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Abstract

Objectives: Non-pharmaceutical interventions (e.g. quarantine and isolation) are used to mitigate and control viral
infectious disease, but their effectiveness has not been well studied. For COVID-19, disease control efforts will rely on
non-pharmaceutical interventions until pharmaceutical interventions become widely available, while non-pharmaceutical
interventions will be of continued importance thereafter.

Methods: This rapid evidence-based review provides both qualitative and quantitative analyses of the effectiveness of social
distancing non-pharmaceutical interventions on disease outcomes. Literature was retrieved from MEDLINE, Google Scholar,
and pre-print databases (BioRxiv.org, MedRxiv.org, and Wellcome Open Research).

Results: Twenty-eight studies met inclusion criteria (n = 28). Early, sustained, and combined application of various non-
pharmaceutical interventions could mitigate and control primary outbreaks and prevent more severe secondary or tertiary
outbreaks. The strategic use of non-pharmaceutical interventions decreased incidence, transmission, and/or mortality across
all interventions examined. The pooled attack rates for no non-pharmaceutical intervention, single non-pharmaceutical
interventions, and multiple non-pharmaceutical interventions were 42% (95% confidence interval = 30%—55%), 29% (95%
confidence interval = 23%—36%), and 22% (95% confidence interval = |6%—29%), respectively.

Conclusion: Implementation of multiple non-pharmaceutical interventions at key decision points for public health could
effectively facilitate disease mitigation and suppression until pharmaceutical interventions become available. Dynamics
around R values, the susceptibility of certain high-risk patient groups to infection, and the probability of asymptomatic cases
spreading disease should be considered.
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Introduction

In the absence of a vaccine, mitigation of the coronavirus
disease 2019 (COVID-19) pandemic requires non-pharma-
ceutical interventions (NPIs), such as social distancing,
increased hand hygiene, mask wearing, and surface decon-
tamination, which have been implemented across the globe.!
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However, the effectiveness of NPIs is difficult to meas-
ure, especially for a rapidly evolving disease like COVID-
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or in combination with other NPIs or pharmaceutical inter-
ventions (PIs), epidemiologists are relying on evidence from
retrospective studies of past outbreaks to manage the current
COVID-19 pandemic. With emerging but limited current
evidence around COVID-19, the effectiveness of NPIs to
mitigate and control other viral diseases from retrospective
studies may offer valuable information to improve pandemic
preparedness and response.

Social distancing NPIs have historically decreased the
spread of viral infectious diseases. These interventions lower
the likelihood that a healthy individual will come in contact
with an infected person, help limit disease spread, and pro-
mote suppression of new cases, such as in the 1918 influenza
A pandemic,>? epidemics related to coronavirus (e.g. 2003
severe acute respiratory syndrome coronavirus (SARS-
CoV)),* and various others. Studies have been recently con-
ducted to show the observed impact of NPIs on a variety of
pathogens, including influenza and norovirus, during the
COVID-19 pandemic.>°

The objective of this study is to identify and synthesize
evidence regarding the effectiveness of social distancing
NPIs on respiratory infectious viral disease outcomes. This
rapid evidence-based review and meta-analysis focuses on
studies describing the implementation and assessment of
social distancing-related NPIs, including general distancing
strategies, quarantine, and/or isolation using single or multi-
ple interventions during respiratory viral epidemics or pan-
demics. The knowledge gained from this review could help
public health policy makers, clinicians, researchers, and so
on to strategically plan and implement these interventions in
order to limit the spread and mitigation of COVID-19 or
other future respiratory viral pandemics.

Methods
Study design

A rapid evidence-based review’® was conducted to identify
studies examining the effectiveness of single or multiple social
distancing NPIs on infectious viral disease (pandemic or epi-
demic) outcomes (e.g. incidence, transmission, and mortality)
with comparisons to examine the effects of the intervention,
its timing, and/or combination(s) of interventions. Included
studies with the following social distancing NPIs were clus-
tered into three main groups: (1) General: voluntary or manda-
tory steps taken to reduce face-to-face interactions among
people in the community; (2) Quarantine: imposed separation
or restriction of movement of persons who are exposed, who
may or may not be infected but are not ill, and may become
infectious to others; and (3) Isolation: the separation and con-
finement of individuals known or suspected to be infectious or
ill with a contagious disease in order to prevent them from
transmitting the disease to others. Primary or secondary stud-
ies published in English, conducted in humans, and with an
abstract, were considered. Supplementary Tables I and II pre-
sent the study methodology details.

Search strategy

A search of published literature in MEDLINE via PubMed,
Google Scholar, and pre-print databases (BioRxiv.org,
MedRxiv.org, and Wellcome Open Research) was conducted to
identify references published or available online through 27
March 2020 (Supplementary Table I). The search strategy que-
ried the terms (‘non pharmaceutical intervention®*’ or ‘non-
pharmaceutical intervention*”) or (‘social distancing’) in titles.

Screening, data extraction, qualitative synthesis,
and quality assessment

Two-reviewer screening of both titles/abstracts and full-texts
was performed independently against a priori inclusion crite-
ria (Supplementary Table II), and conflicts were resolved
with adjudication by a third reviewer. Inter-rater reliability
(IRR) was determined by the kappa statistic.” Results were
tracked in Microsoft Excel and EndNote®. Data were
abstracted into standardized forms for synthesis and thematic
analysis. Systematic reviews with the same inclusion criteria
were included and evidence was abstracted from the primary
study for qualitative synthesis. Study quality was assessed by
dual review using the Oxford levels of evidence (Table 1).1°

Meta-analysis

Meta-analyses were performed using a random-effects
DerSimonian—Laird model®> for proportions, using the
inverse variance method with logit transformation to yield a
pooled estimate and 95% confidence intervals (Cls) for
attack rates. Separate analyses were conducted for ‘no inter-
vention’, ‘single intervention’, and ‘multiple interventions’.
Between study heterogeneity was assessed using the 1> sta-
tistic. Statistical heterogeneity was also assessed using the
statistic (range = 0%—100%), where higher values indicate
a greater degree of variation. The I statistic indicates the
percentage of total variation that is attributable to study het-
erogeneity, rather than sampling error. Heterogeneity was
tested using Cochran’s Q statistic. Forest plots were pro-
duced to display study-specific and pooled attack rates,
along with 95% Cls. The statistical significance level was set
to 0.05. All analyses were conducted in R version 4.0.1 using
the package Meta.>%%’

Results

Literature searches identified 399 unique records from 434
references retrieved. Forty-three full-texts were reviewed
(IRR = 89%), and 28 studies met inclusion criteria (Figure 1).

Study characteristics

Study characteristic are provided in Table 1. The following
results are reported as number of studies (#) and the corre-
sponding percent of studies identified, for example, (n, %).
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Duplicates removed

Records excluded

Full-text articles excluded

These studies were excluded
based on following reasons:
Intervention (n=1)
Outcomes (n=4)

Comparison (n=1)
Publication type (n=9)

S
§°
.g Records identified through database Additional records identified through
N searching other sources (including pre-prints)
% (n=201) (n=233)
— Y v
—
Records after duplicates X
N removed " (n=35)
S -
S (n=399)
3
2
S I
S
~ Records screened R
(n=399) = (n=356)
—
—
2 v (n=15)
=
'?0 Full-text articles assessed for
= eligibility »
R (n=43)
—
S
v
g Studies included in the
"§ qualitative synthesis
3 (n=28)
S
Studies included in the meta-
analysis
(n=6)
—

Figure |. Study selection process.

Summary of articles identified by search queries, and tracking of articles that were included and excluded across the study screening

phases with reasons for exclusion of full-texts.

The majority of included publications were modeling studies
(24, 85%; Supplementary Tables I11l and [V).!-!1-14.16.17.19.21=
242634 The remaining studies were systematic reviews with
similar inclusion criteria (2, 7%),'3 observational (1, 4%),'3
or case-series (1, 4%).2° Studies were conducted in North
America (10, 38%),34121416.1920242831 Agia (8, 29%) 111315,
17.29.30.3234 Eyrope (3, 11%),22*3 Australia (3, 11%),2?%?” and
Europe combined with North America (1, 4%).' Two studies
(2, 7%)** did not specify geography, and one study (1, 7%)"'8
was conducted globally. The pathogen (i.e. causative viral

agent), intervention type and duration varied across the stud-
ies, and both children and/or adults were targeted (Table 2).
Influenza A (19, 68%)* +!1-1417-21.23-2831 \ag most frequently
examined, with hemagglutinin (H) and neuraminidase (N)
subtypes including HIN1, H3N2, H5N1, and H7N9, across
multiple years of outbreaks from 1918 to 2014. Coronavirus-
related diseases including SARS 2003 (1, 4%)** and/or
COVID-19 caused by SARS-CoV-2 (8, 29%)!+15:22:29,30.32-34
were included. Three influenza studies (14%)*!%2* did not
provide viral subtype, and one study (4%) considered
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Figure 2. Study intervention hierarchy for data analysis. This graphic visualizes the study details regarding data collection concerning
interventions to mitigate or control viral pandemics or epidemics. Single (non-pharmaceutical interventions (NPIs) or pharmaceutical

interventions (Pls)) interventions and/or multiple interventions with combinations of exclusive social distancing NPIs, social distancing
NPIs plus other NPIs, social distancing NPIs plus Pls, and/or social distancing NPIs plus other NPIs and Pls.

Superscripts denote the labeling of specific interventions used to categorize study results provided in the data abstraction.

general infectious diseases.'® The majority of studies were

completely funded or funded in part by government agencies
(2 1 75%).141,13—18,20,21,23,25,26,28,29,31—34

Types of interventions and outcomes

Social distancing NPIs of interest included general social
distancing (referred to as general), quarantine, and isolation
(for intervention definition, see Supplementary Table III;
Figure 2).

Social distancing NPIs were used as a single intervention
(19, 68%)!:3:11-13.16222.24-26.3134 and/or multiple interventions
(24, 86%)!H12-1820-222426-34 with other NPIs and/or Pls

including antiviral treatment and prophylaxis, and/or vacci-
nation. Infectious viral disease outcomes were limited to dis-
ease incidence, transmission, and mortality (Figure 3,
Supplementary Tables III and IV).

Thematic analysis stratified results related to the effective-
ness of general, isolation, and quarantine social distancing
NPIs (Table 2). General social distancing was most frequently
observed (27, 96%),~+11-21.2334 with school closures identified
as a common subtype (20, 71%).1- 4111517212333 Other types
of general social distancing identified included non-specific (7,
25%),1:1317:2627.3033 gyoidance of contact, crowding, or mass
gatherings (7, 25%),1+182031-33 workplace policies to limit
contact (12, 43%),*17:18:2023.26:30.3233 an( travel restrictions (3,
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Figure 3. Summary of outcomes by study with respect to basic
reproduction number (R;) and quality assessment. The bubble
plot lists included studies by year (y-axis) and outcome (x-axis;
disease incidence, mortality, and/or disease transmission). The
size of the circle represents the quality assessment provided by
the corresponding Oxford Level of Evidence,'® whereby smaller
circles indicate low-quality (i.e. Level 3b or 4, case series) and
larger circles denote moderate-quality (i.e. Level 2a, systematic
review with homogeneity of 2b or better studies and Level 2b,
modeling studies) evidence. The color of the circle represents the
reproduction number (R;) whereby blue indicates R <1.5, purple
denotes R > 1.5, turquoise represents studies with range of 1.5
> R, < L.5 (both), white shows R, was not provided, and gray
for systematic reviews that had a varied range of R values.

11%).13:1518 [solation and quarantine were similarly identified
(both: 16, 57%).!~#13-202226283133,34 Cage isolation was identi-
fied in 13 studies (13, 46%)>*14-16:19.202229-3134 byt only two
studies (2, 7%) described hospitalization.'>'® Household quar-
antine (11, 39%)>3H13:1820283134 wag most common, with
fewer studies examining other quarantine conditions, including
border control (2, 7%),'®!> geographic region by city or zone
(1,4%),"” onboard (e.g. airline or ship) (1, 4%),'® and voluntary
self-protection (3, 11%).11618

If R, increased, then multiple NPIs’ effectiveness on
attack rate improved (R, = 1.5, =29.3%; R, = 2.5, —43.8%)
at 3 weeks delay, but there was no relative change in attack
rate if applied at 8 weeks.?® Another combination of social
distancing NPIs (e.g. general, quarantine, and isolation) plus
a PI (e.g. antiviral treatment and prophylaxis) could decrease

influenza attack rate by 39.5%—46.6% in a similar R range
with 60%-80% compliance.*

School closure predicted age-specific reductions in per-
cent cumulative attack rate comparing school-age children
(21%—-22%) to adults >53 years (40%) and adults <53 years
(12%) by child-to-child community and household transmis-
sion.> Early implementation of school closure or general-
ized social distancing may result in better mitigation than the
very early implementation of public travel restrictions.'>!

General social distancing plus quarantine and isolation
NPIs substantially decreased’® or predicted decrease’®** of
COVID-19 R, (pre-intervention R, range = 1.28-6.2; post-
intervention R, range = 0.72-3.22).'%%%3% Government-
enforced isolation with monitored quarantine predicted that
fewer general social distancing interventions were required to
effectively lower R, in severe (R, >1.5) COVID-19 settings.*

Timing and duration of school holidays played a critical
role in limiting COVID-19 and influenza transmission rates
in observational and modeling studies.'"'> Combinations of
these general social distancing NPIs (e.g. changes in popula-
tion behavior to limit public contact) with quarantine and
isolation had a greater effect on decreasing COVID-19 trans-
missibility when the intervention duration was extended
beyond holiday-related school closures (holiday only,
14%—15%; extension beyond holiday, 33%-44%)."> A
detailed summary of data abstraction for included studies is
provided in Supplementary Table II1.

Effectiveness summarization

All studies (28, 100%) reported some degree of effectiveness
for each social distancing NPI examined across mild-to-
moderate (R, <1.5) and/or moderate-to-severe (R, =1.5)
epidemics or pandemics based on provided R, (Figure 3).
Four studies?****3! did not provide R, and two studies'®**
had ranges of R,. Overall, combined social distancing NPIs
were generally more effective in improving disease out-
comes when compared to single interventions. Due to inter-
vention heterogeneity and outcome reporting, it was
generally not possible to provide valid head-to-head effec-
tiveness comparisons across studies; however, a meta-analy-
sis was conducted to examine the effect of social distancing
NPIs on one outcome of interest, disease incidence.

Disease incidence including meta-analysis on
attack rate

Disease incidence was examined in 16 studies (57%)"*

12,13,17-19.25-29.32.33 wyith primarily percent attack rate, and sec-
ondarily, infection rate reported (Figure 3 and Supple-
mentary Table III) and had mixed results when comparing
the effectiveness of single versus combined NPIs.
Combining social distancing NPIs may be more effective
in decreasing attack rate than single NPIs, in both COVID-
19 and non-COVID-19 settings.!*!326:32 As shown in the
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modeling studies, timeliness of and compliance with multi-
ple interventions and the R, values may influence effective-
ness. Delay in implementing multiple, general social
distancing NPIs (e.g. workplace policies, school closure, and
limiting group interactions) with case isolation is predicted
to limit influenza attack rate change (week delay: three,
—29.3%; eight, —14.3%)'%2% and would have similar effec-
tiveness to earlier implemented single, general social dis-
tancing NPIs (3 weeks: range = —18.3% to —8.3%).2

Modeling studies examining single social distancing NPIs’
effectiveness suggest wide variation in general viral attack
rate change (range = 0%—99%), and greater effects on influ-
enza when the frequency of new cases remains low."
Simulation of influenza outbreaks revealed school closure was
a common single NPI and may substantially lower attack rate
(typically 20%—60%),2> but had the highest impact when
implemented in combination NPIs,' especially early in pan-
demics®® and when continued for adequate duration.?’” The
remaining general social distancing subtypes of mass gather-
ing prohibitions, contact avoidance, and workplace policies to
limit contact had similar effectiveness with a moderate (<20%
decrease) effect on COVID-19 attack rate;' however, when
used in combination NPIs, the impact was larger (>20%
decrease).! Case isolation may be less effective than other sin-
gle general social distancing NPIs on influenza attack rate, but
changes in attack rate could improve with early implementa-
tion (3 weeks, —25.3%; 8 weeks, —8.3%).'8

A meta-analysis was conducted on six studies
that reported influenza attack rates and the population at-risk
for both no intervention and social distancing NPIs as a
proxy (Supplementary material, Figures I and II). Some
studies provided attack rate estimates assuming different
model parameters (e.g. R,) and interventions (Supplementary
material, Figure II). Attack rates for no intervention ranged
from 10% to 73% and the pooled attack rate was 42% (95%
CI = 30%-55%) with significant heterogeneity (p <
0.0001). Ranges of attack rates varied greatly for social dis-
tancing NPIs (single NPIs, 6%—65%; multiple NPIs,
4% —173%). The pooled attack rate for single NPIs and multi-
ple NPIs was 29% (95% CI = 23%—-36%) and 22% (95%
CI = 16%—29%), respectively, with significant heterogene-
ity (p < 0.0001). The random-effects model demonstrated
substantial statistical heterogeneity (> = 100%) ensuing
from various possible resources within each analysis, such as
different modeling methods, different parameters for the
simulations, and R, values.

3,12,13,19,26,27

Disease transmission

Disease transmission was examined in 15 (54%) stud-
jeg?!111571820:25.3033.34 a5 percent or effective decrease in R,
or scaled disease infectivity (/,)) factor as a proxy for trans-
missibility (Figure 3). A few studies examined single NPIs,
predicting decreased influenza transmission following

school closures (range = 14%-100%),'"!72! household

quarantine (20%),'® and vaccination (15%).2* Modeling of
case isolation predicted decreases in COVID-19 effective R,
from 1.5 to 1.25 and 2.5 to 2.1.%2

Generally, combinations of social distancing NPIs pre-
dicted'®?* or changed'®* viral transmissibility in both
COVID-19 and non-COVID-19 settings (range = —14% to
—54%),'81524 but compliance affected their success. One
modeling study noted that there was greater than 90% prob-
ability of obtaining 0% influenza transmission rates with a
combination of general social distancing NPIs; 90% achieve-
ment with socially targeted antiviral treatment and prophy-
laxis and 80% with reduced movement in affected zones
following geographic targeting of quarantine interventions. '’
Isolation!!7-18223034 and quarantine'®!®3° are both effective
in limiting influenza and COVID-19 disease transmission
when used in combination NPIs. Modeling of isolation com-
bined with contact tracing decreased COVID-19 transmis-
sion (pre-intervention R, 1.5; post-intervention R, 0.5-0.9
based on 20%—100% contact tracing achievement).?? This
study noted the delay between symptom onset and isolation
had the largest role in determining whether a COVID-19 out-
break (R, = 1.5) was controllable, and higher achievement
of contact tracing was required as R, increased.”” However,
the effectiveness of quarantine on general viral disease could
be increased when general social distancing interventions
are combined.'®!” Risk of secondary influenza transmission
decreased when quarantine (adjusted odds ratio (OR) =
1.25;95% CI = 1.06—1.47; p = 0.0008) was combined with
antiviral prophylaxis and treatment (adjusted OR = 0.042;
95% CI = 0.004—0.434; p = 0.0008) in simulation.'®

Intervention timing influenced NPI effectiveness on limit-
ing transmission. Early and short-term (e.g. 3 months) general
social distancing NPIs could delay the timing of peak infec-
tions by as much as 7 months, but would have a modest impact
on COVID-19 transmission.> Modeling effectiveness of
workplace policies improved with increasing /,, as adult con-
tacts contribute largely to influenza transmission.* In addition,
mask wearing and handwashing, combined with social dis-
tancing NPIs, limited COVID-19 and influenza transmissibil-
ity in both observational and modeling studies.'®'?

Mortality

Mortality was examined in 10 studies (36%)"3141820.21.25.28.31,34
as were case fatality proportion, mortality rate, peak excess
death rate, and total deaths (i.e. all-cause mortality) (Figure 3).
Single and multiple social distancing NPI modeling had large
variability on influenza-related mortality rate (ranges of sin-
gle: range = 3%—78%; multiple = 6%—-97%).3! A COVID-
19 modeling study determined mortality could be further
decreased by 34%49% by adding age-dependent (>70
years) general social distancing interventions to quarantine
and isolation.! However, general social distancing NPIs plus
PIs could further lessen mortality in predictive models; using
general social distancing NPIs, influenza-related mortality
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could be decreased by 93%, but by providing antiviral proph-
ylaxis and treatment (e.g. adamantanes and neuraminidase
inhibitors) to 2% of the affected region, mortality could be
decreased by 97%.° The number of general social distancing
NPIs was associated with lower peak excess influenza death
rates (0.002 > p < 0.047),%° whereby more interventions pre-
dicted lower death rates.

Temporal relationships with mortality were similarly
identified whereby duration and timing impacted the effec-
tiveness of social distancing NPIs. Influenza-related mortal-
ity could be further decreased by extending intervention
durations;'**! one modeling study noted that a substantial
decrease in mortality could be obtained by extending a com-
bination of NPIs (e.g. general social distancing, handwash-
ing, mask wearing, and case isolation) by 5 months (no
extension, 6%—43%; with extension, 38%—92%).'4
Quarantine by controlling movement within infected geogra-
phies with lower R, (e.g. R, >1) predicted lower excess
influenza death rates.'®* A model predicted that earlier epi-
center lockdown would have reduced the number COVID-
19 deaths overall (up to 99.3%), but would increase the
number of deaths in the epicenter.>* Moreover when added to
general social distancing and personal preventive measures
(e.g. handwashing and mask wearing), quarantine would
reduce the influenza mortality rate by 63%.?® Case isolation
had mixed effects on influenza-related mortality;'7?* how-
ever, total mortality burden was predicted to be lower when
isolation was used early (p = 0.008) and with increased
duration (p = 0.005), in combination with quarantine and
general social distancing NPIs.'® Similarly, early imple-
mented general social distancing NPIs predicted lower peak
excess influenza death rates.? Late interventions, regardless
of duration or type of intervention, had worse predicted mor-
tality-related outcomes in influenza outbreaks.’!

Study quality

Using Oxford levels of evidence,'® two (7%) studies pro-
vided Level 2a evidence;'®?° 22 (79%) studies were assessed
as Level 2b;!-#11-17.19.21-24.26-29.32.33 three (7%) were Level
3b;3%313% and one (4%)?° provided Level 4 evidence. The
quality of the evidence is moderate as the majority of studies
were Level 2 quality (descriptions in Table 1 and Figure 3).

Discussion

NPIs are important public health measures, implemented
either as a single measure or in combination with other NPIs,
to help decrease incidence, transmission, and mortality of
viral and other infectious diseases. Early, sustained, and
combined application of various NPIs could mitigate and
control primary outbreaks and prevent more severe second-
ary or tertiary outbreaks,?*?*3* provided decision-makers
consider dynamic R, values, the propensity of getting
infected among certain high-risk groups (e.g. increasing age

and underlying comorbidities), and asymptomatic cases that
may be as infectious as symptomatic patients.

Retrospective observational and modeling studies suggest
the effectiveness of social distancing NPIs depends on dis-
ease severity as well as intervention timing and adherence
(e.g. implementation delays, duration, and population com-
pliance/coverage). Thus, an outbreak could be effectively
suppressed through strict and early implementation of an
intervention (single or in combination) for a pre-determined
duration. The more widespread the infectious disease and/or
the longer the delay in implementation of a measure, the more
limited the effectiveness of the intervention,!217:18:26.33

Effective mitigation requires combined social distancing
interventions (e.g. school closure, quarantine, or isolation),
supplemented by other NPIs (e.g. mask wearing and hand-
washing) and Pls (e.g. antiviral treatment and/or vaccina-
tions). Several studies suggested that multiple interventions
are more effective than a single intervention. %8293 Timely
and continuous but evolving adoption of evidence-based
social distancing strategies could substantially mitigate and
control the pandemic until an efficacious treatment and or/
matched vaccine become available. 3

The majority of included studies implemented modeling
to predict the effects of social distancing NPIs on viral dis-
ease outbreaks. Further work is needed to model case fatality
rates, mortality, and costs, and to predict disease transmis-
sion, effects of differing vaccination rates, and case severity
and their correlation with NPIs.

Public health implications

This study provides both qualitative and quantitative evi-
dence related to the implications of using NPIs to contain
infectious diseases, mostly from past studies, supported by
current experiences. Public health policy makers, educators,
clinicians, and researchers could better understand the fac-
tors that could facilitate more favorable outcomes resulting
from implementations of NPIs. These include matching the
right intervention type to specific community circumstances
such as the stage of the curve or type of venue (school clo-
sures, mass gathering cancelations, contact tracing, etc.) and/
or strategizing implementation time, duration, and intensity
(early, prolonged and strict lock down, prioritization of pro-
tecting the high-risk patient population first, for example,
elderly having other comorbidities).

Strengths and limitations

To our knowledge, this is a novel review employing a rapid
methodology to provide both qualitative and quantitative
synthesis of the evidence related to the effects of social dis-
tancing NPIs on respiratory viral disease outcomes including
incidence, transmission, and mortality. Our results should be
interpreted in the context of the limitations of this study.
Studies with a search cutoff of 27 March 2020 were limited
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from online searches of MEDLINE, Google Scholar, and
pre-print databases. In addition, more relevant studies may
be identified from other databases and those published after
the search cutoff date. Handsearching of included studies or
conference proceedings was not performed. In addition, arti-
cles were limited to English language with an abstract. Meta-
analyses were limited to influenza attack rate and results had
high statistical heterogeneity. These quantitative findings
conflict with the narrative results relating to the effectiveness
of single versus combined NPIs on disease incidence.
Potential explanations could be the high study heterogeneity
(i.e. different models, varying parameters for the models,
variable R, and different compliance) and a limited number
of studies each of the analyses. Because of the limited num-
ber of studies, meta regression analysis with multiple covari-
ates was not recommended. Despite these limitations, the
visual representations derived from the meta-analysis pro-
vide insights into attack rate comparisons by type of inter-
vention (e.g. none, single, and combined). Confounders such
as weather changes (e.g. temperature and humidity levels)
were not considered. In addition, a large number of modeling
studies were used to derive this evidence as opposed to epi-
demiological findings. This evidence can facilitate decision-
making to better recognize and implement measures that
support mitigation and suppression of viral infectious dis-
ease during outbreaks, and successful NPIs can provide time
for the development and evaluation of effective treatments
and vaccines.

Conclusion

This review provides evidence that a proper deployment of
strategically combined social distancing NPIs as a public
health measure, along with other non-pharmaceutical and
PIs, could mitigate and control disease by decreasing viral
disease incidence, transmission, and mortality.
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