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Introduction

Asthma treatment and management guidelines are
being updated in response to the current coronavirus
disease 2019 (COVID-19) pandemic. While the updated
guidelines broadly agree in their recommendations of
asthma medication, guidance on the use of nebulizers for
the delivery of asthma medication is contradictory (1-5).
Nebulizers generate aerosol particles 1-5 pm in size, which
can carry viruses into the lungs (6). The risk of infection
transmission via droplet nuclei and aerosols may increase
during nebulization owing to the potential generation of
high volumes of respiratory aerosols that may be propelled
over a longer distance than in natural dispersion patterns
(7,8). Additionally, large aerosolized particles may stimulate
a cough reflex in both patients and bystanders and thus
increase transmission risk (7,9). Based on these potential
risks, concerns have been raised regarding the possibility
that nebulizer use in patients with COVID-19 infection
could transmit potentially viable infection to susceptible
bystander hosts. However, existing data are limited and
of poor quality (10) and so it remains unclear whether
nebulization poses a transmission risk for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
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Guidelines differ on how to address this uncertainty.
Some, including those from Global Initiatives for Asthma
(GINA), the Australian Commission on Safety, and
Quality in Healthcare and the Canadian Thoracic Society
recommend avoiding the use of nebulizers in asthma
treatment where possible (1-3,5). By contrast, recent
guidelines from the National Institute for Health and
Care Excellence (NICE), UK and the New and Emerging
Respiratory Viral Threat Assessment Group (NERVTAG)
advise that the use of nebulizers can be continued since
the aerosol generated during nebulization comes from a
non-patient source (the fluid in the nebulizer chamber)
and therefore does not contain virus particles derived from
the patient (11,12). Position statements from the French
Language Respiratory Society (SPLF) and the Haute
Autorité de Santé (HAS) support the continued use of all
asthma medications provided relevant safety measures for
healthcare providers (HCPs) and relatives are maintained
during nebulization (4). The contradictory guidance from
the above societies could leave treating physicians unable
to provide clear advice on optimal therapy plans to their
asthma patients. This poses a particular problem for
pediatricians as nebulization is the only suitable treatment
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modality for some of their patients.

Guidelines, including those from GINA, recommend
the use of pressurized metered dose inhalers (pMDIs) plus
a spacer, as an alternative to nebulizers (1-3,13). However,
asthma drug administration by nebulization has many
medical benefits compared with administration by pMDI as
it allows co-administration of other compatible medications,
administration of high doses of medication and furthermore,
oxygen could be used as the driving force for nebulization
in patients with acute exacerbation and severe hypoxemia
(14-18). Nebulization is also a more user-friendly method
compared with drug delivery by pMDI as it requires
minimal patient cooperation, does not require patients to
hold their breath, permits easy dose adjustments and is
straightforward to use (14,19,20). Moreover, nebulization
results in the rehydration of airways through inhalation
and may also improve patient compliance due to ease of use
(21,22). Correct use of a pMDI requires patient cooperation
and good hand-lung coordination, which is often difficult
to achieve for patients such as children, elderly, and those
with restricted hand dexterity due to comorbid conditions
(16,20,22,23).

Inhaled therapy is the gold standard treatment strategy
for pre-school children, i.e., aged 5 years and younger, as it
delivers a high concentration of medication in the airways
and results in a rapid onset of action with fewer systemic
side effects compared with an oral delivery method (1,24).
Inhaled corticosteroids (ICS) are commonly used for the
treatment of acute and chronic airway inflammation (25).
Nebulization therapy with ICS is widely used in children
of all ages for acute and chronic asthma due to the
aforementioned advantages (14,25). The choice of device
should therefore be based on the child’s age and capability,
and in this respect, nebulized corticosteroids are reported
to be the most appropriate delivery method for pre-school
children (26).

However, due to the publication of contradictory
guidelines on the use of nebulizers since the start of the
COVID-19 pandemic, there is a need for clear guidance
on the safe use of nebulization, both in the hospital and
home setting, especially in pediatric asthma, as this patient
population is most dependent on this mode of drug
delivery. This need was confirmed at an expert advisory
group meeting held in December, 2020. The objective
of the present work is therefore to provide evidence-
based, clinically relevant, and practical recommendations
on the use of nebulization in different settings during

the COVID-19 pandemic to physicians and other HCPs
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involved in the treatment of pediatric asthma.

We present the following article in accordance with the
AGREE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-841).

Methods

A literature review was conducted via PubMed searches
using selected search terms to identify English language
publications relevant to pediatric management of asthma
using nebulizers during the COVID-19 pandemic (Zable I).
Additional searches included relevant guideline publications
for SARS-CoV-1 (Table 1). The search terms specified
in Table 1 were chosen to identify articles published on
the following topics: pandemics, the desired disease
area, treatment options, and existing guidelines. Specific
omissions were used to narrow the search results. For
COVID-19-related and SARS-CoV-1-related searches,
articles published from November, 2019 to February, 2021
and from January, 2003 to February, 2021 were retrieved,
respectively. The search was restricted to full journal articles
including narrative reviews, systematic reviews, meta-
analysis studies, randomized clinical trials, original research
and observational studies, case series, position statements
and selected reviews addressing the covered questions or
cross-references from these publications.

Search results were reviewed to remove duplicate articles,
and then abstracts were reviewed and articles relevant to the
topics discussed were selected for further analysis. Other
selected articles included cross-references from PubMed
search results and non-English language articles contributed
by the authors. The results of the literature review were
used to identify areas of consensus and areas that required
further discussion.

Due to travel restrictions and social distancing
requirements, a classic Nominal Group Technique (NGT)
approach was not possible. As such, a modified NGT, as
described by McMillan et al. [2016], was used to generate
consensus statements (27). As previously mentioned,
the need to establish a consensus was identified during
a virtual Advisory Board meeting hosted by the sponsor
in December, 2020. The advisory panel consisted of 11
international experts. All panel members were subsequently
invited to participate in the consensus process. Potential
consensus statements were formulated based on the
independent generation of ideas by the participating panel
members. An electronic document containing potential
statements was then individually reviewed by all panel
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Table 1 Search terms used for PubMed literature search

Index  Description Search terms

“COVID-19” OR “coronavirus” OR “SARS-CoV-2”

nebuli* OR aeroso* OR “inhaled corticosteroid” OR “inhaled steroid”

1 Pandemic

2 Disease “asthma”

3 Treatment

4 Patient population paed* OR pedia* OR children OR adolescent

paed* OR pedia* OR child* OR adolesce*

NOT (mechanis* OR patho* OR physio* OR ortho* OR surger* OR dent*) severe acute respiratory

syndrome OR SARS* NOT (“SARS-CoV-2” OR “COVID-19”)

5 Guidelines guideline* OR consens*
6 Omissions

7 SARS-CoV-1

8 Search strategy

Search period

Nov 2019-Feb 2021  #1 AND #2 AND #3
#1 AND #2 AND #4
#1 AND #3 AND #4 and #6
#1 AND #2 AND #5
#1 AND #3 AND #5 and #6
Jan 2003-Feb 2021  #5 AND #7

#3 AND #5 AND #7

severe acute respiratory syndrome OR SARS* NOT (“SARS-CoV-2" OR “COVID-19”)

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

members and responses were documented electronically.
The ranking process of potential consensus statements was
carried out during a second virtual meeting held in March,
2021 and led by an independent moderator. Following
discussions, a questionnaire containing close-ended
questions was prepared, based on areas of disagreement.
To maintain confidentiality, the voting was performed by
sending the questionnaire separately to each author, via
email. Areas of disagreement were resolved by soliciting
“Yes” or ‘No’ votes from the panel in response to the
close-ended questions. A consensus was defined as >70%
‘Yes’ votes and therefore mandated the inclusion of the
respective consensus statement. Revisions and validations
were obtained from panel members following two rounds
of individual reviews of the consensus statements and final
approval was obtained.

Results

A flowchart of the literature review conducted using pre-
defined search terms (7able 1) is provided in Figure 1.

© Journal of Thoracic Disease. All rights reserved.

Out of 152 ‘COVID-19’-related articles and 23 ‘SARS-
CoV-1’-related articles, 26 publications were selected for
further analysis. The literature search did not identify any
guidelines that gave advice to pediatricians or primary
care physicians on the use of nebulization in pediatric
asthma treatment during the pandemic. Therefore, it was
confirmed that a consensus paper on this topic based on the
expertise of the advisory panel members could help address
this gap in the literature. All 11 international experts who
were invited to participate in the consensus process agreed
to participation.

Four broad topics in the context of pediatric nebulization

were identified:

% Nebulization is an aerosol generating procedure
(AGP) that poses transmission risk of COVID-19:
¢ Consensus reached: 100% agreement;

%  Nebulization should be continued during the
pandemic:
¢ Consensus reached: 100% agreement;

% Need for guidance on risk mitigation in hospital
and home settings:
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Figure 1 Flowchart of PubMed literature search. COVID-19, coronavirus disease 2019; SARS-CoV-1, severe acute respiratory syndrome

coronavirus 1.

¢ Consensus reached: 100% agreement;
¢ The need for guidance on nebulization in
the school setting was a sub-category which
achieved a consensus of 73% agreement;
% Need for further data on the risk of COVID-19
transmission:
¢ Consensus reached: 73% agreement.

Nebulization is an AGP which poses a transmission risk of
COVID-19 if the patient is infected with COVID-19

Currently, there are concerns regarding the high
transmissibility of SARS-CoV-2 while using AGPs.
Evidence for potential infection transmission associated
with various medical procedures primarily came from
studies investigating the SARS-CoV-1 outbreak of 2002—
2003 (28). Although nebulization is considered an AGP,
previous studies investigating the risk of SARS-CoV-1
transmission from nebulization reported no significant
increase in infection risk (28,29). A systematic review on
AGPs and transmission risk published in 2012 concluded
that there was no significantly elevated risk of SARS-CoV-1
transmission to healthcare staff from patients receiving
nebulizer treatment (29).

Despite the lack of clear evidence, there is ongoing
concern regarding the transmission risk associated with
nebulization. Nebulization as a procedure with COVID-19
transmission risk was partially based on conclusions
extrapolated from SARS-CoV-1 studies (28). It must be
noted that it is not the nebulization procedure per se that

© Journal of Thoracic Disease. All rights reserved.

poses a risk of transmission of COVID-19, provided the
nebulization device has been disinfected or sterilized
correctly, but the patient receiving nebulization therapy,
if he/she is infected with COVID-19. If the recipient
of nebulization therapy is infected with SARS-CoV-2, a
transmission risk to those in the surrounding area cannot be
ruled out, especially in the absence of adequate protective
measures.

The need to continue nebulization in pediatric asthma care
during the pandemic

There is a clear medical need for nebulization in pre-school
children, in children who cannot operate a pMDI plus
spacer, in children with impaired asthma control when using
the pMDI plus spacer, in children with severe exacerbations,
or children in respiratory distress. Expert reviews and
recommendations on nebulization for asthma advocate
its use in cases where patients show a poor response to a
pMDI plus spacer, in children who are uncooperative or
unable to follow the directions for pMDI use or in the case
of medication shortages (9,19,22,23,30). There are also
concerns of improper use of pMDI plus spacer following
an abrupt switch from the patient’s usual method of drug
delivery (31). Position statements including those from
French respiratory societies and the Australian health
agency also support the use of nebulization in those patient
groups in which nebulization is the only optimal method of
asthma drug delivery (4,32).

Nebulization is vital in aborting the development of
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exacerbations. In those patients with evident improvement
following acute treatment in a healthcare setting,
nebulization may have to be performed in home settings
as a continuation of the acute treatment (33). Withholding
nebulization therapy may also lead to respiratory failure
in severe cases (34). There are concerns regarding the
overabundance of caution that HCPs and health institutions
might exercise in their approach to the use of nebulizers
that may lead to unfavourable patient outcomes (35). Hence,
there is a need to shift the focus to risk-benefit assessment
when it comes to the use of nebulizers in pediatric asthma
management.

Limiting the transmission risk of SARS-CoV-2 is a
critical component of infection control during the pandemic.
On this front, there have been reports on issues around
hospital-acquired-SARS-CoV-2 infection in many parts
of the world, especially in the absence of adequate safety
measures (36,37). Discontinuing corticosteroid therapy,
including nebulization, would put children at risk of
exacerbations and could necessitate hospital and emergency
room visits (25,38). Such hospital visits could potentially
increase the risk of contracting COVID-19 for both patients
and carers (25,38,39). Although concerns around hospital-
acquired-SARS-CoV-2 and transmission risk of nebulization
in a hospital setting could be potentially seen as a cause-
and-effect dilemma, proper patient care should not be
compromised. In fact, children with asthma constitute a
patient population wherein age-specific challenges exist
in diagnosis and optimal treatment (40,41). Therefore,
HCPs responsible for pediatric asthma management must
be extremely cautious about issues that could arise from
any deviation from their patients’ effective usual therapy
involving nebulization to avoid worsening patient outcomes.

Nevertheless, given the uncertainty around transmission
risk of SARS-CoV-2 arising from nebulization of
COVID-19 positive patients, adequate protective measures
need to be in place to ensure the safety of patients, carers
and HCPs. Therefore, it is imperative to understand
and adhere to key safety measures while performing
nebulization.

Recommendation 1: nebulization in pediatric asthma
care during the pandemic should be continued but with
caution and adequate protective measures in place.

Guidance on measures for risk mitigation when

performing nebulization in various settings

Early in the pandemic, a study from two hospitals
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in Wuhan, China, reported an effective reduction of
SARS-CoV-2 RNA concentration in aerosols following
implementation of safety measures (42). Many guidelines
now clearly indicate the effectiveness and importance of
such safety measures for controlling the spread of infection
(43,44). Regardless of whether a patient is COVID-19
positive or not, we recommend that the following standard
safety precautions be adhered to in all nebulization settings.

Aseptic technique

Hand hygiene is considered one of the most effective tools
to prevent the transmission risk of pathogens including
SARS-CoV-2 (44,45). For observing strict hand hygiene,
we recommend the use of soap (wash for at least 20 seconds
and dry using disposable towels) or hand sanitizer (at
least 70% alcohol), before and after treating patients (44).
Moreover, proper aseptic technique must be used to
avoid contamination of aerosol reservoirs and nebulizer
medication (46,47). We recommend the use of gloves,
face masks and long-sleeved disposable gowns while
setting up the nebulizer and handling medication. This
recommendation is also a precautionary measure to mitigate
the risk of SARS-CoV-2 transmission to patients from
HCPs or carers who might be asymptomatic (47).

In a designated area or room where nebulization is carried
out, cleaning and disinfection of surrounding areas including
high-touch surfaces is important to prevent contact
transmission, especially in the case of suspected or confirmed
COVID-19 (44). In alignment with the WHO guidelines,
we recommend thorough cleaning and disinfection of
worktops, desks, door handles, and other areas of the room
once nebulization has been performed using 70% ethanol
and a contact time of at least one minute.

Physical distancing
Close proximity, prolonged contact, high frequency of
contacts and confined shared environments are high-
risk factors for air-borne transmission (48). Therefore,
HCPs and carers must keep a distance of at least 1.5 m
while performing nebulization. In those cases where very
young children need an adult nearby during the procedure,
extreme care must be taken to adhere to the respective
recommended safety measures for the different settings in
which nebulization will be performed (7able 2).

Recommendation 2: summary of standard safety
precautions:

%  Follow strict hand hygiene: use soap (wash for at

least 20 seconds and dry using disposable towels) or
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Table 3 Recommended list of full PPE
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Purpose PPE item (43,44)

General direct and indirect
contact protection

+ Gloves
+ Face shield

+* Long-sleeved fluid-resistant disposable gown or apron

Eye protection «»» Goggles

Aerosol filtration

¢ Single use of fit-tested particulate respirator (N95 mask) is recommended

+ |f a fit-tested particulate respirator is not available, either FFP3 or FFP2 masks can be used

PPE, personal protective equipment; FFP2/3, filtering face piece respirator 2/3.

hand sanitizer (at least 70% alcohol);

% Use aseptic technique while setting up the
equipment and dispensing medication: use gloves,
face masks and long-sleeved disposable gowns;

% Maintain physical distancing of at least 1.5 m;

% Thoroughly clean and disinfect general surfaces
of the room where nebulization is performed: use
70% ethanol with a minimum contact time of
1 minute.

Safety measures specific to home settings
Cleaning and disinfection/sterilization of semi-critical
medical devices such as nebulizers is of utmost importance
in infection control as inadequate care of equipment poses a
huge risk for infection transmission (49,50). It is important
to clean nebulizer parts prior to disinfection or sterilization
as inadequate cleaning will affect the effectiveness of these
processes (52). The method of disinfection or sterilization
depends on the setting in which these procedures are
carried out and whether clear manufacturer’s instructions
for the same are available. If clear manufacturer’s
instructions on cleaning, disinfecting/sterilizing and
storing are available, these should be strictly followed
after each use. However, it must be noted that some of the
instructions pertaining to disinfection might contradict
prevailing infection prevention and control (IPC) guidelines
(52,53). For example, for semi-critical devices, current
guidelines from the Center for Disease Control (CDC)
recommend decontamination and utilization of high-level
disinfection after each use, which might be in conflict with
the instructions of the user manual. Additionally, according
to one report, several instruction manuals or package inserts
of nebulizers recommend the use of vinegar for cleaning,
which will render disinfection ineffective (53).

In the absence of an instruction manual on device care or

© Journal of Thoracic Disease. All rights reserved.

guidance on regular disinfection pertaining to the current
pandemic situation, we recommend cleaning nebulizer
parts with dish detergent and sterile, filtered, or tap water
followed by disinfection and air drying, immediately after
each use (50,53). In the home setting, disinfection can be
performed using either a cold or a heat method (7zble 4).
The transmission risk of SARS-CoV-2 indoors tends to
be higher in poorly ventilated spaces compared with well-
ventilated spaces (57). At home, especially if the patient
has suspected or confirmed COVID-19, it is imperative
to perform nebulization in a well-ventilated area. Ideally,
family members should be absent during nebulization,
although we recognize that this might not be possible if
the child is of a very young age or appears distressed if left
alone. In such situations, it is highly recommended that
the nebulizer be fitted with high-efficiency particulate
air (HEPA) filters and that full personal protective
equipment (PPE) be worn by carers to minimize the risk
of potential transmission of SARS-CoV-2 irrespective of
the patient having no symptoms of COVID-19 (Tuble 3).
Recommendations on safety measures to be followed in the
home setting is provided in Table 2 (Recommendation 3).

Safety measures specific to hospital settings

Nebulization in patients with suspected/confirmed
COVID-19 must be carried out in a negative pressure
room where possible. If such a facility is unavailable, a
dedicated area for carrying out nebulization must be set
up within the hospital. In the case of patients with no
COVID-19 symptoms, they must be admitted to areas
where no handling of COVID cases is ongoing to avoid
the risk of patients inadvertently contracting COVID-19.
Nebulizers are not to be shared to avoid cross-infection
and therefore, are for single-patient use only (11,53).
Attachment of a HEPA filter to the nebulizer has been
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Table 4 Recommended method of nebulizer care

Procedure Method

General hygiene
++ Wear full PPE (Table 3)
+s» Ensure there is sufficient ventilation

++ Use a clean, clutter-free dedicated area for the whole process

Cleaning +» Wash all nebulizer parts (chamber, interface and tubing) in a clean container with dish detergent
(49-51)
+ Clean or replace filter
«» Use sterile, distilled or tap water
++ Always clean the compressor unit as per manufacturer’s guidelines
+ If these are not available, wipe the compressor unit with a disinfectant such as 70% isopropyl alcohol/ethanol
Disinfection «» The method to be used depends on manufacturer’s guidelines/the permitted procedure:
(52-55)

Cold methods:

* Soak in 70% isopropy! alcohol for 5 minutes

* Soak in 3% hydrogen peroxide for 30 minutes

Heat methods:

* Place nebulizer parts in boiling water and boil for 5 minutes

* Place nebulizer parts in a microwave-safe container submerged in water and microwave for 5 minutes

* Use an electric steam sterilizer (such as a baby bottle disinfector)

Rinsing (50,51,53) < Rinse with sterile water only if using a cold method*

Air dry (51,53)

+¢ Lay nebulizer parts on a clean paper towel and let them air-dry, away from the sink

+ Air-dry all nebulizer parts thoroughly prior to storage

Storage (53,56)
used for any process mentioned above

«» Store nebulizer parts on an absorbent tissue in dedicated clean storage boxes, separate from the storage boxes

¢+ In the case of hand-held disposable nebulizers, these must be discarded every 24 hours, post-disinfection

', a consensus was not reached on whether the filter should be cleaned or replaced after use. Three opinions emerged: ()) filters must not
be cleaned and should be replaced every 24-48 hours after their use, (ll) filters must be cleaned immediately after use and replaced every
2 weeks, (lll) filters must be cleaned as per manufacturer’s instruction; *, since this is a final wash step, sterile water must be used for
rinsing as opposed to distilled or tap water (50). This is because both distilled and tap water might not be devoid of microbes and therefore
cross-contamination must be prevented (53). The authors do not have a specific recommendation on how to prepare sterile water at home.

PPE, personal protective equipment.

reported to substantially decrease the amount of exhaled
aerosol particles (58,59). As such, we recommend attaching
HEPA filters to the nebulizer prior to delivering medication
to the patient as effective risk mitigation for the potential
transmission of SARS-CoV-2 from the patient to HCPs
or carers, if COVID-19 is suspected or confirmed. Use of
face masks with nebulizers should be avoided due to the
risk of expulsion of aerosols from the equipment during
expiration and breath-holding (46,59,60). However, in very
young children needing a face mask, face masks creating a

© Journal of Thoracic Disease. All rights reserved.

tight seal must be used. A mouthpiece should be preferably
used with jet and mesh nebulizers, with filters or one-way
valves attached to the large-bore tubing of a jet nebulizer to
avert fugitive aerosol emissions (46,59,60). A HEPA filter
can be connected to the expiratory limb of a T-piece with
the mouthpiece connected to the inspiratory limb of the
T-piece. In the case of a mesh nebulizer, a filter should be
attached to the other end of the mouthpiece to prevent the
release of aerosols to the surroundings (46,59,60).

Cleaning and sterilization or disinfection of nebulizers
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must be carried out for all types of nebulizers (disposable
and reusable) (53). This must be based on manufacturer’s
instructions and existing standard hospital protocols for
the sterilization or disinfection of semi-critical devices. In
hospitals with a central processing facility, in addition to
existing disinfection protocols pertaining to the current
pandemic, nebulizers can be reprocessed using central
facilities such as steam sterilization or autoclave, provided
the device can be returned to the patient in a timely manner
before their next use (53). At any case, the choice of method
must comply with the manufacturer’s permitted method to
avoid damage to components (53,54). Recommendations
on safety measures to be followed in the hospital setting are
provided in Table 2 (Recommendation 4).

Safety measures at school

With schools reopening in various parts of the world
during this pandemic, it is important to focus on asthma
control and adherence to medication in children with
asthma (61). Uncontrolled asthma can lead to academic
underperformance and could result in children with asthma
missing out on education (51,61). It is important for schools
to have a well-managed asthma management plan in place
to support their students (51). In response to the current
pandemic, CDC guidelines for schools include continued
use of nebulizer therapy in those children where no other
options exist for various aforementioned reasons (13).
Since children with suspected or confirmed COVID-19
should not be attending school, our recommendation for
risk mitigation is for children who have no COVID-19
symptoms (61). A summary of recommendations on safety
measures to be followed in the school setting is provided in
Tiable 2 (Recommendation 5).

Further studies are vequired to establish the transmission
risk of COVID-19 associated with different modes of
nebulization

Data on the spread of COVID-19 through different
modes of nebulization are very limited. Only few studies
have investigated the risk of aerosol-generating therapy
resulting in transmission of any coronavirus (10). The
WHO guidelines on infection and prevention control
of acute respiratory infectious diseases highlight the
significant knowledge gap pertaining to AGPs and the
risk of transmission of infectious agents (62). The quality
of existing data on transmission risk of SARS-CoV-2 via
nebulization is rather poor (10). Although a study from

© Journal of Thoracic Disease. All rights reserved.
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2004 on PCR air sampling around a patient with SARS
undergoing nebulizer treatment found no evidence of virus
dispersal from a large-volume nebulizer, the study was
limited to one patient (63).

The contradictory statements from GINA and NICE on
the transmission risk of SARS-CoV-2 during nebulization
can be attributed to an absence of robust data. There is a
need for data on the transmission risk posed by different
nebulizer devices. Studies in this field are required before
clear guidance can be issued.

Summary

The main therapy goal for patients with asthma with or
without COVID-19 is minimizing exacerbations and
achieving asthma control (38). There are significant risks
to a child suffering from a severe asthma attack and these
attacks can result in fatal outcomes (34). Therefore, any
deviation from planned, individualized asthma therapy,
including nebulization, should be avoided wherever
possible.

Data on whether nebulized treatment represents an
infection transmission risk for SARS-CoV-2 are limited.
In light of the above, we advocate that nebulization should
be continued during the COVID-19 pandemic but with
appropriate safety precautions in the following patient
populations: pre-school children, children who are currently
receiving nebulization as part of their personal asthma
plan, children who cannot operate an MDI plus spacer, in
children with impaired asthma control when using the MDI
plus spacer and those who present with severe exacerbations
or are in respiratory distress (acute asthma/wheeze).

In patients with suspected or confirmed COVID-19,
it should be assumed that nebulization can transmit
SARS-CoV-2 and therefore any personnel administering
nebulization and any bystanders must use full PPE. It is
imperative to individualize the risk-benefit assessment of
nebulization. The risk posed by nebulization should be
assessed by the treating physician who should perform a
case-by-case risk assessment on an individual basis. HCPs
should also consider individual needs, preferences and
distinctive characteristics of local healthcare systems. Our
recommendations were developed based on literature
review and discussion of the evidence base as of March
2021. New data will continue to emerge during the
COVID-19 pandemic. We do not anticipate data that
would significantly change our recommendations, but
we hope future studies will provide additional clarity on
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specific populations and situations. HCPs should monitor
the literature to maintain awareness of data that may be
relevant to their decision-making.

Opverall, our recommendation is that nebulization should
remain the choice of treatment for children requiring this
mode of treatment. We hope the safety measures discussed in
this study will help guide treating physicians on best practice
in pediatric asthma treatment during the pandemic, so that
nebulization will not be withheld from patients in need.
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