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Exposure to a Surrogate Measure of Contamination
From Simulated Patients by Emergency Department
Personnel Wearing Personal Protective Equipment
A major challenge with the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic is the effective
protection of health care workers.1 Recommendations for the
use of personal protective equipment to protect against SARS-

CoV-2 exposure by health care
workers were recently pub-
lished by the World Health Or-

ganization and the US Centers for Disease Control and Preven-
tion. For aerosol-generating procedures, N95 respirators, eye
protection, isolation gowns, and gloves were recommended.

Coveralls, boots with a cover, and hair coverings were not part
of the recommended protective clothing.2,3

We assessed the protection of emergency physicians and
nurseswearingtherecommendedpersonalprotectiveequipment
while caring for a simulated patient with respiratory distress.

Methods | A simulation study was conducted in the emer-
gency department of Rambam Health Care Campus in Haifa,
Israel, on March 21, 2020, examining the presence of a surro-
gate measure of contamination on exposed skin of partici-
pants wearing personal protective equipment to protect against
SARS-CoV-2 exposure.4 Two scenarios of patients with respi-
ratory distress requiring airway management similar to those
commonly encountered in the emergency department were
conducted using adult and child high-fidelity manikins

Figure. UV Visualization of Contaminated Spots on the Skin of Participants

A Fluorescent markers on base of neck

C Fluorescent markers on ear

B Fluorescent markers on anterior neck

D Overall distribution of fluorescent markers

After completion of the simulation and before doffing, the fluorescent markers
on the participants were visualized and photographed under UV light. Of 8
participants, 6 had markers on the neck (A and B) and 1 had markers on the ear

(C). Distribution of the markers on all participants is shown with each color
representing 1 participant (D).
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(SimMan and SimJunior, Laerdal). An atomizing device (MAD
Nasal, Teleflex) was used to simulate droplets exhaled during
coughing episodes.5

The adult scenario consisted of a 74-year-old man experi-
encing fever and shortness of breath with a decline in oxygen
saturation level prompting endotracheal intubation and
peripheral intravenous cannulation. The simulation lasted
20 minutes. The simulated patient had 2 coughing episodes
during which droplets were expelled from the manikin’s
nostrils.5 Participating health care workers were instructed to
provide airway management and ventilatory support meet-
ing the standard of care for patients with the novel coronavi-
rus disease 2019.6

The intubation was performed by the most skilled physi-
cian present using a rapid-sequence intubation technique and
was assisted by a second physician. Because bag-mask venti-
lation prior to intubation could generate aerosols, partici-
pants were allowed to use it only when preoxygenation was
ineffective. One nurse was responsible for intravenous ac-
cess and medication administration and a second nurse re-
corded and assisted with all procedures.

The pediatric scenario was similar. Before the simulation,
a nonvisible fluorescent compound (Glo Germ) as a marker of
contamination was applied on predetermined surface areas
(around the nose and mouth, palms, and upper chest) of the
manikin and was added to the simulated secretion areas.
After completion of the simulation and before doffing, the
fluorescent markers on the participants were visualized and
photographed under UV light. The simulations were video-
taped to capture all physical contacts between each partici-
pant and the manikin to assess possible infection risk.

The ethics committee of Rambam Health Care Campus
waived the need for approval and consent because the study
was considered a quality control project.

Results | For each simulation (adult and child manikins), 2 phy-
sicians and 2 nurses participated (8 total participants). All par-
ticipants were experienced in emergency department care and
had participated in resuscitations.

In the adult scenario, intubation was successful during
the second videolaryngoscopic attempt. In the pediatric sce-
nario, intubation was successful using direct laryngoscopy
after 1 failed videolaryngoscopic attempt. Seven of 8 partici-
pants had fluorescent markers on their exposed skin, 6 on
the neck, and 1 on an ear (Figure).

All team members had fluorescent markers on their hair
and 4 had markers on their shoes. During the adult and pedi-
atric scenarios, there were 102 and 88, respectively, participant-
manikin contacts.

Discussion | Despite personal protective equipment, fluores-
cent markers were found on the uncovered skin, hair, and shoes
of participants after simulations of emergency department

management of patients experiencing respiratory distress. The
findings suggest that the current recommendations for per-
sonal protective equipment may not fully prevent exposures
in emergency department settings. Clothing that covers all skin
may further diminish exposure risk.

Inhalation of aerosols and exposure risks associated with
doffing were not evaluated in this study. The small number
of participants, the simulated health care setting, and the
surrogate measures of exposure are the primary limitations.
Because this was a simulation study using manikins, it is
uncertain how the results might apply to actual patient care.
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