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Abstract

Rationale: There is an urgent need to understand the risk of viral transmission during nebulizer treatment of
patients with coronavirus disease 2019 (COVID-19).

Objectives: To assess the risk of transmitting severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
SARS, Middle East respiratory syndrome (MERS), and influenza with administration of drugs via nebulizer.
Methods: We searched multiple electronic databases, including PubMed®, China National Knowledge Infra-
structure, Wanfang, preprint databases, and clinicaltrials.gov through December 1, 2020. Any study design in
any language describing the risk of viral transmission with nebulizer treatment was eligible. Data were ab-
stracted by one investigator and verified by a second.

Results: We identified 22 articles: 1 systematic review, 7 cohort/case-control studies, 7 case series, and 7
simulation-based studies. Eight individual studies involved patients with SARS, five involved MERS, and one
involved SARS-CoV-2. The seven cohort/case-control studies (four high risk of bias [ROB], three unclear
ROB) found mixed results (median odds ratio 3.91, range 0.08-20.67) based on very weak data among a small
number of health care workers (HCWs) with variable use of personal protective equipment (PPE). Case series
had multiple potential contributors to transmission. Simulation studies found evidence for droplet dispersion
after saline nebulization and measureable influenza viral particles up to 1.7 m from the source after 10 minutes
of nebulization with a patient simulator. Study heterogeneity prevented meta-analysis.

Conclusions: Case series raise concern of transmission risk, and simulation studies demonstrate droplet dis-
persion with virus recovery, but specific evidence that exposure to nebulizer treatment increases transmission of
coronaviruses similar to COVID-19 is inconclusive. Tradeoffs balancing HCW safety and patient appropri-
ateness can potentially minimize risk, including choice of delivery method for inhaled medications (e.g.,
nebulizer vs. metered dose inhaler) and PPE (e.g., N95 vs. surgical mask).

Keywords: aerosol-generating procedure, nebulizers, personal protective equipment, severe acute respiratory
syndrome
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Introduction

ORE THAN 7000 HEALTH CARE WORKERS (HCWs) have

died worldwide from coronavirus disease 2019
(COVID-19); more than 14% of these deaths have occurred
in the United States alone."” Reduction in transmission
risk to HCWs has been a priority during this pandemic. Our
focus of transmission risk reduction has been around the
delivery of therapeutic agents via nebulizers. Nebulizers
are of particular concern due to the risk of aerosol gener-
ation and dispersion, leading to potential transmission
of infection.”” Importantly, there is a distinct difference
between ‘‘bioaerosols’ or therapeutic particles released
during nebulizer treatment (which is expected) and air-
borne pathogens containing aerosols that develop as a
byproduct of the nebulization process (e.g., viral aerosols).
Often, the discussion of aerosolization or nebulization
conflates the development of bioaerosols with viral aero-
sols. Although it is important to disambiguate between
aerosol subtypes, our review focuses on the concern for the
release of viral aerosols during the process of nebulization.
Viral aerosol development poses a significant risk, because
viral aerosols remain transmissible for up to 3 hours in the
same enclosed environment without atmospheric turnover
and travel distances farther than droplets due to their
smaller size (<5 um).®~> Because multiple professional
organizations have identified nebulization as an aerosol-
generating procedure (AGP),‘®” its use in clinical care has
been significantly restricted and, when used, requires high
levels of personal protective equipment (PPE; i.e., fit-
tested particulate respirators). These requirements for
higher levels of PPE lead to increased equipment and
personnel time costs.®

However, the administration of inhaled therapeutics re-
mains a core component of the management of multiple
acute respiratory conditions.””” Nebulization offers partic-
ular benefits, such as delivery of medications directly to the
site of action, reduced systemic availability, and has faster
onset of action.” Nebulizers are often the preferred de-
livery mechanism when a patient is unable to perform re-
quired technique for metered dose inhalers (MDIs; e.g.
poor coordination, agitation, or exacerbation severity).!'”
Because of the potential infection risk, many providers are
currently opting to use alternative, and presumed safer,
modalities for patients with COVID-19, such as MDI or
dry powder inhalers (DPI). MDIs and DPIs have less
aerosolization risk but require training for proper patient
administration.” However, the actual risk of infection
transmission for COVID-19 with nebulization of thera-
peutic medications—and the necessity of current precau-
tions—is unknown.

Understanding whether nebulizers pose sufficient infec-
tion transmission risk to require current stringent precau-
tions is critical to delivering high-quality care while
minimizing risk to HCWs and optimizing the use of po-
tentially scarce resources. Thus, we sought to synthesize the
evidence about the risk of transmitting severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) with nebu-
lizer use. Because of the likely limited literature on risk
associated with COVID-19, we also considered infections
caused by related coronaviruses such as SARS and Mid-
dle East respiratory syndrome (MERS), as well as more a

GOLDSTEIN ET AL.

common and long-standing human viral infection, influenza.
Our key question was: What is the risk of transmitting
SARS-CoV-2, SARS, MERS, and influenza during adminis-
tration of drugs via nebulizer?

Methods

This review was originally requested as a rapid review'''?

by the national Department of Veterans Affairs (VA) opera-
tions leadership managing COVID-19 clinical care procedures
and policies. We made the following modifications to
streamline the systematic review processes: (1) Our a priori
protocol was not published before review conduct, (2) a single
review at title-and-abstract level, and (3) a single reviewer
data abstraction, with second reviewer verification. Although
there are no agreed-upon reporting guidelines for rapid re-
views, we followed Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) reporting guidelines
for systematic reviews.'? The method details are available
in the extended technical report: https://covid19reviewsorg
files.wordpress.com/2020/04/risk-of-transmitting-covid-19-
during-nebulizer-treatment-apr-10-2020.pdf. The technical
report underwent an internal programmatic review but did
not benefit from the peer-review process.

Data sources and searches

For our initial search in early April 2020, we conducted a
broad search, including COVID-19 search terms and terms for
additional respiratory viruses in anticipation of limited pub-
lished data related to the emergent outbreak. In consultation
with expert medical librarians, we initially conducted two
searches in MEDLINE (via PubMed®): the first search for
SARS-CoV-2, SARS, and MERS (last updated on December
1, 2020); and a second search for influenza (conducted on
April 16, 2020) (Supplementary Table S1). Searches had no
restrictions by study design or language. The developed search
strategy was applied with adjustments to additional databases:
China National Knowledge Infrastructure and Wanfang. We
hand-searched pertinent clinical guidelines (e.g., Surviving
Sepsis Campaign); systematic reviews'*'; and all eligible
studies and selected excluded studies to identif’ ]z)otentially
relevant articles not identified otherwise. 441628 gybge-
quently, the MEDLINE and China National Knowledge In-
frastructure and Wanfang database searches have been limited
to COVID-19 terms and are updated through September 1,
2020. We also reviewed multiple online databases for rapid
reviews related to COVID-19.""% To identify relevant
work on COVID-19 in the Chinese-language resources, we
hand-searched the Chinese Medical Journal Network. To
identify emerging literature, we reviewed bioRxiv and
medRxiv in April and conducted a search of the preprint
server collections within the NIH iCite from inception through
September 1, 2020. In addition, we reviewed clinicaltrials.gov
for all studies involving SARS or SARS-CoV-2 to check for
studies not identified by our other methods and that could
provide additional data for this review once completed (Au-
gust 31, 2020). Study selection was based on prespecified
eligibility criteria listed in Table 1.

Data extraction

We used Covidence (www.covidence.org), a web-based
software to screen title/abstracts for identified citations, then


https://covid19reviewsorg.files.wordpress.com/2020/04/risk-of-transmitting-covid-19-during-nebulizer-treatment-apr-10-2020.pdf
https://covid19reviewsorg.files.wordpress.com/2020/04/risk-of-transmitting-covid-19-during-nebulizer-treatment-apr-10-2020.pdf
https://covid19reviewsorg.files.wordpress.com/2020/04/risk-of-transmitting-covid-19-during-nebulizer-treatment-apr-10-2020.pdf
http://www.covidence.org
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TaBLE 1. STUDY ELIGIBILITY CRITERIA

Study characteristic

Include criteria

Exclude criteria

Population Adults, children, or simulated patients with probable or confirmed  Animal studies
COVID-19 (SARs-CoV-2), SARS, MERS, or influenza. For
experimental studies (simulation studies) examining effects of
nebulization on droplet dispersal, these studies may include non-
patients or patient simulators.

Intervention Nebulized delivery of a medication (e.g., albuterol) or placebo NIV (e.g., BiPAP, CPAP);
solution (e.g., saline). Nebulizers include pneumatic jet high-flow nasal oxygen;
compression, ultrasonic, vibrating mesh/horn and microprocessor- large-volume nebulizers
controlled breath actuated types.

Comparator None or other drug delivery (e.g., metered dose inhalers, dry powder, None
or slow-mist inhaler)

Outcomes Confirmed and probable cases of the specific viral infection (i.e., None
measures of transmission risk). For experimental/simulation
studies, virus recovery (e.g., by RNA sequencing) or droplet
dispersion at different distances/time points.

Setting Any inpatient setting, emergency department or outpatient setting.  Studies of fugitive emissions
Experimental/simulation studies may take place in nonclinical that did not involve patient
settings. simulation

Timing Any None

designs Systematic reviews, trials (randomized and nonrandomized), cohort None

studies, case-control studies, case series, case reports,
experimental/simulation studies of droplet/virus dispersion.

BiPAP, bilevel positive airway pressure; COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure; MERS,
Middle East respiratory syndrome; NIV, noninvasive ventilation; RNA, ribonucleic acid; SARS, severe acute respiratory syndrome; SARs-

CoV-2, severe acute respiratory syndrome coronavirus 2.

full-text articles for inclusion. Citations/abstracts were
screened by a single reviewer unless uncertain, in which
case a second reviewer was consulted. At full-text review,
articles were screened by two reviewers. At all steps of
eligibility determination, reviewers maintained an open di-
alogue to clarify eligibility criteria (as needed) and to dis-
cuss articles of uncertain eligibility.

We collected the following study characteristics, such
as author/year, location/setting, number of patients, and in-
tervention characteristics (nebulizer type). We also abstracted
outcomes, such as the rate of COVID-19 transmission or
distance to aerosolized viral particles from simulation studies.
Data elements were abstracted into a shared document by a
single investigator and verified by a second investigator.

Data synthesis and analysis

For comparison of results across studies, we primarily
used reported odds ratios (ORs) with 95% confidence in-
terval (CI) or, when not provided, we calculated ORs and
95% CI from the provided primary data (e.g., case rates and
at risk population numbers). RevMan 5.3 was used for
calculations and forest plot generation. We did not calculate
a pooled estimate due to limited data and heterogeneity in
key factors, such as controlling for major confounders (e.g.,
use of PPE), virus studied, and setting; instead, we narra-
tively synthesized the evidence.

Risk-of-bias assessment

We used the Newcastle-Ottawa Scale for Cohort Studies
and case-control studies to assess study risk of bias (ROB).
We did not complete a formal ROB assessment for case
series or simulation studies but identified important
strengths and limitations of these narratively.

Results

We identified 2416 publications through our systematic
database searches of published literature and hand-searches
of the literature. We also identified 542 studies through the
literature searches. Of these, we retrieved 98 references for
full-text review. Of the 22 included studies, 1 was a sys-
tematic review, 7 were cohort or case-control studies, 7 were
case series, and 7 were simulation-based studies (Fig. 1).
Eight individual studies involved patients with SARS, five
involved MERS, and one involved SARS-CoV-2. We
screened titles from the preprint servers bioRxiv and
medRxiv, five of which were reviewed at full text. One was
included.“* In addition, we reviewed LitCOVID and found
no additional studies. We reviewed the collection of 474
articles on COVID-19 within the Chinese Medical Journal
Network, screened 4 articles at full text, and included none.
We also did not identify any relevant completed COVID-19
evidence syntheses. There were no relevant systematic re-
views underway. Similarly, our clinicaltrials.gov search
found no relevant studies.

Next, we describe results by study type: cohort and case-
control studies, case series studies, and experimental and
simulation studies. Within each study type, we report find-
ings by infectious illness.

Cohort and case-control studies (n=7)

Of the seven studies, five were retrospective co-
horts?223234346) and two were case-control studies®®*”
(Tables 2 and 3 and Fig. 2). Of the five cohort studies, three

: (22,45,46) (23,25)
were high ROB and two were unclear ROB.
One case-control study examined experiences with SARS-
CoV-2“7 and was found to be hi%h ROB. The other case-
control study had uncertain ROB.“® Common contributing
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Search results: 2,416 =
1,4522 + 964 references®

[ Excluded = 2,318 references ]

v

Retrieved for full-text
review: 98 references

Included studies:
22 references

FIG. 1.

Excluded = 76 references

Not population of interest: 1
Not eligible intervention: 31
Not eligible design: 25

Not eligible outcome: 19

Literature flow chart. *Search results from MEDLINE (1,041), iCite (388),

and identified from relevant articles (23) were combined. PCNKI-China National
Knowledge Infrastructure (382), Wanfang (108), and Chinese Medical Journal Network

(474).

causes of ROB included exposure details that were typically
acquired via unblinded interviews, rare comprehensive
matching or controlling for confounders, small sample sizes,
inconsistent data about use of PPE and comorbidities of
at-risk HCWs, and lack of information about potential
community exposures. Supplementary Figures S1-S4 show
details of the ROB assessment. Overall, these seven case-
control and cohort studies had weak methods and reported
inconsistent findings, with two studies showing an association
between nebulizer use and viral transmission, three show-
ing no association, and two showing no association with
wide Cls.

The 1 study of transmission of COVID-19 was a high ROB,
case-control study of 121 hospital-based HCWs exposed to
the first known U.S. case.“” Authors report that 2 of the 3
COVID-positive HCWs were exposed to nebulizer treatment
compared with three of 34 exposed HCWs who were COVID-
negative (OR 20.7; 95% CI 1.4-300.9 by our calculation).
None of the HCWs wore currently recommended PPE for
COVID-19. The three HCWs with COVID-19 also had a
higher median duration of contact than those without COVID-
19 (120 minutes vs. 25 minutes; p=0.06).

Five studies reported risk of transmission during the 2003
SARS outbreak. One uncertain ROB study compared nebu-
lizer exposure during the 28 hours around patient intubation
among HCWs who did, and did not, acquire SARS.®® There
were zero nebulizer exposures among 26 SARS cases and 9
exposures among HCWs who did not contract SARS (see
Table 2 for additional study level details). The second un-
certain ROB cohort study included 66 medical students who
had visited the hospital ward of the index patient with SARS
in China.™ Medical school records were cross-referenced
with nebulizer treatment timing to verify exposure. No as-
sociation was found, though no students examined the index
patient directly. Among a subset of 19 students with clear and
limited exposures to SARS-infected patients, 6 of 10 who

visited the ward before the patient started receiving nebulizer
treatments contracted SARS compared with one of nine stu-
dents who visited the ward the day after treatment initiation
(OR 0.08; 95% CI 0.01-0.95 by our calculation). One high
ROB cohort study examined the SARS attack rate of 43
critical care nurses in 2 Canadian intensive care units.*”
Only 5 of 32 nurses who entered the room of an infected
patient also had medical record validated nebulizer exposure
with a relative risk of 3.24 (95% CI 1.11-9.42; p=0.09). The
other high ROB cohort study of SARS included 110 HCWs
from 8 of 9 facilities that cared for 6 U.S. patients with
SARS.“? Four of 110 HCWs with high-risk exposures to a
SARS-positive patient also reported exposure while the pa-
tient received aerosolized medications, one without a respi-
rator and one without gloves, gown, or eye protection. None
of the 103 HCWs tested for convalescent antibodies were
positive. The final study related to SARS was an unclear ROB
case-control study that examined factors associated with
nosocomial super-spreader events on adult inpatient wards in
Hong Kong (n=38) and China (n=286).? In univariate an-
alyses, the authors report an OR of 1.37 (95% CI 0.66-2.85;
p=0.40) for nebulizer exposure as an environmental factor
and for as a host factor an OR 3.91 (95% CI 1.42-10.78;
p=0.006). Neither was significantly associated with a super-
spreader event in the final multivariate analyses.

One high ROB cohort examined 48 HCWs with and 48
HCWs without contact with an index patient infected with
MERS.“® Fourteen (29%) of HCWs with index-patient
contact also had exposure via nebulizer treatment. No
HCWs with index-patient contact developed MERS (ex-
posed or unexposed).

Case series studies (n=7)

We identified three case series of patients with
SARS®!***%) and four with MERS“”~* (Table 3). Two of
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164 GOLDSTEIN ET AL.
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE IV, Random, 95% CI IV, Random, 95% CI

Park 2004 (45) 0 0 Not estimable

Hall 2014 (46) 0 0 Not estimable

Wong 2004 (24) -2.5257 1.2625 0.08 [0.01, 0.95] + t

Raboud 2010 (23) 0.0563 1.4933 1.06 [0.06, 19.75]

Yu 2007 (26) 1.3635 0.5168 3.91[1.42, 10.77] ——

Loeb 2004 (22) 1.8871 1.0398 6.60 [0.86, 50.66] 1

Heinzerling 2020 (47) 3.0287 1.3664 20.67 [1.42, 300.91) t >
0.01 0.1 10 100

Lower risk Higher risk

FIG. 2. Odds ratios of viral transmission after nebulizer treatment exposure. IV, inverse variance; SE,

standard error.

the three case series reported on the nosocomial transmis-
sion of SARS from the same index patient in China,*'-*¥
and a third described the nosocomial outbreak in Canada.“®
The MERS case series described nosocomial transmissions
in Saudi Arabia,®" the United Arab Emirates,”® and South
Korea.“*3” All case series described hospitals with wide-
spread nosocomial transmission and index cases who re-
ceived nebulizer treatments, but in none of the studies were
HCWs clearly using appropriate PPE. Overall, these studies
raise the possibility that nebulizer treatment contributed to
viral transmission and support the need for further evalua-
tion via stronger study designs.

Experimental and simulation studies (n=7)

There were two experimental studies on live human pa-
tients and five human simulation studies. Overall, these
studies support the concept that nebulizers could increase
transmission of viral infection as evidenced by the presence
of aerosols in the vicinity of a patient (or patient simulator)
receiving nebulizer treatments and one study found recovery
of virus measured by polymerase chain reaction from viral
transport medium (VTM).

One experimental study exposed 3 groups of live adult
patients (11 healthy, 11 with coryzal symptoms, and 21 with
acute exacerbations of chronic respiratory illness) to a series
of respiratory procedures in variable order, including neb-
ulization in a standard ward room without an external
window or ventilation system.®® Droplet dispersion was
measured during each procedure with an optical particle
sizer at 20cm and 1 m from the patient (Table 4). The au-
thors reported a significant increase (p<0.0001) in mean
pre/during intervention droplet counts (normalized differ-
ence) at sizes 0.3-0.5, 0.5-1, 1-3, and 2-5 um across all
patient groups at both distances. None of the included
subjects had documented viral infections, nor was the
presence of viral particles measured. A second experimental
study, identified through a preprint server, sought to char-
acterize the pattern of droplet dispersion with human par-
ticipants of unknown clinical status receiving selected
common airway management procedures during routine
care, one of which was nebulization.** Droplet patterns
were captured by a high-speed camera of illuminated
droplets against a black background. They found no evi-
dence of droplet dispersion during nebulization, though they
noted that fine aerosols were detected but not quantified due
to “‘abundance.”

We found five publications describin§ simulations of pa-
tients undergoing nebulizer treatment"®'*4>% (Table 4).
First, Tang et al. used live-attenuated influenza vaccine as a
surrogate virus tracer in a simulation model with nebulized,
distilled water from a portable home nebulizer.®® They used
biosamplers collecting into VIM over 10 minutes of nebu-
lization within a mock isolation room at distances of 0.4, 1.1,
and 1.7m from the manikin’s nose. They found decreasing
average viral loads at samplings as distance increased:
7.34+0.28 x 10* copies/mL. VTM (0.4 m), 2.09+0.41 x 10*
copies/mL VTM (1.1m), and 1.41+0.23x10* copies/mL
VTM (1.7 m). Second, McGrath et al. characterized aerosol
emissions during administration of albuterol sulfate with
combinations of open facemask, jet nebulizer versus a
valved facemask, and vibrating-mesh nebulizer, while
comparing each nebulizer type by using a mouthpiece with
and without a filter.® Aerosol emissions were measured
via ultraviolet spectrophotometry during three trials of all
combinations. Open facemask, jet nebulizers had greater
total aerosol emissions than closed facemask, vibrating-
mesh nebulizers. Further, same-type nebulizers with an
unfiltered mouthpiece displayed greater aerosol emission
than their filtered mouthpiece counterpart. Taken together,
those with an open facemask, jet nebulizer had the greatest
level of aerosol concentration whereas those with a filtered
mouthpiece, vibrating-mesh nebulizer had the lowest
aerosol emission. The vibrating-mesh nebulizer combined
with a filtered mouthpiece showed no increase in aerosol
concentration at 0.8 m over baseline. Third, Blood et al.
measured particles inside and outside a patient isolation
system placed over a manikin’s head in multiple treatment
conditions, including nebulizer administration of normal
saline.®® Experiments were conducted at two hospitals,
one with a piston-compression nebulizer via face mask and
the other with a breath-actuated nebulizer via mouthpiece.
Particulate counts were measured at baseline and every 2
minutes for 12 minutes, of which the first 4 minutes were
during nebulizer treatment. In five trials without the isola-
tion chamber, peak particulate measurements of 59,627
particulate/cm® for the piston compression nebulizer 2 at 1
minute, and 214,020 particulate/cm3 for the breath-actuated
nebulizer at 5 minutes; measurements decreased to 4193
(standard deviation [SD] 2260) and 4903 (SD 326) at 9
minutes and 927 (SD 2225) and 1030 (SD 131) at 13
minutes, respectively. Their isolation chamber system re-
duced >99% of nebulized particles in the surrounding en-
vironment. The fourth and fifth simulation publications by
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TABLE 5. EVIDENCE GAPS IN RisK OF CORONAVIRUS DISEASE 2019 TRANSMISSION WITH NEBULIZER ADMINISTRATION

Study

characteristic Current evidence Evidence gap

Population Symptomatic patients with primarily non-COVID More data from patients with COVID-19;
illnesses; HCWs during SARS/MERS epidemic asymptomatic patients; variability in HCWs
and with variable PPE use following current PPE standards

Intervention Largely unspecified type of nebulizer Comparison between types of nebulizer delivery

(e.g., jet vs. vibrating mesh)

Comparator No nebulizer exposure Metered dose inhaler with/without spacer (vs.

nebulizer)

Outcomes New cases of disease with probable or documented  Viable viral particles at different distances from
exposure to known case receiving nebulizer patients with SARS-CoV-2 (or flu or other
treatment coronaviruses); molecular tracking via DNA

sequencing to definitively identify transmission
from person to person

Setting Hospitalized patients Outpatient setting, emergency department

Timing Retrospective transmission tracking Data collection ideally closer to time of exposure

Designs Retrospective cohort and case-control studies Prospective cohort studies

Hui et al. described experiments administering jet nebuli-
zation of sterile water using a human patient simulator that
modeled variable lung damage (normal, mild, and severe
injury) and used smoke particles to visualize exhaled air
and aerosolized dispersion by laser light visualization."®!?
In both publications with overlapping authors, they reported
air particles measured at up to 0.45m for normal lung
function and >0.8 m with simulated severe lung injury. The
severe lung injury simulation had fewer high-concentration
particles than healthier lung function models.

Discussion

This systematic review included 14 publications exam-
ining patients with SARS or MERS, 1 publication with
SARS-CoV-2, and 7 publications of studies examining
dispersion of droplets with sham nebulizer treatments in
human simulators or patients without known coronavirus
infections. Evidence that nebulizer treatments increase risk
of coronaviruses similar to COVID-19 is inconclusive, and
there is minimal direct evidence about the risk for trans-
mission of SARS-CoV-2. Specifically, across the seven
cohort/case-control studies, we found that the risk of
transmission due to nebulizer treatment exposure had a
median OR of 2.4, and ranged from 0.08 (95% CI 0.01-
0.95) to 20.7 (1.4-300.9) based on very weak data among a
small number of HCWs with variable use of PPE. In addi-
tion, there were no studies that compared the transmission
risk between MDIs and nebulizers, nor did any of the studies
address transmission risk in the outpatient setting or whether
this risk was modified when HCWs used PPE. Moreover,
only one of the case-control or cohort studies considered
asymptomatic spread and it was with SARS.

Our findings build on a 2012 systematic review addressed
AGPs and the risk of transmitting acute respiratory infec-
tions to HCWs."' The authors identified three eligible
retrospective cohort studies also included in this review that
addressed risk of nebulizer treatments for HCWs, all judged
to be very low quality.?*****> A pooled estimate showed no
increased risk (OR 0.9; 95% CI 0.1-13.6) with high statis-
tical heterogeneity. A sensitivity analysis excluded the
study by Wong et al.*> on the basis that lack of training/

description of infection control measures may have intro-
duced bias, and showed an increased risk for transmission
with nebulizer treatments (OR 3.7; 95% CI 0.7-19.5). The
review by Tran et al. was protocol driven, used a compre-
hensive search, and employed standard systematic review
methods. However, we note important weaknesses such as
misapplication of Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) quality
ratings(57) to individual studies; nonstandard ROB assess-
ment; reporting a pooled estimate for highly heterogeneous
studies (methodologically and statistically); and using a
statistical approach shown to generate 95% CI that are
often too narrow.

We identified several gaps in the existing literature (see
Table 5 for a modified gap framework.®”) Of particular rel-
evance is a lack of direct comparison between different types
of nebulizer delivery systems and with other inhaled medica-
tion delivery mechanisms, as some may incur greater risk than
others. For example, in the event of a faulty expiratory valve
on the mouthpiece, there may be a greater theoretical risk for
contamination of the liquid formulation within the jet nebulizer
cup, compared with vibrating-mesh nebulizers that receive
liquid formulations commonly through a syringe pump Luer-
lock adaptor. In fact, the study by McGrath et al. found that
aerosol emission was higher with jet nebulizers than with
vibrating-mesh nebulizers and that the emission rate was at-
tenuated by choice of %)atient applicators (i.e., filtered mouth-
piece vs. facemask).®> In the current COVID-19 pandemic,
many providers and health care systems are recommending use
of MDIs as they are believed to have lower risk for virus
transmission,"® a practice that has led to a shortage of
MDIs.*” In Wuhan, nebulizer treatments were used frequently
in hospitalized patients with SARS-CoV-2,"*® but the rela-
tionship of these treatments to infection of hospital workers has
not yet been reported. To strengthen this body of literature,
observational studies could prospectively collect data on po-
tential exposures while specifically characterizing the type of
nebulizer equipment or inhaler used and PPE worn during
potential exposures. In addition, observational studies could
track and test asymptomatic exposed patients and explore
more sophisticated and definitive methods to tie exposures to
viral transmission such as molecular tracking.®'~>¢162
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Our review approach has limitations. Specifically, given
the rapid production of literature specific to COVID-19, it is
possible we missed relevant manuscripts despite searching
various preprint servers. In view of the recent arrival of
COVID-19, we also included data from other viral infec-
tions and simulation studies, which may not be directly
applicable to patient care during this pandemic. We did not
evaluate simulation studies of fugitive emissions that did not
include patient simulation, which could provide additional
information about the transmission risk with nebulizer use.
Last, it is unknown as to what amount of viral load is re-
quired to transmit COVID-19 during human exposure,
which significantly limits the interpretation of this review.

Conclusion

The possibility that nebulizers increase viral transmission
cannot be ruled out. Specifically, there is a paucity of direct
evidence regarding the risk for transmission of SARS-CoV-
2 in infected patients requiring nebulizer therapy. Thus,
prolonged exposures of patients with COVID-19 during
nebulizer treatments should be minimized. In the absence of
definitive evidence, clinical treatment decisions that utilize
nebulizers should be driven by the most appropriate type of
nebulizer for a given patient and the safest mode of medi-
cation delivery for exposed HCWs and patient caregivers.
Additional investigations quantifying viral aerosolization
from a variety of nebulizer delivery devices will be needed
to better characterize the role that nebulizers play, if any, in
the transmission of COVID-19.
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