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@ Therapeutic Advances in Respiratory Disease Review
The use of nebulized pharmacotherapies s
during the COVID-19 pandemic ssisssmrSts

Sanjay Sethi, Igor Z. Barjaktarevic and Donald P. Tashkin

Abstract: Coronavirus disease 2019 (COVID-19), caused by the highly contagious novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has resulted in a worldwide
pandemic and currently represents a major public health issue. COVID-19 has highlighted
the need for clear and accurate guidance on the use of aerosol-generating procedures,

such as nebulization, for the treatment of patients with respiratory diseases with or without
COVID-19. Despite the lack of evidence, there is heightened concern about the potential

risk of transmission of SARS-CoV-2 in the form of aerosolized respiratory droplets during
the nebulized treatment of patients with COVID-19. Consequently, the use of metered-dose
inhalers (MDIs) has risen considerably as an alternative to nebulized therapy, which has

led to inadequate supplies of MDlIs in some parts of the United States. In this article, we
review and discuss the role of nebulization in patients with SARS-CoV-2 and the treatment of
noninfected patients with chronic respiratory diseases. The following two important questions
are addressed: (1) should nebulized therapy be used in hospital or home settings by patients
infected with SARS-CoV-2; and (2) should nebulized therapy be continued in patients already
using it for chronic respiratory disease management in hospital or home settings?

The reviews of this paper are available via the supplemental material section.
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Introduction

Coronavirus disease 2019 (COVID-19), caused
by the highly contagious novel severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2),
has resulted in a worldwide pandemic and is a sig-
nificant public health concern.! The global out-
break of COVID-19 has brought into focus the
need for concise and accurate guidance on the
use of aerosol-generating procedures, such as
nebulization, for the treatment of patients with
respiratory diseases with or without COVID-19.

Despite the lack of evidence, there is currently a
heightened concern regarding the potential risk of
transmission of SARS-CoV-2 in the form of aero-
solized respiratory droplets from patients with
COVID-19 undergoing nebulized treatment.?3
The Canadian Paediatric Society and the Global
Initiative for Asthma have both advised against the
use of nebulized treatment unless absolutely

necessary.®»> The National Institute for Health
and Care Excellence (NICE) and Public Health
England (PHE) have recommended the contin-
ued use of nebulized treatment when applicable.®7
The Centers of Disease Control and Prevention
(CDC) does not advise against the use of nebu-
lized treatment; however, it is categorized as an
unknown exposure for healthcare personnel
(HCP).89 Thus, there is a concern that HCP and
healthcare institutions will approach the use of
nebulizers in their patients with an overabundance
of caution based on the lack of evidence.

As a result of the pandemic, the use of metered-
dose inhalers (MDIs) has increased substantially
as an alternative to nebulized therapy, resulting in
severe shortages of MDIs in some areas of the
United States (US).1° Physicians and home-based
patients may also misinterpret government recom-
mendations that warn of the possible risk regarding
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the transmissibility of SARS-CoV-2 by people with
suspected COVID-19 who are using nebulized
therapy. Therefore, physicians and home-based
patients may feel compelled to switch from nebu-
lized therapies to handheld devices. A sudden tran-
sition to MDIs may result in unintended
consequences for some patients, who may be una-
ble to adequately use their new device or benefit
fully from treatment via handheld inhalers. For
example, patients may have inadequate hand-
breath coordination, poor inspiratory strength,
and/or cognitive impairments.!!:12 In the home set-
ting, the sudden switch from nebulized treatments
to handheld devices could also result in poor medi-
cation adherence, resulting in loss of clinical con-
trol of disease symptoms, which can lead to severe
exacerbations, resulting in emergency room visits
or hospitalizations.13-16 Ironically, this substan-
tially increases the risk of exposure to nosocomial
SARS-CoV-2.

In this article, we discuss the role of nebulization
for patients infected with SARS-CoV-2 and the
treatment of noninfected patients with chronic
respiratory diseases to address the following two
important questions: (1) should nebulized ther-
apy be used in in hospital or home settings by
patients infected with SARS-CoV-2; and (2)
should nebulized therapy be continued in patients
already using it for chronic respiratory disease
management in hospital or home settings.

Selection of articles for review

The review topics were divided into specific
sections, and articles were selected based on a
comprehensive review of the literature. A PubMed
search (1 January 2003-7 July 2020) was con-
ducted, including (but not limited to) the following
terms/phrases: SARS-CoV-2, COVID-19, SARS,
MERS, coronavirus, Severe Acute Respiratory
Syndrome, Middle Eastern Respiratory Syndrome,
nebulized, nebulization, and handheld inhalers.
Additional literature was identified through
the review of references found in the primary
literature search.

Overview of the transmission routes of
respiratory viruses

The transmission of viral infections is complex
and multifactorial.!” To spread infection, the
presence of an inoculum, a sufficient amount of
pathogen, and a receptive host is required. In

order to be infectious, the pathogen must encoun-
ter the correct organ system. The following three
routes of transmission spread the majority of res-
piratory viruses: contact (either direct [skin to
skin] or indirect [fomites or surfaces]), droplets,
and aerosol transmission (Figurel).1® Droplets
are larger in size than aerosols (generally greater
than 5-10um in size) and are generated by cough-
ing or sneezing. These generally travel no further
than 1 m before settling.!7-18 Once they have set-
tled on a surface, the droplets can be a source of
contact transmission. Aerosols can be created
while breathing and stay suspended in the air
longer than droplets, though the life of an aerosol
in the air is influenced by many factors, including
air exchange rates, temperature gradients, and
airflow.17-19,20

Reviews on the transmission of coronaviruses

In specific relation to SARS-CoV-2, the mode of
respiratory transmission is not completely under-
stood. Preliminary evidence suggests that, under
controlled environmental conditions, SARS-
CoV-2 can be viable in aerosols for up to 3h.2! In
addition, another study assessed the aerodynamic
nature of SARS-CoV-2 by measuring viral RNA in
aerosols in different areas of two hospitals in
Wuhan during the COVID-19 outbreak in
February and in March 2020.22 The concentration
of SARS-CoV-2 RNA detected in aerosols in isola-
tion wards and ventilated patients’ rooms was very
low; however, it was higher in the patients’
restroom areas.’?> Some medical staff areas had
high concentrations of viral RNA initially, but
these levels decreased to undetectable levels after
the implementation of rigorous sanitization proce-
dures. According to reports from studies in hospi-
tal settings in Singapore and Hong Kong, viral
RNA was not detected in air samples taken from
the rooms of symptomatic patients with COVID-
19.23:24 Results from a study in Iran showed that air
samples taken 2-5m from the patients’ beds were
negative for SARS-CoV-2 RNA.25 In contrast with
the previous studies, a study from the University of
Nebraska Medical Center demonstrated SARS-
CoV-2 genetic material in approximately 63% of
air samples from the rooms of 11 patients infected
with COVID-19, with some samples obtained at
distances >6ft from the patient, and in approxi-
mately 67% of 12 air samples obtained from the
hallways outside patients’ rooms.2® However, it
should be noted that this study is a preprint and
has not undergone peer review. Whether the levels
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Figure1. An illustration of various possible transmission routes of respiratory infection between an infected
and a susceptible individual. Both close range [i.e., conversational) airborne transmission and longer range
(over several meters) transmission routes are illustrated here. The orange head color represents a source and
the white head color represents a potential recipient (with the bottom right panel indicating that both heads
are potential recipients via self-inoculation from contaminated surface fomite sources). Here “Expiration” also
includes normal breathing exhalation, as well as coughing and/or sneezing airflows. Airborne droplets can
then settle on surfaces (fomites) from where they can be touched and carried on hands leading to further self-

inoculation routes of transmission.

Reproduced from Tellier et al.'® This work is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0)

License. https://creativecommons.org/licenses/by/4.0/.18

of virus detected in this study were significant and
potentially infectious is also not known.26

The evidence to date suggests that SARS-CoV-2
may be transmitted via droplet and fomite con-
tact. Although airborne transmission is possible,
further research is required.

SARS-CoV (SARS) and Middle Eastern Respiratory
Syndrome Coronavirus (MERS) are among the
most studied respiratory viral infections. The SARS
epidemic was linked predominantly to healthcare
settings, with =49% of the cases linked to hospi-
tals.?” In addition, super-spreading events, such as
those associated with infections in a hotel and an
apartment complex in Hong Kong, an airline flight
from Hong Kong to Beijing, and an acute care hos-
pital in Toronto, furthered the spread of the SARS
outbreak.?831 A transmission link to HCP was
observed when they were in close proximity (<1 m)
to the index patient, suggesting direct contact or
transmission of the droplet.293233 Samples of air

and swabs from frequently touched surfaces in a
room occupied by a patient with SARS tested posi-
tive by polymerase chain reaction (PCR), but no
virus could be cultured from those samples.3*

Similar to SARS, MERS outbreaks were predomi-
nately linked to healthcare settings, with =31% of
the cases linked to hospitals,?7:3%:3¢ and healthcare-
associated human-to-human transmission was
observed.37:38 Super-spreading events have been
shown to play a central role in hospital-acquired
outbreaks.?”3°* MERS-CoV was isolated from
environmental surfaces in hospital rooms, suggest-
ing that the virus can be transmitted through con-
taminated environments and fomites. In addition,
potential for the airborne spread of MERS was
assessed by an air sample analysis:*® Viral RNA
was detected at the inlet of the air ventilation
equipment,*! and viruses were extracted from air
samples as well as from the surfaces of inaccessible
areas (e.g., the ventilator outlet) which had poten-
tial for the transmission of aerosols.4?

journals.sagepub.com/home/tar
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Overall, based on the available experimental and
observational data, the evidence supports the
potential for the droplet, fomite, and airborne
transmission of both SARS and MERS.

Nebulization and viral transmission

Although very limited data exist regarding the risks
of transmitting viral infection with nebulized treat-
ment at present, it has been a significant concern
since the start of the COVID-19 outbreak. In spe-
cific relation to COVID-19, the first case of com-
munity-acquired COVID-19 in the US was
confirmed in a patient hospitalized in California.®
At the time of patient admission, COVID-19 was
not suspected and HCP were not wearing personal
protective equipment (PPE). The patient under-
went multiple aerosol-generating procedures,
including nebulization. In a recent report about that
incident, the CDC found that 43 out of 121 HCP
that were exposed to this patient with COVID-19
were symptomatic, and subsequently tested for
SARS-CoV-2. Of these HCP, three individuals
tested positive for the virus. It was reported that all
three individuals did not wear PPE when in contact
with the patient; therefore, it is difficult to deter-
mine, with certainty, whether the HCP who con-
tracted COVID-19 was linked to nebulization.
Another study by Tang and colleagues simulated a
spontaneously breathing adult patient receiving
nebulized therapy with a jet nebulizer and a face
mask.¥? Air samples obtained from three separate
locations indicated 612 viruses per liter near the
head, 174 viruses per liter near the abdomen, and
118 viruses per liter near the feet using a live attenu-
ated influenza vaccine as a surrogate virus tracer.
The findings of this experimental study showed that
the aerosols spread at a decreasing concentration
with increasing distance from the patient.*2 It is pos-
sible that the jet nebulizer with the face mask
increased the risk of transmission because viral
secretions can enter into the nebulizer’s reser-
voir.#2-45 To reduce viral transmission, jet nebulizers
need to be used with the mouthpiece, and HCP
should attach filters or one-way valves to the large
bore tubing of the nebulizer to prevent viral emis-
sions during aerosol therapy.* Another option
would be to use a mesh nebulizer combined with the
mouthpiece and a filter to the other end of the mouth-
piece to minimize viral spread to the environment.46

In specific relation to SARS, two cohort studies
identified some risks associated with nebulized
therapy,*’-*8 while another reported no such direct

association.?® In the two former cohort studies,
critical care nurses who assisted with the nebulized
therapy of patients with SARS were three times
more likely to be infected versus those who did not.
However, it should be noted that the use of PPE
was not standard practice during the study period.
PPE use was highly variable because the nurses
were often unaware that the patients were infected
with SARS. The latter cohort study by Wong and
colleagues reported that medical students conduct-
ing bedside clinical trials had an increased risk of
SARS, even before nebulized therapy was used.?3 A
case study found no evidence of SARS-CoV-
specific nucleic acid material in air samples taken
from the vicinity of a patient with SARS undergo-
ing treatment with a large-volume nebulizer.4°

In specific relation to MERS, results from an
overcrowded emergency room setting showed
increased transmission potential of MERS-CoV
from a single patient. MERS-CoV infection was
confirmed in 82 individuals (33 patients, 8 HCP,
and 41 visitors). This patient did not use nebu-
lized therapy. Results demonstrated that individ-
uals in the same area as the index patient were
more likely to get infected.>%5! Furthermore, data
from South Korea databases suggested that the
MERS outbreak was entirely hospital acquired,
and was largely attributable to infection manage-
ment and policy failures. Nebulization was not
listed as a potential source of transmission.>?

Overall, the evidence to date has not been defini-
tive in determining whether a direct link exists
between nebulization and increased coronavirus
transmission. Thus, further research is required
to confirm whether this association exists.

Handheld inhalers and viral transmission

At present, there does not appear to be a concern
with handheld inhalers and viral transmission.
However, abruptly switching patients from nebu-
lized treatment to handheld inhalers may present
certain challenges that should be considered. If
not accompanied by adequate training for the
patient, switching from one device to another can
be linked with poor adherence and technique.
Suboptimal inhalation delivery could lead to
exacerbations and increased healthcare utiliza-
tion,!3-16:52 potentially increasing the risk of noso-
comial SARS-CoV-2 exposure. In addition to
those with suboptimal peak inspiratory flow,
patients who have cognitive, neuromuscular, or
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ventilatory impairments may not benefit from
handheld inhalers.11:12 Furthermore, handheld
inhalers often provoke coughing in patients,>3:54
thus producing a risk of viral transmission. A
study on the use of MDIs with a spacer versus
nebulizers for acute airflow obstruction among
hospitalized patients in Singapore was analyzed
during the SARS outbreak.>®> The study demon-
strated that the use of a MDI with spacer for
acute airflow obstruction was acceptable and pre-
ferred by the majority of patients.5> In contrast,
nearly two-thirds of nurses thought that older
adult patients were more likely to have difficulty
using an MDI with a spacer. In addition, more
than 80% of nurses stated that nebulized therapy
was more effective for treating acute airflow
obstruction in the hospital.5>

An increase in the use of MDIs has led to short-
ages in some parts of the US,1° and, therefore,
some hospitals and healthcare institutions may
consider the need for a common MDI canister
protocol during the COVID-19 pandemic.
However, deciding whether to implement a com-
mon MDI canister protocol requires thoughtful
analysis and deliberation. In 2009, the Institute
for Safe Medication Practices (ISMP) published
an article about the risks and benefits of using a
common MDI canister, a patient-specific spacer,
and a disinfection procedure between patients to
administer doses from the same MDI to multiple
patients.>® The following three critical risk factors
still exist today: (1) patients undergoing isolation
precautions or immunocompromised patients
may not be suitable for common canister; (2)
methods used to disinfect the mouthpiece (using
alcohol wipes) were designed to prevent bacterial
contamination, which would not be considered
adequate for SARS-CoV-2; and (3) individual
noncompliance with the mouthpiece disinfection
protocol is of concern.>%57

Currently, there is no evidence to suggest that
handheld inhalers will increase viral transmission.
However, handheld inhalers as an alternative to
nebulizers may have additional challenges in
terms of adherence, induction of cough, and
fomite transmission.

The right tool for the right patient

In terms of patients with chronic respiratory dis-
eases, the Global Initiative for Chronic Obstructive
Lung Disease COVID-19 guidance advises that

patients with chronic obstructive pulmonary
disease (COPD) maintain regular therapy.>®
Similarly, for patients with asthma and/or aller-
gies, the American College of Allergy, Asthma,
and Immunology (AAAI) recommends that
patients continue their treatment.l® Therefore,
patients who are at home receiving nebulized
treatment for chronic airway disease and are not
experiencing any symptoms of COVID-19 should
continue their nebulized treatments. If symptoms
develop, patients should self-isolate at home, and,
if they are doing that effectively, they can con-
tinue their nebulized treatment.

Given the absence of any conclusive data showing
that nebulization promotes the transmission of
SARS-CoV-2, physicians and healthcare institu-
tions should consider personalizing the prescrip-
tion of either handheld inhalers or nebulizers for
the delivery of bronchodilator treatment for hos-
pitalized patients. For patients who are hospital-
ized for reasons unrelated to COVID-19, the use
of nebulizers should be considered in certain sce-
narios. Among the most common scenarios are
patients with underlying chronic airflow disease
hospitalized with an acute exacerbation. These
patients are often too tachypneic or have flow
limitations to use their handheld inhalers prop-
erly. Since nebulizers do not require patient coor-
dination between inhalation and actuation or any
special breathing technique, their use should also
be considered in patients with cognitive, neuro-
muscular, or ventilatory impairments and those
with suboptimal peak inspiratory flow.11:12 On the
other hand, handheld inhalers may be more
appropriate for patients who can tolerate MDIs
or dry powder inhalers, and for those who do
not have any impairments that could affect
inhaler technique.

The need for bronchodilators should be care-
fully evaluated for patients without concomi-
tant COPD or asthma who are hospitalized
with COVID-19. A ‘knee-jerk prescription’ of
bronchodilators for the relief of dyspnea in
these patients may not be indicated.5® There is
no description of bronchospasm related to
COVID-19, and, therefore, bronchodilators are
unlikely to be of benefit if prescribed indiscrim-
inately. If there is evidence of bronchospasm,
then a trial of an MDI with a spacer may be
appropriate, and, if that is inadequate, then
nebulization could be considered, with the
HCP using adequate PPE.
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Table 1. Protective measures for nebulized treatment in home and hospital settings.10:46.60-64

Home
Avoid nebulization in the presence of other people

Stringent nebulizer hygiene

Carry out nebulization near open windows/areas of increased air circulation

Hospital

Adherence to stringent sanitation guidance

Use of PPE? in the presence of infected patients
Use of negative-pressure rooms

Discard/disinfect PPE? after each use

Maintenance of least 6 ft from the patient whenever possible

Use of filters with nebulizers

aPPE includes N95 respirators/face masks, eye protection, gowns, and gloves.

PPE, personal protective equipment.

Protective measures

Based on the current guidance and limited evi-
dence of increased infection risk with nebulized
therapy, the following should be considered
(Table 1).10-46,60-64 The use of nebulized treat-
ment at home by a patient with COVID-19 has
no known hazards for the patient using the neb-
ulizer; to reduce the risk of affecting other peo-
ple, patients should follow social distancing
guidance and avoid nebulizer use in the presence
of others. Furthermore, precautions such as
stringent nebulizer hygiene should be imple-
mented, and nebulization should be carried out
near open windows or in areas of increased air
circulation. Nebulized treatment with long-act-
ing agents, which allows for less frequent dosing,
could be considered when applicable to further
minimize exposure.

From the perspective of public health, hospitals and
healthcare facilities should continue to abide by the
strict measures that protect HCP from COVID-19,
including adherence to stringent sanitization proto-
cols and the use of PPE in the presence of patients
with COVID-19.% In terms of PPE, the CDC cur-
rently recommends that HCP wear an N95 respira-
tor or equivalent, eye protection, gown, and gloves
when performing an aerosol-generating procedure
or providing care in the intensive care unit to patients
with known or suspected COVID-19. In the case of
a patient undergoing nebulized treatment, the use of

negative-pressure rooms, disposing or disinfecting
PPE after each use, and maintaining at least 6ft or
greater distance from the patient should be consid-
ered.® In order to minimize viral transmission, it is
recommended that nebulizers are used with a
mouthpiece and a filter. The COPD Foundation
provides additional guidance to use a filter (equiva-
lent to an N95 mask) with nebulizers to filter the
patient’s exhaled air, and, therefore, limit the risk of
virus transmission.°!

Conclusion

In summary, given the absence of any conclusive
data that link nebulized treatments to the
transmission of SARS-CoV-2, physicians and
healthcare institutions should consider “the
right tool for the right patient” approach rather
than a “one-size-fit- all” approach. Necessary
protective measures should also be implemented
when applicable.
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