planned the introduction of an antimicrobial stewardship program for targeted antimi-
crobial therapy and submitted information regarding the overall usage of hydro-alcoholic
gel (liter/1000 patient days), comparing 2022 with 2021. Concurrently, to evaluate the
efficacy of the technique, the HAI rate was compared to that of the previous year.

2.3. Participants

In 2022, the average number of employees in the hospital was approximately 300, includ-
ing 80 (26.7%) physicians (P), 90 (30%) nurses (N), 80 (26.7%) healthcare assistants (H), and
50 (16.6%) administrative employees (A). Participants were split according to their roles across
the three-time intervals, as stated in Table 1. All employees participated in the study anony-
mously and willingly and were recognized by a numbered card. Our study was conducted as
part of routine training for hospital employees in a non-clinical environment; therefore, no
ethical disclosure was required. Excluding diagnostic and research facilities, measurements
were conducted in inpatient wards and administrative offices.

Table 1. Participants in automated hand-disinfection technique assessment.

t0 t1 t2 Total

Administrative (no., %) 29 (36.25%) 20 (27%) 24 (35%) 73 (33%)
Nurse (no., %) 17 (21.25%) 28 (38%) 15 (22%) 60 (27%)

Physician (no., %) 21 (26.25%) 15 (20%) 21 (31%) 57 (26%)
Healthcare assistant (no., %) 13 (16.25%) 11 (15%) 8 (12%) 32 (14%)

Total (no.) 80 74 68 222

2.4. Tool

The measurements were carried out by a HandInScan® scanner (HandInScan Zrt.,
Debrecen, Hungary; Figure 1), an automated hand-hygiene technique assessment tool.
The scanner tested the coverage of the disinfected hand area. The participants performed
the hand rubbing technique according to the WHO six-step hand-hygiene protocol with a
2 mL (two dispensations) UV-labeled ABHR solution [38]. The solution, called Semmelweis
Training Rub, contained 70% ethanol and a fluorescent dye (<0.02%) [39].
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Figure 1. HandInScan® device (Image credit: HandInScan® Zrt).

2.5. Statistical Analysis

A descriptive analysis was conducted for the purpose of this study. The mean, standard
deviation, and absolute frequencies of quantitative variables, as well as the percentages
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and absolute frequencies of qualitative variables, were computed using STATA version 13
(StatsCorp, Frisco, TX, USA).

The evaluation was conducted on the coverage of the disinfected hand area; 2022 was
used as the reference year, with an initial measurement in November 2021 (t0) and two
additional measurements in June 2022 (t1) and December 2022 (t2).

The threshold for passing the test with an excellent technique was to achieve an
overall disinfected hand area of 95% [20,35]. The scanner provided feedback on areas
missed during disinfection. Areas adequately covered with gel appeared green-colored on
the screen, while untreated areas were red-colored (Figure 2). Furthermore, the scanner
displayed the overall percentage of disinfected hand area; if coverage was ≥95%, it was a
pass; otherwise, the test failed. Immediate textual critical interpretation was also carried
out: very dirty (0% < x < 75%), dirty (76% < x < 94%), and excellent (x ≥ 95%).
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in green-colored on the screen, while uncovered areas were red-colored.

When comparing the indicators across the four groups of professionals, an analysis
of variance was carried out; p-values less than 0.05 were considered to be significant in
this study.

3. Results

The hand-hygiene technique of 222 employees was analyzed by the HandInScan®

scanner. Overall, 33% (n. 73) were in the administrative department, 27% (n. 60) were
nurses, 26% (n. 56) were physicians, and 14% (n. 32) were healthcare assistants. The
assessments were conducted and reported at three different time intervals (t0, t1, t2; Table 2).

At the initial (t0) assessment of hand disinfection coverage with hydro-alcoholic gel in
all the participants, the mean palm coverage was 82.2% (SD = 27.4), the mean back coverage
was 66.8% (30.5), and the overall mean hand coverage was 74.5% (SD = 27.6; Table 2).

The assessments at t1 (June 2022) and t2 (December 2022) showed an increase in hand
coverage, together with a reduction in the standard deviation. Specifically, the mean palm
coverage was 90.1% (SD = 17.0) at t1 and 97.2% (SD = 5.5) at t2 and the mean back coverage
was 72.0% (SD = 27.2) at t1 and 91.8% (SD = 13.5) at t2. The mean hand coverage was 81.0%
(SD = 20.7) at t1 and 94.5% (SD = 9.1) at t2.



Healthcare 2023, 11, 3018 5 of 10

Table 2. Hand coverage assessment with hydro-alcoholic gel with the scanner.

Left Palm Coverage (%-SD)

t0 t1 t2
Administrative 80.5–32.7 89.2–17.1 97.4–4.2

Nurse 90.1–16.1 93.6–11.6 98.2–2.9
Physician 85.2–23.5 94.2–9.4 98.6–2.9

Healthcare assistant 86.5–26.1 91.5–17.1 99.3–0.8
Weighted mean 84.8–26.1 92.2–13.7 98.2–3.3

Right palm coverage (%-SD)
t0 t1 t2

Administrative 76.5–34.0 84.0–22.9 93.2–13.2
Nurse 84.5–21.8 89.1–20.0 98.0–1.9

Physician 78.4–24.9 91.1–17.2 97.3–5.4
Healthcare assistant 77.2 36.6 87.5–24.9 98.8–1.1

Weighted mean 79.7–29.6 87.9–20.8 96.2–8.65

Mean palm coverage (%-SD)
t0 t1 t2

Total 82.2–27.4 90.1–17.0 97.2–5.5 p < 0.05

Left back coverage (%-SD)
t0 t1 t2

Administrative 58.3–3.8 59.2–28.2 84.1–24.4
Nurse 69.1–34.0 70.3–32.7 91.9–10.3

Physician 65.3–34.2 75.9–29.8 93.7–9.9
Healthcare assistant 76.3–26.7 81.4–24.5 96.0–6.5

Weighted mean 65.3–33.0 70.1 30.2 90.2–16.8

Right back coverage (%-SD)
t0 t1 t2

Administrative 65.0–31.8 64.4–21.8 89.9–16.5
Nurse 79.3–25.5 76.1–29.0 92.6–12.3

Physician 61.1–31.3 73.7–26.2 96.0–5.3
Healthcare assistant 73.1–27.6 85.5–18.5 97.8–4.7

Weighted mean 68.3–30.0 73.9–25.6 93.3–12.1

Mean back coverage (%-SD)
t0 t1 t2

Total 66.8–30.5 72.0–27.2 91.8–13.5 p < 0.05

Mean overall hand coverage (%-SD)
t0 t1 t2

Administrative 70.1–31.4 74.2–19.7 91.1–13.2
Nurse 80.7–23.2 82.3–21.7 95.2–6.0

Physician 73.3–26.5 83.7–19.6 96.4–5.0
Healthcare assistant 78.3–26.9 86.5–20.6 98.0–3.1

Weighted mean 74.5–27.6 81.0–20.7 94.5–9.1 p < 0.05

Considering the threshold target of ≥95%, it was exceeded only at t2 for palm coverage
(97.2%, SD = 5.5). Values close to the threshold (coverage ≥ 95%) were observed for the
mean overall hand coverage of all employee categories at t2 (94.5%, SD = 9.1). Excluding
the results for administrative employees, the values for HCW were above the threshold at
t2 (96.2%, SD = 5.0; Figure 3).

Left palm coverage was higher than the right palm at t0, t1, and t2—even with a
progressive gap reduction—without statistical significance. Left back coverage was lower
than the right back at t0, t1, and t2—with a progressive gap reduction—without statistical
significance (Table 2).
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Legend: red dotted line indentifies threshold target of hand coverage ≥95%.

The increase in the average value for hand palm, hand back, and mean overall hand
disinfection coverage for the three times showed statistical significance (p < 0.05). On the
contrary, no statistical significance was observed between the different roles of the hospital
employees (Administrative, Nurse, Physician, Healthcare assistant).

In addition, the mean coverage of the hand back was at all times lower than the
hand palm, and the average increase in hand back coverage was higher than for the hand
palm—both with high statistical significance (p < 0.001).

4. Discussion

In 2022, the Mondino Foundation’s HICC established a comprehensive plan for HAI
prevention. The hospital administration supported the project as a strategic area for
research [40,41] and development. The four aforementioned dimensions (institutional
safety and a supportive climate; continuous training and education; widespread reminders
in the workplace; alcohol-based hand rub at points of care for healthcare employees) were
developed at the same time the HandInScan® scanner was introduced.

The scanner was utilized periodically, and all employees were reminded via email one
week prior to the test, to evaluate employees’ hand disinfection technique.

All participants, most notably healthcare workers, demonstrated results below the
desired threshold (target ≥ 95%) as determined by the baseline measurement. Suzuki
et al., in a Japanese hospital with 440 beds and 445 enrolled employees, reported a mean
palm coverage of 97.8% for all hand sizes. They also reported 97.5% for the left and right
hands using the WHO six-step technique, and 97.9% for both hands using the A6Sw/oI
(adapted six-step without interlock) technique. The overall mean dorsal coverage varied
from 93.7% to 83.0%. Coverage of more than 90% was obtained for the dorsum of both
hands and both techniques performed by small hands, whereas the coverage for large
hands was below 86% [19]. From the 2015 International Conference on Prevention and
Infection Control, Zingg et al. reported a mean palm and dorsum coverage of 97% (95% CI,
96–98%) and 90% (95% CI, 88–93%), respectively, in 67 participants [20]. An examination of
29 university employees revealed that the palmar side had a skin coverage of 97.7% (SD
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2.0%) and the dorsal side of 88.0% (SD 9.4%) [42]. Another study on 92 students resulted in
18.9% (13.8% to 24.0%) of the hand palm and 46.2% (40.0% to 52.4%) of the hand back not
being covered [43].

The subsequent measurements of our study showed a gradual and progressive overall
increase, reaching the desired target in specific worker categories (Figure 3). Although
overall results were still insufficient at t1 and t2, this was attributable to lower performance
among administrative staff who, however, did not have direct contact with patients. Rather,
when only HCWs were considered during the final assessment in June 2022 (t2), results
met the target threshold. Regarding the coverage of specific hand areas, the greatest
increase was in the hand back, an area that is initially and typically spared by improper
rubbing [36,39,44]. The mean coverage of the hand back was at all times lower than the
hand palm, with high statistical significance (p < 0.001), and the average increase for the
hand back was higher than the hand palm, with high statistical significance (p < 0.001).
In addition, there was a statistically significant increase in the average value for the hand
palm, hand back, and mean overall hand coverage in the three time intervals (p < 0.05).

Although there was no distinction between left-handed and right-handed individuals,
and the difference was not statistically significant, the first measurement revealed a greater
coverage of the left palm and right back. This suggested that right-handed individuals were
more likely to pick up the gel with the left palm and rub it on the right back. The overall
low initial values could be explained by the ineffectiveness of the technique compared
to the WHO’s six-step protocol. Graphical and written feedback and, consequently, the
improved technique, would have contributed to the increase in hand coverage as a whole.

There was no significant difference between the mean hand coverage at t0, t1, and t2
for hospital employees based on their roles, showing a similar increase over time. This
suggested a non-significant difference in hand disinfection technique between healthcare
and non-healthcare employees, supporting the efficacy of this hand coverage detection
method with direct feedback.

Concerning the effects of training and employees’ role in the technique, the increase
over the threshold target for physicians—who are typically described as frequently resistant
to disinfection practices in terms of compliance and coverage [45]—was of particular
interest. In a 2018 study conducted by the Department of Anesthesiology and Intensive
Therapy in Hungary, the same scanner performed 604 measurements, with a median
value of 99.87% coverage. The lower error rate was observed in the physiotherapy group
compared to the others (physicians p < 0.01, nurses p = 0.03, assistant nurses p = 0.03). In
the same study evaluating compliance, the lowest rate was among physicians (53.97%) [46].
Considering an overall median compliance rate of 40%, and assessing only technique
compliance, the study of Erasmus et al. reported an unadjusted lower compliance rate
among physicians (32%) than among nurses (48%), and lower compliance rates in intensive
care units (30–40%) than in other settings (50–60%) [24]. According to Suzuki et al. [19],
there was no difference based on various hospital disciplines. The improvement and the
high level attained by the healthcare assistants in our study, despite not being statistically
significant compared to other employees, were especially relevant as they usually have the
most frequent and prolonged contact with patients. This was of particular interest in the
field of neurorehabilitation (39 hospital beds in Mondino Foundation), where contact for
assistance and personal hygiene is also associated with a longer inpatient stay and possible
greater exposure to the hospital microbiological ecosystem [47].

Considering the overall data collected and analyzed by HICC, the 2021 hydro-alcoholic
gel consumption was 317 L/1000 day, with a −10% deviation compared to the WHO
minimum standard, whereas in 2022 it was 588.5 L/1000 day, with a +62% deviation
compared to the WHO minimum standard. In 2022, HAIs were estimated to occur in 3.6%
(3.9% only adult) of all hospitalizations, a decrease from the 5.9% (7.4% of adults) in 2021.

The high percentage of coverage, with a significant overall increase and the attainment
of the target by the health professionals, along with the increase in gel consumption, could
demonstrate staff commitment and support the reported decrease of HAI rates [30].
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The incremental trend observed across all disciplines, including administrative ones,
suggests that ongoing, integrated training plays a central role in enhancing compliance
with proper hand disinfection technique; however, specific basic training is only a partial
factor in technique.

The application of the scanner test training tool was simple and effective. In addition to
being more stimulated by comparison with coemployees, HCWs typically recalled previous
measurements and missed areas and corrected them.

5. Limitations

The study presented some limitations: The sample partially varied over the three
measurements, as the scanner was rented for a few days per year. Thus, the staff shifts did
not guarantee the participation of all the cohort members. Nonetheless, the sample was
representative of the approximately 300 employees of the Mondino Foundation, owing
to inter-professional diffusion and ongoing training. Moreover, considering the differ-
ences found in left-to-right and palm-to-back coverage, this could be of further interest to
distinguish right-handed and left-handed hospital workers.

6. Conclusions

Based on the collected data, the automated and integrated assessment method for hand-
disinfection technique proved to be effective in our environment. The hand-disinfection
technique scanner was conducted within a multimodal IPC project, along with educa-
tion/training and adequate consumption of hydro-alcoholic gel, resulting in a decrease in
HAI—providing the earliest evidence of efficacy. These findings support the notion that a
multi-method approach to the prevention of HAIs is preferable. Long-term efficacy must
be monitored, enhancing the roles of all stakeholders—including visitors, patients, and
citizens—for the safe management of the healthcare ecosystem.
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