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Abstract

Scientists across disciplines, policymakers, and journalists have voiced frustration at the unprecedented polarization
and misinformation around coronavirus disease 2019 (COVID-19) pandemic. Several false dichotomies have been
used to polarize debates while oversimplifying complex issues. In this comprehensive narrative review, we
deconstruct six common COVID-19 false dichotomies, address the evidence on these topics, identify insights
relevant to effective pandemic responses, and highlight knowledge gaps and uncertainties. The topics of this
review are: 1) Health and lives vs. economy and livelihoods, 2) Indefinite lockdown vs. unlimited reopening, 3)
Symptomatic vs. asymptomatic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, 4) Droplet
vs. aerosol transmission of SARS-CoV-2, 5) Masks for all vs. no masking, and 6) SARS-CoV-2 reinfection vs. no
reinfection. We discuss the importance of multidisciplinary integration (health, social, and physical sciences),
multilayered approaches to reducing risk (‘Emmentaler cheese model”), harm reduction, smart masking, relaxation
of interventions, and context-sensitive policymaking for COVID-19 response plans. We also address the challenges in
understanding the broad clinical presentation of COVID-19, SARS-CoV-2 transmission, and SARS-CoV-2 reinfection.
These key issues of science and public health policy have been presented as false dichotomies during the
pandemic. However, they are hardly binary, simple, or uniform, and therefore should not be framed as polar
extremes. We urge a nuanced understanding of the science and caution against black-or-white messaging, all-or-
nothing guidance, and one-size-fits-all approaches. There is a need for meaningful public health communication
and science-informed policies that recognize shades of gray, uncertainties, local context, and social determinants of
health.
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Background

The coronavirus disease 2019 (COVID-19) pandemic
has posed unparalleled challenges to society and
upended life in a myriad of devastating ways. With over
180 million confirmed infection cases and over 3.9 mil-
lion related deaths as of early July 2021 [1], severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) con-
tinues to spread globally. COVID-19 has stretched
healthcare system capacity, negatively impacted mental
health, exacerbated socioeconomic disparities, and dev-
astated economies. Scientists across disciplines, policy-
makers, and journalists continue to operate on
“Pandemic Standard Time”—struggling to meaningfully
advance science, policy, and communication in real time
with rapidly emerging data, while countering the unpre-
cedented “infodemic™, polarization, and politicization in
pandemic response plans [3—10]. The global community
is not used to seeing rapidly emerging science and chan-
ging policy, and has therefore been desperate for imme-
diate, unambiguous answers. Naturally, intolerance of
uncertainty has driven some people to fill this void with
deceptive narratives [11, 12].

Misinformation and disinformation® come in endless
guises and spread via different mechanisms, including
campaigns of persistent inaccurate beliefs and false-
hoods, deceptive messages, and engagement echo cham-
bers® [13, 14]. The pandemic has brought a paper
tsunami with widespread misinterpretation of both peer-
reviewed research and preprints, press releases without
scrutinizable data, sensationalized media reporting, and
endless conspiracy theories [5, 11, 15, 16]. As a result,
finding trustworthy sources of information and guidance
on COVID-19 has been difficult for the public. Over the
past months, logical fallacies and cognitive biases have
relentlessly distracted from critical appraisal and trans-
parent communication of the scientific evidence related
to COVID-19 [17]. Confirmation bias, availability bias,
motivated reasoning, the Dunning-Kruger effect, black-
or-white fallacy (also known as false dilemma, false di-
chotomy, either/or fallacy, or false choice), straw man
fallacy, ad hominem fallacy, appeal to emotion, appeal to
ignorance, and appeal to authority fallacies have all run
rampant across social media.

"Infodemic is the overabundance of information (some accurate and
some not) making it hard for people to find reliable sources and
guidance [2].

“Broadly, misinformation can be defined as incorrect information,
possibly by accident [13]. In contrast, disinformation is often used to
denote misinformation that is deliberately false and disseminated.
Engagement echo chambers and filter bubbles relate to social media
practices that exhibit highly segmented interaction with social media
content [14]. Echo chambers may reinforce shared stances and
preexisting views of like-minded people. Echo chambers are not the
exclusive or necessarily the main mechanism of misinformation.
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False dichotomies—statements erroneously posited as
two simple, mutually exclusive options—have sparked
hot debates stemming from different views on evaluating
the content and sufficiency of the evidence on which to
draw conclusions (Fig. 1). Opponents for either side of
these conundrums see whatever data through the lens of
their preconceptions, cherry-pick scientific research, and
fit polarizing narratives with the perils of black-or-white
messaging and reductionist frameworks. Their rigid
views, fueled by misinformation, often polarize alongside
the increasing certainty with which they are expressed
[18, 19]. Some academics and politicians navigating the
public scrutiny of COVID-19 response have been con-
cerned that communicating scientific uncertainty under-
mines trustworthiness [20, 21].

The COVID-19 pandemic has been riddled with false
dichotomies, which have been used to shut down or
polarize debates while oversimplifying complex issues
and obfuscating the accompanying nuances. In this re-
view, we aimed to deconstruct six common COVID-19-
related false dichotomies (Fig. 2) by reviewing the
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Fig. 1 A false dichotomy is a logical fallacy that involves presenting
two opposing facts, views, or options as though they were the only
possibilities. The false dichotomy fallacy is often committed when
someone thinks one of the two options is obviously true while the
other is obviously false. In reality, many more facts, views, and
options exist in between, which can be represented as a gradient of
gray shades between the extremes of black and white. While
reasoning in binaries may feel easier and reassuring, people unaware
of false dichotomies distract from the fact that there are
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Fig. 2 This infographic depicts the simplistic black-or-white framing and the scientific, political, and social polarization of the topics covered in
this review: 1) Health and lives vs. economy and livelihoods, 2) Indefinite lockdown vs. unlimited reopening, 3) Symptomatic vs. asymptomatic
SARS-CoV-2 infection, 4) Droplet vs. aerosol transmission of SARS-CoV-2, 5) Masks for all vs. no masking, and 6) SARS-CoV-2 reinfection vs.

no reinfection
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evidence thoughtfully and thoroughly: 1) Health and
lives vs. economy and livelihoods, 2) Indefinite lockdown
vs. unlimited reopening, 3) Symptomatic vs. asymptom-
atic SARS-CoV-2 infection, 4) Droplet vs. aerosol trans-
mission of SARS-CoV-2, 5) Masks for all vs. no masking,
and 6) SARS-CoV-2 reinfection vs. no reinfection. At
least three trade-offs exist at the interface of science
and policy related to this pandemic: clarity-complexity
(simple messages vs. conveying uncertainty), speed-

quality (timely responses vs. in-depth quality assess-
ment), and data-assumption (data availability vs. re-
quired set of assumptions) [22, 23]. Therefore, while
exploring challenging and contentious topics, we make
the case for a nuanced understanding of COVID-19 sci-
ence, identify insights relevant to effective pandemic re-
sponses, and highlight important research gaps. We
also provide examples that echo the importance of
interdisciplinary integration, epistemic uncertainty in
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Table 1 Key recommendations and insights of the COVID-19 topics addressed in this review and recommended articles

Science, public health, policy, uncertainty, and communication aspects of COVID-19
Recommended bibliography: [5, 9, 11, 16, 17, 24]

« The COVID-19 pandemic is a stark reminder of ignored yet important gaps, challenges, and opportunities in scientific communication, health edu-
cation, and policy implementation.

+ We need to go beyond “following the science.” The need for and interest in science provides opportunities to create better dialogue between
scientists and society.

- Conveying uncertainty does not harm public trust.
- False dichotomies are pervasive and attractive—they offer an escape from the unsettling complexity and enduring uncertainty.

« Debunking misinformation and discouraging black-or-white messaging, all-or-nothing guidance, and one-size-fits-all approaches are valuable
endeavors.

« Public health agencies can track COVID-19 misinformation in real time and engage communities and governments to dispel misinformation.
1. Health and lives vs. economy and livelihoods

Recommended bibliography: [8, 23, 25-27]

- Widespread infectious disease transmission negatively impacts both health and the economy.

« Appropriate public health strategies that reduce SARS-CoV-2 transmission safeguard both health and the economy.

+ The pandemic response must involve economic, psychological, and sociological views to ensure that lives and livelihoods are protected.

- Public health experts, economists, social scientists, and bioethicists must work jointly to assist governments in shaping the best policies that protect
the overall societal well-being.

2. Indefinite lockdown vs. unlimited reopening

Recommended bibliography: [28-40]

« Lockdowns and other stringent public health measures bring social, psychological, and economic harm and competing health risks.
« Regions with widespread transmission should not reopen prematurely in the absence of coordinated and robust countermeasures.
« Multilayered NPIs are needed as part of the road maps for navigating the COVID-19 pandemic.

« Transmission dynamics should inform policy decisions about mitigation strategies and recommendations for reopening.

- Tailored strategies and context-sensitive policymaking fall squarely within the purview of public health and aid in honing our response to COVID-
19.

+ Harm reduction, continued education, and incentivized messaging work better than shaming and blaming people for violating public health
measures.

« Encouraging outdoor activities helps mental and physical welfare, decreases the pandemic and response fatigue, and avoids risk-prone activities
from going underground.

« Policies should be constantly reassessed in the name of safety, so that their benefits always outweigh the harms.
« Increasing vaccination rates followed by decreasing numbers of cases may allow gradual relaxation of restrictions.
3. Symptomatic vs. asymptomatic SARS-CoV-2 infection

Recommended bibliography: [41-45]

« SARS-CoV-2 infection ranges from a complete lack of symptoms to critical disease.

+ Mild COVID-19 is the most common disease presentation.

« Broadly, there are two types of infected individuals: symptomatic and asymptomatic. The former individuals undergo three distinct stages (usually
communicated as if they were different individuals): presymptomatic, symptomatic, and postsymptomatic.

+ COVID-19 encompasses a broad clinical spectrum. Fever, cough, fatigue, and anosmia/hyposmia are the most common manifestations.

- Testing (serial if possible), follow-up (ideally 14 days), and a thorough symptom assessment are required to avoid misclassification and truly differen-
tiate asymptomatic individuals from presymptomatic, paucisymptomatic, and postsymptomatic individuals.

- Differential secondary attack rates, viral shedding dynamics, and modeling estimates of contribution to transmission support greater transmission
risk from symptomatic and presymptomatic individuals compared with asymptomatic individuals.

4. Droplet vs. aerosol transmission of SARS-CoV-2

Recommended bibliography: [46-53]

« Close-contact transmission, via short-range aerosols and droplets, is the primary transmission mode of SARS-CoV-2.

- Direct (physical) and indirect (via fomites) contact transmission play a minor role in propagating SARS-CoV-2.

« Long-range aerosol transmission occurs under certain conditions: prolonged exposure in enclosed spaces with inadequate ventilation.

« Epidemiological data help determine SARS-CoV-2 transmission mechanisms in real-world conditions.
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Table 1 Key recommendations and insights of the COVID-19 topics addressed in this review and recommended articles (Continued)

« Minimum infectious dose, particle size distribution of virus concentrations, and virus viability in particles are unknowns germane to elucidating
transmission modes.

« The term “airborne” offers no clear guidance on how to reduce exposure risk and may lead to misunderstandings of transmission or panic.
« Public health messaging on transmission needs nuance and to be accompanied by indications on effective preventive measures.

« Disagreement between different disciplines over SARS-CoV-2 transmission is largely related to semantics.

5. Masks for all vs. no masking

Recommended bibliography: [54-60]

« “Smart masking” is a more accurate term than “universal masking."

« The case for mask wearing is strongest in high-risk scenarios such as crowded spaces, indoor venues, and unventilated places.

« The case for mask wearing is weakest in marginal-risk scenarios such as outdoor and uncrowded environments where distancing and ventilation
are possible.

- In addition to filtration efficiency, fit, and breathability, proper and consistent wearing of masks influences their effectiveness.
- Mask adherence is multifactorial, mediated by sociocultural and psychological factors.

« A social norm of masking is built through well-crafted messaging plus permanent education campaigns on proper mask wearing, the right settings
and times to wear a mask, and safe and legitimate exceptions to masking.

« To encourage mask adherence and gain public acceptability, society must be transparently informed about the real-world benefits, potential down-

sides, and uncertainties.
6. SARS-CoV-2 reinfection vs. no reinfection
Recommended bibliography: [61-65]

+ SARS-CoV-2 reinfection remains an overall infrequent event.

- Publication of reinfections is biased toward symptomatic cases. Asymptomatic cases are underreported.

- Existing studies suggest that immune protection following SARS-CoV-2 infection is generally in the range of 5-12 months, though the heterogen-
eity of induction and durability of immune responses across individuals is acknowledged.

« Epidemiological analyses (including clinical case history assessment) and virological data (nucleic acid amplification testing and comparative
genome analysis) are needed to distinguish between reinfection, persistent viral RNA shedding, and recrudescence.

- Additional investigations of SARS-CoV-2 damage to reproductive tissue and potential for persistence need to be determined.

Abbreviations: COVID-19 coronavirus disease 2019, NP/ non-pharmaceutical intervention, gRT-PCR quantitative reverse transcriptase-polymerase chain reaction,

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

risk communication, and public health during pan-
demics [20, 22, 24].

A summary of key recommendations and insights is
provided in the Table 1 and a lay summary is provided
in the Table 2.

Methods

A comprehensive, narrative literature review of the
health, social, and physical sciences was undertaken to
tackle six COVID-19 dichotomies. These topics were
chosen by the researchers as relevant to COVID-19 sci-
ence, public health, and policy given the emerging po-
lemics around them during 2020. Although we mention
COVID-19 vaccination in several sections of this manu-
script, it was not a main topic of our review given that
initial versions of this manuscript were written and sub-
mitted before December 2020 (when the first real-world
reports of COVID-19 vaccinations occurred). From
database inception to June 3, 2021 (updated search), au-
thors explored different databases (PubMed, Google
Scholar) and preprint servers (medRxiv, bioRxiv, PsyAr-
Xiv, OSF Preprints) for all types of articles using the

” o«

terms “public health,” “economy,” “lockdown,” “symp-
tomatic,” “asymptomatic,” “presymptomatic,” “pauci-
symptomatic,” “severity,” “droplet,” “aerosol,” “airborne,”
“mask,” “masking,” “face covering,” “reinfection,” “recru-
descence,” and “immunity.” Various combinations of
these terms were entered along with “COVID-19,”
“SARS-CoV-2,” “2019-nCoV,” “coronavirus,” “false di-
chotomy,” “false dilemma,” “uncertainty,” and “risk
communication.” Some authors shared known articles
and gray literature otherwise not retrieved in the
searches. Handsearching of articles’ bibliographies led
to the identification of further studies. Because of the
diverse and rapidly expanding COVID-19 research, pre-
prints and gray literature were considered but inter-
preted with caution given their lack of peer-review.
Included articles were mutually agreed upon by the au-
thors. The team of authors included a mix of academics
and scientists with diverse backgrounds (infectious dis-
eases, epidemiology, virology, public health, anthropol-
ogy), which allowed a science-driven and fine-grained
discussion of the evidence. Insights and implications for
public health were carefully analyzed.

» o«
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Table 2 Lay summary of this review

This narrative review, conducted by an international team of scientists
with different backgrounds, is illustrative of the complexities of public
health, policymaking, and risk communication with the public in health
emergencies such as the ongoing pandemic. Here, we focus on false
dichotomies, which refer to claims or positions erroneously presented as
two simplistic and polarized options. While there have been many false
dichotomies about SARS-CoV-2 and COVID-19, we chose six:

False dichotomy 1. It has been said that health and the economy are on
opposite poles, but this is not true. Public health and economic experts
agree that supporting workers and businesses financially is key to
tackling the pandemic. Sensible public health strategies that reduce the
spread of the virus reduce the health and economic harms of the
pandemic.

False dichotomy 2. Discussion about response measures has pitted
indefinite lockdown against unlimited reopening, but a more nuanced
response is needed. While no single intervention is a silver bullet, there
are many tools in our COVID-19 response kit that can be used together
to further reduce risk. Response plans must be tailored to local COVID-
19 levels, vaccination levels, among other issues, with a clear plan for
how response measures are evaluated and implemented. Education and
harm reduction are effective and sustainable approaches in the long
term.

False dichotomy 3. The dichotomy symptomatic vs. asymptomatic is
simplistic. There are different stages of infection and a broad spectrum
of disease manifestations in the body. About four in five infected
individuals develop COVID-19 symptoms. Cases are substantially spread
by infected people both when they have symptoms and when they do
not. Relying exclusively on symptom-based strategies for controlling the
spread of SARS-CoV-2 seems insufficient and other interventions are
needed.

False dichotomy 4. Referring to absolutes such as droplets vs. aerosols or
airborne vs. non-airborne is inaccurate. Respiratory particles exist on a
continuum rather than as a dichotomy. The primary transmission mode
of SARS-CoV-2 is close contact with respiratory particles. Surface trans-
mission is a minor mode of transmission. Long-range aerosol transmis-
sion occurs in specific conditions such as prolonged exposure, enclosed
spaces, and inadequate ventilation.

False dichotomy 5. Masks and face coverings are effective preventive
tools but are not faultless. While mask wearing is a complex
intervention, there is consistent evidence that demonstrates their
effectiveness to reduce the spread of the virus. Policies must be clearly
communicated and include aspects such as the scenarios where they
are most useful (crowded and indoor spaces) and the importance of
wearing well-fitted masks and continuing education efforts to increase
adherence.

False dichotomy 6. SARS-CoV-2 reinfection is rare but does occur. Re-
infection can be confused with persistence of virus components in the
body after infection or with reactivation of virus hidden in some body
organs. Differentiating these phenomena is not easy. Evidence supports
protection from reinfection for at least 6-12 months after a first infection
episode. Reinfections are expected to occur only in some individuals,
likely caused by fading or insufficient immunity.

Nuance is critical in risk communication with the public and for
policymaking in public health. We must recognize that there are not
only two options in our understanding of COVID-19 and the public
health response.

Main text

False dichotomy 1: Health and lives vs. economy and
livelihoods

COVID-19 response plans have often been framed in
terms of a health-economy zero-sum thinking [25]. That
is, public health strategies necessarily hurt a nation’s
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economic well-being and vice versa. The false dilemma
about these two competing priorities has been extended
to include civil health, for instance, the right to protest
against measures such as societal lockdowns, and public
health threats such as systemic racism and police brutal-
ity [54, 66-69].

There is no such dichotomy between health and
the economy or between saving lives and saving live-
lihoods as all these concepts are intimately inter-
twined [23, 25]. The ongoing pandemic is both a
public health and economic crisis with dreadful con-
sequences on morbidity and mortality [26, 70]. Glo-
bally, economic contraction and growth closely
mirror increases and decreases in COVID-19 cases
[70]. Appropriate public health strategies that reduce
SARS-CoV-2 transmission also safeguard the econ-
omy since the toll of widespread illness in workers
can lead to disability and death. Aggregate data have
shown that many countries that suffered severe eco-
nomic hardship performed worse in protecting their
population’s health from COVID-19 over the past
months [71].

However, the physical and mental health effects and
the profound socioeconomic impact of COVID-19 and
the related countermeasures must not be overlooked [8,
27, 72]. Health disparities driven by existing socioeco-
nomic and racial/ethnic inequities are prevailing chal-
lenges during this pandemic [8, 25, 27, 28, 73-75].
Disadvantaged, rural, low-paid, and non-salaried individ-
uals, blue-collar workers, informal workers, daily-wage
earners, migrants, and people with mental health and
addiction problems are more likely to be harmed by
both the pandemic and the response. Healthcare and so-
cioeconomic disparities differentially impact the capacity
of vulnerable populations to engage in physical distan-
cing responses [76].

Therefore, public health experts, economists, social
scientists, and bioethicists must work jointly to assist
governments in developing interventions that protect
the overall societal well-being [8, 23, 27]. For ex-
ample, governments should mitigate the wider im-
pact of COVID-19 by considering universal
healthcare coverage, basic income protection and
payment freezes on rents and loans for individuals
affected by lockdowns and interpersonal physical dis-
tancing measures, paid sick leave and paid quaran-
tine leave for infected and exposed workers, stimulus
payments for high-risk and essential* workers, and
mental health support. The International Monetary
Fund also highlights the importance of identifying

“Works deemed essential include but are not limited to healthcare, law
enforcement, government, fire department, first responders, delivery/
pick-up services, and transportation.
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and supporting workers in informal employment sec-
tors [70]. A clause like “we are going into lockdown”
should be followed by a second clause like “and this
is how we are going to support you during this
time” [77]. The COVID-19 pandemic has painfully
revealed the importance of caring for vulnerable
populations, ensuring food and medicine supply
chains, keeping non-COVID-19-related healthcare
services, generating employment, adapting businesses,
and addressing children deprived of learning and
subjected to psychological distress caused by the
pandemic [8, 27].

False dichotomy 2: Indefinite lockdown vs. unlimited
reopening

Stringent public health measures vs. natural herd immunity
Early in an infectious disease epidemic, public health
responses mainly rest on our capacity to separate in-
fectious, exposed, and susceptible individuals. Yet,
inconsistencies in pandemic preparedness plans and
delays in implementing robust testing and contact
tracing prohibited reliance on the isolation of infec-
tious individuals and quarantine of exposed individ-
uals to bring SARS-CoV-2 under control [23]. Given
the progression to community transmission (where
numerous cases are not linkable to transmission
chains or clusters), many governments enacted lock-
downs?>, stay-at-home orders, travel bans, curfews,
and closing of workplaces, schools, and other com-
munity gathering spaces such as gyms and entertain-
ment venues [25].

Such blunt measures were deployed by governments
during times of unabated community transmission and
high surges in cases [23]. Many public health ex-
perts viewed them as stopgap tools needed in unpre-
pared regions with widespread virus transmission to
restrict SARS-CoV-2 transmission chains during the first
moments of the pandemic, while the test-trace-isolate
infrastructure, personal protective equipment (PPE) sup-
plies, and hospital capacity were scaled up and strength-
ened [23, 78-81]. However, because of inconsistent
messaging about the purpose of lockdowns and the un-
certain duration of the pandemic and response, many
people believed COVID-19 was no longer a threat when
lockdowns were lifted [23].

Alternative approaches were proposed when the
second wave emerged in many countries. In particu-
lar, the Great Barrington Declaration (GBD) signator-
ies proposed a dangerous and impractical approach
that relied on focused protection of “high-risk”

®A lockdown is understood as a complete shutting down of all
economic activity except if deemed most essential, along with stay-at-
home orders and usually with stringent travel restrictions [25].
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individuals while allowing uncontrolled viral transmis-
sion among “low-risk” individuals [82-84]. They ar-
gued that such a strategy would eventually lead to
natural herd immunity at the population level, but
this only reflected a misunderstanding of virology and
immunology principles and management of public
health emergencies [85-87]. The GBD strategy turned
out to be an illusory way to rush back to normality,
which understandably gained community and govern-
ment supporters as a result of public discontent over
lockdowns and diminishing trust in public health
agencies [82—-84]. Their rhetoric stoked, if not created,
a false choice between total lockdown and a wholesale
return to pre-pandemic life [84].

The harmful effect of stringent public health measures
Many models designed to predict the benefits of public
health interventions ignored the potential harms [8].
This occurred because the earliest research on COVID-
19 predominantly focused on the immediate and direct
consequences of interventions such as reducing SARS-
CoV-2 transmission. Currently, a growing number of re-
ports substantiate the socioeconomic and psychological
impact of both the COVID-19 pandemic and response,
in addition to competing health risks [8, 27, 88].

The unintended consequences of several stringent
public health interventions are massive and risk turning
one public health crisis into many others [8, 23, 27, 89].
Stringent measures deeply aggravate hardship for the
poor and those whose economy depends on daily infor-
mal work. Unfortunately, amid the pandemic, lockdowns
and mobility restrictions were implemented globally and
for extended periods, without appropriate communica-
tion to allow for public health preparedness. Further-
more, social, mental, and financial support to alleviate
the negative impact of lockdowns was not provided to
citizens in many countries. As a result, these unmiti-
gated repercussions fueled calls and marches to demand
the lift of lockdowns.

Adverse effects of stringent public health measures in-
clude financial downturn, unemployment, mental illness,
child abuse, domestic violence, hunger, and disruption
to education, child development, immunization pro-
grams, contraception, and family planning [8, 27, 89—
95]. Discontinuation of clinical services and prevention
efforts regarding chronic non-communicable diseases
[96, 97] and infectious diseases other than COVID-19
(e.g., HIV infection, tuberculosis, malaria) has been re-
ported [88, 98, 99]. Because the current pandemic is
risking decades of progress in other infectious diseases
and existing public health threats, strengthening of
healthcare systems and a reassessment of global health
funding and policies are urgently needed [88].
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' EMMENTALER CHEESE RESPIRATORY PANDEMIC DEFENSE MODEL

PERSONAL PREVENTIVE INTERVENTIONS SHARED PREVENTIVE INTERVENTIONS

Hand hygiene Rigorous contact tracing Mass gathering bans

Avoid touching

Lockdowns
. . . Surface cleaning YoUT face Vaccines School/workplace closures
Ehyaicaldigtancing and disinfection Quarantine of Curfews

close contacts
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Fig. 3 The “Swiss cheese model” of accident causation (more accurately called Emmental or Emmentaler cheese model [104]) originated with
James T. Reason and Rob Lee in the 1990s (and was potentially influenced by other researchers) [105, 106, 107]. As applied to COVID-19 [34, 108,
109, 110, 111], this model recognizes the additive success of using multiple preventive interventions to reduce the risk of SARS-CoV-2 infection.
No single slice of cheese (public health strategy) is perfect or sufficient at preventing the spread of SARS-CoV-2. Each slice has holes (inherent
weaknesses or limitations) with variable number, size, and location over circumstances or time, which may allow viral transmission. SARS-CoV-2
infection occurs when multiple holes happen to align at the same time permitting a trajectory of successful transmission. When several
interventions are used together and consistently and properly, the weaknesses in any one of them should be offset by the strengths of another.
The preventive interventions can be broken into personal and shared, although some interventions may be both. The order of the slices and
holes in the illustration are not reflective of the degree of effectiveness of the interventions, given that the scenarios of transmission are variable
and complex. The black rats eating the slices of cheese represent factors undermining prevention efforts while the extra cheese represents a
source of factors and opportunities favoring prevention efforts. This infographic was designed for this manuscript and was inspired by previous
illustrations by the Cleveland Clinic [108], Sketchplanations [109], and virologist lan M. Mackay, who proposed the Swiss Cheese Respiratory
Pandemic Defense [34, 110]

Finding a balance between lockdowns and unlimited reopening
In the presence of widespread community transmission,
regions reopening prematurely without a coordinated,
robust plan will face COVID-19 resurgence. This can
force societies to go back to general or targeted lock-
downs after uncontrolled outbreaks, as repetitively hap-
pened in countries that underwent staggering rises in
COVID-19 cases, hospitalizations, and deaths following

unfettered reopening. Robust policies with continued
monitoring, non-pharmaceutical interventions (NPlIs),
and plans to avert overwhelming healthcare systems are
critical from the beginning of an epidemic to avoid cata-
strophic scenarios. Alert level systems, informed by the
level of community transmission and impact of COVID-
19, are useful tools for escalating or de-escalating restric-
tions based on their impact and the response goal.
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Rather than posing an all-or-nothing dilemma,
striking a balance between continuing indefinite
shutdowns and returning to pre-COVID-19 normal-
ity is needed. A stepwise, cautious lifting of lock-
downs and loosening of other restrictions that help
economies and social life continue are possible
through the implementation of multipronged NPIs
with lesser economic, societal, and quality-of-life
costs [8, 29, 30, 80]. Tens of NPIs have been de-
scribed in the pre-COVID-19 literature and have
been reassessed during this pandemic as countries
have tailored their response plans. Examples of NPIs
are physical distancing, mask wearing (discussed in
section 5), natural or mechanical ventilation of in-
door spaces, limiting non-essential social contact,
avoiding crowded indoor spaces, hand hygiene, re-
spiratory etiquette®, avoiding touching the face,
cleaning and disinfection of surfaces, air filtration,
robust testing (with short turnaround times), rigor-
ous contact tracing, isolation of infected individuals,
quarantine of close contacts, mass gathering bans,
travel restrictions (e.g., entry and exit restrictions,
travel advice and warnings), temperature and health
checks, staggered work shifts, rotational groups,
telework initiatives, and redesign of living, teaching,
and working environments to prevent crowding
[30-32, 100, 101].

During 2020, several regional economies were able to
progressively resume to varying extents and worked to
overcome logistical hurdles and implement combinations
of preventive measures. However, controlling the spread
of SARS-CoV-2 has proven challenging. Since December
2020, when the first reports of COVID-19 vaccinations
outside clinical trials were published [102], the world has
gained hope and seen the tangible benefits of vaccination.
COVID-19 vaccines are a ground-breaking achievement
that will help to end the pandemic [33]. However, the
world will require complementary NPIs as long as a large
share of the population is not vaccinated. The current glo-
bal situation of more transmissible genetic variants of
SARS-CoV-2 has raised concerns, but the remarkably high
effectiveness of available vaccines is encouraging ([33,
103], Escando6n K., Flocco G., Hodcroft E.B. et al., unpub-
lished data). No effective SARS-CoV-2 antiviral is cur-
rently available.

Multilayered prevention and additive risk reduction
The additive nature of risk reduction poses chal-
lenges for science communication. Education on

®Respiratory etiquette or hygiene refers to covering mouth and nose
with a disposable tissue when coughing or sneezing and disposing of it
after use, or coughing/sneezing into the inner elbows or sleeve,
followed by hand hygiene.
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multilayered prevention and public-facing communi-
cation efforts are negatively impacted by false di-
chotomies that confuse, distract, or give the
appearance that only certain layers of risk reduction
are important. The Emmentaler Cheese’ Respiratory
Pandemic Defense Model, based on the “Swiss
cheese model” for understanding system accidents
and improving safety management in healthcare, en-
gineering, and aviation fields [105-107], is useful to
understand the importance of multilayered preven-
tion in COVID-19 response through personal and
shared public health interventions (Fig. 3) [34, 108—
111]. No single cheese slice or layer of defense (risk-
reducing intervention) is sufficient and perfectly pro-
tective (100% effective), but a suite of personal and
shared interventions forms a robust prevention strat-
egy [30, 31, 101]. Importantly, there are systemic
factors that may contribute toward either risk reduc-
tion or risk increase of SARS-CoV-2 transmission
and infection, by favoring or undermining the uptake
and compliance of strategies. For instance, while
misinformation and socioeconomic inequities erode
trust in public health and compliance with interven-
tions, effective risk communication and harm reduc-
tion approaches promote awareness and sensible use
of NPIs to mitigate both the risk of infection and
pandemic fatigue. Of note, this model is not
intended to explain the complex factors involved in
SARS-CoV-2 transmission or suggest a hierarchy of
effectiveness of the preventive measures. This limita-
tion does not detract from its usefulness as a means
to communicate multilayered prevention and additive
risk reduction. Pandemic response plans rely on the
healthcare infrastructure, technical expertise, and
political will across countries and regions. The com-
bination of measures deployed will therefore vary
substantially depending on dedicated resources, com-
munity transmission levels, and a close examination
of their costs and benefits. Measures may have vary-
ing degrees of effectiveness and different costs.

Transmission dynamics and risk assessment

Transmission dynamics should inform policy deci-
sions about risk mitigation strategies and recommen-
dations for safer socializing and reopening [28, 46].
Targeted policies should consider the scenarios
where transmission is more likely. Contact tracing
provides valuable information about transmission dy-
namics. SARS-CoV-2 infection risk depends on phys-
ical proximity, location, type of activity, and duration
of contact [28], with transmission dominated by

“The term “Emmentaler cheese” is more appropriate than "Swiss
cheese" since not all Swiss cheeses have holes [104].
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superspreading events (SSEs) or contexts®, crowded
spaces, indoor venues, and unventilated places. There
is solid evidence on the clustering and superspread-
ing (overdispersion’) potential of SARS-CoV-2,
which suggests that a small part of cases (5%—29%)
is responsible for the majority of transmission events
(~80%) [112—114, 116, 117]. The transmission het-
erogeneity or superspreading of SARS-CoV-2 is both
the Achilles’ heel and the cornerstone of COVID-19
control efforts [35, 112, 118].

Higher-risk scenarios include residential congregate
settings (e.g., nursing homes, homeless shelters, correc-
tional facilities, university dormitories), high-density
workplaces (e.g., meat and poultry processing plants,
warehouses, manufacturing and distribution companies),
public transportation, family/friend/work gatherings in
indoor settings, mass gatherings (especially indoors), en-
tertainment and leisure venues, religious events, and any
other unventilated places [35-37, 113, 119, 120]. All
these scenarios are relevant to risk communication and
mitigation efforts. Conversely, low-risk settings and ac-
tivities, such as outdoor and uncrowded environments
where physical distancing and ventilation may be en-
sured, do not drive SARS-CoV-2 transmission in signifi-
cant ways.

Education and consistent risk communication with the
public are critical for an effective pandemic response.
Public health agencies and policymakers can educate
people about the spectrum of risk and how to differenti-
ate between higher-risk and lower-risk activities [28]. A
notable example of clear and effective public health mes-
saging is that of Japan, consisting in avoiding the “3 Cs”
driving transmission—closed spaces (with poor ventila-
tion), crowded places, and close-contact settings (such
as face-to-face conversations) [121]. On the other hand,
misguided policies can undermine public trust and
jeopardize engagement in effective public health mea-
sures. Inaccurate accounts of transmission can lead to

8SSEs refer to activities and settings where an individual gives rise to a
large number of secondary infections [35, 112]. Closed environments,
poorly ventilated environments, crowded places, and prolonged
exposures all correlate with emergence of SSEs. These hotspots are
important as both community infection sources and targets for
effective contact tracing, targeted restrictions, and NPIs. SSEs could be
influenced by biological features (e.g., an individual with increased
infectiousness inferred by viral loads), behavioral/social features (e.g.,
an infectious individual with high number of susceptible contacts),
environmental features (e.g., high-risk settings due to high human
interaction or density), and opportunistic features (e.g., singing or ac-
tivities leading to increased probability of transmission and infection)
[35].

The dispersion parameter k quantifies the variability in the number of
secondary cases and is used as a measure of the impact of
superspreading. A lower k parameter indicates higher transmission
heterogeneity (higher superspreading potential). kK for SARS-CoV-2 has
been variably estimated from 0.04 to 0.58 [112-115].
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harmful policies and may cause individuals to fixate on
inefficient or unnecessary interventions [33]. Amid the
pandemic, many outdoor activities and settings (e.g.,
parks, beaches, hiking trails, playgrounds, skiing spots,
other outdoor recreational spaces) have been discour-
aged or even prohibited [122-126]. In 2020, it was com-
mon that some politicians and the media called out
seemingly dangerous behavior by spotlighting people
frolicking on beaches, picnicking in parks, or participat-
ing in protests [66, 127, 128]. Also, overcautious people
picked some studies and media reports to warn against
going outdoors and spark alarm about walkers, runners,
and cyclists spreading the virus via a slipstream effect
over long distances [129-132]. These claims were
mainly based on studies with no virological consider-
ations and limited environmental assumptions [129,
130]. All these aspects greatly influence viral transmis-
sion (addressed in section 4).

Harm reduction and the low risk of outdoor transmission
Since long-term restrictive measures come with enor-
mous collateral damage and real-world conditions lead
individuals to take some risks, the way forward is to ad-
vocate a harm reduction approach instead of social
abstinence-only policy [29, 38, 77]. Applied to COVID-
19, harm reduction entails enhancing awareness about
SARS-CoV-2 transmission and infection risk mitigation,
self-assessment of risk related to personal activities, and
engagement through alternatives of safer socializing. Al-
though finding balance in the response plans is not an
easy task, harm reduction is a sustainable and realistic
strategy and a way of negotiating a middle ground.
Allowing people to make their own compromises and
informed judgments make harm reduction an ethically
correct approach that enhances community engagement
and trust [30, 77]. In contrast, COVID-19 absolutism™®
is not a viable or reasonable strategy [133].

Scolding and moral outrage are counterproductive to
the COVID-19 response and can perpetuate stigma.
Casting shame and blame on people violating public
health measures should be avoided [29, 134, 135]. Incen-
tivized messaging works better than “pandemic shaming”
and condescending messaging (e.g., #covidiots, #dont-
bestupid, #letthemdie) [77, 134—136]. Effective risk com-
munication and education campaigns are therefore
central to harm reduction. Harm reduction strategies
may also encourage infected individuals to self-isolate
and their contacts to self-quarantine in order to prevent
further transmission [28].

1°COVID-19 absolutism is the discouragement and prohibition of
absolutely any behavior leading to some risk of SARS-CoV-2 infection
[133].
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Outdoor activities are arguably one of the mainstays of
COVID-19 harm reduction by supporting mental and
physical welfare and alleviating the pandemic response
fatigue'', while curtailing infection risk [29, 33, 38, 39,
122, 123, 137]. The costs of not encouraging outdoor ac-
tivities should not be overlooked. Policies that prohibit
outdoor activities'* may result in the movement of be-
haviors that are objectively safe outdoors to less-safe in-
door settings [29, 134]. Outdoor activities are unlikely to
drive SARS-CoV-2 transmission substantially because of
the higher viral particle dispersion, reduced person-to-
person contact, and external environmental factors [40,
138, 139]. The scarce instances of outdoor SARS-CoV-2
transmission suggest an extremely low risk of transmis-
sion [40, 138, 139]. Four studies have found that 0.03%
[36], 0.11% [140], 0.87% [119], and 2.3% [37] of reported
SARS-CoV-2 cases seem to have occurred in outdoor
settings. One study reported that 3.7% of cases were ac-
quired outdoors; however, the definition of indoor set-
ting was poorly limited to mass accommodation and
residential facilities, with all other categories defined as
strict outdoor settings [141]. Other studies reported that
5.3% of SARS-CoV-2 cases were associated with outdoor
environments or mixed environments (with indoor and
outdoor components) [37], and 9.7% of cases were re-
lated to partly outdoor occupations (construction la-
borers and tour guides with 4.85 percentage points each)
[142]. In a preprint study, both the odds of overall trans-
mission and the odds of SSEs were much lower outdoors
(18.7-fold and 32.6-fold, respectively) [143]. A study
among attendees of an overnight camp provided little in-
formation about the risk of outdoors vs. indoors, but the
fact that the outbreak was clustered by cabin assign-
ments suggests a high likelihood of transmission in in-
door spaces during overnight cabin stays rather than
during outdoor activities during the day [144].

A systematic review on outdoor transmission reported
finding <10% of SARS-CoV-2 cases occurring outdoors
[138]. However, the real figure of outdoor SARS-CoV-2
infection proportion is certainly lower. In the study by
Lan et al. [142], the cases in construction laborers and
tour guides may have occurred in indoor locations. Like-
wise, in three publications based on a crowdsourced
database led by the London School of Hygiene and
Tropical Medicine [37, 119, 120], there may be an over-
estimation since construction workers could have been
infected indoors (the most updated article is the one
published by Lakha et al [37]). The unreviewed paper by

"'This term has been used to refer to the notion of behavioral fatigue
potentially associated with a lower adherence to public health
interventions.

2Outdoor gatherings of household members, sports like tennis, and
hiking or jogging while distancing are examples of lower-risk outdoor
activities.
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Nishiura et al., though widely cited, warrants caution
given the lack of descriptive detail and raw data [143].
Considering the studies cited here and the potential
overestimation due to misclassification of setting, it
seems likely that the risk of outdoor transmission is <
1%. In summary, despite the high heterogeneity in the
studies describing outdoor SARS-CoV-2 transmission
(i.e, non-uniformity of outdoor definition, non-
systematic testing of occupational groups, reporting bias,
misclassification of outdoor exposure locations) and the
difficulties in linking an infection to a specific exposure
or transmission source, the existing evidence consist-
ently highlights outdoor transmission as a negligible
driver of the pandemic, compared with indoor transmis-
sion [40, 138, 139].

Mass gatherings'® deserve discussion. The risk in mass
gatherings is expected to come from unplanned, infor-
mal, unregulated, and unmitigated events or activities
that lack consideration of risk mitigation measures [40,
139]. Several factors influence transmission in these set-
tings [40, 139, 146, 147]: 1) the environment (i.e., out-
door or indoor), since it contributes ventilation; 2) the
geographic scope of the event and the extent to which
vulnerable or susceptible individuals may be present
(e.g., local vs. international event, attendee ages); 3)
event-specific behaviors that influence transmission (e.g.,
communal travel, indoor congregation in other venues,
congregate accommodations, face-to-face vs. side-to-side
arrangement, loud conversations, shouting, singing); 4)
gathering size, density, duration, and attendee circula-
tion; 5) preparedness to conduct rapid contact tracing in
the event of an outbreak; and 6) the multilayered pre-
vention approach adopted. In addition, the underlying
transmission levels or infection rates in a community are
likely to influence the impact of either permitting or
prohibiting mass gatherings. As for outdoor gatherings,
upon consideration of crowd density, size, duration, cir-
culation, and preventive interventions, public health offi-
cials may balance and mitigate risk across different
factors mentioned [40, 139]. That is, an increase in one
risk factor may be offset or mitigated by decreasing
other risk factors. Therefore, all mass gatherings will not
generate equal risks of SARS-CoV-2 transmission and
will not need homogenous mitigations [148]. Since mass
gatherings may have sociocultural, economic, physical,
and mental health implications, it is critical to consider
the societal needs. For instance, Black Lives Matter pro-
tests in the USA were illustrative of the trade-offs of-
fered by harm reduction. No evidence supported a

3From a public health perspective, a mass gathering is defined as an
event where the number of people attending (usually thousands but
this is variable) may strain the planning and response resources of the
host community, state, or country [145].
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growth in COVID-19 cases following the protests [66,
68], which may have been due to the outdoor environ-
ment and compensating behaviors such as the observed
increase in stay-at-home and masking compliance dur-
ing the protests.

The need for reassessing health policies in the name of
safety

Successful COVID-19 experiences of some countries
have encouraged others to incorporate new elements
into their plans and reassess existing elements that may
be causing harm or may be ineffective. As this pandemic
is not over, it is necessary to constantly revisit policies in
the name of safety, so that their benefits always outweigh
the harms [33]. The negative impact of blanket measures
such as shutdowns and school/workplace closures is ex-
pected to be worse in the poorest regions [8, 27, 149],
making the quintessential case for interventions targeted
to the local context rather than generalized closures. In
general, a combination of context-sensitive measures
should be favored over blanket measures.

One topic that has caused intense debate is the closure
of schools. International organisms and public health ad-
vocates have warned about the negative impact on chil-
dren’s learning, mental well-being, social support,
nutrition, and safety [33, 150]. School closures should be
the last resort in the COVID-19 response that countries
and states pick and rely on. Evidence has emerged re-
garding limited SARS-CoV-2 spread within schools
when sufficient preventive measures are in place, which
has encouraged school reopening initiatives [151-153].
Of note, in-person schooling plans in the setting of high
community  transmission must include  well-
implemented alternative school-based mitigation strat-
egies to not risk accelerating the pandemic [153, 154].
These considerations may allow schools to safely reopen
and stay open.

Other interventions that should be de-emphasized
given their limited or relatively low utility are excessive
surface cleaning and disinfection, temperature checks
(particularly with inaccurate techniques), and some
travel-related measures [30, 33, 155].

Relaxation of NPIs in the context of robust vaccination

Increasing vaccination rollout followed by decreasing
local infection rates may allow the progressive easing
of restrictions [33]. Gradual relaxation of interven-
tions is essential to gain and recover trust in public
health. This must consider the local impact of guid-
ance and social disparities in addition to metrics of
vaccination status and COVID-19 deaths. For in-
stance, the US Centers for Disease Control and Pre-
vention (CDC) issued on March 8, 2021 a set of
public  health  recommendations, = where they
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acknowledged that fully vaccinated people (those with
>2 weeks after receiving a full vaccination scheme)
could visit other fully vaccinated people indoors with-
out NPIs, visit with unvaccinated people at low risk
for severe COVID-19 without NPIs, and refrain from
testing and quarantine following a known exposure if
asymptomatic [156]. Recently, in May 2021, these
guidelines were updated to reflect the successful vac-
cination rollout and the subsequent drop in cases and
deaths in the USA [157, 158]. As of writing, the CDC
is supporting that fully vaccinated people no longer
wear a mask or physically distance in any setting in
the country, except where required by local regula-
tions and workplace guidance, and refrain from quar-
antine and testing following a known exposure, if
asymptomatic, with some exceptions for specific set-
tings. Thus far, the effects of such policy decisions
are illustrative of positive reinforcement in the con-
text of efficient vaccine rollout. Publicly available data
suggest that lifting mask mandates can allow a con-
tinued decrease in cases while leading to an increase
in vaccine shots [159]. Vaccines and the subsequent
relaxation of NPIs are contexts where messaging hope
(since it is grounded in reality) has proven its value.
Another example that has been overlooked is the pos-
sibility of relaxing visitor restrictions in hospitals, pro-
vided that visitors assess their own risk and take
precautions (e.g., vaccination, use of PPE, hospital
screening) [160, 161]. Given the endless benefits of visi-
tors in patient-centered care, some authors have called
for more accommodating hospital policies with careful
use of PPE and monitoring, even before COVID-19 vac-
cination was made available [160]. Currently, in places
where vaccination rates are high, COVID-19 cases and
deaths are decreasing and non-essential community in-
door venues are open. In this context, keeping inflex-
ible no-visitor policies in hospitals makes no sense [161].

Public support and the need for an explicit pandemic
response goal

One of the biggest challenges in pandemic response for
many countries has been the lack of a clearly articulated
goal. In infectious disease response, the potential goals
are control at acceptable levels, (local) elimination'®, or
(global) eradication’® [162]. Few countries, including

YElimination is often defined as the local reduction of infection to
zero cases or a prolonged period of zero local transmission in a
geographic region, with interventions still required to maintain it
[162-164].

®Eradication is often defined as the global reduction of infection to
zero cases as a result of deliberate efforts, with further interventions
no longer needed [162-164]. A further and more difficult step is
extinction, which is when a pathogen no longer exists in nature or in
the laboratory.
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New Zealand, Taiwan, Australia, China, and Vietnam,
have articulated a goal of elimination as their official
pandemic policy [163]. This goal has spurred leadership
to enact stringent and robust COVID-19 responses in-
cluding quarantine, contact tracing, and travel restric-
tions, among other measures, and a clear target goal
appears to have aided in buy-in from the public. As a re-
sult, some countries and regions have achieved elimin-
ation and resumed pre-pandemic life, with only
intermittent response to imported cases needed.

However, “Zero COVID-19” Alliance, an initiative by
vocal proponents of the goal of elimination, lists several
inconsistent goals, for example aiming for zero cases,
hospitalizations, and deaths, stopping the spread of
SARS-CoV-2 regionally, and having a world without
COVID-19 (i.e., eradication) [165]. Further, critiques of
elimination goals point to several shared features of suc-
cessful countries. In particular, many countries that have
achieved elimination of COVID-19 are island nations
that deployed early, widespread, and stringent mitigation
strategies. Indeed, elimination of COVID-19 appears to
require an optimal surveillance system and extreme
measures and may not be feasible in countries where
border control is more challenging [163].

Eradication of COVID-19 is unlikely. Only two infec-
tious diseases have ever been eradicated (smallpox and
the animal disease rinderpest) [162]. Without wide-scale
coordination and consensus for eradication, elimination
will continue to require intensive case surveillance, quar-
antine or testing of travelers, and intermittent reinstate-
ment of control measures. Despite this, local and
national governments can engage in dialogue about their
COVID-19 goals [163]. When elimination is not the tar-
get, control of infection below acceptable levels is the
main alternative. However, the level of infection that is
deemed “acceptable” is not a scientific or objective
fact—rather, it is a sociological and political objective.
The public must be provided with information about the
target levels of infection and allowed to weigh in on
whether this level is acceptable to them in order to en-
sure acceptance of, and cooperation with, required re-
strictions and interventions.

In 2020, in the absence of vaccines, COVID-19 elimin-
ation was unrealistic for most countries. Nevertheless,
COVID-19 elimination is now more feasible with ap-
proved vaccines. Vaccination can purposefully lower the
threshold to achieve elimination by generating low inci-
dence infection rates and high population immunity
[163, 164], without the need for stringent NPIs. Unfortu-
nately, even with vaccines, elimination is an unrealistic
goal for countries suffering from a lack of resources, pol-
itical commitment, public engagement, and coordinated
response plans. Vaccine inequity further complicates the
situation.
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False dichotomy 3: Symptomatic vs. asymptomatic SARS-
CoV-2 infection

Since the beginning of the pandemic, there has been
confusion and debate over the clinical presentation of
COVID-19 and asymptomatic SARS-CoV-2 infection
(ASI). It is necessary to look beyond readily observable
symptomatic individuals and those completely asymp-
tomatic yet presumed to be infected. Reviewing the ter-
minology needed to differentiate infected individuals and
the infection stages is therefore the right first step before
diving into the complexities between the poles of this
false dichotomy.

Terminology: asymptomatic, symptomatic, presymptomatic,
postsymptomatic, and paucisymptomatic

Asymptomatic individuals experience no symptoms
throughout the entire course of infection [41]. The
remaining individuals, referred to as symptomatic (in its
broad sense), initially demonstrate no symptoms during
the incubation period'® (presymptomatic stage), then de-
velop symptoms (symptomatic stage), and later become
symptomless again during convalescence (postsympto-
matic stage). As illustrated in Fig. 4, the terms presymp-
tomatic, symptomatic (in its strict sense), and
postsymptomatic refer to different stages of infection in
the same infected individual rather than to different in-
fected individuals. While classification into these three
categories is only possible through retrospective and
prospective symptom assessment, the stage is defined at
the time of first positive test or diagnosis (i.e., presymp-
tomatic individuals have not yet developed symptoms at
the time of testing and postsymptomatic individuals ex-
perienced prior symptoms). Among individuals with ac-
tive symptoms, paucisymptomatic (sometimes referred
to as oligosymptomatic) individuals are regarded as
those who experience mild or few symptoms attributable
to the infection. A population-based study arbitrarily de-
fined paucisymptomatic individuals as those having one
or two COVID-19 symptoms (except for anosmia and
ageusia) [167].

COVID-19 clinical presentation

SARS-CoV-2 infection can present with a broad
spectrum of clinical manifestations and disease severity.
COVID-19 symptoms and signs include fever, cough, fa-
tigue, chemosensory dysfunction (i.e., anosmia/hyposmia
and ageusia/hypogeusia/dysgeusia), dyspnea, headache,
gastrointestinal symptoms, among others [168, 169].
COVID-19 can be categorized into mild, moderate,

®The incubation period is the time elapsed between infection and
symptom onset. It usually ranges from 2 to 14 days. The mean
incubation period for SARS-CoV-2 infection is 5.5-6.5 days, and the
median incubation period is 5.1 days [118, 166].
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Fig. 4 There are two types of SARS-CoV-2-infected individuals: those that develop symptoms at some point (symptomatic in a broad sense,
~75%-84%) and those that never develop symptoms (asymptomatic, ~16%-25%). The former individuals undergo three stages of infection:
presymptomatic (where viral RNA is detectable but there are no symptoms), symptomatic (in a strict sense), and postsymptomatic (symptoms are
gone but viral RNA is still detectable). They are often referred to as presymptomatic, symptomatic, or postsymptomatic individuals. These stages
have distinct implications for transmission. Since all SARS-CoV-2-infected individuals are initially symptomless, testing, follow-up, and a thorough
symptom assessment are required to truly differentiate asymptomatic from presymptomatic, paucisymptomatic (individuals experiencing mild or

severe, and critical [170, 171]. COVID-19 is mild in most
individuals, with no evidence of viral pneumonia or hyp-
oxia and with symptoms that are not significant enough
to seek medical attention [172]. Patients with moderate
COVID-19 have evidence of non-severe pneumonia and
therefore may present with dyspnea but not hypoxemia
[172]. Severe COVID-19 indicates pneumonia in the
presence of marked tachypnea, hypoxemia, and/or pro-
gression of lung infiltrates in chest imaging [170, 171].
Patients with critical COVID-19 are those who progress
to complications such as respiratory failure, shock, and
multiple organ dysfunction, often accompanied by high
mortality [170, 171]. Few studies have estimated the pro-
portions of COVID-19 across the entire spectrum of se-
verity using the ordinal classification above. Among a
cohort that included over 44,000 confirmed COVID-19
cases from China (individuals of all ages), 81% of pa-
tients developed mild or moderate COVID-19, 14%

developed severe COVID-19, and 5% developed critical
COVID-19 [173]. All fatal outcomes were consistently
reported among critical cases. The case fatality rate was
2.3% (49% of critical cases).

Some SARS-CoV-2-infected individuals experience per-
sistent symptoms following recovery of acute illness,
which is frequently referred to as post-acute sequelae of
COVID-19 (PASC) or “long COVID-19” [174—179]. Many
features of PASC resemble chronic fatigue syndrome/my-
algic encephalomyelitis [175, 180]. The most common
symptoms of PASC are fatigue, neuropsychiatric symp-
toms (e.g., “brain fog,” headache, sleep difficulties, atten-
tion disorder), hair loss, dyspnea, and persistent smell or
taste impairment [174, 175, 179]. There are also rare re-
ports of hyperinflammatory syndromes (e.g., multisystem
inflammatory syndrome in children [MIS-C] and adults
[MIS-A] [181-183]), potentially associated with cytokine
storm/release syndrome [184].
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The proportion of asymptomatic SARS-CoV-2-infected
individuals

The true occurrence of ASI is difficult to evaluate.
The percentage of truly asymptomatic SARS-CoV-2-
infected individuals has been variably estimated from
less than 1% to as high as 96% [41, 185, 186]. Earlier
reviews and opinion pieces reported wide ASI ranges
(1%—88%) [187-189]. Others concluded that the over-
all ASI was approximately 40%-45% [186] or even
conjectured that rising trends (e.g., 81%-95%) of ASI
in some populations were the result of mask wearing
[190-192] (further discussed in section 5). However,
several concerns with these studies may result in
overestimation or underestimation of the true asymp-
tomatic fraction [41, 42, 193].

Issues related to determining the true fraction of ASI
stem from multiple factors. First, many studies reporting
on ASI were cross-sectional surveys, often with conveni-
ence sampling and different testing eligibility criteria and
settings, and were not designed to estimate the preva-
lence of ASI. Therefore, they are prone to significant se-
lection biases. Second, the paucity of adequate follow-up
hampers distinguishing between presymptomatic and
asymptomatic individuals in many of these studies [41].
It is crucial to account for the development of symptoms
not only at the time of virological testing since it is well
established that symptoms can occur days after testing
positive [43, 44, 194]. Based on the incubation period of
SARS-CoV-2 [118, 166], a follow-up of 14 days from the
last possible exposure to an index case (or first positive
test if exposure is unknown) is recommended to exclude
most presymptomatic cases [41]. Also, if the timing of
SARS-CoV-2 exposure is unknown, assessment of prior
symptoms is recommended to identify postsymptomatic
cases, given the potential for long-lasting positivity of
quantitative reverse transcriptase-polymerase chain reac-
tion (qQRT-PCR) testing in upper respiratory tract speci-
mens following symptom onset (for weeks or even
months) [43, 44, 194—197]. For example, it was reported
that 43% of residents in countrywide screening in
Iceland [198], 76% of pregnant women in a labor and de-
livery ward [199], and 81% of passengers and crew in an
Antarctic-bound cruise ship [200] were asymptomatic.
Due to the cross-sectional nature of these studies, it is
not clear what proportion of these individuals were pre-
symptomatic or postsymptomatic. In contrast, a study in
a skilled nursing facility reported 56% of residents ini-
tially asymptomatic at the time of SARS-CoV-2 testing,
of whom 89% went on to develop symptoms within one
week, resulting in only 6% as truly asymptomatic [201].
Similarly, in a SARS-CoV-2 outbreak at a refugee shel-
ter, 80% of individuals were asymptomatic at the time of
testing but only 12% were asymptomatic during the 14-
day follow-up period [202].
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Third, some studies reporting a high prevalence of ASI
only evaluated a narrow range of symptoms [41], leading
to information biases. This usually happened in early
2020 when smell and taste disturbances and gastrointes-
tinal symptoms were not widely documented. Not only
are symptoms subjective and variably ascertained by
screening questionnaires or self-reported symptom
tracking, but patients may also be unaware of atypical,
mild, and prodromal symptoms, may not recall symp-
toms upon retrospective assessment (recall bias), or may
recount symptoms caused by other conditions. For in-
stance, a high prevalence of ASI (88%) was reported in a
homeless shelter, but occupants were asked only about
the presence of cough or shortness of breath, with op-
tional reporting of other symptoms [203]. Similarly, the
initial report from Vo', Italy noted that 43% of positive
cases were asymptomatic individuals; however, symp-
tomatic individuals were narrowly categorized as those
with fever, cough, or at least two minor symptoms
among a predefined list [204]. Both an inadequate
follow-up and information biases in estimating exposure
and symptom onset times lead to misclassification of
some presymptomatic, paucisymptomatic, and post-
symptomatic individuals as asymptomatic, likely result-
ing in an overestimation of the ASI prevalence.

Fourth, ASI estimates from serosurveys with uncertain
timing of suspected exposure and antibody testing, and
coupled with insufficient retrospective symptom assess-
ment deserve caution given concerns with recall bias and
the duration of detectable antibodies [41, 205]. Recall bias
in serological studies may occur due to interviews or ques-
tionnaires gathering symptom information during a prior
period, which might be particularly problematic with long
or unspecified time windows. Antibodies are detectable in
most individuals two to four weeks following symptom
onset [206—208], hence positive IgG titers are out of the
presymptomatic period and seropositivity results exclude
recent infection. ASI percentages from serological studies
have been variably reported. For example, serological
studies have estimated an ASI fraction of 32% in England
[209], 33% in Spain [167], 44% in hospital staff from Mich-
igan, USA [205, 210], and 90% in Argentina [211]. Al-
though two nationwide serosurveys on antibody testing
[167, 209] were designed to achieve representative sam-
ples of community-dwelling individuals [212], their accur-
acy heavily relies on measurement-related factors (e.g.,
timing of testing, antibody test performance, retrospective
symptom ascertainment), as discussed elsewhere [41]. Un-
like serological tests, SARS-CoV-2 nucleic acid assays de-
tect viral RNA and are useful for virological diagnosis and
modeling transmission potential. Nevertheless, when bet-
ter understood [213] and planned, seroprevalence studies
may assist in identifying previously unrecognized infec-
tions and, alongside virological tests, allow more accurate
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estimates of the population-wide ASI prevalence rather
than of the qRT-PCR-positive population [214]. Also, ser-
ial serological testing may help define antibody decay
trends, which is useful to estimate ASI proportion in sero-
logical studies [41].

Fifth, confusing methodological definitions, different set-
tings, and language barriers during international clinical as-
sessment affect the generalizability of ASI estimates.
Greater care and standardization with case definitions is
justified to avoid misinterpretation of research findings, as
occurred when a high rate of “undocumented infection”
(86%)—apparently an admixture of ASIs, unreported symp-
tomatic infections, and undiagnosed mild infections—was
reported to be the source of 79% of documented cases
[215]. This was misconstrued across scientific papers and
social networks as ASI being responsible for the majority of
SARS-CoV-2 infections [216]. Another unconventional and
unnecessary term is “covert infection” [217], which was
used in place of ASI in a systematic review [218]. Further,
in a modeling study, researchers used the term “silent infec-
tions” to merge presymptomatic and asymptomatic infec-
tions [219]. Lastly, studies testing at a single time point or
disregarding the time-changing sensitivity of qRT-PCR as-
says will rule out individuals with initial false-negative qRT-
PCR results [220-222], thereby likely underestimating the
ASI prevalence.

Of note, a well-defined cohort study of 47 SARS-CoV-
2-infected individuals among 195 household contacts re-
ported an ASI percentage at the time of testing of 17% (8/
47) [185]. Five of the eight infected individuals were qRT-
PCR negative at enrollment but positive during follow-up
testing. Upon repeat qRT-PCR testing, ambispective
granular symptom assessment, and 14-day follow-up of all
participants, 13% (6/47) were classified as presymptomatic
and 4% (2/47) were classified as postsymptomatic by date
of sample collection, indicating that no individuals pro-
ceeded asymptomatically.

Several systematic reviews and meta-analyses addressing
the conundrum of ASI have provided summary prevalence
estimates from 16% to 25% [42, 214, 223-226]. Given the
inclusion criteria used (clinical follow-up, quality of in-
cluded studies, case definitions), these systematic reviews
are more reliable and accurate figures than those from
highly publicized narrative reviews [186] and opinion pieces
[187, 188, 190-192]. Despite the scientific rigor of the arti-
cles cited above, generalizability is unclear and the wide
prediction intervals of their pooled estimates reflect the
considerable methodological and clinical heterogeneity
among the studies included. Other systematic reviews with
problematic inclusion criteria and definitions published
much lower or higher estimates (e.g., 8% [218], 31% [227],
39% [228]) or did not meta-analyze data yet concluded that
the proportion of ASI was “at least one third” [212] or was
“not negligible in any population” [229].
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The proportion of symptomatic SARS-CoV-2 individuals (in

a broad sense)

Since all SARS-CoV-2-infected individuals are initially
symptomless, the proportion of those with presymptom-
atic, symptomatic, postsymptomatic infection (the same
individuals) can be indirectly estimated in the range of
75%—84% by subtracting higher-quality ASI proportions
reported in available systematic reviews from the totality
of infections [42, 214, 223-226].

Pooled estimates of the proportion of presymptomatic
SARS-CoV-2 infection published in three systematic re-
views are dissimilar (8% [218], 15% [228], 49% [223]). This
raises several concerns. While pooled ASI proportions
may be valid and useful when a systematic review meta-
analyzes high-quality evidence, the case of presymptom-
atic infection is a different one. Meta-analyzing propor-
tions of the stages of infection of the symptomatic
individuals makes little sense not only because of the vari-
able testing times, definitions, and follow-up in individual
studies, but also because the presence of symptoms is not
a fixed feature of infection. The pooled proportion of pre-
symptomatic infection of an individual study usually re-
flects the specific moment of testing or study assessment
(i.e, PCR testing) rather than exposure. As a result, the
pooled proportion of presymptomatic infection might, at
best, give an idea about how often infected individuals that
will develop symptoms are symptomless by the date of
testing across heterogeneous studies. Therefore, system-
atic reviews should instead analyze the methodological as-
pects of original studies and epidemiological parameters
and timelines that influence both clinical presentation and
transmission. Aggregate analyses of timelines detailing key
events (e.g., exposure, symptom onset, changes in NPIs,
contacts) and serial virological data are valuable to esti-
mate infectiousness and transmission risk.

Differential transmission of symptomatic, presymptomatic,
and asymptomatic infection

From a public health and clinical standpoint, the relevance
of using the term “presymptomatic” in addition to “symp-
tomatic” and “asymptomatic” lies in differential transmis-
sibility features between infected individuals depending on
symptom status and stage of infection. These features in-
clude secondary attack rates'” (higher for symptomatic
and presymptomatic individuals) [42, 45, 224, 230-232],
viral RNA shedding dynamics (longer viral RNA shedding
and occasionally higher viral loads in symptomatic and
presymptomatic individuals) [43, 44, 233], and modeling
estimates of the contribution to transmission (higher pro-
portions of SARS-CoV-2 infections are estimated to

7Secondary attack rate is the percentage of secondary cases
(infectees), among the total of contacts, resulting from one infected
person (infector).
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originate from presymptomatic and symptomatic individ-
uals) [219, 234-238]. While these findings support a
higher transmission risk for symptomatic and presymp-
tomatic individuals compared with asymptomatic individ-
uals, the latter cannot be dismissed as inconsequential to
SARS-CoV-2 transmission [239, 240]. Symptom-based
strategies (e.g., case detection and isolation, self-isolation)
are necessary but insufficient given the difficulties in rec-
ognizing the onset of mild or atypical symptoms in
addition to the risk of symptomless transmission. While
vaccination rates progressively increase worldwide, multi-
pronged preventive measures that do not depend on iden-
tifying symptoms (e.g., physical distancing, mask wearing,
ventilation, hand hygiene) continue to be essential for
controlling SARS-CoV-2 spread.

Accurate messaging and further research

Misclassification of infected individuals continues to
cloud our understanding of COVID-19 and may impact
policies to control SARS-CoV-2 transmission. In ac-
knowledging the definitions reviewed in this section and
the existing evidence on the proportions of infected indi-
viduals and their differential transmission risk, some
claims in scientific articles and opinion pieces are mis-
leading (e.g., “Most coronavirus cases are spread by
people without symptoms,” “Asymptomatic persons are
playing a major role in the transmission of SARS-CoV-
2”) [241, 242]. Examples of more accurate and inform-
ative statements are “Most individuals with SARS-CoV-2
infection experience symptoms during the course of in-
fection,” “About one in five infected people are com-
pletely asymptomatic,” and “SARS-CoV-2 cases are
substantially spread by infected people both when they
have symptoms and when they do not.”

Further research that incorporates nuanced defini-
tions and systematic methods will enable a wider
understanding of factors potentially influencing SARS-
CoV-2 transmission such as viral load and the
presence and onset of symptoms. Despite important
advances toward understanding SARS-CoV-2 trans-
mission dynamics, estimating the contribution of
transmission is tricky and specific scenarios of trans-
mission are extremely complex. Many aspects remain
uncertain including the dual role of social behavior
and biological features on transmission, evidence of
presymptomatic viral load peak from empiric studies,
and viral RNA shedding dynamics and infectious
timeline of individuals with ASI. New studies will
have to conduct rigorous analyses considering the in-
fluence of increasing vaccination rates on the clinical
presentation of COVID-19. Also, there is a need for
carefully designed studies that document persistent
symptoms after acute illness, help understand
COVID-19 aftermath, and improve care interventions,
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quality of life, and return to usual health of COVID-
19 survivors with lingering symptoms.

False dichotomy 4: Droplet vs. aerosol transmission of
SARS-CoV-2

The long-standing dichotomy of droplets and aerosols

The COVID-19 pandemic has reawakened the long-
standing dichotomy of respiratory droplets and aerosols in
terms of their size and transmission distance [47, 243].
Droplets and aerosols are erroneously seen as categorical
transmission modes instead of a continuum of respiratory
particles influenced by particle size and density, emission
composition, turbulence and direction of the exhaled jet
plume, and interacting environmental conditions [48, 244].
Larger droplets (traditionally defined as >5—10 pm in diam-
eter) stay aloft for shorter periods of time relative to their
size, settle on the ground within seconds to minutes be-
cause of gravitational force, and are transmitted over short
distances (usually < 6 ft or 2 m), although airflow can pro-
pel them farther across a room. Small-particle aerosols or
droplet nuclei (traditionally defined as <5 pm) generally
evaporate and disperse faster than they fall, remain in the
air for minutes to hours, and travel longer distances. This
outdated distinction between droplets and aerosols has
been revised by aerosol scientists arguing that the correct
size threshold to differentiate these particles should be
100-200 pum [245-247]. “Aerosols,” a term commonly used
as a shorthand for “aerosol particles,” are defined as a stable
suspension of solid and/or liquid particles in air smaller
than the above size cutoff, whereas droplets are defined as
liquid particles larger than aerosols [247].

SARS-CoV-2 transmission cannot be separated into
the earlier dichotomy of stationary droplets vs. sus-
pended aerosols or the newer dichotomy airborne vs.
non-airborne. Transmission patterns are on a continuum
rather than dichotomous [48]. Although several issues
need clarification and discussion to achieve scientific un-
derstanding and effective public communication, no de-
bate exists as to whether respiratory particles of varying
sizes can be generated from an individual. Both aerosol-
generating behaviors (e.g., coughing, sneezing, speaking,
singing, shouting, breathing) [248-250] and medical
aerosol-generating procedures (AGPs)*® [253] lead to
the production of respiratory particles spanning a wide
spectrum of sizes. To avoid dichotomization and better

¥ Medical AGPs are procedures that are likely to generate high
concentrations of infectious respiratory aerosols (e.g., tracheal
intubation, non-invasive positive pressure ventilation), placing HCW's
at an increased risk for pathogen exposure and infection [251, 252].
The term AGP is a misnomer inasmuch as it is not the AGP per se
that generates aerosols and drives transmission but the circumstances
surrounding the AGP, including the air forced over the respiratory
mucosa, index patient’s respiratory symptoms, exposure distance, and
duration [253].
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describe the behavior of respiratory particles, some re-
searchers have referred to the continuum of aerosols
and droplets of all sizes as a multiphase turbulent gas
cloud (“puff”) of exhaled air [244].

The modes of transmission of SARS-CoV-2

Transmission of SARS-CoV-2 may occur via several bio-
logically plausible routes and depends on multiple fac-
tors, including the infectious dose (or inoculum), virus
viability, exposure distance and duration, environmental
factors (temperature, humidity, precipitation, pH, air-
flow/ventilation, solar ultraviolet radiation, chemicals),
and host factors (breathing rate, respiratory tract morph-
ology, target tissues, receptor distribution, host barriers
and immune responses) [49, 254—-256]. Transmission
risk in specific settings is further influenced by existing
infection prevention and control (IPC) practices and
public health interventions [257, 258].

As acknowledged by the CDC, SARS-CoV-2 transmis-
sion occurs through three non-exclusive modes of expos-
ure to infectious respiratory fluids: 1) inhalation of
infectious small fine droplets and aerosol particles, 2) de-
position of these particles onto mucous membranes (nose,
mouth, or eyes), and 3) by touching mucous membranes
with hands contaminated by respiratory fluids or indir-
ectly by touching inanimate surfaces with virus on them
[50]. As transmission of infectious agents is complex and
dependent on several factors, awareness of such distinc-
tions is important for NPIs and public communication.
Although the relative contribution of all transmission
modes remains unquantified [49], substantial evidence ex-
ists in support of specific transmission modes. Close-
contact respiratory transmission, via short-range (inhal-
able) aerosols and droplets, is the primary mode of SARS-
CoV-2 transmission [48, 49]. Direct contact (physical)
transmission and indirect contact transmission (or fomite
transmission) play a minor role in propagating SARS-
CoV-2 [46, 51, 155, 259]. Long-range aerosol transmission
(traditionally known as airborne transmission) occurs situ-
ationally, under certain conditions such as prolonged ex-
posure in enclosed spaces with inadequate ventilation [47,
50]. SARS-CoV-2 infections through inhalation at dis-
tances greater than 6 ft are less likely to occur than at
close distances. The CDC has also emphasized that trans-
mission due to inhalation and mucosal deposition of virus
is effectively mitigated by existing intervention recommen-
dations [50], such as well-fitted masks, adequate ventila-
tion, physical distancing, and avoidance of crowded
indoor spaces. Other transmission routes (e.g., conjunc-
tival, vertical, fecal-oral, zoonotic), though possible or sug-
gested, are regarded as insignificant based on existing
evidence [46].

Airborne transmission—taken in its traditional defin-
ition of long-distance and respirable aerosols—is not the
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dominant or exclusive route for SARS-CoV-2 transmis-
sion [48, 49]. Conflicting and polarizing messages per-
taining to SARS-CoV-2 transmission modes jeopardize
pandemic response plans, resulting in public unwilling-
ness to adhere to risk reduction practices. Exaggerating
the frequency of a transmission route [260] prioritizes
unnecessary IPC measures and social behaviors in hos-
pital and community settings at the expense of effective
interventions in place and undercuts public trust. Infec-
tious disease transmission has important implications
for deploying cost-effective IPC protocols and allocating
resources to achieve the largest impact possible. Over-
stated evidence can lead to harmful policies. By amplify-
ing findings from studies with methodological concerns
and limited transferability of results [261, 262], some ac-
ademics and laypeople have advocated the use of filter-
ing facepiece respirators (FFRs) in routine healthcare or
even in community scenarios [263-266], despite evi-
dence showing that FFRs may not be necessary in some
settings to reduce transmission risk [267]. This has led
to risk perception disparities and public confusion.

Epidemiological evidence

Epidemiological data (outbreak, cohort, and case-control
studies) help determine SARS-CoV-2 transmission
mechanisms in real-world conditions. Theoretical mod-
eling, laboratory-based, and in silico studies are useful as
complementary sources of knowledge but are not neces-
sarily reflective of the frequency of a transmission mode
and the real-life situations, especially if they do not con-
sider SARS-CoV-2 infectivity or are simulated in vastly
different scenarios.

Several arguments support transmission through close
contact with the infectious source [48, 50, 52]. First, the
basic reproduction number'® (Ry, 2-3) [268, 269] and
household secondary attack rates (generally 10%—20%)
[230-232] for SARS-CoV-2 are compatible with pre-
dominant close contact transmission rather than long-
range aerosol transmission [47, 270]. Second, several ob-
servational reports of COVID-19 hospital cases and out-
breaks have indicated that transmission-based
precautions (TBPs) for routine care of patients generally
work if instituted timely and consistently [48, 257, 271—
284]. Hospital-acquired SARS-CoV-2 is rare in health-
care settings with robust IPC programs. The findings of
some studies [285, 286] reporting an increased risk for

The reproduction number (R) is a measure that reflects the
infectiousness of an agent. The basic reproduction number (Ry) is the
average number of secondary infections caused by one infected person
in a completely susceptible population, in the absence of interventions.
The reproduction number varies according to several circumstances
and time (thus called effective reproduction number at time ¢, R;) as
more people are infected (developing immunity) and public health
measures are implemented.
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SARS-CoV-2 infection among healthcare workers
(HCWs), even when wearing adequate PPE, compared to
non-HCWs do not immediately translate into predomin-
ant long-range aerosol transmission, especially when
there is little or no consideration of the variation in IPC
practices and PPE types [48], definitions of compliance
and consistent wearing, AGP care exposure, breakroom
or changing room exposure [48, 287-289], and commu-
nity SARS-CoV-2 exposure of HCWs [290]. Medical
masks have been demonstrated to reduce infectious ti-
ters of other respiratory viruses with similar transmis-
sion patterns [291]. Meta-analyses of clinical studies
comparing medical masks with FFRs have reported no
statistically significant difference in preventing respira-
tory viral infections (including those caused by seasonal/
endemic coronaviruses and influenza) in HCWs [292—
297]. The problem is that the evidence is heterogeneous
and hindered by suboptimal PPE adherence and under-
powered study designs. The need for higher-rated PPE
should be calibrated to the degree of risk [298]. As many
HCWs in clinical care (and potentially other essential
workers) are at the highest risk for exposure due to
proximity, duration, and infectiousness of patients [267],
access to fit-tested FFRs is indicated for their safety.
Medical masks reduce but do not eliminate aerosol ex-
posure and therefore may offer incomplete protection
for frontline HCWs and other HCWs that engage in
near-range, face-to-face, sustained encounters with pa-
tients with known or suspected COVID-19, untested in-
dividuals, and/or individuals that are unable to wear
masks [298, 299]. The value of FFRs outside of these cir-
cumstances is likely marginal but more research is
needed [298]. Third, community-based reports generally
support the effectiveness of the existing TBPs (if consist-
ently and adequately instituted) [300-309]. Accordingly,
both the World Health Organization (WHO) and the
CDC have reiterated that current recommendations are
in general effective against both inhalation and mucosal
deposition of respiratory particles [50, 52].

Several SARS-CoV-2 outbreak studies have been pub-
lished in different settings, including restaurants [310,
311], call centers [312], choir rehearsals [313, 314], in-
door fitness and sports facilities [315-319], long-term
care facilities [201, 320—324], correctional facilities [325],
malls [326], churches [327, 328], flights [304, 329], social
gatherings [330, 331], camps [144], ships [200, 303, 332],
bus transportation [333], and acute care hospital settings
[299, 334]. Many of these outbreak studies have been
often cited by other reviews as evidence of airborne
transmission. However, long-range aerosol transmission
is a plausible explanation in only some of these settings
[48]. Other modes of transmission cannot be ruled out
and may fit the particular transmission conditions. In
general, published clusters associated with long-range
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aerosol transmission are singular events with preventable
circumstances, such as prolonged duration of exposure,
lapses in the use of PPE, increased exhalation, indoor
settings, and poor ventilation.

Laboratory studies and modeling data

Different types of laboratory studies have been con-
ducted in an attempt to elucidate SARS-CoV-2 trans-
mission. Some laboratory studies (e.g., using a 3-jet
Collison nebulizer) have shown that experimentally-
generated SARS-CoV-2 aerosols may remain infectious
for up to 3-16 hours [335, 336]. Unfortunately, such
studies under controlled laboratory conditions do not re-
flect physiological host processes and real-world envir-
onmental conditions related to viral transmission [270,
337]. Respiratory particle transmission and viability over
long distances are subject to changes in ambient
temperature, relative humidity, airflow/ventilation, solar
ultraviolet radiation (sunlight), and chemicals leading to
evaporation, supersaturation, dilution, or inactivation
[49, 254-256]. Aerosol transmission, direct contact
transmission, and fomite transmission have been experi-
mentally demonstrated in multiple animal models [49,
338-343]. Furthermore, studies in non-human primates,
and confirmed in humans, demonstrate that infected in-
dividuals exhale infectious aerosols, but this is highly
variable across individuals and activities [344, 345].

Experimental, computational fluid dynamics simula-
tion, and mathematical/numerical modeling studies have
found that respiratory particles floating in the air can
reach distances of 20-26 ft (6—8 m) or thereabouts [244,
265, 346, 347]. However, this does not mean predomin-
ant long-range aerosol transmission of infectious viral
particles. While respiratory particles have a great cap-
acity to travel long distances or linger in the air for some
time, transmission risk hinges greatly on how much in-
fectious virus those particles contain and the conditions
of the environment. These particles will diffuse and di-
lute in the surrounding air leading to progressively lower
virus concentrations.

Droplet dispersion experiments (e.g., using laser light
scattering) have shown that aerosols can travel for long
distances [265, 348—350]. However, these studies did not
quantify infectious SARS-CoV-2 concentrations, which
are likely substantially lower over long distances and
under dynamic environmental conditions. Findings from
Stadnytskyi et al. [349] relied on the independent action
hypothesis, which states that each virion has an equal,
nonzero probability of causing an infection (i.e., even a
single virion can establish infection). This hypothesis re-
mains scarcely tested and is unknown to be valid for
humans and their infecting viruses including SARS-
CoV-2 [270, 349].
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Many studies have looked for evidence of viral RNA in
ambient air samples and ventilation systems of hospitals
[351-385]. Some of these studies detected SARS-CoV-2
RNA in some air samples [351-374], but other studies
did not [375-384]. Several of the qRT-PCR-positive
studies were not successful in isolating viable SARS-
CoV-2 [351, 354, 357, 364, 366, 367, 371, 372], while
others did not attempt to culture SARS-CoV-2 [355,
356, 358-363, 365, 368—370, 373, 374]. Two hospital-
based studies have reported infectious SARS-CoV-2 in
ambient air. The study by Santarpia et al. collected aero-
sol samples around six patients admitted into medical
wards, characterized the size distribution of aerosol par-
ticles, and assessed the presence of infectious virus in
different particle size ranges in the patient environment
[352]. The authors demonstrated the presence of SARS-
CoV-2 RNA and increases in viral RNA during cell cul-
ture of the virus from recovered aerosol samples, espe-
cially in particles with size < 1 pm. In another study,
Lednicky et al. used an air sampling technology based
on water vapor condensation to determine the presence
of viable SARS-CoV-2 in hospital room air of two
COVID-19 patients [353]. Viable SARS-CoV-2 was iso-
lated from air samples collected 2 to 4.8 m away from
the patients, with estimates ranging from 6 to 74 median
tissue culture infectious dose (TCIDsg) per L of air. It is
yet unclear the extent to which these findings represent
an unmitigated risk in healthcare settings where PPE
and other TBPs are properly applied. Identification of
SARS-CoV-2 RNA and viable SARS-CoV-2 in air sam-
ples from healthcare settings lend credence for aerosol
transmission in these settings but does not provide
straightforward information on its frequency as a trans-
mission mode for SARS-CoV-2. Nor is a hospital setting,
with robust ventilation, air filtration, and PPE, compar-
able to risk or frequency in the community [257]. This
similarly applies to fomite transmission, which is not
considered a major transmission mode despite numer-
ous laboratory-based studies conducting environmental
sampling and reporting SARS-CoV-2 surface contamin-
ation and stability [386]. Nuance is needed when exam-
ining the evidence of air sampling studies instead of
calling the retrieval of infectious SARS-CoV-2 a “smok-
ing gun” [387].

Some studies conducting community-based SARS-
CoV-2 RNA detection in air samples have reported
negative findings, including those from cruise ship
cabins [388], quarantined households [389], residential
areas [354, 370], open public areas [354, 368], and trans-
portation [368, 390]. In contrast, other studies have re-
ported positive qRT-PCR-positive air samples from a
variety of indoor or crowded public spaces [370, 391]
and transportation [391, 392], with SARS-CoV-2 viability
not assessed. Three additional studies assessing the
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presence of SARS-CoV-2 RNA in outdoor particulate
matter (PM) in Italy and Spain found all air samples
negative [393-395]. A modeling study estimated a very
low average outdoor concentration of SARS-CoV-2
RNA (<1 RNA copy/m®) in uncrowded outdoor public
areas in Italy, even in the worst-case scenario [396].
Conversely, researchers of one Italian study found that
20 out of 34 PM;4 (PM with diameter < 10 pm) samples
were qRT-PCR-positive [397]; however, concentrations
of virus-laden particles were not examined and culture
data were not provided. Although the implications of at-
mospheric pollutants on transmission remain elusive
[53, 398], several studies (mostly ecological) and com-
mentaries arguing about an association between air pol-
lution and SARS-CoV-2 airborne transmission and
mortality [347, 399-404] have sparked concern about
PM acting as a carrier of SARS-CoV-2 and diffusing the
virus in open environments. An ecological study about
PM in several Italian provinces found a positive correl-
ation between daily PM;, exceedances and COVID-19
cases [403]. The authors of this study hypothesized that
the growth and severity of cases in Milan could be at-
tributed to airborne diffusion and a “boost effect on the
viral infectivity corresponding to the peaks of PM.” They
also illustrated the “airborne route of transmission as a
‘highway’ enhancing viral transmission over 8 m.” No
scientific evidence suggests or supports such claims.
Auvailable air pollution studies point to correlation rather
than causation (i.e., highly polluted areas in some coun-
tries are characterized by large populations and in-
creased rates of human interaction, and lockdowns
reduce both air pollution and SARS-CoV-2 spread) [53,
398]. Furthermore, upon theoretical examination, the
probability that atmospheric pre-existing PM scavenges
virus aerosols is low [396]. Monitoring of SARS-CoV-2
RNA in outdoor PM is therefore unlikely to be an early
suitable indicator of viral diffusion or pandemic recur-
rence [393, 394]. Some scientists have also speculated
that airborne pollen [405] and sea spray [131, 132] may
act as a modulating factor of SARS-2 infection and
transmission, with only ecological data supporting an as-
sociation for the former [406]. However, there is enor-
mous potential for confounding due to several factors
implicated in transmission of respiratory viruses, includ-
ing well-known environmental factors such as ambient
temperature. In addition, no evidence supports that
pollen grains are carriers of SARS-CoV-2, much less
does it provide information on their frequency and risk
of transmission. A study of air samples collected in
Germany and experiments to examine potential com-
plexes between purified pollen of various taxa and
SARS-CoV-2 reported negative findings—in terms of
both viral RNA and virus-induced cytopathic effects
[407]. While environmental exposome deserves further
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examination, evidence must be accurately communi-
cated to avoid panic and misunderstandings.

In summary, a low level of air contamination has been
demonstrated in both healthcare and non-healthcare set-
tings thus far. The findings of the air sampling studies
are related to the sampling methods and duration, stor-
age and transferring conditions, the environmental set-
ting, low viral concentrations, dilution effects, and
ongoing IPC measures [408, 409]. Further, pressing is-
sues concerning virological testing warrant discussion.
qRT-PCR cycle threshold (Ct) values have been increas-
ingly used as informative proxies for probable infectivity
[196, 197, 410, 411]. However, viral nucleic acid detec-
tion by qRT-PCR-based assays does not equate to
shedding of infectious, viable, culturable, or replication-
competent virions [412, 413]. Viral load and Ct values
have limitations [222, 414, 415]; their correlation de-
pends on the gene targets used, the nucleic acid extrac-
tion system, among other factors. Detectable viral RNA
exceeds infectious viral clearance [43, 44, 194-197] likely
because genomic and subgenomic RNA persists as re-
sidual viral fragments or is protected by cellular mem-
branes, and degrades slowly after the immune system
has neutralized or lysed virions [412, 416]. Demonstrat-
ing virus amplification or cytopathic effect in cell cul-
ture, or virus quantification by plaque assays or TCIDsq
endpoint dilution assays are needed to infer viral replica-
tion and infectious virus [417]. Therefore, these are bet-
ter surrogates for assessing transmission competency,
although the sensitivity of viral culture may be a concern
as well [222]. Unfortunately, infectious titer assays must
be conducted in biosafety level 3 (BSL-3) containment,
so routine measurement of infectious SARS-CoV-2 in
clinical settings cannot be done. Further methods to
quantify infectiousness [415] and reproducible research
with emerging technologies to sample air particles are
needed.

Unknowns in SARS-CoV-2 transmission

There are virological and aerobiological unknowns of
SARS-CoV-2 that are germane to elucidating transmis-
sion modes, including the minimum infectious dose, the
size of particles with major relevance for transmission,
and virus concentrations and viability in respiratory par-
ticles. In addition, several factors that influence trans-
mission warrant study: particle emission and
composition, particle size transformation and distribu-
tion over time, and environmental parameters (e.g.,
temperature, humidity, indoor/outdoor setting). High-
quality research is needed to better understand these as-
pects and attempt to estimate the relative contribution
and importance of the transmission routes of SARS-
CoV-2. However, this is challenging because of the com-
plexities in transmission [49], including the fact that
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respiratory particles containing infectious SARS-CoV-2
are highly variable in different individuals and with dif-
ferent activities [344, 345].

The use of the term “airborne,” the lack of nuance, and
inaccurate analogies

It has become clear that aerosol transmission is an im-
portant transmission mode. However, there is contro-
versy about using the term “airborne” due to varied
existing definitions, meanings, and implications [418],
including the ordinary meaning of the word (carried in
the air) and scientific conventions and specialized mean-
ings  referring to  long-distance  aerosol-based
transmission.

While some scientists advocate the use of the term
“airborne” as a simple term to use in risk communica-
tion with the public, the plain usage of this word when
referring to SARS-CoV-2 transmission is technically re-
ductionist and ambiguous. The flagrant use of the term
“airborne” without providing nuance can be misinter-
preted. For example, if the public wrongly believes that
transmission occurs overwhelmingly from aerosols over
an extended distance and time, they may reject guidance
to wear medical masks or cloth face coverings (given
their limited aerosol filtering efficiency in comparison
with other facepieces), hoard FFRs, or feel that distan-
cing precautions are futile. Likewise, if the public be-
lieves that the virus spreads extensively in the outdoor
air and travels down blocks or across buildings, this may
lead to potentially dangerous practices such as closing
all windows in residential areas.

From a public health standpoint, the term “airborne”
is not actionable on its own because it offers no clear
guidance on how to curtail exposure risk. Simplistic
messages and press article headlines, such as “The cor-
onavirus is airborne,” "It is in the air,” and “Coastal
breezes likely carry coronavirus” [131, 132, 419-422] re-
quire nuance to provide effective and accurate risk com-
munication in  public health and to avoid
misunderstandings of viral transmission and airborne
fearmongering. This has been exacerbated by scientific
commentaries claiming with selective citations that air-
borne transmission is the predominant mode of SARS-
CoV-2 transmission, without addressing terminology,
practical implications, and critical aspects in public
health risk communication and community engagement
[260, 423]. Miscommunication of transmission modes
precludes harm reduction approaches (e.g., enjoying out-
door spaces such as beaches [132], and avoiding indoor
gatherings) by failing to acknowledge that outdoor air-
borne transmission is low, particularly if the setting is
uncrowded [40, 138, 139].

Inaccurate analogies have also been increasingly used.
Cigarette smoke has been mentioned as a proxy for
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SARS-CoV-2 infection risk [216]. While this may meet
the physical properties for aerosol scientists, analogies
that intertwine sensory reception, such as smelling vola-
tile organic compounds in smoke, can be misleading in
terms of respiratory protection efficacy. The possibility
to smell a vapor while wearing a fitted N95 FFR (or
equivalent PPE) can mislead HCWs into thinking that
their PPE is not effective.

Toward a multidisciplinary agreement on actionable
terminology

Given the societal challenges of COVID-19, never has
there been greater need for meaningful interdisciplinary
dialogue. Agreement on actionable terminology that re-
spects different fields is long overdue. The pandemic has
underscored the continuum and spectrum that is viral
transmission. Such complexities should be addressed
with collaborative efforts to communicate in a way that
meets the needs of all parties. Nuance and complexity
can be understood by the public if communicated clearly
and transparently. Public health messaging and risk
communication should mention that respiratory patho-
gens may transmit over long distances via the air under
specific conditions, while making clear recommenda-
tions about effective mitigation measures. Central to the
use of accurate terminology is the risk assessment of in-
door vs. outdoor spaces and banishing the thinking of
viral transmission as miasma or an insidious trail con-
taining endless infectious virions.

Rather than droplet vs. aerosol or airborne vs. non-
airborne dichotomies, evolving terminology and science
communication for respiratory pathogens should move
toward reflecting the nuance of transmission and effect-
ive interventions [48]. Broadening the “airborne” defin-
ition to inhalable aerosol/droplet exposure or respiratory
transmission allows new avenues to be explored and rec-
onciles seemingly contradictory data and disciplines.
Furthermore, discussing enhanced respiratory precau-
tions and differences between long- and short-range, as
well as risk in terms of types of exposure and activities
can effectively inform subsequent public health interven-
tions. As long-range aerosol transmission is situational,
these circumstances can be explained through an in-
crease in risk factors as dimmers rather than on/off
switches. Both the WHO and the CDC have utilized this
approach with communicating risk, with an emphasis on
proximity, activity, environment, ventilation, NPIs, and
vaccination status [32, 50, 52, 55, 424].

Bridging the interdisciplinary communication barriers
and disagreements between the medical and engineering
fields has proven complicated. Although academic dis-
agreements may be valid and should not be met with
hostility, narratives of misinformation and false dichoto-
mies cause harm or do little to address the global needs
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for COVID-19 mitigation. There have been large-scale,
continued attacks on those working in public health,
which undermines public trust and is counterproductive
to the pandemic response. Different disciplines should
work together [425], instead of taking an adversarial pos-
ition against public health agencies like the WHO and
the CDC [426, 427], which is decidedly not constructive.

In the end, the unresolved semantic dilemma warrants
interdisciplinary efforts from the full range of experts,
including medicine, epidemiology, occupational hygiene,
engineering, and fluid physics, seeking a classification
framework that recognizes both technical knowledge
and practical implications in the context of public health
and reconciles with real-life evidence without drawing
inaccurate or unduly alarmist conclusions from available
studies. Nuanced and transparent communication ef-
forts, coming from those actively working to advance
health and research amid the pandemic and facing the
challenges of media representation of terminology, are
valuable endeavors.

False dichotomy 5: Masks for all vs. no masking

Culture war and the false dichotomy of community mask
wearing

Preponderantly framed as a medical intervention in the
past, face masks have become embedded as a social
practice informed by expectations and norms amid the
COVID-19 pandemic [56, 428]. Masks have provoked a
culture war and vigorous debates in many regions, with
a volte-face in attitudes from mocking mask wearers
earlier in the pandemic to shaming mask abstainers later
[19, 54, 429-431].

On one side of the politically charged false dilemma
about community masking, some “pro-mask” academics
and armchair epidemiologists have hyped masks with
overconfident slogans (e.g., “Just wear a mask, it's com-
mon sense,” “The science behind masks is simple and
clear,” “Masks increase rate of asymptomatic cases”) [18,
57, 190], stigmatizing terminology to refer to people not
wearing masks (e.g., “deviants”) [428], and inaccurate ana-
logies with parachutes and other accessories [432-434].
Also, some modeling/simulation studies, quasi-
experimental studies, and ecological studies [280, 435—
446] were overinterpreted in social and mass media with-
out due acknowledgment of their limitations, including
confounding. With well-meaning but incendiary rhetoric
[431], some mask proponents overstated the benefit of
masks in preventing SARS-CoV-2 transmission and
downplayed many considerations needed for community
masking uptake and public trust. Likewise, existing evi-
dence was misinterpreted to advocate further benefits of
mask wearing related to reduced COVID-19 severity (or
increased ASI rates), and protective immunity via
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reducing the viral inoculum (one of these papers was a
preprint withdrawn by the authors) [190-192, 447-449].

On the other hand, there have been two “anti-mask”
groups or counterpublics shaped by their hostile stance
toward masking. One seems to ignore the need for and
utility of complex systems methodologies, plausibility de-
signs, and diverse evidence approaches [450-452] to study
population-level interventions while staunchly upholding
evidence-based medicine tenets (extended from biomedi-
cine traditions and philosophies) and awaiting “definitive”
randomized controlled trials (RCTs). The other has vocif-
erously disparaged the use of “muzzles” or “face nappies”
based on unwarranted or negligible physiological concerns
(e.g., increased risk of hypercapnia, clinical worsening of
infected individuals, increased risk of skin infections)
[453—-455], infringement on libertarian values [19, 456,
457], toxic masculinity [458, 459], or plain mask denialism
[460, 461]. Unsurprisingly, deep-seated conspiracy theor-
ies, scientific illiteracy, strong political views, and counter-
visualizations®® have stoked the anti-mask sentiment of
the latter group, aiming to overturn mask recommenda-
tions and mandates [19, 462].

Setting up a binary choice between “masks for all” and
no masking is overly simplistic. Further, reinforcing a
view of “altruistic” vs. “selfish” people fosters a damaging
binary [56]. Claims from eminent individuals polarized
at either side of this false dichotomy (i.e., either “mask
absolutists” or “mask abstainers”) have promoted a cul-
ture war. The public should be treated as stakeholders
with legitimate input into mask debates, not just as
adopters, resisters, or “deviants” that need to be per-
suaded or forced to wear masks [56].

The science of masks is not straightforward or simple

Masks—with their benefits and caveats [57]—are not a
panacea or a hoax, nor are they mere symbols and com-
monsense interventions of the pandemic response [54].
There is merit in appraising different types of evidence
on respiratory viruses and masks, particularly as this is
the case of a complex public health intervention. Evi-
dence on masks varies across study designs, settings, and
populations; mask types and designs; mask-wearing pur-
poses; and clinical and microbiological outcomes
assessed. Medical masks and FFRs have been shown to
prevent respiratory viral infections in healthcare settings
[262, 293, 297, 463-466]. In general, clinical studies
comparing medical masks (also known as surgical or
procedure masks) with FFRs have reported no statisti-
cally significant difference in preventing respiratory viral

20Counter-visualizations are counterpublic’s data visualization practices
that use orthodox methods to make unorthodox arguments [19]. They
may serve the purpose of challenging mainstream narratives and
promoting misinformation and conspiracy.
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infections in HCWs [292-297]. As for community sce-
narios, before COVID-19, there had been evidence with
mixed results for medical masks used by healthy and
sick people in households, university residences, schools,
and mass gatherings (the Hajj pilgrimage) but much less
research on cloth face coverings (also known as cloth or
fabric masks) to prevent onward transmission (source
control from an infected person) and contracting infec-
tion (personal protection of an uninfected wearer) [463,
467-469]. Researchers of the only existing RCT on cloth
face coverings, carried out in 14 hospitals in Hanoi,
Vietnam, initially cautioned against the use of cloth face
coverings to protect against clinical respiratory illness,
influenza-like illness, and laboratory-confirmed respira-
tory virus infection, compared with medical masks [470].
A post hoc analysis found that the risk of infection was
doubled if cloth face coverings were self-washed by hand
by the wearers rather than laundered in the hospital
[471]. Face coverings laundered in the hospital were as
protective as medical masks. The majority of existing
healthcare and community studies have focused on med-
ical masks and FFRs, and have examined clinical end-
points and influenza-related outcomes. Direct evidence
of mask use related to infections caused by corona-
viruses (not SARS-CoV-2) is relatively sparse [472]. Of
note, the COVID-19 pandemic has prompted abundant
research on SARS-CoV-2 and masks, which is discussed
below.

Mask filters collect particles through a combin-
ation of mechanisms including inertial impaction,
interception, diffusion, and electrostatic attraction
[473]. Medical masks have higher and more variable
particle penetration rates (~10%-70%) than N95
FFRs (or equivalent), which present low particle
penetration rates (<5%) [474-478]. Several filtration
studies of cloth face coverings have reported widely
variable filtration efficiency and breathing resistance
(breathability) estimates depending on the mask de-
sign and textile features (i.e., fabric microstructure,
permeability, electrostatic properties, number of
layers) [467, 479-491]. Among cloth face coverings,
multilayer non-valved masks made of hybrid, closely-
woven fabrics show the best filtration efficiency and
overall acceptable wearing comfort [55, 58, 492—
494]. Facial fit, an aspect critical to minimize both
outward and inward leakage around the facepiece
edges and to improve filtration performance, has
been increasingly studied. Several techniques have
been suggested (e.g., use of mask fitters, nose wires,
nylon hosier sleeves, rubber bands, or hair clips;
knotting and tucking the ear loops; cloth mask
placed over another mask) [477, 478, 486, 495].
However, gaps in consistent communication with the

public remain. Mechanistic evidence has
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demonstrated source control efficacy of medical
masks in reducing influenza virus and human sea-
sonal/endemic coronaviruses respiratory emissions
from symptomatic individuals [291, 496, 497], as well
as some protection against influenza virus afforded
to the wearer [498]. Likewise, fluid dynamics simula-
tion and experimental studies support the role of
masks in limiting the spread of respiratory emissions
[348, 499-502].

As for direct evidence on SARS-CoV-2, Ueki et al. con-
ducted SARS-CoV-2 experiments with different facepieces
and two mannequin heads facing each other to simulate
source control and personal protection [503]. Medical
masks and cloth face coverings were 57%—58% effective in
protecting others and 37%-50% in protecting the wearer.
NO95 FFRs performed better with 86%—90% source control
efficacy and 96%—99% personal protection efficacy. How-
ever, since variations in mask efficacy can be largely ex-
plained by the context of SARS-CoV-2 transmission (level
of infection probability and virus abundance), medical
masks and well-designed face coverings should be effect-
ive under virus-limited situations [267].

Several COVID-19 observational studies across di-
verse community scenarios [300-309] have suggested
a benefit from masks in mitigating the transmission
of SARS-CoV-2. On the other hand, there are the
RCTs, which are presumed to provide the highest
quality data. However, RCTs can hardly capture the
complexities related to viral transmission and public
health interventions [452]. Furthermore, large-scale
mask RCTs related to SARS-CoV-2 are difficult to
conduct given practical and ethical issues (e.g., involv-
ing no-mask controls raises an ethical dilemma re-
garding the principle of equipoise) and the existence
of alternative types of evidence. Yet, two community-
based RCTs have been conducted during the COVID-
19 pandemic. One is the RCT DANMASK-19 that
recruited 6,024 Danish citizens to evaluate the effect
of medical masks recommendation in protecting
against SARS-CoV-2 infection. This study found a
non-statistically significant reduction in infection in
the mask group vs. the non-mask group [504] (odds
ratio 0.82, 95% confidence interval [0.54—1.23]). While
medical use in this study led to a ~20% personal pro-
tection from incident SARS-CoV-2 infection, the
study sample size was not enough to determine statis-
tical significance. Because of methodological limita-
tions of this study in addition to being underpowered
(e.g., individual-level randomization, low mask adher-
ence, serological diagnosis) [505, 506], the findings do
not disprove the effectiveness of community masking.
The results of this study, however, may reflect the
personal protective effect (not source control) of a
mask recommendation in Denmark at the time (when
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the community incidence of infection was modest).
The other mask RCT is a yet unpublished study con-
ducted in Guinea-Bissau [507]. This cluster-RCT
(which thus allows the assessment of source control)
will complete enrollment of around 40,000 partici-
pants by August 2021. Of note, this community-based
study aims to assess the effect of wearing locally-
sewed cloth face coverings on COVID-19 severity and
mortality. This study’s outcome is clinical and not
based on tests (personal communication). Although it
may be able to provide some clarity on the science of
cloth face coverings, this study raises ethical concerns.
The choice to conduct an RCT with a control group
not provided with masks more than a year into a
pandemic where other types of evidence suggest their
effectiveness deserves scrutiny. Furthermore, while the
study protocol was designed with Danish and Bissau-
Guinean researchers, conducting this trial in Africa
rather than Europe or North America raises potential
issues of medical racism and colonialism.

Whereas observational epidemiological studies are
likely to overestimate masks' effects due to residual
confounding, experimental epidemiological studies are
likely to underestimate effect sizes due to both sub-
optimal adherence in the intervention group and con-
tamination (mask wearing) in the control group [508].
Therefore, the real effect size is likely between the es-
timates seen in those two types of study, with the
maximum benefit of masking potentially resulting
from the combination of source control and personal
protection. Also, laboratory experiments in animal
models—with their inherent limitations—have pro-
vided evidence on the efficacy of masks in preventing
SARS-CoV-2 transmission [340].

While efficacy (performance in controlled or ideal con-
ditions) and effectiveness (performance in usual or real-
world conditions) are not synonymous [450, 509], a large
consensus and a growing body of literature have moved
forward the uptake of community masking as part of com-
prehensive NPI bundles or “policy packages” aimed at pre-
venting infections caused by respiratory viruses including
SARS-CoV-2 [55, 58, 261, 262, 295, 464, 508, 510-516].
Importantly, a fact undergirding community mask wearing
during the pandemic is the risk of transmission, not only
from symptomatic individuals, but also from presymptom-
atic and asymptomatic individuals (discussed in section 3).
All in all, the intricate evidence base on the efficacy and
effectiveness of masks explains the confusing messaging
by public health officials about masks throughout 2020
and why mask policies flipped as scientists gathered data
[23, 31, 55, 58, 512].

Alternatives to medical masks and cloth face cov-
erings have been sought. In the face of limited data,
face shields or visors have been suggested to provide
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some advantages over face masks in terms of eye
protection, frontward airflow protection, no hand-to-
face contact, breathability, full-face visibility, reuse,
and disinfection [261, 517-520]. However, variable
design (shape, materials) of face shields and upward,
downward, and sideways leakage jets from the edges,
seams, and joints are major issues [482, 500, 521—
523]. Face shields are therefore considered to pro-
vide a level of eye protection only [55, 424]. The
performance of clear masks and modified face
shields remains largely untested. Also, although
masks and FFRs with exhalation valves may ease
breathing, they are discouraged for source control
since the valves bypass the filtration function for ex-
haled air by the wearer [55, 424].

Policymaking about masks and issues with compliance and
mandates in the community

Many countries and regions with community-based
transmission of SARS-CoV-2 have recommended or
mandated the use of commercial or homemade cloth
face coverings or medical masks to slow down the
impact of viral spread [57]. This was particularly rea-
sonable when population exposure increased as lock-
downs ended. From a public health standpoint, mask
advocacy has led to reflections over the way policies
have been developed and communicated [54, 524],
and over the ideological distinction between applied
and academic epidemiology [23]. Some scientists and
academics have invoked the precautionary principle®,
not only to advocate changes in TBPs and to guide
public health policies in general [263-265, 419, 529,
530], but also to argue the case for universal masking
[432, 439, 531-533]. If the benefits of masks are to
be considered (i.e., reduction of respiratory infectious
disease transmission, mutual protection, positive pro-
social signaling), potential downsides should not be
utterly disregarded [55, 59]. The latter include short-
age of medical masks and FFRs for HCWs [534, 535],
cross-contamination due to inappropriate mask wear-
ing [536, 537], risk compensation or complacency to-
ward other preventive measures (evidence in favor
[538-540], evidence against [541-547]), psychosocial
effects (e.g., threats to autonomy, psychological re-
latedness, competence) [455, 548, 549], communica-
tion and learning difficulties [518, 550-555],

*'The precautionary principle assists with decision-making under un-
certainty [525, 526]. Traditionally used to advice caution in the uptake
of interventions or innovations with known benefits but uncertain risks
[527], the precautionary principle has been substantially used in the
opposite sense in the COVID-19 pandemic—to advocate the uptake of
interventions because of the potential great benefits and minimal risks
[432]. It has been argued that both the omission in the former case
and the act in the latter case may prevent harm [528].
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physiological effects (e.g., subjective breathing discom-
fort or difficulties®’, skin problems, headache, ocular
dryness and irritation; these effects are more likely if
there is a related predisposing condition) [454, 455,
556, 562-565], and environmental pollution from
mask waste [566—569]. Of note, these lingering con-
cerns are not reasons to refrain from community
masking (using medical masks or face cloth coverings)
but are opportunities to maximize the benefits of
masking, improve mask designs, and sharpen public
health policies and messaging. The benefits of wearing
masks outweigh the potential harms, especially when
there exists widespread community transmission of
SARS-CoV-2.

In addition to three essential mask parameters (filtra-
tion, fit, breathability), proper and consistent wearing of
masks influences their effectiveness [55, 57]. Training
and guidance on correctness and consistency of mask
usage are therefore crucial. Improper donning and doff-
ing, usage of ill-fitting masks, and inconsistent mask
usage point out challenges in scientific communication,
health education, policy implementation, community
outreach, and surveillance [57]. Mask adherence is con-
tingent on aspects beyond mere “discipline”: knowledge
about the virus, risk perception, social acceptability of
masks, perceived efficacy, trust in government and
health agencies, public engagement with science, health
literacy, messaging from various sectors, past experi-
ences with masking (e.g., for other respiratory virus epi-
demics or PM air pollution), mask comfort, consumer
appeal, degree of enforcement by public authorities, ac-
cessibility (no supply issues), and affordability (no re-
source constraints) [4, 57, 59, 469, 570-572]. The
psychological effects of masks are culturally framed and
shape acceptance and adherence [54, 510]. Mask policies
aimed at fostering uptake should reflect the complex
and contested sociocultural meanings and implications
of mask wearing [56, 428]. Studies examining sociocul-
tural and psychological factors underlying public mask-
ing amid the COVID-19 pandemic are therefore vital to
identifying motivators, barriers, and disparities, and for-
mulating behavior change strategies that encourage and
sustain appropriate mask wearing [469, 550, 572-581].
A study found that inducing empathy for people most
vulnerable to SARS-CoV-2 promoted the motivation to
adhere to physical distancing and mask wearing, whereas
simply providing information about the importance of
these measures did not [580]. A study exploring

*Masks may cause discomfort and subjective but minor breathing
difficulties. However, claims pertaining to decreased oxygen saturation
are unfounded. Recent studies assessing medical masks and cloth face
coverings in the general adult population have not demonstrated
major physiologic changes related to gas exchange [454, 455, 556—
561].
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perceptions of face coverings via focus groups found that
the most prevalent motivation was to protect or respect
others, while barriers included discomfort, misinforma-
tion, and autonomy perceptions [574].

Another concern of masking is that of being compul-
sory and generalized. Haphazard compliance with mask
recommendations amid a pandemic may justify mask
laws. Behavioral experimental evidence showed that
mask wearing signals prosocial concerns and may reflect
a social contract where voluntary policies can trigger in-
sufficient compliance, intensify stigmatization, and be
perceived as less fair as opposed to mandatory policies
[547]. However, issuance of blanket laws and punitive
enforcement involves a trade-off with personal freedom.
This might be counterproductive by further politicizing
mask wearing, deepening structural inequalities, trigger-
ing active resistance and violence, and eroding public
trust, particularly in regions with zero or little SARS-
CoV-2 transmission [54, 582]. For the same reasons,
mandating masks in circumstances that provide mar-
ginal benefit such as outdoor spaces is inconvenient.
Therefore, mask mandates—targeting specific settings
and situations—should only be issued upon careful ana-
lysis of the legal challenges and local implications. Gov-
ernments enforcing population-level masking should
ensure the availability of masks and develop plans for
free provision of masks to populations that might experi-
ence barriers to access [31]. For instance, public service
providers could be mandated to have a stock of masks
and educational aids for users, and private businesses
could offer masks to customers out of enlightened self-
interest.

Duckworth and colleagues outlined three sensible
steps during the transition toward acceptance of com-
munity mask wearing [583]: 1) “from effortful to easy,”
2) “from unclear to understood,” and 3) “from uncon-
ventional to expected.” Such an approach relies on edu-
cation and effective public health communication.
Permanent education campaigns and harm reduction-
based approaches from both the government and the
public are preferred over purely coercive approaches and
patronizing exchanges (e.g., shaming, excessive fines, im-
prisonment, violence, criminalization) to attain the de-
sired results regarding mask wearing and avert social
divides [54, 57, 583, 584]. Lamentably, there are count-
less examples of the latter approaches, which are un-
likely to foster masking and end the mask wars [54]. In
public settings, penalties for not wearing a mask—if not
limited to restricting access to a service—should not be
excessive or unfair.

Any mask policy (and policy in general) must engage
with the potential for inequality and social exclusion
[56]. There is a need to address the impact of mask pol-
icies on vulnerable and marginalized groups, including
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D/deaf, hard-of-hearing, or visually-impaired people who
substantially rely on lip reading, facial expressions, or
unmuffled speech for communication [550, 551, 554,
555]; racial groups being asked to tip their masks, har-
assed for concealing their face, or disproportionately pe-
nalized for not wearing masks [548, 549]; and rural and
poor populations without access to government informa-
tion channels and online health warnings [74]. The ab-
sence of tailored policies risks these individuals
becoming isolated, neglected, or stigmatized.

Smart masking, not universal masking, in the community
Publications that advocated universal masking for the
public [432, 439, 442, 446, 531-533, 585, 586] omitted
nuances regarding viral transmission dynamics, risk
communication, and sustainability. Also, there was lim-
ited consideration of social sciences aspects, including
how mask policies might play out in practice [54, 56].

Masks have become normalized during the COVID-19
pandemic, and therefore the quandary of yes/no has
been replaced with a debate about who, where, when,
how, and what type of mask should be worn [55].
Aligned with the WHO risk-based guidance on masks
(first issued on 5 June 2020) [55], a smart masking ap-
proach seems more appropriate than universal masking
in community settings. The term “universal” entails all
persons, places, and times, but some exemptions for
masking are legitimate and reasonable because of par-
ticular benefit-risk assessments [54, 587]. Mask excep-
tions should not be seen as symbolic rejections of the
pandemic [54].

For instance, some individuals are unable or contrain-
dicated to wear a mask (e.g., people with some breathing
difficulties, intellectual disability, psychological distress,
hearing loss) [518, 551, 555, 588], and masking of chil-
dren may prove challenging [589-591]. Clear masks and
face shields have been discussed in the literature as po-
tential alternatives for these individuals. If face shields
are worn in the context of mask non-availability or diffi-
culties, the wearer should ensure proper design to cover
the sides to reduce leakage [55, 424]. The benefits of
wearing masks in children to prevent SARS-CoV-2
transmission should be weighed against potential harms
associated with wearing masks, including social, commu-
nication, and developmental concerns, feasibility, and
discomfort [591].

Furthermore, not all settings and activities allow mask
wearing or confer the same risk of SARS-CoV-2 infec-
tion (discussed in section 2). The case for mask wearing
is strongest in higher-risk scenarios such as crowded
spaces, indoor venues, and unventilated places [55]. The
case for mask wearing is weakest in marginal-risk sce-
narios such as outdoor and uncrowded environments
where physical distancing and ventilation may be
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ensured (e.g., people engaging in outdoor activities,
people driving alone). Additional exemptions from mask
wearing include those scenarios where the mask would
interfere with a particular activity or occupation (e.g.,
people eating, performers who require clear enunciation
or being recorded, high-intensity or professional ath-
letes). Since households may represent scenarios where
routine appropriate masking is impractical for members,
the case for mask wearing in households is strongest
when non-household members are visiting or when a
household member (who lives with other people) is in-
fected or has been potentially exposed to SARS-CoV-2
because of a recent potential exposure (e.g., occupational
exposure, crowded settings, travel) [31, 55]. Mask pol-
icies directed toward high-risk settings, and not toward
low-risk activities, are expected to foster mask adherence
and acceptance and decrease mask-related discomfort
and fatigue [54, 59, 570].

Acknowledging uncertainty and countering misstatements
Some uncertainties still exist regarding the wearing of
face masks and coverings as a measure to prevent or
mitigate SARS-CoV-2 transmission. There are COVID-
19 research opportunities to obtain direct and actionable
evidence on the effectiveness of specific cloth face cover-
ing designs in community scenarios, extended use and
reuse of cloth face coverings, the impact of diverse ap-
proaches to mask adoption, alternatives that are more
comfortable and more environmentally friendly, down-
sides of masking, additive effectiveness of cloth face cov-
erings and face shields in the community, and attitudes,
beliefs, and behaviors toward masking in the long term
[57, 59, 510, 517, 524].

The evidence around the relationship between mask
wearing, SARS-CoV-2 inoculum, COVID-19 severity,
and immunity has been poorly addressed and misrepre-
sented in several viewpoint articles and scientific opin-
jons [191, 192, 448, 449]. The hypothesis that mask
wearing reduces COVID-19 severity, increases ASls, and
promotes immunity (“variolation”) has been challenged
[60, 205, 592, 593]. As of writing, two comprehensive re-
views by our group on the topic are undergoing peer-
review and will be soon published (personal communica-
tion). Overstating the effectiveness of masks or the exist-
ence of benefits additional to curbing viral transmission
may lead to false expectations and increased exposure to
high-risk places, social gatherings, and leisure activities
(in the absence of full vaccination), which in turn may
end up undermining trust in pandemic response efforts
when people, exhausted from the pandemic and the re-
sponse, realize masks are not infallible, severe cases still
occur, and the pandemic has not fizzled out.

A key aspect of mask advocacy is accurate messa-
ging, which includes acknowledging the limited utility
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of mask wearing as a single intervention and caution-
ing against it as a sufficient alternative to a multi-
layered use of other NPIs, including physical
distancing, ventilation, and limiting time in crowded
spaces [55, 57, 424]. The main arguments should be
based on scientific evidence rather than on moralistic
stances and virtue signaling [54]. It is monumentally
frustrating that academics both supporting masks and
calling for well-crafted messages, nuanced (not uni-
versal) guidance, and further evidence have been mis-
represented as anti-mask and accused of flagrant
disregard for human lives by some universal masking
advocates. The palpable sense of urgency in the
COVID-19 pandemic requires a dispassionate discus-
sion and weighing of benefits, risks, and uncertainties
along with swift data-driven decision-making that ac-
counts for the cases for and against public health in-
terventions (8, 17, 524, 594, 595].

False dichotomy 6: SARS-CoV-2 reinfection vs. no
reinfection

In April 2020, the Korea Disease Control and Prevention
Agency (KDCA) investigated 116 patients previously in-
fected with SARS-CoV-2 who tested positive by qRT-
PCR upon having met discharge criteria, including nega-
tive diagnostic tests [596, 597]. This sparked intense
public concern in regard to whether these observations
indicated scant or absent protection from SARS-CoV-2
reinfection—defined as the subsequent infection of a
host with the same microorganism. Fears of continual
cycles of reinfection owing to weak stimulation of adap-
tive immune responses followed this publication. It was
also highly plausible that the positive samples were due
to the performance limitations of qRT-PCR diagnostics.
The debate around SARS-CoV-2 reinfection has two op-
posing views: 1) infection and recovery do not confer
immunity, which results in the potential for cyclical re-
infection; and 2) infection results in protective immunity
that removes any possibility for reinfection. However,
the situation is inherently more complicated. To address
the SARS-CoV-2 reinfection conundrum, it is necessary
to revisit how long and how well the immune responses
are protective against SARS-CoV-2 [598], and differenti-
ate reinfection, re-detection, and recrudescence.

Reinfection and natural immunity

The question of potential fading immunity and reinfec-
tion has been present since the beginning of the pan-
demic. Much of the concern arouse because infections
by coronaviruses such as HCoV-NL63, HCoV-229E,
HCoV-0OC43, and HCoV-HKUL1 generally confer short-
lasting protective immunity (6 to 12 months) [599]. In
addition, past investigations of severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome
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(MERS) epidemics have suggested that IgG antibodies
are detectable up to nearly two years and one year, re-
spectively [600]. Early analysis of antibody responses
from convalescent COVID-19 individuals suggested that
neutralizing antibody levels were detected following
symptom onset and remained elevated during the two-
week follow-up period [601]. Also, a population study in
Iceland showed that antibodies against SARS-CoV-2 did
not decline within four months after diagnosis [602]. Re-
assuring data have accrued since, with several works
supporting humoral immune responses to SARS-CoV-2
for at least 5-7 months [603, 604] and immunological
memory (especially T-cell mediated) for at least 6-8
months [605]. Epidemiological analyses have reported
natural immunity protection from reinfection for at least
6—12 months [61, 64, 604, 606, 607]. Protection could
go beyond these estimates because of the complexity
and robustness of immune responses, though it is also
acknowledged that the induction and durability of im-
mune responses—both humoral and cellular—are
heterogenous across individuals and may be shorter in
some [608].

As an uncommon feature of SARS-CoV-2, reinfections
are expected when immunity wanes or pathogen’s anti-
genicity evolves leading to immune evasion. The first
confirmed case of SARS-CoV-2 reinfection in the USA
was a 25-year-old male patient who was reinfected
nearly two months after his first positive test, with the
two symptomatic infection episodes separated by two
negative nucleic acid tests at different time points [609].
Although the patient tested positive for IgG and IgM
antibodies upon reinfection, antibody testing was not
conducted after the first infection. Next-generation viral
genome sequencing showed that the sequence variability
between the two virus isolates belonging to Nextstrain
clade 20C was too great to be explained by evolution
within the patient alone. Likewise, initial reports of
SARS-CoV-2 reinfections confirmed by viral genome se-
quences were identified in other individuals from the
USA [610, 611], Hong Kong [612], the Netherlands
[613], South Korea [614], Belgium [615], Ecuador [616],
India [617, 618], Qatar [619], Brazil [620-622], United
Kingdom [623, 624], South Africa [625], and Colombia
[626]. Additional cases from Brazil [627], Peru [628],
and Colombia [629] were presumably SARS-CoV-2 rein-
fections, but no sequencing and phylogenetic analysis
were conducted due to limited resources. The age of all
these individuals (with confirmed reinfection) ranged
from 21 to 92 years and the intervening period between
first infection and reinfection for these cases ranged
from 48 days to 9 months. Most individuals had no pre-
existing known immunodeficiencies (except for a Dutch
woman suffering from Waldenstrom macroglobulinemia
[613]). Most individuals were symptomatic during both
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the first episode and the reinfection. Two individuals
that were asymptomatic during the first infection
remained as such thereafter [617]. Several individuals
presented increased severity upon reinfection compared
to first infection [609, 611, 613, 616, 622—625]. Cases in
which the second episode was less severe raise the possi-
bility of partial immune protection [62].

The limited diagnostic data available from the first
wave of infections as well as the supportive evidence re-
quired to publish descriptions of reinfections®® has im-
pacted our appreciation for the frequency of these
events [62, 63]. More recently, large observational stud-
ies on reinfection have been published. A large, multi-
center cohort study among HCWs in England reported
an 84% lower risk of infection with a median protective
effect observed seven months following primary infec-
tion [606]. This period was deemed the minimum prob-
able since seroconversions not associated with a positive
PCR test were excluded at baseline. A study in Italy
found a 94% lower risk of reinfection among patients
that had recovered from COVID-19 compared with pa-
tients with primary infection [61]. Natural immunity ap-
peared to confer protection for at least a year. A
matched cohort study nested in a representative sample
of the general population in Switzerland found a 94%
lower hazard of reinfection among SARS-CoV-2-sero-
positive participants, compared with seronegative con-
trols, for at least eight months after initial serology
[607]. Further, in a population-level observational study
encompassing PCR-tested individuals in Denmark, re-
searchers estimated that past SARS-CoV-2 infection
conferred ~80% protection against reinfection, decreas-
ing to 47% in individuals aged 65 years and older [64].
The overall estimate did not vary significantly by sex or
over follow-up time (3—-6 months vs. >7 months). In
contrast, another large study of laboratory-confirmed
cases in Qatar determined that the risk of reinfection
was only 0.02% [619]. However, unlike this study, the
Danish study involved a far greater proportion of asymp-
tomatic individuals, who are likely to elicit relatively
marginal immune protection [630]. Finally, the Alpha
variant (clade 20I/501Y.V1 or lineage B.1.1.7) was not
associated with an increased risk of reinfection in a
study conducted in the UK [631], which is consistent

2 Acceptable evidence in support of SARS-CoV-2 reinfection consists
of testing positive by qRT-PCR at two different time points (usually
separated by a period of test negativity if documented), plus distinct
genome sequencing of viral isolates on each episode [62, 63]. The lack
of these data, which is expected outside research settings, hinders
reporting of reinfection. In regions with robust genomic surveillance,
sequencing a SARS-CoV-2 genetic variant from a sample of the second
infection episode provides evidence of reinfection if the variant was
not present in the region at the time of the first episode [623].
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with further evidence indicating minimal or no immune
evasion associated with this genetic variant.

Re-detection

Although SARS-CoV-2 reinfection is possible, it is not re-
sponsible for the high number of post-discharge positives
found amongst patient cohorts, and thus argues for diag-
nostic limitations as a major culprit. Persistent or inter-
mittent RNA viral shedding leading to re-positive cases**
has been widely reported [632, 633]. For instance, a study
assessed a group of recurrent-positive patients that exhib-
ited absent or mild symptoms with no disease progression
[632]. Despite detectable viral RNA levels, viral cultures
were negative, whole genome sequencing revealed only
genomic fragments, and no transmission to contacts was
documented by clinical follow-up, acid nucleic tests, and
antibody tests. These findings suggested re-detection likely
due to intermittent, low-level viral RNA persistence rather
than reinfection.

Recrudescence

It is important to differentiate between reinfection and
recrudescence (i.e., reactivation of lingering virus infec-
tion from sanctuary sites). However, this distinction is
not straightforward. For example, Gousseff and col-
leagues reported on a case series of 11 patients with
probable reinfection or recrudescence [65]. These indi-
viduals were re-positive for SARS-CoV-2 by qRT-PCR,
and infectious virus was found in culture swabs from
one of only two individuals tested. Reinfection was the
likely scenario in a subgroup of younger, healthy HCWs
(median age 32 years) that experienced a relatively mild
clinical relapse. A durable immune response may have
not elicited in these patients because of mild infection.
On the contrary, a subset of older patients (median age
73 vyears) without occupational exposure required
hospitalization for both episodes, leading to death in al-
most half of them. This suggested recurrence, potentially
due to suboptimal control of infection, thus allowing a
second episode of viral replication.

Viral recrudescence can result in post-discharge
positive tests. Recent findings have demonstrated that
the Ebola virus can persist in immune-privileged com-
partments for extended periods following disease re-
covery [634—637]. Indeed, recrudescence of Ebola
virus from the central nervous system has been noted
and resulted in viremia and clinical symptoms of dis-
ease. Testicular persistence of this virus has also been
noted, though viremia or viral detection outside of
semen has not been identified in infected patients

**Re-positive or recurrent-positive cases are individuals who recovered
from previously confirmed COVID-19 disease and had a positive test
again, attributed to the same infection episode.
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[638]. While there have been limited investigations of
persistence and recrudescence of SARS-CoV-2 in
humans, data have emerged, demonstrating that viral
components can be found in immune-privileged sites.
Yang et al. looked at testes from fatal COVID-19 pa-
tients and found significant damage to testicular tis-
sue, including the seminiferous tubules [639]. SARS-
CoV-2 RNA was found in <10% of testes sampled
and no viral particles were detected by electron mi-
croscopy. Ma et al. demonstrated that SARS-CoV-2
can infect testicular cells by revealing in transmission
electron microscopy coronavirus-like particles in the
interstitial compartment of the testes, in addition to
detecting viral RNA [640]. An earlier cohort study
from China demonstrated that SARS-CoV-2 RNA
could be found in the semen of recovering patients
though there were no assessments of infectious virus
or longer-term follow-up samples post-discharge
[641]. Another investigation noted signs of auto-
immune orchitis and impaired spermatogenesis in
COVID-19 patients; however, all semen samples in
this cohort were negative for SARS-CoV-2 by qRT-
PCR [642]. Our investigations of SARS-CoV-2 infec-
tions in golden Syrian hamsters have identified viral
RNA transiently present within the epididymis and
testes of infected animals at two and four days post-
infection; however, viral RNA was absent by day
seven (Kindrachuk J. et al, unpublished data). Thus,
there are inconclusive data at present regarding
SARS-CoV-2 persistence within the male reproductive
tract.

While brain inflammation and neurological impair-
ment have been recognized in COVID-19 patients, the
identification of SARS-CoV-2 in brain tissue remains
uncertain [643, 644]. Data from both tissue culture orga-
noids and mouse models suggest that brain tissue can be
permissive to infection under these conditions, but the
extension of this to natural infection is unknown [645,
646]. Imai and colleagues demonstrated that infectious
virus can be recovered from brain samples of infected
one-month-old golden Syrian hamsters on day 3 post-
infection but absent on day 6 and day 10 [647]. This was
found using both high-dose (10>® plaque-forming units
[PFU]) and low-dose (10° PFU) inocula through a com-
bination of intranasal and ocular infection routes. The
authors noted that while they demonstrated that SARS-
CoV-2 could enter the brain and replicate, viral antigen
was not identified in brain tissue.

Further research on reinfection and recrudescence is needed
Given the tens of millions of SARS-CoV-2 infections
worldwide to date, confirmed reinfections remain an
exceedingly rare occurrence. Although rare, publica-
tion of reinfections is biased toward the diagnosis of
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symptomatic cases, with asymptomatic cases likely
underreported [598]. Reasons for this are the testing
eligibility criteria and the lack of resources and rigor-
ous surveillance in many places, except for routine
community testing scenarios such as airports [612]
and healthcare settings [617].

In summary, while reinfection and recrudescence ap-
pear to be infrequent events, they cannot be dismissed
altogether as simple errors or sensitivity issues in current
diagnostic technologies. Distinguishing between reinfec-
tion and alternative phenomena is not easy and relies on
epidemiological analyses (including clinical case history
assessment) and virological data (nucleic acid amplifica-
tion testing and comparative genome analysis) to rule
out persistent viral RNA shedding and possibly recrudes-
cence. SARS-CoV-2 reinfection has yet largely unknown
implications for immunity. Therefore, further research is
warranted.

Conclusions

This comprehensive narrative review sits at the heart of
the science-policy interface, allows an interdisciplinary
approach to evidence synthesis, and facilitates step-by-
step engagement by readers. We compile and discuss
evidence that is useful for decision-makers to consider
in the context of a complex policy landscape with many
actors and competing priorities and risks. The unfolding
pandemic has raised conundrums for which there are no
straightforward yes/no answers or unequivocal solutions.
False dichotomies are pervasive and attractive—they
offer an escape from the unsettling complexity and en-
during uncertainty. Besides, faulty reasoning and
politicization of uncertainty and disagreement in science
preclude debating the merits of various positions and re-
futing the spurious claims. Uncertainties and complex-
ities are part and parcel of science, public health, and
several aspects of pathogen transmission, infection, and
disease. These aspects lie on a gradient of gray shades—
they are hardly binary, simple, or uniform, and should
not be framed as black or white.

Overstated and poor-quality science is harmful and
misinforms public health response and policy. In light of
the challenges surrounding the science-policy interface
for COVID-19, we caution against black-or-white messa-
ging, all-or-nothing guidance, and one-size-fits-all ap-
proaches. Subtleties and uncertainties should not be
portrayed as enemies but as allies of transparent and ac-
curate messaging, health literacy, critical thinking, and
credibility and legitimacy of health authorities. Contin-
ued efforts in countering misinformation and disinfor-
mation and promoting accuracy in social and mass
media are needed.

Public health thrives by providing nuanced guidance
that reflects trade-offs and uncertainty, while engaging
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the public in policy decisions. Culturally appropriate
public health communication, science-informed tailored
policies, and health journalism that reckon with shades
of gray, uncertainties, local contexts, and social determi-
nants are long overdue. As evidence continues to accrue
at an unparalleled pace, our understanding of SARS-
CoV-2 and COVID-19 evolves allowing policy
amendments.

Abbreviations

AGP: Aerosol-generating procedure; ASI: Asymptomatic SARS-CoV-2 infection;
BSL-3: Biosafety level 3; CDC: US Centers for Disease Control and Prevention;
COVID-19: Coronavirus disease 2019; Ct: Cycle threshold; FFR: Filtering
facepiece respirator; HCW: Healthcare worker; IPC: Infection prevention and
control; KDCA: Korea Disease Control and Prevention Agency; MERS: Middle
East respiratory syndrome; MIS-A: Multisystem inflammatory syndrome in
adults; MIS-C: Multisystem inflammatory syndrome in children; NPI: Non-
pharmaceutical intervention; PASC: Post-acute sequelae of COVID-19;

PFU: Plaque-forming unit; PM: Particulate matter; PPE: Personal protective
equipment; R: Basic reproduction number; RCT: randomized controlled trial;
gRT-PCR: quantitative reverse transcriptase-polymerase chain reaction;

SARS: Severe acute respiratory syndrome; SARS-CoV-2: Severe acute
respiratory syndrome coronavirus 2; SSE: Superspreading event;

TBP: Transmission-based precaution; TCIDs,: Median tissue culture infectious
dose; WHO: World Health Organization

Acknowledgments

We thank Angélica L. Cruz, BA for designing the Fig. 2 for this manuscript
and Gianina Flocco, MD (Cleveland Clinic, USA) for her comments on an
earlier draft. We also acknowledge Graham Martin, PhD (University of
Cambridge, UK), Emma B. Hodcroft, PhD (University of Bern, Switzerland)
Gregory J. Bix, MD, PhD (Tulane University School of Medicine, USA), Krutika
Kuppalli, MD (Medical University of South Carolina, USA), and Muge Cevik,
MD, MSc (University of St Andrews, UK) for helpful discussions on the topics
of this manuscript. All of them gave permission to add their names. This
article was first preprinted in August 2020 at https://osf.io/k2d84/ and was
continuously updated until publication date.

Authors’ contributions

KeE conceptualized the article, led the manuscript development, and was a
major contributor in the writing of all manuscript sections. ALR, 1IB, EJM, KaE,
JK, and SVP contributed to different sections of the first draft and
commented on all subsequent manuscript versions. Specifically, the
contributions of the authors were focused on the economic, sociological,
and anthropological aspects (EJM, KaE, KeE), preventive and public health
interventions (KeE, EJM), clinical and asymptomatic presentation (KeE, 11B),
transmission (KeE, ALR, SVP), and reinfection (KeE, JK). KaE designed Figs. 1, 3,
and 4 for this manuscript. All authors critically revised and agreed upon the
final version of this manuscript prior to submission and during peer-review.

Authors’ information

The authors have been permanently advocating public health messaging
and countering misinformation about COVID-19 via their social media plat-
forms. Their twitter handles are @KevinEscandonMD (KeE), @angie_
rasmussen (ALR), @Bogochlsaac (IIB), @EpiEllie (EJM), @KindrachukJason (JK),
and @SaskiaPopescu (SVP).

Funding
There was no funding associated with this review.

Availability of data and materials

All studies cited and discussed are peer-reviewed journal articles, preprints,
and media articles (gray literature) available in the public domain; some re-
quire the relevant database or journal/media subscriptions for access. All data
underlying the evidence synthesis of this study are included in the article.


https://osf.io/k2d84/
https://twitter.com/KevinEscandonMD
https://twitter.com/angie_rasmussen
https://twitter.com/angie_rasmussen
https://twitter.com/BogochIsaac
https://twitter.com/EpiEllie
https://twitter.com/KindrachukJason
https://twitter.com/SaskiaPopescu

Escandén et al. BMC Infectious Diseases (2021) 21:710

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Dr. Kevin Escandoén is a Senior Editorial Board Member for BMC Infectious
Diseases and Dr. Jason Kindrachuk is an Editorial Board Member for the Viral
Diseases section of BMC Infectious Diseases. These authors were not involved
in any of the decisions regarding review of the manuscript or its acceptance.
Three in-house Editors for the BMC Series and two anonymous expert re-
viewers assessed this manuscript. Dr. Isaac |. Bogoch has consulted for Blue-
Dot, a social benefit corporation that tracks the emergence of infectious
diseases, and for the National Hockey League Players’ Association. The other
authors declare no conflicts of interest. The authors confirm that they have
read BMC's guidance on competing interests. Views expressed here are solely
those of the authors and do not represent the position or policy of any insti-
tution or organization.

Author details

'School of Medicine, Universidad del Valle, Cali, Colombia. “Vaccine and
Infectious Disease Organization, University of Saskatchewan, Saskatoon,
Canada. *Georgetown Center for Global Health Science and Security,
Georgetown University, Washington, DC, USA. “Division of Infectious
Diseases, University of Toronto, Toronto General Hospital, Toronto, Canada.
®Department of Epidemiology, Boston University School of Public Health,
Boston, USA. ®Department of Anthropology, Universidad Nacional de
Colombia, Bogotd, Colombia. ’Schar School of Policy and Government,
George Mason University, Fairfax, VA, USA. ®Department of Medical
Microbiology and Infectious Diseases, University of Manitoba, Winnipeg,
Canada.

Received: 1 December 2020 Accepted: 24 June 2021
Published online: 27 July 2021

References

1. Johns Hopkins University. Coronavirus Resource Center. https;//coronavirus.
jhuedu/. Accessed 1 July 2021.

2. World Health Organization. Novel coronavirus (2019-nCoV). Situation report
13. 2020. https://apps.who.int/iris/handle/10665/330778. Accessed 10 Apr
2020.

3. Zarocostas J. How to fight an infodemic. Lancet. 2020;395(10225):676.
https://doi.org/10.1016/50140-6736(20)30461-X.

4. Roozenbeek J, Schneider CR, Dryhurst S, Kerr J, Freeman ALJ, Recchia G,
et al. Susceptibility to misinformation about COVID-19 around the world. R
Soc Open Sci. 2020;7(10):201199. https://doi.org/10.1098/rs05.201199.

5. van der Linden S, Roozenbeek J, Compton J. Inoculating against fake news
about COVID-19. Front Psychol. 2020;11:566790. https://doi.org/10.3389/
fpsyg.2020.566790.

6.  Caulfield T. Pseudoscience and COVID-19 — we've had enough already.
Nature. 2020 (Epub ahead of print). https://doi.org/10.1038/d41586-020-012
66-2.

7. Ferrer S. La polarizacién politica y social amenaza la lucha contra la
pandemia: Agencia SING 2020. https://www.agenciasinc.es/Reportajes/La-
polarizacion-politica-y-social-amenaza-la-lucha-contra-la-pandemia. Accessed
24 Oct 2020.

8. Bavli |, Sutton B, Galea S. Harms of public health interventions against covid-
19 must not be ignored. BMJ. 2020;371:m4074. https://doi.org/10.1136/bm).
m4074.

9. Bhopal R, Munro APS. Scholarly communications harmed by covid-19. BMJ.
2021;372:n742. https://doi.org/10.1136/bmj.n742.

10. Hart PS, Chinn S, Soroka S. Politicization and polarization in COVID-19 news
coverage. Sci Commun. 2020;42(5):679-97. https://doi.org/10.1177/107554
7020950735.

11, Pattillo A. COVID-19: Experts explain why you should embrace uncertainty:
Inverse; 2020. https://www.inverse.com/mind-body/how-to-stop-
overthinking-covid19. Accessed 7 Sept 2020.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 31 of 47

Simpkin AL, Schwartzstein RM. Tolerating uncertainty — The next medical
revolution? N Engl J Med. 2016;375(18):1713-5. https.//doi.org/10.1056/
NEJMp1606402.

Scheufele DA, Krause NM. Science audiences, misinformation, and fake
news. Proc Natl Acad Sci. 2019;116(16):7662-9. https.//doi.org/10.1073/pna
5.1805871115.

Garrett RK. The “echo chamber” distraction: Disinformation campaigns are
the problem, not audience fragmentation. J Appl Res Mem Cogn. 2017;6(4):
370-6. https.//doi.org/10.1016/jjarmac.2017.09.011.

Garrett RK. Two steps to fight the spread of misinformation during a crisis.
2020. Medium. https://medium.com/swih/before-you-share-slow-down-and-
search-9467294274ee. Accessed 30 Mar 2020.

Islam MS, Sarkar T, Khan SH, Mostofa Kamal A-H, Hasan SMM, Kabir A, et al.
COVID-19-related infodemic and its impact on public health: A global social
media analysis. Am J Trop Med Hyg. 2020;103(4):1621-9. https.//doi.org/1
0.4269/ajtmh.20-0812.

Zagury-Orly |, Schwartzstein RM. Covid-19 — A reminder to reason. N Engl J
Med. 2020;383(3):e12. https://doi.org/10.1056/NEJMp2009405.

Davey Smith G, Blastland M, Munafo M. Covid-19's known unknowns. BMJ.
2020;371:m3979. https://doi.org/10.1136/bmj.m3979.

Lee C, Yang T, Inchoco GD, Jones GM, Satyanarayan A. Viral visualizations:
How coronavirus skeptics use orthodox data practices to promote
unorthodox science online. Proc 2021 CHI Conf Hum Factors Comput Syst.
2021:607. https://doi.org/10.1145/3411764.3445211.

van der Bles AM, van der Linden S, Freeman ALJ, Spiegelhalter DJ. The
effects of communicating uncertainty on public trust in facts and numbers.
Proc Natl Acad Sci. 2020;117(14):7672-83. https://doi.org/10.1073/pnas.1913
678117.

Fischhoff B, Davis AL. Communicating scientific uncertainty. Proc Natl Acad
Sci U'S A 2014;111(Suppl 4):13664-71. https://doi.org/10.1073/pnas.131
7504111,

Sarkki S, Niemela J, Tinch R, van den Hove S, Watt A, Young J. Balancing
credibility, relevance and legitimacy: A critical assessment of trade-offs in
science-policy interfaces. Sci Public Policy. 2014;41(2):194-206. https://doi.
0rg/10.1093/scipol/sct046.

Murray EJ. Epidemiology’s time of need: COVID-19 calls for epidemic-related
economics. J Econ Perspect. 2020;34(4):105-20. https://doi.org/10.1257/
jep.344.105.

Martin G, Hanna E. Beyond “following the science”: increased interest in
scientific debate is a chance to create better dialogue between scientists
and society. 2020. https://blogs.lse.ac.uk/politicsandpolicy/science-society-
covid19/. Accessed 30 Nov 2020.

Prasad V, Sri BS, Gaitonde R. Bridging a false dichotomy in the COVID-19
response: a public health approach to the ‘lockdown’ debate. BMJ Glob
Health. 2020;5(6):2002909. https://doi.org/10.1136/bmjgh-2020-002909.
McKee M, Stuckler D. If the world fails to protect the economy, COVID-19
will damage health not just now but also in the future. Nat Med. 2020,26(5):
640-2. https://doi.org/10.1038/541591-020-0863-y.

Douglas M, Katikireddi SV, Taulbut M, McKee M, McCartney G. Mitigating the
wider health effects of covid-19 pandemic response. BMJ. 2020,369:m1557.
https://doi.org/10.1136/bmj.m1557.

Cevik M, Marcus JL, Buckee C, Smith TC. SARS-CoV-2 transmission dynamics
should inform policy. Clin Infect Dis. 2020 (Epub ahead of print). https.//doi.
0rg/10.1093/cid/ciaal442.

Marcus J. Quarantine fatigue is real. 2020. The Atlantic. https://www.theatla
ntic.com/ideas/archive/2020/05/quarantine-fatigue-real-and-shaming-
people-wont-help/611482/. Accessed 20 May 2020.

Haug N, Geyrhofer L, Londei A, Dervic E, Desvars-Larrive A, Loreto V, et al.
Ranking the effectiveness of worldwide COVID-19 government
interventions. Nat Hum Behav. 2020;4(12):1303-12. https://doi.org/10.1038/
$41562-020-01009-0.

Honein MA, Christie A, Rose DA, Brooks JT, Meaney-Delman D, Cohn A,

et al. Summary of guidance for public health strategies to address high
levels of community transmission of SARS-CoV-2 and related deaths,
December 2020. MMWR Morb Mortal Wkly Rep. 2020,69(49):1860-7. https.//
doi.org/10.15585/mmwr.mm6949e2.

World Health Organization. Roadmap to improve and ensure good indoor
ventilation in the context of COVID-19. 2021. https://www.who.int/publica
tions/i/item/9789240021280. Accessed 30 Mar 2021.

Halperin DT, Hearst N, Hodgins S, Bailey RC, Klausner JD, Jackson H, et al.
Revisiting COVID-19 policies: 10 evidence-based recommendations for


https://coronavirus.jhu.edu/
https://coronavirus.jhu.edu/
https://apps.who.int/iris/handle/10665/330778
https://doi.org/10.1016/S0140-6736(20)30461-X
https://doi.org/10.1098/rsos.201199
https://doi.org/10.3389/fpsyg.2020.566790
https://doi.org/10.3389/fpsyg.2020.566790
https://doi.org/10.1038/d41586-020-01266-z
https://doi.org/10.1038/d41586-020-01266-z
https://www.agenciasinc.es/Reportajes/La-polarizacion-politica-y-social-amenaza-la-lucha-contra-la-pandemia
https://www.agenciasinc.es/Reportajes/La-polarizacion-politica-y-social-amenaza-la-lucha-contra-la-pandemia
https://doi.org/10.1136/bmj.m4074
https://doi.org/10.1136/bmj.m4074
https://doi.org/10.1136/bmj.n742
https://doi.org/10.1177/1075547020950735
https://doi.org/10.1177/1075547020950735
https://www.inverse.com/mind-body/how-to-stop-overthinking-covid19
https://www.inverse.com/mind-body/how-to-stop-overthinking-covid19
https://doi.org/10.1056/NEJMp1606402
https://doi.org/10.1056/NEJMp1606402
https://doi.org/10.1073/pnas.1805871115
https://doi.org/10.1073/pnas.1805871115
https://doi.org/10.1016/j.jarmac.2017.09.011
https://medium.com/swlh/before-you-share-slow-down-and-search-9467294274ee
https://medium.com/swlh/before-you-share-slow-down-and-search-9467294274ee
https://doi.org/10.4269/ajtmh.20-0812
https://doi.org/10.4269/ajtmh.20-0812
https://doi.org/10.1056/NEJMp2009405
https://doi.org/10.1136/bmj.m3979
https://doi.org/10.1145/3411764.3445211
https://doi.org/10.1073/pnas.1913678117
https://doi.org/10.1073/pnas.1913678117
https://doi.org/10.1073/pnas.1317504111
https://doi.org/10.1073/pnas.1317504111
https://doi.org/10.1093/scipol/sct046
https://doi.org/10.1093/scipol/sct046
https://doi.org/10.1257/jep.34.4.105
https://doi.org/10.1257/jep.34.4.105
https://blogs.lse.ac.uk/politicsandpolicy/science-society-covid19/
https://blogs.lse.ac.uk/politicsandpolicy/science-society-covid19/
https://doi.org/10.1136/bmjgh-2020-002909
https://doi.org/10.1038/s41591-020-0863-y
https://doi.org/10.1136/bmj.m1557
https://doi.org/10.1093/cid/ciaa1442
https://doi.org/10.1093/cid/ciaa1442
https://www.theatlantic.com/ideas/archive/2020/05/quarantine-fatigue-real-and-shaming-people-wont-help/611482/
https://www.theatlantic.com/ideas/archive/2020/05/quarantine-fatigue-real-and-shaming-people-wont-help/611482/
https://www.theatlantic.com/ideas/archive/2020/05/quarantine-fatigue-real-and-shaming-people-wont-help/611482/
https://doi.org/10.1038/s41562-020-01009-0
https://doi.org/10.1038/s41562-020-01009-0
https://doi.org/10.15585/mmwr.mm6949e2
https://doi.org/10.15585/mmwr.mm6949e2
https://www.who.int/publications/i/item/9789240021280
https://www.who.int/publications/i/item/9789240021280

Escandon et al. BMC Infectious Diseases

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

(2021) 21:710

where to go from here: Preprint at OSF Preprints; 2021. https.//doi.org/1
0.31219/osf.io/nrvtf.

Roberts S. The Swiss Cheese Model of pandemic defense: The New York
Times; 2020. https;//www.nytimes.com/2020/12/05/health/coronavirus-
swiss-cheese-infection-mackay.html. Accessed 15 Dec 2020

Althouse BM, Wenger EA, Miller JC, Scarpino SV, Allard A, Hébert-Dufresne L,
et al. Superspreading events in the transmission dynamics of SARS-CoV-2:
Opportunities for interventions and control. PLOS Biol. 2020;18(11):
€3000897. https://doi.org/10.1371/journal.pbio.3000897.

Qian H, Miao T, Liu L, Zheng X, Luo D, Li Y. Indoor transmission of SARS-
CoV-2. Indoor Air. 2021;31(3):639-45. https://doi.org/10.1111/ina.12766.
Lakha F, Rudge JW, Holt H. Rapid synthesis of evidence on settings which
have been associated with SARS-CoV-2 transmission clusters. 2020. https://
superspreadingdatabase.github.io/Evidence_on_clusters_final.pdf. Accessed
10 Sep 2020.

Kutscher E, Greene RE. A harm-reduction approach to coronavirus disease
2019 (COVID-19)—safer socializing. JAMA Health Forum. 2020;1(6):e200656.
https://doi.org/10.1001/jamahealthforum.2020.0656.

Slater SJ, Christiana RW, Gustat J. Recommendations for keeping parks and
green space accessible for mental and physical health during COVID-19 and
other pandemics. Prev Chronic Dis. 2020;17(E59):200204. https.//doi.org/10.
5888/pcd17.200204.

Weed M, Foad A. Rapid scoping review of evidence of outdoor transmission
of COVID-19: Preprint at medRxiv; 2020. https://doi.org/10.1101/2020.09.04.2
0188417.

Meyerowitz EA, Richterman A, Bogoch II, Low N, Cevik M. Towards an
accurate and systematic characterisation of persistently asymptomatic
infection with SARS-CoV-2. Lancet Infect Dis. 2020,280(7506):717. https://doi.
0rg/10.1016/51473-3099(20)30837-9.

Buitrago-Garcia D, Egli-Gany D, Counotte MJ, Hossmann S, Imeri H, Ipekci
AM, et al. Occurrence and transmission potential of asymptomatic and
presymptomatic SARS-CoV-2 infections: A living systematic review and
meta-analysis. PLOS Med. 2020;17(9):e1003346. https://doi.org/10.1371/
journal.pmed.1003346.

Walsh KA, Jordan K, Clyne B, Rohde D, Drummond L, Byrne P, et al. SARS-
CoV-2 detection, viral load and infectivity over the course of an infection. J
Infect. 2020;81(3):357-71. https.//doi.org/10.1016/}jinf.2020.06.067.

Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV-2, SARS-
CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and
infectiousness: a systematic review and meta-analysis. Lancet Microbe. 2021;
2(1):e13-22. https//doi.org/10.1016/52666-5247(20)30172-5.

Qiu X, Nergiz Al, Maraolo AE, Bogoch II, Low N, Cevik M. The role of
asymptomatic and pre-symptomatic infection in SARS-CoV-2
transmission—a living systematic review. Clin Microbiol Infect. 2021,27(4):
511-9. https://doi.org/10.1016/j.cmi.2021.01.011.

Meyerowitz EA, Richterman A, Gandhi RT, Sax PE. Transmission of SARS-CoV-
2: A review of viral, host, and environmental factors. Ann Intern Med. 2021;
174(1):69-79. https://doi.org/10.7326/M20-5008.

Klompas M, Baker MA, Rhee C. Airborne transmission of SARS-CoV-2. JAMA.
2020;172(11):766~7. https;//doi.org/10.1001/jama.2020.12458.

Zhang XS, Duchaine C. SARS-CoV-2 and health care worker protection in
low-risk settings: A review of modes of transmission and a novel airborne
model involving inhalable particles. Clin Microbiol Rev. 2020;34(1):e00184-
20. https://doi.org/10.1128/CMR.00184-20.

Leung NHL. Transmissibility and transmission of respiratory viruses. Nat Rev
Microbiol. 2021 (Epub ahead of print). https://doi.org/10.1038/541579-021-
00535-6.

US Centers for Disease Control and Prevention. Scientific brief: SARS-CoV-2
transmission. 2021. https://www.cdc.gov/coronavirus/2019-ncov/science/
science-briefs/sars-cov-2-transmission.html. Accessed 8 May 2021.

Goldman E. Exaggerated risk of transmission of COVID-19 by fomites. Lancet
Infect Dis. 2020;20(8):892-3. https.//doi.org/10.1016/51473-3099(20)30561-2.
World Health Organization. Coronavirus disease (COVID-19): How is it
transmitted? 2021. https//www.who.int/news-room/q-a-detail/coronavirus-
disease-covid-19-how-is-it-transmitted. Accessed 1 May 2021.

Ricco M, Ranzieri S, Balzarini F, Bragazzi NL, Corradi M. SARS-CoV-2 infection
and air pollutants: Correlation or causation? Sci Total Environ. 2020;734:
139489. https://doi.org/10.1016/j.scitotenv.2020.139489.

Kahn R. Masks, culture wars, and public health expertise: Confessions of a
mask “expert”: Preprint at SSRN; 2020. https://ssrn.com/abstract=3644610

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

Page 32 of 47

World Health Organization. Mask use in the context of COVID-19: Interim
guidance. 2020. https://apps.who.int/iris/handle/10665/337199. Accessed 30
Jan 2021.

Hanna ES, Dingwall R, McCartney M, West R, Townsend E, Cassell J, et al.
Sociocultural reflections on face coverings must not ignore the negative
consequences. BMJ. 2020;370:m3782. https://doi.org/10.1136/bmj.m3782.
Escanddn K, Martin GP, Kuppalli K, Escanddn K. Appropriate usage of face
masks to prevent SARS-CoV-2: Sharpening the messaging amid the COVID-
19 pandemic. Disaster Med Public Health Prep. 2020 (Epub ahead of print).
https://doi.org/10.1017/dmp.2020.336.

US Centers for Disease Control and Prevention. Science brief: Community
use of cloth masks to control the spread of SARS-CoV-2. 2021. https.//www.
cdc.gov/coronavirus/2019-ncov/more/masking-science-sars-cov2.html.
Accessed 10 May 2021.

Bakhit M, Krzyzaniak N, Scott AM, Clark J, Glasziou P, Del Mar C. Downsides
of face masks and possible mitigation strategies: a systematic review and
meta-analysis. BMJ Open. 2021;11(2):e044364. https://doi.org/10.1136/
bmjopen-2020-044364.

Rasmussen AL, Escandon K, Popescu SV. Facial masking for Covid-19. N Engl
J Med. 2020;383(21):2092. https://doi.org/10.1056/NEJMc2030886.

Vitale J, Mumoli N, Clerici P, De Paschale M, Evangelista |, Cei M, et al.
Assessment of SARS-CoV-2 reinfection 1 year after primary infection in a
population in Lombardy, Italy. JAMA Intern Med. 2021;384(6):533-40. https//
doi.org/10.1001/jamainternmed.2021.2959.

Babiker A, Marvil CE, Waggoner JJ, Collins MH, Piantadosi A. The importance
and challenges of identifying SARS-CoV-2 reinfections. J Clin Microbiol.
2021,59(4):e02769-20. https//doi.org/10.1128/JCM.02769-20.

Boyton RJ, Altmann DM. Risk of SARS-CoV-2 reinfection after natural
infection. Lancet. 2021,397(10280):1161-3. https.//doi.org/10.1016/50140-673
6(21)00662-0.

Hansen CH, Michlmayr D, Gubbels SM, Malbak K, Ethelberg S. Assessment of
protection against reinfection with SARS-CoV-2 among 4 million PCR-tested
individuals in Denmark in 2020: a population-level observational study.
Lancet. 2021;397(10280):1204-12. https://doi.org/10.1016/5S0140-6736(21
)00575-4.

Gousseff M, Penot P, Gallay L, Batisse D, Benech N, Bouiller K; et al. Clinical
recurrences of COVID-19 symptoms after recovery: Viral relapse, reinfection
or inflammatory rebound? J Infect. 2020;81(5):816-46. https://doi.org/10.101
6/}.inf.2020.06.073.

Dave D, Friedson A, Matsuzawa K, Sabia J, Safford S. Black lives matter
protests and risk avoidance: The case of civil unrest during a pandemic. Natl
Bureau Econ Res. 2020. https://doi.org/10.3386/w27408.

Resnick B. Police brutality is a public health crisis: Vox; 2020. https://www.
vox.com/science-and-health/2020/6/1/21276828/pandemic-protests-police-
public-health-black-lives-matter. Accessed 7 June 2020

Lazer D, Santillana M, Perlis RH, Ognyanova K, Baum MA, Druckman J, et al.
The state of the nation: A 50-state COVID-19 survey. Report #10: The
pandemic and the protests. 2020. https://kateto.net/covid 19/COVID19%2
0CONSORTIUM9%20REPORT%2010%20PROTEST%20AUGUST%202020.pdf.
Accessed 1 May 2021.

Brown EA. COVID-19: Racism s like that. Health Equity. 2020;4(1):443-5.
https://doi.org/10.1089/heq.2020.0063.

International Monetary Fund. World economic outlook, October 2020: A
long and difficult ascent. 2020. https://www.imf.org/en/Publications/WEO/
Issues/2020/09/30/world-economic-outlook-october-2020. Accessed 1 May
2021.

Hasell J. Which countries have protected both health and the economy in
the pandemic. Our World in Data. 2020. https://ourworldindata.org/covid-
health-economy. Accessed 10 Sep 2020.

Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month
neurological and psychiatric outcomes in 236 379 survivors of COVID-
19: a retrospective cohort study using electronic health records. Lancet
Psychiatry. 2021;8(5):416-27. https://doi.org/10.1016/52215-0366(21
)00084-5.

Adams-Prass| A, Boneva T, Golin M, Rauh C. Inequality in the impact of the
coronavirus shock: Evidence from real time surveys. J Public Econ. 2020;
189(13183):104245. https://doi.org/10.1016/jjpubeco.2020.104245.

Ahmed F, Ahmed N, Pissarides C, Stiglitz J. Why inequality could spread
COVID-19. Lancet Public Health. 2020;5(5):e240. https://doi.org/10.1016/524
68-2667(20)30085-2.


https://doi.org/10.31219/osf.io/nrvtf
https://doi.org/10.31219/osf.io/nrvtf
https://www.nytimes.com/2020/12/05/health/coronavirus-swiss-cheese-infection-mackay.html
https://www.nytimes.com/2020/12/05/health/coronavirus-swiss-cheese-infection-mackay.html
https://doi.org/10.1371/journal.pbio.3000897
https://doi.org/10.1111/ina.12766
https://superspreadingdatabase.github.io/Evidence_on_clusters_final.pdf
https://superspreadingdatabase.github.io/Evidence_on_clusters_final.pdf
https://doi.org/10.1001/jamahealthforum.2020.0656
https://doi.org/10.5888/pcd17.200204
https://doi.org/10.5888/pcd17.200204
https://doi.org/10.1101/2020.09.04.20188417
https://doi.org/10.1101/2020.09.04.20188417
https://doi.org/10.1016/S1473-3099(20)30837-9
https://doi.org/10.1016/S1473-3099(20)30837-9
https://doi.org/10.1371/journal.pmed.1003346
https://doi.org/10.1371/journal.pmed.1003346
https://doi.org/10.1016/j.jinf.2020.06.067
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1016/j.cmi.2021.01.011
https://doi.org/10.7326/M20-5008
https://doi.org/10.1001/jama.2020.12458
https://doi.org/10.1128/CMR.00184-20
https://doi.org/10.1038/s41579-021-00535-6
https://doi.org/10.1038/s41579-021-00535-6
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/sars-cov-2-transmission.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/sars-cov-2-transmission.html
https://doi.org/10.1016/S1473-3099(20)30561-2
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted
https://doi.org/10.1016/j.scitotenv.2020.139489
https://ssrn.com/abstract=3644610
https://apps.who.int/iris/handle/10665/337199
https://doi.org/10.1136/bmj.m3782
https://doi.org/10.1017/dmp.2020.336
https://www.cdc.gov/coronavirus/2019-ncov/more/masking-science-sars-cov2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/masking-science-sars-cov2.html
https://doi.org/10.1136/bmjopen-2020-044364
https://doi.org/10.1136/bmjopen-2020-044364
https://doi.org/10.1056/NEJMc2030886
https://doi.org/10.1001/jamainternmed.2021.2959
https://doi.org/10.1001/jamainternmed.2021.2959
https://doi.org/10.1128/JCM.02769-20
https://doi.org/10.1016/S0140-6736(21)00662-0
https://doi.org/10.1016/S0140-6736(21)00662-0
https://doi.org/10.1016/S0140-6736(21)00575-4
https://doi.org/10.1016/S0140-6736(21)00575-4
https://doi.org/10.1016/j.jinf.2020.06.073
https://doi.org/10.1016/j.jinf.2020.06.073
https://doi.org/10.3386/w27408
https://www.vox.com/science-and-health/2020/6/1/21276828/pandemic-protests-police-public-health-black-lives-matter
https://www.vox.com/science-and-health/2020/6/1/21276828/pandemic-protests-police-public-health-black-lives-matter
https://www.vox.com/science-and-health/2020/6/1/21276828/pandemic-protests-police-public-health-black-lives-matter
https://kateto.net/covid19/COVID19%20CONSORTIUM%20REPORT%2010%20PROTEST%20AUGUST%202020.pdf
https://kateto.net/covid19/COVID19%20CONSORTIUM%20REPORT%2010%20PROTEST%20AUGUST%202020.pdf
https://doi.org/10.1089/heq.2020.0063
https://www.imf.org/en/Publications/WEO/Issues/2020/09/30/world-economic-outlook-october-2020
https://www.imf.org/en/Publications/WEO/Issues/2020/09/30/world-economic-outlook-october-2020
https://ourworldindata.org/covid-health-economy
https://ourworldindata.org/covid-health-economy
https://doi.org/10.1016/S2215-0366(21)00084-5
https://doi.org/10.1016/S2215-0366(21)00084-5
https://doi.org/10.1016/j.jpubeco.2020.104245
https://doi.org/10.1016/S2468-2667(20)30085-2
https://doi.org/10.1016/S2468-2667(20)30085-2

Escandon et al. BMC Infectious Diseases

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

(2021) 21:710

Webb Hooper M, Napoles AM, Pérez-Stable EJ. COVID-19 and racial/ethnic
disparities. JAMA. 2020;323(24):2466. https://doi.org/10.1001/jama.2020.8598.
Weill JA, Stigler M, Deschenes O, Springborn MR. Social distancing
responses to COVID-19 emergency declarations strongly differentiated by
income. Proc Natl Acad Sci. 2020;117(33):19658-60. https://doi.org/10.1073/
pnas.2009412117.

Barocas J, Gandhi M. Harm reduction principles can help us restore trust in
public health messaging on covid-19. BMJ Opin. 2020; https://blogs.bm.
com/bmj/2020/12/15/harm-reduction-principles-can-help-us-restore-trust-in-
public-health-messaging-on-covid-19/. Accessed 8 Mar 2021.

Imai N, Gaythorpe KAM, Abbott S, Bhatia S, van Elsland S, Prem K, et al.
Adoption and impact of non-pharmaceutical interventions for COVID-19.
Wellcome Open Res. 2020;5:59. https://doi.org/10.12688/wellcomeopenres.1
5808.1.

Scally G, Jacobson B, Abbasi K. The UK's public health response to covid-19.
BMJ. 2020;369:m1932. https://doi.org/10.1136/bmj.m1932.

Gottlieb S, Rivers C, McClellan MB, Silvis L, Watson C. National coronavirus
response: A road map to reopening: American Enterprise Institute; 2020.
https://www.aei.org/research-products/report/national-coronavirus-
response-a-road-map-to-reopening/. Accessed 3 Apr 2020

Althoff KN, Coburn SB, Nash D. Contact tracing: Essential to the public
health response and our understanding of the epidemiology of coronavirus
disease 2019. Clin Infect Dis. 2020;71(8):1960-1. https://doi.org/10.1093/cid/
ciaa757.

Lenzer J. Covid-19: Group of UK and US experts argues for “focused
protection” instead of lockdowns. BMJ. 2020;371:m3908. https://doi.org/1
0.1136/bmj.m3908.

Alwan NA, Burgess RA, Ashworth S, Beale R, Bhadelia N, Bogaert D, et al.
Scientific consensus on the COVID-19 pandemic: we need to act now.
Lancet. 2020,396(10260):e71-2. https://doi.org/10.1016/S0140-6736(20)321
53-X.

Archer SL. 5 failings of the Great Barrington Declaration’s dangerous plan for
COVID-19 natural herd immunity. 2020. The Conversation. https://theconversa
tion.com/5-failings-of-the-great-barrington-declarations-dangerous-plan-for-
covid-19-natural-herd-immunity-148975. Accessed 10 Nov 2020.

Aschwanden C. The false promise of herd immunity for COVID-19. Nature.
2020;587(7832):26-8. https://doi.org/10.1038/d41586-020-02948-4.
Rasmussen AL. Vaccination is the only acceptable path to herd immunity.
Med. 2020;1(1):21-3. https://doi.org/10.1016/j.med;].2020.12.004.

Omer SB, Yildirim I, Forman HP. Herd immunity and implications for SARS-
CoV-2 control. JAMA. 2020;324(20):2095. https://doi.org/10.1001/jama.2020.2
0892.

Baral S, Rao A, Twahirwa Rwema JO, Lyons C, Cevik M, Kagesten AE, et al.
Competing health risks associated with the COVID-19 pandemic and
response: A scoping review: Preprint at medRxiv; 2021. https://doi.org/10.11
01/2021.01.07.21249419.

Piper K. The devastating consequences of coronavirus lockdowns in
poor countries. Vox. 2020; https://www.vox.com/future-perfect/2020/4/1
8/21212688/coronavirus-lockdowns-developing-world. Accessed 1 Sept
2020.

Pfefferbaum B, North CS. Mental health and the Covid-19 pandemic. N Engl
J Med. 2020;383(6):510-2. https://doi.org/10.1056/NEJMp2008017.

Gunnell D, Appleby L, Arensman E, Hawton K, John A, Kapur N, et al.
Suicide risk and prevention during the COVID-19 pandemic. Lancet
Psychiatry. 2020;7(6):468-71. https.//doi.org/10.1016/52215-0366(20)30171-1.
Ghosh R, Dubey MJ, Chatterjee S, Dubey S. Impact of COVID -19 on
children: special focus on the psychosocial aspect. Minerva Pediatr. 2020;
72(3):226-35. https://doi.org/10.23736/50026-4946.20.05887-9.

Marques ES, de Moraes CL, Hasselmann MH, Deslandes SF, Reichenheim ME.

Violence against women, children, and adolescents during the COVID-19
pandemic: overview, contributing factors, and mitigating measures. Cad
Saude Publica. 2020;36(4):e00074420. https://doi.org/10.1590/0102-311
X00074420.

Dinleyici EC, Borrow R, Safadi MAP, van Damme P, Munoz FM. Vaccines and
routine immunization strategies during the COVID-19 pandemic. Hum
Vaccin Immunother. 2021;17(2):400-7. https://doi.org/10.1080/21645515.202
0.1804776.

Townsend JW, ten Hoope-Bender P, Sheffield J. In the response to COVID-
19, we can't forget health system commitments to contraception and
family planning. Int J Gynecol Obstet. 2020;150(3):273-4. https://doi.org/10.1
002/ijgo.13226.

96.

97.

98.

99.

100.

105.

106.

108.

112.

115.

116.

~

Page 33 of 47

Chang AY, Cullen MR, Harrington RA, Barry M. The impact of novel
coronavirus COVID-19 on noncommunicable disease patients and health
systems: a review. J Intern Med. 2021;289(4):450-62. https://doi.org/10.1111/
joim.13184.

Sharpless NE. COVID-19 and cancer. Science. 2020;368(6497):1290. https://
doi.org/10.1126/science.abd3377.

Hogan AB, Jewell BL, Sherrard-Smith E, Vesga JF, Watson OJ, Whittaker C,
et al. Potential impact of the COVID-19 pandemic on HIV, tuberculosis, and
malaria in low-income and middle-income countries: a modelling study.
Lancet Glob Health. 2020;8(9):e1132-41. https://doi.org/10.1016/S2214-1
09X(20)30288-6.

The Global Fund. The impact of COVID-19 on HIV, TB and malaria services
and systems for health: A snapshot from 502 health facilities across Africa
and Asia. 2021. https.//www.theglobalfund.org/en/updates/other-updates/2
021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-
systems-for-health/. Accessed 8 May 2021.

Rubin R. Building an “Army of Disease Detectives” to Trace COVID-19
Contacts. JAMA. 2020;323(23):2357-60. https://doi.org/10.1001/jama.2020.
8880.

. Bo Y, Guo G Lin C, Zeng Y, Li HB, Zhang Y, et al. Effectiveness of non-

pharmaceutical interventions on COVID-19 transmission in 190 countries
from 23 January to 13 April 2020. Int J Infect Dis. 2021;102:247-53. https://
doi.org/10.1016/}.ijid.2020.10.066.

. Mathieu E, Ritchie H, Ortiz-Ospina E, Roser M, Hasell J, Appel C, et al. A

global database of COVID-19 vaccinations. Nat Hum Behav. 2021 (Epub
ahead of print). https://doi.org/10.1038/541562-021-01122-8.

. World Health Organization. Weekly epidemiological update on COVID-19 -

29 June 2021. Edition 46. 2021. https://www.who.int/publications/m/item/
weekly-epidemiological-update-on-covid-19---29-june-2021. Accessed 30
June 2021.

. TasteAtlas. Top 10 most popular Swiss cheeses. 2021. https//www.tasteatlas.

com/most-popular-cheeses-in-switzerland. Accessed 1 May 2021.

Reason J. Human error: models and management. BMJ. 2000;320(7237).768-
70. https.//doi.org/10.1136/bmj.320.7237.768.

Larouzee J, Le Coze J-C. Good and bad reasons: The Swiss cheese model
and its critics. Saf Sci. 2020;126:104660. https://doi.org/10.1016/j.55¢i.2020.104
660.

. European Organisation for the Safety of Air Navigation (EUROCONTROL).

Revisiting the “Swiss Cheese” model of accidents. 2006. https://www.
eurocontrolint/publication/revisiting-swiss-cheese-model-accidents.
Accessed 10 Jan 2021.

Cleveland Clinic. Return to work amid COVID-19. A Cleveland Clinic guide
for healthcare providers. http://clevelandclinic.org/covid19atwork. Accessed
15 Dec 2020.

. Sketchplanations. The Swiss cheese model. 2020. https://sketchplanations.

com/the-swiss-cheese-model. Accessed 15 Dec 2020.

. Mackay IM. The Swiss cheese infographic that went viral. 2020. Virology

Down Under. https://virologydownunder.com/the-swiss-cheese-infographic-
that-went-viral/. Accessed 3 Jan 2021.

. Popescu SV. Swiss Cheese Model — How infection prevention really works.

Infect Contr Today. 2021;25(1):20-2 https.//www.infectioncontroltoday.com/
view/wiss-cheese-model-how-infection-prevention-really-works.

Adam DC, Wu P, Wong JY, Lau EHY, Tsang TK, Cauchemez S, et al. Clustering
and superspreading potential of SARS-CoV-2 infections in Hong Kong. Nat
Med. 2020;26(11):1714-9. https//doi.org/10.1038/541591-020-1092-0.

. Endo A, Abbott S, Kucharski AJ, Funk S. Estimating the overdispersion in

COVID-19 transmission using outbreak sizes outside China. Wellcome Open
Res. 2020;5:67. https://doi.org/10.12688/wellcomeopenres.15842.3.

. BiQ Wu Y, Mei S, Ye C, Zou X, Zhang Z, et al. Epidemiology and

transmission of COVID-19 in 391 cases and 1286 of their close contacts in
Shenzhen, China: a retrospective cohort study. Lancet Infect Dis. 2020,20(8):
911-9. https.//doi.org/10.1016/51473-3099(20)30287-5.

Riou J, Althaus CL. Pattern of early human-to-human transmission of Wuhan
2019 novel coronavirus (2019-nCoV), December 2019 to January 2020.
Eurosurveillance. 2020;25(4):2000058. https://doi.org/10.2807/1560-7917 .ES.2
020.25.4.2000058.

Miller D, Martin MA, Harel N, Tirosh O, Kustin T, Meir M, et al. Full genome
viral sequences inform patterns of SARS-CoV-2 spread into and within Israel.
Nat Commun. 2020;11(1):5518. https://doi.org/10.1038/541467-020-19248-0.

. Lemieux JE, Siddle KJ, Shaw BM, Loreth C, Schaffner SF, Gladden-Young A,

et al. Phylogenetic analysis of SARS-CoV-2 in Boston highlights the impact


https://doi.org/10.1001/jama.2020.8598
https://doi.org/10.1073/pnas.2009412117
https://doi.org/10.1073/pnas.2009412117
https://blogs.bmj.com/bmj/2020/12/15/harm-reduction-principles-can-help-us-restore-trust-in-public-health-messaging-on-covid-19/
https://blogs.bmj.com/bmj/2020/12/15/harm-reduction-principles-can-help-us-restore-trust-in-public-health-messaging-on-covid-19/
https://blogs.bmj.com/bmj/2020/12/15/harm-reduction-principles-can-help-us-restore-trust-in-public-health-messaging-on-covid-19/
https://doi.org/10.12688/wellcomeopenres.15808.1
https://doi.org/10.12688/wellcomeopenres.15808.1
https://doi.org/10.1136/bmj.m1932
https://www.aei.org/research-products/report/national-coronavirus-response-a-road-map-to-reopening/
https://www.aei.org/research-products/report/national-coronavirus-response-a-road-map-to-reopening/
https://doi.org/10.1093/cid/ciaa757
https://doi.org/10.1093/cid/ciaa757
https://doi.org/10.1136/bmj.m3908
https://doi.org/10.1136/bmj.m3908
https://doi.org/10.1016/S0140-6736(20)32153-X
https://doi.org/10.1016/S0140-6736(20)32153-X
https://theconversation.com/5-failings-of-the-great-barrington-declarations-dangerous-plan-for-covid-19-natural-herd-immunity-148975
https://theconversation.com/5-failings-of-the-great-barrington-declarations-dangerous-plan-for-covid-19-natural-herd-immunity-148975
https://theconversation.com/5-failings-of-the-great-barrington-declarations-dangerous-plan-for-covid-19-natural-herd-immunity-148975
https://doi.org/10.1038/d41586-020-02948-4
https://doi.org/10.1016/j.medj.2020.12.004
https://doi.org/10.1001/jama.2020.20892
https://doi.org/10.1001/jama.2020.20892
https://doi.org/10.1101/2021.01.07.21249419
https://doi.org/10.1101/2021.01.07.21249419
https://www.vox.com/future-perfect/2020/4/18/21212688/coronavirus-lockdowns-developing-world
https://www.vox.com/future-perfect/2020/4/18/21212688/coronavirus-lockdowns-developing-world
https://doi.org/10.1056/NEJMp2008017
https://doi.org/10.1016/S2215-0366(20)30171-1
https://doi.org/10.23736/S0026-4946.20.05887-9
https://doi.org/10.1590/0102-311X00074420
https://doi.org/10.1590/0102-311X00074420
https://doi.org/10.1080/21645515.2020.1804776
https://doi.org/10.1080/21645515.2020.1804776
https://doi.org/10.1002/ijgo.13226
https://doi.org/10.1002/ijgo.13226
https://doi.org/10.1111/joim.13184
https://doi.org/10.1111/joim.13184
https://doi.org/10.1126/science.abd3377
https://doi.org/10.1126/science.abd3377
https://doi.org/10.1016/S2214-109X(20)30288-6
https://doi.org/10.1016/S2214-109X(20)30288-6
https://www.theglobalfund.org/en/updates/other-updates/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://www.theglobalfund.org/en/updates/other-updates/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://www.theglobalfund.org/en/updates/other-updates/2021-04-13-the-impact-of-covid-19-on-hiv-tb-and-malaria-services-and-systems-for-health/
https://doi.org/10.1001/jama.2020.8880
https://doi.org/10.1001/jama.2020.8880
https://doi.org/10.1016/j.ijid.2020.10.066
https://doi.org/10.1016/j.ijid.2020.10.066
https://doi.org/10.1038/s41562-021-01122-8
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---29-june-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---29-june-2021
https://www.tasteatlas.com/most-popular-cheeses-in-switzerland
https://www.tasteatlas.com/most-popular-cheeses-in-switzerland
https://doi.org/10.1136/bmj.320.7237.768
https://doi.org/10.1016/j.ssci.2020.104660
https://doi.org/10.1016/j.ssci.2020.104660
https://www.eurocontrol.int/publication/revisiting-swiss-cheese-model-accidents
https://www.eurocontrol.int/publication/revisiting-swiss-cheese-model-accidents
http://clevelandclinic.org/covid19atwork
https://sketchplanations.com/the-swiss-cheese-model
https://sketchplanations.com/the-swiss-cheese-model
https://virologydownunder.com/the-swiss-cheese-infographic-that-went-viral/
https://virologydownunder.com/the-swiss-cheese-infographic-that-went-viral/
https://www.infectioncontroltoday.com/view/wiss-cheese-model-how-infection-prevention-really-works
https://www.infectioncontroltoday.com/view/wiss-cheese-model-how-infection-prevention-really-works
https://doi.org/10.1038/s41591-020-1092-0
https://doi.org/10.12688/wellcomeopenres.15842.3
https://doi.org/10.1016/S1473-3099(20)30287-5
https://doi.org/10.2807/1560-7917.ES.2020.25.4.2000058
https://doi.org/10.2807/1560-7917.ES.2020.25.4.2000058
https://doi.org/10.1038/s41467-020-19248-0

Escandon et al. BMC Infectious Diseases

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

(2021) 21:710

of superspreading events. Science. 2021;371(6529):.eabe3261. https://doi.
0rg/10.1126/science.abe3261.

Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, et al. The
Incubation period of coronavirus disease 2019 (COVID-19) from publicly
reported confirmed cases: Estimation and application. Ann Intern Med.
2020;172(9):577-82. https://doi.org/10.7326/M20-0504.

Leclerc QJ, Fuller NM, Knight LE, Funk S, Knight GM. What settings have
been linked to SARS-CoV-2 transmission clusters? Wellcome Open Res. 2020;
5:83. https://doi.org/10.12688/wellcomeopenres.15889.2.

Knight G, Leclerc Q, Kucharski A, On behalf of CMMID Working Group.
Analysis of SARS-CoV-2 transmission clusters and superspreading events.
2020. https://www.gov.uk/government/publications/analysis-of-sars-cov-2-tra
nsmission-clusters-and-superspreading-events-3-june-2020. Accessed 1 July
2020.

Normile D. Japan ends its COVID-19 state of emergency. Science. 2020.
https://doi.org/10.1126/science.abd0092.

Miller AM. Stop shaming people for going outside. The risks are generally
low, and the benefits are endless. Business Insider. 2020. https://www.
businessinsider.com/you-can-still-go-outside-while-quarantining-sheltering-
in-place-2020-4. Accessed 27 June 2020.

Popkin G. Don't cancel the outdoors. We need it to stay sane. 2020. The
Washington Post. https://www.washingtonpost.com/outlook/2020/03/24/
dont-cancel-outdoors-we-need-them-stay-sane/. Accessed 1 June 2020.
DeCosta-Klipa N. UMass Amherst is prohibiting outdoor exercise during its
lockdown. But why? 2021. Boston.com. https://www.boston.com/news/
coronavirus/2021/02/11/umass-amherst-lockdown-outdoor-exercise.
Accessed 8 Mar 2021.

Bote J. Officers at dorms, outdoor exercise ban: UC Berkeley extends dorm
lockdown with stricter mandates. 2021. SFGate. https://www.sfgate.com/
education/article/Police-dorms-outdoor-exercise-UC-Berkeley-lockdown-1
5937294 .php. Accessed 8 Mar 2021.

Gianfredi V, Mauer NS, Gentile L, Riccd M, Odone A, Signorelli C. COVID-19
and recreational skiing: Results of a rapid systematic review and possible
preventive measures. Int J Environ Res Public Health. 2021;18(8):4349.
https://doi.org/10.3390/ijerph18084349.

Tufekci Z. Scolding beachgoers isn't helping. 2020. The Atlantic. https.//
www.theatlantic.com/health/archive/2020/07/it-okay-go-beach/613849/.
Accessed 6 July 2020.

Tufekci Z. Keep the parks open. 2020. The Atlantic. https://www.theatlantic.
com/health/archive/2020/04/closing-parks-ineffective-pandemic-theater/
609580/. Accessed 15 June 2020.

Blocken B, Malizia F, van Druenen T, Marchal T. Towards aerodynamically
equivalent COVID19 1.5 m social distancing for walking and running:
Preprint at Urban Physics; 2020. http://www.urbanphysics.net/COVID19.html
Arias FJ. Are runners more prone to become infected with COVID-19? An
approach from the raindrop collisional model. J Sci Sport Exerc. 2021;3(2):
167-70. https://doi.org/10.1007/542978-020-00071-4.

Xia R. Scientists are unsure of coronavirus effects at the beach: Los Angeles
Times; 2020. https.//www.latimes.com/california/story/2020-04-02/corona
virus-ocean-swimming-surfing-safe-beaches-los-angeles. Accessed 30 June
2020

Robins G. UC San Diego virus expert pleads with surfers to stay out of the
ocean to avoid coronavirus: The San Diego Union Tribune; 2020. https//
www.sandiegouniontribune.com/news/science/story/2020-03-31/uc-san-
diego-atmospheric-chemist-pleads-with-surfers-and-beach-walkers-to-stay-
home. Accessed 30 Jun 2020

Leonhardt D. Covid absolutism: The New York Times; 2021. https.//www.
nytimes.com/2021/02/12/briefing/trump-covid-chick-corea-olympics-
president.html. Accessed 28 Feb 2021

Marcus J. The danger of assuming that family time is dispensable. 2020.
https.//www.theatlantic.com/ideas/archive/2020/12/tis-the-season-for-sha
me-and-judgment/617335/. Accessed 15 Dec 2020.

Marcus J, Martin M. Epidemiologist on why “pandemic shaming” isn't
working: National Public Radio; 2020. https://www.npr.org/2020/12/19/9484
03401/epidemiologist-on-why-pandemic-shaming-isn-t-working. Accessed 1
Jan 2021

Barocas J, Gonsalves G. Make it easier to stay safe from COVID- 19, instead
of shaming and punishing people. 2020. USA Today. https://www.usatoday.
com/story/opinion/2020/12/07/stop-covid-shaming-punishing-give-
incentives-to-stay-safe-column/3812823001/. Accessed 31 Jan 2021.

137.

139.

140.

141.

143.

147.

149.

151.

152.

153.

154.

155.

Page 34 of 47

Randall C. Why going outside is good for your health, especially right now:
Forbes; 2020. https://www.forbes.com/sites/cassidyrandall/2020/04/09/why-
going-outside-is-good-for-your-health-especially-right-now/?sh=52bataf62
de9. Accessed 30 June 2020.

. Bulfone TC, Malekinejad M, Rutherford GW, Razani N. Outdoor transmission

of SARS-CoV-2 and other respiratory viruses: A systematic review. J Infect
Dis. 2021;223(4):550-61. https://doi.org/10.1093/infdis/jiaa742.

The Centre for Sport, Physical Education and Activity Research (spear) CCCU.
Rapid scoping review of evidence of outdoor transmission of COVID-19.
2020. https://www.canterbury.ac.uk/science-engineering-and-social-sciences/
spear/research-projects/rapid-scoping-review-COVID-19.aspx. Accessed 1
May 2021.

McGreevy R. Outdoor transmission accounts for 0.1% of State's Covid-19
cases: The Irish Times; 2021. https://www.irishtimes.com/news/ireland/irish-
news/outdoor-transmission-accounts-for-0-1-of-state-s-covid-19-cases-1.452
9036. Accessed 30 Apr 2021

Fouda B, Tram HPB, Makram OM, Abdalla AS, Singh T, Hung I-C, et al.
Identifying SARS-CoV2 transmission cluster category: An analysis of country
government database. J Infect Public Health. 2021;14(4):461-7. https.//doi.
0rg/10.1016/jjiph.2021.01.006.

. Lan F-Y, Wei C-F, Hsu Y-T, Christiani DC, Kales SN. Work-related COVID-19

transmission in six Asian countries/areas: A follow-up study. PLoS One. 2020;
15(5):20233588. https://doi.org/10.1371/journal.pone.0233588.

Nishiura H, Oshitani H, Kobayashi T, Saito T, Sunagawa T, Matsui T, et al.
Closed environments facilitate secondary transmission of coronavirus
disease 2019 (COVID-19): Preprint at medRxiv; 2020. https://doi.org/10.11
01/2020.02.28.20029272.

. Szablewski CM, Chang KT, Brown MM, Chu VT, Yousaf AR, Anyalechi N, et al.

SARS-CoV-2 transmission and infection among atendees of an overnight
camp — Georgia, June 2020. MMWR Morb Mortal WKly Rep. 2020,69(31):
1023-5. https//doi.org/10.15585/mmwr.mme6931el.

. World Health Organization. Public health for mass gatherings: Key

considerations. 2015. https://www.who.int/publications/i/item/public-health-
for-mass-gatherings-key-considerations. Accessed 30 Jan 2021.

. World Health Organization. Key planning recommendations for mass

gatherings in the context of COVID-19: Interim guidance. 2020. https://apps.
who.int/iris/handle/10665/332235. Accessed 30 June 2020.

McCloskey B, Zumla A, Ippolito G, Blumberg L, Arbon P, Cicero A, et al. Mass
gathering events and reducing further global spread of COVID-19: A
political and public health dilemma. Lancet. 2020;395(10230):1096-9. https://
doi.org/10.1016/50140-6736(20)30681-4.

. Nunan D, Brassey J, On behalf of the Oxford COVID-19 Evidence Service

Team. What is the evidence for mass gatherings during global pandemics?
CEBM (The Centre for Evidence-Based Medicine); 2020. https://www.cebm.
net/covid-19/what-is-the-evidence-for-mass-gatherings-during-global-pa
ndemics/. Accessed 30 June 2021

Mayurasakorn K, Pinsawas B, Mongkolsucharitkul P, Sranacharoenpong K,
Damapong S. School closure, COVID-19 and lunch programme:
Unprecedented undernutrition crisis in low-middle income countries. J
Paediatr Child Health. 2020;56(7):1013-7. https.//doi.org/10.1111/jpc.15018.

. UNICEF. UNICEF chief: Closing schools should be “measure of last resort”:

United Nations News; 2021. https;//news.un.org/en/story/2021/01/1081912.
Accessed 30 Jan 2021

Honein MA, Barrios LC, Brooks JT. Data and policy to guide opening schools
safely to limit the spread of SARS-CoV-2 infection. JAMA. 2021,325(9):823.
https://doi.org/10.1001/jama.2021.0374.

Soriano-Arandes A, Gatell A, Serrano P, Biosca M, Campillo F, Capdevila R,

et al. Household SARS-CoV-2 transmission and children: a network
prospective study. Clin Infect Dis. 2021 (Epub ahead of print). https//doi.
0rg/10.1093/cid/ciab228.

Lessler J, Grabowski MK, Grantz KH, Badillo-Goicoechea E, Metcalf CJE,
Lupton-Smith C, et al. Household COVID-19 risk and in-person schooling.
Science. 2021;372(6546):1092-7. https://doi.org/10.1126/science.abh2939.
Gurdasani D, Alwan NA, Greenhalgh T, Hyde Z, Johnson L, McKee M, et al.
School reopening without robust COVID-19 mitigation risks accelerating the
pandemic. Lancet. 2021;397(10280):1177-8. https://doi.org/10.1016/S0140-
6736(21)00622-X.

Lewis D. COVID-19 rarely spreads through surfaces. So why are we still deep
cleaning? Nature. 2021;590(7844):26-8. https//doi.org/10.1038/d41586-021-
00251-4.


https://doi.org/10.1126/science.abe3261
https://doi.org/10.1126/science.abe3261
https://doi.org/10.7326/M20-0504
https://doi.org/10.12688/wellcomeopenres.15889.2
https://www.gov.uk/government/publications/analysis-of-sars-cov-2-transmission-clusters-and-superspreading-events-3-june-2020
https://www.gov.uk/government/publications/analysis-of-sars-cov-2-transmission-clusters-and-superspreading-events-3-june-2020
https://doi.org/10.1126/science.abd0092
https://www.businessinsider.com/you-can-still-go-outside-while-quarantining-sheltering-in-place-2020-4
https://www.businessinsider.com/you-can-still-go-outside-while-quarantining-sheltering-in-place-2020-4
https://www.businessinsider.com/you-can-still-go-outside-while-quarantining-sheltering-in-place-2020-4
https://www.washingtonpost.com/outlook/2020/03/24/dont-cancel-outdoors-we-need-them-stay-sane/
https://www.washingtonpost.com/outlook/2020/03/24/dont-cancel-outdoors-we-need-them-stay-sane/
http://boston.com
https://www.boston.com/news/coronavirus/2021/02/11/umass-amherst-lockdown-outdoor-exercise
https://www.boston.com/news/coronavirus/2021/02/11/umass-amherst-lockdown-outdoor-exercise
https://www.sfgate.com/education/article/Police-dorms-outdoor-exercise-UC-Berkeley-lockdown-15937294.php
https://www.sfgate.com/education/article/Police-dorms-outdoor-exercise-UC-Berkeley-lockdown-15937294.php
https://www.sfgate.com/education/article/Police-dorms-outdoor-exercise-UC-Berkeley-lockdown-15937294.php
https://doi.org/10.3390/ijerph18084349
https://www.theatlantic.com/health/archive/2020/07/it-okay-go-beach/613849/
https://www.theatlantic.com/health/archive/2020/07/it-okay-go-beach/613849/
https://www.theatlantic.com/health/archive/2020/04/closing-parks-ineffective-pandemic-theater/609580/
https://www.theatlantic.com/health/archive/2020/04/closing-parks-ineffective-pandemic-theater/609580/
https://www.theatlantic.com/health/archive/2020/04/closing-parks-ineffective-pandemic-theater/609580/
http://www.urbanphysics.net/COVID19.html
https://doi.org/10.1007/s42978-020-00071-4
https://www.latimes.com/california/story/2020-04-02/coronavirus-ocean-swimming-surfing-safe-beaches-los-angeles
https://www.latimes.com/california/story/2020-04-02/coronavirus-ocean-swimming-surfing-safe-beaches-los-angeles
https://www.sandiegouniontribune.com/news/science/story/2020-03-31/uc-san-diego-atmospheric-chemist-pleads-with-surfers-and-beach-walkers-to-stay-home
https://www.sandiegouniontribune.com/news/science/story/2020-03-31/uc-san-diego-atmospheric-chemist-pleads-with-surfers-and-beach-walkers-to-stay-home
https://www.sandiegouniontribune.com/news/science/story/2020-03-31/uc-san-diego-atmospheric-chemist-pleads-with-surfers-and-beach-walkers-to-stay-home
https://www.sandiegouniontribune.com/news/science/story/2020-03-31/uc-san-diego-atmospheric-chemist-pleads-with-surfers-and-beach-walkers-to-stay-home
https://www.nytimes.com/2021/02/12/briefing/trump-covid-chick-corea-olympics-president.html
https://www.nytimes.com/2021/02/12/briefing/trump-covid-chick-corea-olympics-president.html
https://www.nytimes.com/2021/02/12/briefing/trump-covid-chick-corea-olympics-president.html
https://www.theatlantic.com/ideas/archive/2020/12/tis-the-season-for-shame-and-judgment/617335/
https://www.theatlantic.com/ideas/archive/2020/12/tis-the-season-for-shame-and-judgment/617335/
https://www.npr.org/2020/12/19/948403401/epidemiologist-on-why-pandemic-shaming-isn-t-working
https://www.npr.org/2020/12/19/948403401/epidemiologist-on-why-pandemic-shaming-isn-t-working
https://www.usatoday.com/story/opinion/2020/12/07/stop-covid-shaming-punishing-give-incentives-to-stay-safe-column/3812823001/
https://www.usatoday.com/story/opinion/2020/12/07/stop-covid-shaming-punishing-give-incentives-to-stay-safe-column/3812823001/
https://www.usatoday.com/story/opinion/2020/12/07/stop-covid-shaming-punishing-give-incentives-to-stay-safe-column/3812823001/
https://www.forbes.com/sites/cassidyrandall/2020/04/09/why-going-outside-is-good-for-your-health-especially-right-now/?sh=52ba6af62de9
https://www.forbes.com/sites/cassidyrandall/2020/04/09/why-going-outside-is-good-for-your-health-especially-right-now/?sh=52ba6af62de9
https://www.forbes.com/sites/cassidyrandall/2020/04/09/why-going-outside-is-good-for-your-health-especially-right-now/?sh=52ba6af62de9
https://doi.org/10.1093/infdis/jiaa742
https://www.canterbury.ac.uk/science-engineering-and-social-sciences/spear/research-projects/rapid-scoping-review-COVID-19.aspx
https://www.canterbury.ac.uk/science-engineering-and-social-sciences/spear/research-projects/rapid-scoping-review-COVID-19.aspx
https://www.irishtimes.com/news/ireland/irish-news/outdoor-transmission-accounts-for-0-1-of-state-s-covid-19-cases-1.4529036
https://www.irishtimes.com/news/ireland/irish-news/outdoor-transmission-accounts-for-0-1-of-state-s-covid-19-cases-1.4529036
https://www.irishtimes.com/news/ireland/irish-news/outdoor-transmission-accounts-for-0-1-of-state-s-covid-19-cases-1.4529036
https://doi.org/10.1016/j.jiph.2021.01.006
https://doi.org/10.1016/j.jiph.2021.01.006
https://doi.org/10.1371/journal.pone.0233588
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.15585/mmwr.mm6931e1
https://www.who.int/publications/i/item/public-health-for-mass-gatherings-key-considerations
https://www.who.int/publications/i/item/public-health-for-mass-gatherings-key-considerations
https://apps.who.int/iris/handle/10665/332235
https://apps.who.int/iris/handle/10665/332235
https://doi.org/10.1016/S0140-6736(20)30681-4
https://doi.org/10.1016/S0140-6736(20)30681-4
https://www.cebm.net/covid-19/what-is-the-evidence-for-mass-gatherings-during-global-pandemics/
https://www.cebm.net/covid-19/what-is-the-evidence-for-mass-gatherings-during-global-pandemics/
https://www.cebm.net/covid-19/what-is-the-evidence-for-mass-gatherings-during-global-pandemics/
https://doi.org/10.1111/jpc.15018
https://news.un.org/en/story/2021/01/1081912
https://doi.org/10.1001/jama.2021.0374
https://doi.org/10.1093/cid/ciab228
https://doi.org/10.1093/cid/ciab228
https://doi.org/10.1126/science.abh2939
https://doi.org/10.1016/S0140-6736(21)00622-X
https://doi.org/10.1016/S0140-6736(21)00622-X
https://doi.org/10.1038/d41586-021-00251-4
https://doi.org/10.1038/d41586-021-00251-4

Escandon et al. BMC Infectious Diseases

156.

157.

158.

159.

162.

163.

164.

165.

166.

167.

169.

170.

171.

172.

173.

174.

175.

176.

(2021) 21:710

US Centers for Disease Control and Prevention. COVID-19 interim public
health recommendations for fully vaccinated people. 2021. https.//www.
cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html.
Accessed 10 Mar 2021.

US Centers for Disease Control and Prevention. COVID-19 interim public
health recommendations for fully vaccinated people. 2021. https.//www.
cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html.
Accessed 28 May 2021.

Peeples L. What the science says about lifting mask mandates. Nature. 2021;
593(7860):495-8. https.//doi.org/10.1038/d41586-021-01394-0.

Leonhardt D. Covid hope over fear: The New York Times; 2021. https://
www.nytimes.com/2021/06/02/briefing/covid-19-masks-guidance-vaccina
tions.html. Accessed 2 Jun 2021

. Munshi L, Evans G, Razak F. The case for relaxing no-visitor policies in

hospitals during the ongoing COVID-19 pandemic. Can Med Assoc J. 2021;
193(4):E135-7. https.//doi.org/10.1503/cmaj.202636.

. Lamas DJ. I can't bear to keep patients away from their families any longer:

The New York Times; 2021. https.//www.nytimes.com/2021/06/03/opinion/
covid-hospital-visitor-policy.html. Accessed 3 June 2021

Corona A. Disease eradication: What does it take to wipe out a disease?
American Society of Microbiology; 2020. https://asm.org/Articles/2020/Ma
rch/Disease-Eradication-What-Does-It-Take-to-Wipe-out. Accessed 9 May
2021

Baker MG, Wilson N, Blakely T. Elimination could be the optimal response
strategy for covid-19 and other emerging pandemic diseases. BMJ. 2020;
371:m4907. https://doi.org/10.1136/bmj.m4907.

Heywood AE, Macintyre CR. Elimination of COVID-19: what would it look
like and is it possible? Lancet Infect Dis. 2020,20(9):1005-7. https://doi.org/1
0.1016/51473-3099(20)30633-2.

Fiore K. What does “zero COVID" really mean? 2021. https://www.medpa
getoday.com/special-reports/exclusives/92332. Accessed 9 May 2021.
McAloon C, Collins A, Hunt K, Barber A, Byrne AW, Butler F, et al. Incubation
period of COVID-19: a rapid systematic review and meta-analysis of
observational research. BMJ Open. 2020;10(8):e039652. https://doi.org/10.113
6/bmjopen-2020-039652.

Polldn M, Pérez-Gédmez B, Pastor-Barriuso R, Oteo J, Herndn MA, Pérez-
Olmeda M, et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): a
nationwide, population-based seroepidemiological study. Lancet. 2020;
396(10250):535-44. https;//doi.org/10.1016/50140-6736(20)31483-5.

. Grant MC, Geoghegan L, Arbyn M, Mohammed Z, McGuinness L, Clarke EL,

et al. The prevalence of symptoms in 24,410 adults infected by the novel
coronavirus (SARS-CoV-2; COVID-19): A systematic review and meta-analysis
of 148 studies from 9 countries. PLoS One. 2020;15(6):e0234765. https:;//doi.
0rg/10.1371/journal. pone.0234765.

Jutzeler CR, Bourguignon L, Weis CV, Tong B, Wong C, Rieck B, et al.
Comorbidities, clinical signs and symptoms, laboratory findings, imaging
features, treatment strategies, and outcomes in adult and pediatric patients
with COVID-19: A systematic review and meta-analysis. Travel Med Infect
Dis. 2020;37:101825. https://doi.org/10.1016/j.tmaid.2020.101825.

World Health Organization. COVID-19 clinical management: Living
guidance. 2021. https://apps.who.int/iris/handle/10665/338882. Accessed
10 Feb 2021.

National Health Commission & National Administration of Traditional
Chinese Medicine. Diagnosis and treatment protocol for COVID-19 patients
(Trial Version 8). 2020. https://covid19.lliancebrh.com/covid19en/c100021/
common_column.shtml. Accessed 30 Jan 2021.

Gandhi RT, Lynch JB, del Rio C. Mild or moderate Covid-19. N Engl J Med.
2020;383(18):1757-66. https://doi.org/10.1056/NEJMcp2009249.

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China. JAMA. 2020;323(13):
1239. https://doi.org/10.1001/jama.2020.2648.

Cabrera Martimbianco AL, Pacheco RL, Bagattini AM, Riera R. Frequency, signs
and symptoms, and criteria adopted for long COVID-19: A systematic review.
Int J Clin Pract. 2021 (Epub ahead of print). https//doiorg/10.1111/ijcp.14357.
Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re'em Y, et al.
Characterizing long COVID in an international cohort: 7 months of
symptoms and their impact: Preprint at medRxiv; 2021. https://doi.org/10.11
01/2020.12.24.20248802.

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences
of COVID-19 in patients discharged from hospital: a cohort study. Lancet.
2021;397(10270):220-32. https://doi.org/10.1016/S0140-6736(20)32656-8.

177.

178.

180.

181.

182.

188.

189.

190.

191.

193.

194.

Page 35 of 47

Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al.
Attributes and predictors of long COVID. Nat Med. 2021;27(4):626-31.
https://doi.org/10.1038/541591-021-01292-y.

Greenhalgh T, Knight M, A'Court C, Buxton M, Husain L. Management of
post-acute covid-19 in primary care. BMJ. 2020,370:m3026. https://doi.org/1
0.1136/bmj.m3026.

. Lopez-Ledn S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo PA,

Cuapio A, et al. More than 50 long-term effects of COVID-19: A systematic
review and meta-analysis: Preprint at Research Square; 2021. https://doi.
0rg/10.21203/rs5.3.rs-266574/v1.

Nath A. Long-haul COVID. Neurology. 2020;95(13):559-60. https://doi.org/1
0.1212/WNL.0000000000010640.

Vogel TP, Top KA, Karatzios C, Hilmers DC, Tapia LI, Moceri P, et al.
Multisystem inflammatory syndrome in children and adults (MIS-C/A): Case
definition & guidelines for data collection, analysis, and presentation of
immunization safety data. Vaccine. 2021;39(22):3037-49. https.//doi.org/10.1
016/j.vaccine.2021.01.054.

Nakra NA, Blumberg DA, Herrera-Guerra A, Lakshminrusimha S. Multi-system
inflammatory syndrome in children (MIS-C) following SARS-CoV-2 infection:
Review of clinical presentation, hypothetical pathogenesis, and proposed
management. Children. 2020;7(7):69. https://doi.org/10.3390/
children7070069.

. Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps L, Balan S, et al. Case

series of multisystem inflammatory syndrome in adults associated with
SARS-CoV-2 infection — United Kingdom and United States, March-August
2020. MMWR Morb Mortal Wkly Rep. 2020,69(40):1450-6. https://doi.org/10.1
5585/mmwr.mm6940e.

. Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med. 2020;383(23):

2255-73. https//doi.org/10.1056/NEJMra2026131.

. Yousaf AR, Duca LM, Chu V, Reses HE, Fajans M, Rabold EM, et al. A

prospective cohort study in nonhospitalized household contacts with
severe acute respiratory syndrome coronavirus 2 infection: Symptom
profiles and symptom change over time. Clin Infect Dis. 2020 (Epub ahead
of print). https://doi.org/10.1093/cid/ciaa1072.

. Oran DP, Topol EJ. Prevalence of asymptomatic SARS-CoV-2 infection. Ann

Intern Med. 2020;173(5):362-7. https://doi.org/10.7326/M20-3012.

. Heneghan C, Brassey J, Jefferson T. COVID-19: What proportion are

asymptomatic? CEBM (The Centre for Evidence-Based Medicine); 2020.
https://www.cebm.net/covid-19/covid-19-what-proportion-are-asymptoma
tic/. Accessed 30 June 2020

Day M. Covid-19: four fifths of cases are asymptomatic, China figures
indicate. BMJ. 2020;369:m1375. https://doi.org/10.1136/bmj.m1375.
Al-Sadeq DW, Nasrallah GK. The incidence of the novel coronavirus SARS-
CoV-2 among asymptomatic patients: A systematic review. Int J Infect Dis.
2020;98:372-80. https://doi.org/10.1016/j.jid.2020.06.098.

Gandhi M. Cloth masks do protect the wearer — breathing in less
coronavirus means you get less sick. 2020. The Conversation. https:.//
theconversation.com/cloth-masks-do-protect-the-wearer-breathing-in-less-
coronavirus-means-you-get-less-sick-143726. Accessed 30 Aug 2020.
Gandhi M, Beyrer C, Goosby E. Masks do more than protect others during
COVID-19: Reducing the inoculum of SARS-CoV-2 to protect the wearer. J
Gen Intern Med. 2020;35(10):3063-6. https://doi.org/10.1007/511606-020-
06067-8.

. Gandhi M, Rutherford GW. Facial masking for Covid-19 — Potential for

“variolation” as we await a vaccine. N Engl J Med. 2020;383(18):e101. https.//
doi.org/10.1056/NEJMp2026913.

Cevik M, Bogoch I, Carson G, D'Ortenzio E, Kuppalli K. Prevalence of
asymptomatic SARS-CoV-2 infection. Ann Intern Med. 2021;174(2):283-4.
https://doi.org/10.7326/1.20-1283.

Walsh KA, Spillane S, Comber L, Cardwell K, Harrington P, Connell J, et al.
The duration of infectiousness of individuals infected with SARS-CoV-2. J
Infect. 2020,81(6):847-56. https://doi.org/10.1016/},jinf.2020.10.009.

. Jefferson T, Spencer EA, Brassey J, Heneghan C. Viral cultures for COVID-19

infectious potential assessment — a systematic review. Clin Infect Dis. 2020
(Epub ahead of print). https://doi.org/10.1093/cid/ciaal764.

. Rhee C, Kanjilal S, Baker M, Klompas M. Duration of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infectivity: When is it safe to
discontinue isolation? Clin Infect Dis. 2021;72(8):1467-74. https.//doi.org/10.1
093/cid/ciaa’1249.

. Park M, Pawliuk C, Nguyen T, Griffitt A, Dix-Cooper L, Fourik N, et al.

Determining the communicable period of SARS-CoV-2: A rapid review


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated-guidance.html
https://doi.org/10.1038/d41586-021-01394-0
https://www.nytimes.com/2021/06/02/briefing/covid-19-masks-guidance-vaccinations.html
https://www.nytimes.com/2021/06/02/briefing/covid-19-masks-guidance-vaccinations.html
https://www.nytimes.com/2021/06/02/briefing/covid-19-masks-guidance-vaccinations.html
https://doi.org/10.1503/cmaj.202636
https://www.nytimes.com/2021/06/03/opinion/covid-hospital-visitor-policy.html
https://www.nytimes.com/2021/06/03/opinion/covid-hospital-visitor-policy.html
https://asm.org/Articles/2020/March/Disease-Eradication-What-Does-It-Take-to-Wipe-out
https://asm.org/Articles/2020/March/Disease-Eradication-What-Does-It-Take-to-Wipe-out
https://doi.org/10.1136/bmj.m4907
https://doi.org/10.1016/S1473-3099(20)30633-2
https://doi.org/10.1016/S1473-3099(20)30633-2
https://www.medpagetoday.com/special-reports/exclusives/92332
https://www.medpagetoday.com/special-reports/exclusives/92332
https://doi.org/10.1136/bmjopen-2020-039652
https://doi.org/10.1136/bmjopen-2020-039652
https://doi.org/10.1016/S0140-6736(20)31483-5
https://doi.org/10.1371/journal.pone.0234765
https://doi.org/10.1371/journal.pone.0234765
https://doi.org/10.1016/j.tmaid.2020.101825
https://apps.who.int/iris/handle/10665/338882
https://covid19.alliancebrh.com/covid19en/c100021/common_column.shtml
https://covid19.alliancebrh.com/covid19en/c100021/common_column.shtml
https://doi.org/10.1056/NEJMcp2009249
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1111/ijcp.14357
https://doi.org/10.1101/2020.12.24.20248802
https://doi.org/10.1101/2020.12.24.20248802
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1136/bmj.m3026
https://doi.org/10.1136/bmj.m3026
https://doi.org/10.21203/rs.3.rs-266574/v1
https://doi.org/10.21203/rs.3.rs-266574/v1
https://doi.org/10.1212/WNL.0000000000010640
https://doi.org/10.1212/WNL.0000000000010640
https://doi.org/10.1016/j.vaccine.2021.01.054
https://doi.org/10.1016/j.vaccine.2021.01.054
https://doi.org/10.3390/children7070069
https://doi.org/10.3390/children7070069
https://doi.org/10.15585/mmwr.mm6940e1
https://doi.org/10.15585/mmwr.mm6940e1
https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.1093/cid/ciaa1072
https://doi.org/10.7326/M20-3012
https://www.cebm.net/covid-19/covid-19-what-proportion-are-asymptomatic/
https://www.cebm.net/covid-19/covid-19-what-proportion-are-asymptomatic/
https://doi.org/10.1136/bmj.m1375
https://doi.org/10.1016/j.ijid.2020.06.098
https://theconversation.com/cloth-masks-do-protect-the-wearer-breathing-in-less-coronavirus-means-you-get-less-sick-143726
https://theconversation.com/cloth-masks-do-protect-the-wearer-breathing-in-less-coronavirus-means-you-get-less-sick-143726
https://theconversation.com/cloth-masks-do-protect-the-wearer-breathing-in-less-coronavirus-means-you-get-less-sick-143726
https://doi.org/10.1007/s11606-020-06067-8
https://doi.org/10.1007/s11606-020-06067-8
https://doi.org/10.1056/NEJMp2026913
https://doi.org/10.1056/NEJMp2026913
https://doi.org/10.7326/L20-1283
https://doi.org/10.1016/j.jinf.2020.10.009
https://doi.org/10.1093/cid/ciaa1764
https://doi.org/10.1093/cid/ciaa1249
https://doi.org/10.1093/cid/ciaa1249

Escandon et al. BMC Infectious Diseases

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211,

213.

214,

215.

216.

(2021) 21:710

of the literature, March to September 2020. Eurosurveillance. 2021;
26(14):2001506. https://doi.org/10.2807/1560-7917.£5.2021.26.14.2001
506.

Gudbjartsson DF, Helgason A, Jonsson H, Magnusson OT, Melsted P,
Norddahl GL, et al. Spread of SARS-CoV-2 in the Icelandic population. N
Engl J Med. 2020;382(24):2302-15. https://doi.org/10.1056/NEJM0a2006100.
Sutton D, Fuchs K, D'Alton M, Goffman D. Universal screening for SARS-CoV-
2 in women admitted for delivery. N Engl J Med. 2020;382(22):2163-4.
https://doi.org/10.1056/NEJMc2009316.

Ing AJ, Cocks C, Green JP. COVID-19: in the footsteps of Ernest Shackleton.
Thorax. 2020;75(8):693-4. https://doi.org/10.1136/thoraxjnl-2020-215091.
Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al.
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing
facility. N Engl J Med. 2020;382(22):2081-90. https://doi.org/10.1056/
NEJM0a2008457.

Redditt V, Wright V, Rashid M, Male R, Bogoch I. Outbreak of SARS-CoV-2
infection at a large refugee shelter in Toronto, April 2020: A clinical and
epidemiologic descriptive analysis. CMAJ Open. 2020;8(4):E819-24. https://
doi.org/10.9778/cmajo.20200165.

Baggett TP, Keyes H, Sporn N, Gaeta JM. Prevalence of SARS-CoV-2 infection
in residents of a large homeless shelter in Boston. JAMA. 2020;323(21):2191.
https://doi.org/10.1001/jama.2020.6887.

Lavezzo E, Franchin E, Ciavarella C, Cuomo-Dannenburg G, Barzon L, Del
Vecchio C, et al. Suppression of a SARS-CoV-2 outbreak in the Italian
municipality of Vo'. Nature. 2020;584(7821):425-9. https://doi.org/10.1038/
541586-020-2488-1.

Escanddn K, Ulrich AK, Chou R. Concerns with and recommendations for
COVID-19 research related to asymptomatic infection and mask wearing.
Clin Infect Dis. 2021 (Epub ahead of print). https://doi.org/10.1093/cid/ciab2
57.

O Murchu E, Byrne P, Walsh KA, Carty PG, Connolly M, De Gascun C, et al.
Immune response following infection with SARS-CoV-2 and other
coronaviruses: A rapid review. Rev Med Virol. 2021;31(2):e2162. https.//doi.
0rg/10.1002/rmv.2162.

Xu X, Sun J, Nie S, Li H, Kong Y, Liang M, et al. Seroprevalence of
immunoglobulin M and G antibodies against SARS-CoV-2 in China. Nat
Med. 2020;26(8):1193-5. https://doi.org/10.1038/541591-020-0949-6.
Wajnberg A, Mansour M, Leven E, Bouvier NM, Patel G, Firpo-Betancourt A,
et al. Humoral response and PCR positivity in patients with COVID-19 in the
New York City region, USA: an observational study. Lancet Microbe. 2020;
1(7):2283-9. https.//doi.org/10.1016/52666-5247(20)30120-8.

Ward H, Cooke GS, Atchison C, Whitaker M, Elliott J, Moshe M, et al.
Prevalence of antibody positivity to SARS-CoV-2 following the first peak
of infection in England: Serial cross-sectional studies of 365,000 adults.
Lancet Reg Health. 2021;4:100098. https://doi.org/10.1016/j.lanepe.2021.1
00098.

Sims MD, Maine GN, Childers KL, Podolsky RH, Voss DR, Berkiw-Scenna N,
et al. COVID-19 seropositivity and asymptomatic rates in healthcare workers
are associated with job function and masking. Clin Infect Dis. 2020 (Epub
ahead of print). https://doi.org/10.1093/cid/ciaal684.

Figar S, Pagotto V, Luna L, Salto J, Wagner Manslau M, Mistchenko AS, et al.
Severe acute respiratory syndrome coronavirus 2019. Seroepidemiology
study in Argentinian slum. Medicina (B Aires). 2021,81(2):135-42.

. Oran DP, Topol EJ. The proportion of SARS-CoV-2 infections that are

asymptomatic. Ann Intern Med. 2021;174(5):655-62. https://doi.org/10.7326/
M20-6976.

Deeks JJ, Dinnes J, Takwoingi Y, Davenport C, Spijker R, Taylor-Phillips S,

et al. Antibody tests for identification of current and past infection with
SARS-CoV-2. Cochrane Database Syst Rev. 2020,6(6):CD013652. https://www.
cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013652/full.

Beale S, Hayward A, Shallcross L, Aldridge RW, Fragaszy E. A rapid review
and meta-analysis of the asymptomatic proportion of PCR-confirmed SARS-
CoV-2 infections in community settings. Wellcome Open Res. 2020;5:266.
https://doi.org/10.12688/wellcomeopenres.16387.1.

Li R, Pei S, Chen B, Song Y, Zhang T, Yang W, et al. Substantial
undocumented infection facilitates the rapid dissemination of novel
coronavirus (SARS-CoV-2). Science. 2020;368(6490):489-93. https.//doi.org/1
0.1126/science.abb3221.

Prather KA, Wang CC, Schooley RT. Reducing transmission of SARS-CoV-
2. Science. 2020;368(6498):1422-4. https://doi.org/10.1126/science.abc61
97.

217.

N
O

220.

221

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234

235.

Page 36 of 47

Meng H, Xiong R, He R, Lin W, Hao B, Zhang L, et al. CT imaging and
clinical course of asymptomatic cases with COVID-19 pneumonia at
admission in Wuhan, China. J Infect. 2020;81(1):e33-9. https://doi.org/10.101
6/}.jinf.2020.04.004.

. Chen C, Zhu C, Yan D, Liu H, Li D, Zhou Y, et al. The epidemiological and

radiographical characteristics of asymptomatic infections with the novel
coronavirus (COVID-19): A systematic review and meta-analysis. Int J Infect
Dis. 2021;104:458-64. https.//doi.org/10.1016/}jid.2021.01.017.

. Moghadas SM, Fitzpatrick MC, Sah P, Pandey A, Shoukat A, Singer BH, et al.

The implications of silent transmission for the control of COVID-19
outbreaks. Proc Natl Acad Sci. 2020;117(30):17513-5. https://doi.org/10.1073/
pnas.2008373117.

Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. Variation in false-
negative rate of reverse transcriptase polymerase chain reaction-based
SARS-CoV-2 tests by time since exposure. Ann Intern Med. 2020;173(4):262-
7. https://doi.org/10.7326/M20-1495.

Watson J, Whiting PF, Brush JE. Interpreting a covid-19 test result. BMJ.
2020;369:m1808. https://doi.org/10.1136/bmj.m1808.

Binnicker MJ. Challenges and controversies to testing for COVID-19. J Clin
Microbiol. 2020;58(11):e01695-20. https://doi.org/10.1128/JCM.01695-20.

He J, Guo Y, Mao R, Zhang J. Proportion of asymptomatic coronavirus
disease 2019: A systematic review and meta-analysis. J Med Virol. 2021,93(2):
820-30. https://doi.org/10.1002/jmv.26326.

Byambasuren O, Cardona M, Bell K, Clark J, McLaws M-L, Glasziou P.
Estimating the extent of asymptomatic COVID-19 and its potential for
community transmission: Systematic review and meta-analysis. J Assoc Med
Microbiol Infect Dis. 2020;5(4):223-34. https://doi.org/10.3138/jammi-2020-
0030.

Alene M, Yismaw L, Assemie MA, Ketema DB, Mengist B, Kassie B, et al.
Magnitude of asymptomatic COVID-19 cases throughout the course of
infection: A systematic review and meta-analysis. PLoS One. 2021;16(3):
€0249090. https://doi.org/10.1371/journal.pone.0249090.

Kronbichler A, Kresse D, Yoon S, Lee KH, Effenberger M, Shin JI.
Asymptomatic patients as a source of COVID-19 infections: A systematic
review and meta-analysis. Int J Infect Dis. 2020,98:180-6. https://doi.org/10.1
016/.ijid.2020.06.052.

Ravindra K, Malik VS, Padhi BK, Goel S, Gupta M. Consideration for the
asymptomatic transmission of COVID-19: Systematic review and meta-
analysis: Preprint at medRxiv; 2020. https://doi.org/10.1101/2020.10.06.202
07597.

Syangtan G, Bista S, Dawadi P, Rayamajhee B, Shrestha LB, Tuladhar R,
et al. Asymptomatic SARS-CoV-2 carriers: A systematic review and meta-
analysis. Front Public Health. 2021;8:587374. https://doi.org/10.3389/
fpubh.2020.587374.

Yanes-Lane M, Winters N, Fregonese F, Bastos M, Perlman-Arrow S,
Campbell JR, et al. Proportion of asymptomatic infection among COVID-19
positive persons and their transmission potential: A systematic review and
meta-analysis. PLoS One. 2020;15(11):20241536. https.//doi.org/10.1371/
journal.pone.0241536.

Koh WC, Naing L, Chaw L, Rosledzana MA, Alikhan MF, Jamaludin SA,
et al. What do we know about SARS-CoV-2 transmission? A systematic
review and meta-analysis of the secondary attack rate and associated
risk factors. PLoS One. 2020;15(10):e0240205. https://doi.org/10.1371/
journal.pone.0240205.

Madewell ZJ, Yang Y, Longini IM, Halloran ME, Dean NE. Household
Transmission of SARS-CoV-2. JAMA Netw Open. 2020;3(12):2031756.
https://doi.org/10.1001/jamanetworkopen.2020.31756.

Thompson HA, Mousa A, Dighe A, Fu H, Arnedo-Pena A, Barrett P, et al.
SARS-CoV-2 setting-specific transmission rates: a systematic review and
meta-analysis. Clin Infect Dis. 2021 (Epub ahead of print). https://doi.org/1
0.1093/cid/ciab100.

Salvatore PP, Dawson P, Wadhwa A, Rabold EM, Buono S, Dietrich EA, et al.
Epidemiological correlates of polymerase chain reaction cycle threshold
values in the detection of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Clin Infect Dis. 2021,72(11).e761-7. https;//doi.org/10.1093/cid/
Ciaal469.

He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in
viral shedding and transmissibility of COVID-19. Nat Med. 2020. https.//doi.
0rg/10.1038/541591-020-0869-5.

Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dorner L, et al.
Quantifying SARS-CoV-2 transmission suggests epidemic control with digital


https://doi.org/10.2807/1560-7917.ES.2021.26.14.2001506
https://doi.org/10.2807/1560-7917.ES.2021.26.14.2001506
https://doi.org/10.1056/NEJMoa2006100
https://doi.org/10.1056/NEJMc2009316
https://doi.org/10.1136/thoraxjnl-2020-215091
https://doi.org/10.1056/NEJMoa2008457
https://doi.org/10.1056/NEJMoa2008457
https://doi.org/10.9778/cmajo.20200165
https://doi.org/10.9778/cmajo.20200165
https://doi.org/10.1001/jama.2020.6887
https://doi.org/10.1038/s41586-020-2488-1
https://doi.org/10.1038/s41586-020-2488-1
https://doi.org/10.1093/cid/ciab257
https://doi.org/10.1093/cid/ciab257
https://doi.org/10.1002/rmv.2162
https://doi.org/10.1002/rmv.2162
https://doi.org/10.1038/s41591-020-0949-6
https://doi.org/10.1016/S2666-5247(20)30120-8
https://doi.org/10.1016/j.lanepe.2021.100098
https://doi.org/10.1016/j.lanepe.2021.100098
https://doi.org/10.1093/cid/ciaa1684
https://doi.org/10.7326/M20-6976
https://doi.org/10.7326/M20-6976
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013652/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013652/full
https://doi.org/10.12688/wellcomeopenres.16387.1
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1126/science.abb3221
https://doi.org/10.1126/science.abc6197
https://doi.org/10.1126/science.abc6197
https://doi.org/10.1016/j.jinf.2020.04.004
https://doi.org/10.1016/j.jinf.2020.04.004
https://doi.org/10.1016/j.ijid.2021.01.017
https://doi.org/10.1073/pnas.2008373117
https://doi.org/10.1073/pnas.2008373117
https://doi.org/10.7326/M20-1495
https://doi.org/10.1136/bmj.m1808
https://doi.org/10.1128/JCM.01695-20
https://doi.org/10.1002/jmv.26326
https://doi.org/10.3138/jammi-2020-0030
https://doi.org/10.3138/jammi-2020-0030
https://doi.org/10.1371/journal.pone.0249090
https://doi.org/10.1016/j.ijid.2020.06.052
https://doi.org/10.1016/j.ijid.2020.06.052
https://doi.org/10.1101/2020.10.06.20207597
https://doi.org/10.1101/2020.10.06.20207597
https://doi.org/10.3389/fpubh.2020.587374
https://doi.org/10.3389/fpubh.2020.587374
https://doi.org/10.1371/journal.pone.0241536
https://doi.org/10.1371/journal.pone.0241536
https://doi.org/10.1371/journal.pone.0240205
https://doi.org/10.1371/journal.pone.0240205
https://doi.org/10.1001/jamanetworkopen.2020.31756
https://doi.org/10.1093/cid/ciab100
https://doi.org/10.1093/cid/ciab100
https://doi.org/10.1093/cid/ciaa1469
https://doi.org/10.1093/cid/ciaa1469
https://doi.org/10.1038/s41591-020-0869-5
https://doi.org/10.1038/s41591-020-0869-5

Escandon et al. BMC Infectious Diseases

236.

237.

238.

239.

240.

241.

242.

243.

244,

245,

246.

247.

248.

249.

250.

251

252.

253.

254,

255.

256.

(2021) 21:710

contact tracing. Science. 2020;368(6491).eabb6936. https.//doi.org/10.1126/
science.abb6936.

Johansson MA, Quandelacy TM, Kada S, Prasad PV, Steele M, Brooks JT, et al.
SARS-CoV-2 transmission from people without COVID-19 symptoms. JAMA
Netw Open. 2021;4(1):¢2035057. https://doi.org/10.1001/jamanetworkopen.2
020.35057.

Tindale LC, Stockdale JE, Coombe M, Garlock ES, Lau WYV, Saraswat M, et al.
Evidence for transmission of COVID-19 prior to symptom onset. Elife. 2020,9:
e57149. https://doi.org/10.7554/eLife.57149.

Ganyani T, Kremer C, Chen D, Torneri A, Faes C, Wallinga J, et al. Estimating
the generation interval for coronavirus disease (COVID-19) based on
symptom onset data, March 2020. Eurosurveillance. 2020,25(17):2000257.
https://doi.org/10.2807/1560-7917.£5.2020.25.17.2000257.

Rasmussen AL, Popescu SV. SARS-CoV-2 transmission without
symptoms. Science. 2021;371(6535):1206-7. https://doi.org/10.1126/
science.abf9569.

Bi Q, Lessler J, Eckerle |, Lauer SA, Kaiser L, Vuilleumier N, et al. Insights into
household transmission of SARS-CoV-2 from a population-based serological
survey. Nat Commun. 2021;12(1):3643. https://doi.org/10.1038/541467-021-23
733-5.

Fox M. Most coronavirus cases are spread by people without symptoms,
CDC now says: CNN; 2020. https;//edition.cnn.com/2020/11/20/health/cdc-
coronavirus-spread-asymptomatic-website-wellness/index.html. Accessed 22
Nov 2020

Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the Achilles’
heel of current strategies to control Covid-19. N Engl J Med. 2020;382(22):
2158-60. https://doi.org/10.1056/NEJMe2009758.

Shiu EYC, Leung NHL, Cowling BJ. Controversy around airborne versus
droplet transmission of respiratory viruses. Curr Opin Infect Dis. 2019;32(4):
372-9. https://doi.org/10.1097/QC0O.0000000000000563.

Bourouiba L. Turbulent gas clouds and respiratory pathogen emissions.
JAMA. 2020;323(18):1837-8. https://doi.org/10.1001/jama.2020.4756.

Prather KA, Marr LC, Schooley RT, McDiarmid MA, Wilson ME, Milton DK.
Airborne transmission of SARS-CoV-2. Science. 2020;370(6514):303-4. https://
doi.org/10.1126/science.abf0521.

Milton DK. A rosetta stone for understanding infectious drops and aerosols.
J Pediatric Infect Dis Soc. 2020;,9(4):413-5. https://doi.org/10.1093/jpids/piaa
079.

National Academies of Sciences, Engineering and Medicine. Airborne
transmission of SARS-CoV-2. Washington, D.C.: National Academies Press;
2020. https://doi.org/10.17226/25958.

Asadi S, Wexler AS, Cappa CD, Barreda S, Bouvier NM, Ristenpart WD.
Aerosol emission and superemission during human speech increase with
voice loudness. Sci Rep. 2019;9(1):2348. https;//doi.org/10.1038/541598-019-3
8808-z.

Alsved M, Matamis A, Bohlin R, Richter M, Bengtsson P-E, Fraenkel C-J, et al.
Exhaled respiratory particles during singing and talking. Aerosol Sci Technol.
2020;54(11):1245-8. https://doi.org/10.1080/02786826.2020.1812502.
Abkarian M, Mendez S, Xue N, Yang F, Stone HA. Speech can produce jet-
like transport relevant to asymptomatic spreading of virus. Proc Natl Acad
Sci. 2020;117(41):25237-45. https://doi.org/10.1073/pnas.2012156117.

US Centers for Disease Control and Prevention. Clinical questions about
COVID-19: Questions and answers. Which procedures are considered
aerosol generating procedures in healthcare settings? 2021. https.//www.
cdc.gov/coronavirus/2019-ncov/hcp/faghtml. Accessed 1 May 2021.
Schiinemann HJ, Khabsa J, Solo K, Khamis AM, Brignardello-Petersen R, EI-
Harakeh A, et al. Ventilation techniques and risk for transmission of
coronavirus disease, including COVID-19. Ann Intern Med. 2020;173(3):204—
16. https://doi.org/10.7326/M20-2306.

Klompas M, Baker M, Rhee C. What is an aerosol-generating procedure?
JAMA Surg. 2021;156(2):113. https://doi.org/10.1001/jamasurg.2020.6643.
Mecenas P, Bastos RT da RM, Vallinoto ACR, Normando D. Effects of
temperature and humidity on the spread of COVID-19: A systematic
review. PLoS One. 2020;15(9):€0238339. https://doi.org/10.1371/journal.
pone.0238339.

Zhou L, Ayeh SK, Chidambaram V, Karakousis PC. Modes of transmission of
SARS-CoV-2 and evidence for preventive behavioral interventions. BMC
Infect Dis. 2021;21(1):496. https://doi.org/10.1186/512879-021-06222-4.
Jayaweera M, Perera H, Gunawardana B, Manatunge J. Transmission of
COVID-19 virus by droplets and aerosols: A critical review on the unresolved

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

Page 37 of 47

dichotomy. Environ Res. 2020;188:109819. https://doi.org/10.1016/j.envres.2
020.109819.

Baker MA, Fiumara K, Rhee C, Williams SA, Tucker R, Wickner P, et al. Low
risk of coronavirus disease 2019 (COVID-19) among patients exposed to
infected healthcare workers. Clin Infect Dis. 2020 (Epub ahead of print).
https://doi.org/10.1093/cid/ciaal269.

Cheng H-Y, Jian S-W, Liu D-P, Ng T-C, Huang W-T, Lin H-H. Contact tracing
assessment of COVID-19 transmission dynamics in Taiwan and risk at
different exposure periods before and after symptom onset. JAMA Intern
Med. 2020;180(9):1156. https.//doi.org/10.1001/jamainternmed.2020.2020.
Mondelli MU, Colaneri M, Seminari EM, Baldanti F, Bruno R. Low risk of
SARS-CoV-2 transmission by fomites in real-life conditions. Lancet Infect Dis.
2020;3099(20):30678. https://doi.org/10.1016/51473-3099(20)30678-2.
Greenhalgh T, Jimenez JL, Prather KA, Tufekci Z, Fisman D, Schooley R. Ten
scientific reasons in support of airborne transmission of SARS-CoV-2. Lancet.
2021;397(10285):1603-5. https://doi.org/10.1016/50140-6736(21)00869-2.
Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ, et al. Physical
distancing, face masks, and eye protection to prevent person-to-person
transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-
analysis. Lancet. 2020;395(10242):1973-87. https://doi.org/10.1016/5S0140-673
6(20)31142-9.

Maclntyre CR, Chughtai AA. A rapid systematic review of the efficacy of face
masks and respirators against coronaviruses and other respiratory
transmissible viruses for the community, healthcare workers and sick
patients. Int J Nurs Stud. 2020;108:103629. https://doi.org/10.1016/j.ijnurstu.2
020.103629.

Maclntyre CR, Wang Q. Physical distancing, face masks, and eye protection
for prevention of COVID-19. Lancet. 2020,395(10242):1950-1. https://doi.
0rg/10.1016/50140-6736(20)31183-1.

Tang S, Mao Y, Jones RM, Tan Q, Ji JS, Li N, et al. Aerosol transmission of
SARS-CoV-2? Evidence, prevention and control. Environ Int. 2020;144:106039.
https://doi.org/10.1016/j.envint.2020.106039.

Bahl P, Doolan C, de Silva C, Chughtai AA, Bourouiba L, Macintyre CR.
Airborne or droplet precautions for health workers treating coronavirus
disease 20197 J Infect Dis. 2020 (Epub ahead of print). https://doi.org/10.1
093/infdis/jiaa189.

Kory P, Mayo PH. ICU doctors: Many more Americans need to wear N95
masks to slow COVID-19. 2020. USA Today. https://www.usatoday.com/
story/opinion/2020/07/01/slow-covid-19-more-americans-need-wear-n-95-
masks-indoors-column/3278779001/. Accessed 30 July 2020.

Cheng Y, Ma N, Witt C, Rapp S, Wild PS, Andreae MO, et al. Face masks
effectively limit the probability of SARS-CoV-2 transmission. Science. 2021
(Epub ahead of print). https.//doi.org/10.1126/science.abg6296.

Liu Y, Gayle AA, Wilder-Smith A, Rocklév J. The reproductive number of
COVID-19 is higher compared to SARS coronavirus. J Travel Med. 2020,27(2):
taaa021. https://doi.org/10.1093/jtm/taaa021.

US Centers for Disease Control and Prevention. COVID-19 pandemic
planning scenarios. 2021. https.//www.cdc.gov/coronavirus/2019-ncov/hcp/
planning-scenarios.html. Accessed 1 Apr 2021.

Conly J, Seto WH, Pittet D, Holmes A, Chu M, Hunter PR. Use of medical
face masks versus particulate respirators as a component of personal
protective equipment for health care workers in the context of the COVID-
19 pandemic. Antimicrob Resist Infect Contr. 2020;9(1):126. https://doi.org/1
0.1186/513756-020-00779-6.

Schwierzeck V, Konig JC, Kihn J, Mellmann A, Correa-Martinez CL, Omran H,
et al. First reported nosocomial outbreak of severe acute respiratory
syndrome coronavirus 2 in a pediatric dialysis unit. Clin Infect Dis. 2021;
72(2):265-70. https://doi.org/10.1093/cid/ciaa491.

Cheng VCC, Wong S-C, Chuang VWM, So SYC, Chen JHK, Sridhar S, et al.
Absence of nosocomial transmission of coronavirus disease 2019 (COVID-19)
due to SARS-CoV-2 in the prepandemic phase in Hong Kong. Am J Infect
Contr. 2020;48(8):890-6. https://doi.org/10.1016/}.3jic.2020.05.018.

Baker MA, Rhee C, Fiumara K, Bennett-Rizzo C, Tucker R, Williams SA, et al.
COVID-19 infections among HCWs exposed to a patient with a delayed
diagnosis of COVID-19. Infect Control Hosp Epidemiol. 2020;41(9):1075-6.
https://doi.org/10.1017/ice.2020.256.

Rhee C, Baker M, Vaidya V, Tucker R, Resnick A, Morris CA, et al. Incidence of
nosocomial COVID-19 in patients hospitalized at a large US academic
medical center. JAMA Netw Open. 2020;3(9):22020498. https://doi.org/10.1
001/jamanetworkopen.2020.20498.


https://doi.org/10.1126/science.abb6936
https://doi.org/10.1126/science.abb6936
https://doi.org/10.1001/jamanetworkopen.2020.35057
https://doi.org/10.1001/jamanetworkopen.2020.35057
https://doi.org/10.7554/eLife.57149
https://doi.org/10.2807/1560-7917.ES.2020.25.17.2000257
https://doi.org/10.1126/science.abf9569
https://doi.org/10.1126/science.abf9569
https://doi.org/10.1038/s41467-021-23733-5
https://doi.org/10.1038/s41467-021-23733-5
https://edition.cnn.com/2020/11/20/health/cdc-coronavirus-spread-asymptomatic-website-wellness/index.html
https://edition.cnn.com/2020/11/20/health/cdc-coronavirus-spread-asymptomatic-website-wellness/index.html
https://doi.org/10.1056/NEJMe2009758
https://doi.org/10.1097/QCO.0000000000000563
https://doi.org/10.1001/jama.2020.4756
https://doi.org/10.1126/science.abf0521
https://doi.org/10.1126/science.abf0521
https://doi.org/10.1093/jpids/piaa079
https://doi.org/10.1093/jpids/piaa079
https://doi.org/10.17226/25958
https://doi.org/10.1038/s41598-019-38808-z
https://doi.org/10.1038/s41598-019-38808-z
https://doi.org/10.1080/02786826.2020.1812502
https://doi.org/10.1073/pnas.2012156117
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html
https://doi.org/10.7326/M20-2306
https://doi.org/10.1001/jamasurg.2020.6643
https://doi.org/10.1371/journal.pone.0238339
https://doi.org/10.1371/journal.pone.0238339
https://doi.org/10.1186/s12879-021-06222-4
https://doi.org/10.1016/j.envres.2020.109819
https://doi.org/10.1016/j.envres.2020.109819
https://doi.org/10.1093/cid/ciaa1269
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1016/S1473-3099(20)30678-2
https://doi.org/10.1016/S0140-6736(21)00869-2
https://doi.org/10.1016/S0140-6736(20)31142-9
https://doi.org/10.1016/S0140-6736(20)31142-9
https://doi.org/10.1016/j.ijnurstu.2020.103629
https://doi.org/10.1016/j.ijnurstu.2020.103629
https://doi.org/10.1016/S0140-6736(20)31183-1
https://doi.org/10.1016/S0140-6736(20)31183-1
https://doi.org/10.1016/j.envint.2020.106039
https://doi.org/10.1093/infdis/jiaa189
https://doi.org/10.1093/infdis/jiaa189
https://www.usatoday.com/story/opinion/2020/07/01/slow-covid-19-more-americans-need-wear-n-95-masks-indoors-column/3278779001/
https://www.usatoday.com/story/opinion/2020/07/01/slow-covid-19-more-americans-need-wear-n-95-masks-indoors-column/3278779001/
https://www.usatoday.com/story/opinion/2020/07/01/slow-covid-19-more-americans-need-wear-n-95-masks-indoors-column/3278779001/
https://doi.org/10.1126/science.abg6296
https://doi.org/10.1093/jtm/taaa021
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
https://doi.org/10.1186/s13756-020-00779-6
https://doi.org/10.1186/s13756-020-00779-6
https://doi.org/10.1093/cid/ciaa491
https://doi.org/10.1016/j.ajic.2020.05.018
https://doi.org/10.1017/ice.2020.256
https://doi.org/10.1001/jamanetworkopen.2020.20498
https://doi.org/10.1001/jamanetworkopen.2020.20498

Escandon et al. BMC Infectious Diseases

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291

(2021) 21:710

Akinbami LJ, Vuong N, Petersen LR, Sami S, Patel A, Lukacs SL, et al. SARS-
CoV-2 seroprevalence among healthcare, first response, and public safety
personnel, Detroit Metropolitan Area, Michigan, USA, May-June 2020.
Emerg Infect Dis. 2020,26(12):2863-71. https://doi.org/10.3201/eid2612.203
764.

Chen Y, Tong X, Wang J, Huang W, Yin S, Huang R, et al. High SARS-CoV-2
antibody prevalence among healthcare workers exposed to COVID-19
patients. J Infect. 2020;81(3):420-6. https://doi.org/10.1016/},jinf.2020.05.067.
Lessells R, Moosa Y, de Oliveira T. Report into a nosocomial outbreak of
coronavirus disease 2019 (COVID-19) at Netcare St. Augustine’s Hospital.
2020. https://www.groundup.org.za/media/uploads/documents/sta
ugustineshospitaloutbreakinvestigation_finalreport_15may2020.pdf.
Accessed 30 June 2020.

Durante-Mangoni E, Andini R, Bertolino L, Mele F, Bernardo M, Grimaldi M,
et al. Low rate of severe acute respiratory syndrome coronavirus 2 spread
among health-care personnel using ordinary personal protection
equipment in a medium-incidence setting. Clin Microbiol Infect. 2020,26(9):
1269-70. https://doi.org/10.1016/j.cmi.2020.04.042.

Wong SCY, Kwong RS, Wu TC, Chan JWM, Chu MY, Lee SY, et al. Risk of
nosocomial transmission of coronavirus disease 2019: an experience in a
general ward setting in Hong Kong. J Hosp Infect. 2020;105(2):119-27.
https://doi.org/10.1016/jhin.2020.03.036.

Wang X, Ferro EG, Zhou G, Hashimoto D, Bhatt DL. Association between
universal masking in a health care system and SARS-CoV-2 positivity among
health care workers. JAMA. 2020;129(6):802-4. https://doi.org/10.1001/jama.2
020.12897.

Heinzerling A, Stuckey MJ, Scheuer T, Xu K, Perkins KM, Resseger H, et al.
Transmission of COVID-19 to health care personnel during exposures to a
hospitalized patient — Solano County, California, February 2020. MMWR
Morb Mortal Wkly Rep. 2020,69(15):472-6. https://doi.org/10.15585/mmwr.
mm6915e5.

Ng K, Poon BH, Kiat Puar TH, Shan Quah JL, Loh WJ, Wong YJ, et al. COVID-
19 and the risk to health care workers: A case report. Ann Intern Med. 2020;
172(11):766-7. https://doi.org/10.7326/L.20-0175.

Alberta Health Services. COVID-19 Scientific advisory group rapid response
report: Are healthcare workers at increased risk of COVID-19? 2020. https//
www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-hcw-risk-ra
pid-review.pdf. Accessed 1 June 2020.

Chagla Z, Hota S, Khan S, Mertz D. Re: It is time to address airborne
transmission of COVID-19. Clin Infect Dis. 2020 (Epub ahead of print).
https://doi.org/10.1093/cid/ciaal118.

Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo C-G, Ma W, et al. Risk of
COVID-19 among front-line health-care workers and the general
community: a prospective cohort study. Lancet Public Health. 2020;5(9):
e475-83. https;//doi.org/10.1016/52468-2667(20)30164-X.

Barrett ES, Horton DB, Roy J, Gennaro ML, Brooks A, Tischfield J, et al.
Prevalence of SARS-CoV-2 infection in previously undiagnosed health care
workers in New Jersey, at the onset of the U.S. COVID-19 pandemic. BMC
Infect Dis. 2020;20(1):853. https://doi.org/10.1186/512879-020-05587-2.
Zabarsky TF, Bhullar D, Silva SY, Mana TSC, Ertle MT, Navas ME, et al. What
are the sources of exposure in healthcare personnel with coronavirus
disease 2019 infection? Am J Infect Contr. 2021;49(3):392-5. https://doi.
0rg/10.1016/j.3jic.2020.08.004.

Celebi G, Pigkin N, Celik Beklevig A, Altunay Y, Salci Keles A, Tiz MA, et al.
Specific risk factors for SARS-CoV-2 transmission among health care workers
in a university hospital. Am J Infect Contr. 2020;48(10):1225-30. https.//doi.
0rg/10.1016/j.ajic.2020.07.039.

Al Maskari Z, Al Blushi A, Khamis F, Al Tai A, Al Salmi |, Al Harthi H, et al.
Characteristics of healthcare workers infected with COVID-19: A cross-
sectional observational study. Int J Infect Dis. 2021;102:32-6. https://doi.
0rg/10.1016/}.ijid.2020.10.009.

Dimcheff DE, Schildhouse RJ, Hausman MS, Vincent BM, Markovitz E,
Chensue SW, et al. Seroprevalence of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection among Veterans Affairs healthcare
system employees suggests higher risk of infection when exposed to SARS-
CoV-2 outside the work environment. Infect Contr Hosp Epidemiol. 2021;
42(4):392-8. https://doi.org/10.1017/ice.2020.1220.

Leung NHL, Chu DKW, Shiu EYC, Chan K-H, McDevitt JJ, Hau BJP, et al.
Respiratory virus shedding in exhaled breath and efficacy of face masks. Nat
Med. 2020;26(5):676-80. https://doi.org/10.1038/541591-020-0843-2.

292.

293.

294.

295.

296.

297.

298.

299.

300.

w
o

302.

303.

304.

305.

306.

307.

308.

Page 38 of 47

Bartoszko JJ, Faroogi MAM, Alhazzani W, Loeb M. Medical masks vs N95
respirators for preventing COVID-19 in healthcare workers: A systematic
review and meta-analysis of randomized trials. Influenza Other Res Virus.
2020;14(4):365-73. https.//doi.org/10.1111/irv.12745.

Offeddu V, Yung CF, Low MSF, Tam CC. Effectiveness of masks and
respirators against respiratory infections in healthcare workers: A systematic
review and meta-analysis. Clin Infect Dis. 2017,65(11):1934-42. https.//doi.
0rg/10.1093/cid/cix681.

Long Y, Hu T, Liu L, Chen R, Guo Q, Yang L, et al. Effectiveness of N95
respirators versus surgical masks against influenza: A systematic review and
meta-analysis. J Evid Based Med. 2020;13(2):93-101. https://doi.org/10.1111/
jebm.12381.

Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA,

et al. Physical interventions to interrupt or reduce the spread of respiratory
viruses. Cochrane database Syst Rev. 2020;11(11):.CD006207. https://doi.org/1
0.1002/14651858.CD006207.pubs.

Smith JD, MacDougall CC, Johnstone J, Copes RA, Schwartz B, Garber GE.
Effectiveness of N95 respirators versus surgical masks in protecting health
care workers from acute respiratory infection: a systematic review and
meta-analysis. Can Med Assoc J. 2016;188(8):567-74. https://doi.org/10.1503/
cmaj.150835.

Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA,

et al. Physical interventions to interrupt or reduce the spread of respiratory
viruses. Cochrane Database Syst Rev. 2011;2011(7):CD006207. https://www.
cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006207.pub4/full.
Klompas M, Baker MA, Griesbach D, Tucker R, Gallagher GR, Lang AS, et al.
Transmission of SARS-CoV-2 from asymptomatic and presymptomatic
individuals in healthcare settings despite medical masks and eye protection.
Clin Infect Dis. 2021 (Epub ahead of print). https.//doi.org/10.1093/cid/cia
b218.

Klompas M, Baker MA, Rhee C, Tucker R, Fiumara K, Griesbach D, et al. A
SARS-CoV-2 cluster in an acute care hospital. Ann Intern Med. 2021;174(6):
794-802. https://doi.org/10.7326/M20-7567.

Wang Y, Tian H, Zhang L, Zhang M, Guo D, Wu W, et al. Reduction of
secondary transmission of SARS-CoV-2 in households by face mask use,
disinfection and social distancing: a cohort study in Beijing, China. BMJ Glob
Health. 2020;5(5):2002794. https//doi.org/10.1136/bmjgh-2020-002794.

. Hendrix MJ, Walde C, Findley K, Trotman R. Absence of apparent

transmission of SARS-CoV-2 from two stylists after exposure at a hair salon
with a universal face covering policy — Springfield, Missouri, May 2020.
MMWR Morb Mortal WKly Rep. 2020,69(28):930-2. https://doi.org/10.15585/
mmwr.mm6928e2.

Nir-Paz R, Grotto |, Strolov I, Salmon A, Mandelboim M, Mendelson E, et al.
Absence of in-flight transmission of SARS-CoV-2 likely due to use of face
masks on board. J Travel Med. 2020,27(8):taaa117. https://doi.org/10.1093/
jtm/taaall7.

Payne DC, Smith-Jeffcoat SE, Nowak G, Chukwuma U, Geibe JR, Hawkins RJ,
et al. SARS-CoV-2 infections and serologic responses from a sample of U.S.
Navy Service members — USS Theodore Roosevelt, April 2020. MMWR
Morb Mortal WKly Rep. 2020,69(23):714-21. https://doi.org/10.15585/mmwr.
mm6923e4.

Chen J, He H, Cheng W, Liu Y, Sun Z, Chai C, et al. Potential transmission of
SARS-CoV-2 on a flight from Singapore to Hangzhou, China: An
epidemiological investigation. Travel Med Infect Dis. 2020;36:101816. https.//
doi.org/10.1016/j.tmaid.2020.101816.

Schwartz KL, Murti M, Finkelstein M, Leis JA, Fitzgerald-Husek A, Bourns L,
et al. Lack of COVID-19 transmission on an international flight. CMAJ. 2020;
192(15):E410. https://doi.org/10.1503/cmaj.75015.

Hong L, Lin A, He Z, Zhao H, Zhang J-G, Zhang C, et al. Mask wearing in
pre-symptomatic patients prevents SARS-CoV-2 transmission: An
epidemiological analysis. Travel Med Infect Dis. 2020;36:101803. https://doi.
0rg/10.1016/j.tmaid.2020.101803.

Wu Y, Song S, Kao Q, Kong Q, Sun Z, Wang B. Risk of SARS-CoV-2 infection
among contacts of individuals with COVID-19 in Hangzhou, China. Public
Health. 2020;185:57-9. https://doi.org/10.1016/j.puhe.2020.05.016.
Doung-ngern P, Suphanchaimat R, Panjangampatthana A,
Janekrongtham C, Ruampoom D, Daochaeng N, et al. Case-control
study of use of personal protective measures and risk for SARS-CoV 2
infection, Thailand. Emerg Infect Dis. 2020;26(11):2607-16. https://doi.
0rg/10.3201/eid2611.203003.


https://doi.org/10.3201/eid2612.203764
https://doi.org/10.3201/eid2612.203764
https://doi.org/10.1016/j.jinf.2020.05.067
https://www.groundup.org.za/media/uploads/documents/staugustineshospitaloutbreakinvestigation_finalreport_15may2020.pdf
https://www.groundup.org.za/media/uploads/documents/staugustineshospitaloutbreakinvestigation_finalreport_15may2020.pdf
https://doi.org/10.1016/j.cmi.2020.04.042
https://doi.org/10.1016/j.jhin.2020.03.036
https://doi.org/10.1001/jama.2020.12897
https://doi.org/10.1001/jama.2020.12897
https://doi.org/10.15585/mmwr.mm6915e5
https://doi.org/10.15585/mmwr.mm6915e5
https://doi.org/10.7326/L20-0175
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-hcw-risk-rapid-review.pdf
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-hcw-risk-rapid-review.pdf
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-hcw-risk-rapid-review.pdf
https://doi.org/10.1093/cid/ciaa1118
https://doi.org/10.1016/S2468-2667(20)30164-X
https://doi.org/10.1186/s12879-020-05587-2
https://doi.org/10.1016/j.ajic.2020.08.004
https://doi.org/10.1016/j.ajic.2020.08.004
https://doi.org/10.1016/j.ajic.2020.07.039
https://doi.org/10.1016/j.ajic.2020.07.039
https://doi.org/10.1016/j.ijid.2020.10.009
https://doi.org/10.1016/j.ijid.2020.10.009
https://doi.org/10.1017/ice.2020.1220
https://doi.org/10.1038/s41591-020-0843-2
https://doi.org/10.1111/irv.12745
https://doi.org/10.1093/cid/cix681
https://doi.org/10.1093/cid/cix681
https://doi.org/10.1111/jebm.12381
https://doi.org/10.1111/jebm.12381
https://doi.org/10.1002/14651858.CD006207.pub5
https://doi.org/10.1002/14651858.CD006207.pub5
https://doi.org/10.1503/cmaj.150835
https://doi.org/10.1503/cmaj.150835
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006207.pub4/ful
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006207.pub4/ful
https://doi.org/10.1093/cid/ciab218
https://doi.org/10.1093/cid/ciab218
https://doi.org/10.7326/M20-7567
https://doi.org/10.1136/bmjgh-2020-002794
https://doi.org/10.15585/mmwr.mm6928e2
https://doi.org/10.15585/mmwr.mm6928e2
https://doi.org/10.1093/jtm/taaa117
https://doi.org/10.1093/jtm/taaa117
https://doi.org/10.15585/mmwr.mm6923e4
https://doi.org/10.15585/mmwr.mm6923e4
https://doi.org/10.1016/j.tmaid.2020.101816
https://doi.org/10.1016/j.tmaid.2020.101816
https://doi.org/10.1503/cmaj.75015
https://doi.org/10.1016/j.tmaid.2020.101803
https://doi.org/10.1016/j.tmaid.2020.101803
https://doi.org/10.1016/j.puhe.2020.05.016
https://doi.org/10.3201/eid2611.203003
https://doi.org/10.3201/eid2611.203003

Escandon et al. BMC Infectious Diseases

309.

310.

311

312

313.

314

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

(2021) 21:710

Freedman DO, Wilder-Smith A. In-flight transmission of SARS-CoV-2: A
review of the attack rates and available data on the efficacy of face masks. J
Travel Med. 2020;27(8):taaa178. https://doi.org/10.1093/JTM/TAAA178.

Lu J, Gu J, Li K Xu C, Su W, Lai Z, et al. COVID-19 outbreak associated with
air conditioning in restaurant, Guangzhou, China, 2020. Emerg Infect Dis.
2020;26(7):3-6. https://doi.org/10.3201/eid2607.200764.

Li Y, Qian H, Hang J, Chen X, Cheng P, Ling H, et al. Probable airborne
transmission of SARS-CoV-2 in a poorly ventilated restaurant. Build Environ.
2021;196:107788. https://doi.org/10.1016/j.buildenv.2021.107788.

Park SY, Kim Y-M, Yi S, Lee S, Na B-J, Kim CB, et al. Coronavirus disease
outbreak in call center, South Korea. Emerg Infect Dis. 2020;26(8):1666~70.
https.//doi.org/10.3201/eid2608.201274.

Hamner L, Dubbel P, Capron |, Ross A, Jordan A, Lee J, et al. High SARS-
CoV-2 attack rate following exposure at a choir practice — Skagit County,
Washington, March 2020. MMWR Morb Mortal Wkly Rep. 2020;69(19):606—
10. https//doi.org/10.15585/mmwr.mm6919e6.

Charlotte N. High rate of SARS-CoV-2 transmission due to choir practice in
France at the beginning of the COVID-19 pandemic. J Voice. 2020 (Epub
ahead of print). https://doi.org/10.1016/jjvoice.2020.11.029.

Jang S, Han SH, Rhee J-Y. Cluster of coronavirus disease associated with
fitness dance classes, South Korea. Emerg Infect Dis. 2020;26(8):1917-20.
https://doi.org/10.3201/eid2608.200633.

Bae S, Kim H, Jung T-Y, Lim J-A, Jo D-H, Kang G-S, et al. Epidemiological
characteristics of COVID-19 outbreak at fitness centers in Cheonan, Korea. J
Korean Med Sci. 2020;35(31):e288. https://doi.org/10.3346/jkms.2020.35.e288.
Brlek A, Vidovi¢ S, Vuzem S, Turk K, Simonovi¢ Z. Possible indirect
transmission of COVID-19 at a squash court, Slovenia, March 2020: case
report. Epidemiol Infect. 2020;148:120. https.//doi.org/10.1017/5095026882
0001326.

Lendacki FR, Teran RA, Gretsch S, Fricchione MJ, Kerins JL. COVID-19
outbreak among attendees of an exercise facility — Chicago, lllinois,
August-September 2020. MMWR Morb Mortal Wkly Rep. 2021;70(9):321-5.
https://doi.org/10.15585/mmwr.mm7009e2.

Groves LM, Usagawa L, EIm J, Low E, Manuzak A, Quint J, et al. Community
transmission of SARS-CoV-2 at three fitness facilities — Hawaii, June-July
2020. MMWR Morb Mortal WKly Rep. 2021;70(9):316-20. https://doi.org/10.1
5585/mmwr.mm70091.

Roxby AC, Greninger AL, Hatfield KM, Lynch JB, Dellit TH, James A, et al.
Detection of SARS-CoV-2 among residents and staff members of an
independent and assisted living community for older adults — Seattle,
Washington, 2020. MMWR Morb Mortal WKly Rep. 2020,69(14):416-8. https://
doi.org/10.15585/mmwr.mmé914e2.

McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG, et al.
Epidemiology of Covid-19 in a long-term care facility in King County,
Washington. N Engl J Med. 2020;382(21):2005-11. https://doi.org/10.1056/
NEJM0a2005412.

Patel MC, Chaisson LH, Borgetti S, Burdsall D, Chugh RK, Hoff CR, et al.
Asymptomatic SARS-CoV-2 infection and COVID-19 mortality during an
outbreak investigation in a skilled nursing facility. Clin Infect Dis. 2020;71(11):
2920-6. https://doi.org/10.1093/cid/ciaa763.

Feaster M, Goh Y-Y. High proportion of asymptomatic SARS-CoV-2 infections in
9 long-term care facilities, Pasadena, California, USA, April 2020. Emerg Infect
Dis. 2020;26(10):2416-9. https.//doi.org/10.3201/eid2610.202694.

de Man P, Paltansing S, Ong DSY, Vaessen N, van Nielen G, Koeleman JGM.
Outbreak of coronavirus disease 2019 (COVID-19) in a nursing home
associated with aerosol transmission as a result of inadequate ventilation.
Clin Infect Dis. 2020;17(6):365-6. https://doi.org/10.1093/cid/ciaa1270.
Wallace M, Hagan L, Curran KG, Williams SP, Handanagic S, Bjork A, et al.
COVID-19 in correctional and detention facilities — United States, February—
April 2020. MMWR Morb Mortal WKly Rep. 2020,69(19):587-90. https://doi.
0rg/10.15585/mmwr.mm6919e1.

Cai J, Sun W, Huang J, Gamber M, Wu J, He G. Indirect virus transmission in
cluster of COVID-19 cases, Wenzhou, China, 2020. Emerg Infect Dis. 2020;
26(6):1343-5. https://doi.org/10.3201/eid2606.200412.

James A, Eagle L, Phillips C, Hedges DS, Bodenhamer C, Brown R, et al. High
COVID-19 attack rate among attendees at events at a church — Arkansas,
March 2020. MMWR Morb Mortal Wkly Rep. 2020,69(20):632-5. https;//doi.
0rg/10.15585/mmwr.mm6920e2.

Katelaris AL, Wells J, Clark P, Norton S, Rockett R, Arnott A, et al.
Epidemiologic Evidence for airborne transmission of SARS-CoV-2 during

329.

330.

w
()

332.

333

334,

335

336.

337.

338.

339.

340.

341.

342.

343.

344,

345,

346.

347.

Page 39 of 47

church singing, Australia, 2020. Emerg Infect Dis. 2021,27(6):1677-80. https//
doi.org/10.3201/eid2706.210465.

Murphy N, Boland M, Bambury N, Fitzgerald M, Comerford L, Dever N, et al.
A large national outbreak of COVID-19 linked to air travel, Ireland, summer
2020. Eurosurveillance. 2020,25(42):2001624. https://doi.org/10.2807/1560-
7917.ES.2020.25.42.2001624.

Ghinai I, Woods S, Ritger KA, McPherson TD, Black SR, Sparrow L, et al.
Community transmission of SARS-CoV-2 at two family gatherings —
Chicago, lllinois, February-March 2020. MMWR Morb Mortal WKly Rep. 2020;
69(15):446-50. https.//doi.org/10.15585/mmwr.mm6915e1.

. Mahale P, Rothfuss C, Bly S, Kelley M, Bennett S, Huston SL, et al. Multiple

COVID-19 outbreaks linked to a wedding reception in rural Maine —
August 7-September 14, 2020. MMWR Morb Mortal Wkly Rep. 2020,69(45):
1686-90. https://doi.org/10.15585/mmwr.mm6945a5.

Moriarty LF, Plucinski MM, Marston BJ, Kurbatova EV, Knust B, Murray EL,

et al. Public health responses to COVID-19 outbreaks on cruise ships —
worldwide, February-March 2020. MMWR Morb Mortal Wkly Rep. 2020;
69(12):347-52. https;//doi.org/10.15585/mmwr.mm6912e3.

Shen Y, Li C, Dong H, Wang Z, Martinez L, Sun Z, et al. Community
outbreak investigation of SARS-CoV-2 transmission among bus riders in
Eastern China. JAMA Intern Med. 2020;180(12):1665. https://doi.org/10.1001/
jamainternmed.2020.5225.

Rickman HM, Rampling T, Shaw K, Martinez-Garcia G, Hail L, Coen P, et al.
Nosocomial transmission of coronavirus disease 2019: A retrospective study
of 66 hospital-acquired cases in a London teaching hospital. Clin Infect Dis.
2021;72(4):690-3. https://doi.org/10.1093/cid/ciaa816.

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. N Engl J Med. 2020,382(16):1564-7. https://doi.
0rg/10.1056/NEJMc2004973.

Fears AC, Klimstra WB, Duprex P, Hartman A, Weaver SC, Plante KS, et al.
Persistence of severe acute respiratory syndrome coronavirus 2 in aerosol
suspensions. Emerg Infect Dis. 2020,26(9):2168-71. https://doi.org/10.3201/
€id2609.201806.

Peters A, Parneix P, Otter J, Pittet D. Putting some context to the
aerosolization debate around SARS-CoV-2. J Hosp Infect. 2020;105(2):381-2.
https://doi.org/10.1016/jhin.2020.04.040.

Kim Y-I, Kim S-G, Kim S-M, Kim E-H, Park S-J, Yu K-M, et al. Infection and
rapid transmission of SARS-CoV-2 in ferrets. Cell Host Microbe. 2020;27(5):
704-709.e2. https://doi.org/10.1016/j.chom.2020.03.023.

Sia SF, Yan L-M, Chin AWH, Fung K, Choy K-T, Wong AYL, et al.
Pathogenesis and transmission of SARS-CoV-2 in golden hamsters. Nature.
2020;583(7818):834-8. https://doi.org/10.1038/541586-020-2342-5.

Chan JF-W, Yuan S, Zhang AJ, Poon VK-M, Chan CC-S, Lee AC-Y, et al.
Surgical mask partition reduces the risk of noncontact transmission in a
golden Syrian hamster model for coronavirus disease 2019 (COVID-19). Clin
Infect Dis. 2020;71(16):2139-49. https://doi.org/10.1093/cid/ciaa644.

Richard M, Kok A, de Meulder D, Bestebroer TM, Lamers MM, Okba NMA,
et al. SARS-CoV-2 is transmitted via contact and via the air between ferrets.
Nat Commun. 2020;11(1):3496. https://doi.org/10.1038/541467-020-17367-2.
Kutter JS, de Meulder D, Bestebroer TM, Lexmond P, Mulders A, Richard M,
et al. SARS-CoV and SARS-CoV-2 are transmitted through the air between
ferrets over more than one meter distance. Nat Commun. 2021;12(1):1653.
https://doi.org/10.1038/541467-021-21918-6.

Shi J, Wen Z, Zhong G, Yang H, Wang C, Huang B, et al. Susceptibility of
ferrets, cats, dogs, and other domesticated animals to SARS—coronavirus 2.
Science. 2020;368(6494):1016-20. https;//doi.org/10.1126/science.abb7015.
Edwards DA, Ausiello D, Salzman J, Devlin T, Langer R, Beddingfield BJ, et al.
Exhaled aerosol increases with COVID-19 infection, age, and obesity. Proc
Natl Acad Sci. 2021;118(8):¢2021830118. https.//doi.org/10.1073/pnas.202183
0118.

Chen PZ, Bobrovitz N, Premji Z, Koopmans M, Fisman DN, Gu FX.
Heterogeneity in transmissibility and shedding SARS-CoV-2 via droplets and
aerosols. Elife. 2021;10:e65774. https//doi.org/10.7554/eLife.65774.

Dbouk T, Drikakis D. On coughing and airborne droplet transmission to
humans. Phys Fluids. 2020;32(5):053310. https://doi.org/10.1063/5.0011960.
Setti L, Passarini F, De Gennaro G, Barbieri P, Perrone MG, Borelli M, et al.
Airborne transmission route of COVID-19: Why 2 meters/6 feet of inter-
personal distance could not be enough. Int J Environ Res Public Health.
2020;17(8):2932. https://doi.org/10.3390/ijerph17082932.


https://doi.org/10.1093/JTM/TAAA178
https://doi.org/10.3201/eid2607.200764
https://doi.org/10.1016/j.buildenv.2021.107788
https://doi.org/10.3201/eid2608.201274
https://doi.org/10.15585/mmwr.mm6919e6
https://doi.org/10.1016/j.jvoice.2020.11.029
https://doi.org/10.3201/eid2608.200633
https://doi.org/10.3346/jkms.2020.35.e288
https://doi.org/10.1017/S0950268820001326
https://doi.org/10.1017/S0950268820001326
https://doi.org/10.15585/mmwr.mm7009e2
https://doi.org/10.15585/mmwr.mm7009e1
https://doi.org/10.15585/mmwr.mm7009e1
https://doi.org/10.15585/mmwr.mm6914e2
https://doi.org/10.15585/mmwr.mm6914e2
https://doi.org/10.1056/NEJMoa2005412
https://doi.org/10.1056/NEJMoa2005412
https://doi.org/10.1093/cid/ciaa763
https://doi.org/10.3201/eid2610.202694
https://doi.org/10.1093/cid/ciaa1270
https://doi.org/10.15585/mmwr.mm6919e1
https://doi.org/10.15585/mmwr.mm6919e1
https://doi.org/10.3201/eid2606.200412
https://doi.org/10.15585/mmwr.mm6920e2
https://doi.org/10.15585/mmwr.mm6920e2
https://doi.org/10.3201/eid2706.210465
https://doi.org/10.3201/eid2706.210465
https://doi.org/10.2807/1560-7917.ES.2020.25.42.2001624
https://doi.org/10.2807/1560-7917.ES.2020.25.42.2001624
https://doi.org/10.15585/mmwr.mm6915e1
https://doi.org/10.15585/mmwr.mm6945a5
https://doi.org/10.15585/mmwr.mm6912e3
https://doi.org/10.1001/jamainternmed.2020.5225
https://doi.org/10.1001/jamainternmed.2020.5225
https://doi.org/10.1093/cid/ciaa816
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.3201/eid2609.201806
https://doi.org/10.3201/eid2609.201806
https://doi.org/10.1016/j.jhin.2020.04.040
https://doi.org/10.1016/j.chom.2020.03.023
https://doi.org/10.1038/s41586-020-2342-5
https://doi.org/10.1093/cid/ciaa644
https://doi.org/10.1038/s41467-020-17367-2
https://doi.org/10.1038/s41467-021-21918-6
https://doi.org/10.1126/science.abb7015
https://doi.org/10.1073/pnas.2021830118
https://doi.org/10.1073/pnas.2021830118
https://doi.org/10.7554/eLife.65774
https://doi.org/10.1063/5.0011960
https://doi.org/10.3390/ijerph17082932

Escandon et al. BMC Infectious Diseases

348.

349.

350.

351.

352.

353.

354

355.

356.

35

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

~

(2021) 21:710

Anfinrud P, Stadnytskyi V, Bax CE, Bax A. Visualizing speech-generated oral
fluid droplets with laser light scattering. N Engl J Med. 2020;382(21):2061-3.
https.//doi.org/10.1056/NEJMc2007800.

Stadnytskyi V, Bax CE, Bax A, Anfinrud P. The airborne lifetime of small
speech droplets and their potential importance in SARS-CoV-2 transmission.
Proc Natl Acad Sci. 2020;117(22):11875-7. https://doi.org/10.1073/pnas.2
006874117.

Somsen GA, van Rijn C, Kooij S, Bem RA, Bonn D. Small droplet aerosols in
poorly ventilated spaces and SARS-CoV-2 transmission. Lancet Respir Med.
2020;8(7):658-9. https.//doi.org/10.1016/52213-2600(20)30245-9.

Santarpia JL, Rivera DN, Herrera VL, Morwitzer MJ, Creager HM, Santarpia
GW, et al. Aerosol and surface contamination of SARS-CoV-2 observed in
quarantine and isolation care. Sci Rep. 2020;10(1):12732. https://doi.org/10.1
038/541598-020-69286-3.

Santarpia JL, Herrera VL, Rivera DN, Ratnesar-Shumate S, Reid SP, Denton
PW, et al. The infectious nature of patient-generated SARS-CoV-2 aerosol:
Preprint at medRxiv; 2020. https://doi.org/10.1101/2020.07.13.20041632.
Lednicky JA, Lauzardo M, Fan ZH, Jutla A, Tilly TB, Gangwar M, et al. Viable
SARS-CoV-2 in the air of a hospital room with COVID-19 patients. Int J Infect
Dis. 2020;100:476-82. https.//doi.org/10.1016/}.ijid.2020.09.025.

Hu J, Lei C, Chen Z, Liu W, Hu X, Pei R, et al. Distribution of airborne SARS-
CoV-2 and possible aerosol transmission in Wuhan hospitals. China. Natl Sci
Rev. 2020;7(12):1865-7. https://doi.org/10.1093/nsr/nwaa250.

Razzini K, Castrica M, Menchetti L, Maggi L, Negroni L, Orfeo NV, et al. SARS-
CoV-2 RNA detection in the air and on surfaces in the COVID-19 ward of a
hospital in Milan. Italy. Sci Total Environ. 2020;742:140540. https://doi.org/1
0.1016/j.scitotenv.2020.140540.

Guo Z-D, Wang Z-Y, Zhang S-F, Li X, Li L, Li C, et al. Aerosol and surface
distribution of severe acute respiratory syndrome coronavirus 2 in hospital
wards, Wuhan, China, 2020. Emerg Infect Dis. 2020;26(7):1583-91. https://
doi.org/10.3201/eid2607.200885.

Binder RA, Alarja NA, Robie ER, Kochek KE, Xiu L, Rocha-Melogno L, et al.
Environmental and aerosolized severe acute respiratory syndrome
coronavirus 2 among hospitalized coronavirus disease 2019 patients. J Infect
Dis. 2020;222(11):1798-806. https://doi.org/10.1093/infdis/jiaa575.

JinT, Li J, Yang J, Li J, Hong F, Long H, et al. SARS-CoV-2 presented in the
air of an intensive care unit (ICU). Sustain Cities Soc. 2021;65:102446. https//
doi.org/10.1016/j.5¢5.2020.102446.

Kenarkoohi A, Noorimotlagh Z, Falahi S, Amarloei A, Mirzaee SA, Pakzad |,
et al. Hospital indoor air quality monitoring for the detection of SARS-CoV-2
(COVID-19) virus. Sci Total Environ. 2020;748:141324. https://doi.org/10.1016/
j.scitotenv.2020.141324.

Lei H, Ye F, Liu X, Huang Z, Ling S, Jiang Z, et al. SARS-CoV-2 environmental
contamination associated with persistently infected COVID-19 patients.
Influenza Other Respi Viruses. 2020;14(6):688-99. https.//doi.org/10.1111/
irv.12783.

Tan L, Ma B, Lai X, Han L, Cao P, Zhang J, et al. Air and surface
contamination by SARS-CoV-2 virus in a tertiary hospital in Wuhan, China.
Int J Infect Dis. 2020,99:3-7. https.//doi.org/10.1016/}.ijid.2020.07.027.

Zhou L, Yao M, Zhang X, Hu B, Li X, Chen H, et al. Breath-, air- and surface-
borne SARS-CoV-2 in hospitals. J Aerosol Sci. 2021;152:105693. https://doi.
0rg/10.1016/}jaerosci.2020.105693.

Dubey A, Kotnala G, Mandal TK, Sonkar SC, Singh VK, Guru SA, et al.
Evidence of the presence of SARS-CoV-2 virus in atmospheric air and
surfaces of a dedicated COVID hospital. J Med Virol. 2021 (Epub ahead of
print). https://doi.org/10.1002/jmv.27029.

Kotwa JD, Jamal AJ, Mbareche H, Yip L, Aftanas P, Barati S, et al. Surface and
air contamination with SARS-CoV-2 from hospitalized COVID-19 patients in
Toronto, Canada: Preprint at medRxiv; 2021. https://doi.org/10.1101/2021.
05.17.21257122.

Chia PY, Coleman KK, Tan YK, Ong SWX, Gum M, Lau SK, et al. Detection of
air and surface contamination by SARS-CoV-2 in hospital rooms of infected
patients. Nat Commun. 2020;11(1):2800. https://doi.org/10.1038/541467-02
0-16670-2.

Dumont-Leblond N, Veillette M, Mubareka S, Yip L, Longtin Y, Jouvet P,

et al. Low incidence of airborne SARS-CoV-2 in acute care hospital rooms
with optimized ventilation. Emerg Microbes Infect. 2020;9(1):2597-605.
https://doi.org/10.1080/22221751.2020.1850184.

Ben-Shmuel A, Brosh-Nissimov T, Glinert |, Bar-David E, Sittner A, Poni R,

et al. Detection and infectivity potential of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) environmental contamination in

368.

369.

370.

371

372.

373.

374.

375.

376.

377.

378.

379.

380.

382.

383.

384

Page 40 of 47

isolation units and quarantine facilities. Clin Microbiol Infect. 2020;26(12):
1658-62. https://doi.org/10.1016/j.cmi.2020.09.004.

Passos RG, Silveira MB, Abrahdo JS. Exploratory assessment of the
occurrence of SARS-CoV-2 in aerosols in hospital facilities and public spaces
of a metropolitan center in Brazil. Environ Res. 2021;195:110808. https://doi.
0rg/10.1016/j.envres.2021.110808.

Mouchtouri VA, Koureas M, Kyritsi M, Vontas A, Kourentis L, Sapounas S,

et al. Environmental contamination of SARS-CoV-2 on surfaces, air-
conditioner and ventilation systems. Int J Hyg Environ Health. 2020;230:
113599. https://doi.org/10.1016/jijheh.2020.113599.

Liu'Y, Ning Z, Chen Y, Guo M, Liu Y, Gali NK, et al. Aerodynamic analysis of
SARS-CoV-2 in two Wuhan hospitals. Nature. 2020;582(7813):557-60. https://
doi.org/10.1038/541586-020-2271-3.

Zhou J, Otter JA, Price JR, Cimpeanu C, Garcia DM, Kinross J, et al.
Investigating SARS-CoV-2 surface and air contamination in an acute
healthcare setting during the peak of the COVID-19 pandemic in London.
Clin Infect Dis. 2020 (Epub ahead of print). https.//doi.org/10.1093/cid/ciaa
905.

Lednicky JA, Shankar SN, Elbadry MA, Gibson JC, Alam MM, Stephenson CJ,
et al. Collection of SARS-CoV-2 virus from the air of a clinic within a
university student health care center and analyses of the viral genomic
sequence. Aerosol Air Qual Res. 2020;20(6):1167-71. https://doi.org/10.42
09/2aqr.2020.05.0202.

Ma J, Qi X, Chen H, Li X, Zhang Z, Wang H, et al. Coronavirus disease 2019
patients in earlier stages exhaled millions of severe acute respiratory
syndrome coronavirus 2 per hour. Clin Infect Dis. 2021;72(10):652-e654.
https://doi.org/10.1093/cid/ciaal283.

Jiang Y, Wang H, Chen Y, He J, Chen L, Liu Y, et al. Clinical data on hospital
environmental hygiene monitoring and medical staffs protection during the
coronavirus disease 2019 outbreak: Preprint at medRxiv; 2020. https://doi.
0rg/10.1101/2020.02.25.20028043.

Faridi S, Niazi S, Sadeghi K, Naddafi K, Yavarian J, Shamsipour M, et al. A
field indoor air measurement of SARS-CoV-2 in the patient rooms of the
largest hospital in Iran. Sci Total Environ. 2020;725:138401. https://doi.org/1
0.1016/j.scitotenv.2020.138401.

Cheng VCC, Wong S-C, Chen JHK, Yip CCY, Chuang VWM, Tsang OTY, et al.
Escalating infection control response to the rapidly evolving epidemiology
of the coronavirus disease 2019 (COVID-19) due to SARS-CoV-2 in Hong
Kong. Infect Control Hosp Epidemiol. 2020;41(5):493-8. https.//doi.org/10.1
017/ice.2020.58.

Cheng VC-C, Wong S-C, Chan VW-M, So SY-C, Chen JH-K; Yip CC-Y, et al. Air
and environmental sampling for SARS-CoV-2 around hospitalized patients
with coronavirus disease 2019 (COVID-19). Infect Control Hosp Epidemiol.
2020;41(11):1258-65. https://doi.org/10.1017/ice.2020.282.

Li YH, Fan YZ, Jiang L, Wang HB. Aerosol and environmental surface
monitoring for SARS-CoV-2 RNA in a designated hospital for severe COVID-
19 patients. Epidemiol Infect. 2020;148:e154. https://doi.org/10.1017/509502
68820001570.

Wu S, Wang Y, Jin X, Tian J, Liu J, Mao Y. Environmental contamination by
SARS-CoV-2 in a designated hospital for coronavirus disease 2019. Am J
Infect Contr. 2020;48(8):910-4. https://doi.org/10.1016/j.ajic.2020.05.003.
Ahn JY, An'S, Sohn Y, Cho Y, Hyun JH, Baek YJ, et al. Environmental
contamination in the isolation rooms of COVID-19 patients with severe
pneumonia requiring mechanical ventilation or high-flow oxygen therapy. J
Hosp Infect. 2020;106(3):570-6. https://doi.org/10.1016/j.jhin.2020.08.014.

. Kim UJ, Lee SY, Lee JY, Lee A, Kim SE, Choi O-J, et al. Air and environmental

contamination caused by COVID-19 patients: A multi-center study. J Korean
Med Sci. 2020;35(37):€332. https://doi.org/10.3346/jkms.2020.35.e332.

Wei L, Lin J, Duan X, Huang W, Lu X, Zhou J, et al. Asymptomatic COVID-19
patients can contaminate their surroundings: An environment sampling
study. mSphere. 2020;5(3):3-6. https.//doi.org/10.1128/mSphere.00442-20.
Dumont-Leblond N, Veillette M, Bhérer L, Boissoneault K, Mubareka S, Yip L,
et al. Positive no-touch surfaces and undetectable SARS-CoV-2 aerosols in
long-term care facilities: An attempt to understand the contributing factors
and the importance of timing in air sampling campaigns. Am J Infect Contr.
2021,49(6):701-6. https://doi.org/10.1016/j.ajic.2021.02.004.

Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY, et al. Air, surface
environmental, and personal protective equipment contamination by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from a
symptomatic patient. JAMA. 2020;323(16):1610. https://doi.org/10.1001/ja
ma.2020.3227.


https://doi.org/10.1056/NEJMc2007800
https://doi.org/10.1073/pnas.2006874117
https://doi.org/10.1073/pnas.2006874117
https://doi.org/10.1016/S2213-2600(20)30245-9
https://doi.org/10.1038/s41598-020-69286-3
https://doi.org/10.1038/s41598-020-69286-3
https://doi.org/10.1101/2020.07.13.20041632
https://doi.org/10.1016/j.ijid.2020.09.025
https://doi.org/10.1093/nsr/nwaa250
https://doi.org/10.1016/j.scitotenv.2020.140540
https://doi.org/10.1016/j.scitotenv.2020.140540
https://doi.org/10.3201/eid2607.200885
https://doi.org/10.3201/eid2607.200885
https://doi.org/10.1093/infdis/jiaa575
https://doi.org/10.1016/j.scs.2020.102446
https://doi.org/10.1016/j.scs.2020.102446
https://doi.org/10.1016/j.scitotenv.2020.141324
https://doi.org/10.1016/j.scitotenv.2020.141324
https://doi.org/10.1111/irv.12783
https://doi.org/10.1111/irv.12783
https://doi.org/10.1016/j.ijid.2020.07.027
https://doi.org/10.1016/j.jaerosci.2020.105693
https://doi.org/10.1016/j.jaerosci.2020.105693
https://doi.org/10.1002/jmv.27029
https://doi.org/10.1101/2021.05.17.21257122
https://doi.org/10.1101/2021.05.17.21257122
https://doi.org/10.1038/s41467-020-16670-2
https://doi.org/10.1038/s41467-020-16670-2
https://doi.org/10.1080/22221751.2020.1850184
https://doi.org/10.1016/j.cmi.2020.09.004
https://doi.org/10.1016/j.envres.2021.110808
https://doi.org/10.1016/j.envres.2021.110808
https://doi.org/10.1016/j.ijheh.2020.113599
https://doi.org/10.1038/s41586-020-2271-3
https://doi.org/10.1038/s41586-020-2271-3
https://doi.org/10.1093/cid/ciaa905
https://doi.org/10.1093/cid/ciaa905
https://doi.org/10.4209/aaqr.2020.05.0202
https://doi.org/10.4209/aaqr.2020.05.0202
https://doi.org/10.1093/cid/ciaa1283
https://doi.org/10.1101/2020.02.25.20028043
https://doi.org/10.1101/2020.02.25.20028043
https://doi.org/10.1016/j.scitotenv.2020.138401
https://doi.org/10.1016/j.scitotenv.2020.138401
https://doi.org/10.1017/ice.2020.58
https://doi.org/10.1017/ice.2020.58
https://doi.org/10.1017/ice.2020.282
https://doi.org/10.1017/S0950268820001570
https://doi.org/10.1017/S0950268820001570
https://doi.org/10.1016/j.ajic.2020.05.003
https://doi.org/10.1016/j.jhin.2020.08.014
https://doi.org/10.3346/jkms.2020.35.e332
https://doi.org/10.1128/mSphere.00442-20
https://doi.org/10.1016/j.ajic.2021.02.004
https://doi.org/10.1001/jama.2020.3227
https://doi.org/10.1001/jama.2020.3227

Escandon et al. BMC Infectious Diseases

385.

386.

38

388.

389.

390.

391

392.

393.

394

395.

396.

397.

398.

399.

400.

401.

402.

403.

~

(2021) 21:710

Birgand G, Peiffer-Smadja N, Fournier S, Kerneis S, Lescure F-X, Lucet J-C.
Assessment of air contamination by SARS-CoV-2 in hospital settings. JAMA
Netw Open. 2020;3(12):¢2033232. https://doi.org/10.1001/jama
networkopen.2020.33232.

Bedrosian N, Mitchell E, Rohm E, Rothe M, Kelly C, String G, et al. A
systematic rview of surface contamination, stability, and disinfection data on
SARS-CoV-2 (through July 10, 2020). Environ Sci Technol. 2021;55(7):4162—
73. https;//doi.org/10.1021/acs.est.0c05651.

Mandavilli A. “A smoking gun”: infectious coronavirus retrieved from
hospital air: The New York Times; 2020. https://www.nytimes.com/2020/
08/11/health/coronavirus-aerosols-indoors.html. Accessed 30 Nov 2020
Yamagishi T, Ohnishi M, Matsunaga N, Kakimoto K, Kamiya H, Okamoto
K, et al. Environmental sampling for severe acute respiratory syndrome
coronavirus 2 during a COVID-19 putbreak on the Diamond Princess
cruise ship. J Infect Dis. 2020,222(7):1098-102. https://doi.org/10.1093/
infdis/jiaa437.

Déhla M, Wilbring G, Schulte B, Kimmerer BM, Diegmann C, Sib E, et al.
SARS-CoV-2 in environmental samples of quarantined households: Preprint
at medRxiv; 2020. https://doi.org/10.1101/2020.05.28.20114041.

Di Carlo P, Chiacchiaretta P, Sinjari B, Aruffo E, Stuppia L, De Laurenzi V,

et al. Air and surface measurements of SARS-CoV-2 inside a bus during
normal operation. PLoS One. 2020;15(11):20235943. https://doi.org/10.1371/
journal.pone.0235943.

Hadei M, Mohebbi SR, Hopke PK, Shahsavani A, Bazzazpour S, Alipour M,

et al. Presence of SARS-CoV-2 in the air of public places and transportation.
Atmos Pollut Res. 2021;12(3):302-6. https://doi.org/10.1016/j.apr.2020.12.016.
Moreno T, Pinté RM, Bosch A, Moreno N, Alastuey A, Minguillén MC, et al.
Tracing surface and airborne SARS-CoV-2 RNA inside public buses and
subway trains. Environ Int. 2021;147:106326. https://doi.org/10.1016/j.
envint.2020.106326.

Pivato A, Amoruso |, Formenton G, Di Maria F, Bonato T, Vanin S, et al.
Evaluating the presence of SARS-CoV-2 RNA in the particulate matters
during the peak of COVID-19 in Padua, northern lItaly. Sci Total Environ.
2021;784:147129. https://doi.org/10.1016/j.scitotenv.2021.147129.

Chirizzi D, Conte M, Feltracco M, Dinoi A, Gregoris E, Barbaro E, et al. SARS-
CoV-2 concentrations and virus-laden aerosol size distributions in outdoor
air in north and south of Italy. Environ Int. 2021;146:106255. https://doi.org/1
0.1016/j.envint.2020.106255.

Linillos-Pradillo B, Rancan L, Ramiro ED, Vara E, Artifano B, Arias J.
Determination of SARS-CoV-2 RNA in different particulate matter size
fractions of outdoor air samples in Madrid during the lockdown.
Environ Res. 2021;195:110863. https://doi.org/10.1016/j.envres.2021.11
0863.

Belosi F, Conte M, Gianelle V, Santachiara G, Contini D. On the
concentration of SARS-CoV-2 in outdoor air and the interaction with pre-
existing atmospheric particles. Environ Res. 2021;193:110603. https://doi.
0rg/10.1016/j.envres.2020.110603.

Setti L, Passarini F, De Gennaro G, Barbieri P, Perrone MG, Borelli M, et al.
SARS-CoV-2 RNA found on particulate matter of Bergamo in Northern Italy:
First evidence. Environ Res. 2020;188:109754. https://doi.org/10.1016/j.
envres.2020.109754.

Barakat T, Muylkens B, Su B-L. Is particulate matter of air pollution a vector
of Covid-19 pandemic? Matter. 2020;3(4):977-80. https://doi.org/10.1016/j.
matt.2020.09.014.

Domingo JL, Marqués M, Rovira J. Influence of airborne transmission of
SARS-CoV-2 on COVID-19 pandemic. A review. Environ Res. 2020;188:
109861. https://doi.org/10.1016/j.envres.2020.109861.

Setti L, Passarini F, De Gennaro G, Barbieri P, Pallavicini A, Ruscio M, et al.
Searching for SARS-COV-2 on particulate matter: A possible early indicator
of COVID-19 epidemic recurrence. Int J Environ Res Public Health. 2020;
17(9):2986. https://doi.org/10.3390/ijerph17092986.

Tung NT, Cheng P, Chi K, Hsiao T, Jones T, BéruBé K, et al. Particulate matter
and SARS-CoV-2: A possible model of COVID-19 transmission. Sci Total
Environ. 2021;750:141532. https;//doi.org/10.1016/j.scitotenv.2020.141532.
Wu X, Nethery RC, Sabath MB, Braun D, Dominici F. Air pollution and
COVID-19 mortality in the United States: Strengths and limitations of an
ecological regression analysis. Sci Adv. 2020;6(45):eabd4049. https;//doi.
0rg/10.1126/sciadv.abd4049.

Setti L, Passarini F, De Gennaro G, Barbieri P, Licen S, Perrone MG, et al.
Potential role of particulate matter in the spreading of COVID-19 in
Northern Italy: first observational study based on initial epidemic

404.

405.

406.

407.

408.

409.

410.

41

=
N

413.

414.

415.

416.

iy
~

418.

N
Nel

420.

421.

422.

423.

Page 41 of 47

diffusion. BMJ Open. 2020;10(9):e039338. https://doi.org/10.1136/
bmjopen-2020-039338.

Maleki M, Anvari E, Hopke PK, Noorimotlagh Z, Mirzaee SA. An updated
systematic review on the association between atmospheric particulate
matter pollution and prevalence of SARS-CoV-2. Environ Res. 2021;195:
110898. https://doi.org/10.1016/j.envres.2021.110898.

Ravindra K, Goyal A, Mor S. Does airborne pollen influence COVID-19
outbreak? Sustain Cities Soc. 2021,70:102887. https://doi.org/10.1016/j.5cs.2
021.102887.

Damialis A, Gilles S, Sofiev M, Sofieva V, Kolek F, Bayr D, et al. Higher
airborne pollen concentrations correlated with increased SARS-CoV-2
infection rates, as evidenced from 31 countries across the globe. Proc
Natl Acad Sci. 2021;118(12):e2019034118. https://doi.org/10.1073/pnas.2
019034118.

Dunker S, Hornick T, Szczepankiewicz G, Maier M, Bastl M, Bumberger J,

et al. No SARS-CoV-2 detected in air samples (pollen and particulate matter)
in Leipzig during the first spread. Sci Total Environ. 2021;755:142881. https://
doi.org/10.1016/j.scitotenv.2020.142881.

Pan M, Lednicky JA, Wu C. Y. Collection, particle sizing and detection of
airborne viruses. J Appl Microbiol. 2019;127(6):1596-611. https://doi.org/1
0.1111/jam.14278.

Rahmani AR, Leili M, Azarian G, Poormohammadi A. Sampling and
detection of corona viruses in air: A mini review. Sci Total Environ. 2020;740:
140207. https://doi.org/10.1016/j.scitotenv.2020.140207.

Bullard J, Dust K, Funk D, Strong JE, Alexander D, Garnett L, et al. Predicting
infectious severe acute respiratory syndrome coronavirus 2 from diagnostic
samples. Clin Infect Dis. 2020;71(10):2663-6. https://doi.org/10.1093/cid/ciaa
638.

. Tom MR, Mina MJ. To interpret the SARS-CoV-2 test, consider the cycle

threshold value. Clin Infect Dis. 2020;71(16):2252-4. https.//doi.org/10.1093/
cid/ciaa619.

. Atkinson B, Petersen E. SARS-CoV-2 shedding and infectivity. Lancet. 2020;

395(10233):1339-40. https://doi.org/10.1016/50140-6736(20)30868-0.
Widders A, Broom A, Broom J. SARS-CoV-2: The viral shedding vs infectivity
dilemma. Infect Dis Health. 2020;25(3):210-5. https://doi.org/10.1016/j.idh.2
020.05.002.

Dahdouh E, Lazaro-Perona F, Romero-Gémez MP, Mingorance J, Garcia-
Rodriguez J. Ct values from SARS-CoV-2 diagnostic PCR assays should not
be used as direct estimates of viral load. J Infect. 2021,82(3):414-51. https://
doi.org/10.1016/}4inf.2020.10.017.

Pan D, Sze S, Abraham S, Williams CM, Tang JW, Barer MR, et al. Rapid tests
for quantification of infectiousness are urgently required in patients with
COVID-19. Lancet Microbe. 2021;5247(21):12-3. https://doi.org/10.1016/52
666-5247(21)00089-6.

Alexandersen S, Chamings A, Bhatta TR. SARS-CoV-2 genomic and
subgenomic RNAs in diagnostic samples are not an indicator of active
replication. Nat Commun. 2020;11(1):6059. https://doi.org/10.1038/541467-02
0-19883-7.

. Leland DS, Ginocchio CC. Role of cell culture for virus detection in the age

of technology. Clin Microbiol Rev. 2007;20(1):49-78. https;//doi.org/10.1128/
CMR.00002-06.

Khamsi R. They say coronavirus isn't airborne — but it's definitely
borne by air. 2020. Wired. https://www.wired.com/story/they-say-
coronavirus-isnt-airborne-but-its-definitely-borne-by-air/. Accessed 30
June 2020.

. Mandavilli A. 239 experts with one big claim: The coronavirus is airborne:

The New York Times; 2020. https.//www.nytimes.com/2020/07/04/health/23
9-experts-with-one-big-claim-the-coronavirus-is-airborne.ntml. Accessed 10
July 2020

St John A, Finn P. "We know it is in the air," local scientist reacts to
changing CDC COVID-19 guidance: KPBS San Diego Public Radio & TV;
2020. https://www.kpbs.org/news/2020/sep/22/we-know-it-air-local-scientist-
reacts-changing-cdc/. Accessed 20 Oct 2020

Thomas BR. Does expert opinion trump evidence? Clin Infect Dis. 2020
(Epub ahead of print). https://doi.org/10.1093/cid/ciaal115.

Elmer M. Environment report: why you might need more than six feet of
space at the beach. 2020. Voice of San Diego. https://www.voiceofsandiego.
org/topics/science-environment/environment-report-why-you-might-need-
more-than-six-feet-of-space-at-the-beach/. Accessed 30 June 2020.

Business Today. Faheem Younus, MD: COVID-19 is airborne but doesn't
mean outside air is contaminated; here's what it means. 2021. https://www.


https://doi.org/10.1001/jamanetworkopen.2020.33232
https://doi.org/10.1001/jamanetworkopen.2020.33232
https://doi.org/10.1021/acs.est.0c05651
https://www.nytimes.com/2020/08/11/health/coronavirus-aerosols-indoors.html
https://www.nytimes.com/2020/08/11/health/coronavirus-aerosols-indoors.html
https://doi.org/10.1093/infdis/jiaa437
https://doi.org/10.1093/infdis/jiaa437
https://doi.org/10.1101/2020.05.28.20114041
https://doi.org/10.1371/journal.pone.0235943
https://doi.org/10.1371/journal.pone.0235943
https://doi.org/10.1016/j.apr.2020.12.016
https://doi.org/10.1016/j.envint.2020.106326
https://doi.org/10.1016/j.envint.2020.106326
https://doi.org/10.1016/j.scitotenv.2021.147129
https://doi.org/10.1016/j.envint.2020.106255
https://doi.org/10.1016/j.envint.2020.106255
https://doi.org/10.1016/j.envres.2021.110863
https://doi.org/10.1016/j.envres.2021.110863
https://doi.org/10.1016/j.envres.2020.110603
https://doi.org/10.1016/j.envres.2020.110603
https://doi.org/10.1016/j.envres.2020.109754
https://doi.org/10.1016/j.envres.2020.109754
https://doi.org/10.1016/j.matt.2020.09.014
https://doi.org/10.1016/j.matt.2020.09.014
https://doi.org/10.1016/j.envres.2020.109861
https://doi.org/10.3390/ijerph17092986
https://doi.org/10.1016/j.scitotenv.2020.141532
https://doi.org/10.1126/sciadv.abd4049
https://doi.org/10.1126/sciadv.abd4049
https://doi.org/10.1136/bmjopen-2020-039338
https://doi.org/10.1136/bmjopen-2020-039338
https://doi.org/10.1016/j.envres.2021.110898
https://doi.org/10.1016/j.scs.2021.102887
https://doi.org/10.1016/j.scs.2021.102887
https://doi.org/10.1073/pnas.2019034118
https://doi.org/10.1073/pnas.2019034118
https://doi.org/10.1016/j.scitotenv.2020.142881
https://doi.org/10.1016/j.scitotenv.2020.142881
https://doi.org/10.1111/jam.14278
https://doi.org/10.1111/jam.14278
https://doi.org/10.1016/j.scitotenv.2020.140207
https://doi.org/10.1093/cid/ciaa638
https://doi.org/10.1093/cid/ciaa638
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.1016/S0140-6736(20)30868-0
https://doi.org/10.1016/j.idh.2020.05.002
https://doi.org/10.1016/j.idh.2020.05.002
https://doi.org/10.1016/j.jinf.2020.10.017
https://doi.org/10.1016/j.jinf.2020.10.017
https://doi.org/10.1016/S2666-5247(21)00089-6
https://doi.org/10.1016/S2666-5247(21)00089-6
https://doi.org/10.1038/s41467-020-19883-7
https://doi.org/10.1038/s41467-020-19883-7
https://doi.org/10.1128/CMR.00002-06
https://doi.org/10.1128/CMR.00002-06
https://www.wired.com/story/they-say-coronavirus-isnt-airborne-but-its-definitely-borne-by-air/
https://www.wired.com/story/they-say-coronavirus-isnt-airborne-but-its-definitely-borne-by-air/
https://www.nytimes.com/2020/07/04/health/239-experts-with-one-big-claim-the-coronavirus-is-airborne.html
https://www.nytimes.com/2020/07/04/health/239-experts-with-one-big-claim-the-coronavirus-is-airborne.html
https://www.kpbs.org/news/2020/sep/22/we-know-it-air-local-scientist-reacts-changing-cdc/
https://www.kpbs.org/news/2020/sep/22/we-know-it-air-local-scientist-reacts-changing-cdc/
https://doi.org/10.1093/cid/ciaa1115
https://www.voiceofsandiego.org/topics/science-environment/environment-report-why-you-might-need-more-than-six-feet-of-space-at-the-beach/
https://www.voiceofsandiego.org/topics/science-environment/environment-report-why-you-might-need-more-than-six-feet-of-space-at-the-beach/
https://www.voiceofsandiego.org/topics/science-environment/environment-report-why-you-might-need-more-than-six-feet-of-space-at-the-beach/
https://www.businesstoday.in/current/economy-politics/covid-19-is-airborne-but-doesnt-mean-outside-air-is-contaminated-heres-what-it-means/story/436921.html

Escandon et al. BMC Infectious Diseases

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441,

442,

(2021) 21:710

businesstoday.in/current/economy-politics/covid-19-is-airborne-but-doesnt-
mean-outside-air-is-contaminated-heres-what-it-means/story/436921.html.
Accessed 1 May 2021.

US Centers for Disease Control and Prevention. Guidance for wearings
masks. 2021. https.//www.cdc.gov/coronavirus/2019-ncov/prevent-getting-
sick/cloth-face-cover-guidance.html. Accessed 30 Apr 2021.

Mubareka S, Groulx N, Savory E, Cutts T, Theriault S, Scott JA, et al.
Bioaerosols and transmission, a diverse and growing community of
practice. Front public Health. 2019;7:23. https://doi.org/10.3389/fpubh.2
019.00023.

Tufekci Z. 5 pandemic mistakes we keep repeating: The Atlantic; 2021.
https://www.theatlantic.com/ideas/archive/2021/02/how-public-health-
messaging-backfired/618147/. Accessed 8 Mar 2021

Tufekci Z. Why did it take so long to accept the facts about Covid? The
New York Times; 2021. https.//www.nytimes.com/2021/05/07/opinion/
coronavirus-airborne-transmission.html. Accessed 1 June 2021

van der Westhuizen H-M, Kotze K, Tonkin-Crine S, Gobat N, Greenhalgh T.
Face coverings for covid-19: From medical intervention to social practice.
BMJ. 2020;370:m3021. https://doi.org/10.1136/bmj.m3021.

Xiao Z, Henley W, Boyle C, Gao Y, Dillon J. The face mask and the
embodiment of stigma: Preprint at PsyArXiv; 2020. https;//doi.org/10.31234/
osf.io/fp7z8.

Ball P. How mask-wearing became a new culture war. 2020. New
Statesman. https.//www.newstatesman.com/politics/uk/2020/07/how-mask-
wearing-became-new-culture-war. Accessed 30 July 2020.

Lang J, Erickson WW, Jing-Schmidt Z. #MaskOn! #MaskOff! Digital
polarization of mask-wearing in the United States during COVID-19. PLoS
One. 2021;16(4).0250817. https://doi.org/10.1371/journal.pone.0250817.
Greenhalgh T, Schmid MB, Czypionka T, Bassler D, Gruer L. Face masks for
the public during the covid-19 crisis. BMJ. 2020;369:m1435. https://doi.org/1
0.1136/bmj.m1435.

Hayes MJ, Kaestner V, Mailankody S, Prasad V. Most medical practices are
not parachutes: a citation analysis of practices felt by biomedical authors to
be analogous to parachutes. CMAJ Open. 2018,6(1):E31-8. https://doi.org/10.
9778/cmajo.20170088.

Peeples L. Face masks: what the data say. Nature. 2020;586(7828):186-9.
https://doi.org/10.1038/d41586-020-02801-8.

Zhang R, Li Y, Zhang AL, Wang Y, Molina MJ. Identifying airborne
transmission as the dominant route for the spread of COVID-19. Proc Natl
Acad Sci. 2020;117(26):14857-63. https.//doi.org/10.1073/pnas.2009637117.
Mitze T, Kosfeld R, Rode J, Wélde K. Face masks considerably reduce Covid-
19 cases in Germany - A synthetic control method approach: CESifo
Working Paper; 2020. https.//www.cesifo.org/en/publikationen/2020/
working-paper/face-masks-considerably-reduce-covid-19-cases-germany-
synthetic. Accessed 15 Sept 2020

Xu J, Hussain S, Lu G, Zheng K, Wei S, Bao W, et al. Associations of stay-at-
home order and face-masking recommendation with trends in daily new
cases and deaths of laboratory-confirmed COVID-19 in the United States.
Explor Res Hypothesis Med. 2020 (Epub ahead of print). https://doi.org/1
0.14218/ERHM.2020.00045.

Leffler CT, Ing E, Lykins JD, Hogan MC, McKeown CA, Grzybowski A.
Association of country-wide coronavirus mortality with demographics,
testing, lockdowns, and public wearing of masks. Am J Trop Med Hyg. 2020;
103(6):2400-11. https://doi.org/10.4269/ajtmh.20-1015.

Eikenberry SE, Mancuso M, Iboi E, Phan T, Eikenberry K, Kuang Y, et al. To
mask or not to mask: Modeling the potential for face mask use by the
general public to curtail the COVID-19 pandemic. Infect Dis Model. 2020;5:
293-308. https;//doi.org/10.1016/j.idm.2020.04.001.

Ngonghala CN, Iboi E, Eikenberry S, Scotch M, MacIntyre CR, Bonds MH,

et al. Mathematical assessment of the impact of non-pharmaceutical
interventions on curtailing the 2019 novel coronavirus. Math Biosci. 2020;
325:108364. https://doi.org/10.1016/j.mbs.2020.108364.

Stutt ROJH, Retkute R, Bradley M, Gilligan CA, Colvin J. A modelling
framework to assess the likely effectiveness of facemasks in
combination with ‘lock-down’ in managing the COVID-19 pandemic.
Proc R Soc A Math Phys Eng Sci. 2020;476(2238):20200376. https://doi.
0rg/10.1098/rspa.2020.0376.

Kai D, Goldstein G-P, Morgunov A, Nangalia V, Rotkirch A. Universal masking
is urgent in the COVID-19 pandemic: SEIR and agent based models,
empirical validation, policy recommendations: Preprint at arXiv; 2020.
http://arxiv.org/abs/2004.13553

443,

444,

445,

446.

447.

448,

449,

450.

451.

452.

453.

454,

455,

456.

457.

458.

459.

460.

461.

462.

463.

Page 42 of 47

Cheng VC, Wong S, Chuang VW, So SY-C, Chen JH-K, Sridhar S, et al. The
role of community-wide wearing of face mask for control of coronavirus
disease 2019 (COVID-19) epidemic due to SARS-CoV-2. J Infect. 2020,81(1):
107-14. https//doi.org/10.1016/jinf.2020.04.024.

Lyu W, Wehby GL. Community use of face masks And COVID-19: Evidence
from a natural experiment of state mandates in the US. Health Aff. 2020;
39(8):1419-25. https://doi.org/10.1377/hlthaff.2020.00818.

Miyazawa D. Face masks, old age, and obesity explain country's COVID-19
death rates: Preprint at medRxiv; 2021. https://doi.org/10.1101/2020.06.22.2
0137745.

Abaluck J, Chevalier JA, Christakis NA, Forman HP, Kaplan EH, Ko A, et al.
The case for universal cloth mask adoption and policies to increase supply
of medical masks for health workers. Covid Econ. 2020;5:147-59. https://
cepr.org/content/covid-economics.

Adjodah D, Dinakar K, Fraiberger SP, Rutherford GW, Glidden DV, Gandhi M.
Decrease in hospitalizations for COVID-19 after mask mandates in 1083 U.S.
counties: Preprint at medRxiv; 2020;Withdrawn. https://doi.org/10.1101/202
0.10.21.20208728.

Van Damme W, Dahake R, van de Pas R, Vanham G, Assefa Y. COVID-19:
Does the infectious inoculum dose-response relationship contribute to
understanding heterogeneity in disease severity and transmission
dynamics? Med Hypotheses. 2021;146:110431. https://doi.org/10.1016/j.
mehy.2020.110431.

Spinelli MA, Glidden DV, Gennatas ED, Bielecki M, Beyrer C, Rutherford G,
et al. Importance of non-pharmaceutical interventions in lowering the viral
inoculum to reduce susceptibility to infection by SARS-CoV-2 and
potentially disease severity. Lancet Infect Dis. 2021,3099(20):8-13. https://doi.
0rg/10.1016/51473-3099(20)30982-8.

Victora CG, Habicht J-P, Bryce J. Evidence-based public health: Moving
beyond randomized trials. Am J Public Health. 2004;94(3):400-5. https://doi.
0rg/10.2105/AJPH.94.3.400.

Rutter H, Savona N, Glonti K, Bibby J, Cummins S, Finegood DT, et al. The
need for a complex systems model of evidence for public health. Lancet.
2017;390(10112):2602-4. https://doi.org/10.1016/S0140-6736(17)31267-9.
Greenhalgh T. Will COVID-19 be evidence-based medicine’s nemesis? PLOS
Med. 2020;17(6):21003266. https://doi.org/10.1371/journal pmed.1003266.
Lazzarino Al, Steptoe A, Hamer M, Michie S. Covid-19: Important potential
side effects of wearing face masks that we should bear in mind. BMJ. 2020;
369:m2003. https://doi.org/10.1136/bmj.m2003.

Hopkins SR, Dominelli PB, Davis CK, Guenette JA, Luks AM, Molgat-Seon Y,
et al. Face masks and the cardiorespiratory response to physical activity in
health and disease. Ann Am Thorac Soc. 2021;18(3):399-407. https://doi.
0rg/10.1513/AnnalsATS.202008-990CME.

Scheid JL, Lupien SP, Ford GS, West SL. Commentary: Physiological and
psychological impact of face mask usage during the COVID-19 pandemic.
Int J Environ Res Public Health. 2020;17(18):6655. https://doi.org/10.3390/
ijerph17186655.

Blunt GD. Face mask rules: do they really violate personal liberty? 2020. The
Conversation. https://theconversation.com/face-mask-rules-do-they-really-
violate-personal-liberty-143634. Accessed 10 Sep 2020.

Croucher R. Wearing a mask will protect human liberties, not infringe upon
them: Australian Human Rights Commission; 2020. https://humanrights.
gov.au/about/news/opinions/wearing-mask-will-protect-human-liberties-
not-infringe-upon-them. Accessed 1 Sep 2020

Palmer CL, Peterson RD. Toxic mask-ulinity: The link between masculine
toughness and affective reactions to mask wearing in the COVID-19 era.
Polit Gend. 2020;16(4):1044-51. https://doi.org/10.1017/S1743923X20000422.
Harsin J. Toxic White masculinity, post-truth politics and the COVID-19
infodemic. Eur J Cult Stud. 2020;23(6):1060-8. https://doi.org/10.1177/13
67549420944934.

Berenson A. Unreported truths about Covid-19 and lockdowns: Part 3:
Masks. Blue Deep, Inc,; 2020. https://www.amazon.com/Unreported-Truths-A
bout-Covid-19-Lockdowns/dp/1953039073.

Thompson D. The pandemic’s wrongest man. 2021. The Atlantic. https://
www.theatlantic.com/ideas/archive/2021/04/pandemics-wrongest-man/6184
75/. Accessed 15 Apr 2021.

Miller BL. Science denial and COVID conspiracy theories. JAMA. 2020;
324(22):2255. https:;//doi.org/10.1001/jama.2020.21332.

Maclntyre CR, Chughtai AA. Facemasks for the prevention of infection in
healthcare and community settings. BMJ. 2015;350:n694. https://doi.org/1
0.1136/bm;j.h694.


https://www.businesstoday.in/current/economy-politics/covid-19-is-airborne-but-doesnt-mean-outside-air-is-contaminated-heres-what-it-means/story/436921.html
https://www.businesstoday.in/current/economy-politics/covid-19-is-airborne-but-doesnt-mean-outside-air-is-contaminated-heres-what-it-means/story/436921.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/cloth-face-cover-guidance.html
https://doi.org/10.3389/fpubh.2019.00023
https://doi.org/10.3389/fpubh.2019.00023
https://www.theatlantic.com/ideas/archive/2021/02/how-public-health-messaging-backfired/618147/
https://www.theatlantic.com/ideas/archive/2021/02/how-public-health-messaging-backfired/618147/
https://www.nytimes.com/2021/05/07/opinion/coronavirus-airborne-transmission.html
https://www.nytimes.com/2021/05/07/opinion/coronavirus-airborne-transmission.html
https://doi.org/10.1136/bmj.m3021
https://doi.org/10.31234/osf.io/fp7z8
https://doi.org/10.31234/osf.io/fp7z8
https://www.newstatesman.com/politics/uk/2020/07/how-mask-wearing-became-new-culture-war
https://www.newstatesman.com/politics/uk/2020/07/how-mask-wearing-became-new-culture-war
https://doi.org/10.1371/journal.pone.0250817
https://doi.org/10.1136/bmj.m1435
https://doi.org/10.1136/bmj.m1435
https://doi.org/10.9778/cmajo.20170088
https://doi.org/10.9778/cmajo.20170088
https://doi.org/10.1038/d41586-020-02801-8
https://doi.org/10.1073/pnas.2009637117
https://www.cesifo.org/en/publikationen/2020/working-paper/face-masks-considerably-reduce-covid-19-cases-germany-synthetic
https://www.cesifo.org/en/publikationen/2020/working-paper/face-masks-considerably-reduce-covid-19-cases-germany-synthetic
https://www.cesifo.org/en/publikationen/2020/working-paper/face-masks-considerably-reduce-covid-19-cases-germany-synthetic
https://doi.org/10.14218/ERHM.2020.00045
https://doi.org/10.14218/ERHM.2020.00045
https://doi.org/10.4269/ajtmh.20-1015
https://doi.org/10.1016/j.idm.2020.04.001
https://doi.org/10.1016/j.mbs.2020.108364
https://doi.org/10.1098/rspa.2020.0376
https://doi.org/10.1098/rspa.2020.0376
http://arxiv.org/abs/2004.13553
https://doi.org/10.1016/j.jinf.2020.04.024
https://doi.org/10.1377/hlthaff.2020.00818
https://doi.org/10.1101/2020.06.22.20137745
https://doi.org/10.1101/2020.06.22.20137745
https://cepr.org/content/covid-economics
https://cepr.org/content/covid-economics
https://doi.org/10.1101/2020.10.21.20208728
https://doi.org/10.1101/2020.10.21.20208728
https://doi.org/10.1016/j.mehy.2020.110431
https://doi.org/10.1016/j.mehy.2020.110431
https://doi.org/10.1016/S1473-3099(20)30982-8
https://doi.org/10.1016/S1473-3099(20)30982-8
https://doi.org/10.2105/AJPH.94.3.400
https://doi.org/10.2105/AJPH.94.3.400
https://doi.org/10.1016/S0140-6736(17)31267-9
https://doi.org/10.1371/journal.pmed.1003266
https://doi.org/10.1136/bmj.m2003
https://doi.org/10.1513/AnnalsATS.202008-990CME
https://doi.org/10.1513/AnnalsATS.202008-990CME
https://doi.org/10.3390/ijerph17186655
https://doi.org/10.3390/ijerph17186655
https://theconversation.com/face-mask-rules-do-they-really-violate-personal-liberty-143634
https://theconversation.com/face-mask-rules-do-they-really-violate-personal-liberty-143634
https://humanrights.gov.au/about/news/opinions/wearing-mask-will-protect-human-liberties-not-infringe-upon-them
https://humanrights.gov.au/about/news/opinions/wearing-mask-will-protect-human-liberties-not-infringe-upon-them
https://humanrights.gov.au/about/news/opinions/wearing-mask-will-protect-human-liberties-not-infringe-upon-them
https://doi.org/10.1017/S1743923X20000422
https://doi.org/10.1177/1367549420944934
https://doi.org/10.1177/1367549420944934
https://www.amazon.com/Unreported-Truths-About-Covid-19-Lockdowns/dp/1953039073
https://www.amazon.com/Unreported-Truths-About-Covid-19-Lockdowns/dp/1953039073
https://www.theatlantic.com/ideas/archive/2021/04/pandemics-wrongest-man/618475/
https://www.theatlantic.com/ideas/archive/2021/04/pandemics-wrongest-man/618475/
https://www.theatlantic.com/ideas/archive/2021/04/pandemics-wrongest-man/618475/
https://doi.org/10.1001/jama.2020.21332
https://doi.org/10.1136/bmj.h694
https://doi.org/10.1136/bmj.h694

Escandon et al. BMC Infectious Diseases

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

475.

476.

477.

478.

479.

480.

481.

482.

(2021) 21:710

Chou R, Dana T, Jungbauer R, Weeks C, McDonagh MS. Masks for
prevention of respiratory virus infections, including SARS-CoV-2, in health
care and community settings. Ann Intern Med. 2020;173(7):542-55. https//
doi.org/10.7326/M20-3213.

Garcia Godoy LR, Jones AE, Anderson TN, Fisher CL, Seeley KML, Beeson EA,
et al. Facial protection for healthcare workers during pandemics: a scoping
review. BMJ Glob Health. 2020;5(5):e002553. https://doi.org/10.1136/bmjgh-2
020-002553.

Ippolito M, Vitale F, Accurso G, lozzo P, Gregoretti C, Giarratano A, et al.
Medical masks and respirators for the protection of healthcare workers from
SARS-CoV-2 and other viruses. Pulmonology. 2020,26(4):204-12. https://doi.
0rg/10.1016/j.pulmoe.2020.04.009.

Chughtai AA, Seale H, Macintyre CR. Use of cloth masks in the practice of
infection control — evidence and policy gaps. Int J Infect Contr. 2013;9(3):1-
12. https://doi.org/10.3396/1JIC.v9i3.020.13.

Barasheed O, Alfelali M, Mushta S, Bokhary H, Alshehri J, Attar AA, et al.
Uptake and effectiveness of facemask against respiratory infections at mass
gatherings: a systematic review. Int J Infect Dis. 2016;47:105-11. https://doi.
0rg/10.1016/}ijid.2016.03.023.

The Royal Society and the British Academy. Face masks and coverings for
the general public: Behavioural knowledge, effectiveness of cloth coverings
and public messaging. 2020. https://royalsociety.org/-/media/policy/
projects/set-c/set-c-facemasks.pdf. Accessed 30 July 2020.

Maclntyre CR, Seale H, Dung TC, Hien NT, Nga PT, Chughtai AA, et al. A
cluster randomised trial of cloth masks compared with medical masks in
healthcare workers. BMJ Open. 2015;5(4):e006577. https://doi.org/10.1136/
bmjopen-2014-006577.

Maclntyre CR, Dung TC, Chughtai AA, Seale H, Rahman B.
Contamination and washing of cloth masks and risk of infection among
hospital health workers in Vietnam: a post hoc analysis of a
randomised controlled trial. BMJ Open. 2020;10(9):e042045. https://doi.
0rg/10.1136/bmjopen-2020-042045.

MacIntyre CR, Chughtai AA, Seale H, Dwyer DE, Quanyi W. Human
coronavirus data from four clinical trials of masks and respirators. Int J Infect
Dis. 2020,96:631-3. https.//doi.org/10.1016/}.jid.2020.05.092.

Brosseau L, Berry Ann R. N95 respirators and surgical masks: NIOSH Science
Blog; 2009. https://blogs.cdc.gov/niosh-science-blog/2009/10/14/n95/.
Accessed 15 Dec 2020

Grinshpun SA, Haruta H, Eninger RM, Reponen T, McKay RT, Lee S-A.
Performance of an N95 filtering facepiece particulate respirator and a
surgical mask during human breathing: Two pathways for particle
penetration. J Occup Environ Hyg. 2009,6(10):593-603. https://doi.org/10.1
080/15459620903120086.

Oberg T, Brosseau LM. Surgical mask filter and fit performance. Am J Infect
Contr. 2008,36(4):276-82. https.//doi.org/10.1016/j.ajic.2007.07.008.
Rengasamy S, Miller A, Eimer BC, Shaffer RE. Filtration performance of FDA-
cleared surgical masks. J Int Soc Respir Prot. 2009,26(3):54-70.
Sickbert-Bennett EE, Samet JM, Clapp PW, Chen H, Berntsen J, Zeman KL,
et al. Filtration efficiency of hospital face mask alternatives available for use
during the COVID-19 pandemic. JAMA Intern Med. 2020;180(12):1607.
https://doi.org/10.1001/jamainternmed.2020.4221.

Clapp PW, Sickbert-Bennett EE, Samet JM, Berntsen J, Zeman KL, Anderson
DJ, et al. Evaluation of cloth masks and modified procedure masks as
personal protective equipment for the public during the COVID-19
pandemic. JAMA Intern Med. 2021;181(4):463-9. https://doi.org/10.1001/ja
mainternmed.2020.8168.

Taminato M, Mizusaki-Imoto A, Saconato H, Franco ESB, Puga ME, Duarte
ML, et al. Homemade cloth face masks as a barrier against respiratory
droplets — systematic review. Acta Paul Enferm. 2020;33:eAPE20200103.
https://doi.org/10.37689/acta-ape/2020AR0103.

Zangmeister CD, Radney JG, Vicenzi EP, Weaver JL. Filtration efficiencies of
nanoscale aerosol by cloth mask materials used to slow the spread of SARS-
CoV-2. ACS Nano. 2020;14(7):9188-200. https://doi.org/10.1021/acsnano.
0c05025.

Aydin O, Emon B, Cheng S, Hong L, Chamorro LP, Saif MTA. Performance of
fabrics for home-made masks against the spread of COVID-19 through
droplets: A quantitative mechanistic study. Extrem Mech Lett. 2020,40:
100924. https://doi.org/10.1016/j.eml.2020.100924.

Pan J, Harb C, Leng W, Marr LC. Inward and outward effectiveness of cloth
masks, a surgical mask, and a face shield. Aerosol Sci Technol. 2021;55(6):
718-33. https://doi.org/10.1080/02786826.2021.1890687.

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

493.

494,

495.

496.

497.

498.

499.

500.

501.

Page 43 of 47

Drewnick F, Pikmann J, Fachinger F, Moormann L, Sprang F, Borrmann S.
Aerosol filtration efficiency of household materials for homemade face
masks: Influence of material properties, particle size, particle electrical
charge, face velocity, and leaks. Aerosol Sci Technol. 2021,55(1):63-79.
https://doi.org/10.1080/02786826.2020.1817846.

Davies A, Thompson K-A, Giri K, Kafatos G, Walker J, Bennett A. Testing the
efficacy of homemade masks: Would they protect in an influenza
pandemic? Disaster Med Public Health Prep. 2013;7(4):413-8. https://doi.
0rg/10.1017/dmp.2013.43.

Konda A, Prakash A, Moss GA, Schmoldt M, Grant GD, Guha S. Aerosol
filtration efficiency of common fabrics used in respiratory cloth masks. ACS
Nano. 2020;14(5):6339-47. https://doi.org/10.1021/acsnano.0c03252.
Mueller AV, Eden MJ, Oakes JM, Bellini C, Fernandez LA. Quantitative
method for comparative assessment of particle removal efficiency of fabric
masks as alternatives to standard surgical masks for PPE. Matter. 2020;3(3):
950-62. https://doi.org/10.1016/j.matt.2020.07.006.

van der Sande M, Teunis P, Sabel R. Professional and home-made face
masks reduce exposure to respiratory infections among the general
population. PLoS One. 2008;3(7):€2618. https://doi.org/10.1371/journal.pone.
0002618.

Rengasamy S, Eimer B, Shaffer RE. Simple respiratory protection—Evaluation
of the filtration performance of cloth masks and common fabric materials
against 20-1000 nm size particles. Ann Occup Hyg. 2010;54(7):789-98.
https://doi.org/10.1093/annhyg/meq044.

Liu Y, Zhao B. Size-dependent filtration efficiencies of face masks and
respirators for removing SARS-CoV-2-laden aerosols. Infect Control Hosp
Epidemiol. 2020 (Epub ahead of print). https.//doi.org/10.1017/ice.2020.366.
Zhao M, Liao L, Xiao W, Yu X, Wang H, Wang Q, et al. Household materials
selection for homemade cloth face coverings and their filtration efficiency
enhancement with triboelectric charging. Nano Lett. 2020,20(7):5544-52.
https://doi.org/10.1021/acs.nanolett.0c02211.

Ma Q, Shan H, Zhang H, Li G, Yang R, Chen J. Potential utilities of mask-
wearing and instant hand hygiene for fighting SARS-CoV-2. J Med Virol.
2020;,92(9):1567-71. https://doi.org/10.1002/jmv.25805.

Bhattacharjee S, Bahl P, Chughtai AA, MacIntyre CR. Last-resort strategies
during mask shortages: optimal design features of cloth masks and
decontamination of disposable masks during the COVID-19 pandemic. BMJ
Open Respir Res. 2020;7(1):e000698. https://doi.org/10.1136/bmjresp-2020-
000698.

Sunjaya AP, Morawska L. Evidence Review and Practice Recommendation
on the Material, Design, and Maintenance of Cloth Masks. Disaster Med
Public Health Prep. 2020;14(5):.e42-6. https://doi.org/10.1017/dmp.2020.317.
Roberge RJ, Roberge MR. Cloth face coverings for use as facemasks during
the coronavirus (SARS-CoV-2) pandemic: What science and experience have
taught us. Disaster Med Public Health Prep. 2020 (Epub ahead of print).
https://doi.org/10.1017/dmp.2020.354.

Brooks JT, Beezhold DH, Noti JD, Coyle JP, Derk RC, Blachere FM, et al.
Maximizing fit for cloth and medical procedure masks to improve
performance and reduce SARS-CoV-2 transmission and exposure, 2021.
MMWR Morb Mortal Wkly Rep. 2021;70(7):254-7. https://doi.org/10.15585/
mmwr.mm7007e1.

Milton DK, Fabian MP, Cowling BJ, Grantham ML, McDevitt JJ. Influenza
virus aerosols in human exhaled breath: Particle size, culturability, and effect
of surgical masks. PLoS Pathog. 2013;9(3):¢1003205. https://doi.org/10.1371/
journal.ppat.1003205.

Johnson DF, Druce JD, Birch C, Grayson ML. A quantitative assessment of
the efficacy of surgical and N95 masks to filter influenza virus in patients
with acute influenza infection. Clin Infect Dis. 2009;49(2):275-7. https://doi.
org/10.1086/600041.

Makison Booth C, Clayton M, Crook B, Gawn JM. Effectiveness of surgical
masks against influenza bioaerosols. J Hosp Infect. 2013;84(1):22-6. https//
doi.org/10.1016/}jhin.2013.02.007.

Dbouk T, Drikakis D. On respiratory droplets and face masks. Phys Fluids.
2020;32(6):063303. https.//doi.org/10.1063/5.0015044.

Viola IM, Peterson B, Pisetta G, Pavar G, Akhtar H, Menoloascina F, et al. Face
coverings, aerosol dispersion and mitigation of virus transmission risk. IEEE
Open J Eng Med Biol. 2021,2:26-35. https;//doi.org/10.1109/0JEMB.2021.3
053215.

Verma S, Dhanak M, Frankenfield J. Visualizing the effectiveness of face
masks in obstructing respiratory jets. Phys Fluids. 2020;32(6):061708. https://
doi.org/10.1063/5.0016018.


https://doi.org/10.7326/M20-3213
https://doi.org/10.7326/M20-3213
https://doi.org/10.1136/bmjgh-2020-002553
https://doi.org/10.1136/bmjgh-2020-002553
https://doi.org/10.1016/j.pulmoe.2020.04.009
https://doi.org/10.1016/j.pulmoe.2020.04.009
https://doi.org/10.3396/IJIC.v9i3.020.13
https://doi.org/10.1016/j.ijid.2016.03.023
https://doi.org/10.1016/j.ijid.2016.03.023
https://royalsociety.org/-/media/policy/projects/set-c/set-c-facemasks.pdf
https://royalsociety.org/-/media/policy/projects/set-c/set-c-facemasks.pdf
https://doi.org/10.1136/bmjopen-2014-006577
https://doi.org/10.1136/bmjopen-2014-006577
https://doi.org/10.1136/bmjopen-2020-042045
https://doi.org/10.1136/bmjopen-2020-042045
https://doi.org/10.1016/j.ijid.2020.05.092
https://blogs.cdc.gov/niosh-science-blog/2009/10/14/n95/
https://doi.org/10.1080/15459620903120086
https://doi.org/10.1080/15459620903120086
https://doi.org/10.1016/j.ajic.2007.07.008
https://doi.org/10.1001/jamainternmed.2020.4221
https://doi.org/10.1001/jamainternmed.2020.8168
https://doi.org/10.1001/jamainternmed.2020.8168
https://doi.org/10.37689/acta-ape/2020AR0103
https://doi.org/10.1021/acsnano.0c05025
https://doi.org/10.1021/acsnano.0c05025
https://doi.org/10.1016/j.eml.2020.100924
https://doi.org/10.1080/02786826.2021.1890687
https://doi.org/10.1080/02786826.2020.1817846
https://doi.org/10.1017/dmp.2013.43
https://doi.org/10.1017/dmp.2013.43
https://doi.org/10.1021/acsnano.0c03252
https://doi.org/10.1016/j.matt.2020.07.006
https://doi.org/10.1371/journal.pone.0002618
https://doi.org/10.1371/journal.pone.0002618
https://doi.org/10.1093/annhyg/meq044
https://doi.org/10.1017/ice.2020.366
https://doi.org/10.1021/acs.nanolett.0c02211
https://doi.org/10.1002/jmv.25805
https://doi.org/10.1136/bmjresp-2020-000698
https://doi.org/10.1136/bmjresp-2020-000698
https://doi.org/10.1017/dmp.2020.317
https://doi.org/10.1017/dmp.2020.354
https://doi.org/10.15585/mmwr.mm7007e1
https://doi.org/10.15585/mmwr.mm7007e1
https://doi.org/10.1371/journal.ppat.1003205
https://doi.org/10.1371/journal.ppat.1003205
https://doi.org/10.1086/600041
https://doi.org/10.1086/600041
https://doi.org/10.1016/j.jhin.2013.02.007
https://doi.org/10.1016/j.jhin.2013.02.007
https://doi.org/10.1063/5.0015044
https://doi.org/10.1109/OJEMB.2021.3053215
https://doi.org/10.1109/OJEMB.2021.3053215
https://doi.org/10.1063/5.0016018
https://doi.org/10.1063/5.0016018

Escandon et al. BMC Infectious Diseases

502.

503.

504.

505.

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

519.

520.

521.

522.

(2021) 21:710

Fischer EP, Fischer MC, Grass D, Henrion |, Warren WS, Westman E. Low-cost
measurement of face mask efficacy for filtering expelled droplets during
speech. Sci Adv. 2020,6(36):eabd3083. https.//doi.org/10.1126/sciadv.abd3
083.

Ueki H, Furusawa Y, Iwatsuki-Horimoto K, Imai M, Kabata H, Nishimura H,

et al. Effectiveness of face masks in preventing airborne transmission of
SARS-CoV-2. mSphere. 2020;5(5):2-6. https://doi.org/10.1128/mSphere.0063
7-20.

Bundgaard H, Bundgaard JS, Raaschou-Pedersen DET, von Buchwald C,
Todsen T, Norsk JB, et al. Effectiveness of adding a mask recommendation
to other public health measures to prevent SARS-CoV-2 infection in Danish
mask wearers. Ann Intern Med. 2021;174(3):335-43. https://doi.org/10.7326/
M20-6817.

Frieden TR, Cash-Goldwasser S. Of Masks and methods. Ann Intern Med.
2021;174(3):421-2. https://doi.org/10.7326/M20-7499.

Laine C, Goodman SN, Guallar E. The role of masks in mitigating the SARS-
CoV-2 pandemic: Another piece of the puzzle. Ann Intern Med. 2021;174(3):
419-20. https://doi.org/10.7326/M20-7448.

Bandim Health Project. Locally produced cloth face mask and COVID-19-like
illness prevention. 2021. ClinicalTrials.gov. https//clinicaltrials.gov/ct2/show/
NCT04471766. Accessed 6 May 2021.

Brainard J, Jones NR, Lake IR, Hooper L, Hunter PR. Community use of face
masks and similar barriers to prevent respiratory illness such as COVID-19: a
rapid scoping review. Eurosurveillance. 2020;25(49):2000725. https://doi.
0rg/10.2807/1560-7917.£5.2020.25.49.2000725.

Gottfredson DC, Cook TD, Gardner FEM, Gorman-Smith D, Howe GW,
Sandler IN, et al. Standards of evidence for efficacy, effectiveness, and scale-
up research in prevention science: Next generation. Prev Sci. 2015;16(7):
893-926. https://doi.org/10.1007/511121-015-0555-x.

Czypionka T, Greenhalgh T, Bassler D, Bryant MB. Masks and face coverings
for the lay public. Ann Intern Med. 2021;174(4):511-20. https://doi.org/10.
7326/M20-6625.

Chughtai AA, Seale H, Macintyre CR. Effectiveness of cloth masks for
protection against severe acute respiratory syndrome coronavirus 2. Emerg
Infect Dis. 2020,26(10):200948. https://doi.org/10.3201/eid2610.200948.
Brooks JT, Butler JC. Effectiveness of mask wearing to control community
spread of SARS-CoV-2. JAMA. 2021;325(10):998. https;//doi.org/10.1001/ja
ma.2021.1505.

Jain M, Kim ST, Xu C, Li H, Rose G. Efficacy and use of cloth masks: A
scoping review. Cureus. 2020;12(9):e10423. https.//doi.org/10.7759/cureus.
0423.

Liang M, Gao L, Cheng C, Zhou Q, Uy JP, Heiner K, et al. Efficacy of face
mask in preventing respiratory virus transmission: A systematic review and
meta-analysis. Travel Med Infect Dis. 2020;36:101751. https://doi.org/10.1016/
jtmaid.2020.101751.

Xiao J, Shiu EYC, Gao H, Wong JY, Fong MW, Ryu S, et al.
Nonpharmaceutical measures for pandemic influenza in nonhealthcare
settings—Personal protective and environmental measures. Emerg Infect
Dis. 2020;26(5):967-75. https://doi.org/10.3201/eid2605.190994.

Perski O, Simons D, West R, Michie S. Face masks to prevent community
transmission of viral respiratory infections: A rapid evidence review using
Bayesian analysis: Preprint at Qeios; 2020. https;//doi.org/10.32388/15C5L4.
Perencevich EN, Diekema DJ, Edmond MB. Moving personal protective
equipment into the community. JAMA. 2020;323(22):2252. https://doi.org/1
0.1001/jama.2020.7477.

. Wolfe J, Smith J, Neumann S, Miller S, Schafer EC, Birath AL, et al.

Optimizing communication in schools and other settings during COVID-
19. Hear J. 2020;73(9):40-5. https://doi.org/10.1097/01.HJ.0000717184.
65906.b9.

Alzunitan MA, Perencevich EN, Edmond MB. Assessing health care worker
perceptions of face coverings during the COVID-19 pandemic. Am J Infect
Contr. 2021,49(4):521-2. https://doi.org/10.1016/j.ajic.2020.09.006.

Bhaskar ME, Arun S. SARS-CoV-2 infection among community health
workers in India before and after use of face shields. JAMA. 2020;324(13):
1348. https://doi.org/10.1001/jama.2020.15586.

Lindsley WG, Noti JD, Blachere FM, Szalajda JV, Beezhold DH. Efficacy of face
shields against cough aerosol droplets from a cough simulator. J Occup
Environ Hyg. 2014;11(8):509-18. https.//doi.org/10.1080/15459624.2013.877591.
Roberge RJ. Face shields for infection control: A review. J Occup
Environ Hyg. 2016;13(4):235-42. https://doi.org/10.1080/15459624.2015.1
095302.

523.

524.

525.

526.

527.

528.

529.

530.

531

532.

533.

534.

535.

536.

537.

538.

539.

540.

541.

542.

543.

544.

Page 44 of 47

Lindsley WG, Blachere FM, Law BF, Beezhold DH, Noti JD. Efficacy of face
masks, neck gaiters and face shields for reducing the expulsion of simulated
cough-generated aerosols. Aerosol Sci Technol. 2021;55(4):449-57. https.//
doi.org/10.1080/02786826.2020.1862409.

Martin GP, Hanna E, McCartney M, Dingwall R. Science, society, and policy
in the face of uncertainty: reflections on the debate around face coverings
for the public during COVID-19. Crit Public Health. 2020;30(5):501-8. https://
doi.org/10.1080/09581596.2020.1797997.

European Parliament. The precautionary principle: Definitions, applications
and governance. 2015. https;//op.europa.eu/en/publication-detail/-/publica
tion/166bad38-a2f9-11e5-b528-01aa75ed71a1/language-en/format-PDF/
source-search. Accessed 31 Oct 2020.

Stirling A. Risk, precaution and science: towards a more constructive policy
debate. EMBO Rep. 2007;8(4):309-15. https://doi.org/10.1038/sj.embor.74
00953.

Martin GP, Hanna E, Dingwall R. Face masks for the public during Covid-19:
An appeal for caution in policy: Preprint at SocArXiv; 2020. https://doi.org/1
0.31235/0sfio/uyzxe.

Greenhalgh T. Face coverings for the public: Laying straw men to rest. J
Eval Clin Pract. 2020;26(4):1070-7. https://doi.org/10.1111/jep.13415.
Morawska L, Milton DK. Reply to Chagla et al, and Thomas. Clin Infect Dis.
2020 (Epub ahead of print). https://doi.org/10.1093/cid/ciaal 121.

Morawska L, Milton DK. It is time to address airborne transmission of
coronavirus disease 2019 (COVID-19). Clin Infect Dis. 2020;71(9):2311-3.
https://doi.org/10.1093/cid/ciaa939.

Chan TK. Universal masking for COVID-19: evidence, ethics and
recommendations. BMJ Glob Health. 2020;5(5):¢002819. https:;//doi.org/1
0.1136/bmjgh-2020-002819.

Brooks JT, Butler JC, Redfield RR. Universal masking to prevent SARS-CoV-2
transmission—The time is now. JAMA. 2020;324(7):635. https://doi.org/10.1
001/jama.2020.13107.

Howard J, Huang A, Li Z, Tufekci Z, Zdimal V, van der Westhuizen H-M,
et al. An evidence review of face masks against COVID-19. Proc Natl
Acad Sci. 2021;118(4):e2014564118. https://doi.org/10.1073/pnas.2014
564118.

Burki T. Global shortage of personal protective equipment. Lancet Infect Dis.
2020;20(7):785-6. https://doi.org/10.1016/S1473-3099(20)30501-6.

Wu H, Huang J, Zhang CJP, He Z, Ming W-K. Facemask shortage and the
novel coronavirus disease (COVID-19) outbreak: Reflections on public health
measures. EClinicalMedicine. 2020;21:100329. https.//doi.org/10.1016/j.
eclinm.2020.100329.

Chughtai AA, Stelzer-Braid S, Rawlinson W, Pontivivo G, Wang Q, Pan Y,

et al. Contamination by respiratory viruses on outer surface of medical
masks used by hospital healthcare workers. BMC Infect Dis. 2019;19(1):491.
https.//doi.org/10.1186/512879-019-4109-x.

Jones P, Roberts S, Hotu C, Kamona S. What proportion of healthcare
worker masks carry virus? A systematic review. Emerg Med Australas. 2020;
32(5):823-9. https://doi.org/10.1111/1742-6723.13581.

Yan Y, Bayham J, Richter A, Fenichel EP. Risk compensation and face mask
mandates during the COVID-19 pandemic. Sci Rep. 2021;11(1):3174. https.//
doi.org/10.1038/541598-021-82574-w.

Cartaud A, Quesque F, Coello Y. Wearing a face mask against Covid-19
results in a reduction of social distancing. PLoS One. 2020;15(12):e0243023.
https://doi.org/10.1371/journal pone.0243023.

Luckman A, Zeitoun H, Isoni A, Loomes G, Vlaev |, Powdthavee N, et al. Risk
compensation during COVID-19: The impact of face mask usage on social
distancing. J Exp Psychol Appl. 2021 (in press). https://doi.org/10.1037/xa
p0000382.

Seres G, Balleyer AH, Cerutti N, Danilov A, Friedrichsen J, Liu Y, et al. Face
masks increase compliance with physical distancing recommendations
during the COVID-19 pandemic: ECONSTOR: Working paper; 2020. http://
hdl.handle.net/10419/224069

Seres G, Balleyer A, Cerutti N, Friedrichsen J, Ser M. Face mask use and
physical distancing before and after mandatory masking: Evidence from
public waiting lines: Preprint at SSRN; 2020. https://doi.org/10.2139/ssrn.3
641367.

Marchiori M. COVID-19 and the social distancing paradox: Dangers and
solutions: Preprint at arXiv; 2020. https://arxiv.org/abs/2005.12446

Mantzari E, Rubin GJ, Marteau TM. Is risk compensation threatening public
health in the covid-19 pandemic? BMJ. 2020;370:m2913. https.//doi.org/1
0.1136/bmj.m2913.


https://doi.org/10.1126/sciadv.abd3083
https://doi.org/10.1126/sciadv.abd3083
https://doi.org/10.1128/mSphere.00637-20
https://doi.org/10.1128/mSphere.00637-20
https://doi.org/10.7326/M20-6817
https://doi.org/10.7326/M20-6817
https://doi.org/10.7326/M20-7499
https://doi.org/10.7326/M20-7448
http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT04471766
https://clinicaltrials.gov/ct2/show/NCT04471766
https://doi.org/10.2807/1560-7917.ES.2020.25.49.2000725
https://doi.org/10.2807/1560-7917.ES.2020.25.49.2000725
https://doi.org/10.1007/s11121-015-0555-x
https://doi.org/10.7326/M20-6625
https://doi.org/10.7326/M20-6625
https://doi.org/10.3201/eid2610.200948
https://doi.org/10.1001/jama.2021.1505
https://doi.org/10.1001/jama.2021.1505
https://doi.org/10.7759/cureus.10423
https://doi.org/10.7759/cureus.10423
https://doi.org/10.1016/j.tmaid.2020.101751
https://doi.org/10.1016/j.tmaid.2020.101751
https://doi.org/10.3201/eid2605.190994
https://doi.org/10.32388/1SC5L4
https://doi.org/10.1001/jama.2020.7477
https://doi.org/10.1001/jama.2020.7477
https://doi.org/10.1097/01.HJ.0000717184.65906.b9
https://doi.org/10.1097/01.HJ.0000717184.65906.b9
https://doi.org/10.1016/j.ajic.2020.09.006
https://doi.org/10.1001/jama.2020.15586
https://doi.org/10.1080/15459624.2013.877591
https://doi.org/10.1080/15459624.2015.1095302
https://doi.org/10.1080/15459624.2015.1095302
https://doi.org/10.1080/02786826.2020.1862409
https://doi.org/10.1080/02786826.2020.1862409
https://doi.org/10.1080/09581596.2020.1797997
https://doi.org/10.1080/09581596.2020.1797997
https://op.europa.eu/en/publication-detail/-/publication/166bad38-a2f9-11e5-b528-01aa75ed71a1/language-en/format-PDF/source-search
https://op.europa.eu/en/publication-detail/-/publication/166bad38-a2f9-11e5-b528-01aa75ed71a1/language-en/format-PDF/source-search
https://op.europa.eu/en/publication-detail/-/publication/166bad38-a2f9-11e5-b528-01aa75ed71a1/language-en/format-PDF/source-search
https://doi.org/10.1038/sj.embor.7400953
https://doi.org/10.1038/sj.embor.7400953
https://doi.org/10.31235/osf.io/uyzxe
https://doi.org/10.31235/osf.io/uyzxe
https://doi.org/10.1111/jep.13415
https://doi.org/10.1093/cid/ciaa1121
https://doi.org/10.1093/cid/ciaa939
https://doi.org/10.1136/bmjgh-2020-002819
https://doi.org/10.1136/bmjgh-2020-002819
https://doi.org/10.1001/jama.2020.13107
https://doi.org/10.1001/jama.2020.13107
https://doi.org/10.1073/pnas.2014564118
https://doi.org/10.1073/pnas.2014564118
https://doi.org/10.1016/S1473-3099(20)30501-6
https://doi.org/10.1016/j.eclinm.2020.100329
https://doi.org/10.1016/j.eclinm.2020.100329
https://doi.org/10.1186/s12879-019-4109-x
https://doi.org/10.1111/1742-6723.13581
https://doi.org/10.1038/s41598-021-82574-w
https://doi.org/10.1038/s41598-021-82574-w
https://doi.org/10.1371/journal.pone.0243023
https://doi.org/10.1037/xap0000382
https://doi.org/10.1037/xap0000382
http://hdl.handle.net/10419/224069
http://hdl.handle.net/10419/224069
https://doi.org/10.2139/ssrn.3641367
https://doi.org/10.2139/ssrn.3641367
https://arxiv.org/abs/2005.12446
https://doi.org/10.1136/bmj.m2913
https://doi.org/10.1136/bmj.m2913

Escandon et al. BMC Infectious Diseases

545.

546.

547.

548.

549.

550.

551.

552.

553.

554.

555.

556.

557.

558.

559.

560.

561.

562.

563.

564.

(2021) 21:710

Kovacs R, Dunaiski M, Tukiainen J. Compulsory face mask policies do not
affect community mobility in Germany: ECONSTOR: Working paper; 2020.
http://hdl.handle.net/10419/218945

Chen Y-J, Qin G, Chen J, Xu J-L, Feng D-Y, Wu X-Y, et al. Comparison of
face-touching behaviors before and during the coronavirus disease 2019
pandemic. JAMA Netw Open. 2020;3(7):e2016924. https://doi.org/10.1001/ja
manetworkopen.2020.16924.

Betsch C, Korn L, Sprengholz P, Felgendreff L, Eitze S, Schmid P, et al. Social
and behavioral consequences of mask policies during the COVID-19
pandemic. Proc Natl Acad Sci. 2020;117(36):21851-3. https://doi.org/10.1
073/pnas.2011674117.

Felix G. Wearing a face mask helps protect me against Covid-19, but
not against racism: STAT; 2020. https://www.statnews.com/2020/05/13/
black-man-think-twice-wearing-face-mask-in-public-racism/. Accessed 27
June 2020

McFarling UL. “Which death do they choose?"”: Many Black men fear
wearing a mask more than the coronavirus: STAT; 2020. https://www.sta
tnews.com/2020/06/03/which-deamany-black-men-fear-wearing-mask-
more-than-coronavirus/. Accessed 15 July 2020

Carbon C-C. Wearing face masks strongly confuses counterparts in reading
emotions. Front Psychol. 2020;11:566886. https://doi.org/10.3389/fpsyg.2020.
566886.

Grote H, Izagaren F. Covid-19: The communication needs of D/deaf
healthcare workers and patients are being forgotten. BMJ. 2020,369:m2372.
https://doi.org/10.1136/bmj.m2372.

Knollman-Porter K, Burshnic VL. Optimizing effective communication while
wearing a mask during the COVID-19 pandemic. J Gerontol Nurs. 2020;
46(11):7-11. https.//doi.org/10.3928/00989134-20201012-02.

Shack AR, Arkush L, Reingold S, Weiser G. Masked paediatricians during the
COVID-19 pandemic and communication with children. J Paediatr Child
Health. 2020,56(9):1475-6. https://doi.org/10.1111/jpc.15087.

Eby TL, Arteaga AA, Spankovich C. Otologic and audiologic considerations
for COVID-19. Otolaryngol Neck Surg 2020;163(1):110-1. https://doi.org/1
0.1177/0194599820928989.

Crume B. The silence behind the mask: My journey as a deaf pediatric
resident amid a pandemic. Acad Pediatr. 2021;21(1):1-2. https;//doi.org/10.1
016/j.acap.2020.10.002.

Mapelli M, Salvioni E, De Martino F, Mattavelli |, Gugliandolo P, Vignati C,
et al. "You can leave your mask on”: Effects on cardiopulmonary parameters
of different airway protection masks at rest and during maximal exercise.
Eur Respir J. 2021 (Epub ahead of print). https://doi.org/10.1183/13993003.
04473-2020.

Chan NG, Li K, Hirsh J. Peripheral oxygen saturation in older persons
wearing nonmedical face masks in community settings. JAMA. 2020;324(22):
2323. https://doi.org/10.1001/jama.2020.21905.

Shein SL, Whitticar S, Mascho KK, Pace E, Speicher R, Deakins K. The effects
of wearing facemasks on oxygenation and ventilation at rest and during
physical activity. PLoS One. 2021;16(2):0247414. https.//doi.org/10.1371/
journal.pone.0247414.

Shaw K, Butcher S, Ko J, Zello GA, Chilibeck PD. Wearing of cloth or
disposable surgical face masks has no effect on vigorous exercise
performance in healthy individuals. Int J Environ Res Public Health. 2020;
17(21)8110. https//doi.org/10.3390/ijerph17218110.

Epstein D, Korytny A, Isenberg Y, Marcusohn E, Zukermann R, Bishop B, et al.

Return to training in the COVID-19 era: The physiological effects of face
masks during exercise. Scand J Med Sci Sports. 2021;31(1):70-5. https://doi.
org/10.1111/sms.13832.

Lubrano R, Bloise S, Testa A, Marcellino A, Dilillo A, Mallardo S, et al.
Assessment of respiratory function in infants and young children wearing
face masks during the COVID-19 pandemic. JAMA Netw Open. 2021;4(3):
€210414. https://doi.org/10.1001/jamanetworkopen.2021.0414.

Giacalone S, Minuti A, Spigariolo CB, Passoni E, Nazzaro G. Facial
dermatoses in the general population due to wearing of personal
protective masks during the COVID-19 pandemic: first observations after
lockdown. Clin Exp Dermatol. 2021;46(2):368-9. https://doi.org/10.1111/
ced.14376.

Moshirfar M, West WB, Marx DP. Face mask-associated ocular irritation and
dryness. Ophthalmol Ther. 2020,9(3):397-400. https://doi.org/10.1007/s4
0123-020-00282-6.

Szepietowski JC, Matusiak &, Szepietowska M, Krajewski PK;, Biatynicki-Birula
R. Face mask-induced itch: A self-questionnaire study of 2,315 responders

565.

566.

567.

568.

569.

570.

571.

572.

573.

574.

575.

576.

577.

578.

579.

580.

581.

582.

583.

Page 45 of 47

during the COVID-19 pandemic. Acta Derm Venereol. 2020;100(10):
adv00152. https://doi.org/10.2340/00015555-3536.

Matusiak t, Szepietowska M, Krajewski P, Biatynicki-Birula R, Szepietowski JC.
Inconveniences due to the use of face masks during the COVID-19
pandemic: A survey study of 876 young people. Dermatol Ther. 2020;33(4):
€13567. https://doi.org/10.1111/dth.13567.

Allison AL, Ambrose-Dempster E, Aparsi TD, Bawn M, Casas Arredondo M,
Chau C, et al. The impact and effectiveness of the general public wearing
masks to reduce the spread of pandemics in the UK: a multidisciplinary
comparison of single-use masks versus reusable face masks: Preprint at
UCLPRESS; 2020. https://doi.org/10.14324/111.444/000031.v2.

Fadare OO, Okoffo ED. Covid-19 face masks: A potential source of
microplastic fibers in the environment. Sci Total Environ. 2020;737:140279.
https.//doi.org/10.1016/j.scitotenv.2020.140279.

Das O, Neisiany RE, Capezza AJ, Hedenqvist MS, Férsth M, Xu Q, et al. The
need for fully bio-based facemasks to counter coronavirus outbreaks: A
perspective. Sci Total Environ. 2020;736:139611. https.//doi.org/10.1016/j.
scitotenv.2020.139611.

Zand AD, Heir AV. Environmental impacts of new coronavirus outbreak in
Iran with an emphasis on waste management sector. J Mater Cycles Waste
Manag. 2021;23(1):240-7. https.//doi.org/10.1007/510163-020-01123-1.

Seale H, Dyer CEF, Abdi I, Rahman KM, Sun Y, Qureshi MO, et al. Improving
the impact of non-pharmaceutical interventions during COVID-19:
examining the factors that influence engagement and the impact on
individuals. BMC Infect Dis. 2020;20(1):607. https://doi.org/10.1186/512879-02
0-05340-9.

Dryhurst S, Schneider CR, Kerr J, Freeman ALJ, Recchia G, van der Bles AM,
et al. Risk perceptions of COVID-19 around the world. J Risk Res. 2020;23(7-
8):994-1006. https://doi.org/10.1080/13669877.2020.1758193.

Carbon C-C. About the acceptance of wearing face masks in times of a
pandemic. Iperception. 2021;12(3):1-14. https.//doi.org/10.1177/
20416695211021114.

Capraro V, Barcelo H. Telling people to “rely on their reasoning”
increases intentions to wear a face covering to slow down COVID-19
transmission. Appl Cogn Psychol. 2021;35(3):693-9. https://doi.org/10.1
002/acp.3793.

Shelus VS, Frank SC, Lazard AJ, Higgins ICA, Pulido M, Richter APC, et al.
Motivations and barriers for the use of face coverings during the COVID-19
pandemic: Messaging insights from focus groups. Int J Environ Res Public
Health. 2020;17(24):9298. https://doi.org/10.3390/ijerph17249298.

Fisher KA, Barile JP, Guerin RJ, Vanden Esschert KL, Jeffers A, Tian LH, et al. Factors
associated with cloth face covering use among adults during the COVID-19
pandemic — United States, April and May 2020. MMWR Morb Mortal WKly Rep.
2020;69(28):933-7. https//doi.org/10.15585/mmwr.mm6928e3.

Goldberg MH, Gustafson A, Maibach EW, Ballew MT, Bergquist P, Kotcher JE,
et al. Mask-wearing increased after a government recommendation: A
natural experiment in the U.S. during the COVID-19 pandemic. Front
Commun. 2020;5:44. https://doi.org/10.3389/fcomm.2020.00044.

Perrotta D, Grow A, Rampazzo F, Cimentada J, Del Fava E, Gil-Clavel S, et al.
Behaviours and attitudes in response to the COVID-19 pandemic: insights
from a cross-national Facebook survey. EPJ data Sci. 2021;10(1):17. https://
doi.org/10.1140/epjds/s13688-021-00270-1.

West R, Michie S, Rubin GJ, Amlot R. Applying principles of behaviour
change to reduce SARS-CoV-2 transmission. Nat Hum Behav. 2020;4(5):451-
9. https://doi.org/10.1038/541562-020-0887-9.

Haischer MH, Beilfuss R, Hart MR, Opielinski L, Wrucke D, Zirgaitis G, et al.
Who is wearing a mask? Gender-, age-, and location-related differences
during the COVID-19 pandemic. PLoS One. 2020;15(10):e0240785. https://
doi.org/10.1371/journal.pone.0240785.

Pfattheicher S, Nockur L, Bohm R, Sassenrath C, Petersen MB. The emotional
path to action: Empathy promotes physical distancing and wearing of face
masks during the COVID-19 pandemic. Psychol Sci. 2020;31(11):1363-73.
https://doi.org/10.1177/0956797620964422.

Capraro V, Barcelo H. The effect of messaging and gender on intentions to
wear a face covering to slow down COVID-19 transmission. J Behav Econ
Policy. 2020;4(2):45-55.

Gostin LO, Cohen |G, Koplan JP. Universal masking in the United States.
JAMA. 2020;324(9):837. https://doi.org/10.1001/jama.2020.15271.

Duckworth BA, Ungar L, Emanuel EJ. There are 3 things we have to do to get
people wearing masks: The New York Times; 2020. https.//www.nytimes.com/2
020/05/27/opinion/coronavirus-masks.html. Accessed 27 June 2020


http://hdl.handle.net/10419/218945
https://doi.org/10.1001/jamanetworkopen.2020.16924
https://doi.org/10.1001/jamanetworkopen.2020.16924
https://doi.org/10.1073/pnas.2011674117
https://doi.org/10.1073/pnas.2011674117
https://www.statnews.com/2020/05/13/black-man-think-twice-wearing-face-mask-in-public-racism/
https://www.statnews.com/2020/05/13/black-man-think-twice-wearing-face-mask-in-public-racism/
https://www.statnews.com/2020/06/03/which-deamany-black-men-fear-wearing-mask-more-than-coronavirus/
https://www.statnews.com/2020/06/03/which-deamany-black-men-fear-wearing-mask-more-than-coronavirus/
https://www.statnews.com/2020/06/03/which-deamany-black-men-fear-wearing-mask-more-than-coronavirus/
https://doi.org/10.3389/fpsyg.2020.566886
https://doi.org/10.3389/fpsyg.2020.566886
https://doi.org/10.1136/bmj.m2372
https://doi.org/10.3928/00989134-20201012-02
https://doi.org/10.1111/jpc.15087
https://doi.org/10.1177/0194599820928989
https://doi.org/10.1177/0194599820928989
https://doi.org/10.1016/j.acap.2020.10.002
https://doi.org/10.1016/j.acap.2020.10.002
https://doi.org/10.1183/13993003.04473-2020
https://doi.org/10.1183/13993003.04473-2020
https://doi.org/10.1001/jama.2020.21905
https://doi.org/10.1371/journal.pone.0247414
https://doi.org/10.1371/journal.pone.0247414
https://doi.org/10.3390/ijerph17218110
https://doi.org/10.1111/sms.13832
https://doi.org/10.1111/sms.13832
https://doi.org/10.1001/jamanetworkopen.2021.0414
https://doi.org/10.1111/ced.14376
https://doi.org/10.1111/ced.14376
https://doi.org/10.1007/s40123-020-00282-6
https://doi.org/10.1007/s40123-020-00282-6
https://doi.org/10.2340/00015555-3536
https://doi.org/10.1111/dth.13567
https://doi.org/10.14324/111.444/000031.v2
https://doi.org/10.1016/j.scitotenv.2020.140279
https://doi.org/10.1016/j.scitotenv.2020.139611
https://doi.org/10.1016/j.scitotenv.2020.139611
https://doi.org/10.1007/s10163-020-01123-1
https://doi.org/10.1186/s12879-020-05340-9
https://doi.org/10.1186/s12879-020-05340-9
https://doi.org/10.1080/13669877.2020.1758193
https://doi.org/10.1002/acp.3793
https://doi.org/10.1002/acp.3793
https://doi.org/10.3390/ijerph17249298
https://doi.org/10.15585/mmwr.mm6928e3
https://doi.org/10.3389/fcomm.2020.00044
https://doi.org/10.1140/epjds/s13688-021-00270-1
https://doi.org/10.1140/epjds/s13688-021-00270-1
https://doi.org/10.1038/s41562-020-0887-9
https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.1177/0956797620964422
https://doi.org/10.1001/jama.2020.15271
https://www.nytimes.com/2020/05/27/opinion/coronavirus-masks.html
https://www.nytimes.com/2020/05/27/opinion/coronavirus-masks.html

Escandon et al. BMC Infectious Diseases

584.

585.

586.

587.

588.

589.

590.

591

592.

593.

594.

595.

596.

597.

598.

599.

600.

601.

602.

603.

604.

605.

(2021) 21:710

Ross T. To the person who mask-shamed me on the trail. 2020. Outside
Online. https://www.outsideonline.com/2414424/outdoor-mask-sha
mingi#close. Accessed 27 June 2020.

Gandhi M, Havlir D. The time for universal masking of the public for
coronavirus disease 2019 is now. Open Forum Infect Dis. 2020;7(4):-0faa131.
https://doi.org/10.1093/0fid/ofaa131.

Klompas M, Morris CA, Shenoy ES. Universal masking in the Covid-19 era. N
Engl J Med. 2020;383(2):e9. https.//doi.org/10.1056/NEJMc2020836.
Dorfman D, Raz M. Mask exemptions during the COVID-19 pandemic — A
new frontier for clinicians. JAMA Heal Forum. 2020;1(7):e200810. https://doi.
0rg/10.1001/jamahealthforum.2020.0810.

Ferguson D. Rape survivors say they are being stigmatised for not wearing
masks: The Guardian; 2020. https.//www.theguardian.com/society/2020/a
ug/10/survivors-say-they-are-being-stigmatised-for-not-wearing-masks.
Accessed 10 Oct 2020

Esposito S, Principi N. To mask or not to mask children to overcome COVID-
19. Eur J Pediatr. 2020;179(8):1267-70. https.//doi.org/10.1007/500431-020-03
674-9.

Lopes H, Middleton J, De Guchtenaere A, Hadjipanayis A. COVID-19 and the
use of masks by children. Statement from the Association of Schools of
Public Health in the European Region and the European Academy of
Paediatrics. Front Pediatr. 2021;9:580150. https://doi.org/10.3389/fped.2021.
580150.

World Health Organization. Advice on the use of masks for children in the
community in the context of COVID-19. 2020. https//www.who.int/publica
tions/i/item/WHO-2019-nCoV-IPC_Masks-Children-2020.1.

Brosseau LM, Roy CJ, Osterholm MT. Facial masking for Covid-19. N Engl J
Med. 2020;383(21):2092-3. https.//doi.org/10.1056/NEJMc2030886.

Trunfio M, Calcagno A, Bonora S, Di Perri G. Lowering SARS-CoV-2 viral load
might affect transmission but not disease severity in secondary cases.
Lancet Infect Dis. 2021;3099(21):646679. https;//doi.org/10.1016/51473-3
099(21)00205-X.

McCartney M. COVID-19: has EBM been replaced by hype-based medicine?
Drug Ther Bull. 2020;58(7):99-100. https://dtb.bmj.com/content/58/7/99.
London AJ, Kimmelman J. Against pandemic research exceptionalism.
Science. 2020;368(6490):476-7. https.//doi.org/10.1126/science.abc1731.
Mahase E. Covid-19: WHO and South Korea investigate reconfirmed cases.
BMJ. 2020;369:m1498 https.//doi.org/10.1136/bmj.m1498.

Smith J. South Korea reports more recovered coronavirus patients testing
positive again: Reuters; 2020. https://www.reuters.com/article/us-health-
coronavirus-southkorea/south-korea-reports-more-recovered-coronavirus-pa
tients-testing-positive-again-idUSKCN21V0JQ. Accessed 10 May 2020
Iwasaki A. What reinfections mean for COVID-19. Lancet Infect Dis. 2020;
2(20):19-20. https://doi.org/10.1016/51473-3099(20)30783-0.

Edridge AWD, Kaczorowska J, Hoste ACR, Bakker M, Klein M, Loens K; et al.
Seasonal coronavirus protective immunity is short-lasting. Nat Med. 2020;
26(11):1691-3. https;//doi.org/10.1038/541591-020-1083-1.

Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC, Rattigan
SM, et al. A systematic review of antibody mediated immunity to
coronaviruses: kinetics, correlates of protection, and association with
severity. Nat Commun. 2020;11(1):4704. https://doi.org/10.1038/541467-020-1
8450-4.

Wu F, Liu M, Wang A, Lu L, Wang Q, Gu C, et al. Evaluating the association
of clinical characteristics with neutralizing antibody levels in patients who
have recovered from mild COVID-19 in Shanghai, China. JAMA Intern Med.
2020;180(10):1356. https://doi.org/10.1001/jamainternmed.2020.4616.
Gudbjartsson DF, Norddahl GL, Melsted P, Gunnarsdottir K, Holm H,
Eythorsson E, et al. Humoral immune response to SARS-CoV-2 in Iceland. N
Engl J Med. 2020;383(18):1724-34. https://doi.org/10.1056/NEJM0a2026116.
Ripperger TJ, Uhrlaub JL, Watanabe M, Wong R, Castaneda Y, Pizzato HA,
et al. Orthogonal SARS-CoV-2 serological assays enable surveillance of low-
prevalence communities and reveal durable humoral immunity. Immunity.
2020;53(5):925-933.e4. https://doi.org/10.1016/j.immuni.2020.10.004.

Lumley SF, O'Donnell D, Stoesser NE, Matthews PC, Howarth A, Hatch SB,
et al. Antibody status and incidence of SARS-CoV-2 infection in health care
workers. N Engl J Med. 2021,384(6):533-40. https://doi.org/10.1056/NEJMoa2
034545.

Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED, Faliti CE, et al. Immunological

memory to SARS-CoV-2 assessed for up to 8 months after infection. Science.

2021,371(6529):eabf4063. https://doi.org/10.1126/science.abf4063.

606.

607.

608.

609.

610.

<N

612.

616.

617.

618.

620.

621.

622.

623.

Page 46 of 47

Hall VJ, Foulkes S, Charlett A, Atti A, Monk EJM, Simmons R, et al. SARS-CoV-
2 infection rates of antibody-positive compared with antibody-negative
health-care workers in England: a large, multicentre, prospective cohort
study (SIREN). Lancet. 2021;397(10283):1459-69. https://doi.org/10.1016/5014
0-6736(21)00675-9.

Leidi A, Koegler F, Dumont R, Dubos R, Zaballa M-E, Piumatti G, et al. Risk of
reinfection after seroconversion to SARS-CoV-2: A population-based
propensity-score matched cohort study. Clin Infect Dis. 2021 (Epub ahead
of print). https:.//doi.org/10.1093/cid/ciab495.

Reynolds CJ, Swadling L, Gibbons JM, Pade C, Jensen MP, Diniz MO, et al.
Discordant neutralizing antibody and T cell responses in asymptomatic and
mild SARS-CoV-2 infection. Sci Immunol. 2020;5(54):eabf3698. https://doi.
0rg/10.1126/sciimmunol.abf3698.

Tillett RL, Sevinsky JR, Hartley PD, Kerwin H, Crawford N, Gorzalski A, et al.
Genomic evidence for reinfection with SARS-CoV-2: a case study. Lancet
Infect Dis. 2021;21(1):52-58. https://doi.org/10.1016/51473-3099(20)30764-7.
Goldman JD, Wang K, Roltgen K, Nielsen SCA, Roach JC, Naccache SN, et al.
Reinfection with SARS-CoV-2 and failure of humoral immunity: A case
report: Preprint at medRxiv; 2020. https;//doi.org/10.1101/2020.09.22.201
92443.

. Larson D, Brodniak SL, Voegtly LJ, Cer RZ, Glang LA, Malagon FJ, et al. A

case of early reinfection with SARS-CoV-2. Clin Infect Dis. 2020 (Epub ahead
of print). https://doi.org/10.1093/cid/ciaa1436.

To KK-W, Hung IF-N, Ip JD, Chu AW-H, Chan W-M, Tam AR, et al. COVID-19
re-infection by a phylogenetically distinct severe acute respiratory syndrome
coronavirus 2 strain confirmed by whole genome sequencing. Clin Infect
Dis. 2020 (Epub ahead of print). https.//doi.org/10.1093/cid/ciaa1275.

. Mulder M, van der Vegt DSJM, Oude Munnink BB, GeurtsvanKessel CH, van

de Bovenkamp J, Sikkema RS, et al. Reinfection of SARS-CoV-2 in an
immunocompromised patient: A case report. Clin Infect Dis. 2020 (Epub
ahead of print). https://doi.org/10.1093/cid/ciaal538.

. Lee J-S, Kim SY, Kim TS, Hong KH, Ryoo N-H, Lee J, et al. Evidence of severe

acute respiratory syndrome coronavirus 2 reinfection after recovery from
mild coronavirus disease 2019. Clin Infect Dis. 2020 (Epub ahead of print).
https://doi.org/10.1093/cid/ciaa1421.

. Van Elslande J, Vermeersch P, Vandervoort K, Wawina-Bokalanga T,

Vanmechelen B, Wollants E, et al. Symptomatic SARS-CoV-2 reinfection by a
phylogenetically distinct strain. Clin Infect Dis. 2020 (Epub ahead of print).
https://doi.org/10.1093/cid/ciaa1330.

Prado-Vivar B, Becerra-Wong M, Guadalupe JJ, Marquez S, Gutierrez B, Rojas-
Silva P, et al. A case of SARS-CoV-2 reinfection in Ecuador. Lancet Infect Dis.
2021;21(6):e142. https://doi.org/10.1016/51473-3099(20)30910-5.

Gupta V, Bhoyar RC, Jain A, Srivastava S, Upadhayay R, Imran M, et al.
Asymptomatic reinfection in 2 healthcare workers from India with
genetically distinct severe acute respiratory syndrome coronavirus 2. Clin
Infect Dis. 2020 (Epub ahead of print). https://doi.org/10.1093/cid/ciaa1451.
Shastri J, Parikh S, Agrawal S, Chatterjee N, Pathak M, Chaudhary S, et al.
Clinical, serological, whole genome sequence analyses to confirm SARS-
CoV-2 reinfection in patients from Mumbai, India. Front Med. 2021;8:631769.
https://doi.org/10.3389/fmed.2021.631769.

. Abu-Raddad LJ, Chemaitelly H, Malek JA, Ahmed AA, Mohamoud YA,

Younuskunju S, et al. Assessment of the risk of SARS-CoV-2 reinfection in an
intense re-exposure setting. Clin Infect Dis. 2020 (Epub ahead of print).
https://doi.org/10.1093/cid/ciaa1846.

Naveca F, da Costa C, Nascimento V, Souza V, Corado A, Nascimento F, et al.
SARS-CoV-2 reinfection by the new variant of concern (VOC) P.1 in
Amazonas, Brazil. 2021. virological.org. https://virological.org/t/sars-cov-2-
reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596.
Accessed 30 Mar 2021.

Resende PC, Bezerra JF, Teixeira Vasconcelos RH, Arantes |, Appolinario L,
Mendonga AC, et al. Severe acute respiratory syndrome coronavirus 2 P.2
lineage associated with reinfection case, Brazil, June-October 2020. Emerg
Infect Dis. 2021,27(7):1789-1794. https.//doi.org/10.3201/eid2707.210401.
Nonaka CKV, Franco MM, Gréf T, de Lorenzo Barcia CA, de Avila Mendonca
RN, de Sousa KAF, et al. Genomic evidence of SARS-CoV-2 reinfection
involving E484K spike mutation, Brazil. Emerg Infect Dis. 2021,27(5):2-5.
https://doi.org/10.3201/eid2705.210191.

Garvey MI, Casey AL, Wilkinson MAC, Ratcliffe L, McMurray C, Stockton J,

et al. Details of SARS-CoV-2 reinfections at a major UK tertiary centre. J
Infect. 2021,82(6):229-30. https://doi.org/10.1016/},jinf.2021.03.004.


https://www.outsideonline.com/2414424/outdoor-mask-shaming#close
https://www.outsideonline.com/2414424/outdoor-mask-shaming#close
https://doi.org/10.1093/ofid/ofaa131
https://doi.org/10.1056/NEJMc2020836
https://doi.org/10.1001/jamahealthforum.2020.0810
https://doi.org/10.1001/jamahealthforum.2020.0810
https://www.theguardian.com/society/2020/aug/10/survivors-say-they-are-being-stigmatised-for-not-wearing-masks
https://www.theguardian.com/society/2020/aug/10/survivors-say-they-are-being-stigmatised-for-not-wearing-masks
https://doi.org/10.1007/s00431-020-03674-9
https://doi.org/10.1007/s00431-020-03674-9
https://doi.org/10.3389/fped.2021.580150
https://doi.org/10.3389/fped.2021.580150
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_Masks-Children-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_Masks-Children-2020.1
https://doi.org/10.1056/NEJMc2030886
https://doi.org/10.1016/S1473-3099(21)00205-X
https://doi.org/10.1016/S1473-3099(21)00205-X
https://dtb.bmj.com/content/58/7/99
https://doi.org/10.1126/science.abc1731
https://doi.org/10.1136/bmj.m1498
https://www.reuters.com/article/us-health-coronavirus-southkorea/south-korea-reports-more-recovered-coronavirus-patients-testing-positive-again-idUSKCN21V0JQ
https://www.reuters.com/article/us-health-coronavirus-southkorea/south-korea-reports-more-recovered-coronavirus-patients-testing-positive-again-idUSKCN21V0JQ
https://www.reuters.com/article/us-health-coronavirus-southkorea/south-korea-reports-more-recovered-coronavirus-patients-testing-positive-again-idUSKCN21V0JQ
https://doi.org/10.1016/S1473-3099(20)30783-0
https://doi.org/10.1038/s41591-020-1083-1
https://doi.org/10.1038/s41467-020-18450-4
https://doi.org/10.1038/s41467-020-18450-4
https://doi.org/10.1001/jamainternmed.2020.4616
https://doi.org/10.1056/NEJMoa2026116
https://doi.org/10.1016/j.immuni.2020.10.004
https://doi.org/10.1056/NEJMoa2034545
https://doi.org/10.1056/NEJMoa2034545
https://doi.org/10.1126/science.abf4063
https://doi.org/10.1016/S0140-6736(21)00675-9
https://doi.org/10.1016/S0140-6736(21)00675-9
https://doi.org/10.1093/cid/ciab495
https://doi.org/10.1126/sciimmunol.abf3698
https://doi.org/10.1126/sciimmunol.abf3698
https://doi.org/10.1016/S1473-3099(20)30764-7
https://doi.org/10.1101/2020.09.22.20192443
https://doi.org/10.1101/2020.09.22.20192443
https://doi.org/10.1093/cid/ciaa1436
https://doi.org/10.1093/cid/ciaa1275
https://doi.org/10.1093/cid/ciaa1538
https://doi.org/10.1093/cid/ciaa1421
https://doi.org/10.1093/cid/ciaa1330
https://doi.org/10.1016/S1473-3099(20)30910-5
https://doi.org/10.1093/cid/ciaa1451
https://doi.org/10.3389/fmed.2021.631769
https://doi.org/10.1093/cid/ciaa1846
http://virological.org
https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596
https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596
https://doi.org/10.3201/eid2707.210401
https://doi.org/10.3201/eid2705.210191
https://doi.org/10.1016/j.jinf.2021.03.004

Escandon et al. BMC Infectious Diseases

624.

625.

626.

627.

628.

629.

630.

631.

632.

633.

634.

635.

636.

637.

638.

639.

640.

641.

642.

643.

(2021) 21:710

Harrington D, Kele B, Pereira S, Couto-Parada X, Riddell A, Forbes S, et al.
Confirmed reinfection with SARS-CoV-2 variant VOC-202012/01. Clin Infect
Dis. 2021 (Epub ahead of print). https://doi.org/10.1093/cid/ciab014.
Zucman N, Uhel F, Descamps D, Roux D, Ricard J-D. Severe reinfection with
South African SARS-CoV-2 variant 501Y.V2: A case report. Clin Infect Dis.
2021;17(6):365-6. https://doi.org/10.1093/cid/ciab129.

Ramirez JD, Muhoz M, Ballesteros N, Patifio LH, Castafeda S, Rincon CA,

et al. Phylogenomic evidence of reinfection and persistence of SARS-CoV-2:
First report from Colombia. Vaccines. 2021;9(3):282. https://doi.org/10.3390/
vaccines9030282.

Bonifacio LP, Pereira APS, Aratjo DC, Balbdo VD, Fonseca BA, Passos AD,

et al. Are SARS-CoV-2 reinfection and Covid-19 recurrence possible? a case
report from Brazil. Rev Soc Bras Med Trop. 2020;53:e20200619. https://doi.
0rg/10.1590/0037-8682-0619-2020.

Arteaga-Livias K, Panduro-Correa V, Pinzas-Acosta K, Perez-Abad L, Pecho-
Silva S, Espinoza-Sanchez F, et al. COVID-19 reinfection? A suspected case in
a Peruvian patient. Travel Med Infect Dis. 2021;39:101947. https.//doi.org/1
0.1016/j.tmaid.2020.101947.

Novoa W, Miller H, Mattar S, Faccini-Martinez AA, Rivero R, Serrano-Coll H. A
first probable case of SARS-CoV-2 reinfection in Colombia. Ann Clin Microbiol
Antimicrob. 2021;20(1):8-10. https.//doi.org/10.1186/512941-020-00413-8.
Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and
immunological assessment of asymptomatic SARS-CoV-2 infections. Nat
Med. 2020;26(8):1200-4. https://doi.org/10.1038/541591-020-0965-6.

Graham MS, Sudre CH, May A, Antonelli M, Murray B, Varsavsky T, et al.
Changes in symptomatology, reinfection, and transmissibility associated
with the SARS-CoV-2 variant B.1.1.7: an ecological study. Lancet Public
Health. 2021,6(5):e335-45. https://doi.org/10.1016/S2468-2667(21)00055-4.
Yang C, Jiang M, Wang X, Tang X, Fang S, Li H, et al. Viral RNA level, serum
antibody responses, and transmission risk in recovered COVID-19 patients
with recurrent positive SARS-CoV-2 RNA test results: a population-based
observational cohort study. Emerg Microbes Infect. 2020,9(1):2368-78.
https://doi.org/10.1080/22221751.2020.1837018.

Lu J, Peng J, Xiong Q, Liu Z, Lin H, Tan X, et al. Clinical, immunological and
virological characterization of COVID-19 patients that test re-positive for
SARS-CoV-2 by RT-PCR. EBioMedicine. 2020;59:102960. https://doi.org/10.101
6/j.ebiom.2020.102960.

Lee H, Nishiura H. Recrudescence of Ebola virus disease outbreak in West
Africa, 2014-2016. Int J Infect Dis. 2017,64:90-2. https://doi.org/10.1016/).
ijid.2017.09.013.

Jacobs M, Rodger A, Bell DJ, Bhagani S, Cropley |, Filipe A, et al. Late Ebola
virus relapse causing meningoencephalitis: a case report. Lancet. 2016;
388(10043):498-503. https://doi.org/10.1016/50140-6736(16)30386-5.

Sissoko D, Duraffour S, Kerber R, Kolie JS, Beavogui AH, Camara AM, et al.
Persistence and clearance of Ebola virus RNA from seminal fluid of Ebola
virus disease survivors: a longitudinal analysis and modelling study. Lancet
Glob Health. 2017;5(1):e80-8. https://doi.org/10.1016/52214-109X(16)3
0243-1.

Barnes KG, Kindrachuk J, Lin AE, Wohl S, Qu J, Tostenson SD, et al. Evidence of
Ebola virus replication and high concentration in semen of a patient during
recovery. Clin Infect Dis. 2017;65(8):1400-3. https.//doi.org/10.1093/cid/cix518.
Schindell BG, Webb AL, Kindrachuk J. Persistence and sexual transmission of
filoviruses. Viruses. 2018;10(12):683. https://doi.org/10.3390/v10120683.
Yang M, Chen S, Huang B, Zhong J-M, Su H, Chen Y-J, et al. Pathological
findings in the testes of COVID-19 patients: Clinical implications. Eur Urol
Focus. 2020,6(5):1124-9. https.//doi.org/10.1016/j.euf.2020.05.009.

Ma X, Guan C, Chen R, Wang Y, Feng S, Wang R, et al. Pathological and
molecular examinations of postmortem testis biopsies reveal SARS-CoV-2
infection in the testis and spermatogenesis damage in COVID-19 patients. Cell
Mol Immunol. 2021;18(2):487-9. https://doi.org/10.1038/541423-020-00604-5.
Li D, Jin M, Bao P, Zhao W, Zhang S. Clinical characteristics and results of
semen tests among men with coronavirus disease 2019. JAMA Netw Open.
2020;3(5):e208292. https.//doi.org/10.1001/jamanetworkopen.2020.8292.

Li H, Xiao X, Zhang J, Zafar MI, Wu C, Long Y, et al. Impaired
spermatogenesis in COVID-19 patients. EClinicalMedicine. 2020;28:100604.
https://doi.org/10.1016/j.eclinm.2020.100604.

Schurink B, Roos E, Radonic T, Barbe E, Bouman CSC, de Boer HH, et al. Viral
presence and immunopathology in patients with lethal COVID-19: a
prospective autopsy cohort study. Lancet Microbe. 2020;1(7):e290-9. https//
doi.org/10.1016/52666-5247(20)30144-0.

644.

645.

646.

647.

Page 47 of 47

Varatharaj A, Thomas N, Ellul MA, Davies NWS, Pollak TA, Tenorio EL, et al.
Neurological and neuropsychiatric complications of COVID-19 in 153
patients: a UK-wide surveillance study. Lancet Psychiatry. 2020;7(10):875-82.
https://doi.org/10.1016/52215-0366(20)30287-X.

Mesci P, Macia A, Saleh A, Martin-Sancho L, Yin X, Snethlage C, et al.
Sofosbuvir protects human brain organoids against SARS-CoV-2: Preprint at
bioRxiv; 2020. https://doi.org/10.1101/2020.05.30.125856.

Song E, Zhang G, Israelow B, Lu-Culligan A, Prado AV, Skriabine S, et al.
Neuroinvasion of SARS-CoV-2 in human and mouse brain. J Exp Med. 2021;
218(3):220202135. https://doi.org/10.1084/jem.20202135.

Imai M, Iwatsuki-Horimoto K, Hatta M, Loeber S, Halfmann PJ, Nakajima N,
et al. Syrian hamsters as a small animal model for SARS-CoV-2 infection and
countermeasure development. Proc Natl Acad Sci. 2020;117(28):202009799.
https://doi.org/10.1073/pnas.2009799117.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/cid/ciab014
https://doi.org/10.1093/cid/ciab129
https://doi.org/10.3390/vaccines9030282
https://doi.org/10.3390/vaccines9030282
https://doi.org/10.1590/0037-8682-0619-2020
https://doi.org/10.1590/0037-8682-0619-2020
https://doi.org/10.1016/j.tmaid.2020.101947
https://doi.org/10.1016/j.tmaid.2020.101947
https://doi.org/10.1186/s12941-020-00413-8
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1016/S2468-2667(21)00055-4
https://doi.org/10.1080/22221751.2020.1837018
https://doi.org/10.1016/j.ebiom.2020.102960
https://doi.org/10.1016/j.ebiom.2020.102960
https://doi.org/10.1016/j.ijid.2017.09.013
https://doi.org/10.1016/j.ijid.2017.09.013
https://doi.org/10.1016/S0140-6736(16)30386-5
https://doi.org/10.1016/S2214-109X(16)30243-1
https://doi.org/10.1016/S2214-109X(16)30243-1
https://doi.org/10.1093/cid/cix518
https://doi.org/10.3390/v10120683
https://doi.org/10.1016/j.euf.2020.05.009
https://doi.org/10.1038/s41423-020-00604-5
https://doi.org/10.1001/jamanetworkopen.2020.8292
https://doi.org/10.1016/j.eclinm.2020.100604
https://doi.org/10.1016/S2666-5247(20)30144-0
https://doi.org/10.1016/S2666-5247(20)30144-0
https://doi.org/10.1016/S2215-0366(20)30287-X
https://doi.org/10.1101/2020.05.30.125856
https://doi.org/10.1084/jem.20202135
https://doi.org/10.1073/pnas.2009799117

	Abstract
	Background
	Methods
	Main text
	False dichotomy 1: Health and lives vs. economy and livelihoods
	False dichotomy 2: Indefinite lockdown vs. unlimited reopening
	Stringent public health measures vs. natural herd immunity
	The harmful effect of stringent public health measures
	Finding a balance between lockdowns and unlimited reopening
	Multilayered prevention and additive risk reduction
	Transmission dynamics and risk assessment
	Harm reduction and the low risk of outdoor transmission
	The need for reassessing health policies in the name of safety
	Relaxation of NPIs in the context of robust vaccination
	Public support and the need for an explicit pandemic response goal

	False dichotomy 3: Symptomatic vs. asymptomatic SARS-CoV-2 infection
	Terminology: asymptomatic, symptomatic, presymptomatic, postsymptomatic, and paucisymptomatic
	COVID-19 clinical presentation
	The proportion of asymptomatic SARS-CoV-2-infected individuals
	The proportion of symptomatic SARS-CoV-2 individuals (in a broad sense)
	Differential transmission of symptomatic, presymptomatic, and asymptomatic infection
	Accurate messaging and further research

	False dichotomy 4: Droplet vs. aerosol transmission of SARS-CoV-2
	The long-standing dichotomy of droplets and aerosols
	The modes of transmission of SARS-CoV-2
	Epidemiological evidence
	Laboratory studies and modeling data
	Unknowns in SARS-CoV-2 transmission
	The use of the term “airborne,” the lack of nuance, and inaccurate analogies
	Toward a multidisciplinary agreement on actionable terminology

	False dichotomy 5: Masks for all vs. no masking
	Culture war and the false dichotomy of community mask wearing
	The science of masks is not straightforward or simple
	Policymaking about masks and issues with compliance and mandates in the community
	Smart masking, not universal masking, in the community
	Acknowledging uncertainty and countering misstatements

	False dichotomy 6: SARS-CoV-2 reinfection vs. no reinfection
	Reinfection and natural immunity
	Re-detection
	Recrudescence
	Further research on reinfection and recrudescence is needed


	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

