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Abstract

The scarcity of facemasks, particularly N95 respirators, combined with the lack of solid data to address the suitability of each
mask type for adequate health care worker (HCW) protection have caused turmoil among HCWs. Current recommendations
suggest mask usage solely during HCW contact with Covid-19 patients, namely plain medical mask for low-risk contacts and
N95 for aerosol generating procedures. The distinction regarding the escalation of mask complexity depending on contact
type is nevertheless based on plausible theoretical assumptions rather than hard evidence of a clear benefit. Conversely, we
suggest that at least a plain mask should be used during all HCWs’ contacts in healthcare facilities which constitute a highly
probable but often overlooked means of SARS-CoV-2 transmission among HCWs.
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The exponential spread of the SARS-CoV-2 pandemic
worldwide has brought about an unprecedented healthcare
crisis, which is increasingly escalating today. One of the ear-
liest and more worrisome aspects of this crisis is the short-
age in personal protective equipment (PPE) for frontline
health care workers (HCWs) [1].

As with other respiratory pathogens, including other
human Coronaviruses (SARS-CoV, MERS-CoV) and
Influenzae viruses, SARS-CoV-2 transmission primar-
ily occurs through respiratory droplets emitted in various
distances during coughing or sneezing of symptomatic
infected individuals [2]. An open debate still exists regard-
ing the potential of airborne viral shedding (implicating
viral presence in droplet nuclei <5 pm in diameter that
might remain, pending environmental conditions, aloft for
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several hours [3]). In a recent study, van Doremalen et al.
[4] have shown that SARS-Cov-2 remains viable in an aer-
osol artificially generated by a collision nebulizer, with a
half-life of approximately 1 h. Nevertheless, it should be
noted that this result was obtained under extremely ideal-
ized and unrealistic experimental conditions, not likely to
be encountered by HCWs in real-world circumstances, and
thus cannot be taken as definitive proof of airborne capacity
of the SARS-COV-2 viral particle [5, 6]. In clinical settings,
contamination of the environmental air around patients has
been disputed among reports [7-9]. Overall, airborne trans-
mission has been deemed as an unlikely major contribu-
tor to SARS-Cov-2 transmission [2, 10], although it could
play an important role during procedures that generate small
droplets (aerosol-generating medical procedures, AGMPs)
by HCWs [11]. Besides, the virus may be also detected in
fomites, in blood and stool of patients, but related transmis-
sion modes have not yet been identified [2]. In any case,
close contact between individuals seems to be paramount
to viral transmission [12]. Accumulating data indicate that
HCWs represent a significant proportion of total SARS-
CoV-2 cases, ranging between 9 and 29% in different series
[13—15]. Voices for the urgent need to protect HCWs to keep
healthcare systems up and running throughout the pandemic
are increasingly raised [16]. Use of barrier methods repre-
sent an essential step in this process.

Medical masks were initially designed to prevent the
spread of infection from wearers to others but are now
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commonly used to protect the wearer too. Conversely, res-
pirators, also referred to as high-filtration N95 masks, are
fitted devices designed to protect the wearer from respira-
tory infections and are regulated by filtration capacity [17].
Recently witnessed shortage in respirators prompted the
Centers for Disease Control and Prevention (CDC) to issue
guidance on how respirators designed for single use may
be reused and how medical masks can be used instead of
respirators. Downgrading of recommended mask type from
a respirator to a simple medical mask has also been imple-
mented in the United Kingdom, causing turmoil among
healthcare personnel [18]. But is this frenzy about HCWs’
masks justified?

To date, it is assumed that plain surgical masks suffice for
prevention of viral transmission from respiratory droplets,
while NO5 respirators provide additional protection from air-
borne transmission via aerosols [17]. Nonetheless, the dif-
ferences in the effectiveness of face masks types in prevent-
ing SARS-CoV-2 are not clarified. Evidence from studies
addressing protection from other respiratory viral pathogens,
which are transmitted with a similar way to SARS-CoV-2,
justifies either the use of medical masks or N95 respirators
as substantially more effective than wearing neither in pre-
venting viral transmission. A meta-analysis of observational
studies performed during the 2002-2004 SARS outbreak
concluded that there is consistent evidence to support the use
of both simple medical masks (OR 0.32, 95% CI 0.26-0.39
from seven studies, four among HCWs) and N95 respira-
tors (OR 0.17, 95% CI 0.07-0.43 from three studies among
HCWs) [19]. The most recent evidence comes from a study
from Hong-Kong showing that plain surgical masks effec-
tively reduced the aerosol shedding of coronaviruses other
than SARS-COV-2 in children and adults with respiratory
infection [20].

A number of randomized controlled trials (RCTs) has
also addressed this issue in healthcare settings. Loeb et al.
conducted a randomized trial during the winter season of
2008-2009, comparing N95 to plain masks for preven-
tion of influenza among 446 nurses in 8 medical cent-
ers in Ontario, Canada. There was no difference between
the interventions regarding the probability of laboratory-
confirmed influenza, other viral infection or febrile influ-
enza-like illness (ILI), and a pre-specified non-inferiority
criterion between mask types was met [21]. Furthermore,
in a cluster randomized trial, McIntyre et al. compared
the efficacy of simple medical masks with fit- and non-
fit-tested N95 for the prevention of viral illness during a
single winter season among 1441 HCWs. After 4 weeks
of intervention and an additional observatory week, N95
were reported to be more effective than simple masks for
prevention of clinical respiratory illness (CLI, broadly
defined as two respiratory or one respiratory and one
systemic symptom) but not of ILI or laboratory proven
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influenza or other viral infection [22]. In another trial of
identical design by the same investigators, an additional
arm of intermittent N95 usage (when performing AGMPs
or barrier nursing) was included; results showed a scaled
increase of the probability of CLI for constant N95, inter-
mittent N95 and plain mask usage, but no difference
regarding proven viral infection, proven influenza infection
or ILI [23]. Nonetheless, essential concern arises regard-
ing the methodology of the latter two studies, as significant
differences in baseline characteristics between the study
groups indicate imperfections in the randomization proce-
dure and probable contribution of confounders-recognized
and not-to the reported results. In the largest and most
recent cluster randomized trial among seven healthcare
systems in the US. Radonovic et al. compared the efficacy
of the two mask types among HCWs working in outpatient
settings over four consecutive viral respiratory seasons.
There were no ascertained differences regarding the pri-
mary outcome of laboratory-confirmed influenza or the
secondary outcomes of proven or CLI and ILI [24].

As regards barrier measure application, compliance con-
stitutes a key aspect that should be taken into account. Data
from more than a decade ago show that adherence to mask
wearing is associated with the prevention of respiratory viral
illness among contacts in households [25]. More recently,
this year, an early report from a hospital in Wuhan retrospec-
tively examining risk factors associated with SARS-Cov-2
infection among HCWs revealed a protective role of contact
history with confirmed or suspected SARS-Cov-2 patients,
thus implying the considerable role of meticulous conform-
ity to protective measures [26]. Due to the inherent features
of their application, compliance issues would be expected
to be more relevant in the case of N95 respirators. Sustained
usage of N95 is associated with a gradual increase of blood
CO, content and perceived exertion, shortness of breath,
headache and lightheadedness. Furthermore, frequent res-
pirator adjustments and touching on or under the respirator
have also been noted, probably hampering the functional
integrity of the respirator as a barrier [27]. In the above-
mentioned RCTs adherence to study measures was either
not assessed [21], found to be similar between intervention
arms [22, 24], or shown to be lower among constant N95
than plain mask users and highest in intermittent N95 usage
arm (57% vs. 66% vs. 82% p <0.001) with a reverse trend
for reported discomfort with mask usage among participants
(»<0.001) [23]. However, unavoidable differences between
clinical trial settings and clinical reality cannot be over-
looked. It is likely that under stringent working conditions
over time the overall greater discomfort associated with sus-
tained N95 usage in comparison with simple medical masks
would add to HCWs’ fatigue, hindering both their working
capacity and adherence to mask usage and thus endangering
patients and HCWs [28].
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The lack of demonstrated benefit regarding the use of
fitted N95 respirators appears at first glance counterintui-
tive, mainly due to the substantial inevitable leakage around
the edge of loose-fitting plain surgical masks. However, this
non-superiority of the N95 respirators represents an intrigu-
ing finding that may indicate gaps in the perceived model
of viral transmission or may be a consequence of reduced
compliance among N95 users, that leads to poorer net bar-
rier function over time. Undoubtedly, it also highlights the
capital importance of contact transmission (hands on face,
mouth or nose) for viral respiratory pathogens, since both
mask types apparently deter face touching among wearers
in a similar way [17].

Overall, there is enough available evidence derived from
reports earlier than the Covid-19 era to support the univer-
sal usage of medical masks as an inseparable component
of personal protective equipment (PPE) among HCWs. On
the other hand, there is limited data to advocate in favor
of the generalized use in clinical routine of N95 respira-
tors compared to plain masks, as they are more expensive
and uncomfortable in long-term use [19], and possibly less
readily available in adequate quantities during the early
stages of an epidemic surge. Extrapolating this evidence to
form recommendations for the current pandemic warrants
extreme caution. Unavoidably, based on theoretical plausi-
bility assumptions rather than hard evidence, World Health
Organization (WHO) recommends the usage of N95 solely
for HCWs during AGMPs and that of simple masks for other
close contacts with suspected or confirmed SARS-COV-2
patients [29]. Notably, however, WHO does not recommend
systematic use of a medical mask by HCWs during other
activities within healthcare facilities, outside the treatment
of Covid-19 diagnosed or suspected patients. This is a rec-
ommendation that we strenuously advocate against.

There is little data suggesting that contact with infected
patients itself may not be the most significant contributor for
in-hospital viral acquisition by HCW. Accordingly, unpro-
tected or suboptimally protected close contacts (AGMPs
inclusive) of HCWs with unidentified hospitalized cases of
SARS-COV-2 did not result in illness or viral acquisition
in two published reports from Hong-Kong (11 and 7 inci-
dents [8, 10]) and one from Singapore (41 incidents [30]).
On the other hand, data from previous epidemics indicate
that transmission between HCWs may be the predominant
mechanism of their occupational infection [31]. Consider-
able aerosol emission occurs during the vocalization pro-
cess and a wide interindividual variability characterizes the
magnitude of this phenomenon, so that some individuals (or
“super emitters”) emit an unusually large number of drop-
lets for a given vocalization compared to their peers [32].
Additionally, recent observations have underlined that the
size-based, ad hoc distinction between droplets and aerosols
(based on a droplet diameter greater or lesser than 5 pm)

becomes less relevant when considering highly turbulent
expiratory flows such as those that occur during coughing
or sneezing. In the warm and humid local environment of
a highly turbulent cloud exhaled during a cough or sneeze,
droplets with a continuum of diameters may evade evapora-
tion and hence remain airborne for a longer time period and
in larger distances from the emitter. That is in stark contrast
to the classical conception of isolated droplet behavior that
occurs during normal exhalation, upon which the dichoto-
mous distinction between droplets and aerosols is based and
which primarily drives the rationale for the circumstances
in which mask usage is considered necessary or not [33].
Collectively, the aforementioned observations signify that
acceptably safe interactions between HCWSs and other indi-
viduals require use of basic barrier protective measures in all
potentially crowded and stressful in-hospital settings.

Based on the above, and considering the transmission
risk that asymptomatic HCWs represent for their colleagues
and patients, and the urgent need to keep HCWs as safe
as possible to preserve sustainable healthcare system func-
tionality throughout the pandemic, we strongly recommend
that HCWs wear a medical mask during all their interac-
tions within healthcare facilities. The demonstration of the
benefits of plain mask usage regarding the efferent aero-
sol spreading of non-SARS-COV-2 coronaviruses further
supports this notion [20], since this feature could theoreti-
cally hinder viral transmission from HCWs with mild or
no symptoms to colleagues and patients. Nevertheless,
theoretical benefits and surrogates of efficacy aside, every
suchlike preventive strategy ought to eventually be evalu-
ated through its clinical effectiveness [17]. In this context,
it is noteworthy that a similar approach implemented early
in the course of the epidemic in Hong-Kong including con-
stant plain mask use by HCWs in in-hospital facilities with
no contact with patients resulted in null transmission rates
among health personnel over a period of 42 days [8]. Other
measures of reducing exposure of HCWs to SARS-CoV-2
infection should also be considered and implemented where
possible. These include but are not limited to the promotion
of hand hygiene and environmental decontamination, assign-
ment of dedicated healthcare staff, hospitals or wards within
hospitals for Covid-19 patients, shiftwork of HCWs with
minimization of physical interaction of different shift mem-
bers, shutdown of all hospital facilities (cafeterias, dining
rooms, gyms, etc.) that might affect unnecessary interaction
between HCWs, and decrease of the frequency of high-risk
interventions of unknown or limited efficacy in suspected or
known Covid-19 patients.

In conclusion, it is likely that in the setting of the acute
course of a pandemic much like the current, a certain degree
of shortage will emerge for medical masks but even more so
for N95. To force practices of debatable safety in the face of
equipment scarcity, such as reuse of respirators, the usage
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of each mask type should be scaled for each medical task, as
appropriate, based on the best available evidence. Therefore,
we advocate that compliant use of a medical mask from all
HCWs during their presence in healthcare facilities com-
bined with other known measures of personal hygiene are
expected to impact the control of the SARS-CoV-2 spread
within healthcare personnel in the most meaningful and size-
able manner.
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