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T

he emergency department (ED) is a high-volume,
dynamic healthcare environment. In 2017, in the
United States, there were almost 138.9 million patient visits made to ED, out of which about 28.3 million
were children under the age of 15 years. Nearly half
of the inpatient admissions are done through the ED,
making it a portal of entry into the inpatient system.
Infection prevention remains a major challenge in the
resource-limited and time-constrained environment of
the ED. Healthcare workers (HCW) in the ED, remain
the frontline of infection-prevention during epidemics
and pandemics. Personal Protective Equipment (PPE)
is used for infection prevention among HCWs, protecting against infectious bodily fluids, droplets, aerosols,
etc. on a large scale.
In 2014, the Ebola outbreak in West Africa was declared a public
health emergency by the World Health Organization (WHO).

Image 1: Evidence of Glo Germ™ gel residue on
the participants’ right hand after doffing PPE.

Illustration 1: CDC guidelines for donning and doffing of Personal Protective Equipment

HCWs were exposed to Ebola Virus Disease (EVD) during the
outbreak due to inadequate patient triage and limited knowledge
of proper donning and doffing techniques for PPE. Standardization of PPE protocol is a complex process. The Centers for Disease Control and Prevention (CDC) updates PPE protocols and
emphasizes the importance of training, practice, competence and
observation of HCWs, especially as to the appropriate donning
and doffing of PPE.

Image 2: Manikin used during the 7-SIGMA Simulation.

Image 3: Fluorescent gel observed in the nasal and oral secretions as
seen under ultraviolet light.
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Our pilot study was designed to simulate a large exposure of an
infectious agent and determine the effectiveness of PPE donning
and doffing procedures in preventing transmission to pediatric
emergency medicine (PEM) physicians.

self-contamination after doffing PPE with double gloves vs single
gloves noted that although the double gloving process can reduce
the risk of viral transfer, the viral marker (MS2) was still found on
the hands of 23 percent of the HCWs after the doffing process.

Methods

7-SiGMA simulation

The observational study was performed at Children’s Minnesota
in the pediatric emergency medicine department. The physicians
donned level 2 PPE consisting of an impermeable gown, two pairs
of gloves, a head cover, face shield, mask and boots. A standardized amount of Glo GermTM gel was applied to the participants’
gloves, masks, gowns and boots, stimulating a large exposure or
“worst case scenario,” with the exception that Glo Germ™ should
not obstruct a participant’s vision. The donning and doffing
process was noted by an independent observer and recorded as
“completed correctly” or “completed with error.” After the doffing
process, the observer checked each participant again for residual
Glo Germ™.

We conducted a simulation in association with 7-SIGMA Simulation Systems to simulate exposure to a droplet and aerosolizing
infectious agent, using a clear fluorescent solution at Ridgeview
Medical Center. The fluorescent gel was aerosolized in the airway
and was noted in the nasal and oral secretions of the manikin as
seen under ultraviolet light (Images 2, 3, 4). HCWs caring for the
patient donned and doffed the appropriate PPE recommended
by the CDC and institutional process instructions were followed.
Post-simulation assessment was performed using a handheld
ultraviolet backlight to identify the presence of fluorescent gel
residue on the HCWs.

Results

Our debriefing sessions brought to light several important points
that promote infection prevention in healthcare settings, including:
• Prevention of exposure by early application of masks.
• Streamlining a virtual registration process.
• Training and availability of adequate PPE for HCWs.
• Weekly training with a coach regarding appropriate donning
and doffing techniques.

No errors in doffing procedure were noted by the coach, but one
of the 12 participants was found to have fluorescent liquid of Glo
Germ™ gel on their right hand after doffing. The likely cause of
the contamination was that two gloves of the same length were
used, a failure to follow protocol.
Gloving is an important component of PPE donning. In a
comparison study conducted by Casanova et al among HCWs,
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• Providing respiratory support with minimization of aerosolizing patient secretions.

• Anticipating the need for an advanced airway.

Multiple studies have noted in the past that HCW infections
and protocol deviations can be prevented by increased institutional training and the availability/accessibility of published
donning and doffing protocols, regardless of the type of PPE.
In a study conducted among 120 students, designed to compare
conventional training programs and enhanced training programs
for the use of PPE during the EVD epidemic, PPE doffing errors
were noted even after a three-phase training program. The study
concluded that students continued to remain at risk for EVD contamination regardless of training improvements.
During public health emergencies, such as the 2014–2015
Ebola virus disease epidemic and the current COVID-19 pandemic, focused training of HCWs working on the frontlines may
be required.
Our results can be applied to multiple settings in terms of location and disease. During the COVID-19 pandemic, we used our
experience to enhance infection control when evaluating patients
with possible COVID-19 illness in the emergency department. MM
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