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� Abstract—Background: At least 115,000 health and care
workers (HCWs) are estimated to have lost their lives to
COVID-19, according to the the chief of the World Health
Organization (WHO). Personal protective equipment (PPE)
is the first line of defense for HCWs against infectious dis-
eases. At the height of the pandemic, PPE supplies became
scarce, necessitating reuse, which increased the occupational
COVID-19 risks to HCWs. Currently, there are few ro-
bust studies addressing PPE reuse and practice variability,
leaving HCWs vulnerable to accidental contamination and
harm. Objective: The objective of this study was to assess
potential HCW contamination during PPE donning, doff-
ing, and reuse. Methods: The study included 28 active acute
care physicians, nurses, and nurse practitioners that evalu-
ated 5 simulated patients with COVID-like symptoms while
donning and doffing PPE between each patient encounter.
An N95 mask was contaminated with a transparent fluores-
cent gel applied to the outside of the N95 mask to simulate
contamination that might occur during reuse. Participants
were evaluated after PPE doffing for each encounter us-
ing a black light to assess for face and body contamination.
Results: All participants had multiple sites of contamina-
tion, predominantly on their head and neck. None of the
participants were able to don and doff PPE without con-
taminating themselves during five consecutive simulation
cycles. Conclusions: The current Centers for Disease Con-
trol and Prevention PPE guidelines for donning and doffing
fall short in protecting HCWs. They do not adequately pro-
tect HCWs from contamination. There is an urgent need for
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PPE and workflow redesign. © 2021 Published by Elsevier
Inc. 
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Introduction 

COVID-19 has shone a bright light on the physical and
emotional safety burdens that frontline health care work-
ers (HCWs)around the world face. Unsafe working con-
ditions and a lack of personal protective equipment (PPE)
remain major challenges for HCWs throughout the recur-
rent waves of the pandemic and reflect on our society’s
failings. 

PPE offers a critical barrier for preventing disease
transmission in health care settings, but its widespread
use during the COVID-19 pandemic has changed the
experience of care delivery. In the United States, an es-
timated 3600 HCWs perished from COVID-19, which
was most likely contracted during work ( 1 ). Centers for
Disease Control and Prevention (CDC) guidelines and
PPE availability were unable to keep HCWs safe from
harm. HCWs in low-income countries have been partic-
ularly affected due to limited protective equipment and
delayed vaccinations ( 2 ). Globally, the Director-General
of the World Health Organization has o documented
 December 2021; 
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HCW infections in the hundreds of thousands, with at
least 115,000 HCWs reported to have died from COVID-
19 occupational exposure ( 3 ). These figures are likely a
significant underestimate, given that many governments
have not collected official data, or have done so only
partially ( 1 ). 

The outer surface of PPE is considered contaminated
once exposed to a pathogen and dangerous to HCWs dur-
ing reuse ( 4 ). All PPE reuse is an opportunity to expose
HCWs and others to pathogens from prior patient en-
counters and it is not recommended by the CDC except
during health crises ( 4 ). There are no national guidelines
for PPE reuse, instead, the CDC recommends that HCWs
follow their own institutional policies, which are often
inconsistent and have no required reporting or auditing
oversight( 5 ). PPE reuse remains a serious occupational
hazard, as doffing is recognized as a high-risk activity
for self-contamination ( 4 , 6 ). However, little is known
regarding the safety and unintended consequences of
PPE reuse, despite significant recommendations against
it ( 4 ). 

We describe fomite transmission occurring during sub-
sequent episodes of HCWs donning and doffing of reused
PPE and explored the implications for HCW contamina-
tion that can result from PPE reusage. 

Methods 

Setting and Participants 

Twenty-eight practicing physicians, nurses, and nurse
practitioners from a large academic medical center volun-
tarily participated in a simulated emergency department
(ED) acute patient encounter. The HCWs were tasked to
evaluate the clinical status of 5 patients, including PPE
donning and doffing after each encounter to protect from
contamination. Participants’ ED tenure varied from 1 to
25 years (average 4 years) and included men and women
(36% and 64%, respectively). All participants gave writ-
ten consent and were active providers trained to use PPE
according to CDC and institutional guidelines. The study
was approved by the Indiana University institutional Re-
view Board. 

Data Collection 

We coated the outer surface of standard N95 masks
with fluorescent gel using a standard method by one
member of the research team (D.D.) in a similar fash-
ion and with the same amount. The fluorescent petroleum
gel tracer simulated pathogen contact transfer that occurs
from PPE donning and doffing after encountering an in-
fectious patient. For consistency and logistics, a single
batch of gel mixture was applied 1–3 hours prior to study
participant’s arrival. Preliminary testing did not reveal a
significant change in fluorescence or gel transfer if ap-
plied up to 6 hours prior to use. The petroleum-based gel
was odorless, clear, and had minimal tactile surface as to
not be an obvious source of contamination. Each mask
was assessed with black light to ensure only the outer sur-
face was covered with gel equally and did not contaminate
other surfaces, such as the mask straps or interior surfaces
that touch the face and neck. 

The participants were given a disposable gown, face
shield, N95 mask, and gloves per CDC recommendations.
Except for gloves, all PPE was reused for the entirety of
the 5-patient scenario. Each patient encounter had a clini-
cal symptom that would put them at high risk for COVID-
19 diagnosis and would require the HCW to wear full
PPE. Prior to each patient encounter, the participants were
asked to fully don their provided PPE as they would in
their real-world clinical settings. Once they felt they were
fully protected and ready, they would enter the patient’s
room and were instructed to perform a targeted history
and physical examination. The participants were encour-
aged to behave as they would in their real-world clinical
roles. All equipment needed to perform an examination,
such as a stethoscope, was available in the examination
room. Both the room and any equipment used were thor-
oughly cleaned in between each patient encounter. Upon
exiting the room, participants would completely doff their
equipment, including their N95 mask, which was stored
on their workstation. Hand sanitizer was available to be
used as often as participants perceived necessary dur-
ing their donning and doffing process. The participant
workstation was thoroughly cleaned before and after each
scenario to ensure that any contamination was solely from
the N95 mask. Prior to the start of the study, each partic-
ipant was reviewed under blacklight to confirm they did
not have contaminated surfaces. In addition, to eliminate
unintended transfer from the patient examination room,
the rooms were cleaned and checked under black light
guidance between each patient encounter. 

Results 

A total of 28 of 28 participants (100%) had multiple
contamination sites using black light by the end of the
5 patient encounters. The body sites most contaminated
were the head and dominant hand ( Figure 1 ). Every par-
ticipant had multiple sites of fluorescent dye transfer to
either their face, neck, or hands, or a multi-site contami-
nation ( Figure 2 ). The HCW participants were able to doff
PPE safely once at most, and only during one-quarter of
the simulated patient encounters, without contaminating
their other body sites. 
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Figure 1. Frequency of cumulative discrete contamination sites by body area. Sites are designated as small ( ≤1 cm 

2 ), medium 

(1–2.5 cm 

2 ), large ( > 2.5–5 cm 

2 ) to very large ( ≥5 cm 

2 ). 

Figure 2. Participant with contaminated fluorescent dye on 
neck as visualized under black light. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

Reuse of PPE exposes HCWs to contamination when
using inadequate and unsafe equipment, as seen during
the COVID-19 pandemic. The data suggest that even
when strictly following CDC guidelines, it is imprac-
tical not to touch the outer portions of a reused mask
and gown when donning PPE. This is further supported
by recent data demonstrating transmission of COVID-19
from asymptomatic individuals to HCWs in healthcare
settings despite PPE protection ( 7 ). Furthermore, these
guidelines require both hands to ensure adequate mask
seal and fit ( 8 ). Although the results are not surprising, the
implications of causing routine self-contamination during
standard PPE reuse are deeply troubling. 

Our study’s strengths include the consistently high rate
of contamination, diversity of clinical roles, and the iden-
tification of specific aspects of PPE reuse that led to HCW
self-contamination. Our findings challenge the widely
accepted assumption that reused PPE is safe and raise
the question of whether additional measures are needed
to enhance respiratory protection and source control in
healthcare. 

Limitations 

This study has several limitations and must be inter-
preted in the context of its design. First, this study lacks
population level data quantifying the frequency of trans-
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missions despite PPE and had a small sample size that
focused on practitioners in emergent care settings at one
hospital. The fact that 100% of participants were contam-
inated during our study, however, speaks to the external
generalizability and potential significance of our findings.
The only source of possible contamination was from the
participant PPE failure and not via fomites, so any further
transfer was due to unintentional participant contamina-
tion during donning and doffing. We believe that our
study’s results have great relevance in protecting HCWs
and have external generalizability to other hospitals and
countries. Second, the amount of fomite transfer, although
impressive, does not necessarily correlate with clinical in-
fection. 

Conclusions 

Our findings have important implications for hospital
management practices. We believe that there is an urgent
need for better human factors and ergonomic research
to improve the functional design and usability of PPE,
redesign the PPE workflow, and question whether respi-
rators should be used more widely. HCWs need regular
feedback (i.e., spotter guardianship) about contamination
risks, and how best to mitigate the risks faced by HCWs
during care of COVID-19 patients ( 8 , 9 ). It is impera-
tive to seriously address HCW occupational hazards and
risks as the ravages of COVID-19 variants continue to
accelerate with devastating health, social, and economic
consequences to HCWs around the world. 
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