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Executive Summary

Healthcare associated infections, or HAIs, remain one of the most persistent and
costly problems in modern medicine. Hand hygiene is widely recognized as the single
most effective way to prevent them, yet compliance among healthcare workers falls
well short of guidelines in most facilities. This brief reviews the published evidence on
when, during the course of a shift, hand hygiene compliance is weakest, and finds a
consistent pattern: compliance is worst overnight, and in many settings it also dips in
the afternoon as fatigue and workload accumulate.

We then examine how a wearable, on-wrist sanitization device such as WearSpray
addresses the specific mechanisms behind that decline, by removing the friction of
walking to a fixed dispenser and making sanitization a near instant, one-handed action
available at the point of care. Finally, we outline how the same wristband, equipped
with an integrated RFID chip, can extend beyond hygiene into workforce intelligence
for healthcare organizations, including real time staff location awareness, secure door
access, and cafeteria or point of sale purchases, all through a device already worn on
the wrist for infection control.

1. The Burden of Healthcare Associated Infections

HAIs affect an estimated two million patients each year in the United States alone,
contributing to tens of thousands of deaths and direct hospital costs commonly cited
between twenty eight and forty five billion dollars annually, with broader societal
costs running considerably higher. A widely cited meta-analysis focused on five major
infection types, central line associated bloodstream infections, ventilator associated
pneumonia, surgical site infections, C. difficile infections, and catheter associated
urinary tract infections, put annual costs for those categories alone at roughly 9.8
billion dollars, with central line infections averaging about 45,800 dollars per case.
More recent modeling places total U.S. HAI costs anywhere from seven to over thirty
four billion dollars a year, depending on which categories and indirect costs are
included.

Hand hygiene is consistently identified in the clinical literature as the single most
effective and lowest cost intervention available to reduce HAIs. Despite decades of
guidelines, training programs, and awareness campaigns, observed compliance
among healthcare workers typically falls in the forty to sixty percent range, and is
often lower still in high acuity settings. The gap between known best practice and
everyday behavior is a primary, and largely preventable, driver of infection risk.

2. Temporal Patterns in Hand Hygiene Compliance

A less appreciated dimension of hand hygiene behavior is when, over the course of a
day, compliance is strongest or weakest. Several observational studies have tracked
this variation, and a few consistent themes emerge.



Night shifts show the steepest decline

The clearest pattern in the literature is that compliance drops sharply overnight. In
one tertiary intensive care unit study, hand hygiene compliance fell for every category
of provider between day and night: physicians from 81 percent to 46 percent, nurses
from 64 percent to 55 percent, and paramedical staff from 44 percent to 31 percent.
In that same study, no hand hygiene at all occurred in 55 percent of night time
observations. Other studies report similarly steep declines during night shifts relative
to day shifts, commonly attributed to fatigue, thinner staffing, and reduced
supervisory presence overnight.

Morning versus afternoon: a more subtle, but real, dip

The picture is more mixed when comparing morning to afternoon, but several findings
point toward an afternoon decline. Some studies find no significant difference at all.
Others find a modest but statistically significant drop, for example one large
observational study in a Chinese tertiary hospital measured 63.84 percent compliance
in the morning versus 61.06 percent in the afternoon. A separate body of work shows
that compliance falls as the number of hand hygiene opportunities per hour rises, with
adherence dropping by roughly five percent for every additional ten opportunities per
hour once demand exceeds about ten per hour, a threshold many units cross well
before the end of a shift.

Morning hours often carry the heaviest formal clinical load, rounds, admissions, and
scheduled procedures, which can mask fatigue related decline until the afternoon,
when that same workload has accumulated on top of a tired workforce.

Weekday and shift transition effects

Several studies also report lower compliance on weekdays compared with weekends,
again linked to higher patient turnover and workload, and note that shift change and
handover periods are a particularly vulnerable window for missed hand hygiene.

Taken together, the literature supports a model in which compliance is not constant
across a shift. Night compliance is consistently the weakest, and there is credible, if
more variable, evidence of an afternoon dip driven by accumulated workload and
fatigue, a pattern that a low friction intervention is well positioned to address.

3. Why Compliance Drops Later in the Day

Several mechanisms plausibly explain time of day variation in hand hygiene
adherence:

» Fatigue and cognitive load: as a shift progresses, the mental and physical reserve
needed for steps that feel optional in the moment diminishes.

+ Workload intensity: afternoons often carry continued high patient throughput,
procedures, and documentation, increasing both the number of hand hygiene
opportunities and the temptation to skip some of them.

» Reduced supervision and feedback: observational audits and managerial presence
tend to concentrate in daytime hours, and compliance can drift downward once
that oversight fades.



» Access friction: even where wall mounted dispensers are available, the need to
walk to one, wait, or free both hands is a real barrier in busy, cluttered clinical
environments, especially when hands are already full or gloved.

Together these create a compounding problem later in the day: more opportunities for
contamination, less energy to act on them, and more physical distance between the
clinician and the nearest dispenser.

4. Wearable, On-Wrist Sanitization as a Targeted Intervention

A wrist-worn dispenser such as WearSpray addresses several of these failure points
directly.

Reducing friction at the point of need

A wearable dispenser removes the need to walk to a wall station, wait in line, or
reposition equipment. A clinician can sanitize in about a second, one handed, without
breaking workflow, which matters most during the high intensity periods, rounds,
admissions, and busy afternoons, when every second and every ounce of remaining
willpower counts.

Supporting the moments in between

Many contamination events happen in brief, unplanned interactions, adjusting a line,
touching a bed rail, handling a chart, that fall outside the formal five moments
framework most hospitals audit against. A wrist device makes it realistic to sanitize
more often in between those formal moments, lowering cumulative microbial load on
hands and gloves.

Offsetting fatigue and time pressure

If the time and effort cost of sanitizing approaches zero, the odds of skipping it during
a busy, fatigued afternoon shift should fall correspondingly. Existing research on
wearable alcohol-based handrub dispensers has shown mixed results in settings
already well equipped with wall dispensers, which suggests the opportunity is less
about simply adding another dispenser and more about pairing convenience with
feedback, reminders, and usage data, features a connected wearable can support that
a passive bottle cannot.

5. Beyond Sanitization: RFID-Enabled Workforce Intelligence

Each WearSpray unit is built around a refillable reservoir and controlled release

valve, and can be manufactured with an integrated, ultra-thin RFID chip embedded in
the wristband itself. That single addition turns a personal hygiene device into a piece
of connected infrastructure for the organization that deploys it, without requiring staff
to wear a second device.
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WearSpray wristband design, including the embedded RFID chip used for tracking and access.

Paired with a facility's own network of RFID readers, an RFID-enabled WearSpray
band can support:

» Real time staff location awareness: as a healthcare worker moves through reader-
equipped zones, the organization gains a live picture of where clinical staff are
across a floor, unit, or campus at any given moment, useful for both operational
coordination and emergency response.

» Secure door and area access: the same band can serve as a credential for badge-
in doors, restricted units, or medication rooms, reducing the number of separate
devices staff need to carry.

« Cafeteria and point of sale purchases: staff can tap the wristband to pay in
cafeterias, vending areas, or other on-site retail points, folding a convenience
benefit into a device already worn for infection control.

Because the RFID layer rides on infrastructure the organization already controls, its
readers, its access system, its point of sale network, WearSpray does not need to build
or operate a separate tracking system. The wristband is the credential; the
organization's own systems determine what that credential can do.



6. Proposed Research Study Design

To validate the afternoon compliance hypothesis and quantify WearSpray's impact, we
propose a pragmatic, multi-center study:

» Setting: medical-surgical wards, intensive care units, and emergency
departments, excluding operating rooms and other areas where wearables are
restricted.

« Population: nurses, physicians, technicians, therapists, and other staff with
frequent patient or surface contact.

» Intervention: randomize units or shifts to standard care versus standard care plus
WearSpray devices.

» Primary outcome: change in observed hand hygiene compliance, morning versus
afternoon, measured against the WHO Five Moments methodology.

» Secondary outcomes: HAI rates, including CLABSI, CAUTI, surgical site infection,
and C. difficile infection, over time; alcohol-based hand rub consumption; and
staff reported usability and workload perception.

» Exploratory outcome: time-stamped device usage data, to directly measure
morning versus afternoon utilization patterns.

Hypothesis: units equipped with WearSpray will show a smaller afternoon decline in
hand hygiene compliance, and, over a longer follow up period, lower HAI incidence,
compared with control units.

7. Discussion and Conclusion

The published evidence points to a clear, actionable insight: hand hygiene compliance
is not steady across a shift, it erodes overnight and, in a meaningful number of
settings, in the afternoon as well, driven by fatigue, rising workload, and the physical
distance between a clinician and the nearest dispenser. Interventions that reduce the
effort required to sanitize, rather than simply asking staff to try harder, are best
positioned to hold compliance steady through the parts of the day when it is most
likely to slip.

A wearable, on-wrist device such as WearSpray is a direct response to that pattern. By
putting sanitization within a one second reach at all times, it targets the exact
moment, and the exact behavioral failure, that current infrastructure struggles to
reach. Layering an RFID chip into the same wristband extends its value well beyond
hygiene, giving healthcare organizations a practical path to staff location awareness,
secure access, and point of sale convenience, all through a device clinicians are
already wearing for infection prevention.

Limitations to account for in any deployment include the Hawthorne effect in
observational compliance studies, device acceptance and comfort over long shifts,
facility policies on wearables in sterile or restricted environments, and the training
and culture change needed to fully realize the benefit. We believe these are
manageable, and that time of day aware, low friction interventions represent a high
yield opportunity to reduce a costly and largely preventable category of patient harm.
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