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Background: Conﬂicting recommendations exist related to whether masks have a protective eﬀect on the spread
of respiratory viruses.
Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement was
consulted to report this systematic review. Relevant articles were retrieved from PubMed, Web of Science,
ScienceDirect, Cochrane Library, and Chinese National Knowledge Infrastructure (CNKI), VIP (Chinese) database.
Results: A total of 21 studies met our inclusion criteria. Meta-analyses suggest that mask use provided a signiﬁcant protective eﬀect (OR = 0.35 and 95% CI = 0.24–0.51). Use of masks by healthcare workers (HCWs) and
non-healthcare workers (Non-HCWs) can reduce the risk of respiratory virus infection by 80% (OR = 0.20, 95%
CI = 0.11–0.37) and 47% (OR = 0.53, 95% CI = 0.36–0.79). The protective eﬀect of wearing masks in Asia
(OR = 0.31) appeared to be higher than that of Western countries (OR = 0.45). Masks had a protective eﬀect
against inﬂuenza viruses (OR = 0.55), SARS (OR = 0.26), and SARS-CoV-2 (OR = 0.04). In the subgroups based
on diﬀerent study designs, protective eﬀects of wearing mask were signiﬁcant in cluster randomized trials and
observational studies.
Conclusions: This study adds additional evidence of the enhanced protective value of masks, we stress that the
use masks serve as an adjunctive method regarding the COVID-19 outbreak.

1. Introduction
Facemasks are recommended for diseases transmitted through droplets and respirators for respiratory aerosols, yet recommendations and
terminology vary between guidelines. The concepts of droplet and
airborne transmission that are entrenched in clinical practice recently
are more complex than previously thought. The concern is now increasing in the face of the Coronavirus Disease 2019 (COVID-19) pandemic [1]. The spread of respiratory viral infections (RVIs) occurs
primarily through contact and droplet routes. And new evidence suggests severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
can remain viable and infectious in aerosols for hours [2]. Therefore,

the use of masks as appropriate personal protective equipment (PPE) is
often considered when preventing the spread of respiratory infections.
Experimental data shows that the micropores of mask block dust particles or pathogens that are larger than the size of micropores [3]. For
example, the micropores of N95 masks materials are only 8 μm in
diameter, which can eﬀectively prevent the penetration of virions [4,5].
Although the aforementioned studies support the potential beneﬁcial eﬀect of masks, the substantial impact of masks on the spread of
laboratory-diagnosed respiratory viruses remains controversial [6].
Smith et al. indicated that there were insuﬃcient data to determine
deﬁnitively whether N95 masks are superior to surgical masks in protecting healthcare workers (HCWs) against transmissible acute
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Fig. 1. Flow diagram of the study search and selection process.

select eligible studies, published before March 2020, from multiple
electronic databases, including PubMed, Web of Science, Cochrane
Library, and Chinese National Knowledge Infrastructure (CNKI), VIP
(Chinese) database. Relevant Chinese technical terms for the Chinese
databases were used to search for published articles (see Appendix 1,
for search details). Furthermore, references of all relevant articles and
reviews were retrieved to search for additional eligible studies with fulltexts. After removing duplicates, all abstracts and titles were ﬁltered
independently by two reviewers (M.L.; L.G.) and the full texts were
downloaded and meticulously appreciated. The two reviewers compared and discussed the results and consulted with the third reviewer
(C.Y.S.), if necessary, to reach a consensus.

respiratory infections in clinical settings [7]. Another meta-analysis
suggested that facemask provides a non-signiﬁcant protective eﬀect
(OR = 0.53, 95% CI 0.16–1.71, I2 = 48%) against the 2009 inﬂuenza
pandemic [8]. Xiao et al. concluded that masks did not support a substantial eﬀect on the transmission of inﬂuenza from 7 studies [6]. On
the contrary, Jeﬀerson et al. suggested that wearing masks signiﬁcantly
decreased the spread of SARS (OR = 0.32; 95% CI 0.25–0.40;
I2 = 58.4%) [9]. Up to date, existing evidence on the eﬀectiveness of
the use of masks to prevent respiratory viral transmission contradicts
each other.
Therefore, we performed a systematic review and meta-analysis to
evaluate the eﬀectiveness of the use of masks to prevent laboratoryconﬁrmed respiratory virus transmission.

2.2. Inclusion and exclusion criteria
2. Methods
The studies meeting the following criteria were included: (1) concerning the relationship between the face mask and preventing RVIs;
(2) diagnosis of respiratory virus must have laboratory evidence, or the
local clinical diagnostic criteria are applied during an acute large-scale
infectious disease when laboratory evidence might be not available; (3)
complete data available of both cases and controls to calculate an odds

2.1. Identiﬁcation and selection of studies
The Preferred Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA) statement was consulted to report this systematic
review. A comprehensive searching strategy was carefully designed to
2
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3.3. General protective eﬀects

ratio (OR) with 95% conﬁdence interval (CI); (4) appropriate study
design; (5) no language restrictions applied. The exclusive criteria were
as follows: (1) conferences/meetings abstracts, case reports, editorials,
and review articles; (2) duplicate publication or overlapping studies; (3)
studies with unavailable full texts.

The 21 studies, involving 8,686 participants, showed that masks
were generally eﬀective in preventing the spread of respiratory viruses.
After wearing a mask, the risk of contracting RVIs was signiﬁcantly
reduced, with the pooled OR was 0.35 and 95% CI = 0.24–0.51
(I2 = 60%, M − H Random-eﬀect model) (Fig. 3).

2.3. Study quality assessment

3.4. HCWs vs. non-HCWs

The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality
of the case-control study and cohort study: study ratings of seven to
nine stars corresponded to high-quality, ﬁve to six stars to moderate
quality, and four stars or less to low quality [10]. The Jadad scale was
used to evaluate the quality of randomized controlled study: study
ratings of three to ﬁve corresponded to high-quality, and two or less to
low quality [11]. Three reviewers (M.L.; L.G.; C.Y.S.) completed assessments independently and the disagreements were resolved by a
panel discussion with other reviewers.

In the subgroup of HCWs, a more obvious protective eﬀect was
identiﬁed with the pooled OR of 0.20 (95% CI = 0.11–0.37, I2 = 59%)
(Fig. 4). In one study investigating COVID-19, the OR was 0.04
(95%CI = 0.00–0.60) [35]. In the subgroup of non-HCW, also a protective eﬀect was found with the pooled OR of 0.53 (95%
CI = 0.36–0.79, I2 = 45%). A more detailed analysis found signiﬁcant
eﬀects in both the household subgroup (OR = 0.60, 95%
CI = 0.37–0.97,I2 = 31%), and the non-household subgroup
(OR = 0.44, 95% CI = 0.33–0.59,I2 = 54%) (Table 4). One study
included both health care workers and family members of patients, with
the OR of 0.74 (95% CI: 0.29–1.90) [22].

2.4. Statistical analysis
The association of mask use with subsequent RVIs was assessed with
odds ratios (ORs) with a 95% conﬁdence interval (CI). P values less
than 0.05 were considered statistically signiﬁcant. Considering the
potential for inter-study heterogeneity, subgroup analysis were carried
out based on stratiﬁcation by occupations (HCWs or Non-HCWs),
countries, virus types, and study designs. Sensitivity analysis was performed by omitting individual studies to assess the stability of the metaanalysis. The heterogeneity was assessed using the I2 statistic. The
heterogeneity was considered insigniﬁcance when P > 0.10 and
I2 < 50%. If the study lacked heterogeneity, the pooled OR estimate
was calculated using the ﬁxed-eﬀects model, otherwise the randomeﬀects model was used [12]. Begg's and Egger's test were performed to
quantitatively analyze the potential publication bias by Stata (version
14.0; Stata Corp, College Station, TX) software. The P values of Begg's
and Egger's test more than 0.05 implied no obvious publication bias in
this meta-analysis [13,14]. The meta-analysis was performed using
Revman 5.3.5 (http://tech.cochrane.org/revman) [15].

3.5. Asian countries vs. Western countries
By geographic locations, beneﬁcial protective eﬀects of wearing
masks were found both in Asia (OR = 0.31, 95% CI = 0.19–0.50,
I2 = 65%), and in Western countries (OR = 0.45, 95% CI = 0.24–0.83,
I2 = 51%) (Table 4). For HCWs, wearing mask can signiﬁcantly reduce
the risk of RVIs in both Asian (OR = 0.21, 95% CI = 0.11–0.41,
I2 = 64%) and Western countries (OR = 0.11, 95% CI = 0.02–0.51,
I2 = 0%). For non-HCWs, similar protective eﬀects were also observed
in Asian (OR = 0.51, 95% CI = 0.34–0.78, I2 = 45%) and Western
countries (OR = 0.46, 95% CI = 0.34–0.63, I2 = 57%).
3.6. Subgroup analyses based on diﬀerent virus types
Masks had a protective eﬀect against inﬂuenza viruses (OR = 0.55,
95% CI = 0.39–0.76, I2 = 27%), SARS (OR = 0.26, 95%
CI = 0.18–0.37, I2 = 47%), and SARS-CoV-2 (OR = 0.04, 95%
CI = 0.00–0.6, I2 = 0%) (Table 4). However, no signiﬁcant protective
eﬀects against H1N1 was shown (OR = 0.30, 95% CI = 0.08–1.16,
I2 = 51%).

3. Results
3.1. Characteristics of eligible studies
Following the literature search and screening (Fig. 1), a total of 21
studies which included 13 case-control studies, 6 cluster randomized
trials, and 2 cohort studies met our inclusion criteria [4,16–35]
(Table 1). Among them, 12 studies investigated HCWs, 8 studies investigated non-healthcare professional populations, and the remaining
one study investigated HCWs and relatives of patients. Eleven studies
were conducted in China (including 4 studies from Hong Kong, China),
6 in Western countries, and 4 in other Asian countries. And 4 studies
investigated patients with respiratory virus, 7 studies investigated Severe acute respiratory syndrome coronavirus (SARS-CoV), 12 studies
investigated inﬂuenza virus including 5 investigating the H1N1 virus,
and 1 study investigated SARS-CoV-2.

3.7. Subgroup analyses based on diﬀerent study designs
In the subgroups based on diﬀerent study designs, protective eﬀects
of wearing mask were signiﬁcant in cluster randomized trials
(OR = 0.65, 95% CI = 0.47–0.91, I2 = 20%) and observational studies
(OR = 0.24, 95% CI = 0.15–0.38, I2 = 54%) (Table 4).
4. Discussion
This meta-analysis of the 21 studies provided the latest state-of-art
evidence on the eﬃcacy of masks in preventing the transmission of
RVIs. Our data show that the protective eﬀects of masks against RVIs
were not only signiﬁcant for both HCWs and non-HCWs, but also
consistent between Asian and Western populations.

3.2. Quality of studies
Inter-rater agreement of the quality of included studies was strong.
Tables 2 and 3 summarize the quality evaluations of the included studies. Funnel plots assessing the risk of publication bias are included in
Fig. 2. Neither Begg's test (z = 0.45, p = 0.651) nor Egger's test
(t = −0.65, p = 0.524) manifested any distinct evidence of the publication bias. The sensitivity analyses did not substantially alter the
pooled ORs by excluding one-by-one study, indicating that the metaanalysis was generally robust.

4.1. Mechanism of physical protection of masks
The physical barrier provided by a mask can eﬀectively prevent the
respiratory tract from contacting the outside virus, thereby reducing the
risk of respiratory virus infections [36]. A recent study showed that
SARS-CoV-2 can travel up to 4 m (≈13 feet) from patients and be
widely distributed on daily objects (e.g. ﬂoors, computer mice, trash
cans) [37]. Surgical masks are able to reduce inﬂuenza virus RNA in
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The 2019-nCoV infection rate for medical staﬀ was signiﬁcantly increased in the nomask group compared with the N95 respirator group (adjusted odds ratio (OR):
464.82, [95% CI: 97.73-inﬁnite]).

Asymptomatic SARS was associated with lower SARS antibody titers and higher use of
masks when compared to pneumonic SARS.
There was no signiﬁcant diﬀerence in outcomes between the N95 arms with and
without ﬁt testing.
The laboratory results did not show any diﬀerence between the ‘mask’ group and
‘control’ group.
The requirement that all individuals in direct contact with HSCT patients wear surgical
masks will reduce RVI.
Choosing the right disposable respirator also plays an important role in controlling
hospital viral infections.
The laboratory-based or clinical secondary attack ratios did not signiﬁcantly diﬀer
across the mask group and control group. Adherence to interventions was variable.
Hand hygiene and facemasks seemed to prevent household transmission of inﬂuenza
virus when implemented within 36 h of index patient symptom onset.
The secondary infection in the mask groups was signiﬁcantly lower compared to the
control group.
Face masks and hand hygiene combined may reduce the rate of ILI and conﬁrmed
inﬂuenza in community settings.
Not wearing a surgical mask during contact with the index case were found to be
signiﬁcant risk factors for nosocomial acquisition of S-OIV.
The use of a mask or N95 respirator was associated with remaining seronegative.
During the H1N1 outbreak in 2009, the wearing of masks by medical personnel was
not related to the infection. There was a weak association in the nurse subgroup.
The results suggest that the protective eﬀect of wearing a mask is not signiﬁcant.
Wearing masks is a protective factor against H1N1 infection when taking a plane.

Wearing a mask is eﬀective for medical personnel in preventing SARS hospital
infections.
The mask use lowered the risk for disease supports the community's use of this strategy
Wearing masks is of great signiﬁcance to prevent respiratory infections. There are
many types of masks used clinically.
Consistently wearing a mask (either surgical or particulate respirator type N95) while
caring for a SARS patient was protective for the nurses.
Both hand washing and wearing of N95 masks remained strongly protective but gowns
and gloves did not aﬀect.
Masks and gowns appeared to prevent SARS transmission.
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Table 2
The quality of the case-control studies and cohort studies.
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Fig. 2. Funnel plot of mask-wearing and risk of laboratory-conﬁrmed respiratory viral infection.

Scoring by Newcastle-Ottawa Scale.

respiratory droplets and coronavirus RNA in aerosols [38]. The SARSCoV-2 aerosol, mainly appearing in submicron region (dp between 0.25
and 1.0 μm) and supermicron region (dp > 2.5 μm) [39], can be effectively ﬁltered out from the inhaled air by either surgical masks or
N95 masks [3,40]. Comparison of the incidence of COVID-19 in Hongkong, China with Spain, Italy, Germany, France, U.S., U.K., Singapore,
and South Korea showed that community-wide mask wearing may assist in controlling COVID-19 with reduced emission of infected saliva
and respiratory droplets from mildly symptomatic patients [41].

the risk of virus infection by 56% in non-household settings, indicating
the potential beneﬁts of wearing masks for the general public.
Moreover, signiﬁcant protective eﬀects were found in the study conducted in the general population [17], indicating the potential beneﬁts
of wearing masks for the general public. Interestingly, a recent COVID19 dynamics modeling study suggested that broad adoption of even
relatively ineﬀective non-medical grade “social” masks may meaningfully reduce the community transmission and decrease peak hospitalizations and deaths during the current COVID-19 pandemic [48].
Although laboratory-conﬁrmed virus results show no diﬀerence between the mask group and the control group in a study investigating the
wearing of masks by pilgrims, wearing masks reduced the risk of inﬂuenza-like illness when people gather [4]. This diﬀerence between
laboratory-conﬁrmed cases and clinically diagnosed inﬂuenza-like illness cases were likely due to an under-diagnosis of real cases caused by
too few nasal swabs collected for laboratory conﬁrmation. Zhang et al.
conducted a case-control study and found that none of the passengers
always wearing masks on an international ﬂight were infected with
H1N1 [32], and a recent case report [49] described a man who was
wearing a mask at international ﬂight and then tested positive for
COVID-19, while 25 other people closest to him on the plane and ﬂight
attendants were all tested negative, further demonstrating the beneﬁts
of wearing masks during public transportations [50].
Protective eﬀects were also found among household settings
showing a 40% reduced risk of RVIs. However, masking with prudent
implementation and high compliance is a prerequisite to ensure the
successful protection, which is practically challenging especially for
non-HCWs. Two household studies included in our analysis reported
low facemask adherence among household contacts [23,24], which
might explain the poor protective eﬀects from these studies. In contrast,
Suess et al. reported a good compliance, which showed a signiﬁcant
protective eﬀect [29]. These ﬁndings implicated that proper use of
masks has an impact on the eﬀectiveness of preventing RVIs. Given that
most people in household settings were unlikely to strictly follow hand

4.2. Protective eﬀects for both HCWs and non-HCWs
During the current COVID-19 pandemic, HCWs are facing the dangers inherent in close contact with index-patients [42]. In Italy, more
than 2,600 HCWs have been infected by March 19, 2020, accounting for
8.3% of the country's total cases [43]. According to our analysis,
wearing masks signiﬁcantly reduced the risk of infection among HCWs
by 80%. It is noteworthy that, none of the 278 HCWs wearing N95
masks in quarantined areas were infected by SARS-CoV-2 yet, 10 of the
215 HCWs who did not wear masks in the open areas were infected
[35]. Therefore, universal masking of HCWs at clinical settings is likely
to provide great beneﬁts for HCWs. especially during current COVID-19
pandemic. Moreover, protective beneﬁts were also reported in hematopoietic stem cell transplant (HSCT) patients [33]. Besides, Sokol's
study also found a reduced risk of hospital-acquired RVIs by putting
surgical masks on all workers and visitors in every patient room on the
bone marrow transplant unit [44]. Accumulative data showed that
people with older age, immunosuppressed state and systematic commodities are at higher risk for severe COVID-19 infection [45–47], and
therefore, should be protected with proper measures (e.g. prophylactic
masking) during the current pandemic. In addition, those who have
close contact with those populations at high risks of contracting RVIs
should consider wearing masks as well.
More importantly, our data showed that masks worn by non-HCWs
can also eﬀectively prevent the spread of respiratory viruses and reduce
Table 3
The quality of randomized controlled studies.
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Fig. 3. Forest plot of the overall eﬀect of mask-wearing on laboratory-conﬁrmed respiratory viral infection.

and areas, regarding the general public wearing masks. We also analyzed its eﬀects based on diﬀerent geographic locations, showing that
wearing masks does provide protective eﬀects in both Asian countries
and western countries by 69% and 55%, respectively. Among HCWs, it
reduced the risk in both Asian and western countries. Especially, for
non-healthcare populations, reduced risk of 54% was found in western
countries, and a reduced risk of 49% was found in Asia. This would
suggest that the proper use of masks might play a signiﬁcant role in
public health eﬀorts to suppress the spread of RVIs, regardless of the
geographic locations, especially during an outbreak.

hygiene and mask use recommendations [23], re-evaluating the home
quarantine strategy might be essential during the current COVID-19
pandemic [51,52].
4.3. Protective eﬀects against inﬂuenza, SARS, and COVID-19
The risk of inﬂuenza, SARS, and COVID-19 infection were reduced
by 45%, 74%, and 96% by wearing masks, respectively, which were
consistent with previous meta-analyses during the SARS outbreaks
[9,53]. The previous systematic review from Xiao et al., though reporting non-signiﬁcant protection of masks against the inﬂuenza virus
[6], did not strictly follow the PRISMA statement and represented
merely non-aggregated data. For example, there was one study [54]
included by Xiao et al. did not report a signiﬁcantly protection by
wearing masks. However, it should be noted that the result of this study
was not convincing because the H1N1 pandemic broke out during the
study period, and the national hygiene campaign implemented at this
time inﬂuenced all participants to wear masks [54].
The insigniﬁcantly reduced risk of H1N1 infection following
masking could be partially explained by the relatively small sample size
and multiple confounding factors (e.g. prior vaccination, hand hygiene,
age, gender, and culture). Jeager et al., 2009 indicated that overall PPE
use among HCWs was low; as more than 25% of HCWs in this study
reported they never used PPE in any patient encounter, and only 17%
reported wearing masks with every H1N1 patient encounter, which
could signiﬁcantly lower the sample size of data collected [27]. Also,
the same study [27] indicated that the majority of HCWs had received
regular seasonal inﬂuenza vaccination, which could play a role of
confounding factor contributing to protective eﬀects toward control
group. Additionally, during acute outbreak of H1N1, speciﬁc preventive
measures were lagged behind H1N1 exposures. This could suggest that
HCWs might already have been infected before wearing masks, further
decreasing the powers of data collected.

4.5. Limitations and future perspective
The present meta-analysis still has several limitations. First, welldesigned high-quality prospective studies and studies of masking in the
general public are still insuﬃcient. Second, Droplet-borne and airborne
viruses are likely to cause large-scale transmissions among the passengers within closed transportation vehicles [55]. However, relevant
studies are relatively rare [32]. Third, this article included some studies
of SARS patients diagnosed according to clinical diagnostic criteria for
SARS due to a low detection rate of RT-PCR [56]. The lack of suﬃcient
virologic evidence may aﬀect our conclusions. However, this eﬀect
might not be signiﬁcant, as 92% of patients with clinical SARS for
whom paired sera were available had a > 4-fold rise in antibody titer to
SARS-CoV [57]. Fourth, control subjects without masking are generally
lacking in studies conducted in healthcare settings mainly due to the
ethical issue. Future studies might choose HCWs from departments
without needs of masking as controls [26]. Fifth, our study didn't have
suﬃcient data for subgroup analysis of diﬀerent mask types since our
inclusion criteria mainly focused on masks versus no masks, which
might inherently omit studies that focused on eﬀectiveness of diﬀerent
mask types. Though there were published studies that had shown different speciﬁcations of masks and diﬀerent wearing methods may aﬀect
the protective eﬀect of masks [17,32]. And when the included studies
divided the time/frequency of wearing masks, we only included the
group of masks with the longest wearing/highest wearing frequency.
This might also ignore eﬀects of the short/infrequent mask-wearing. In

4.4. Consistent protective eﬀects between Asian and western countries
Due to current controversial guidelines between diﬀerent countries
6
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Fig. 4. Forest plot of the eﬀect of mask-wearing on laboratory-conﬁrmed respiratory viral infection among HCW and non-HCW.

addition, the studies we included were mainly conducted in Asia,
especially China, and more evidence from other countries is needed to
support our views. Last but not least, information about other confounding biases, such as vaccination, hand hygiene, age, gender, and
culture, may aﬀect the protective eﬀect of masks.

Table 4
Meta-analysis results of eﬀect of masks on laboratory-conﬁrmed respiratory
viral infection among diﬀerent subgroups.

Overall
HCW vs NonHCWs
Non-HCWs
Countries
HCWs based
on
countries
Non- HCWs
based on
countries
Virus types

Study designs

Subgroup

Study
numbers

OR

95%CI

Heterogeneity

–
HCWs
Non-HCWs
Household
Non-household
Asian
Western
Asian
Western

21
12
8
3
5
15
6
10
2

0.35
0.20
0.53
0.60
0.44
0.31
0.45
0.21
0.11

0.24–0.51
0.11–0.37
0.36–0.79
0.37–0.97
0.33–0.59
0.19–0.50
0.24–0.83
0.11–0.41
0.02–0.51

60%
59%
45%
31%
54%
65%
51%
64%
0%

Asian
Western

4
4

0.51
0.46

0.34–0.78
0.34–0.63

64%
57%

Inﬂuenza virus
SARS-CoV
SARS-CoV-2
H1N1
Cluster RCTs
Observational
studies(cohort
and case control
studies)

12
7
1
5
6
15

0.55
0.26
0.04
0.30
0.65
0.24

0.39–0.76
0.18–0.37
0.00–0.60
0.08–1.16
0.47–0.91
0.15–0.38

27%
47%
0%
51%
20%
52%

5. Conclusion
The present systematic review and meta-analysis showed the general eﬃcacy of masks in preventing the transmission of RVIs. Such
protective eﬀects of masking are evidentiary for both healthcare and
non-healthcare workers and consistent between Asian and Western
populations. More evidences are still needed to better clarify the effectiveness of masking in various circumstances.
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