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Abstract

Objective: To examine the results, level of evidence, andmethodologic quality of origi-

nal studies regarding surgical mask effectiveness in minimizing viral respiratory illness

transmission, and, in particular, the performance of the N95 respirator versus surgical

mask.

Methods: Meta-analysis was conducted according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines with use of PubMed,

MEDLINE, and the Cochrane Library databases.

Results: Eight studies (9164 participants) were included after screening 153 articles.

Analyses showed statistically significant differences between N95 respirator versus

surgical mask use to prevent influenza-like-illness (risk ratio [RR] = 0.81, 95% con-

fidence interval [CI] = 0.68–0.94, P < 0.05), non-influenza respiratory viral infection

(RR = 0.62, 95% CI = 0.52–0.74, P < 0.05), respiratory viral infection (RR = 0.73, 95%

CI= 0.65–0.82, P< 0.05), severe acute respiratory syndrome coronavirus (SARS-CoV)

1 and 2 virus infection (RR = 0.17, 95% CI = 0.06–0.49, P < 0.05), and laboratory-

confirmed respiratory viral infection (RR = 0.75, 95% CI = 0.66–0.84, P < 0.05).

Analyses did not indicate statistically significant results against laboratory-confirmed

influenza (RR= 0.87, CI= 0.74–1.03, P> 0.05).

Conclusions: N95 respirator use was associated with fewer viral infectious episodes

for healthcare workers compared with surgical masks. The N95 respirator was most

effective in reducing the risk of a viral infection in the hospital setting from the SARS-

CoV 1 and 2 viruses compared to the other viruses included in this investigation.

Methodologic quality, risk of biases, and small number of original studies indicate

the necessity for further research to be performed, especially in front-line healthcare

delivery settings.
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1 INTRODUCTION

1.1 Background

Following the past outbreaks of severe acute respiratory syndrome

coronavirus (SARS-CoV) in 2003, Middle East respiratory syndrome

coronavirus (MERS-CoV) since 2012, and the current COVID-19 pan-

demic, facemasks have been considered a necessity to reduce the

risk of viral transmission.1,2 As with prior viral pandemics, healthcare

workers are at increased risk of infection. This can reduce the num-

bers of available medical practitioners and resources for patient care.3

N95 respirators are a staple in healthcare personal protective equip-

ment (PPE), as they reduce exposures by >95% to particulates sized

0.3microns4 andmust be specifically fitted to the user’s face to reduce

air leakage. Unfortunately, prolonged N95 respirator use is associ-

ated with discomfort and headaches, leading to improper doffing and

decreased compliance, causing increased infection rates among these

non-compliant users.5,6 Surgical masks on the other hand are defined

as loose-fitting devices that provide a physical barrier between the

mouth and nose of the user and the immediate environment. They

are designed to reduce microorganism transmission among wearers,

prevent gross contamination, and fit more loosely on the user’s face.7

Unlike the N95 respirator these surgical masks cannot prevent inhala-

tion of very small airborne particles because of the lack of a filtration

mechanism; however, both have shown protective effects from large

droplets and sprays.8,9 Each of these mask types are essential in the

healthcare setting as measures of PPE and in the community to stop

the spread of viral respiratory illnesses.10

1.2 Importance

Current recommendations for airborne protection against SARS and

pandemic influenza from the Centers for Disease Control and Preven-

tion (CDC) and the World Health Organization (WHO) are conflicting.

TheMay2021CDCguidelines recommendusing respirators in lowand

high-risk situations, whereas the most current WHO guidelines rec-

ommend surgical masks in low-risk situations and respirators in high-

risk situations.11,12 During the current COVID-19 pandemic, civilians

havebeenpurchasingN95 respirators, decreasing the supply and avail-

ability to hospitals and healthcare workers, potentially putting front-

line workers at increased risk of infection.13 Previous studies have

shown that existing clinical evidence has been inconclusive and incon-

sistent regardingwhetherN95 respirators aremore effective than sur-

gicalmasks for preventing viral respiratory infection among healthcare

professionals.9,14,15 The number of randomized controlled trials (RCTs)

have led to a limited amount of evidence supportingN95 respirator use

versus surgical masks. Studies also did not stratify the type of surgical

mask based on level of protection when comparing to N95 respirators.

Ideally, clinical decisionmaking should be founded on high levels of evi-

dence to best protect healthcare workers from infection.

During initial presentation to first responders or in front-line set-

tings such as the emergency department, vaccination history and

immunity status are usually unknown for patients at risk for communi-

cable illness such as COVID-19; the initial unknown statemust be han-

dled with the safety of the healthcare team in mind using PPE with the

highest margin of safety. However, later in the course of care when an

infectious state has been determined, directed PPE application can be

used.

1.3 Goals of this investigation

Recent increases in the number of RCTs of N95 respirator and sur-

gical mask use for protection against viral respiratory illnesses have

increased the pool of data. A systematic review and meta-analysis

from 2020 studied the effectiveness of N95 respirators versus surgical

masks against influenza, including related RCTs.16 This current study

of existing literature is aimed to assess the level of evidence provided

in these studies and analyze the data assessing N95 respirator use ver-

sus surgical mask use for the prevention not only of influenza but also

other viral respiratory illness from all original research studies.

2 METHODS

This meta-analysis was conducted according to the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines.17,18 The primary focus was on the association of N95 respi-

rator and surgical mask effectiveness in reducing viral respiratory dis-

ease infection and the level of evidence supporting these data.

2.1 Data sources and search

We searched theMEDLINE, PubMed, and Cochrane Library databases

through May 14, 2021, to analyze published original research and

systematic reviews evaluating the use and effectiveness of N95

respirators and surgical masks to prevent respiratory viral illness

transmission without a specified time frame. The search strategy used

for the PubMed database is seen in Table 1; these search terms were

adjusted for use in the MEDLINE and Cochrane Library databases. In

addition to the initial search, systematic reviews were identified and

used to locate other RCTs, case-control studies, and cohort studies

that did not appear in our original search, with no specified time

frame.
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TABLE 1 Search terminology used in the PubMed database

Column 1 Column 2 Column 3 Column 4

“Viral respiratory infection” “Personal protective equipment” “Transmission” “Healthcareworker”

Coronavirus PPE Spread Physician

COVID-19 N95 Aerosol “Healthcare Staff”

SARS-CoV-2 N99 Infect* Doctor

Airborne viral infection N100 Mortality Nurse

MERS-CoV R95 “Respiratory Droplets” Surgeon

SARS-CoV-1 P95 “Contaminated Surfaces” “HealthcareWorker”

H1N1 P99 Fomite Operating room

HAdV-7 P100 Carrier

HAdV PAPR

H5N1 FFR

Abbreviations: FFR, filtering facepiece respirator;HAdV, human adenovirus;HAdV-7, human adenovirus serotype7;MERS-CoV,Middle East respiratory syn-

drome coronavirus; PAPR, powered air purifying respirator; PPE, personal protective equipment; SARS-CoV, severe acute respiratory syndrome coronavirus.

F IGURE 1 Literature search and article screening process. Abbreviation: PPE, personal protective equipment

2.2 Study selection and data extraction

Two reviewers independently screened articles based on title and

abstract, then full text (Figure 1). Reviewers extracted data from the

included studies and disagreements were resolved by discussion to

come to a consensus. All studies that met the inclusion criteria were

used and sensitivity analyses were run for each result group to mini-

mize study selection bias.
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Level of evidence was determined for each study according to

the Oxford Centre for Evidence-Based Medicine.19,20 Outcomes of

research classified as level I or II evidence are generally considered

as high-level evidence, and studies at level III, IV, and V are consid-

ered low-level evidence.All disagreementswere resolvedbydiscussion

between reviewers.

Inclusion criteria for this study were based on (1) participant type:

humans with influenza, influenza-like illness, or other respiratory viral

infections; (2) study type: randomized controlled trial, non-randomized

controlled study, case-control study, and cohort study; (3) interven-

tion: N95 respirator and surgical mask; (4) outcome: laboratory-

confirmed viral infection, laboratory-confirmed influenza-like

infection, laboratory-confirmed respiratory infection, positive clinical

diagnosis of respiratory viral illness; and (5) study setting in hospitals.

Selection ofmultiple study typeswere chosen to display the potentially

widespread level of evidence in data.

Exclusion criteria were (1) non-human experimental laboratory

studies, (2) non-healthcare setting, (3) studies without mention of

specific PPE type effectiveness, (4) cloth or other non-medical grade

mask use, (5) theoretical models, (6) conference presentations, (7) self-

reported illness as outcome measure, (8) studies assessing only bacte-

rial colonization or infection, and (9) studies assessing viral infection

only in bacterial coinfection.

2.3 Risk of bias assessment

Reviewers assessed the risk of bias of the RCTs included in this

review, following the Cochrane Risk of Bias tool.21 This assessment

included identification of several types of biases that could affec the

quality of the RCT, including but not limited to selection bias, per-

formance bias, detection bias, attrition bias, reporting bias, and an

overall consolidation and classification of these biases among 3 lev-

els (high, some, and low risk). Studies with negative methodology

regarding these previously mentioned types of biases were deter-

mined to be at high risk of overall bias. Studies that did not specifi-

cally report these methods were labeled some risk of bias. Those that

used strict methodology to account for such biases were noted as low

risk of bias. Disagreements among bias classification were resolved by

discussion.

2.4 Data synthesis and statistical analysis

All data analyses were performed using the program R version 3.4.3.

Studies that presented comparable data with similar interventions and

outcome results were pooled together for joint analysis of the larger

sample size. The effect of these studies was conducted using risk

ratios (RR) with 95% confidence intervals (CIs) for the dichotomous

data. One-factor-at-a-time sensitivity analyses revealed that results

were unchanged when excluding individual studies from each pooled

analysis. Results were pooled by grouped infection type; influenza:

influenza A and influenza B; non-influenza: adenovirus, coronavirus,

metapneumovirus, parainfluenza virus, respiratory syncytial virus,

and rhinovirus-enterovirus; all respiratory viral infection: influenza

and non-influenza viruses; and SARS-CoV-1 and SARS-CoV-2 viral

infection.

3 RESULTS

3.1 Search results and study characteristics

The details of our literature search and screening process of articles

are found in Figure 1. In total, we included 4 RCTs,22–15 3 case con-

trol studies,25–27 and 1 retrospective cohort study.28 The character-

istics of these studies are found in Table 2. The included studies were

published between 2003 and 2020 and involved a total of 9164 par-

ticipants located in Canada, China, and the United States. The num-

ber of participants included in the RCTs ranged from 422 to 5180, and

the number of those in the other studies ranged from 38 to 199. All

included studies took place in a hospital setting and examined an adult

study population of healthcare workers to assessmask type PPE effec-

tiveness against respiratory viral disease infection. Eachof the included

studies met all inclusion criteria and did not fail the exclusion criteria.

3.2 Level of evidence

Of the RCTs, all were level I evidence, whereas the case-control stud-

ies and retrospective cohort study were level III evidence. Of these

included studies, 50% presented level I evidence, and 50% presented

level III evidence. However, of the 4 included RCTs, only 1 presented

statistically significant results measuring our primary outcomes, and

none of the individual case-control or retrospective cohort studies had

statistically significant findings regarding mask type effectiveness dif-

ferences. The non-RCTs did present statistically significant findings

regarding the general protective effect of N95 respirators and surgical

masking practices versus infection rates.

3.3 Risk of bias

The summary of results of the Cochrane Risk of Bias tool can be seen

in Table 3. None of the studies reported an assessment of compliance

with the protocol regarding surgical mask or respirator use. Blinding of

participants and personnel (performance bias) was taken as the main

factor for deciding the overall risk of bias of a study. Overall, 1 of the

included RCTs was deemed high risk of bias, 1 had some risk, and 2 had

low risk.

The Loeb et al. study22 was found to have unknown random

sequence generation and allocation concealment, increasing the pos-

sibility of selection bias. However, it was classified as low risk as there

was no performance bias. The MacIntyre 2013 study24 had unknown

allocation concealment, blinding of participants and personnel, and

blinding of outcome assessment. These findings placed the study into
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TABLE 3 Risk of bias in RCTs

Author and year

Random

sequence

generation

(selection bias)

Allocation

concealment

(selection bias)

Blinding of

participants and

personnel

(performance

bias)

Blinding of

outcome

assessment

(detection

bias)

Incomplete

outcome data

(attrition bias)

Selective

reporting

(reporting

bias)

Overall

risk-of-bias

judgment

Loeb 2009 ? ? + + + + Low

MacIntyre 2011 + ? – ? + + High

MacIntyre 2013 + ? ? ? + + Some

Radonovich 2019 + ? + + + + Low

Abbreviation: RCT, randomized controlled trial.

F IGURE 2 Results of N95 respirator effectiveness versus surgical masks against influenza-like illness. Abbreviations: LCL, lower confidence
limit; POP, population; RR, risk ratio; UCL, upper confidence limit;WGT, weight

“some bias” classification owing to the increased likelihood of perfor-

mance and detection biases.

3.4 Effectiveness of masking practices

Results of N95 respirator use versus surgical masks against influenza-

like-illness (laboratory confirmed and clinical diagnoses of influenza)

were addressed in 4 RCTs and 1 case-control study, involving 8911

participants (Figure 2).22–15 The pooled analysis demonstrated a sta-

tistically significant result with an RR with 95% CI of 0.81 (0.68–0.94,

P<0.05). A sensitivity analysis excluding each trial individually showed

no change in pooled result significance when analyzed.

Results of N95 respirator use versus surgical masks against

non-influenza respiratory viral infections (adenovirus, coronavirus,

metapneumovirus, parainfluenza virus, respiratory syncytial virus, and

rhinovirus-enterovirus) were addressed by RCTs, 2 case-control stud-

ies, and 1 retrospective cohort study, involving 8543 participants (Fig-

ure 3).23–15,28 Only 1 of the studies presented statistically significant

results (RR = 0.78, 95% CI = 0.64–0.94, P < 0.05).15 The pooled anal-

ysis was statistically significant, demonstrating an RR = 0.62, 95%

CI=0.52–0.74, P<0.05. A sensitivity analysis excluding each trial indi-

vidually showed no change in pooled result significance. Thus, these

results demonstrate a statistically significant difference usingN95 res-

pirators compared to surgical masks to reduce non-influenza respira-

tory viral infection.

Results of N95 respirator use versus surgical masks against all res-

piratory viral infections (influenza and non-influenza viruses) were

addressed by 4 RCTs, 3 case-control studies, and 1 retrospective

cohort study, involving 9164 participants (Figure 4).22–28 The pooled

analysis displayed statistically significant results (RR = 0.73, 95%

CI = 0.65–0.82, P < 0.05). It is important to note that the coron-

avirus strains tested may not behave the same as the SARS-CoV-

2 virus. A sensitivity analysis showed no change in pooled result

significance. These results show a statistically significant difference

using N95 respirators compared to surgical masks to reduce res-

piratory viral infection. The viral profile analysis was not uniform;

some studies tested for up to 8 viruses, whereas others tested for

only 1.

Results of the N95 respirator effectiveness versus surgical masks

against SARS and COVID-19 (SARS-CoV 1 and 2 viruses) were mea-

sured by 2 case-control studies, involving 215 participants (Fig-

ure 5).25,26 Overall, the pooled analysis from the studies was statisti-

cally significant (RR= 0.17, 95%CI= 0.06–0.49, P< 0.05). The relative

risk of 0.17 suggests thatwearing anN95 respirator reduces the risk of

a SARS-CoV 1 and 2 viral infection to 17% of this population wearing

the surgical mask.

The results of N95 respirator use versus surgical masks against

laboratory-confirmed respiratory infection were assessed by 4

RCTs and 1 case-control study, involving 8911 participants (Fig-

ure 6).22–15,27 The pooled result was statistically significant, reporting

a decreased risk among N95 respirator use versus surgical masks

against laboratory-confirmed respiratory infection (RR = 0.75, 95%

CI = 0.66–0.84, P < 0.05). Of these included trials, the viral profile

analysis was not uniform; some studies tested for up to 8 viruses,

whereas others tested for only 1.
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F IGURE 3 Results of N95 respirator effectiveness versus surgical masks against non-influenza respiratory viral infection. Abbreviations: LCL,
lower confidence limit; POP, population; RR, risk ratio; UCL, upper confidence limit;WGT, weight

F IGURE 4 Results of N95 respirator effectiveness versus surgical masks against respiratory viral infection. Abbreviations: LCL, lower
confidence limit; POP, population; RR, risk ratio; UCL, upper confidence limit;WGT, weight

F IGURE 5 Results of N95 respirator effectiveness versus surgical masks against SARS and COVID-19 (SARS-CoV-1 and SARS-CoV-2).
Abbreviations: LCL, lower confidence limit; POP, population; RR, risk ratio; SARS, severe acute respiratory syndrome; UCL, upper confidence limit;
WGT, weight

F IGURE 6 Results of N95 respirator effectiveness versus surgical masks against laboratory-confirmed respiratory viral infection.
Abbreviations: LCL, lower confidence limit; POP, population; RR, risk ratio; UCL, upper confidence limit;WGT, weight
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F IGURE 7 Results of N95 respirator effectiveness versus surgical masks against laboratory-confirmed influenza. Abbreviations: LCL, lower
confidence limit; POP, population; RR, risk ratio; UCL, upper confidence limit;WGT, weight

Results of N95 respirator use versus surgical masks against

laboratory-confirmed influenza were assessed by 4 RCTs, involving

8712 participants (Figure 7).22–15 Overall, the pooled result was not

statistically significant, reporting no significant difference in the risk of

laboratory-confirmed influenza with N95 respirator use versus surgi-

cal masks (RR= 0.87, 95%CI= 0.74–1.03, P> 0.05).

4 LIMITATIONS

This study is not without limitations. The overall study risk of biases

poses a limitation to the quality of evidence included in this meta-

analysis. Additionally, all the included trials were potentially heteroge-

neous in their surgical masking type, as they did not disclose themanu-

facturers. Although mostly consistent, the viruses assessed by each of

the trials was not uniform; these viruses may transmit, reproduce, and

mutate uniquely. Likely the largest limitation of each of the included

studies was the lack of masking compliance assessment. Despite these

limitations, an examination of the included articles showed that they

each described very similar overall techniques when comparing mask-

ing effectiveness in the hospital setting.

5 DISCUSSION

This meta-analysis has shown that much of the research studying N95

respirator and surgical mask effectiveness to reduce viral respiratory

disease transmission in the hospital setting is of high-level evidence but

is limited in the number of studies available. However, of these 4 RCTs

that presented high-level evidence, 1 was at high risk of biased judg-

ment, 1 had some risk, and only 2 had low risk, as determined by the

Cochrane Risk of Bias tool. These studies were considered at risk of

bias owing to the lack of blinding of participants and personnel. How-

ever, it is practically difficult to blind participants whomust knowwhat

type of mask they are wearing. Other risks of bias not addressed by

the Centre for Evidence-Based Medicine criteria include risk of type

II error owing to relatively small sample sizes and no measure of PPE

compliance in the studies. The latter could pose a strong limitation to

the N95 respirator functionality and is a known factor in reducing pro-

tective effectiveness of the PPE.5,6 The lack of uniform prestudy and

poststudy antibody and polymerase chain reaction (PCR) testing could

also lead to a selection bias in these studies. Participants in the studies

may have been infected and asymptomatic or previously infected with

no presence of current antigen for PCR analysis.

This meta-analysis of the included RCTs displayed no statistically

significant differences in N95 respirator versus surgical mask effec-

tiveness in reducing laboratory-confirmed influenza. However, pooled

resultswere statistically significant for decreased riskof influenza-like-

illness, non-influenza respiratory viral infection, respiratory viral infec-

tion, SARS-CoV 1 and 2 viruses, and laboratory-confirmed respiratory

viral infections. Of these significant results, only 1 was a laboratory-

confirmedmethod,whereas the others relied (at least partially) on clin-

ical diagnoses, placing the included studies at risk for reporting bias

and misdiagnosis. The laboratory-confirmed methods were not uni-

formamong the studies, as they tested for various different respiratory

viral infections.

Healthcare professionals have stated discomfort, most often

headaches, associated with N95 respirator use.5 Because healthcare

professionals are often required to wear these respirators for pro-

longed periods to protect against infection, side effects of use may

become a deterrent to compliance. A 2017 study showed an inverse

relationship between level of compliance of wearing N95 respirators

and risk of clinical respiratory infection.6 In all studies comparing the

effects of N95 respirators, it is difficult to ensure participant compli-

ance throughout the study, because of the discomfort associated with

wearing the masks. This decreased compliance associated with N95

respirator use may lead to respirator manipulation and adjustment, as

well as frequent removal and reapplication,29 affecting the study out-

comes comparing the respirators versus surgical masks. Although the

aerosol particle filtration ability of the N95 respirator is a distinguish-

ing feature between it and the surgical mask in a laboratory setting

with ideal compliance,30 the discomfort associated with wearing these

masks in a work environment may inhibit healthcare workers from

closely following respirator use protocols.

In vitro studies have shown that surgical mask particulate filtration

efficiency for 0.1 micron aerosol particles and bacterial filtration effi-

ciency of 3.0 micron Staphylococcus aureus aerosol particles are consis-

tently >96%, implying the surgical mask’s high performance to reduce

infection transmission.30 These laboratory studies have also indicated

increased filter performance and simulated-workplace protection fac-

tors with fit-tested N95 respirators than surgical masks.7 High rates

of influenza virus recovery from contaminated surgical masks andN95

respirators has also been reported,31 whereas improper doffing of PPE

such as N95 respirators, face shields, and surgical masks have been
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shown to cause self-contamination with viral respiratory illnesses.32

These findings highlight the need for understanding the interpretation

of data of the included studies for thismeta-analysis and detail the pos-

sibility of confounding variables, such as non-compliance from strict

N95 respirator use protocol.

Although much of the discussion in the literature regards the com-

parison of surgical masks to N95 masks or other respirators, their

intended functions are quite different. The N95 and powered air puri-

fying respirators (PAPR) are designed to protect the wearer from

the environment by reducing particle inhalation, but surgical masks

are designed to reduce spread of infection from the wearer and

prevent gross contamination during surgery.33 Their functions are

inherently separate, but their application in the healthcare setting

has significant overlap when treating patients during a viral disease

outbreak or pandemic. Among PAPRs and N95 respirators to reduce

viral respiratory infection, neither has demonstrated clinical effec-

tiveness over the other in decreasing infection during aerosol gen-

erating procedures.34,35 Additionally, there is limited evidence that

in the healthcare setting, N95 respirators provide enhanced protec-

tion over aerosol viral transmission compared to surgical masks.36 Like

the PAPR recommendations, these are precautionary principles rather

than evidence-based protocols. Although we demonstrated that N95

respirators are recommended in healthcare workers for SARS-CoV

viruses, CDC guidelines released in April 2021 for public mask use

states to avoid use of masks that are prioritized for healthcare work-

ers, such as N95 respirators.37

The recent study by Fischer et al. established varying relative

droplet count during speech using different mask types in a repro-

ducible optic measurement.38 Their findings demonstrated that fitted

N95 respirators and surgical masks both have a similar effectiveness in

reducing droplet expulsion. In contrast, the popular mask types among

the public, such as bandanas and neck gaiters, showed no statistically

significant reduction in droplet count when compared to an unmasked

speaker. A similar study examining a Schlieren optical technique to

visualize droplets tested fittedN95 respirators and surgicalmasks dur-

ing coughing.39 The findings showed that the tighter fitting N95 had

low velocity turbulent air mass expulsion through the mask itself. In

comparison, surgical masks had less direct expulsion of air through the

mask and more escaping through the top, bottom, and sides of the

mask, which was expected because of the mask’s looser fit. The results

from these trials displayed that both surgical masks and N95 respi-

rators are effective at reducing droplet expulsion during speech and

turbulent air during coughing into the surrounding space, and surgical

masks have a greater likelihood of particulate leak through the loose

perimeter of themask. The results fromFischer et al.,when, pairedwith

the results from this current analysis, demonstrate the importance of

the N95 in the clinical setting when there is a risk of aerosolization

and when caring for patients at risk for infection with airborne spread.

These risks do not apply to the general public, especially when social

distancing policies and appropriate quarantine measures are imple-

mented for infected and high-risk individuals (eg., known exposure to

test-positive person).

The included studies did not specify the type of surgical mask used

and whether the mask type was consistent throughout the trial, pos-

ing a limitation of our current analysis. Laboratory trials have shown

that medical masks and face masks have variable protective effects to

those around the user by filtering expelled droplets during speech.40

Withvariousmanufacturers supplying surgicalmasksofmultiple types,

the variation in their design may affect data collected in these stud-

ies. Another limitation is healthcare worker compliance with mask use

and N95 use in these healthcare settings had not been tracked in the

included studies and is likely not uniform. The potential variation in

compliance may skew the results found in the studies that are partic-

ipating in particularly high-risk aerosolization environments to favor

N95 respirators.

The nature of this meta-analysis is limited by the size and nature

of the included studies. Many of the studies analyzed a heterogenic

group of viral illnesses that spread, reproduce, and potentially mutate

in vastly different ways. This limits the specificity of their results when

attempting to compare the results to a pandemic such as with COVID-

19. However, many RNA respiratory viral pathogens included in our

analyses have similarities to the SARS-CoV-2 virus, including RNA pos-

itive sense viruses (rhinovirus-enterovirus) and RNA negative sense

viruses (influenza, RSV, and parainfluenza). These viruses each inter-

act with host cell proteins in the upper respiratory tract similarly to

the SARS-CoV-2 viral spike protein interaction with host angiotensin-

converting enzyme 2.41 These viral infections are most often spread

via droplets generated by coughing, sneezing, or talking but may also

spread by airborne transmission, especially in indoors environments.

Of note, both the SARS-CoV-2 and influenza virus have been spec-

ulated to possess airborne transmission ability.42,43 The respiratory

droplet size of both influenza and other mixed viruses, including coro-

naviruses, is similar, and <4.7 microns.44 Because of the similarities of

the particle size, infection location, and cellular entry, it is feasible to

assume some overlap between the results of other respiratory viral

infections and the SARS-CoV-2 virus.

There is a risk of type II error in this small group of included RCTs

because of the limited size of the populations being studied. There is

also a risk of publication bias that we cannot determine owing to the

limited number of related RCTs. Additionally; the number of RCTs and

other studies that fulfilled the inclusion criteria for the analysis was

small. Finally, these studies were performed before vaccine develop-

ment forCOVID-19, butwithother vaccines available (eg., influenza).45

Vaccine administration for a given virus does not guarantee immunity

and viral mutation can also limit vaccine effectiveness, which necessi-

tates theongoinguseof optimalPPEespecially for front-linephysicians

and healthcare team. The effect of vaccines on PPE effectiveness war-

rants further investigation and is beyond the scope of this analysis.

The authors recommend that further RCTs that compare surgical

masks to N95 respirators (1) assess compliance with surgical mask and

respirator use; (2) analyze viral illness in each group with PCR and

antibody-based assays before, during, and after the study period for all

participating healthcare workers; (3) study a single viral pathogen; (4)

focus the study location on a single treatment setting (eg, emergency
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medicine, inpatient hospital, or perioperative settings). These criteria

will better control confounding variables and determine the relation-

ship between N95 respirators and surgical masks to reduce viral infec-

tion in focused treatment settings.

Results comparingN95 respirators and surgicalmasks for influenza-

like-illness (included clinical diagnoses) (Figure 2) and laboratory-

confirmed influenza infection (Figure 7) showed statistically signifi-

cant and insignificant results, respectively. This dichotomy highlights

the importance of study design in these trials, as the clinical influenza

diagnoses may have included other viral or bacterial pathogens pre-

senting as influenza. This demonstrates that the influenza-like illness

and influenza infection outcomes are different in nature and should

not be grouped for analysis. These results suggest that N95 respira-

tors are not beneficial over surgical masks against influenza but have a

protective effect for preventing non-influenza respiratory viral illness.

However, data analyzed regarding laboratory-confirmed influenza are

at risk for type II error and compliance failure; these limitations sug-

gest that further research is neededwith regard to the potential safety

benefits of N95 use when treating patients with laboratory-confirmed

influenza.

Although many viral illnesses have shown to follow similar trans-

mission patterns, others exhibit unique behaviors, as witnessed dur-

ing the COVID-19 pandemic. Results show a statistically significant

decrease in SARS and COVID-19 illness with N95 respirator use, com-

pared to surgical masks. The RR associated with N95 respirator use

compared to surgical masks for these viruses was 0.17, indicating a

number needed to treat of just 1.2 to prevent additional infection

in the healthcare team. The SARS-CoV-2 virus has shown to exhibit

transmission from clinically asymptomatic patients who are unknow-

ingly shedding the virus andexposing other inpatients, outpatients, and

healthcare professionals to the risk of contracting COVID-19.38,46,47

In settings with high institutional and regional COVID-19 infection

rates, N95 respirator use may help prevent transmission not only from

patients but also from other members of the medical team. Hospi-

tals and healthcare systems are a common environment of COVID-19

transmission, causing healthcare workers to be increasingly affected

by the pandemic.48 Because of the virus’ reproduction, transmissibil-

ity, and highR0 value (basic reproduction number),49 themeta-analysis

pooled results in this review might not have universal generalizabil-

ity. Owing to variations in regional prevalence and other institutional

policies, these data demonstrate that N95 respirators are a necessary

resource to protect front-line physicians and all healthcare workers in

the emergency setting because of high-risk procedures such as intu-

bation that may lead to aerosolization of viral particles. The results of

this investigation support the stringent use of N95 respirators by the

emergency medicine team and also in the hospital setting when there

is likelihood of exposure to COVID-19 and other respiratory viral ill-

nesses either from patient care or other healthcare workers. As the

data regarding the efficacy of N95 respirators have shown the superi-

ority to prevent respiratory viral infection compared to surgical masks,

the authors advise against the use of surgical masks for prevention

of viral transmission, especially in high-risk settings such as the ini-

tial ED evaluation and during further hospital-based care of patients

with laboratory test-positive infection. The authors also recommend

that first responders use N95 respirators to enhance their protec-

tion when caring for patients who are at risk for viral disease such as

COVID-19.

In conclusion, this meta-analysis demonstrated a protective effect

with use of N95 respirators compared to surgical masks when assess-

ing influenza, non-influenza respiratory viral infection, respiratory viral

infection, SARS-CoV viruses, and laboratory-confirmed respiratory

viral infection. No significant increased protective effectwas identified

for laboratory-confirmed influenza. This suggests that N95 respirator

use is protective for medical professionals and all healthcare workers

who encounter viral respiratory diseases.

Pooled analysis of recent evidence published during the COVID-19

pandemic showed a statistically significant protective effect of N95

respirators for the SARS-CoV-2 virus. The data support use of N95

respirators for all healthcare workers when evaluating potentially

infected patients in the ED and also when treating COVID-19 positive

patients with known active disease.

Level of evidence analysis of N95 respirator and surgical mask

effectiveness in a healthcare setting consists of many high-level

evidence RCTs and some low-level evidence case-control and retro-

spective cohort studies. Significant heterogeneity exists with regard

to assessment of viral transmission and the types of viral illnesses

studied. This meta-analysis highlights the necessity for more robust

research to help guide institutional and national policies regarding

PPE use during the COVID-19 pandemic and with other viral disease

outbreaks in the future.

ACKNOWLEDGMENTS

The authors received no source of external funding for this review.

CONFLICTS OF INTEREST

The authors report no conflicts of interest pertaining to this work. For

full listing of conflicts of interest, please see American Academy of

Orthopaedic Surgeons Conflicts of Interest disclosures.

AUTHOR CONTRIBUTIONS

All authors contributed to data analysis, drafting or revision of the arti-

cle, gave final approval of the final version to be published, and agreed

to be accountable for all aspects of the work. APC: Manuscript prepa-

ration. BCS: Manuscript editing. SG: Manuscript editing. NM: Data

analysis and figure assembly. IMZ: Coordination of research. DCO:

Manuscript editing. AAR:Manuscript editing

ORCID

AndrewP.Collins BS https://orcid.org/0000-0001-7159-1782

REFERENCES

1. Therapeutic Options for COVID-19 Patients. Centers for Disease

Control and Prevention. www.cdc.gov/coronavirus/2019-ncov/hcp/

therapeutic-options.html. AccessedMay 1, 2021.

2. JeffersonT,DelMarCB,Dooley L, et al. Physical interventions to inter-

rupt or reduce the spread of respiratory viruses. Cochrane Database
Syst Rev. 2020;11:CD006207.

https://orcid.org/0000-0001-7159-1782
https://orcid.org/0000-0001-7159-1782
http://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
http://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html


12 of 13 COLLINS ET AL.

3. Interim guidance for managing healthcare personnel with SARS-

COV-2 infection or exposure to SARS-COV-2. Centers for Dis-

easeControl andPrevention. https://www.cdc.gov/coronavirus/2019-

ncov/hcp/guidance-risk-assesment-hcp.html. AccessedMay 1, 2021.

4. Qian Y, Willeke K, Grinshpun SA, Donnelly J, Coffey CC. Performance

ofN95 respirators: filtration efficiency for airbornemicrobial and inert

particles. Am Ind Hyg Assoc J. 1998;59(2):128-132.
5. Lim EC, Seet RC, Lee KH, Wilder-Smith EP, Chuah BY, Ong BK.

Headaches and theN95 face-mask amongst healthcareproviders.Acta
Neurol Scand. 2006;113(3):199-202.

6. Chen X, Chughtai AA, MacIntyre CR. Herd protection effect of N95

respirators in healthcare workers. J Int Med Res. 2017;45(6):1760-
1767.

7. Lawrence RB, Duling MG, Calvert CA, Coffey CC. Comparison of per-

formance of three different types of respiratory protection devices. J
Occup Environ Hyg. 2006;3(9):465-474.

8. Derrick JL, Gomersall CD. Protecting healthcare staff from severe

acute respiratory syndrome: filtration capacity of multiple surgical

masks. J Hosp Infect. 2005;59(4):365-368.
9. Smith JD,MacDougall CC, Johnstone J, Copes RA, Schwartz B, Garber

GE. Effectiveness of N95 respirators versus surgical masks in protect-

ing health care workers from acute respiratory infection: a systematic

review andmeta-analysis. CMAJ. 2016;188(8):567-574.
10. Eikenberry SE, Mancuso M, Iboi E, et al. To mask or not to mask: mod-

eling the potential for facemask use by the general public to curtail the

COVID-19 pandemic. Infect Dis Model. 2020;5:293-308.
11. Prevention strategies for seasonal influenza in healthcare settings.

Centers for Disease Control and Prevention. http://www.cdc.gov/

flu/professionals/infectioncontrol/healthcaresettings.htm. Accessed

June 6, 2021.

12. Prevention, Identification and Management of Health Worker in the
Context of COVID-19. World Health Organization. https://www.who.

int/publications/i/item/10665-336265 Published October 30, 2020.

Accessed June 6, 2021.

13. Yeung W, Ng K, Fong JMN, Sng J, Tai BC, Chia SE. Assessment of pro-

ficiency of N95 mask donning among the general public in Singapore.

JAMANetwOpen. 2020;3(5):e209670.
14. Offeddu V, Yung CF, Low MSF, Tam CC. Effectiveness of masks and

respirators against respiratory infections in healthcareworkers: a sys-

tematic review and meta-analysis. Clin Infect Dis. 2017;65(11):1934-
1942.

15. Radonovich LJ, Simberkoff MS, BessesenMT, et al. N95 respirators vs

medical masks for preventing influenza among health care personnel:

a randomized clinical trial. JAMA. 2019;322(9):824-833.
16. Long Y, Hu T, Liu L, et al. Effectiveness of N95 respirators versus sur-

gical masks against influenza: a systematic review andmeta-analysis. J
Evid BasedMed. 2020;13(2):93-101.

17. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for

reporting systematic reviews and meta-analyses of studies that eval-

uate health care interventions: explanation and elaboration. PLoSMed.
2009;6(7):e1000100.

18. Moher D, Liberati A, Tetzlaff J, Altman DG, Group PRISMA. Pre-

ferred reporting items for systematic reviews and meta-analyses: the

PRISMA statement. PLoSMed. 2009;6(7):e1000097.
19. Oxford Centre for Evidence-based medicine: Levels of Evidence

(March 2009). Centre for Evidence-Based Medicine (CEBM), Uni-

versity of Oxford. https://www.cebm.ox.ac.uk/resources/levels-of-

evidence/oxford-centre-for-evidence-basedmedicine-levels-of-

evidence-march-2009. Accessed April 15, 2021.

20. JBJS, Inc. Journals Level of Evidence. JBJS, inc. journals level of

evidence: JBJS. https://journals.lww.com/jbjsjournal/pages/journals-

level-of-evidence.aspx. AccessedOctober 22, 2021.

21. Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for
Systematic Reviews of Interventions Version 6.2. Cochrane Databases.

www.training.cochrane.org/handbook. Published February 2021.

AccessedMarch 13, 2021.

22. Loeb M, Dafoe N, Mahony J, et al. Surgical mask vs N95 respirator for

preventing influenza among health care workers: a randomized trial.

JAMA. 2009;302(17):1865-1871.
23. MacIntyre CR,WangQ, Cauchemez S, et al. A cluster randomized clin-

ical trial comparing fit-tested and non-fit-tested N95 respirators to

medical masks to prevent respiratory virus infection in health care

workers. Influen Other Respir Viruses. 2011;5(3):170-179.
24. MacIntyre CR, Wang Q, Seale H, et al. A randomized clinical trial of

three options for N95 respirators and medical masks in health work-

ers. Am J Respir Crit Care Med. 2013;187(9):960-966.
25. Seto WH, Tsang D, Yung RW, et al. Effectiveness of precau-

tions against droplets and contact in prevention of nosocomial

transmission of severe acute respiratory syndrome (SARS). Lancet.
2003;361(9368):1519-1520.

26. Guo X, Wang J, Hu D, et al. Survey of COVID-19 disease among

orthopaedic surgeons in Wuhan, People’s Republic of China. J Bone
Joint Surg Am. 2020;102(10):847-854.

27. Zhang Y, Seale H, Yang P, et al. Factors associated with the transmis-

sion of pandemic (H1N1) 2009 among hospital healthcare workers in

Beijing, China. Influenza Other Respir Viruses. 2013;7(3):466-471.
28. Loeb M, McGeer A, Henry B, et al. SARS among critical care nurses,

Toronto. Emerg Infect Dis. 2004;10(2):251-255.
29. CowlingBJ, ZhouY, IpDK, LeungGM,AielloAE. Facemasks to prevent

transmission of influenza virus: a systematic review. Epidemiol Infect.
2010;138(4):449-456.

30. Oberg T, Brosseau LM. Surgical mask filter and fit performance. Am J
Infect Control. 2008;36(4):276-282.

31. Blachere FM, Lindsley WG, McMillen CM, et al. Assessment of

influenza virus exposure and recovery from contaminated surgical

masks andN95 respirators. J Virol Methods. 2018;260:98-106.
32. Suen LKP, Guo YP, Tong DWK, et al. Self-contamination during doff-

ingof personal protectiveequipmentbyhealthcareworkers toprevent

Ebola transmission. Antimicrob Resist Infect Control. 2018;7:157.
33. BałazyA, ToivolaM, Adhikari A, Sivasubramani SK, Reponen T, Grinsh-

pun SA. Do N95 respirators provide 95% protection level against air-

borne viruses, and how adequate are surgical masks?. Am J Infect Con-
trol. 2006;34(2):51-57.

34. Licina A, Silvers A, Stuart RL. Use of powered air-purifying respira-

tor (PAPR) by healthcareworkers for preventing highly infectious viral

diseases-a systematic review of evidence. Syst Rev. 2020;9(1):173.
35. Licina A, Silvers A. Use of powered air-purifying respirator(PAPR) as

part of protective equipment against SARS-CoV-2-a narrative review

and critical appraisal of evidence. Am J Infect Control. 2021;49(4):492-
499.

36. Gralton J, McLawsML. Protecting healthcare workers from pandemic

influenza: n95 or surgical masks?. Crit Care Med. 2010;38(2):657-
667.

37. Your guide to masks. Centers for Disease Control and Preven-

tion. https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-

sick/about-face-coverings.html. AccessedMay 14, 2021.

38. Fischer EP, Fischer MC, Grass D, Henrion I, Warren WS, Westman

E. Low-cost measurement of face mask efficacy for filtering expelled

droplets during speech. Sci Adv. 2020;6(36):eabd3083.
39. Tang JW, Liebner TJ, CravenBA, SettlesGS. A schlieren optical studyof

thehumancoughwithandwithoutwearingmasks for aerosol infection

control. J R Soc Interface. 2009;6(Ī):S727-S736.
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