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Abstract

This systematic review and meta-analysis quantified the
protective effect of facemasks and respirators against
respiratory infections among healthcare workers. Relevant
articles were retrieved from Pubmed, EMBASE, and Web of
Science. Meta-analyses were conducted to calculate
pooled estimates. Meta-analysis of randomized controlled
trials (RCTs) indicated a protective effect of masks and
respirators against clinical respiratory illness (CRI) (risk
ratio [RR] = 0.59; 95% confidence interval [CI]:0.46—0.77)
and influenza-like illness (ILI) (RR = 0.34; 95% CI:0.14—
0.82). Compared to masks, N95 respirators conferred
superior protection against CRI (RR = 0.47; 95% CI: 0.36—
0.62) and laboratory-confirmed bacterial (RR = 0.46; 95%
CI: 0.34-0.62), but not viral infections or ILI. Meta-
analysis of observational studies provided evidence of a
protective effect of masks (OR = 0.13; 95% CI: 0.03-0.62)
and respirators (OR = 0.12; 95% CI: 0.06—0.26) against
severe acute respiratory syndrome (SARS). This
systematic review and meta-analysis supports the use of
respiratory protection. However, the existing evidence is
sparse and findings are inconsistent within and across
studies. Multicentre RCTs with standardized protocols
conducted outside epidemic periods would help to clarify
the circumstances under which the use of masks or

respirators is most warranted.
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The emergence of novel respiratory pathogens, such as severe
acute respiratory syndrome (SARS)—Coronavirus (SARS-CoV)
[1] and pandemic HiN1 influenza (pH1N1) [2] highlighted the
vulnerability of healthcare workers (HCWs) to respiratory
infections [3]. Nonpharmaceutical interventions, such as
respiratory personal protective equipment (rPPE), are
particularly important to decrease the occupational risk of
respiratory infection when vaccination or specific anti-
infective treatments are unavailable [4].

Medical masks [5] can help to protect users from large
respiratory droplets [6, 7]. They vary in thickness and
permeability and are not certified to protect users from
airborne infection [6]. N95 respirators are specifically designed
to protect users from small airborne particles, including
aerosols [6, 7]. Strict regulations dictate the filtration efficiency
and breathing resistance of N95 respirators, which also require
fit-testing to ensure a tight seal around the user’s face [7].

Current guidelines on rPPE use in healthcare settings are based
on limited evidence of their effectiveness [4]. Studies to
investigate the efficacy of rPPE are challenging, because of
difficulties ensuring users’ compliance and limited statistical -
power to evaluate effectiveness against low-incidence
outcomes [8]. Thus, results are often incongruent, leading to
inconsistent international guidelines [8, 9] and conflicting

practice recommendations [10, 11].

Previous reviews discussed the performance of rPPE in
community and healthcare settings, but did not quantify their
protective effect [8, 12]. One recent meta-analysis compared
the effectiveness of N95 respirators and medical masks but did




not compare their effectiveness against a “no mask” control
[13]. This information is critical to assess the utility of universal
mask use policies relative to targeted rPPE use during high-risk
procedures, because universal policies have significant
disadvantages in terms of personal discomfort and quality of

care.

Additionally, the superiority of N95 respirators over medical
‘masks may have limited practical relevance in low-resource
settings, where N95 respirators may be unaffordable and

resources for respirator fit-testing, regulation, and
certification unavailable [9]. Finally, no reviews have quantified

the effectiveness of rPPE against different pathogens, although
their effectiveness may differ against viral and bacterial agents
or pathogens with potentially different transmission modes

[14,15].

We conducted a systematicf review and meta-analysis to
quantify the effectiveness of different rPPE in reducing the risk

of clinical and laboratory-confirmed respifatory outcomes
among HCWs. In addition, we compared the protective effect of
masks and respirators against bacterial and viral infections
~separately and evaluated the frequency of mask use as a
potentially contributing factor. The main goal of this review
was to develop evidence-based recommendations to reduce the -

occupational risk of respiratory infection among medical
personnel.

METHODS

We conducted this systematic review and meta-analysis using a
prespecified protocol (Appendix C).

Search Strategy

We searched Pubmed, Web of Science, and EMBASE databases
without language or time restrictions for articles satisfying the
following criteria: | ‘ '

Inclusion




Study design: Published, peer-reviewed randomized control
trials (RCTs) and observational studies;

Population: HCWs;
Intervention: Any type of rPPE,;

Outcome: Effectiveness of rPPE in reducing the risk of clinical or
laboratory-confirmed respiratory outcomes;

Settings: Healthcare settings worldwide.

Exclusion

Editorials, reviews, guidelines, public press articles; theoretical

models.

A detailed description of the search strategy is provided in

Appendix B (Tables S1 and S2). We conducted the literature
search on November 3rd, 2015. Two authors independently
selected the studies and consulted a third author in case of

disagreement.

Data Extraction and Quality Assessment

We extracted the following data from all included studies
(Appendix B, Tables S3—S12): author, publication year, journal,
and location; details of study population and interventions;
study design and methods, including randomization procedures
(RCTs) and statistical analysis; results, conclusions, and

limitations.

We used the Cochrane Risk of Bias tool [16] and Review
Manager 5.3 to assess the risk of bias within and across RCTs.
Adapted Newcastle-Ottawa scales were used to assess the risk
of bias in case-control, cohort [17], and cross-sectional studies
[18]. Two authors (V. 0. and M. S. F. L.) independently assessed
study quality and consulted a third author (CCT) in case of

disagreement.

Meta-Analysis

Sesion




We performed separate meta-analyses of (i) RCTs and (ii)
observational studies conducted during the 2003 SARS
pandemic (Appendix B, Table 1). We combined studies in
different meta-analyses according to type of rPPE and
outcomes assessed (Appendix B, Table 1).

We summarizéd effect sizes and pooled estimates using forest
plots and assessed publication bias using funnel plots and the

Harbord test for funnel plot asymmetry.

We used the odds ratio (OR) as the effect measure for
observational studies. This was possible because all identified
cohort studies had fixed follow-up times. However, ORs may
not approximate risk ratios (RRs) in high-incidence settings
such as hospital outbreaks and could give misleading
information about the actual protective effect of rPPE [19]. We
therefore calculated a range of plausible RRs for each summary
OR using the formula RR = OR/(1-r}, + (r,*OR)), where 1}, is the
baseline risk of infection. We assumed baseline risks of SARS
infection between 20% and 60%, estimated from the available
cohort studies [20—22]. To allow comparability between
studies, we conducted meta-analyses with unadjusted
statistics.

We assessed between-study heterogeneity using the I’ statistic
and used a random-effects model for I > 60% and
heterogeneity P-value < .05. Because of the small number of
studies available for each meta-analysis, we did not conduct
meta-regression to investigate factors affecting héterogeneity.
Statistical analyses were performed with Stata version 12 (Stata

Corporation).

RESULTS

We retrieved 2333 unique articles from the three databases and
31 potentially relevant publications from reference lists (Figure
1). Of 334 full-text articles assessed for eligibility, 305 did not
meet our exclusion criteria. Ultimately, we included 6 RCTs
(Table S3) and 23 observational studies (Tables S4—S12). We
found no evidence of publication bias (Figure S2).
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 Summary of the literature search and inclusion process.

Randomized Controlled Trials

We combined 5 RCTs [23-27] in different meta-analyses
according to type of rPPE and outcomes assessed (Appendix B,
Table 1). We excluded one study [28] with high risk of bias

(Figure S1).

Continuous Respiratory Personal Protective
Equipment Use vs No Respiratory Personal Protective

Equipment

Two RCTs compared respiratory infection risk in HCWs wearing
rPPE continuously to convenience-selected controls wearing no
rPPE [24] or following routine care [23]. Wearing a medical
mask or N95 respirator throughout the work shift conferred
significant protection against self-reported clinical respiratory
illness (CRI) (RR = 0.59; 95% CI: 0.46—0.77) (Figure 2A) and
influenza-like illness (ILI) (RR = 0.34; 95% CI: 0.14—0.82)
(Figure 2B). Meta-analysis suggested a protective, but
nonstatistically significant, effect against laboratory-
confirmed viral infections (VRI) (RR = 0.70; 95% CI: 0.47—1.03)
(Figure 2C).
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Meta-analysis of RCTs assessing the protective effect of medical masks and
N95 respirators against clinical and laboratory-confirmed respiratory
outcomes. Meta-analyses comparing the risk of (A) clinical respiratory
illness (CRI), (B) influenza-like illness (ILI) or (C) laboratory-confirmed viral
respiratory infection (VRl) among HCWs continuously wearing respiratory
personal protective equipment (rPPE) during working hours and
convenience-selected HCWs wearing no mask (Macintyre 2011 [42]) or
following routine care, which may or may not include mask wearing

~ (MaclIntyre 2015 [41]). (A) CRI = 2 or more respiratory symptoms, or one
respiratory symptom and a systemic symptom; (B) ILI = fever 238°C and 1
respiratory symptom; (C) VRI = detection of adenovirus, metapneumovirus,
coronavirus 229E/NL63, parainfluenza 1- 3, influenza A and B, respiratory
syncytial virus A and B, rhinovirus A/B or coronavirus OC*¥HKU1 by
multiplex PCR. Abbreviations: Cl, confidence interval; HCW, healthcare
worker; med, medical mask; n/N, number of cases/number at risk; PCR,
polymerase chain reaction; RCT, randomized controlled trial; RR, risk ratio.

N95 Respirators vs Medical Masks

Four RCTs compared protection from N95 and medical masks .
against different clinical or laboratory-confirmed outcomes
[24—27). Of these, 3 [24—26] speciﬁgd rPPE use throughout the
- work shift. Compared to medical masks, N95 respirators
conferred signiﬁcant protection against self-reported CRI (RR =
0.47; 95% CI: 0.36-0.62) (Figure 3A), but evidence of
superiority against ILI was limited (RR = 0.59; 95% CI: 0.27—
1.28) (Figure 3B).
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Meta-analysis of RCTs comparing the protective effect of N95 respirators
and medical masks against clinical respiratory outcomes. Protective effect
of N95 respirators compared to medical masks against (A) clinical
respiratory illness (CRI) or (B) influenza-like illness (ILI). Masks and
respirators were worn at all times during the work shift (Macintyre 2011 [42]
and Maclintyre 2013 [44]) or only when providing care to patients with
febrile respiratory illness (Loeb 2009 [45]). (A) CRI = 2 or more respiratory
symptoms, or 1 respiratory symptom and a systemic symptom; (B) ILI
(Macintyre 2011 [42] and Macintyre 2013 [44]) = fever 238°C and 1
respiratory symptom; ILI (Loeb 2009 [45]) = fever 238°C and cough.
Abbreviation: Cl, confidence interval; n/N, number of cases/number at risk;
RCT, randomized controlled trial; RR, risk ratio.

Meta-analysis indicated statistically significant superiority of
N9s5 respirators over medical masks against laboratory-
confirmed upper respiratory tract bacterial colonization (BRI)
(RR = 0.46; 95% CI: 0.34—0.62) (Figure 4A) but not laboratory-
confirmed influenza (RR = 0.84; 95% CI: 0.36-1.99) (Figure 4B)
or other viral infections (RR = 0.78; 95% CI: 0.54—1.14) (Figure

4C).
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Meta-analysis of RCTs comparing the protective effect of N95 respirators
and medical masks against laboratory-confirmed respiratory outcomes.
Protective effect of N95 respirators compared to medical masks against
laboratory-confirmed (A) bacterial respiratory infection (BRI), (B) influenza
or (C) other viral respiratory infections (VR!). Masks and respirators were
worn at all times on shift (Macintyre 2011 [42], Macintyre 2013 [44] and
Maclintyre 2014 [43]) or only when providing care to patients with febrile
respiratory illness (Loeb 2009 [45]). (A) BRI = detection of Streptococcus
pneumoniae, Legionella, Bordetella pertussis, Chlamydia, Mycoplasma
pneumoniae, or Haemophilus influenzae type B by multiplex PCR. (B)
Influenza = laboratory-confirmed influenza A or B in symptomatic subjects.
Q) VR! (MacIntyre 2011 [42], Macintyre 2013 [44]) = detection of adenovirus,
metapneumovirus, coronavirus 229E/NL63, parainfluenza 1-3, influenza
viruses A and B, respiratory syncytial virus A and B, rhinovirus A/ B or
coronavirus 0C43/HKU1 by multiple PCR; VRI (Loeb 2009 [45]) = detection of
respiratory syncytial virus A and B, metapneumovirus, parainfluenza 1-4,
rhinovirus, coronavirus OC43, 229E, NL63, and HKU1by multiplex PCR.
Abbreviations: Cl, confidence interval; n/N = number of cases/number at
risk; PCR, polymerase chain reaction; RCT, randomized controlled trial; RR,

risk ratio.

Observational Studies

Most observational assessed the effectiveness of rPPE during
the care of high-risk patients involved in outbreaks. We did not
exclude any articles based on quality assessment (Appendix B,
Tables S21—S23) but summarized their limitations in the

discussion.

Severe Acute Respiratory Syndrome

Eight case-control [29-36] (Table S4) and 4 cohort studies
[20-22, 37] (Table S5) assessed the effectiveness of rPPE in
protecting HCWs from SARS infection (Appendix B, Table 2).

With one exception [30], case-control studies consistently
reported a protective effect of medical masks against SARS [31,
32, 34] (Appendix B, Table 2). Compared to “no rPPE” controls,
N95 respirators conferred protection against confirmed SARS-
CoV infection in 2 of 3 case-control studies [32, 33]; no
protective effect against SARS was reported for disposable [29,
34], cotton [35], or paper [32] masks (Appendix B, Table 2).




Evidence from the 4 cohort studies was less conclusive. Two
studies reported lower risk of pneumonic SARS (RR = 0.24; 95%
CI: 0.08-0.71; P < .001) [22] and moderate protection against
laboratory-confirmed SARS-CoV infection (RR = 0.23; 95% CI:
0.05-0.93; P <.058) [20] among HCWs wearing a N95
respirator (Appendix B, Table 3). Another study reported
reduced risk of SARS-CoV infection among HCWs wearing a
medical mask (RR = 0.08; 95% CI: 0.01—0.50; P < .01) [37]. Two
studies found no protective effect of either medical masks or -
N95 respirators against SARS [20, 21], although lower attack
rates were reported among nurses consistently wearing either
type of rPPE (RR = 0.23; 95% CI: 0.07-0.78; P = .023) (Appendix
B, Table 3) [20].

In meta-analyses combining 6 case-control [29, 31-34, 36]
and 3 cohort [20—22] studies (Appendix B, Table 1), use of rPPE
conferred significant protection against SARS among exposed
HCWs (OR = 0.22; 95% CI: 0.12—0.40) (Figure 5A). The
corresponding RRs under baseline risks of 20% and 60% were
0.26 (95% CI: 0.15-0.45) and 0.41 (95% CI: 0.25-0.63),
respectively. More specifically, wearing medical masks (OR =
0.13; 95% CI: 0.03—0.62) (Figure 5B) or N95 respirators (OR =
0.12; 95% CI: 0.06-0.26) (Figure 5C) both reduced the risk of
SARS by approximately 80%. The corresponding RRs under
baseline risks of 20% and 60% are 0.16 (95% CI: 0.04—0.67)
and 0.27 (95% CI: 0.07—-0.80) for medical masks and 0.15 (95%
CI: 0.07—-0.31) and 0.25 (95% CI: 0.14—0.47) for respirators,
respectively. There was no significant difference between N9g5
respirators and medical masks in protecting HCWs from SARS
(OR = 0.86; 95% CI: 0.22-3.33), with corresponding RRs of 0.88
(95% CI: 0.26—2.27) and 0.94 (95% CI: 0.41-1.34) under
baseline risks of 20% and 60%, respectively (Figure 5D).
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Meta-analysis of observational studies assessing the protective effect of
masks and respirators against SARS infection. (A)-(C) Five case-control
(empty squares) and 3 cohort (full squares) studies were combined into
different meta-analyses to assess the protective effect of (A) any respiratory
personal protective equipment (rPPE), including medical masks, paper
masks, disposable masks, and N95 respirators, (B) medical masks or (C) N95
respirators. Controls for studies included in meta-analyses (A)-(C) were
HCWs not wearing any rPPE, except for Loeb 2004 [20] and Lau 2004 [36],
where the control group consisted HCWs reporting “inconsistent use” of
masks or respirators; med = medical mask; pap = paper mask; dis =
disposable mask; n/N = number of cases/number at risk. ®Hews wearing
N95 during non-invasive positive-pressure ventilation. bOutcome =
incidence of pneumonic SARS (excludes asymptomatic SARS cases). (D)
Meta-analyses combining observational studies comparing the protective
effect of N95 and medical masks against SARS. NOS scores = Newcastle-

Ottawa-Scale scores; for each paper, light gray, mid-gray, and dark gray
circles represent the score for the “Selection,” “Comparability” and
“Exposure” (case-control studies) or “Outcome” (cohort studies) domains of
the Newcastle-Ottawa score, respectively. For each meta-analysis (A-D),
panels on the right-hand side display a range of plausible risk ratios
corresponding to the summary effect estimate for an estimated baseline
risk of SARS ranging from 20% to 60%. Abbreviations: Cl, confidence
interval; HCW, healthcare worker§ med, medical mask; n/N, number of
cases/number at risk; RR, risk ratio; SARS, severe acute respiratory

syndrome.

Pandemic H1N1 Iinfluenza (pH1N1)

Eight observational studies assessed the effectiveness of rPPE
in protecting HCWs against pHiN1 infection (Tables S6—-S10).

Early in the outbreak, the effectiveness of masks and
respirators was assessed in HCWs who had been exposed to
pH1N1 cases in California [38]. Seroconversion against pH1N1
was detected in 21% (9/43) of HCWs attending pH1N1-patients
without rPPE but none of the HCWs wearing a mask or N95
respirator (Table S14) [38].

In a cohort study from Hong Kong, all HCWs who reported
using a medical mask during patient contact remained healthy,
whereas 1.5% (4/268) of HCWs not using any rPPE developed
laboratory-confirmed pH1N1 infection (Table S14) [39].

Two matched case-control studies in Beijing assessed the
protective effect of masks and N95 respirators [40] or “high




protection level masks” [41], respectively. In one study, the
“high protection level mask” reduced the odds of leNl
influenza among HCWs (adjusted OR = 0.05; 95% CI: 0.01—0.35)
[41]. In the second study, unadjusted analysis showed no
significantly protective effect for N95, medical or cloth masks

(Table S13) [40].

In two cross-sectional studies in Thailand [42] and Japan [43],
use of medical masks or N95 respirators was not associated
with pH1N1 seroprevalence. Two additional studies reported no
effectiveness of rPPE in protecting HCWs from laboratory-
confirmed pH1N1 infection [44, 45].

One cohort study reported an increased risk of pH1N1
seroconversion among HCWs not wearing rPPE continuously
[38]. In 4 other studies, no association was found between
compliance with rPPE use and pH1N1 infection [40—43].

DISCUSSION

Randomized Controlled Trials

Compared to non-rPPE wearing HCWs, those wearing medical
masks or N95 respirators throughout their work shift were
significantly protected against nonspecific respiratory
infection. However, assessment of clinical outcomes was self-
reported and prone to bias, as the intervention cannot be
masked. Evidence of a protective effect of masks or respirators
against VRI, a rarer outcome, was not statistically significant,
though this may indicate insufficient statistical power in these
studies, rather than lack of a protective effect.

Compared to medical masks, N95 respirators provided greater
protection against CRI and BRI. These 2 outcomes were
common in these trials (average risks of 8.7% and 7.3%,
respectively), but the studies may have been underpowered to
detect a superior protective effect of N95 respirators against
influenza and other lower incidence outcomes.

Several limitations should be considered. First, the source of
infection was not ascertained in any of the trials; some HCWs




may have acquired infections in the community rather than the
workplace. Second;'ohe RCT required HCWs to wear rPPE only
when caring for febrile patients [27], whereas others specified
continuous rPPE use [23—26]. Third, our meta-analyses
included RCTs with different comparison groups, including
convenience samples of HCWs not usually wearing masks [24,
25] or following routine infection control policies, which may
have included the use of rPPE [23]. Finally, the number of RCT's
was small, and 4 of these were conducted in China by the same
investigators, limiting generalizability to other settings.

Observational Studies

HCWs wearing N95 respirators were protected against SARS
[20, 22, 32, 33], except when exposed to SARS patients during
noninvasive positive—pressure ventilation [21]. Evidence of
protection through medical masks was available from
individual articles [31, 32, 34, 371, although results were
inconsistent within [31] and across studies [20, 30]. Differing
levels of exposure could explain such discrepancies, but
individual studies prQVided insufficient information for more

detailed analysis. .

The superiority of N95 respirators over medical masks could
reflect the ability of N95 respirators to protect users from
infectious aerosols or indicate higher effectiveness against
droplet contagion. Nonetheless, our meta-analysis revealed
that use of both N95 respirators and medical masks was
associated with up to 80% reduction in risk of SARS.

For pH1N1, the evidence was inconsistent. Asymptomatic
infection, common in pH1N1 patients [43], could have led to
substantial misclassification of infection status in studies
without serological confirmation, diluting any protective effect
of masks. Comparéd to SARS cases [46], pH1N1 patients
experienced relatively mild symptoms and lower case fatality
rates [47], which may have resulted in HCWs being less
adherent to rPPE use. Moreover, more drastic infection control
measures, such as quarantine and patient isolation [48], may
haveled to an ove:éstimation of rPPE effectiveness in the SARS

studies.




Limitations of Included Studies

Specific brands, models, or even the generic type of mask used,
was often omitted.

In most studies, rPPE adherence was self-reported, and
definitions of compliance varied across studies [23, 24]. One
RCT included external validation, but auditing was irregular
and limited to areas outside patients’ rooms [27]. Because
individuals overestimate compliance [49], self-reported
adherence could result in attenuated effect estimates and
poteﬁtially biased comparisons of masks and respirators if
compliance differs by rPPE type [23, 24]. Continuous
adjustments and inappropriate wearing may even reverse the
benefits of N95 respirators through the contamination of
hands, face, and other PPE [4].

In the included studies, HCWs were usually trained in wearing
N95 respirators, but fit-testing was not universal [24—-26]. One
trial compared fit-testing with no fit-testing and reported no
difference in respiratory infection risk between the 2 groups

[24]).

In some RCTs, influenza vaccine uptake differed between trial
arms [24, 26]. Similarly, not all observational studies accounted
for differences in influenza vaccination coverage [38, 42, 43]
and gown- [31, 32, 36] or hand-washing habits [32, 33, 36].
Several studies adjusted for confounders [23, 25, 26, 29, 31—33,
36,37, 41, 50, 51], but it was not always clear which factors were
accounted for [41, 50, 51]. Finally, most studies lacked
statistical power to estimate protective effects, yielding
extremely wide confidence intervals. Failure to detect a
significant effect may therefore indicate insufficient statistical
power, rather than absence of a protective effect, even when the
available studies are pooled into a meta-analysis.

Limitations of the Meta-Analysis of
Observational Studies

Our meta-analysis of observational studies summarized the
protective effect of rPPE on a specific respiratory outcome with
an established case definition [52], among reasonably well-




defined populations and over a defined time period. However, it
was not possible to account for potential between-study
differences in exposure, fluctuating compliance with rPPE use
[29, 31], potential decreases in infectiousness over the course of
the outbreak, or additional confounders affecting the original
studies. Nonetheless, relevant confounders were unlikely to be
equally distributed across studies in different settings, so that
any protective effect of mask use should have become apparent
when results of numerous studies were pooled.

Conclusions

In this review and meta-analysis, we analysed the collective
evidence from published RCTs and observational studies in
order to identify major gaps and methodologiéal shortcomings
in the current literature and develop evidence-based
recommendations for the use of masks and respirators in
healthcare settings. We found evidence to support universal
medical mask use in hospital settings as part of infection
control measures to reduce the risk of CRI and ILI among HCWs.
Overall, N95 respirators may convey greater protection, but
universal use throughout a work shift is likely to be less
acceptable due to greater discomfort.

Our analysis confirms the effectiveness of medical masks and
respirators against SARS. Disposable, cotton, or paper masks

are not recommended.

The confirmed effectiveness of medical masks is crucially
important for lower-resource and emergency settings lacking
access to N95 respirators. In such cases, single-use medical
masks are preferable to cloth masks, for which there is no
evidence of protection and which might facilitate transmission
of pathogens when used repeatedly without adequate
sterilization [8]. ‘

We found no clear benefit of either medical masks or N95
respirators against pH1N1. However, current policies mandating
standard and droplet precautions when performing routine care
for influenza patients are reasonable. RCTs conducted in
community settings have demonstrated protective effects of




medical masks in combination with hand-hygiene and other

infection control interventions [53].

Overall, the evidence to inform policies on mask use in HCWs is
poor, with a small number of studies that is prone to reporting
biases and lack of statistical power. Multicenter RCTs with
standardized protocols conducted outside periods of unusual
epidemic events and including the measurement of compliance
and fit-testing would overcome many of the methodological
difficulties of current studies, including low statistical power,
the use of concurrent epidemic control measures, and
unusually high compliance during epidemics. Large, well-
designed studies would also enable subanalyses to investigate
the role of mask use against different types of infections [54],
clarify the circumstances under which rPPE use is most
warranted, and yield valuable information about the role of
different transmission modes. The inclusion of relevant
controls is of paramount importance. Because the source of
infection cannot always be ascertained, control groups could
include HCWs who do not have any patient contact.

In addition, the protective effect of masks is likely to be related
to the baseline risk of infection, because outbreaks with higher
attack rates offer more opportunities for infection. We
recommend that studies indicate the baseline risk of disease,
either from a nonintervention group or occupational health
records. This is particularly important for case-control studies,
for which the interpretation of the OR as a measure of
protective effect is problematic in high-incidence scenarios.

Supplementary Data

Supplementary materials are available at Clinical Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or
comments should be addressed to the corresponding author.
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