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Abstract
Purpose of Review COVID-19 is a new, highly transmissible disease to which healthcare workers (HCWs) are exposed,
especially in the intensive care unit (ICU). Information related to protection mechanisms is heterogeneous, and the infected
HCWs’ number is increasing. This review intends to summarize the current knowledge and practices to protect ICU personnel
during the patient management process in the context of the current pandemic.
Recent Findings The transmission mechanisms of SARS-CoV-2 are mainly respiratory droplets, aerosols, and contact. The virus
can last for a few hours suspended in the air and be viable on surfaces for several days. Some procedures carried out in the ICU
can generate aerosols. The shortage of respirators, such as the N95, has generated an increase in the demand for other protective
equipment in critical care settings.
Summary The probability of transmission depends on the characteristics of the pathogen, the availability of quality
personal protective equipment, and the human factors associated with the performance of health workers. It is necessary
to have knowledge of the virus and availability of the best possible personal protection equipment, develop skills for
handling equipment, and develop non-technical skills during all intensive care process; this can be achieved through
structured training.
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Introduction

Coronaviruses belong to the familyCoronaviridae, which com-
prise a great number of viruses common in humans and other

animals [1]. The severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), a new Betacoronavirus, is the etiological
agent of the coronavirus disease (COVID-19) [2, 3]. SARS-
CoV-2 is an RNA virus, the seventh in a coronavirus family
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able to infect humans. It is 40–140 nm in diameter (0.04–
0.14 μm) and has a lipid envelop. Its target is angiotensin-
converting enzyme 2 (ACE2) [2, 3].

This new coronavirus has a high infecting capacity; its
basic reproduction number (R0) is variable, possibly between
2 and 3 [4], twice the R0 of swine flu (H1N1) [5], and similar
to the 1918 pandemic influenza (Spanish flu) [6]. It has a
global distribution; it is also a highly transmissible agent with
potentially fatal outcomes. To date, July 12, 2020, it has in-
fected nearly 12.5million people and caused the death ofmore
than 560,000 patients, including health personnel [7].

For a safe work environment, joint work between workers
and employers is required. In the case of health services in the
COVID-19 pandemic, this premise is also pertinent.
Employers must guarantee resources for the protection of
healthcare workers (HCWs), and they must make judicious
and rational use of the biosecurity elements available [8].

COVID-19 is a very transmissible disease; its transmission
mechanisms are mainly respiratory droplets, aerosolized par-
ticles, and contact. However, in the intensive care unit (ICU),
some procedures are associated with aerosol production [9].
Most patients present mild symptoms, and 10–30% need hos-
pitalization in the ICU [10, 11], which has exceeded the avail-
able resources, even in countries with robust healthcare sys-
tems [12]. In low-income countries, the situation could be-
come even worse [13]. Health systems must optimize their
resources, prepare their ICUs, and guarantee the protection
of those who face the pandemic on the front line [14].

This article aims to show the different strategies to prevent
the widespread of the disease to critical care healthcare
workers based on the review of the recent literature and the
author’s experience with the personal protective equipment
(PPE) in the care of patients with COVID-19 and work on
human factors in crisis management.

ICU Healthcare Personnel: High Risk of Contagion

COVID-19 can be transmitted person to person through drop-
lets emitted by infected patients when they speak, cough,
sneeze, or when a person comes into contact with contaminat-
ed surfaces [15]. Most of the procedures that can generate
aerosols are executed in the ICU (orotracheal intubation, tra-
cheostomy, CPR, among others), which exposes the personnel
to a high risk of contagion [9].

Aerosol Dynamics

It is necessary to define some concepts of the dynamics of
respiratory droplets (> 5 μm) and aerosols (< 5 μm) produced
by the airways of patients with respiratory disease, and the
interaction of these particles with the intensive care unit hos-
pitalization environment. The flow acceleration achieved
when coughing can be between 2 and 50 m/s, and when

sneezing can reach up to 100 m/s [16]. The emitted gas forms
a turbulent, multiphase cloud, which can go up to 8m [17]; the
aerosolized virus may remain suspended for several hours and
be active on surfaces for many days [18, 19].

In China, 3.8% of those infected correspond to health per-
sonnel [20]; in Italy, 10–20% [21, 22]. In Colombia, as of
July 12, 2020, 2,633 COVID-19 infected healthcare workers
have been reported, which corresponds to 2% of the total
number of infected in the country; 75.3%were associatedwith
patient care. Most infections have occurred in nursing assis-
tants (34%), physicians (18.5%), nurses (13.5%), administra-
tive staff (9.3%), and clean and disinfection workers (5%).
0.83% of infected health personnel have died [23].

Personal Protective Equipment

Intensive care personnel is more habituated to biosafety pro-
tocols. Nonetheless, in this pandemic, several limitations in
adherence to infection control guidelines have been evi-
denced, including the shortage of PPE, poor quality of PPE,
unavailability of rooms with antechamber, bathroom, negative
pressure and air exchange, shortcomings in training in PPE
donning and doffing, frequent changes onmanagement guide-
lines, and ambiguity of the recommendations [24–26].

The patientmay disperse particles that have infectious contents.
These particles experience changes with the dynamics of airflow
in the room, which can be influenced by the high traffic in the
place, the presence of air conditioning, negative pressure, door
opening, among others. The droplets are heavy and usually fall
on the patient and in his environment. Despite that, they can be
dried by air currents leaving the droplet nuclei exposed and able to
persist suspended in the air. Viral dose, exposure time, mucosal
exposure, and tidal volume are determining factors in the possi-
bility of contamination and HCWs possible infection [16, 27].

The infectious particles can be on the patient, in their environ-
ment (fomites), and possibly in the patient’s room air. The virus
can reach its target site through the eyes conjunctive, nose, and
mouth mucosae. The fecal-oral route may be involved, but this
has not been proven so far [28]. If we understand these data, we
may have an opportunity to prevent the spread of the disease to
healthcare workers with specific physical barriers known as per-
sonal protective equipment (PPE) [29, 30].

Eye protection can be done bywearing goggles, facial shields,
or full-face elastomeric respirators. Mouth and nasal protection
are conferred by N95/KN95/FFP2 (filtering face piece) or higher
respirators. In the event of a shortage of disposable respirators,
half-face or full-face elastomeric respirators with N95 or more
top filters can be used. The inspiratory and expiratory seal veri-
fication is essential in all respirators before use (Fig. 1).

The protection offered by masks and respirators against
particles larger than 0.3 μm is a surgical mask: 80%, FFP2:
94%, N95: 95%, FFP3: 99.9%, N100: 99.9%. It is strongly
recommended to verify the National Institute for Occupational
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Safety and Health (NIOSH) quality certification, it must be
written on the front of the device.

The WHO recommendations indicate the use of a surgical
mask when health personnel is not exposed to aerosol-
generating procedures (AGPs) and N95 when performed
[28]. However, the European CDC in high-risk environments
recommends the use of FFP2 or equivalent respirators, and for
AGPs recommends FFP3 or equivalent [8, 29], we are aligned
with the European recommendations. Nonetheless, to date,
there is no robust evidence that medical masks are inferior to
N95/FFP2 respirators for protecting healthcare workers
against laboratory-confirmed COVID-19 during patients care
and non-AGPs [31].

The elastomeric respirator is a valid and increasingly used
option due to the shortage of N95/FFP2 respirators [32]. This
device can be found in half-face and full-face versions. It is
reusable and has different types of filters, although N95 or
higher is recommended. It has been shown that short time is
required to learn how to use them [33]. In Table 1, we describe
the PPE with its use considerations.

Biosafety During COVID-19 Patients
Management Process

While personal protective equipment is an essential part of
safety to prevent SARS-CoV-2 transmission, it must be
employed appropriately, together with frequent hand hygiene,
and mastering specific techniques and non-technical skills like
awareness, closed-loop communication, leadership, team
working, appropriate resource management, and cognitive
aids [14, 34]. Below, we feature some safety recommenda-
tions from patient’s admission to the ICU until discharge.

Patient Arrival

Critically ill patients should be hospitalized in the intensive
care unit after a triage process. The referring service (emer-
gency room, operating room, general room, among others)
must report the arrival [35]. The hospital should have specific
routes for infected patients’ transfer [36].

It is recommended that patients be hospitalized in individ-
ual rooms with antechamber, bathroom, and negative pressure
systems with high-efficiency filters (HEPA) and 12 air chang-
es per hour. Non-intubated patients must wear a surgical mask
[37, 38].

The number of healthcare workers that meet the patient
should be the minimum necessary, and all must use PPE ap-
propriately, with donning and doffing assisted by an external
verifier guided by a checklist (Table 2) [30].

Procedures

The most frequent COVID-19 clinical manifestations are re-
spiratory. Most critically ill patients have respiratory distress
and oxygenation disorder [10]; therefore, they need airway
management and mechanical ventilatory support in the ICU.

Airway management is considered a high-risk activity for
aerosol production; this includes positive pressure mask ven-
tilation, supraglottic device insertion, orotracheal intubation,
open airway aspiration, bronchoscopy supported procedures,
tracheostomy, and tracheal extubation [9, 38].

Fig. 1 Respiratory protection: a N95/FFP2; b EHFR: elastomeric half-face respirator; c EFFR: elastomeric full-face respirator; d PAPRs: powered air-
purifying respirator system
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Tracheal Intubation

For tracheal intubation of the patient with suspected or con-
firmed COVID-19, full and verified PPE must be available.
That includes N95/FFP2, FFP3, or equivalent respirators or
PAPRs [29, 30], in addition to observing the following
recommendations:

Pre-intubation

& Limit to four HCWs, three within the room (airway, air-
way assistant, and medication administration), and one
external observer.

& Plan for possible approaches and airway devices, ideally a
video-laryngoscope.

& Prepare planned airway devices.
& Have airway management checklists available.
& The most experienced professional should intubate.
& Prepare medications outside the room.

Table 1 Personal protection
equipment Body part Protection Advantages Disadvantages

Eyes Goggles Protection to the eye area

Light weight

Fog up

Skin pressure injuries

Facial shield Full-face coverture Forehead skin injuries

Nose/mouth N95/FFP2/FFP3 Hermetic seal

Better protection

Disposable

Skin and ear injuries

Communication difficulties

Headache

EHFR Antifogging properties

It is not disposable

Longer filter lifetime

Comfortable

Does not protect the patient from user
exhalation

Does not protect eyes

Communication difficulties

Higher cost

Requires decontamination

EFFR High protection level

Covers entire face

It is not disposable

Longer filter lifetime

Comfortable

Does not protect the patient from user
exhalation

Communication difficulties

Higher cost

Does not allow the use of prescription
glasses

Requires decontamination

PAPRs High protection level

Comfortable

Useful in high-risk AGPs

Need specific training

Communication difficulties

High risk of contamination when removing

Higher cost

Need large supply of filters

Requires decontamination

Hands Double gloves Decreases skin
contamination

Makes procedures difficult.

Body Long gown Protects against splashes

Easy to put on

Easy to remove

Partial leg exposure

It allows neck exposure

Needs to be complemented by a surgical hat

Coverall Covers the entire body

Disposable

Integrated hood

Fluid and particle proof

Causes diaphoresis, heat, and discomfort

More difficult to doff

Shoes cover Lightweight Can become difficult to remove

FFP, facial filter piece; EHFR, elastomeric half-face respirator; EFFR, elastomeric full-face respirator; PAPRS,
powered air-purifying respirator system
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During Intubation

& Intubate in a room with negative pressure.
& Avoid positive pressure ventilation.
& Ensure neuromuscular relaxation.
& Make the first attempt the best attempt.

Post Intubation

& Verify intubation with a capnograph.
& Fit filter to tracheal tube and ventilator circuits.
& Place closed suction cannula.
& Disinfect the room and surfaces approximately 20 min

after intubating; this may vary depending on the number
of air changes per hour in the room.

For intubation and even for planned extubation, in places
where negative pressure is not available, acrylic boxes and
plastic devices have been used [39, 40]. They can protect
against splashes, possibly aerosols, but this is not clear.
These devices can make intubation complex; therefore, the
HCWs must be trained in their use.

Tracheostomy

Before the pandemic, tracheostomies were performed be-
tween the 7th and 14th days of endotracheal intubation.
However, the median time from intubation to death of
COVID-19 patients has been reported to be on the 7th day
[41]. Due to the high risk of aerosol production during the
tracheostomy, and HCWs’ risk of contagion, it seems reason-
able to wait for establishing a life prognosis, which could
avoid futile procedures if the tracheostomy were performed
too early, thus, protecting healthcare personnel [42].

All HCWs participating in the procedure must wear full
PPE, which includes PAPRs, N99, or FFP3 respirators [43].
The patient should be sedated and relaxed. Regarding the
technique, there is no apparent difference between open and
percutaneous tracheostomy. If the percutaneous method is
chosen, the one-step dilation technique is preferred [42].

Cardiac Resuscitation

The consideration of thoracic compressions as an aerosol-
generating procedure has been controversial, due to the United
Kingdom’s National Healthcare System (NHS) not considering
them AGPs [44]; however, the WHO and scientific societies

Table 2 Suggested donning and doffing checklist. Additional recommendations: remove personal items (jewelry, watch, etc.); tie up your hair, check
that the PPE is complete, in good condition, and in an adequate size

Donning

Procedure Procedures Y N

1. Hand hygiene Put on cover shoes and practice Hand hygiene.

2. Inner gloves Put on inner gloves, “second skin”.

3. Gown / coverall Gown: secure both ties at the back of the gown.

Coverall: fasten hat and arms of the suit to avoid contact with the 

ground. 

4. N95/FFP2/ 

FFP3 respirator 

Hold the cup with your hand, first raise the lower band, leave below the 

ears, then the upper band and leave it above the ears.

Fit the coupling plate over the nose dorsum and perform a fit check 

(forced exhalation - forced inspiration). Put on your cap: no skin 
exposed.

5. Goggles /face 

shield

Adapt the adjustable base to the size of the head in case of face shield. 

Goggles or face shield must be worn over prescription glasses.

6. Outer gloves Put on the gloves making sure the suit cuffs are covered by the gloves.

7. Check STOP: check everything is in place.

Doffing

Procedure Procedures Y N

1. Check STOP: check everything is in place, watch out for splashes and ruptures.

2. Hand hygiene Hand hygiene or alcohol gel application.

3. Outer gloves Remove one glove and squeeze it with the opposite hand, then remove 

the other glove from the inside and wrap the one that was initially 

removed.

4. Hand hygiene Hand hygiene or alcohol gel application.

5. Goggles /face 

shield

Remove the goggles by holding them from the temples. If it is a face 

shield, hold it from the posterior side of the adjustable base. 

6. Gown / coverall Remove the gown by folding it and pulling it away from the body only 

by touching the inner part (disinfected side). Include over shoes.

7. Hand hygiene Hand hygiene or alcohol gel application.

8.N95/FFP2/ 

FFP3 respirator

Do not touch the front, take the bottom strip, bring it forward and drop it, 

then take the top strip and remove the respirator.

9. Inner gloves Remove gloves. Avoid skin contact with the external side of the gloves.

10. Hand hygiene Hand hygiene or alcohol gel application.
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consider that they are [28, 37]; we agree with the latter.
Therefore, it is necessary to have all the aerosols precautions in
addition to the following recommendations [45, 46]:

& Define if the patient is a resuscitation candidate.
& Minimize the number of resuscitation personnel.
& Avoid the maneuver “listening and feeling” to determine

to breathe.
& Perform early intubation along with a high-efficiency

filter.
& Employ commercial chest compression systems.

Cadaver Disposition

The mortality of patients admitted to the ICU is elevated, even
more so in those requiring mechanical ventilation [11, 41].
There is no direct evidence on the risk of contagion of
healthcare workers who have had contact with the bodies of
COVID-19 deceased persons. In a study related to the severe
acute respiratory syndrome (SARS) epidemic, there was a
reported contagion of 27% of HCWs that came into contact
with corpses [47].

It is recommended that ICU healthcare workers who man-
age corpses use full PPE following the same recommenda-
tions that were described for performing ICU procedures.
Tubes and venous and arterial lines should be removed; punc-
ture sites should be disinfected. Corpses should be packed in a
double leak-proof bag; the exterior cover, surfaces, and envi-
ronment must be adequately disinfected.

It is also recommended to avoid direct contact with bodily
fluids, contaminated surfaces, transporting stretchers, and
make a timely transfer of corpses to the morgue or designated
areas. For a recent systematic review on the management of
bodies, we refer the reader to Yaacoub et al. [48].

Surface Disinfection

One of the transmission mechanisms is the contact of HCWs
with contaminated surfaces; the presence of SARS-CoV-2 at
different sites in the patient’s room has been documented [28].
The stability of the pathogen depends on several factors: inocu-
lum size, viral resilience, surface pH, temperature, and humidity
of the environment. Persistence has been shown for up to 3 days,
depending on the material, being higher in plastic and steel [18].
It is susceptible to heat and standard disinfection methods.

The surface disinfection process should start with cleaning
with soap and water or neutral detergents associated with me-
chanical measures, to remove dirt and reduce the load of path-
ogens. Second, the use of disinfectants, the WHO recom-
mends hydrogen peroxide, chlorine-based solutions, and

alcohol. Efficiency will depend on concentration and expo-
sure time [49, 50].

Ethanol 70–90% requires 30 s–1 min to be effective,
chlorine-based products (e.g., hypochlorite) at 0.1%
(1000 ppm) for general environmental disinfection or 0.5%
(5000 ppm) for blood and large body fluid spills require
1 min, and hydrogen peroxide > 0.5% at least 1 min.

Cleaning and disinfection should start from the least con-
taminated to the most contaminated; the cleaning material
must be labeled and frequently changed due to the risk of
contamination. In general, it is recommended in the work
areas with patients to clean two to three times a day; objects
of everyday use (door handles, keyboards, tables, among
others) must be cleaned with higher frequency.

Sanitation and disinfection workers are essential in this
pandemic and should receive the best protection available
against SARS-Cov-2 and the substances for disinfection use.
It is not recommended to spray people or use disinfection
chambers for personnel [50].

Behaviors and Non-technical Skills

At present, most of the people around world are at home
protecting themselves with social distancing. Meanwhile, the
HCWs must take care of the patients. Anxiety, insomnia, de-
pression, and cognitive overload have been reported in
healthcare personnel. They are afraid of contagion, infecting
their families, failing, and dying [51].

The use of personal protective equipment, although it is an
excellent measure of protection, also presents difficulties that
can generate stress and discomfort. Putting them on and re-
moving them is not easy and time-consuming [52]. In this
crisis, performing procedures has become more difficult
[53]; initially, a feeling of awkwardness is generated; the gog-
gles become foggy; breathing with disposable or elastomeric
respirators requires more effort; skin injuries occur; thirst,
heat, dizziness, and headaches are felt.

Other difficulties are that most HCWs dress similarly,
which limits mutual recognition, added to that respirators sig-
nificantly limit communication; this has increased the com-
plexity of an already complex disease; the cognitive load of
health personnel is already high. Higher cognitive load in-
creases the probability of failure [54], of becoming contami-
nated and infected. Briefing and debriefing are strongly rec-
ommended on each shift and after each severe incident.

Possibly, the most efficient way to decrease cognitive load
and improve performance is through training techniques and
tasks such as donning and doffing, as well as human factors or
non-technical skills such as leadership, communication, and
situational awareness. An excellent way to do this is through
structured clinical simulation; this includes clear learning ob-
jectives, plausibility between the simulated and real context,
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intentional reflection, usage of metacognitive strategies, and
evaluation of learning results [55, 56].

In low- and intermediate-income countries, the availability
of adequate resources for the protection of HCWs is possibly
insufficient, which has led health care personnel to improvise
their PPE, which puts their safety at risk; therefore, govern-
ment and administrative levels must guarantee the workers of
the ICU the adequate resources.

Conclusions

COVID-19 is a highly contagious disease, and ICU healthcare
workers are very exposed. The main transmission mechanisms
are droplets and contact. However, some procedures can gener-
ate aerosols. The virus enters the body through the mouth, eyes,
and nose. Therefore, biosafety should focus on aerosol precau-
tions and the correct use of full personal protective equipment,
surface decontamination, and frequent hand hygiene.

The availability of full personal protective equipment does
not indicate absolute safety; there are factors related to the
pressure of critically ill care and human factors that are in-
volved with non-safe performance, and that can be improved
through training and teamwork.
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