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Abstract
Purpose This systematic review aimed to evaluate the effectiveness of the use of personal protective equipment (PPE) in 
closed environments, similar to waiting or exam rooms of healthcare facilities, in the face of exposure to a bioaerosol.
Methods Combinations of words were selected for six electronic databases and for the gray literature. To consider the eli-
gibility of the studies to be included/excluded, the acronym “PECOS” was used: humans and/or experimental models that 
simulate aerosol (Population); aerosol exposure and the use of masks/respirators (exposition/intervention); controlled or not 
controlled (comparison); effectiveness of PPE and the receiver exposure (outcomes); and randomized clinical studies or not, 
observational or laboratory simulation studies (Studies design).
Results A total of 4820 references were retrieved by the search strategy. Thirty-five articles were selected for complete 
reading, of which 13 articles were included for qualitative synthesis. A surgical mask or N95 respirator reduced the risk of 
transmission, even over short distances. The use of masks, even those with less filtering power, when used by all individu-
als in the same environment is more effective in reducing risk than the use of respirators with high filtering power for only 
some of the individuals present.
Conclusion The use of mask in closed environments is effective in reducing the risk of transmission and contagion of a 
contaminated bioaerosol, with greater effectiveness when these devices are used by the source and receiver, regardless of 
the equipment’s filtering power. (PROSPERO 2020 CRD 42020183759).
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Introduction

The transmission of disease between individuals often 
occurs by the dispersion of droplets of saliva from an 
infected person through breathing, coughing, speaking 
or sneezing; in closed environments, this contaminated 
bioaerosol can be transmitted to another person through 
the respiratory viruses' entry points (eyes, mouth and/or 
nose) (Centers for Disease Control and Prevention 2016; 
Noti et al. 2012; Shiu et al. 2019).

SARS-CoV-2 has a high transmission rate and was clas-
sified as a pandemic in March 2020 (Faridi et al. 2020). 
Similar to SARS-CoV and the influenza virus, an indi-
vidual can be infected with SARS-CoV-2 by direct contact 
with contaminated body fluids (Cegolon 2020; Chen et al. 
2004; Larson and Liverman 2011). Studies suggest the use 
of personal protective equipment (PPE), such as surgical 
masks or N95 respirators, as an inhalation barrier (Loeb 
et al. 2009; Siegel et al. 2007) for air control and filtration 
(Larson and Liverman 2011; Lindsley et al. 2012; Noti 
et al. 2012).

Smaller aerosol particles are known to be easily inhaled 
and are capable of being transmitted from short to long 
range (Tellier 2019), in addition to being suspended in the 
air for a longer time than larger particles (Gralton et al. 
2011). Droplets of larger diameter settle more quickly on 
surfaces, making them more difficult to inhale; however, 
these droplets have a greater potential to carry pathogens 
than smaller droplets, in addition to not penetrating deep 
into the respiratory tract (Tellier 2019).

Studies indicate that the forms of ventilation where 
frequent air circulation occurs in environments, such as 
waiting rooms for health services, are not effective for the 
total removal of particles generated by bioaerosols but 
contribute to a gradual decrease in concentration (Linds-
ley et al. 2012). Individuals are more exposed to this type 
of contamination indoors (Lindsley et al. 2012), and care 
must be taken to decrease the risk when these bioaerosols 
are dispersed in the environment.

Because COVID-19 is a disease in which the virus can 
be incubated for an average of 5–6 days before presenting 
any symptoms, the infected patient has the potential to 
transmit SARS-CoV-2 before symptoms develop (World 
Health Organization 2020a, b). The World Health Organi-
zation (WHO) recommends caution, especially in closed 
environments, where there may be a circulation of con-
taminants shed by people with COVID-19, symptomatic 
or not (World Health Organization, 2020a, b).

Some systematic reviews have addressed the effective-
ness of different types of PPE (Bartoszko et al. 2020; Long 
et al. 2020; Offeddu et al. 2017; Smith et al. 2016; Verbeek 
et al. 2020); however, to date, none have addressed the 

effectiveness of this equipment concerning the risk of con-
tamination in closed environments. Therefore, the aim of 
this systematic review was to analyze the effectiveness of 
the use of PPE in closed environments, in situations simi-
lar to waiting rooms or examination rooms of healthcare 
facilities, in the face of exposure to a bioaerosol.

Methods

Protocol and registration

The protocol for this systematic review was registered on 
the PROSPERO website (International prospective register 
of systematic review—Center for Reviews and Dissemi-
nation University of York)—CRD42020183759, and the 
review was performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
checklist (Moher 2009).

Eligibility criteria

To consider the eligibility of the studies to be included/
excluded from this review, the acronym “PECOS” was used.

Population (P)

Studies were included where the population consisted of 
humans (regardless of age, gender, or ethnicity) and/or 
experimental models (regardless of design) that simulate 
the aerosol generated by breathing, speaking, coughing, or 
sneezing. Animal studies were excluded.

Exposition (E)

In the case of observational studies, the study population 
must have been exposed to at least one type of aerosol gener-
ated by breathing, speaking, coughing, or sneezing, which 
may have been generated naturally (humans) or by simula-
tors that resemble the natural production. In interventional 
studies, the population must have used masks/respirators 
(homemade, surgical, N95, FFP, FFP2, FFP3) or eye or 
facial protection as a form of intervention. In both cases, 
the intervention or exposure must have been carried out in a 
closed environment, which is physically similar to a health 
service environment, with the simultaneous presence of 
an aerosol generator (source) and at least one receiver that 
breathes in the generated aerosol. In addition, the perma-
nence in the environment must have been transitory (in the 
same way as the waiting room and exams), excluding non-
transitory environments (for example, families in the same 
residence, or similar situations), or when the study did not 
make it clear whether or not it was a closed environment. 
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Studies were excluded if the population had not been 
exposed to the generated aerosol, or if the source and the 
receiver of the aerosol were not in the same environment at 
the same time.

Comparison (C)

No inclusion/exclusion criteria were adopted for the control 
group, and uncontrolled studies were also included.

Outcomes (O)

The outcomes of interest were as follows:

a) The effectiveness of PPE against exposure to an aerosol 
generated by speech, breathing, coughing or sneezing.

b) The dispersion and exposure of the receiver and the 
environment to this aerosol.

Studies that did not assess the outcome of interest were 
excluded.

Study design (S)

Randomized or non-randomized clinical studies, observa-
tional studies, and experimental laboratory simulation stud-
ies were included.

Experimental animal studies, reviews, letters, conference 
abstracts, expert opinions, or case reports were excluded. 
There were no exclusion criteria concerning the study lan-
guage or publication dates.

Information sources and search strategy

Combinations of words and appropriate truncations have 
been adapted for the following electronic databases selected 
as the sources of information: PubMed/Medline, EMBASE, 
Latin American and Caribbean Literature in Health Sciences 
(LILACS), Web of Science, Scopus and Cochrane Library. 
Gray literature was also used as a source of information 
through Google Scholar, Proquest, and Open Gray (Online 
resource 1). All searches were performed on May 1, 2020. 
The references were managed using appropriate software 
 (EndNote® X7 Thomson Reuters, Philadelphia, PA), and all 
duplicate studies were removed.

In addition to searching the electronic databases and gray 
literature, an expert (A.L.O.T) on the subject was also con-
sulted via e-mail to verify any possible publications on the 

subject and to indicate any relevant articles that could be 
included.

Study selection

The selection of articles was carried out in two phases, with 
the total result of records retrieved by the search strategy 
divided between two pairs (C.M.A/F.M.G and A.G.D.S/
O.G.F). To calibrate the selection of articles, the kappa coef-
ficient of the agreement was calculated for each of the pairs. 
In the first phase, the titles and abstracts of all references 
retrieved by the search were independently reviewed. All 
articles that did not meet the eligibility criteria previously 
established were excluded at this stage. In the second phase, 
the full text of the articles selected in the first phase was 
independently read. Whenever there was some disagreement 
and the lack of consensus persisted even after discussion, 
a third reviewer (R.S.S) was involved in the final decision.

To protect the reading of references and guarantee inde-
pendence and confidentiality in both phases, the Rayyan 
website was used (http:// rayyan. qcri. org), where the review-
ers were blinded in all evaluations and a member of the team 
(I.B.B), who did not participate in the selection, served as 
the moderator.

Data collection process

Two reviewers (B.L.C.L and G.M.C.R) independently col-
lected information from the included studies, and this infor-
mation was discussed with two other members of the team 
(J.S.N and F.M.G). The data collected consisted of charac-
teristics of the study (author, year of publication, country, 
title and design of the study), characteristics of the exposure 
(the type of aerosol generated, contamination, particle size, 
room size, air humidity and room temperature, PPE used, 
expiration/breath rate and the distance between the source 
and the receiver), the results and conclusions. When data 
were missing or incomplete in the article, attempts were 
made to contact the authors to obtain relevant unpublished 
information.

Risk of bias in individual studies

An adaptation of the Simulation Research Evaluation Rubric 
(SRR) (17) tool was used to assess the risk of bias in the 
experimental studies using simulations. This tool includes 
16 evaluation items, classified on a scale of 0 to 4 points 
(0 = unsatisfactory and 4 = excellent), resulting in a total 
score of 56 points in quantitative or qualitative studies 
and 64 points in studies with mixed methods. Due to the 
heterogeneity of the methodologies that could be included 
in this review, items that did not apply to the study design 
evaluated were judged as not applicable (NA). To facilitate 

http://rayyan.qcri.org
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visualization, the scores were transformed into percentages 
given by the ratio between the total score obtained and the 
total possible score. Based on quartiles within the rating 
scale of the score obtained, the studies were classified as 
having a high risk of bias (0–50%), moderate risk of bias 
(51–75%), and low risk of bias (76–100%).

Summary measures

Any outcome measures were considered, provided the study 
assessed the outcome of interest.

Results

Study selection

A total of 4820 references were retrieved by the search strat-
egy from the six electronic databases, leaving 4316 after the 
removal of duplicate references. After reading the titles and 
abstracts (phase 1), a total of 35 articles were selected for 
complete reading (phase 2), after which 22 were excluded 
(Online resource 2), resulting in 13 articles included for the 
qualitative synthesis (Fig. 1). No additional articles were 
included from the reference lists, gray literature, or consul-
tation with the expert. The value of the kappa coefficient 
of agreement was > 0.8 for both pairs, indicating excellent 
agreement.

Study characteristics

Of the 13 studies included in this systematic review, all were 
published in the last 10 years (variation from 2010 to 2019) 
in English, and 9 were from the United States, 3 were from 
China, and 1 was from the United Kingdom.

All studies were classified as experimental studies; how-
ever, 10 studies used mannequins as a source and receiver 
simulator, 1 study used a mathematical model to predict the 
risk of transmission, 1 used a mixed model composed of 
simulator/mannequins and humans, and 1 study used only 
humans as the study population.

The areas of the rooms  (m2) ranged from 2.35  m2 × 1.88 m 
in height to 10.24  m2 × 2.3 m. Two studies presented only 
the volume  (m3), and it was not possible to define the exact 
area of each environment, as the individual measurements 
(width × length × height) of the environment were not pro-
vided; two studies did not describe the size of the environ-
ment. The temperature varied from 17 to 24 °C, and the 
humidity varied from 20 to 68%. The size and temperature 
of the environments, and the distance between the aerosol-
generating source and the receiver, included in this review, 
are available in Table 1.

The types of masks evaluated in the studies were surgical 
masks, N95 respirators, face shields, and the combination of 
an N95 respirator and a surgical mask.

The bioaerosols evaluated in the included studies came 
from breathing, coughing, and sneezing, but no study evalu-
ated speech-generated aerosols. Most studies used uncon-
taminated aerosol as the suspension to be dispersed, five 
studies evaluated influenza virus and only one study used 
MERS-CoV. The size of the evaluated particles ranged from 
0.1 to > 200 µm. The distance from the aerosol-generating 
source to the receiver ranged from 0.3 to 2 m. The full 
description of the included studies is available in Table 1.

Risk of bias within the studies

Of the 13 articles included, 5 were classified as having a 
moderate risk of bias, and 8 studies were classified as having 
a low risk of bias. None of the included studies had a score 
of < 70% in the evaluation (Fig. 2).

Results of individual studies

The only study that evaluated the contaminated aerosol 
from a virus of the Coronaviridae family was carried out by 
Adhikari et al. 2019. They predicted the risk of transmission 
of MERS-CoV in a closed environment where there was 
movement of several people (healthcare professionals and 
visitors) in front of an infected patient and observed that an 
increase in the ventilation rate (air exchange) was an effec-
tive measure to reduce the risk for individuals present in the 
same environment but not for groups exposed to an air route 
of a short distance. Thus, the N95 respirator was indispensa-
ble for reducing the risk of transmission over short distances 
(Adhikari et al. 2019).

In an environment of 27  m3, the presence of 5 people 
without a mask increased the concentration of bioaerosol 
by 107% within 30 min, and this increase was dependent 
on the duration people stayed in the environment. However, 
in this same scenario (environment of 27  m3 occupied by 
five people), when using an N95 respirator or a surgical 
mask, the level of bioaerosol increased only 81% and 31%, 
respectively. Although N95 respirators promote greater air 
filtration, surgical masks appeared to be more effective in 
decreasing the release of bioaerosol, a difference mainly due 
to the adjustment and sealing of the mask to the source’s face 
(Xu et al. 2017). The filtering level of the mask, whether 
used by the source or the receiver, did not play a significant 
role in reducing exposure, unless the PPE was physically 
well sealed on the face of the source (Diaz and Smaldone 
2010). The greater the adjustment and sealing of the mask 
to the face, the greater the degree of protection that was pro-
vided (Lai et al. 2012), mainly concerning the fit of the mask 
on the aerosol-generating source (Mansour and Smaldone 
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2013). Surgical masks and ill-fitting N95 respirators are not 
effective in filtering aerosols contaminated by infectious 
viruses (Noti et al. 2012).

Another result to be highlighted is that the use of a sur-
gical mask by the aerosol-generating source during breath-
ing reached a level of protection in the receiver much 
higher than that of an N95 respirator (Diaz and Smaldone 

2010; Mansour and Smaldone 2013). The N95 respirator 
had a filtration level of approximately 95% of the aero-
sol, but the reduction in exposure by the mask control at 
its source was significantly greater than the N95 filtering 
capacity in reducing exposure (Mansour and Smaldone 
2013). On the other hand, Patel et al. 2016, observed that 
the biggest difference with the control of the source with 

Fig. 1  Flow diagram of literature search and selection criteria



12 International Archives of Occupational and Environmental Health (2022) 95:7–24

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

 (n
 =

 13
)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

A
dh

ik
ar

i 
et

 a
l. 

20
19

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(m
at

h-
em

at
ic

al
 

m
od

-
el

in
g)

C
ou

gh
 

(M
ER

S-
C

oV
)

Re
sp

ira
bl

e 
dr

op
le

ts
 w

er
e 

m
od

el
ed

 a
s 

ae
ro

so
ls

 w
ith

 
m

ea
n 

po
st 

ev
ap

or
at

io
n 

di
am

et
er

s 
of

 4
 μ

m
 a

nd
 

8 
μm

 (f
or

 
sm

al
l a

nd
 

la
rg

e 
re

sp
ir-

ab
le

 d
ro

pl
et

s)

23
0m

3 
(d

es
cr

ip
-

tio
n 

m
ad

e 
on

ly
 in

 
cu

bi
c 

m
et

er
s)

N
/A

N
/A

N
/A

N
95

 
re

sp
ira

to
r 

(s
ou

rc
e)

1–
2 

m
 fr

om
 

th
e 

so
ur

ce
Th

e 
re

su
lts

 o
f t

he
 ri

sk
 m

an
ag

em
en

t 
as

se
ss

m
en

t s
ho

w
ed

 th
at

 in
cr

ea
si

ng
 

th
e 

ra
te

 o
f a

ir 
ve

nt
ila

tio
n 

w
as

 a
n 

eff
ec

tiv
e 

m
ea

su
re

 to
 d

ec
re

as
e 

th
e 

ris
k 

fo
r o

th
er

 p
at

ie
nt

s w
ho

 sh
ar

e 
th

e 
en

vi
ro

nm
en

t, 
bu

t n
ot

 fo
r p

eo
pl

e 
in

 
cl

os
e 

co
nt

ac
t. 

Fo
r o

th
er

s i
n 

th
e 

sa
m

e 
en

vi
ro

nm
en

t, 
th

e 
ris

k 
ca

n 
be

 re
du

ce
d 

by
 a

bo
ut

 3
0%

 o
r 5

8%
 b

y 
in

cr
ea

si
ng

 
ai

r v
en

til
at

io
n.

 W
ea

rin
g 

a 
m

as
k 

w
as

 
co

ns
id

er
ed

 th
e 

m
os

t e
ffe

ct
iv

e 
in

te
r-

ve
nt

io
n 

m
ea

su
re

 to
 m

in
im

iz
e 

th
e 

ris
k 

of
 in

fe
ct

io
n,

 re
du

ci
ng

 a
n 

av
er

ag
e 

of
 

89
–9

7%
, s

ug
ge

sti
ng

 th
at

 a
ll 

ex
po

se
d 

gr
ou

ps
 sh

ou
ld

 w
ea

r a
 m

as
k 

as
 p

ro
te

c-
tio

n 
to

 m
in

im
iz

e 
th

e 
as

so
ci

at
ed

 ri
sk

 
of

 in
fe

ct
io

n

In
cr

ea
si

ng
 th

e 
ve

nt
ila

-
tio

n 
ra

te
 w

as
 c

on
-

si
de

re
d 

an
 e

ffe
ct

iv
e 

m
ea

su
re

 to
 re

du
ce

 
th

e 
ris

k 
of

 in
fe

ct
io

n,
 

bu
t n

ot
 fo

r s
ho

rt 
di

s-
ta

nc
es

. T
he

 u
se

 o
f a

 
m

as
k 

w
as

 c
on

si
de

re
d 

m
or

e 
eff

ec
tiv

e 
in

 
re

du
ci

ng
 th

e 
ris

k 
of

 
in

fe
ct

io
n 

fo
r e

xp
os

ed
 

gr
ou

ps

Li
nd

sl
ey

 
et

 a
l. 

20
14

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

C
ou

gh
 (i

nfl
u-

en
za

 st
ra

in
 

A
/W

S/
33

—
H

1N
1,

 
A

TC
C

 
V

R-
82

5)

Te
st 

ae
ro

so
l 

ha
d 

a 
co

un
t 

m
ed

ia
n 

di
am

et
er

 o
f 

0.
44

 μ
m

 a
nd

 
a 

ge
om

et
ric

 
st

an
da

rd
 

de
vi

at
io

n 
of

 
1.

48

10
.2

4m
2 

(2
.3

 m
 in

 
he

ig
ht

)*

Th
e 

co
ug

h 
ha

d 
a 

vo
lu

m
e 

of
 

4.
2 

l a
nd

 a
 

pe
ak

 fl
ow

 
ra

te
 o

f 
11

.4
 L

 p
er

 
se

co
nd

 (l
/

se
c)

Th
e 

br
ea

th
in

g
w

av
ef

or
m

 
w

as
 si

nu
-

so
id

al
, w

ith
 

a 
flo

w
 ra

te
 

of
 3

2 
L 

pe
r 

m
in

ut
e 

(l/
m

in
)

24
◦C

 (S
D

 
1.

4◦
C

) /
 

21
%

 (S
D

 
5.

9%
)

Fa
ce

Sh
ie

ld
 

(r
ec

ei
ve

r)
0.

46
 m

* 
an

d 
1.

83
 m

*
Th

e 
am

ou
nt

 o
f a

er
os

ol
 in

ha
le

d 
by

 th
e 

si
m

ul
at

or
, i

nc
re

as
in

g 
th

e 
di

st
an

ce
 

be
tw

ee
n 

th
e 

co
ug

h 
an

d 
br

ea
th

in
g 

si
m

ul
at

or
s a

nd
 u

si
ng

 a
 fa

ce
sh

ie
ld

, 
re

du
ce

d 
si

gn
ifi

ca
nt

ly
 (p

 <
 0.

00
1 

an
d 

p =
 0.

00
9,

 re
sp

ec
tiv

el
y)

. T
he

 to
ta

l 
am

ou
nt

 o
f v

iru
s t

ha
t w

as
 d

ep
os

ite
d 

in
 b

ot
h 

si
m

ul
at

or
s w

as
 si

gn
ifi

ca
nt

ly
 

lo
w

er
 w

he
n 

us
in

g 
th

e 
fa

ce
sh

ie
ld

 
(p

 =
 0.

00
1)

Th
e 

us
e 

of
 fa

ce
sh

ie
ld

 
ca

n 
su

bs
ta

nt
ia

lly
 

re
du

ce
 e

xp
os

ur
e 

to
 

in
fe

ct
io

us
 p

ar
ti-

cl
es

 p
re

se
nt

 in
 th

e 
ae

ro
so

l, 
an

d 
ca

n 
re

du
ce

 re
sp

ira
to

ry
 

co
nt

am
in

at
io

n.
 T

he
se

 
de

vi
ce

s a
re

 le
ss

 e
ffe

c-
tiv

e 
ag

ai
ns

t s
m

al
le

r 
pa

rti
cl

es
, w

hi
ch

 c
an

 
re

m
ai

n 
in

 th
e 

ai
r f

or
 

lo
ng

 p
er

io
ds

. T
hu

s 
fa

ce
sh

ie
ld

s c
an

 p
ro

-
vi

de
 a

 c
om

pl
em

en
ta

ry
 

pr
ot

ec
tio

n 
to

 th
e 

us
e 

of
 m

as
ks

 / 
re

sp
ira

to
rs

, 
ho

w
ev

er
 th

ey
 sh

ou
ld

 
no

t b
e 

us
ed

 a
s a

 su
b-

sti
tu

te
 fo

r r
es

pi
ra

to
ry

 
pr

ot
ec

tio
n



13International Archives of Occupational and Environmental Health (2022) 95:7–24 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

Li
nd

sl
ey

 
et

 a
l. 

20
12

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

C
ou

gh
 (n

o 
co

nt
am

in
a-

tio
n)

Te
st 

ae
ro

so
l 

ha
d 

a 
co

un
t 

m
ed

ia
n 

di
am

et
er

 o
f 

0.
44

 μ
m

 a
nd

 
a 

ge
om

et
ric

 
st

an
da

rd
 

de
vi

at
io

n 
of

 
1.

48

7.
29

m
2 

(2
.4

 m
 in

 
he

ig
ht

)*

Th
e 

co
ug

h 
ha

d 
a 

2.
1 

L 
vo

lu
m

e 
w

ith
 a

 
pe

ak
 fl

ow
 

of
 8

.4
5 

L/
se

c 
an

d 
a 

m
ea

n 
flo

w
 

of
 2

.6
4 

L/
 

se
c

32
, 8

5 
an

d 
95

 
L/

m
in

24
 °C

 (S
D

 
1.

4 
°C

) /
 

33
%

 (S
D

 
6%

)

D
iff

er
en

t 
br

an
ds

 
of

 N
95

 
m

as
ks

, 
su

rg
ic

al
 

m
as

ks
 

an
d 

a 
m

as
k 

co
m

bi
-

na
tio

n 
(s

ou
rc

e 
an

d/
or

 
re

ce
iv

er
)

1.
83

 m
*

Im
m

ed
ia

te
 a

fte
rm

at
h 

of
 a

 c
ou

gh
, t

he
 

ex
po

su
re

 is
 m

uc
h 

hi
gh

er
 w

he
n 

th
e 

w
or

ke
r i

s d
ire

ct
ly

 in
 th

e 
pa

th
 o

f t
he

 
co

ug
h 

pl
um

e.
 H

ow
ev

er
, a

fte
r 5

 m
in

, 
th

e 
ae

ro
so

l c
on

ce
nt

ra
tio

ns
 a

t a
ll 

lo
ca

tio
ns

 a
re

 v
er

y 
si

m
ila

r (
20

%
 a

fte
r 

5 
m

in
 a

nd
 1

5%
 a

fte
r 1

0 
m

in
). 

A
er

os
ol

 
ex

po
su

re
 is

 h
ig

he
st 

w
ith

 n
o 

pe
rs

on
al

 
pr

ot
ec

tiv
e 

eq
ui

pm
en

t, 
fo

llo
w

ed
 b

y 
su

rg
ic

al
 m

as
ks

, a
nd

 th
e 

le
as

t e
xp

o-
su

re
 is

 se
en

 w
ith

 N
95

 re
sp

ira
to

rs
. 

Th
es

e 
di

ffe
re

nc
es

 a
re

 se
en

 re
ga

rd
le

ss
 

of
 b

re
at

hi
ng

 ra
te

 a
nd

 re
la

tiv
e 

po
si

-
tio

n 
of

 th
e 

co
ug

hi
ng

 a
nd

 b
re

at
hi

ng
 

si
m

ul
at

or
s

Th
es

e 
re

su
lts

 p
ro

vi
de

 
a 

be
tte

r u
nd

er
st

an
d-

in
g 

of
 th

e 
ex

po
su

re
 

of
 w

or
ke

rs
 to

 c
ou

gh
 

ae
ro

so
ls

 fr
om

 p
at

ie
nt

s 
an

d 
of

 th
e 

re
la

tiv
e 

effi
ca

cy
 o

f d
iff

er
en

t 
ty

pe
s o

f r
es

pi
ra

to
ry

 
pe

rs
on

al
 p

ro
te

ct
iv

e 
eq

ui
pm

en
t, 

an
d 

th
ey

 
w

ill
 a

ss
ist

 in
ve

sti
ga

-
to

rs
 in

 p
ro

vi
di

ng
 

re
se

ar
ch

-b
as

ed
 

re
co

m
m

en
da

tio
ns

 fo
r 

eff
ec

tiv
e 

re
sp

ira
to

ry
 

pr
ot

ec
tio

n 
str

at
eg

ie
s 

in
 h

ea
lth

 c
ar

e 
se

tti
ng

s
B

oo
th

 e
t a

l. 
20

13
 

(U
ni

te
d 

K
in

gd
om

)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 

(A
-ty

pe
 

in
flu

en
za

 
vi

ru
s)

D
is

pe
rs

ed
 

ae
ro

so
l 

co
ve

rin
g 

a 
si

ze
 

ra
ng

e <
 1 

μm
 

to
 >

 20
0 

μm
, 

of
 w

hi
ch

 5
0%

 
w

er
e 

of
 a

 
si

ze
 <

 60
 μ

m
 

an
d 

15
%

 >
 10

0 
μm

N
D

N
D

In
ha

la
tio

n/
 

ex
ha

la
tio

n 
ra

te
 o

f 
40

 L
/m

in
 

(s
tro

ke
 v

ol
-

um
e 

of
 2

.0
 

L 
20

 c
yc

le
s/

m
in

)

N
D

Su
rg

ic
al

 
m

as
ks

 
(r

ec
ei

ve
r)

0.
7 

m
*

Th
e 

in
flu

en
za

 v
iru

s w
as

 re
co

ve
re

d 
fro

m
 

be
hi

nd
 (t

he
 b

re
at

hi
ng

 z
on

e)
 o

f a
ll 

te
ste

d 
su

rg
ic

al
 m

as
ks

, i
.e

. t
he

 m
as

k 
do

es
 n

ot
 c

om
pl

et
el

y 
pr

ev
en

t t
he

 e
nt

ry
 

of
 th

e 
vi

ru
s i

n 
br

ea
th

in
g 

si
m

ul
at

or
s. 

M
os

t m
as

ks
 sh

ow
ed

 a
n 

av
er

ag
e 

of
 

10
 ti

m
es

 re
du

ct
io

n 
in

 e
xp

os
ur

e 
to

 
vi

ra
l i

nf
ec

tio
n 

in
 th

e 
fa

ce
 o

f a
 d

ire
ct

 
ch

al
le

ng
e

Su
rg

ic
al

 m
as

ks
 h

av
e 

sh
ow

n 
lim

ita
tio

ns
, 

al
th

ou
gh

 to
 so

m
e 

ex
te

nt
 th

ey
 h

av
e 

pr
o-

vi
de

d 
pr

ot
ec

tio
n 

fo
r 

th
e 

br
ea

th
in

g 
so

ur
ce

 
in

 th
e 

fa
ce

 o
f a

 v
ira

l 
ch

al
le

ng
e



14 International Archives of Occupational and Environmental Health (2022) 95:7–24

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

M
an

so
ur

 
et

 a
l. 

20
13

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 (n

o 
co

nt
am

in
a-

tio
n)

A
pp

ro
xi

m
at

el
y 

90
%

 o
f t

he
 

pa
rti

cl
es

 w
er

e 
le

ss
 th

an
 

2 
μm

, w
ith

 
an

 av
er

ag
e 

of
 

0.
95

 μ
m

 (9
5%

 
C

I: 
+

—
0.

11
9)

2.
35

m
2 

(1
,8

8 
m

 
in

 
he

ig
ht

)*

10
 L

/m
in

Re
sp

ira
to

ry
 

ra
te

 o
f 1

5 
br

ea
th

s/
m

in
, a

nd
 

du
ty

 c
yc

le
 

of
 0

.5
 s

20
.5

 C
 to

 
23

.2
 C

 a
nd

 
23

%
 to

 
68

%

N
95

 
re

sp
ira

to
r 

an
d 

an
 

ea
r l

oo
p 

su
rg

ic
al

 
m

as
k 

(s
ou

rc
e 

an
d/

or
 

re
ce

iv
er

)

0.
91

 m
*

W
he

n 
th

e 
so

ur
ce

 a
nd

 th
e 

re
ce

iv
er

 d
id

 
no

t u
se

 a
 m

as
k,

 th
er

e 
w

as
 n

o 
pr

ot
ec

-
tio

n,
 o

bt
ai

ni
ng

 a
 si

m
ul

at
ed

 p
ro

te
ct

io
n 

fa
ct

or
 v

al
ue

 o
f 1

.3
63

%
 (9

5%
 C

I: 
0.

91
2–

1.
81

%
). 

W
he

n 
a 

N
95

 su
rg

ic
al

 
m

as
k 

or
 re

sp
ira

to
r w

as
 a

pp
lie

d 
to

 
th

e 
so

ur
ce

, i
t r

es
ul

te
d 

in
 a

 si
gn

ifi
ca

nt
 

re
du

ct
io

n 
in

 e
xp

os
ur

e,
 w

ith
 p

ro
te

c-
tio

n 
va

lu
es

 o
f 0

.0
06

37
%

 (9
5%

 C
I: 

0.
00

00
9 

–0
.0

00
38

%
) f

or
 su

rg
ic

al
 

m
as

k 
w

ith
 n

at
ur

al
 a

dj
us

tm
en

t a
ro

un
d 

th
e 

ea
rs

, 0
.0

00
23

%
 (9

5%
 C

I: 
0.

00
00

9 
–0

.0
00

38
%

) f
or

 a
 w

el
l-s

ea
le

d 
su

rg
ic

al
 

m
as

k 
(b

es
t fi

tte
d 

an
d 

ad
ap

te
d 

to
 th

e 
m

an
ne

qu
in

) a
nd

 0
.0

00
19

%
 (9

5%
 C

I: 
0.

00
01

2–
0,

 0
0,

02
7%

) f
or

 th
e 

N
95

. 
O

n 
th

e 
ot

he
r h

an
d,

 o
nl

y 
m

in
im

al
 a

nd
 

in
si

gn
ifi

ca
nt

 re
du

ct
io

ns
 (p

 >
 0.

05
) 

w
er

e 
m

ea
su

re
d 

w
he

n 
a 

su
rg

ic
al

 m
as

k 
or

 u
ns

ea
le

d 
re

sp
ira

to
r (

na
tu

ra
l a

dj
us

t-
m

en
t) 

w
as

 p
la

ce
d 

on
 th

e 
re

ce
iv

er
, 

w
ith

 v
al

ue
s o

f 1
.3

8%
 (9

5%
 C

I: 
0.

99
2–

1,
 7

7%
) f

or
 su

rg
ic

al
 m

as
k 

w
ith

 
na

tu
ra

l a
dj

us
tm

en
t a

ro
un

d 
th

e 
ea

rs
, 

0.
69

9%
 (C

I: 
0.

06
41

–1
.2

7%
) f

or
 w

el
l-

se
al

ed
 su

rg
ic

al
 m

as
k 

an
d 

0.
18

1%
 

(9
5%

 C
I: 

0.
10

6–
0.

25
6)

 fo
r N

95
. A

t 
th

e 
so

ur
ce

, t
he

 fi
ltr

at
io

n 
of

 th
e 

N
95

 
re

sp
ira

to
r a

ve
ra

ge
d 

77
.0

6%
 (9

5%
 

C
I: 

73
.2

5–
80

.8
8%

) c
om

pa
re

d 
to

 
37

.0
3%

 (9
5%

 C
I: 

5.
09

6–
68

.9
6%

) f
or

 
th

e 
m

as
k 

w
el

l-s
ea

le
d 

su
rg

ic
al

 m
as

k,
 

an
d 

13
.1

8%
 (9

5%
 C

I: 
7.

47
6 

18
.8

9%
) 

fo
r t

he
 n

at
ur

al
-fi

t s
ur

gi
ca

l m
as

k.
 

Fi
ltr

at
io

n 
at

 th
e 

re
ce

iv
er

 o
bt

ai
ne

d 
an

 
av

er
ag

e 
of

 9
2.

28
%

 (9
5%

 C
I: 

37
.6

2–
 

14
6.

9%
) f

or
 N

95
, 4

8.
83

%
 (9

5%
 C

I: 
32

.1
–6

5.
55

%
) f

or
 m

as
k 

w
el

l-s
ea

le
d 

su
rg

ic
al

 m
as

k 
an

d 
32

.6
8%

 (9
5%

 C
I: 

22
.3

6–
 4

3.
01

%
) f

or
 th

e 
na

tu
ra

l-fi
t 

su
rg

ic
al

 m
as

k

Th
e 

ad
ju

stm
en

t a
nd

 
se

al
in

g 
of

 th
e 

m
as

ks
 

si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
th

e 
pr

ot
ec

tio
n 

eff
ec

ts
 

of
 th

e 
so

ur
ce

. A
 N

95
 

re
sp

ira
to

r s
ea

le
d 

at
 

th
e 

re
ce

iv
er

 (b
et

te
r 

fit
 a

nd
 se

al
) o

ffe
re

d 
le

ss
 p

ro
te

ct
io

n 
w

he
n 

co
m

pa
re

d 
to

 a
ny

 
m

as
k 

at
 th

e 
so

ur
ce

. 
Th

e 
co

nt
ro

l o
f t

he
 

re
sp

ira
to

ry
 so

ur
ce

 c
an

 
off

er
 m

or
e 

pr
ot

ec
tio

n 
to

 th
e 

he
al

th
 p

ro
fe

s-
si

on
al

 a
nd

 p
ot

en
tia

lly
 

re
du

ce
 th

e 
sp

re
ad

 o
f 

ae
ro

so
liz

ed
 in

fe
ct

io
ns



15International Archives of Occupational and Environmental Health (2022) 95:7–24 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

N
ot

i e
t a

l. 
20

12
 

(C
hi

na
)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

C
ou

gh
 (I

nfl
u-

en
za

 A
)

2.
5–

4 
μm

7.
56

m
2 

(2
.4

0 
m

 
in

 
he

ig
ht

)*

Th
e 

co
ug

h
ha

d 
a 

4.
2-

L 
vo

lu
m

e 
w

ith
 a

 
pe

ak
 fl

ow
 

of
 1

6.
9 

L/
s a

nd
 a

 
m

ea
n 

flo
w

 
of

 5
.2

8 
L/

s

Fl
ow

 ra
te

 o
f 

32
 L

/m
in

N
D

A
 su

rg
ic

al
 

m
as

k 
an

d 
N

95
 

re
sp

ira
to

r 
(r

ec
ei

ve
r)

1.
83

 m
*

Th
e 

se
al

ed
 se

al
 o

f a
 su

rg
ic

al
 m

as
k 

on
 

th
e 

fa
ce

 b
lo

ck
ed

 th
e 

en
try

 o
f 9

4.
5%

 
of

 th
e 

to
ta

l v
iru

s a
nd

 9
4.

8%
 o

f t
he

 
in

fe
ct

io
us

 v
iru

s (
n =

 3)
. A

 h
er

m
et

i-
ca

lly
 se

al
ed

 N
95

 re
sp

ira
to

r b
lo

ck
ed

 
99

.8
%

 o
f t

he
 to

ta
l v

iru
s a

nd
 9

9.
6%

 
of

 th
e 

in
fe

ct
io

us
 v

iru
s (

n =
 3)

. A
n 

ill
-fi

tti
ng

 re
sp

ira
to

r b
lo

ck
ed

 6
4.

5%
 

of
 th

e 
to

ta
l v

iru
s a

nd
 6

6.
5%

 o
f t

he
 

in
fe

ct
io

us
 v

iru
s (

n =
 3)

. A
 n

at
ur

al
ly

 
ad

ju
ste

d 
su

rg
ic

al
 m

as
k 

bl
oc

ke
d 

68
.5

%
 o

f t
he

 to
ta

l v
iru

s a
nd

 5
6.

6%
 o

f 
th

e 
in

fe
ct

io
us

 v
iru

s (
n =

 2)

Th
e 

re
su

lts
 in

di
ca

te
 th

at
 

a 
po

or
ly

 fi
tte

d 
re

sp
ira

-
to

r p
er

fo
rm

s n
o 

be
tte

r 
th

an
 a

 lo
os

el
y 

fit
tin

g 
m

as
k

Pa
te

l e
t a

l. 
20

16
 

(U
ni

te
d 

St
at

es
 o

f 
A

m
er

ic
a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 a

nd
 

co
ug

h 
(n

o 
co

nt
am

in
a-

tio
n)

N
D

3.
04

m
2 

(1
.9

0,
 in

 
he

ig
ht

)*

1.
5-

L
br

ea
th

s g
en

-
er

at
ed

 b
y 

th
e 

pu
m

p,
 

w
ith

 a
 

pe
ak

 fl
ow

 
of

 5
.2

L/
se

c

tid
al

 v
ol

um
e 

50
0 

m
L,

 
re

sp
ira

to
ry

 
ra

te
 o

f 1
5 

br
ea

th
s/

m
in

, a
nd

 
du

ty
 c

yc
le

 
of

 5
0%

21
.0

–2
2.

8 
°C

 
an

d 
33

–5
8%

Su
rg

ic
al

 
m

as
k 

an
d 

N
95

 
re

sp
ira

to
r 

(s
ou

rc
e 

an
d/

or
 

re
ce

iv
er

)

0.
91

 m
*

Th
e 

da
ta

 fo
r t

id
al

 b
re

at
hi

ng
, f

or
 th

e 
ro

om
 w

ith
ou

t a
ir 

flo
w

, t
he

 m
as

k 
at

 
th

e 
so

ur
ce

 w
as

 st
at

ist
ic

al
ly

 (p
 <

 0.
05

) 
su

pe
rio

r f
or

 th
e 

ad
ju

ste
d 

su
rg

ic
al

 
m

as
k 

an
d 

th
e 

N
95

 re
sp

ira
to

r w
ith

 
or

 w
ith

ou
t v

as
el

in
e 

se
al

. T
he

 o
nl

y 
m

as
k 

to
 p

ro
vi

de
 si

gn
ifi

ca
nt

ly
 d

if-
fe

re
nt

 re
su

lts
 a

t t
he

 re
ce

iv
er

 w
as

 th
e 

N
95

 v
as

el
in

e 
se

al
. T

he
 d

iff
er

en
ce

s 
be

tw
ee

n 
th

e 
ty

pe
s o

f m
as

k 
w

er
e 

si
gn

ifi
ca

nt
, i

nd
ic

at
in

g 
th

at
 th

e 
m

ai
n 

pr
ot

ec
tio

n 
m

ec
ha

ni
sm

 w
as

 fi
ltr

at
io

n.
 

Si
m

ila
r fi

nd
in

gs
 w

er
e 

ob
se

rv
ed

 in
 

a 
ho

sp
ita

l r
oo

m
, t

ha
t i

s, 
w

ith
 b

et
te

r 
fil

tra
tio

n,
 th

e 
ex

po
su

re
 w

as
 re

du
ce

d 
w

ith
 N

95
 w

ith
 o

r w
ith

ou
t s

ea
lin

g 
at

 
th

e 
So

ur
ce

 o
r R

ec
ep

to
r. 

In
 g

en
er

al
, 

th
e 

ex
po

su
re

 w
as

 lo
w

er
 w

he
n 

th
e 

re
sp

ira
to

r w
as

 a
t t

he
 so

ur
ce

. C
om

-
pa

re
d 

to
 ti

da
l b

re
at

hi
ng

, t
he

re
 a

re
 

m
aj

or
 d

iff
er

en
ce

s i
n 

th
e 

m
ag

ni
tu

de
 

an
d 

m
ec

ha
ni

sm
s o

f e
xp

os
ur

e.
 In

 
ge

ne
ra

l, 
fo

r a
ll 

en
vi

ro
nm

en
ts

, t
he

 
m

as
k 

at
 th

e 
So

ur
ce

 w
as

 su
pe

rio
r t

o 
th

e 
m

as
k 

at
 th

e 
Re

ce
iv

er
. T

he
 re

su
lts

 
w

er
e 

re
la

tiv
el

y 
in

se
ns

iti
ve

 to
 c

ap
tu

re
 

effi
ci

en
cy

, t
ha

t i
s, 

co
m

pa
re

d 
to

 a
n 

N
95

 a
t t

he
 re

ce
iv

er
, t

he
 n

at
ur

al
-fi

t 
su

rg
ic

al
 m

as
k 

at
 th

e 
so

ur
ce

 w
as

 a
s 

eff
ec

tiv
e 

(n
o 

ai
rfl

ow
 a

nd
 h

os
pi

ta
l 

ro
om

) o
r m

or
e 

eff
ec

tiv
e 

(p
re

ss
ur

e 
ro

om
 n

eg
at

iv
e)

C
on

tro
l o

f t
he

 so
ur

ce
 

th
ro

ug
h 

su
rg

ic
al

 
m

as
ks

 c
an

 b
e 

an
 

im
po

rta
nt

 a
ux

ili
ar

y 
de

fe
ns

e 
ag

ai
ns

t t
he

 
sp

re
ad

 o
f r

es
pi

ra
-

to
ry

 in
fe

ct
io

ns
. T

he
 

ad
ju

stm
en

t o
f t

he
 

m
as

k 
or

 re
sp

ira
to

r, 
in

 c
om

bi
na

tio
n 

w
ith

 
th

e 
ai

rfl
ow

 p
at

te
rn

s 
in

 a
 g

iv
en

 e
nv

iro
n-

m
en

t, 
co

nt
rib

ut
e 

si
gn

ifi
ca

nt
ly

 to
 th

e 
eff

ec
tiv

en
es

s o
f t

he
 

so
ur

ce
 c

on
tro

l



16 International Archives of Occupational and Environmental Health (2022) 95:7–24

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

B
la

ch
er

e 
et

 a
l. 

20
18

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 

an
d 

C
ou

gh
 

(in
flu

en
za

)

0.
1–

30
 μ

m
10

.2
4m

2 
(2

.3
 m

 in
 

he
ig

ht
)*

Th
e 

vo
lu

m
e 

of
 th

e 
co

ug
hs

 
w

as
 e

ith
er

 
2.

1 
l (

pe
ak

 
flo

w
 o

f 
8.

45
 L

/s
 

an
d 

m
ea

n 
flo

w
 o

f 
2.

64
 L

/s
) 

or
 4

.2
 l 

(p
ea

k 
flo

w
 

16
.9

 L
/s

 
an

d 
m

ea
n 

flo
w

 5
.2

8 
L/

s)

Th
e 

br
ea

th
in

g 
w

av
ef

or
m

 
w

as
 si

nu
-

so
id

al
 w

ith
 

a 
flo

w
 ra

te
 

of
 3

2 
L/

m
in

H
um

id
ity

 
20

–2
2%

A
 su

rg
ic

al
 

m
as

k 
an

d 
N

95
 

re
sp

ira
to

r 
(r

ec
ei

ve
r)

1.
83

 m
*

Th
e 

to
ta

l n
um

be
r o

f v
iru

se
s (

in
fe

c-
tio

us
 a

nd
 n

on
-in

fe
ct

io
us

) e
xt

ra
ct

ed
 

by
 m

as
k 

(s
ur

gi
ca

l m
as

k 
or

 N
95

) w
as

 
18

.9
%

. T
he

 e
xt

ra
ct

io
n 

effi
ci

en
cy

 
of

 th
e 

su
rg

ic
al

 m
as

k 
w

as
 lo

w
er

 
(9

.9
%

 ±
 8.

2 
SD

) t
ha

n 
fo

r N
95

s 
(2

0.
6%

 ±
 14

.8
 S

D
)

Th
e 

stu
dy

 d
em

on
str

at
es

 
th

e 
re

te
nt

io
n 

of
 in

fe
c-

tiv
ity

 in
 c

on
ta

m
in

at
ed

 
su

rg
ic

al
 m

as
ks

 a
nd

 
N

95
 re

sp
ira

to
rs

, i
n 

ad
di

tio
n 

to
 p

ro
vi

di
ng

 
in

fo
rm

at
io

n 
on

 th
e 

ris
k 

of
 e

xp
os

ur
e 

to
 

ae
ro

so
l, 

as
 it

 su
gg

es
ts

 
th

at
 th

e 
vi

ru
s t

ra
pp

ed
 

on
 th

e 
ou

ts
id

e 
of

 th
e 

m
as

ks
 m

ay
 re

pr
es

en
t 

a 
ris

k 
of

 tr
an

sm
is

-
si

on
 th

ro
ug

h 
in

di
re

ct
 

co
nt

ac
t, 

es
pe

ci
al

ly
 

w
he

n 
us

ed
 fo

r a
 lo

ng
 

pe
rio

d 
of

 ti
m

e
X

u 
et

 a
l. 

20
17

 
(C

hi
na

)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
hu

m
an

s)

B
re

at
hi

ng
 (N

o 
co

nt
am

in
a-

tio
n)

1.
5 

µm
Va

rie
d 

w
ith

in
 

th
e 

stu
dy

N
/A

N
/A

N
/A

N
95

 m
as

ks
 

an
d 

su
rg

ic
al

 
m

as
k 

(s
ou

rc
e)

N
D

Th
e 

pr
es

en
ce

 o
f 5

 p
eo

pl
e 

w
ith

ou
t w

ea
r-

in
g 

m
as

ks
 in

cr
ea

se
d 

th
e 

co
nc

en
tra

-
tio

n 
of

 b
io

ae
ro

so
l b

y 
10

7%
 in

 3
0 

m
in

. 
W

he
n 

us
in

g 
N

95
 m

as
ks

 o
r s

ur
gi

ca
l 

m
as

ks
, i

nc
re

as
es

 in
 b

io
ae

ro
so

l w
er

e 
ob

se
rv

ed
 b

y 
81

%
 a

nd
 3

1%
, r

es
pe

c-
tiv

el
y,

 le
ss

 c
om

pa
re

d 
to

 th
os

e 
w

ith
ou

t 
a 

m
as

k

B
io

ae
ro

so
ls

 e
m

itt
ed

 
fro

m
 th

e 
br

ea
th

 o
f 

in
fe

ct
ed

 in
di

vi
du

-
al

s c
an

 b
e 

pa
th

o-
ge

ni
c.

 T
he

 u
se

 o
f 

a 
re

sp
ira

to
r c

an
 

pr
ev

en
t h

um
an

s f
ro

m
 

re
le

as
in

g 
bi

oa
er

os
ol

s 
(e

sp
ec

ia
lly

 th
os

e 
th

at
 

ar
e 

pa
th

og
en

ic
) i

nt
o 

th
e 

en
vi

ro
nm

en
t, 

an
d 

effi
ci

en
cy

 d
ep

en
ds

 o
n 

th
e 

ty
pe

 o
f r

es
pi

ra
-

tio
n.

 B
ec

au
se

 o
f t

he
 

di
ffe

re
nc

e 
in

 fa
ci

al
 

ad
ju

stm
en

t, 
it 

se
em

s 
th

at
 su

rg
ic

al
 m

as
ks

 
ar

e 
be

tte
r t

ha
n 

th
e 

N
95

 m
as

k 
in

 te
rm

s 
of

 p
re

ve
nt

in
g 

hu
m

an
s 

fro
m

 re
le

as
in

g 
bi

oa
er

os
ol

 in
to

 th
e 

en
vi

ro
nm

en
t



17International Archives of Occupational and Environmental Health (2022) 95:7–24 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

La
i e

t a
l. 

20
12

 
(C

hi
na

)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

Sn
ee

ze
 (n

o 
co

nt
am

in
a-

tio
n)

Th
e 

pe
ak

 
co

nc
en

tra
tio

n 
ob

ta
in

ed
 w

as
 

fo
r p

ar
tic

le
 

si
ze

s o
f a

bo
ut

 
35

 n
m

 w
ith

 
ge

om
et

ric
 

st
an

da
rd

 
de

vi
at

io
n 

of
 

1.
81

5.
17

m
2 

(2
.3

0 
m

 
in

 
he

ig
ht

)*

Th
e 

on
/o

ff 
el

ec
tri

ca
lly

 
m

od
ul

at
ed

 
va

lv
e 

co
n-

tro
lle

d 
th

e 
sn

ee
zi

ng
 

du
ra

tio
n,

 
go

ve
rn

ed
 

by
 th

e 
La

bV
IE

W
 

pr
og

ra
m

 
at

 0
.5

, 1
 

an
d 

2 
s. 

A
 m

an
ua

l 
el

ec
tri

ca
lly

 
m

od
ul

at
ed

 
va

lv
e 

w
as

 
us

ed
 to

 
co

nt
ro

l t
he

 
flo

w
 ra

te
 

of
 sn

ee
z-

in
g

Th
e m
ax

im
um

 
br

ea
th

in
g 

flo
w

 ra
te

 
w

as
 se

t t
o 

15
 l 

pe
r 

m
in

ut
e.

 
Ea

ch
 c

yc
le

 
la

ste
d 

4 
s, 

i.e
., 

2 
s f

or
 

in
ha

la
tio

n 
an

d 
2 

s f
or

 
ex

ha
la

tio
n

N
D

Su
rg

ic
al

 
m

as
ks

 in
 

di
ffe

re
nt

 
se

al
in

g 
co

nd
i-

tio
ns

 
(r

ec
ei

ve
r)

0.
3*

 to
 

0.
6 

m
*

Th
e 

fu
lly

 se
al

ed
 m

as
k 

off
er

ed
 th

e 
m

os
t p

ro
te

ct
io

n,
 p

ro
vi

di
ng

 a
lm

os
t 

10
0%

 d
eg

re
e 

of
 p

ro
te

ct
io

n,
 w

hi
le

 
th

e 
no

rm
al

ly
 fi

tte
d 

m
as

k 
off

er
ed

 th
e 

le
as

t p
ro

te
ct

io
n.

 W
he

n 
an

 a
rti

fic
ia

l 
le

ak
 o

f 4
 m

m
 w

as
 c

re
at

ed
, t

he
 d

eg
re

e 
of

 p
ro

te
ct

io
n 

re
du

ce
d 

to
 a

 m
in

im
um

 
of

 8
0%

. T
he

 a
da

pt
at

io
n 

of
 th

e 
fa

ce
 

m
as

k 
w

as
 fo

un
d 

to
 h

av
e 

a 
si

gn
ifi

ca
nt

 
in

flu
en

ce
 o

n 
th

e 
de

gr
ee

 o
f p

ro
te

ct
io

n 
(p

 <
 0.

05
). 

Th
e 

di
st

an
ce

 b
et

w
ee

n 
th

e 
so

ur
ce

 a
nd

 th
e 

re
ce

iv
er

 a
ls

o 
pl

ay
ed

 
a 

si
gn

ifi
ca

nt
 ro

le
 in

 d
et

er
m

in
in

g 
th

e 
de

gr
ee

 o
f p

ro
te

ct
io

n,
 th

e 
gr

ea
te

r t
he

 
di

st
an

ce
, t

he
 g

re
at

er
 th

e 
de

gr
ee

 o
f 

pr
ot

ec
tio

n.
 T

he
 h

ig
he

r t
he

 e
m

is
si

on
 

sp
ee

d,
 th

e 
lo

w
er

 th
e 

de
gr

ee
 o

f p
ro

te
c-

tio
n 

ob
se

rv
ed

. I
n 

ad
di

tio
n,

 th
e 

lo
ng

er
 

th
e 

du
ra

tio
n 

of
 th

e 
em

is
si

on
, t

he
 

lo
w

er
 th

e 
de

gr
ee

 o
f p

ro
te

ct
io

n,
 d

ue
 

to
 in

cr
ea

se
d 

ex
po

su
re

. T
he

 re
su

lts
 

sh
ow

ed
 th

at
 th

e 
de

gr
ee

 o
f p

ro
te

ct
io

n 
of

 th
e 

m
as

ks
 is

 m
or

e 
in

flu
en

ce
d 

by
 

th
e 

ad
ap

ta
tio

n 
of

 th
e 

m
as

ks
 (s

ea
l-

in
g)

 th
an

 b
y 

th
e 

ot
he

r p
ar

am
et

er
s 

of
 sp

ee
d,

 d
ist

an
ce

 a
nd

 d
ur

at
io

n 
(p

 <
 0.

05
). 

Th
e 

p-
va

lu
e 

of
 th

e 
di

st
an

ce
 w

as
 th

e 
sm

al
le

st 
(p

 <
 0.

05
) 

co
m

pa
re

d 
to

 th
e 

sp
ee

d 
an

d 
du

ra
tio

n 
in

 th
re

e 
di

ffe
re

nt
 sc

en
ar

io
s o

f a
da

pt
a-

tio
n 

of
 th

e 
m

as
k.

 T
he

 v
en

til
at

io
n 

of
 

th
e 

en
vi

ro
nm

en
t a

ls
o 

de
m

on
str

at
ed

 
an

 in
flu

en
ce

 o
n 

th
e 

de
gr

ee
 o

f p
ro

te
c-

tio
n,

 e
sp

ec
ia

lly
 in

 th
e 

ca
se

 o
f g

re
at

er
 

se
pa

ra
tio

n 
di

st
an

ce
s b

et
w

ee
n 

th
e 

so
ur

ce
 a

nd
 th

e 
re

ce
iv

er
 a

nd
 lo

w
er

 
em

is
si

on
 sp

ee
ds

It 
w

as
 o

bs
er

ve
d 

th
at

 
fu

lly
 se

al
ed

 fa
ce

-
m

as
ks

 p
ro

vi
de

 th
e 

hi
gh

es
t p

ro
te

ct
io

n,
 

w
hi

le
 th

e 
le

as
t p

ro
te

c-
tiv

e 
w

as
 th

e 
no

rm
al

 
w

ea
rin

g.
 It

 w
as

 a
ls

o 
ob

se
rv

ed
 th

at
 th

e 
re

du
ct

io
n 

of
 e

xp
os

ur
e 

de
cr

ea
se

s w
ith

 
in

cr
ea

si
ng

 e
m

is
si

on
 

ve
lo

ci
ty

 a
nd

 e
m

is
si

on
 

du
ra

tio
n,

 a
nd

 w
ith

 
de

cr
ea

si
ng

 se
pa

ra
tio

n 
di

st
an

ce
 b

et
w

ee
n 

so
ur

ce
 a

nd
 su

sc
ep

-
tib

le
 m

an
ik

in
s. 

Th
e 

cu
rr

en
t r

es
ul

ts
 h

av
e 

im
po

rta
nt

 im
pl

ic
a-

tio
ns

 fo
r p

ub
lic

 h
ea

lth
 

as
 w

ea
rin

g 
fa

ce
m

as
ks

 
ha

s b
ec

om
e 

a 
co

m
-

m
on

 p
ro

te
ct

io
n 

m
ea

su
re



18 International Archives of Occupational and Environmental Health (2022) 95:7–24

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

H
e 

et
 a

l. 
20

13
 

(U
ni

te
d 

St
at

es
 o

f 
A

m
er

ic
a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 (n

o 
co

nt
am

in
a-

tio
n)

 ≤
 10

0 
nm

24
.3

m
3 

(d
es

cr
ip

-
tio

n 
m

ad
e 

on
ly

 in
 

cu
bi

c 
m

et
er

s)

N
D

C
yc

lic
 b

re
at

h-
in

g 
flo

w
s 

w
ith

 M
IF

 
ra

te
s o

f 
15

, 3
0,

 5
5 

an
d 

85
 L

/
m

in
 a

nd
 

br
ea

th
in

g 
fr

eq
ue

nc
ie

s 
of

 1
0,

 1
5,

 
20

, 2
5 

an
d 

30
 b

re
at

hs
/

m
in

 w
er

e 
ex

am
in

ed

17
–2

2 
℃

 a
nd

 
30

–6
0%

N
95

 
fil

te
rin

g 
fa

ce
pi

ec
e 

re
sp

ira
-

to
r a

nd
 a

 
su

rg
ic

al
 

m
as

k 
(r

ec
ei

ve
r)

N
D

Th
e 

pe
ne

tra
tio

n 
of

 th
e 

N
95

 fi
lte

r 
in

cr
ea

se
d 

w
ith

 th
e 

in
cr

ea
se

 in
 

th
e 

av
er

ag
e 

in
sp

ira
to

ry
 fl

ow
 ra

te
 

(p
 <

 0.
05

). 
Th

e 
eff

ec
t o

f t
he

 re
sp

ira
-

to
ry

 ra
te

 o
n 

th
e 

pe
ne

tra
tio

n 
of

 th
e 

fil
te

r w
as

 c
om

pl
ex

 a
nd

 st
ro

ng
ly

 
de

pe
nd

en
t o

n 
th

e 
pa

rti
cl

e 
si

ze
 a

nd
 

th
e 

av
er

ag
e 

in
sp

ira
to

ry
 fl

ow
 ra

te
. 

A
s e

xp
ec

te
d,

 th
e 

N
95

 re
sp

ira
to

r 
ha

d 
a 

fil
te

r p
en

et
ra

tio
n 

be
lo

w
 5

%
 

fo
r a

ny
 p

ar
tic

le
 si

ze
, r

es
pi

ra
to

ry
 

ra
te

 a
nd

 a
ve

ra
ge

 in
sp

ira
to

ry
 fl

ow
 

ra
te

. T
he

 T
ot

al
 In

w
ar

d 
Le

ak
ag

e 
of

 
N

95
 in

cr
ea

se
d 

as
 th

e 
pa

rti
cl

e 
si

ze
 

in
cr

ea
se

d,
 re

ga
rd

le
ss

 o
f t

he
 a

ve
ra

ge
 

in
sp

ira
to

ry
 fl

ow
 ra

te
 a

nd
 re

sp
ira

to
ry

 
ra

te
 (p

 <
 0.

05
). 

C
om

pa
re

d 
to

 th
e 

N
95

, 
th

e 
su

rg
ic

al
 m

as
k 

ha
d 

m
uc

h 
gr

ea
te

r 
pe

ne
tra

tio
n 

(p
 <

 0.
05

), 
an

d 
m

ay
 n

ot
 

off
er

 th
e 

fil
te

r e
ffi

ci
en

cy
 e

xp
ec

te
d 

at
 

hi
gh

er
 re

sp
ira

to
ry

 fl
ow

s. 
Th

e 
to

ta
l 

pe
ne

tra
tio

n 
of

 p
ar

tic
le

s i
n 

th
e 

su
rg

ic
al

 
m

as
k 

w
as

 a
bo

ut
 1

0 
tim

es
 g

re
at

er
 th

an
 

th
e 

pe
ne

tra
tio

n 
in

 N
95

. T
he

 d
at

a 
su

g-
ge

st 
th

at
 th

e 
te

ste
d 

su
rg

ic
al

 m
as

k 
m

ay
 

no
t b

e 
ab

le
 to

 p
ro

vi
de

 su
bs

ta
nt

ia
l 

pr
ot

ec
tio

n 
ag

ai
ns

t t
he

 a
er

os
ol

 p
ar

tic
le

 
ra

ng
e 

up
 to

 ~
 50

0 
nm

, i
n 

an
y 

re
le

va
nt

 
co

m
bi

na
tio

n 
of

 re
sp

ira
to

ry
 ra

te
 a

nd
 

flo
w

 ra
te

Fo
r t

he
 N

95
 F

FR
 

an
d 

SM
 te

ste
d,

 
fil

te
r p

en
et

ra
tio

n 
w

as
 

si
gn

ifi
ca

nt
ly

 a
ffe

ct
ed

 
by

 p
ar

tic
le

 si
ze

 a
nd

 
re

sp
ira

to
ry

 fl
ow

 ra
te

, 
w

hi
le

 th
e 

eff
ec

t o
f 

re
sp

ira
to

ry
 ra

te
 o

n 
fil

te
r p

en
et

ra
tio

n 
w

as
 g

en
er

al
ly

 le
ss

 
pr

on
ou

nc
ed

 a
nd

 
le

ss
 im

po
rta

nt
 fr

om
 

a 
pr

ac
tic

al
 p

oi
nt

 o
f 

vi
ew

, e
sp

ec
ia

lly
 fo

r 
lo

w
er

 m
ea

n 
in

sp
ira

-
to

ry
 fl

ow
 ra

te
s. 

Fo
r 

N
95

 a
nd

 su
rg

ic
al

 
m

as
k,

 to
ta

l p
en

et
ra

-
tio

n 
in

cr
ea

se
d 

w
ith

 
in

cr
ea

si
ng

 p
ar

tic
le

 
si

ze
. T

he
 su

rg
ic

al
 

m
as

k 
pr

od
uc

ed
 m

uc
h 

hi
gh

er
 v

al
ue

s o
f fi

lte
r 

pe
ne

tra
tio

n 
th

an
 th

e 
N

95
. T

he
 re

su
lts

 su
g-

ge
st 

th
at

 th
e 

su
rg

ic
al

 
m

as
k 

m
ay

 n
ot

 b
e 

ab
le

 
to

 p
ro

vi
de

 su
bs

ta
nt

ia
l 

pr
ot

ec
tio

n 
ag

ai
ns

t 
ae

ro
so

l p
ar

tic
le

s u
p 

to
 ~

 50
0 

nm
D

re
w

ry
 

II
I e

t a
l. 

20
18

 
(U

ni
te

s 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
co

ug
h 

si
m

ul
a-

to
r a

nd
 

hu
m

an
s)

C
ou

gh
 (I

nfl
u-

en
za

)
 <

 5 
nm

N
D

5 
L/

m
in

N
/A

N
D

N
D

Th
e 

co
ug

h-
in

g 
de

vi
ce

 
w

as
 

pl
ac

ed
 

ne
ar

 th
e 

pa
tie

nt
 

(d
id

 n
ot

 
sp

ec
ify

 
di

st
an

ce
)

D
ur

in
g 

pa
tie

nt
 c

ar
e,

 p
ot

en
tia

lly
 in

fe
c-

tio
us

 p
ar

tic
le

s a
re

 in
tro

du
ce

d 
in

to
 

th
e 

ex
ch

an
ge

 a
re

a,
 p

os
si

bl
y 

du
e 

to
 

ne
w

 a
er

os
ol

iz
at

io
n 

du
rin

g 
th

e 
PP

E 
ex

ch
an

ge
 p

ro
ce

ss
 o

r b
y 

op
en

in
g 

th
e 

ro
om

 d
oo

r. 
Th

e 
nu

m
be

r o
f p

ar
tic

le
s 

an
d 

th
e 

am
ou

nt
 o

f n
ew

 a
er

os
ol

iz
at

io
n 

de
pe

nd
 in

 p
ar

t o
n 

th
e 

ac
tiv

iti
es

 o
f 

th
e 

he
al

th
ca

re
 p

ro
fe

ss
io

na
l a

nd
 th

e 
pa

tie
nt

 b
ef

or
e 

th
e 

ex
ch

an
ge

, a
nd

 o
n 

th
e 

ex
ch

an
ge

 p
ro

ce
du

re
s t

he
m

se
lv

es
. 

Th
is

 in
fo

rm
at

io
n 

ca
n 

in
fo

rm
 c

ha
ng

es
 

in
 p

ro
to

co
ls

 th
at

 c
an

 b
e 

te
ste

d 
em

pi
ri-

ca
lly

 to
 fu

rth
er

 m
in

im
iz

e 
th

e 
he

al
th

 
pr

of
es

si
on

al
's 

ris
k 

of
 e

xp
os

ur
e

Th
es

e 
pr

el
im

in
ar

y 
da

ta
 

an
d 

th
is

 m
et

ho
d 

w
ill

 
in

cr
ea

se
 h

ea
lth

ca
re

 
w

or
ke

r a
nd

 h
ea

lth
-

ca
re

 sy
ste

m
 sa

fe
ty

, 
m

iti
ga

te
 h

ea
lth

ca
re

 
w

or
ke

r f
ea

rs
 a

bo
ut

 
th

e 
ris

k 
of

 tr
ea

t-
in

g 
pa

tie
nt

s w
ith

 
hi

gh
ly

 in
fe

ct
io

us
 

di
se

as
es

, a
nd

 ra
is

e 
th

e 
ov

er
al

l q
ua

lit
y 

of
 c

ar
e 

fo
r p

at
ie

nt
s 

in
 h

ig
h-

co
nt

ai
nm

en
t 

en
vi

ro
nm

en
ts



19International Archives of Occupational and Environmental Health (2022) 95:7–24 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

 (c
ou

n-
try

)

St
ud

y 
de

si
gn

Ty
pe

 o
f a

er
o-

so
l g

en
er

at
ed

 
(c

on
ta

m
in

a-
tio

n)

Pa
rti

cl
e 

si
ze

Ro
om

 
si

ze
—

m
2  

(h
ei

gh
t)

A
er

os
ol

 fl
ow

 
(s

ou
rc

e)
B

re
at

hi
ng

 ra
te

 
(R

ec
ei

ve
r)

Ro
om

 te
m

-
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

In
di

vi
du

al
 

pr
ot

ec
tio

n 
eq

ui
pm

en
t

di
st

an
ce

 
be

tw
ee

n 
ge

ne
ra

to
r 

an
d 

re
ce

iv
er

Re
su

lts
C

on
cl

us
io

n

D
ia

z 
an

d 
Sm

al
do

ne
 

20
10

 
(U

ni
te

d 
St

at
es

 o
f 

A
m

er
ic

a)

Ex
pe

rim
en

-
ta

l l
ab

o-
ra

to
ry

 
stu

dy
 

(s
tu

dy
 

w
ith

 
m

an
ne

-
qu

in
)

B
re

at
hi

ng
 (n

o 
co

nt
am

in
a-

tio
n)

95
%

 o
f t

he
 

pa
rti

cl
es

 w
er

e 
le

ss
th

an
 2

 μ
m

, w
ith

 
an

 av
er

ag
e 

of
 1

.0
46

 m
m

 
(9

5%
 C

I: 
0.

98
4–

1.
11

)

2.
08

m
2 

(1
.8

3 
m

 
in

 
he

ig
ht

)*

10
 L

/m
in

Re
sp

ira
to

ry
 

ra
te

 o
f 1

5 
br

ea
th

s/
m

in
,

an
d 

du
ty

 
cy

cl
e 

of
 0

.5

20
 °C

 to
 

22
 °C

 a
nd

 
21

%
 to

 
26

%

N
IO

SH
 

ap
pr

ov
ed

 
N

95
 

re
sp

ira
to

r 
an

d 
an

 
ea

r l
oo

p 
su

rg
ic

al
 

m
as

k 
(s

ou
rc

e 
an

d/
or

 
re

ce
iv

er
)

0.
91

 m
*

In
 th

e 
pr

es
en

ce
 o

f c
ha

m
be

r a
ir 

ex
ch

an
ge

, a
pp

ly
in

g 
a 

m
as

k 
on

 th
e 

so
ur

ce
 (p

rim
ar

ily
 d

efl
ec

tio
n)

 re
su

lte
d 

in
 si

gn
ifi

ca
nt

 re
du

ct
io

n 
(P

 <
 0.

05
) i

n 
ex

po
su

re
 to

 th
e 

re
ce

iv
er

 (s
W

PF
17

0-
32

0)
. A

pp
ly

in
g 

ei
th

er
 a

 su
rg

ic
al

 
m

as
k 

or
 N

95
 re

sp
ira

to
r a

t t
he

 so
ur

ce
 

re
su

lte
d 

in
 si

gn
ifi

ca
nt

 re
du

ct
io

ns
 in

 
ex

po
su

re
 a

nd
 c

or
re

sp
on

di
ng

 si
m

u-
la

te
d 

w
or

kp
la

ce
 p

ro
te

ct
io

n 
fa

ct
or

 o
f 

17
2 

to
 3

17
. A

pp
ly

in
g 

ei
th

er
 su

rg
ic

al
 

m
as

k 
or

 re
sp

ira
to

r t
o 

th
e 

re
ce

iv
er

 
(w

ith
ou

t a
 p

er
fe

ct
 se

al
) d

id
 n

ot
 si

gn
if-

ic
an

tly
 re

du
ce

 e
xp

os
ur

e 
fro

m
 th

at
 o

f 
no

 m
as

ks
 (s

im
ul

at
ed

 w
or

kp
la

ce
 p

ro
-

te
ct

io
n 

fa
ct

or
 o

f 1
.3

7–
2.

21
). 

A
t t

he
 

so
ur

ce
, N

95
 re

su
lte

d 
in

 si
gn

ifi
ca

nt
ly

 
gr

ea
te

r fi
ltr

at
io

n 
av

er
ag

in
g 

35
.7

%
 

(9
5%

 C
I: 

27
.7

–4
3.

7)
 in

 c
om

pa
ris

on
 

w
ith

 su
rg

ic
al

 m
as

k 
tig

ht
ly

 fi
t 1

4.
8%

 
(9

5%
 C

I: 
10

.1
–1

9.
6)

 a
nd

 su
rg

ic
al

 
m

as
k 

lo
os

el
y 

fit
 6

.0
7%

 (9
5%

 C
I: 

5.
43

 
6.

72
). 

H
ow

ev
er

, s
ig

ni
fic

an
tly

 g
re

at
er

 
fil

tra
tio

n 
w

ith
 th

e 
N

95
 d

id
 n

ot
 re

su
lt 

in
 a

 si
gn

ifi
ca

nt
 re

du
ct

io
n 

in
 e

xp
os

ur
e 

co
m

pa
re

d 
w

ith
 su

rg
ic

al
 m

as
k 

tig
ht

ly
 

fit
 o

r s
ur

gi
ca

l m
as

k 
lo

os
el

y 
fit

, s
ug

-
ge

sti
ng

 d
efl

ec
tio

n 
w

as
 th

e 
do

m
in

an
t 

fa
ct

or

M
as

k 
fil

tra
tio

n,
 a

pp
lie

d 
ei

th
er

 a
t t

he
 so

ur
ce

 o
r 

th
e 

re
ce

iv
er

, d
oe

s n
ot

 
pl

ay
 a

 si
gn

ifi
ca

nt
 ro

le
 

in
 re

du
ci

ng
 e

xp
os

ur
e 

to
 th

e 
re

ci
pi

en
t u

nl
es

s 
a 

re
sp

ira
to

r i
s p

hy
si

-
ca

lly
 se

al
ed

 to
 th

e 
fa

ce
 o

f t
he

 so
ur

ce
. 

D
efl

ec
tio

n 
of

 e
xh

al
ed

 
pa

rti
cl

es
, s

uc
h 

as
 c

an
 

be
 a

ch
ie

ve
d 

w
ith

 a
 

su
rg

ic
al

 m
as

k 
w

or
n 

at
 

th
e 

so
ur

ce
, a

ch
ie

ve
s 

fa
r g

re
at

er
 le

ve
ls

 o
f 

pr
ot

ec
tio

n 
th

an
 a

n 
N

95
 re

sp
ira

to
r o

n 
th

e 
re

ci
pi

en
t

*T
ra

ns
fo

rm
at

io
n 

of
 m

ea
su

re
s a

nd
 c

al
cu

la
tio

n 
m

ad
e 

by
 th

e 
re

se
ar

ch
er

N
D

 n
ot

 d
es

cr
ib

ed
N

/A
 n

ot
 a

pp
lic

ab
le



20 International Archives of Occupational and Environmental Health (2022) 95:7–24

1 3

the use of a mask or respirator (even unsealed) was in the 
aerosol generated by coughing, but when the aerosol was 
generated by breathing, source control was comparable 
to or greater than the mask or respirator protection on the 
receiver (Patel et al. 2016).

The risk of contamination in closed environments was 
related both to the direct transmission between the aerosol 
and the receiver and to the indirect transmission through 
contact with contaminated PPEs, which is a source of 
infectivity retention in environments with the presence of a 
contaminated source (Blachere et al. 2018). In the study by 
Drewry et al. 2018, it was observed that transmission can 
occur not only near the source of the infected aerosol but 
also during the disposal of PPE (Drewry et al. 2018).

The aerosol generated by coughing can disperse in a 
plume capable of moving through a closed environment 
and expose people present in the environment to a highly 
concentrated aerosol; however, after a few minutes, a wide 

range of aerosol particle sizes disperse, reaching everyone 
in the environment (Lindsley et al. 2012). For both surgical 
masks and N95 respirators, the penetration of the aerosol 
into the filter was significantly affected by the size of the 
inhaled particle and the respiratory flow (He et al. 2013). 
Well-sealed N95 respirators provided good protection for 
the cough aerosol with particles of all sizes; on the other 
hand, surgical masks did not provide adequate protection 
against small particles present in cough aerosols, even when 
well-sealed (Lindsley et al. 2012), not being able to pro-
vide substantial protection against aerosol particles up to 
approximately 500 nm in size, in any combination of flow 
and respiratory rate (He et al. 2013).

The only study that evaluated the effectiveness of the face 
shield against exposure to a cough aerosol in a closed envi-
ronment was carried out by Lindsley et al. 2014 (Lindsley 
et al. 2014). It was observed that the use of the face shield 
substantially reduced the exposure to the contaminated 

Fig. 2  Risk of bias summary: review authors’ judgements about each risk of bias item for each included study
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aerosol (96% reduction in the period immediately after the 
cough) and protected the respirator PPE used (97% pro-
tection). However, face shields were less effective against 
smaller particles that can remain in the air for long periods 
and can disperse around the face shield to be inhaled. Thus, 
the face shield is useful as a complement; however, it should 
not be used as a substitute for respiratory protection.

No study has evaluated the effectiveness of using cloth 
masks in closed environments.

It was not possible to quantify the risk of publication 
bias. However, a database with other languages, such as 
Portuguese and Spanish, was used (Lilacs), in addition to 
a broader search in the gray literature, to reduce the prob-
ability of this error occurring.

Discussion

Social distancing and hand hygiene have been the main 
WHO recommendations to prevent the spread of SARS-
CoV-2; however, these measures do not prevent infection 
from inhaling small droplets exhaled by an infected person 
that can travel a distance of dozens of meters, which is a 
significant route of transmission indoors (Morawska and Cao 
2020). It is known that SARS-CoV-2 is transmitted through 
contaminated fluids from the upper airways of infected peo-
ple, with or without symptoms, and can spread through close 
contact (World Health Organization 2020a;  b). The WHO 
suggests the use of PPE as one of the measures to prevent the 
spread of the disease (World Health Organization 2020a, b); 
however, the types of PPE are still widely discussed in terms 
of their effectiveness due to the wide variety of materials 
offered and the inefficient sealing to the face. Therefore, this 
systematic review proposed to address the effectiveness of 
masks/respirators (homemade, surgical, N95, FFP, FFP2, 
FFP3) or eye or facial protection, against the bioaerosol gen-
erated by individuals contaminated by infectious diseases 
(symptomatic or asymptomatic) in closed environments, 
such as the waiting rooms or exam rooms of healthcare facil-
ities, and to extrapolate these results to the current COVID-
19 pandemic. The results of the qualitative synthesis of the 
present review demonstrate that PPE is effective in these 
situations; however, the results are influenced by ventilation, 
number of people and length of stay in the environment, the 
distance between the source and the receiver and the level 
of filtering and sealing of the mask or respirator.

SARS-CoV-2 can remain viable and infectious in aerosols 
for hours and on surfaces for days (van Doremalen et al. 
2020) and is closely related phylogenetically to its predeces-
sor, SARS-CoV-1 (89% similarity) (Jalava 2020). Due to 
its similarity, the hypothesis that SARS-CoV-2 also spreads 
through the air is strengthened (Morawska and Cao 2020). 
Normal expiratory activities can result in aerosol generation 

with an 80–90% distribution of particle size < 1 µm (Moraw-
ska 2009). Expiratory droplets can carry pathogens and thus 
transmit diseases through the air and can be easily inhaled 
even after being generated (Leung et al. 2020; Lindsley et al. 
2014). The results of the present review indicate that in these 
situations, increasing the ventilation of the environment is 
considered an effective measure to reduce the risk of expo-
sure to pathogens present in contaminated bioaerosols, but 
it is not effective for groups exposed to a short-distance air 
route (Adhikari et al. 2019). Thus, in busy environments 
such as waiting rooms for health services, even if well ven-
tilated, the use of masks is essential to reduce the risk of 
transmission.

The results of the present review indicate that the use 
of a surgical mask by the source of the aerosol reaches a 
higher level of protection than the use of the N95 respira-
tor by the receiver (Diaz and Smaldone 2010; Mansour and 
Smaldone 2013; Patel et al 2016). These data suggest that 
traditional surgical masks are useful in preventing the trans-
mission of respiratory diseases when applied at the source 
of the infected aerosol, significantly reducing the exposure 
of pathogens, functioning as an inhalation barrier; however, 
in regard to respiratory protection equipment, there are still 
doubts about which is the best type to be used for this pur-
pose (Patel et al. 2016). In an environment of 27  m3 occu-
pied by five people, although the N95 respirator promotes 
greater filtration, surgical masks seemed to be more effective 
in reducing the release of bioaerosol, a difference mainly due 
to the adjustment and sealing of the mask to the face of the 
source (Xu et al. 2017). The contribution of asymptomatic 
exposure to SARS-CoV-2 cases can play an important role 
in transmission, even in individuals who are not coughing 
or sneezing (Anderson et al. 2020), representing a challenge 
in infection control (Al-Tawfiq 2020). Because of this, dur-
ing the current pandemic, the use of masks with less filter-
ing power by all people present in the environment is more 
effective in reducing the risk of exposure than the use of 
respirators with high filtering power for only a portion of 
the people in the environment.

Although the mechanism for SAR-CoV-2 transmission 
through the eyes is not clearly understood, eye protection is 
recommended not only for all healthcare professionals but 
also for people in the risk group (Napoli et al. 2020). The 
qualitative synthesis of this review points to a greater risk of 
transmission over short distances, in which case the use of 
masks is essential. Face shields seem to substantially reduce 
exposure to a contaminated aerosol; however, they are less 
effective when exposed to smaller particles, so they are use-
ful as a complement to masks and respirators (Lindsley et al. 
2014). Given these results, it is indicated that health profes-
sionals working in close contact and people in the high-risk 
group use face shields as a way to complement the protection 
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against a contaminated bioaerosol, not to eliminate the need 
to use a mask/respirator.

It is known that the size, speed, shape, and physical prop-
erties of the particles are factors taken into account when 
making masks. Even if the chosen material offers a good aer-
osol barrier, if it does not have a good seal on the face, then 
its use would not provide much protection to the individual 
(Davies et al. 2013). The N95 respirator showed greater fil-
tering power, with a filtration level of approximately 95% 
of the aerosol particles; on the other hand, surgical masks 
did not provide adequate protection against small particles 
(Lindsley et al. 2012; Mansour and Smaldone 2013). The 
filtering level of the mask, whether used by the source or 
receiver, plays a significant role in reducing exposure only if 
the mask is well sealed (Diaz and Smaldone 2010). Based on 
these results, the provision of information sources (whether 
printed or digital) to patients regarding the best adjustments 
of the mask to the face and the importance of sealing the 
mask is a measure that can be taken to increase the effective-
ness of this equipment in closed environments.

Despite the robustness of this review generated by the 
qualitative synthesis of 13 articles, some limitations should 
be noted. Most of these studies are experimental simula-
tions using mannequins; therefore, the data should be viewed 
with caution, as their results are extrapolation to what would 
happen to humans. Additionally, the methodological het-
erogeneity of the studies prevented a quantitative analysis 
on the topic. It is suggested that further studies in humans 
be carried out, with control of the confounding variables 
(ventilation, number of people and length of stay in the envi-
ronment, the distance between the source and the receiver, 
level of filtering and sealing of the mask or respirator, tem-
perature, and humidity) to generate even more robust sci-
entific evidence. On the other hand, the data in this review 
provide important information for the control of transmis-
sion, in the midst of the COVID-19 pandemic, in addition to 
the possibility of extrapolating these findings to any closed 
environment.

Conclusion

The use of mask in closed environments is effective in 
reducing the risk of transmission and contagion of a con-
taminated bioaerosol when the mask is well sealed, with 
greater effectiveness when these types of equipment are used 
by the source and receiver of the bioaerosol, regardless of 
the power of filtration of the equipment. Ventilation of the 
environment can also be performed as an auxiliary measure 
to reduce the risk; however, ventilation is not effective for 
preventing the spread of aerosols over a short distance.
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