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Abstract

Purpose of Review Poor hand hygiene is well documented as a factor in healthcare-associated infections and excellent rates
of hand hygiene remains elusive.

Recent Findings There is increased use of universal or increased gloving to minimize hand contamination, but its use does
not replace hand hygiene opportunities. There is significant interest in electronic hand hygiene monitoring systems, but
they are not without their unique issues. Behavioral psychology remains a significant factor in motivating hand hygiene
behaviors; even in COVID-19, hand hygiene rates initially improved but trended down back to baseline while still dealing
with the pandemic.

Summary More emphasis should be placed on the how to properly perform hand hygiene and why it is so important, as
well as the role of gloves, is needed. Continued investment and awareness of their status as role models from both system

leadership and senior healthcare providers are needed.

Keywords Hand hygiene - Healthcare-associated infections - Infection prevention

Introduction

Healthcare personnel’s (HCP) hands are microscopically con-
taminated and are a vector for transmission of diseases within
the healthcare environment [1, 2]. Healthcare-associated
infections (HAISs) affect 1 in 31 patients hospitalized in the
USA, and hand hygiene remains a critical component of infec-
tion prevention for all types of HAIs: central line-associated
bloodstream infections (CLABSI), catheter-associated urinary
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tract infections (CAUTI), surgical site infections (SSI), ven-
tilator-associated pneumonia (VAP), and Clostridioides dif-
ficile [2]. Transmission of pathogens between the healthcare
environment, healthcare workers, and patients, is facilitated
by contaminated hands [1, 3e, 4]. In the outpatient setting,
HCP in a wound care clinic acquired at 1 least pathogen on
their hands during 28.3% of all patient care encounters [5]. An
estimated 20% of HAIs from HCP hands are related to direct
or indirect hand-to-mucosa contact, with the hands of HCP
being the dynamic vector for transfer—though the “transfer
efficiency” varies by organism, as well as other factors such
as humidity and contact surface [6]. Of the multiple practices
implemented in hospitals to prevent the spread of infections,
hand hygiene (HH) is the simplest and most important. How-
ever, noncompliance with hand hygiene continues to plague
healthcare centers and may represent a major contributor to
further propagation of HAIs and the spread of antimicrobial
resistance [1, 3e].

Evidence to support the importance of hand hygiene dates
back to the 1860s in the time of Ignaz Semmelweis, the
Hungarian physician who established the link between con-
taminated provider hands and puerperal sepsis in a mater-
nity ward, even before Lister established antisepsis [7, 8].
Florence Nightingale is oft quoted “Every nurse ought to be
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careful to wash her hands very frequently during the day”
[9]. Nevertheless, high levels of hand hygiene compliance
are difficult to achieve and maintain among healthcare work-
ers. Behavioral theory indicates that healthcare personnel
(HCP) will perform “inherent” HH when hands are visibly
soiled, sticky, or gritty; it is “elective” HH opportunities
that abound in healthcare settings, as they do not trigger the
intrinsic need to clean the hands [1]. This behavioral aspect
of HH is difficult to address due to its complexity.

Defining Indications for Hand Hygiene
in the Healthcare Setting: 5 Moments

In 2005, WHO launched the Patient Global Safety Chal-
lenge, with the introduction of the “5 Moments of Hand
Hygiene” in 2009 to reduce the spread of hospital-acquired
infections [10]. The “5 moments” informs HCP of five dif-
ferent times that they should cleanse their hands during
patient care: before patient contact, before aseptic proce-
dure, after body fluid exposure, after patient contact, and
after contact with patient environment [10]. This expanded
on previous guidance from the Healthcare Infection Control
Practices Advisory Committee (HICPAC) for HH before and
after entering a patient’s room [8]. In 2009, the WHO sub-
sequently expanded the Patient Global Safety Challenge by
launching a global campaign called “SAVE LIVES: Clean
Your Hands,” which helped translate pledges to improve
HAI rates to real action at the point of care complete with
a HH improvement toolkit [11, 12]. The campaign aims to
unify individuals through promoting the improvement in HH
and implementation of HH in healthcare in both high and
low resourced settings.

Compliance Targets

Neither the WHO or CDC define optimal HH compliance
targets, but rather suggest each hospital define goals and
aggressively monitor and feedback performance. Regulatory
bodies have at times imposed a specific target, but current
Joint Commission requirements for hospitals include being
obligated to have a HH program that follows CDC and/or
WHO HH guidelines, setting goals for improving compli-
ance with HH guidelines, and improving compliance with
guidelines based on those goals [13]. It is important to regu-
late HH compliance goals based on needs and ability of each
participating hospital, while recognizing that no facility or
personnel has achieved perfection in HH despite its impor-
tance to infection prevention.

One review notes that maximal use (95th percentile) may
occur at around 140 uses of ABHR in a 12-hour shift, with
peak of around 15 applications/hour [14]. The number of
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HH opportunities is highest in ICUs (11.4 per patient hour)
and lowest in mother-baby units (3.4 per patient hour); mean
and median numbers of medical and surgical units are 71.6
and 73.9 opportunities per patient day, with a median of
46.7 on day shift compared to 28.0 on night shift [3e]. This
wide-ranging number of opportunities adds complexity to
how to appropriately address the various motivators and bar-
rier for HH.

Given the focus on HH as a critical patient safety effort,
regulatory scrutiny, and all the efforts aimed at improving
compliance, it would be expected that reported HH compli-
ance in the literature may be improving over the last decade.
While interventions can improve HH adherence, sustained
and progressive improvement over time is not convinc-
ingly occurring in the healthcare setting. A 2015 systematic
review noted HH compliance with median of 40%; unad-
justed rates were lower in ICUs (30-40%) compared to other
settings (50-60%). Physicians had lower compliance (32%)
than nurses (48%), and lower HH rates were reported before
patient contact (21%) compared to after patient contact
(47%). Greater compliance is noted after dirty tasks [15]. A
2022 meta-analysis and systematic review using 2010 as the
earliest point of analysis noted rates of 52% for nurses and
45% for doctors; there was significant heterogeneity in the
analysis [16]. Some units/areas may have lower HH rates;
for example, HH rates are lowest around anesthesia care,
ranking at 2-18% [17].

A quasi-experimental study in 2006-2008 regarding
implementation of the “5 moments” prior to its endorsement
by the WHO in 2009 showed increased compliance with
HH opportunities. Compliance was independently associated
with gross national income (per head), with greater effect of
the intervention (increasing HH compliance and knowledge)
in low- and middle-income (LMIC) countries compared to
high-income countries [18]. High-income countries went
from 54.3 to 68.5% after the intervention; in LMIC, HH
compliance was approximately 22.4% before intervention
and 46.1% after; it did not vary significantly by category of
health professional [18].

There are significant infrastructure issues in LMIC that
add additional barriers to HCP compliance with ideal HH.
In settings where basic knowledge and resources are scarcer
than in high-income countries, innovation may be needed to
bridge gaps which could lead to immediate and substantial
progress, as well as significant return on investment—as
seen in the pilot program for the WHO’s “5 moments” [18].

Measuring Compliance
Compliance is frequently measured through self-reporting,

observation, or interventional approaches, all of which have
biases (recall bias, observer bias, or Hawthorne effects)
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[19e]. Perspectives matter: in a review of operating room
and endoscopy staff, self-reported HH rates were 73% in the
OR staff and 95% in the endoscopy staff, but in observation
of the same staff, only 11% adherence was noted [20]. Direct
observation is generally limited to entering and exiting the
room, as observers wishing to remain anonymous cannot
follow HCP into the room to ensure compliance with all
“5 moments”; only 32.3% of episodes allowed for all “5
moments” to be reviewed [21]. Remote or video auditing can
significantly increase HH compliance: from pre-implemen-
tation rates of 10% to post-implementation of 87.9%; from
30 to>80% [22, 23]. There are ethical and legal concerns
in some of these instances: in covert observation, patient
harm can occur if lapses are not corrected; video recording
has privacy issues [3e].

Many in infection prevention turn to electronic hand
hygiene monitoring systems (EHHMS), but there remain sig-
nificant pros and cons of their deployment. While EHHMS
can guide focused interventions, maximize adherence, and
therefore prevent transmission of nosocomial pathogens,
there is a significant financial and time commitment in their
deployment and maintenance. There is no debate about the
sheer volume of data—hundreds of thousands if not millions
of observations in one month depending on the size of the
healthcare system; however, the presumed increase in com-
pliance has yet to be linked to a decrease in HAIs. In an era
of staffing difficulties, the initial costs of an EHHMS may be
mitigated by the alleviation of training and paying observers;
however, there are significant ongoing costs associated with
maintaining the system as well [24, 25].

In the outpatient setting, a patient-as-observer audit card
system noted that HCP HH compliance was 96.8% prior
to direct contact. There was concordance with auditing by
trained HCP, indicating that patient auditor data may be reli-
ably used [26]. Using this method helps engage the patient
in their care, is cost-effective, and is appropriate for settings
where observers may not be unobtrusive [3e].

Whichever method or methods are utilized, it should be
implemented in a way that enhances the culture of safety,
results in credible and actionable data, and improves per-
formance to the facility’s HH goals. Suboptimal execution
of any of these methods can result in biased data, failure to
improve adherence, and potential workplace bullying [3e].

Barriers: Their Motivators

Broadly, compliance with HH derives into motivational
factors and perceptions of the work environment. Motiva-
tional factors include role modeling from peers and others
in the organization. Students are influence by qualified
staff, junior doctors by senior staff, and qualified staff also
follow the practices of their peers—either compliance or

noncompliance [19e]. Self-protection and how the indi-
vidual perceives the need for protection at a specific task
or additionally protecting their loved ones [19¢]. Consider-
ing perceptions around the work environment, noted aspects
that may influence HH compliance include resources, knowl-
edge, information, and organizational culture. Resources
include time available as well as facilities and appropriate
staffing. Knowledge of both techniques around HH as well
as the understanding of the importance is critical; audits
also provide knowledge, particularly if given in real time or
weekly [19e].

When evaluating HH compliance through qualitative
research, themes emerged around social influence, acuity of
patient care, self-protection, use of cues, resources, knowl-
edge, information, and organizational culture [19e]. Barriers
to compliance include high workload, specific tasks (particu-
larly those of short duration, like dropping off a tray or only
asking a question), or the “constant” use of sanitizer drying
their hands [27].

Additional barriers noted are sex, being a physician rather
than a nurse, working in an ICU, working during weekdays
rather than the weekend, lack of time, lack of organizational
support, and organizational culture [19e]. Prior studies in the
OR and endoscopy suites have noted “inconvenience” and
“forgetfulness” as HH barriers, as well as poor role modeling
from senior staff [20]. Operational procedures may need to
be targeted to special settings, like the OR [17].

Again emphasizing psychology, HCP were more likely
to perform HH after a contaminating task than after
other tasks, indicating that habit and a feeling of disgust
may influence HH compliance [28e]. Of all the possible
moments of HH, some may be more important than oth-
ers. Chang et al. developed the concept of HH at “critical
points of care” or critical HH [28e]. They looked at HH
opportunities occurring between specific paired consecu-
tive healthcare workers tasks, and found that omissions of
HH often occurred prior to critical tasks such as moving to
touch sterile sites or invasive devices. In fact, HCP were
more likely to perform HH before non-critical tasks than
critical or contaminated tasks [28e].

Barriers: Data

Comparison of studies on HH is difficult, given variabil-
ity in methods of evaluation, region, quality, indications or
moments of HH included in the study, types of HCP, types
of units, and types of facilities. Interventions in HH studies
are seldom described in sufficient details, with appropriate
context and theory of interventions to inform work done at
other institutions; there is lack of consistent and standard-
ized approaches to research in HH [17, 19e]. A 2022 meta-
analysis in HH noted significant heterogeneity across the
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studies, with moderate or high-risk bias in 96 of the 105
studies included [16]. Studies frequently do not report length
of observation by trained observers or number of observa-
tions per observation period [16].

The variability and seemingly stagnant overall compli-
ance rates raise the question of what a realistic target for
HH compliance for healthcare facilities should be, which
HH indications it should represent, and whether HCP are
collectively on track to meet these goals.

Barriers: Built Environment

Sanitizing stations are frequently empty, broken, hard to
find, or obstructed—in addition to being awkwardly placed
[27]. Qualitative research notes that if the dispensers are
broken, empty, or at a distance, HCP do not seek out func-
tioning dispensers [19¢]. In a survey of Canadian and United
States-based HCP, participants identified the most signifi-
cant deterrents to HH as dispenser/sinks not in a convenient
location (41%), being busy (36%), empty product dispensers
(33%), and products drying out hands (32%).>50% of the
participants agreed or strongly agreed that they would be
more likely to clean their hands when recommended if hand
sanitizer was closer to the patient [29].

Many constraints exist around the built environment and
access to dispensers for alcohol-based hand sanitizer as well
as soap, water, and sinks. The visibility and accessibility of
the dispensers improves HH occurrences [30]. Cues, like
visibly seeing the dispensers, trigger memory, attention, and
decision process to then trigger behaviors, are noted to have
a varying degree of positive effect on HH compliance [19e].

Contamination of Hands: to Glove or Not?

Nonsterile glove use reduces hand contamination during
patient care activities, but also introduces risk of hand con-
tamination during doffing as well as increased contamina-
tion of the patient care environment [3]. Universal gloving
has been shown to decreased transmission of MDROs as
well as viruses and other HAIs [31, 32]. However, in the
2009 guidance from the WHO, guidelines clearly stated “in
no way does glove use modify hand hygiene indications or
replace hand hygiene.”[12] Rates of compliance with hand
hygiene are noted to be lower in gloved encounters [33].
The decision to wear gloves generally related to emo-
tions (fear, disgust, self-interest) and socialization (profes-
sional, organizational, and empathic), which varied from
the motivation to perform HH (social influences, acuity
of patient care, self-protection, and use of cues) as well as
perception of the work environment (resources, knowledge,
information, organizational culture) [27]. In discussion
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around gloving and hand hygiene, HCP indicated primar-
ily gloving for their own protection and secondarily for
patient safety [27].

There was less contamination of hands in ungloved encoun-
ters (14.6%) than in gloved encounters (19.6%), showing that
gloves are not the protection that many may feel they are [5].
In one study, only 34% of HCP removed gloves in the CDC-
endorsed method, and there was an overall contamination rate
of 37% [34]. A mean decrease in colony forming units (CFU)
was noted with gloved contact compared to ungloved contact
in a laboratory experiment; however, gloves generally induce
less forceful touch by wearers which may affect transfer of
microorganisms and gloves facilitate transfer from fingers to
surfaces more readily than ungloved hands [6].

There is ongoing discussion about the utility of HH prior
to donning nonsterile gloves; it is associated with moment 1
of the “5 moments.” A prospective randomized controlled
trial of HCP showed no differences in CFU on agar plates
of palm prints from those who donned gloves vs. those who
performed HH and then donned gloves [35]. There was also
increased time associated with HH prior to donning gloves,
at 53.3 seconds compared to 21.8 seconds for direct gloving,
which would add up throughout the shift—approximately
19 minutes for an ICU nurse in a contact precaution room
they enter 1.5-3 times per hour in a twelve hour shift [35].

Clarity is key; take the example of a trauma setting with
video-review of HH opportunities: only 3% were compliant
with prior to patient contact, 0% before clean procedure,
15% after patient contact, and 2% after contact with the envi-
ronment. Glove use was more common, occurring 69% of
the time before patient contact and 47% after patient contact;
HCP donned new gloves 75% of the time before bedside
procedures. If glove use was incorporated into “appropriate”
HH, compliance increased to 57% [36].

Are HCP Improving Over Time? Look
to COVID-19

COVID-19 should have emphasized the importance of HH
in contamination of the healthcare environment (and the
community environment) as well as emphasized the impor-
tance to self-protect via cleaning the hands. Self-protection
is a driver of improved HH behaviors; however, even dur-
ing the high-risk early days of the COVID-19 pandemic,
sustained improvement in HH rates were not seen [37].
In a review of HH during the March—June 2020 period of
the COVID-19 pandemic, COVID-specific units saw 10%
increase in overall HH but the rest of the hospital saw 6%
increase, when measured in direct observership to a pre-
COVID period [38]. However, in a study of nine hospi-
tals, this initially improved HH rate declined over time
until by May 2020 rates were back to baseline, noting that
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even during pandemic conditions, it is difficult to sustain
improvements in HH performance [37]. In a comparison in
HH from September 2019 through August 2020, daily com-
pliance peaked in HH at 92.8% across all units on March
29, 2020, however declined to a daily nadir of 51.5% by
August 15, 2020. This study suggests that high compliance
is possible, yet difficult to sustain [39].

COVID-19 also contributed to shortages in alcohol-based
hand sanitizer, as well as staffing shortages and chronic
stress on HCP and healthcare system that derailed HH pro-
grams [3e].

Are We Focusing on What Matters Most
in Our HH Programs?

There are significant knowledge gaps around the importance
of HH and its contribution towards HAIs. In some specific
contexts, particularly in the OR, there may be lack of knowl-
edge about HAIs and the connection to HH to translate into
appropriate motivation and commitment to performing
HH [17]. Physicians’ reports of noncompliance arise from
beliefs that the evidence supporting the effectiveness of HH
for prevention of HAIs is not strong; they emphasize that
self-protection was a motivating factor for HH [40]. In the
global implementation pilot of the WHO’s “5 moments”
campaign, a knowledge survey about HH showed improve-
ment in scores from 18.7 to 24.7% after education about
the importance of HH. Score improvement was seen signifi-
cantly in nurses, nursing auxiliaries and doctors compared
to other professions [18].

Additionally, many HCP may not be aware of how to
appropriately wash their hands or how to fully comply with
HH standards. In a review of compliance with all surface
covered through either hand sanitizer coverage or soap and
water, only 7.9% of total providers appropriately covered
all hand surfaces; this study was performed while observ-
ing and scoring coverage; therefore, the Hawthorne effect
was presumably affecting responses and the actual num-
ber is even lower [41e]. In some studies, the distinction is
made between “compliance” as the number of HH actions
per the number of opportunities for HH compared to “fidel-
ity” which describes the extent to which the key elements
of intervention (in this case, HH guidelines) are followed:
fidelity giving a more precise explanation of evidence-based
practice [42]. In a comparison of compliance with fidelity to
guidelines, there were discrepancies in fidelity in duration
of hand rub as well as in staff education, particularly around
jewelry, watches, and artificial nails [42].

Cure and Van Enk have developed a “usability” score
to measure how user-friendly a location for a sanitizer dis-
penser is in terms of room layout and workflow. They evalu-
ate seven usability characteristics: easily visible on entry,

easy, and obstructed access, within arm’s reach or< 1 step
from entrance, visible from the point of care, along the
physical workflow path, within arm’s reach or < 1 step from
the point of care, and placed at optimal height (85-100 cm
above the floor) [43]. There was significant correlation
between usability score, particularly around visibility and
accessibility on entrance and exit to patient rooms, with the
hand hygiene compliance rates of staff [43].

Leadership Support

Leadership support for HH is at all levels; it has previously
noted that role modeling of senior staff to more junior staff
significantly impacts HH rates. Additionally, in the survey
attached to the study of OR and endoscopy suite HH, medi-
cal students reported having been discouraged from prac-
ticing HH; other studies only note that medical students
specifically mentioned role modeling can lead to noncom-
pliance [20, 40]. In a qualitative study interviewing nurses
and physicians, both attending and in training, as well as
medical students, all participants expressed that personal
beliefs around efficacy of HH as well as examples or behav-
ior from senior hospital staff are of major importance for HH
compliance [40]. Role modeling and peer support are critical
pillars to HH accountability.

Accountability begins with the chief executive officer and
other senior leaders who provide the organization prioritiza-
tion of HAI prevention. They are accountable for providing
adequate resources, including the necessary personnel and
staffing ratios, equipment, and assistance to address non-
compliance [3]. Their interventions may be directed towards
unit-based managers and departmental leaders to improve
team functionality, as unit-based or aggregated feedback,
instead of individual feedback, may be better received [3].

So, Are We There Yet?

All available literature suggests multimodal interventions are
most successful at driving improvements to HH [1, 44]. A
Cochrane review identified that multimodal approaches may
be able to reduce infection rates; in their review, HH compli-
ance appeared to be increased by feedback, education, cues,
and intentional placement of alcohol-based hand rub [4].
Years after the introduction of the “5 moments” and the
devastation that COVID-19 has wrought on healthcare sys-
tems, the time is ripe for renewed initiatives around HH.
The increase in HAIs during COVID-19 means we need to
emphasize the connection between HH and HAIs. Remem-
ber, Semmelweiss had few supporters and his work was
almost forgotten, and Florence Nightingale noted, “True
nursing ignores infection, except to prevent it” [7, 9]. While
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HCP are tired and stretched thin after the last few years, we
must continue the fight for improved HH behaviors.

Psychology and nudges are critically important to next
iterations of interventions. Note that in a comparison of two
hand hygiene health promotion posters, the one emphasizing
broad benefits of HH to patients and staff was better received
than the other one, which emphasized HH as a longstanding
measure of infection control. The broad benefits poster was
perceived as having stronger impact of communication, as
well as received more attention and was more likeable [46].

From the beginning of HICPAC/CDC and WHO guide-
lines, behavioral psychology has been emphasized, but
appears to be unevenly applied in interventions. Knowledge
gaps are significant in how to appropriately wash hands,
how to doff gloves without contamination of HCP hands, in
how the hands of HCP are vectors (however transiently) for
transmission of organisms, and the subsequent connection
to HAIs. It is worth noting that significant HH campaigns
began circa 2009, and said campaigns have not necessarily—
even fourteen years later—reached all HCP. Any intervention
needs to reach every single HCP, as a single noncompliant
HCP can disproportionately disseminate pathogens within a
unit or ward [47].

The role of gloves is worth further exploration, as preva-
lence of multidrug resistant organisms increases, so does
glove use. Current literature does not support gloves replac-
ing HH; however, their utility and motivating factors behind
use needs further exploration.

Incentives work to induce compliance with HH: a study
that bundled direct observation with accountability pro-
cesses and financial incentives (through rebates) showed
sustained improvement in HH for at least 2 years; they also
saw decreases in standardized infection rates (SIR) for their
HAISs [45].

Conclusions

We have not achieved adequate compliance with HH oppor-
tunities; however, we have long had the tools that we need
to get there—we just need to apply them appropriately and
continue to chip away to improved patient safety and deliv-
ery of safe healthcare. More emphasis should be placed on
the how to properly perform hand hygiene and why it is
so important. Better understanding of the role of gloves,
when to perform hand hygiene and change them, is needed.
Continued investment and awareness of their status as role
models from both system leadership and senior healthcare
providers is needed.
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