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We collected primary studies from Medline, Embase, PubMed, Cochrane Library, CINAHL and grey
literature. Where appropriate, random effects meta-analyses were conducted using inverse variance
statistical calculations.

Meta-analyses suggest that regular hand hygiene provided a significant protective effect (OR=0.62;
95% CI 0.52-0.73; 1> =0%), and facemask use provided a non-significant protective effect (OR=0.53; 95%
C10.16-1.71; I> =48%) against 2009 pandemic influenza infection. These interventions may therefore be
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1. Introduction

Influenza pandemics may arise from antigenic shifts, when reas-
sortment between different viral strains results in the emergence of
a novel influenza virus to which most individuals are immunolog-
ically naive (Zambon, 1999). If this new pathogen causes clinical
illness in humans and is able to transmit effectively between
humans, a global pandemic may occur. This has happened four
times in the past one hundred years: the 1918 Spanish flu, the
1957 Asian flu, the 1968 Hong Kong flu and the 2009 Swine flu.
Together these events have resulted in millions of cases of illness,
hospitalization and death, as well as a significant social and eco-
nomic burden (Humphries, 2013; Henderson et al., 2009; Guan
et al,, 2010; Simonsen et al., 2013). The Spanish flu demonstrates
the catastrophic potential of such events, having caused between
20 and 50 million deaths globally (Humphries, 2013; Jordan, 1927;
Patterson and Pyle, 1991; Johnson and Mueller, 2002). Advances
in medicine and public health render such dramatic consequences
unlikely today (Saunders-Hastings and Krewski, 2016). The emer-
gence of antivirals, vaccines and mechanical ventilators should
help protect from such a catastrophic pandemic in the future,
and pandemic-attributable mortality has decreased in the three
influenza pandemics since the Spanish flu®. However, the unpre-
dictable nature of influenza pandemics, coupled with increasing
opportunities for viral reassortment, necessitate further studies of
appropriate mechanisms to respond to such events and mitigate
their impact.

The irregular cycle of influenza pandemics makes them diffi-
cult to study, with most of the available, scientifically rigorous data
deriving from the recent 2009 pandemic. This is problematic given
that the 2009 pandemic strain — A(HIN1)pdmO09 — is known to
have been quite mild, with hospitalization and death rates similar
to recent seasonal influenza (Henderson et al., 2009). The disease
characteristics of future pandemics may differ substantially from
those in the past. Little is known about the effectiveness of a suite
of potential interventions to interrupt pandemic influenza infec-
tion. This is especially true of non-pharmaceutical measures such as
social distancing (school closure, patient quarantine) and personal
protective measures (PPMs). Pharmaceutical measures such as pan-
demic vaccination are effective (Breteler et al., 2013; Demicheli
etal.,,2014; Manzoli et al.,2009; Yin et al., 2012; Saunders-Hastings
et al., 2016), but may not be available in the early stages of a pan-
demic influenza outbreak (Madhav, 2013; Longini et al., 2004).
Social distancing policies, meanwhile, are of uncertain effective-
ness, and are often expensive, unpopular and difficult to implement
(Isfeld-Kiely and Moghadas, 2014; Perez Velasco et al., 2012; Borse
etal,2011). Consequently, patient quarantine has not been broadly
implemented since the 1918 pandemic (Markel et al., 2006), while
uncertainty regarding the effectiveness of school closure has lim-
ited itsimplementation over the course of the past three pandemics
(Trotter et al., 1959; Earn et al., 2012). However, PPMs such as
respiratory etiquette, hand hygiene and the use of facemasks are
inexpensive and easy to implement, and are commonly recom-
mended and undertaken during influenza outbreaks (Aledort et al.,
2007; Aiello et al., 2010a; van der Weerd et al., 2011).

The primary objective of this review and meta-analysis is to
quantify the effectiveness of PPMs in reducing the risk of human-
to-human pandemic influenza infection. A secondary objective is to
assess the relative effectiveness of these interventions. This is cur-
rently animportant knowledge gap: a search for existing systematic
reviews evaluating pandemic influenza interventions found only
a single systematic review (Wong et al., 2014) on the effective-
ness of PPMs in preventing pandemic influenza infection; focusing
specifically on hand hygiene in the community, the review found
only one study that was conducted during an influenza pandemic
(Suessetal.,2011). However, the authors only included randomized

control trials (RCTs) in their analysis, potentially missing impor-
tant insights from observational studies. Given the important role
PPMs may play in the early stages of a future pandemic, this review
provides an important and timely assessment of the state of PPM
literature and, where possible, quantification of pooled estimates
of PPM effectiveness in interrupting pandemic influenza transmis-
sion.

2. Methods
2.1. Overview

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used to guide the development
of the systematic review methodology (Appendix A) (Moher et al.,
2009). A protocol was developed a priori aregistered in the National
Institute for Health Research International Prospective Register of
Systematic Reviews (PROSPERO) (Saunders-Hastings et al., 2016).

2.2. Search strategy

The literature search was conducted by PSH on June 30, 2016,
with no language or date restrictions. Searches were conducted
across five databases: PubMed (all dates), Medline via Ovid (1946-
June 30, 2016), Embase via Ovid (1947-June 30, 2016), Cochrane
Library via Ovid (all dates) and the Cumulative Index to Nursing and
Allied Health (CINAHL; all dates). Database-specific variations are
included in Appendix B. To supplement these searches, researchers
conducted searches of the reference lists of included studies, and
of the grey literature using Google Scholar.

2.3. Eligibility criteria and study inclusion

In this review, investigators sought to assess the effectiveness
of commonly recommended PPMs in reducing the risk of pan-
demic influenza infection in humans. Personal protective measures
included any form of hand hygiene, use of facemasks or respiratory
etiquette (covering mouth during coughing and sneezing). Inter-
ventions more commonly recommended for healthcare staff, and
less likely to be implemented in community settings, were not con-
sidered. These interventions include the use of goggles, gowns and
gloves to prevent influenza transmission. Table 1 lists the relevant
eligibility criteria developed a priori and applied throughout the
screening process.

All citations were imported into the web-based system-
atic review software DistillerSR (Evidence Partners Incorporated,
Ottawa, Canada). Following deduplication, two independent, blind
reviewers conducted title and abstract screening using a pilot-
tested DistillerSR screening form that reflected the eligibility
criteria. An assenting response from at least one reviewer resulted
in article inclusion for full review, where articles were again sub-
jected toblind review by two independent reviewers using a piloted
DistillerSR form. At this stage, disagreements were resolved by con-
sensus; third-party arbitration was implemented as necessary.

2.4. Data extraction

Two independent reviewers (PSH, JC) extracted data from
included studies using an adapted data collection form developed
by The Cochrane Collaboration (Anon., 2013). The form collected
information on study population(s), methods, intervention(s), out-
come measure(s) and results.
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Table 1
Eligibility criteria for assessed studies.

Category Inclusion Criteria

Exclusion Criteria

Population
Intervention(s)

Humans exposed to a pandemic influenza

Any form of hand hygiene, respiratory etiquette, or the
wearing of facemasks

The impact or effectiveness of an intervention of interest
compared to no intervention or other forms of
intervention.

Comparison(s)

Outcome(s) Quantified change in risk of pandemic influenza
transmission
Study type Randomized trials, case-control, cohort, and

cross-sectional studies

In vivo and in vitro laboratory studies, and non-human species

No intervention or other interventions, including vaccination, antiviral use,
school or work closure, or contact reduction

No comparisons made

No quantified impact
Predictive mathematical modeling studies; case study and case series reports;

case-crossover, crossover, before-after, and ecologic studies; expert opinion
and editorials; systematic reviews and meta-analyses

2.5. Quality assessment

Quality assessment was conducted for included studies during
the data extraction process. Tables assessing the risk of bias for
randomized trials, case-control and cohort studies were included
in the data extraction form. Quality assessment of randomized tri-
als adopted the Cochrane Collaboration’s tool for assessing risk of
bias (Higgins et al., 2011). Quality appraisal for case-control and
cohort studies was done using the Newcastle-Ottawa scale (Wells
etal., 2014). Both tools have been externally validated and are com-
monly used in reviews of public health interventions (Higgins et al.,
2011; Stang, 2010). Disagreements regarding potential sources of
bias were discussed and resolved by consensus. The quality of cross-
sectional studies was not assessed, as the risk of bias in these studies
was deemed to be innately high, and cross-sectional studies were
excluded from data pooling. Study quality was not used as an eli-
gibility criterion; rather, potential sources of bias are noted in the
discussion of the implications of review findings.

2.6. Data synthesis and analysis

Data from included studies were grouped based on categories
of interventions and outcome measures. Synthesis proceeded in
a two-stage process. Comparable data and risk estimates from
studies with similar interventions and outcome measures were
imported into Revman 5.3.5 (http://tech.cochrane.org/revman).
Where possible, we used estimates of effect from models adjusted
for the maximum number of covariates. Inverse variance weight-
ing and random-effects modeling was used in all meta-analyses.
The presence of significant data heterogeneity, as measured using
the 12 statistic (I2 >50% was considered to represent possible sub-
stantial uncertainty, as conveyed in the Cochrane Handbook (Anon.,
2011), did not preclude data pooling, but was noted in the discus-
sion of results. In instances where only a single study was identified,
intervention results were excluded from meta-analyses and were
qualitatively described. Data permitting, subgroup analyses by age
were conducted. Risk of publication bias was assessed via funnel
plot inspection and Egger regression test.

3. Results

A total of 2660 citations were retrieved from our search of the
literature. Following elimination of duplicates, 1671 citations were
retained for title and abstract review. Of these, 52 were retained for
full review, along with a single study identified through additional
searches. Overall, 16 studies met the inclusion criteria for our study
and were subject to data extraction. The study selection process
is summarized in Fig. 1, while a justification for articles excluded
during full review is included in Appendix C.

3.1. Included studies

Of the 16 studies included, 15 (Cheng et al., 2010; Deng et al.,
2010; Li et al., 2011; Liu et al, 2011; Toyokawa et al.,, 2011;
Godoy et al., 2012; Kim et al., 2012; Suess et al., 2012; Zhang
et al,, 2012; Kuster et al., 2013; Remschmidt et al., 2013; Azor-
Martinez et al., 2014; Merk et al., 2014; Torner et al., 2015; Zhang
et al., 2013) quantitatively described at least one measure of hand
hygiene effectiveness, while eight (Cheng et al., 2010; Deng et al.,
2010; Toyokawa et al., 2011; Kim et al., 2012; Suess et al., 2012;
Zhang et al., 2012; Kuster et al., 2013; Jaeger et al., 2011) mea-
sured the effectiveness of facemask use; no studies evaluating the
impact of any form of respiratory etiquette, such as covering one’s
mouth during coughing or sneezing, were identified. All studies
derived from the A(H1IN1)pdmO09 pandemic. Six unique combina-
tions of intervention group and outcome measures were pooled
for meta-analysis; two of these had significant data heterogeneity.
There were insufficient data to conduct meta-analyses based on age
group. The characteristics of individual studies are summarized in
Table 2, organized by study and intervention types, while results
from individual studies are included in Appendix D.

3.2. Quality assessment

Inter-rater agreement of the quality of included studies was
strong. The results of this assessment are included in Tables 3-5
, which highlights potential sources of bias across different study
types. These are incorporated into the discussion of the implica-
tions of findings of our review. Funnel plots assessing the risk of
publication bias are included in Fig. 2. Visual inspection of plots
was used, as the limited number of included studies and dichoto-
mous nature of the outcome measures of interest make regression
testing inappropriate (Deeks et al., 2005).

3.3. Hand hygiene

Fifteen studies were identified from our search that evaluated
the effectiveness of some form of hand hygiene in preventing
pandemic influenza infection; two were RCTs (Suess et al., 2012;
Azor-Martinez et al., 2014), eight were case-control studies (Cheng
etal., 2010; Deng et al., 2010; Li et al., 2011; Liu et al., 2011; Godoy
et al.,, 2012; Zhang et al., 2012; Torner et al., 2015; Zhang et al.,
2013), three were cohort studies (Kuster et al., 2013; Remschmidt
et al.,, 2013; Merk et al., 2014) and two were cross-sectional sur-
veys (Toyokawa et al., 2011; Kim et al,, 2012). Of the studies
that could not be pooled for meta-analysis, two RCTs reported
a significant effect of hand hygiene. One reported that the inci-
dence and proportion of school absence associated with pandemic
influenza decreased in schools where a hand sanitizer interven-
tion was implemented (Azor-Martinez et al., 2014), while the other
found that hand hygiene in conjunction with facemask use reduced
risk of secondary influenza infection (OR=0.26; 95% confidence
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2,660 articles identified from
database search

=|| Removal of 989 duplicates

1,671 articles retained for title and

abstract review
Additional 1 article identified Excluded 1,619 articles that did
from grey literature and reference not meet eligibility
lists
53 articles retained for full review
Excluded 37 articles:

- 8 did not meet Population criteria
- 1 did not meet Comparison criteria
- 17 did not meet Outcome criteria
- 11 did not meet Study Type criteria

16 articles retained for data
extraction and synthesis

Fig. 1. Data selection process.

Zhang et al. (2013)

Case-control study

Beijing, China
Households in China

162 (households)

use
Handwashing

Table 2
Summary of included studies.
Study Type of Study Population Participants (N) Intervention(s) Outcome(s)
Azor-Martinez et al. (2014) RCT Children aged 4-12 in 1,616 Hand sanitizer School absenteeism
Spain
Cheng et al. (2010) Case-control study Healthcare workers in 836 Surgical mask use and Laboratory-confirmed
Hong Kong hand hygiene influenza infection
Deng et al. (2010) Case-control study Healthcare workers in 280 Surgical masks and use of Laboratory-confirmed
Beijing, China disposable tissues for hand influenza infection
hygiene
Godoy et al. (2012) Multicenter Inpatients and individuals 3,087 Hand hygiene Hospital admission with
case-control study who received primary care laboratory-confirmed
at participating centers influenza
Jaegeretal. (2011) Cohort study Healthcare workers in 63 Surgical masks and N95 Laboratory-confirmed
Southern California respirators influenza infection
Kim et al. (2012) Cross-sectional School-aged children in 15,945 Handwashing and Laboratory-confirmed
survey South Korea facemask use influenza infection
Kuster et al. (2013 Cohort study Adult healthcare and 732 Hand hygiene and facial Laboratory-confirmed
non-healthcare workers in protection influenza infection
Toronto, Canada
Lietal. (2011) Case-control study Students 15-21 years old 1,644 Handwashing Laboratory-confirmed
in Guangzhou, China influenza infection
Liuetal. (2011) Case-control study Individuals in Beijing, 216 Handwashing Secondary household
China infection (diagnosis)
Merk et al. (2014) Cohort study Individuals 17-95 in 4,365 Handwashing Influenza-like illness
Stockholm, Sweden
Remschmidt et al. (2013) Cohort study German households with 375 Handwashing Secondary household
an infected individual >2 infection (ILI)
years old
Suess et al. (2012) Cluster RCT Households in Berlin, 302 Facemasks and hand Laboratory-confirmed
Germany with an infected hygiene secondary influenza
individual >2 years old infection
Torner et al. (2015) Multicenter Outpatient children 6 478 Hand hygiene Laboratory-confirmed
case-control study months to 7 years old in influenza infection
Spain
Toyokawa et al. (2011) Cross-sectional Healthcare workers in 269 Hand hygiene, surgical Laboratory-confirmed
survey Kobe, Japan masks, and N95 respirators influenza infection
Zhang et al. (2012) Case-control study Healthcare workers in 255 Hand hygiene and mask Laboratory-confirmed

influenza infection
Laboratory-confirmed
secondary influenza

infection
Table 3
Risk of bias assessment of included RCTs.
RCT Risk of Bias (low, high, unclear)
Random Sequence Generation Allocation Concealment Performance Bias Detection Bias Attrition Bias Reporting Bias Other Bias
Azor-Martinez et al. (2014) Low Unclear High High Low Low High
Suess et al. (2012) Unclear Low Low Unclear Low High None

interval (CI) 0.07-0.93) (Suess et al., 2012). These were not pooled
because they did not have a comparable outcome measure or sin-
gle intervention, respectively. A single cohort study reported that
each 10% increase in healthcare worker adherence to hand hygiene
recommendations resulted in a reduced risk of influenza infec-

tion (OR=0.84; 95% C1 0.73-0.98) (Kuster et al., 2013), but was not
pooled because it did not provide estimates of effect that compared
an intervention to a control. Two cross-sectional surveys reported
a non-significant protective effect of subjectively reported “fre-
quent” hand-washing, with OR=0.99 (95% C1 0.96-1.02) (Kim et al.,
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Table 4
Risk of bias assessment of included cohort studies.
Cohort Study Risk of Bias?®
Exposed Cohort Non-Exposed  Ascertainment Absence of Comparability ~ Assessment of Length of Adequacy of Total
Representa- Cohort of Exposure Outcome at  of Cohorts Outcome Follow Up Follow up Score
tiveness Selection Start
Jaeger et al. (2011) 0 1 0 0 0 1 1 1 4
Kuster et al. (2013) 1 0 0 1 1 1 1 1 6
Merck et al., (2014) 1 1 0 0 1 0 1 1 5
Remschmidt et al. (2013) 0O 1 1 0 0 0 1 0 3

2 Score of 0 indicates risk of bias; a score of 1 or 2 was awarded if the study took appropriate measures to limit the risk of bias. The forms and criteria used for quality
assessment can be found at (Higgins et al., 2011) for RCTs and (Wells et al., 2014) for case-control and cohort studies.

Table 5
Risk of bias assessment of included case-control studies.

Case-Control Study Risk of Bias®

Case Case Represen- Selection of Definition of Comparability ~ Ascertainment Method of Non- Total
Definition tativeness Controls Controls of Cases and of Exposure Ascertainment  Response Score
Controls Rate

Cheng et al. (2010) 1 1 1 1 0 1 1 1 7
Deng et al. (2010) 1 0 0 1 0 0 1 1 4
Godoy et al. (2011) 1 0 1 1 0 0 1 0 4
Lietal. (2011) 0 1 1 0 0 1 1 1 5
Liu et al. (2011) 0 1 1 1 2 0 1 1 7
Torner et al. (2015) 1 0 1 1 2 0 1 1 7
Zhang et al. (2013) 1 1 1 1 1 0 1 1 7
Zhang et al. (2012) 1 1 1 1 2 0 0 0 6

a Score of 0 indicates risk of bias; a score of 1 or 2 was awarded if the study took appropriate measures to limit the risk of bias. The forms and criteria used for quality
assessment can be found at (Higgins et al., 2011) for RCTs and (Wells et al., 2014) for case-control and cohort studies.

2012)and OR=0.58 (95% CI 0.07-5.13) (Toyokawa et al., 2011), but
were excluded from meta-analysis due to the innately high bias in
cross-sectional surveys.

The remaining studies were pooled to examine five
intervention-outcome comparisons, included in Fig. 3. Meta-
analysis of five studies (Li et al., 2011; Liu et al., 2011; Godoy
et al., 2012; Torner et al., 2015; Zhang et al., 2013) comparing the
frequency of hand-washing with laboratory-confirmed influenza
found a significant protective effect, but also significant statistical
heterogeneity (Fig. 3a; N=5789; OR=0.74; 95% CI 0.56-0.97;
I2=72%). However, this protective effect was even more pro-
nounced in a subgroup analysis excluding studies where frequency
was subjectively defined by the study participants, and retaining
those that reported a minimum number of times study partici-
pants washed their hands daily (Fig. 3b; N=3930; OR=0.62; 95%
C10.52-0.73; I2=0%) (Godoy et al., 2012; Torner et al., 2015; Zhang
etal, 2013).

A separate meta-analysis of two cohort studies (Remschmidt
et al.,, 2013; Merk et al., 2014) comparing hand-washing fre-
quency with self-reported influenza-like illness (ILI) found a
non-significant increase in risk associated with hand-washing
(Fig. 3c; N=4740; RR=1.12; 95% CI 0.76-1.64; 12=0%). A meta-
analysis of two case-control studies (Godoy et al., 2012; Torner
et al., 2015) examining the subjectively defined “occasional” use of
alcohol-based sanitizers also found a non-significant risk increase
in the presence of significant statistical heterogeneity (Fig. 3d;
N=3565; OR=1.04; 95% Cl 0.57-1.89; 12 =68%).

Hand hygiene motivated by influenza exposure was found to be
significantly protective in two cases. Occasional hand hygiene both
following contact with an index case (Fig. 3e; N=1371; OR=0.29;
95% CI 0.09-0.93; I2=31%) (Cheng et al., 2010; Deng et al., 2010;
Zhang et al., 2012) and following contact with contaminated sur-
faces (Fig. 3f; N=3565; OR=0.65; 95% CI 0.50-0.83; I2 = 0%) (Godoy
et al., 2012; Torner et al., 2015) was found to protect against con-
firmed pandemic influenza infection.

3.4. Facemask use

Eight studies evaluated the effectiveness of facemask use in pre-
venting pandemic influenza infection (Cheng et al., 2010; Deng
et al.,, 2010; Toyokawa et al., 2011; Kim et al., 2012; Suess et al.,
2012; Zhanget al., 2012; Kuster et al., 2013; Jaeger et al.,2011). One
cohort study reported that the risk of influenza infection among
healthcare workers decreases for each 10% increase in adherence
to facial protection guidelines (OR=0.92; 95% CI1 0.79-1.07) (Kuster
et al., 2013) was not pooled for meta-analysis because it did not
provide estimates of effect comparing an intervention to a control.
A cluster randomized control trial found a significantly protective
effect of facemask use (OR=0.28; 95% CI 0.08-0.98) (Suess et al.,
2012). A cohort study found a non-significant protective effect
(RR=0.09; 0.00-1.60)(Jaeger et al., 2011) One cross-sectional sur-
vey reported a significant protective effect of continuous mask use
in children, relative to non-users (OR=0.51; 95% C10.30-0.88), but a
non-significant risk increase in irregular users relative to non-users
(OR=1.02; 95% CI 0.83-1.25) (Kim et al., 2012). Another cross-
sectional survey reported a non-significant risk increase associated
with frequent use of surgical masks (OR=6.59; 95% CI 0.55-78.3)
and N95 respirators (OR=2.28; 95% CI 0.20-20.2) relative to infre-
quent use, but is based on a small sample size (N=87) (Toyokawa
et al,, 2011). Of the remaining three studies pooled for meta-
analysis (Cheng et al., 2010; Deng et al., 2010; Suess et al., 2012;
Zhang et al.,, 2012; Jaeger et al., 2011), all reported on the use
of facemasks among healthcare workers dealing with infected
patients. Meta-analysis found a non-significant protective effect
of mask use in preventing influenza infection (Fig. 3g; N=1371;
OR=0.53; 95% CI 0.16-1.71; 12 =48%). If the randomized control
trial and cohort study were pooled with the case-control stud-
ies, heterogeneity decreased and a significant protective effect
was found (not illustrated: N=1736; OR=0.41 95% CI 0.18-0.92;
12 =35%).
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Fig. 2. Funnel plots assessing publication bias in meta-analysis results for (a) hand-
washing frequency and influenza; (b) subgroup analysis of hand-washing frequency
and influenza; (c) hand-washing frequency and ILI; (d) hand sanitizer use and
influenza; (e) hand hygiene after contact with an index case and influenza; (f) hand
hygiene after contact with contaminated surfaces and influenza; and (g) facemask
use and influenza.

4. Discussion

Analyses of hand hygiene found significant protective effects
associated with frequent hand-washing and hand-washing after
contact with an index patient or a contaminated surface. These
results compare favourably to the results of a systematic review
of RCTs evaluating hand hygiene effectiveness during seasonal
influenza epidemics, which found a significant protective effect
associated with a combination of hand hygiene and facemask
use, but no significant effect of hand hygiene alone in preventing
influenza infection (Wong et al., 2014). Non-significant increases
in risk were associated with hand-washing frequency and ILI and
with the occasional use of hand sanitizer and influenza, although
these results are based on small samples size and subjective def-
initions of intervention and outcome measures by primary study
authors.

No studies were found that evaluated the effectiveness of
respiratory etiquette. However, a recent study evaluated the effec-
tiveness of cough etiquette maneuvers in blocking aerosol particles,
finding that they did not block the release or dispersion of aerosol
droplets, particularly those smaller than one micron in size (Zayas
etal,2013).Asavirus, influenza particles are extremely small, mea-
suring 0.08-0.12 wm in diameter (Stanley, 1944), and could easily
be carried in small droplets expelled during coughing or sneezing.

The present systematic review is the first to successfully quan-
tify the effectiveness of PPMs in preventing pandemic influenza
infection. Several past reviews have attempted to produce an esti-
mate of effect by reviewing the impact of personal protective
measures on transmission of multiple respiratory viruses (Aledort
et al., 2007; Bin-Reza et al., 2012; Jefferson et al., 2010; Jefferson
et al., 2011). Jefferson and colleagues, for example, pooled case-
control study data to calculate estimates of effect of handwashing
eleven times a day and simple mask-wearing against SARS trans-
mission, estimating OR of 0.54 (95% CI 0.44-0.67) and 0.32 (95%
CI 0.26-0.39), respectively; these do not differ significantly from
our own estimates. However, as the authors of one of these
reviews recognized, observational studies of SARS are “of limited
use for guiding policy on influenza” (Bin-Reza et al., 2012). This is
because the epidemiology of SARS differs substantially from that
of influenza: SARS transmission tends to occur predominantly in
nosocomial settings and infection rarely affects children, involves
a long incubation period and low infectiousness in the early stages
(Bin-Reza et al., 2012). It should also be noted that, across the
reviews mentioned above, the latest search conducted was in
January, 2011; all but one of our included studies were published
after this date, demonstrating that primary research associated
with the A(H1N1)pdmO9 strain was still being published at the time
these reviews were conducted.

It has been postulated that the effectiveness of PPMs during sea-
sonal influenza epidemics may differ during an influenza pandemic
(Bell et al., 2006; Aiello et al., 2010b; Canini et al., 2010; Cowling
etal., 2009; Maclntyre et al., 2009a), as public anxiety may increase
rates of intervention adherence. There is also uncertainty regarding
the relative importance of contact, droplet and airborne routes of
transmission in driving influenza infection (Weinstein et al., 2003;
Mubareka et al., 2009), which will impact the importance of PPMs
targeting a particular route (hand hygiene for contact transmission,
respiratory etiquette and facemask use for airborne and droplet
transmission).

The role of different routes of transmission may shift during
influenza pandemics, given their unpredictable seasonality rela-
tive to the usual Northern Hemisphere flu season, which tends to
run from October through March but peaks between December and
February (CDC, 2016). Colder temperatures (<4 °C) tend to prolong
the environmental persistence of influenza A (Poulson et al., 2016),
which could increase the relative burden of contact transmission
and the importance of hand hygiene after contact with contami-
nated surfaces.

Conversely, studies using guinea pigs have found that high
temperatures (>30°C) prevent aerosol transmission of influenza,
but do not affect contact transmission (Lowen et al., 2007, 2008).
Meanwhile, low relative humidity (20-30%) appears to promote
influenza virus survival in air, increasing aerosol and droplet trans-
mission; these are inhibited at high relative humidity (>80%)
(Lowen et al., 2007; Killingley and Nguyen Van-Tam, 2013). Taken
together, variability in adherence and transmission patterns may
alter the effectiveness of PPMs during an influenza pandemic rel-
ative to a seasonal epidemic; this uncertainty has resulted in
challenges for health policy and infection control efforts (Killingley
and Nguyen Van-Tam, 2013).

Enhancing knowledge in this area is crucial to informing rec-
ommendations on the use of individual protective measures during
future influenza pandemics. We conducted a systematic review of
the primary literature, pooling data where possible and appropriate
toarrive at quantitative estimates of intervention effectiveness. The
primary finding was that regular hand hygiene was significantly
protective in protecting from pandemic influenza infection, while
facemask use was not significantly protective

The significant protective effect of hand hygiene following con-
tact with infected individuals or contaminated cases, which were
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Fig. 3. Forest plots of meta-analysis results of for (a) hand-washing frequency and influenza; (b) subgroup analysis of hand-washing frequency and influenza; (c) hand-
washing frequency and ILI; (d) hand sanitizer use and influenza; (e) hand hygiene after contact with an index case and influenza; (f) hand hygiene after contact with
contaminated surfaces and influenza; and (g) facemask use and influenza.

found to be comparable to general hand hygiene practices; this
supports the position that protective measures both during and
immediately following viral exposure will drive intervention effec-

tiveness. While this seems intuitively reasonable, an important
implication is that the frequency of performing such maneuvers
may need to increase in pandemic situations, where attack rates
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and viral loads are likely to be higher than during seasonal epi-
demics (Jefferson et al., 2014), increasing the frequency of exposure
events.

Our systematic review is not without limitations. Out of a recog-
nition that little non-pharmaceutical intervention research that has
been conducted in pandemic settings, we took a broad approach
to the search strategy, combining multiple intervention-outcome
pairs. This did not restrict depth of analysis, however, as data were
still limited. Second, most studies included in our review have a
moderate-to-high risk of bias, which may limit the interpretabil-
ity of their results. Inappropriate or unspecified ascertainment of
exposure was the most common source of potential bias (Deng
et al., 2010; Li et al.,, 2011; Godoy et al., 2012; Zhang et al., 2012;
Kuster et al., 2013; Merk et al., 2014; Torner et al., 2015; Zhang
et al., 2013; Jaeger et al,, 2011), due to a lack of blinding and
reliance of subject self-reporting. While more logistically com-
plicated and resource-intensive, prospective studies that verify
subject behaviour would enhance understanding of intervention
effectiveness. The representativeness of cases (Deng et al., 2010;
Godoy etal.,2012; Torner et al.,2015) and exposed cohorts (Li et al.,
2011; Remschmidt et al., 2013; Jaeger et al., 2011), along with their
comparability to control groups (Deng et al., 2010; Li et al., 2011;
Godoy et al., 2012; Remschmidt et al., 2013; Torner et al., 2015;
Jaegeretal,2011), present other sources of bias, as the potential for
selection bias was often present, and studies often failed to account
for important confounding factors, such as vaccination status.

The non-blinded, retrospective nature of most studies included
in our review presents a risk of performance, detection, and report-
ing biases, which could over-estimate the true effectiveness of
PPMs in preventing influenza infection, as cases and controls may
misjudge their adoption of PPMs in order to rationalize their
infection status. Given the overall lack of data on this subject,
quality-based subgroup analyses were not conducted. A range of
economical, logistical and ethical barriers present substantial chal-
lenges in the design of controlled, prospective pandemic influenza
intervention trials; consequently, it was decided that the potential
importance of non-pharmaceutical interventions justifies the deci-
sion to acquire as much data as possible, despite risks of biased
results. Assessment of funnel plots (Fig. 2) demonstrated some
asymmetry and gaps; this may be indicative of publication bias, but
is it impossible to conclude with certainty given the small num-
ber of studies included in each meta-analysis. It should also be
noted that all available data were obtained from studies conducted
within the context of the A(H1N1)pdmO09 pandemic; this unavoid-
able constraint may limit the generalizability of our findings to
future pandemics of unknown severity. It would be inappropriate
to extrapolate this across all strains of past and future pandemics,
which may differ in terms of pathogenicity, timing and public
response.

Important knowledge gaps persist. It is unclear what constitutes
an appropriate “threshold” for adequate, protective hand hygiene
and facemask use; it is likely that this will vary depending on indi-
vidual factors such as exposure, susceptibility and risk of adverse
outcomes. This presents challenges in recommending appropri-
ate behaviour during pandemic situations. Study questions using
subjective terms to define frequency of PPM use, such as “rarely”,
“occasionally” or “sometimes”, contribute to this problem. A study
of facemask use (Kim et al., 2012), for example, found a signifi-
cant protective effect of regular use relative to no use, but not
of irregular use relative to no use; it is unclear how much time
spent wearing a facemask is necessary to constitute “continuous”.

This self-reporting by study subjects of their own intervention sta-
tus likely contributed to the observed heterogeneity, complicating
interpretation of the findings. Studies based on the exact number
of times an action was performed daily are likely to provide more
reliable results, although such studies are also at risk of recall bias.
Small sample sizes have limited the statistical power of our meta-
analyses, and the relative merits of use different forms of PPMs are
uncertain.

Given the questionable effectiveness of respiratory etiquette,
mask use and hand hygiene should form the foundation of protec-
tive behavior. As compliance with good hand hygiene practices may
be higher than that for facemasks, which have been poorly accepted
in the past (MacIntyre et al., 2009b; Tooher et al., 2013), an opti-
mal intervention strategy may combine broad recommendations
for frequent hand hygiene, combined with targeted facemask use
among high-risk populations (healthcare workers, schools-aged
children, the elderly). Risk communication strategies should clarify
locations and situations where viral contact is likely, emphasizing
the value of engaging in protective behaviours during and imme-
diately following exposure to these environments.

5. Conclusion

This review constitutes a contribution to pandemic influenza
research, presenting the first systematic review and meta-analysis
to quantify the effectiveness of PPMs in preventing pandemic
influenza transmission. While data were not available on the
effectiveness of respiratory etiquette, hand hygiene was found to
be significantly effective in preventing infection. Facemask use
demonstrated mixed results, but a randomized control trial sug-
gests that it is effective. Future studies are needed to evaluate
the relative impact of different routes of influenza transmission,
and how this may shift between seasonal and pandemic set-
tings. Despite persisting knowledge gaps in relative effectiveness
between interventions and across population groups, results sug-
gest that campaigns to increase the frequency of hand hygiene,
alongside use of facemasks in situations with a high risk of expo-
sure, are likely to contribute to preventing pandemic influenza
infection.
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Appendix A. PRISMA 2009 checklist for systematic review and meta-analysis of personal protective measure effectiveness

(Moher et al., 2009)

Section/topic # Checklist item Reported on page #

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

Abstract

Structured summary 2 Provide a structured summary including, as applicable: background; 1
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review registration
number.

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known. 2

Objectives 4 Provide an explicit statement of questions being addressed with reference to 2
participants, interventions, comparisons, outcomes, and study design (PICOS).

Methods

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 3
address), and, if available, provide registration information including
registration number.

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 4
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, 3
contact with study authors to identify additional studies) in the search and
date last searched.

Search 8 Present full electronic search strategy for at least one database, including any Appendix B
limits used, such that it could be repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 4-5
systematic review, and, if applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, 5
independently, in duplicate) and any processes for obtaining and confirming
data from investigators.

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 5
sources) and any assumptions and simplifications made.

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies 5
(including specification of whether this was done at the study or outcome
level), and how this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 5-6

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if 5-6
done, including measures of consistency (e.g., [Humphries, 2013) for each
meta-analysis.

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence 5-6
(e.g., publication bias, selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 6
meta-regression), if done, indicating which were pre-specified.

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 6
review, with reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., 6-10
study size, PICOS, follow-up period) and provide the citations.

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level 11-14
assessment (see item 12).

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) Appendix D
simple summary data for each intervention group (b) effect estimates and
confidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 16-19
measures of consistency.

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 11-14

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup N/A
analyses, meta-regression (see Item 16)).

Discussion

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main 19
outcome; consider their relevance to key groups (e.g., healthcare providers,
users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 20-21
review-level (e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, 22
and implications for future research.

Funding

Funding 27 Describe sources of funding for the systematic review and other support (e.g., N/A

supply of data); role of funders for the systematic review.
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Appendix B. Search strategy for relevant databases
Search conducted June 30, 2016 by Patrick Saunders-Hastings
1. Medline (OVID)

Population

1. Influenza, Human/

2. Exp Influenza A virus A/

3.1or2

4. Pandemics/

5. (pandemic* adj3 (influenza* of flu* or grippe)).tw.
6.40r5

7.3 and 6

Hand Hygiene:
8. Exp Hand Hygiene/

9. (handwashing or hand washing or hand-washing).tw.

10. ((hand*) adj3 (hygien* or disinfect* or sanitiz* or sanitis* or wash* or scrub* or cleans*)).tw.

11. Or/8-10

Cough/Respiratory Etiquette:
12. Cough/

13. (cough* and (influenza* or flu* or grippe)).tw.

14. ((respirat* or breath* or sneez* or cough*) adj3 (etiquette* or custom™ or maneuver* or

practic*)).tw.
15.0r/12-14

Masks:
16. Masks/

17. (mask* and (influenza* or flu* or grippe)).tw.

18. (facemask* and (influenza* or flu* or grippe)).tw.
19. (N95* and (influenza* or flu* or grippe)).tw.

20. (N-95* and (influenza* or flu* or grippe)).tw.
21.0r/16-20

Total:
22.11or 150r21
23.7 and 22
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2. Embase

Population

1. Exp influenza/

2. Exp influenza A virus/

3.1or2

4. Pandemic/

5. (pandemic* adj3 (influenza* or flu* or grippe)).tw.
6.40r5

7.3 and 6

Hand Hygiene:

8. Exp Hand washing/

9. (handwashing or hand washing or hand-washing).tw.

10. ((hand*) adj3 (hygien* or disinfect* or sanitiz* or sanitis* or wash* or scrub* or cleans*)).tw.
11.0r/8-10

Cough/Respiratory Etiquette:

12. Coughing/

13. (cough* and (influenza* or flu* or grippe)).tw.

14. ((respirat* or breath* or sneez* or cough*) adj3 (etiquette* or custom® or maneuver* or
practic®)).tw.

15. Or/12-14

Masks:

16. Exp Mask/

17. (mask* and (influenza* or flu* or grippe).tw.

18. (facemask* and (influenza* or flu* or grippe).tw.
19. (N95* and (influenza* or flu* or grippe).tw.

20. (N-95* and (influenza* or flu* or grippe).tw.
21.0r/16-20

Total:
22.11or15o0r21

23.7 and 22
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3. PubMed

Population

1. Influenza, human [MeSH Terms]

2. Influenzavirus A [ MeSH Terms]

3.1or2

4. Pandemic* [MeSH Terms]

5. Pandemic* [Text Word]

6. ((influenza*[Text Word]) or flu* [Text Word]) or grippe [Text Word]
7.5and 6

8.4o0r7

9.3 and 8

Hand Hygiene:

10. Hand hygiene [MeSH Terms]

11. Hand washing [MeSH Terms]

12. ((handwashing [Text Word]) OR (hand washing [Text Word]) or (hand-washing [Text Word]))
13. (hand* [Text Word])

14. (hygien* [Text Word] or disinfect™ [Text Word] or sanitz* [Text Word] or santis* [Text Word]
or wash* [Text Word] or scrub* [Text Word] or cleans*[Text Word])

15.13 and 14

16.100or 11 or 12 or 15

Cough Etiquette:

17. Cough*[MeSH Terms]

18. (cough*[Text Word])

19.6 and 18

20. (respirat* [Text Word] or breath* [Text Word] or sneez* [Text Word] or cough* [Text Word])
21. (etiquette* [Text Word] or custom* [Text Word] or maneuver* [Text Word] or practic* [Text
Word])

22.20 and 21

23.17 or 19 or 22

Masks:

24. Mask* [MeSH Terms]

25. (mask* [Text Word] or facemask* [Text Word] or N95* [Text Word] or N-95* [Text Word])
26. 6 and 25

27.24 or 26

Total:

28.16 or 23 or 27

29.9 and 28
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4. Cochrane Library (Wiley)

Population

. MeSH descriptor: [Influenza, Human] explode all trees
. MeSH descriptor: [Influenzavirus A] explode all trees
lor2

. MeSH descriptor: [Pandemics] explode all trees

. pandemic* (Word variations have been searched)
.influenza* (Word variations have been searched)

. flu* (Word variations have been searched)

. grippe (Word variations have been searched)
.6or7or8

10.5and 9

11.40r 10

12.3 and 11

Hand Hygiene:

13. MeSH descriptor: [Hand Hygiene] explode all trees

14. MeSH descriptor: [Hand Disinfection] explode all trees

15. (handwashing or hand washing or hand-washing) (Word variations have been searched)

16. ((hand*) adj3 (hygien* or disinfect* or sanitiz* or sanitis* or wash* or scrub* or cleans*))
(Word variations have been searched)

17.13 or 14 or 15 or 16

Cough Etiquette:

18. MeSH descriptor: [Cough] explo