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The COVID-19 pandemic highlighted some potential
limitations of transmission-based precautions. The
distinction between transmission through large drop-
lets vs aerosols, which have been fundamental con-
cepts guiding infection control measures, has been
questioned, leading to considerable variation in expert
recommendations on transmission-based precautions
for COVID-19. Furthermore, the application of elements
of contact precautions, such as the use of gloves and
gowns, is based on low-quality and inconclusive evi-
dence and may have unintended consequences, such
as increased incidence of healthcare-associated infec-
tions and spread of multidrug-resistant organisms.
These observations indicate a need for high-quality
studies to address the knowledge gaps and a need to
revisit the theoretical background regarding various
modes of transmission and the definitions of terms
related to transmission. Further, we should examine
the implications these definitions have on the follow-
ing components of transmission-based precautions:
(i) respiratory protection, (ii) use of gloves and gowns
for the prevention of respiratory virus infections,
(iii) aerosol-generating procedures and (iv) universal
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masking in healthcare settings as a control measure
especially during seasonal epidemics. Such a review
would ensure that transmission-based precautions are
consistent and rationally based on available evidence,
which would facilitate decision-making, guidance
development and training, as well as their application
in practice.

Background

Standard and transmission-based precautions are
essential elements of infection prevention and con-
trol (IPC) practices [1,2]. Transmission-based precau-
tions are applied in addition to standard precautions
in patients suspected or confirmed to be infected or
colonised with certain microorganisms. There are three
types of transmission-based precautions, depending
on the transmission route: contact, droplet and air-
borne precautions. Each type of precautions has impli-
cations for the use of personal protective equipment
(PPE) and for administrative and engineering control
measures such as the placement of the patient, staff
cohorting and training and environmental cleaning.
Contact precautions include the application of gloves
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and gowns, droplet precautions require the use of
medical face masks, and airborne precautions require
the placement of the patient in an airborne precaution
isolation room and the use of a well-fitted respirator
by the staff [1]. Sometimes, transmission-based pre-
cautions are combined to ensure that multiple modes
of transmission are addressed. For respiratory infec-
tions, two concepts of transmission through the air
have been distinguished: short-range droplet transmis-
sion and long-range aerosol transmission. In the cur-
rent transmission-based precautions, most respiratory
viruses were considered as being transmitted primarily
through large droplets and only in exceptional situa-
tions by aerosols, resulting in the widespread applica-
tion of droplet precautions such as the use of a medical
face masks, rather than precautions against airborne
transmission [3,4]. The COVID-19 pandemic highlighted
a potential limitation of the underpinning theory and
application of transmission-based precautions as used
during the past decades.

Evidence for transmission routes and
respective precautions

Emerging scientific evidence and revisiting previously
available studies support the argument that the dis-
tinction between droplets and aerosols is artificial,
and dogmatic size thresholds for ‘large droplets’ and
‘aerosols’ are not fully consistent with the physical
properties that are relevant for the transmission of
respiratory viruses [5-7]. While some evidence of the
contribution of aerosols to the transmission of respira-
tory viruses, such as influenza, has been available,
airborne transmission of influenza is still debatable
and has not been considered a primary route [8-10].
Accumulating evidence from the COVID-19 pandemic
indicated that aerosols may play a role in the transmis-
sion of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [5,11], thus leading to a review of the
recommendations such as ventilation and questioning
the rationale for droplet precautions to prevent trans-
mission of SARS-CoV-2.

Only a few microorganisms, such as Mycobacterium
tuberculosis, and the measles and varicella-zoster
viruses, have traditionally been considered as being
transmitted obligatorily or preferentially through the
airborne route, thus necessitating precautions against
airborne transmission, including the use of respirators
and hospitalisation in single rooms with negative
pressure [2]. These recommendations are based on
limited evidence of long-distance transmission to peo-
ple not in close proximity to the case. Based on obser-
vational studies of severe acute respiratory syndrome
(SARS), respiratory viruses have also been considered
to be transmitted opportunistically through aerosols
during procedures that are associated with increased
production of infectious aerosols, although the evi-
dence is weak and often contradictory [3,12].

Altogether, the relevant role of various routes of trans-
mission, which includes the physical transport of an

infectious particle leading to infection, has been chal-
lenging to assess. Efforts to define criteria of proof for
each transmission route have been useful but it is dif-
ficult to draw any conclusion with certainty [13,14]. The
available evidence originates mostly from outbreak
investigations and is rarely definitive proof of one
route over another, as alternate explanations for trans-
mission cannot be dismissed nor can the adherence to
the protective measures be easily assessed. The per-
sistence of viruses on environmental surfaces and aer-
osols has also been extensively tested [15]. Few human
exposure studies have been performed to elucidate
the route of transmission of some respiratory viruses,
and the results have often been contradictory, and it is
uncertain if they can be extrapolated to other viruses
[14,16]. These results indicate that several routes
contribute to the transmission of respiratory viruses,
depending on various factors such as the viral loads,
presence of virus in secretions, activities and behav-
iour of the infected and exposed persons. For example,
singing is an activity that was associated with a well-
documented SARS-CoV-2 outbreak in a choir, presuma-
bly through increased release of respiratory secretions
[17]. In addition, differences in expelled viral loads
have also been hypothesised as explanations of super-
spreading events of SARS-CoV-2, where transmission
was linked to a few highly infectious individuals [18].

Furthermore, the quality and certainty of evidence on
the effectiveness of various elements of PPE used for
transmission-based precautions remains low, as the
evidence is based mostly on observational studies
and only a few randomised controlled trials. Several
systematic reviews and meta-analyses have been pub-
lished but the certainty of the conclusions is limited
by the bias of the underlying studies [19]. This means
that guidance is, to a large extent, based on assump-
tions about the transmission routes, indirect evidence,
feasibility, availability of resources and the precaution-
ary principle. One example is the lack of convincing
evidence in epidemiological studies or clinical trials
that respirators should have a better protective effect
against SARS-CoV-2 transmission than medical face
masks, despite the better filtration efficacy and fitting
of respirators [20-22]. Given these uncertainties, there
has been considerable variation in expert recommen-
dations on transmission-based precautions for COVID-
19 in healthcare settings. One example of this is that
some countries have opted for medical face masks,
whereas other countries recommended respirators for
the routine care of suspected and/or confirmed COVID-
19 patients [23]. Because of the lack of evidence,
individual values and preferences may play an impor-
tant role in selecting the type of face mask, as also
acknowledged in the guidance from the World Health
Organization [24]. Furthermore, while transmission of
SARS-CoV-2 through direct and indirect contact has not
been demonstrated convincingly, replication-compe-
tent SARS-CoV-2 has been detected on environmental
surfaces and objects [15]. Therefore, fomite transmis-
sion is considered possible and remains an important
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Box

Proposed points for review and research gaps related to the transmission-based precautions framework for respiratory viral

infections

the IPC paradigm;

acceptability and ease of implementation;

and the procedure/task.

e A review of the theoretical framework, and definitions of terms, for modes of transmission underpinning

e Risk assessment parameters for IPC measures based on risk of infection transmission inclusive of: trans-
missibility of infection, impact of infection, patient factors, staff risk factors, practice/procedure factors
and environmental factors, while taking into consideration: healthcare workers’ preference, desirable and
undesirable anticipated effects and the balance between them, overall certainty of the evidence of effects,

e Design and implementation of high-quality applied clinical research to inform: - The use of respirators and
medical face masks in various risk scenarios, - The impact of gowns, aprons and eye protection as part of
transmission-based precautions, - Optimal masking strategies to reduce risk of transmission inclusive of
sessional vs risk-targeted, wider masking policy, including behavioural insights to adherence, any unin-
tended consequences for staff and patient safety, and staff preferences, - A risk-based approach to the
selection of personal protective equipment considering the time of exposure, the proximity to the patient

IPC: infection prevention and control.

consideration when deciding on the need for contact
precautions, such as the use of gowns and gloves.

Later variants of SARS-CoV-2 are characterised by
higher transmissibility than previous variants [25]. On
the other hand, severity of disease has been reported
to be lower, possibly related to intrinsic viral charac-
teristics as well as higher population immunity due to
vaccination and previous infection, and thereby bet-
ter protection against severe disease. Nevertheless,
patients in healthcare facilities are often vulnerable
due to their age, comorbidities and immunosuppres-
sive treatment. Transmission from COVID-19 cases
(patients, staff members or visitors) is an ongoing risk,
especially when the prevalence of COVID-19 in the com-
munity is high. During the pandemic, universal masking
in healthcare settings (medical face mask for all per-
sons — staff, patients, visitors, service providers and
others — within the health facility, including primary,
secondary and tertiary care levels, outpatient care and
long-term care facilities) has been applied extensively
to minimise this risk, although the evidence base for
this measure remains weak [26]. Well-designed studies
of the effectiveness of universal masking during winter
epidemics of respiratory viral illnesses are required.

These observations indicate a need to revisit transmis-
sion-based precautions and their effectiveness for pre-
venting transmission of SARS-CoV-2 in particular and
other respiratory viruses in general, as well as a need
to fund, design and execute high-quality studies to fill
the evidence gaps for transmission-based precautions

[27].

Which precautions do we need to revisit?
Opinion of the ECDC expert panel

On 16 March 2022, the European Centre for Disease
Prevention and Control (ECDC) convened a group of
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11 IPC experts to explore whether modifications in
transmission-based precautions would be needed to
address what we learned during the COVID-19 pan-
demic and to identify knowledge gaps and research
needs. Experts were selected as a convenience sam-
ple from the ECDC Expert Directory based on declared
expertise in hygiene and infection control. The discus-
sion was structured based on the following elements
of the Evidence to Decision (EtD) framework [28]: (i)
How substantial are the desirable anticipated effects?
(i) How substantial are the undesirable anticipated
effects? (iii) What is the overall certainty of the evi-
dence of effects? (iv) Does the balance between desir-
able and undesirable effects favour the option or the
alternative? (v) Is the option acceptable to key stake-
holders? (vi) Can the option be easily implemented? The
following topics were discussed on the basis of lack of
current consensus: (i) respiratory protection, (ii) use of
gloves and gowns, (iii) aerosol-generating procedures
and (iv) universal masking. Through online polling, the
experts in the panel rated the EtD elements related to
each of these topics. The results of the poll were used
to guide the discussion. The group proposed that the
following elements of the current transmission-based
precautions be reviewed, ideally with support from
well-designed applied clinical research (Box).

Respiratory protection

Given that neither the current droplet nor the airborne
precautions address the role of aerosols at short dis-
tances, various options could be considered for adapt-
ing current transmission-based precautions. Droplet
precaution measures could be expanded to address
the theoretical risks linked to inhalation of short-range
aerosols. A two-tiered risk-based approach could be
applied, based on proximity, length of exposure, type
of symptoms and type of care: (i) contacts with pro-
longed, close proximity to the patient, including the
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performance of high-risk procedures, are associated
with higher risk and justify the use of high-efficacy res-
piratory protection; (ii) for contacts without prolonged,
close proximity to an infectious patient in adequately
ventilated spaces, the effectiveness of medical face
masks would be sufficient.

Gloves and gowns

Gloves are part of contact precautions that have been
recommended for the prevention of the transmission of
respiratory viruses such as influenza and SARS-CoV-2.
However, hand hygiene, including alcohol-based hand
rubs, is an effective measure against SARS-CoV-2
and other respiratory viruses [29,30], as well as other
microorganisms causing healthcare-associated infec-
tions [31]. It is a key component of standard IPC pre-
cautions. Wearing gloves has not been demonstrated
to be superior to hand hygiene and has been associ-
ated with poor hand hygiene practices [32,33]. Gowns
or aprons are also recommended as a measure to pre-
vent contamination of clothes with the potential risk
of subsequent transmission. However, there is limited
and low-quality evidence to support the effectiveness
of gloves, gowns, and aprons for the prevention of res-
piratory tract infections or the superiority of gowns vs
aprons [3,21,30,32,34-36]. Dedicated footwear or shoe
covers are not recommended for routine care [37].

While the desirable anticipated effects from the use of
gloves and gowns/aprons are small, the undesirable
anticipated effects are at least moderate. Therefore,
the balance of desirable and undesirable effects does
not favour the routine use of gloves or gowns/aprons
for the prevention of COVID-19 and other respiratory
virus infections. An exception may be prolonged, close
exposure to a case, especially a patient who is cough-
ing or sneezing heavily, when high-risk procedures are
required, or in cases when there is a high risk of expo-
sure to infectious body fluids - as stipulated by stand-
ard precautions.

Aerosol-generating procedures

There is emerging evidence that the increased risk of
infection from some aerosol-generating procedures
may be more related to proximity with the patient than
to increased generation of aerosols by the procedure
itself [38]. Several studies have failed to demonstrate
substantial aerosol generation linked to procedures
such as intubation and extubation, for which the risk
for transmission of respiratory viruses such as SARS
had been shown to be high [39,40]. This suggests
that the term ‘aerosol-generating procedures’ may be
a misnomer and could be replaced by alternative ter-
minologies such as ‘high-risk procedures’, to reflect
this emerging evidence base. Further clinical research
is needed to better describe the risks associated with
these procedures and the role of aerosol generation in
infection transmission.

Given that the risk of transmission is related not only
to the microorganism, but also to the duration and

proximity of contact, the applied transmission-based
precautions should ideally be selected following a
point-of-care risk assessment, taking into account
proximity, duration of exposure, risk of aerosol produc-
tion and the type of task performed.

Universal masking

Various forms of continuous face mask use, such
as universal masking, applying to healthcare work-
ers, patients, visitors and persons accompanying the
patient, and targeted continuous masking, applying to
healthcare workers [26], especially during periods of
high community transmission of respiratory viruses,
such as the influenza season and during COVID-19
surges, are a potential measure to minimise health-
care-associated transmission of respiratory viruses
[41]. The rationale for wearing a face mask includes
both personal protection and source control, i.e. lim-
iting the release of infectious respiratory particles by
people who are infected and often asymptomatic or
with limited symptoms. Given the risk of transmission
of other respiratory viruses, such as influenza, and the
role of other respiratory viruses in healthcare-associ-
ated pneumonia [42], it is likely that universal mask-
ing and targeted continuous masking could contribute
towards preventing the transmission of other respira-
tory viruses in healthcare settings during seasonal
epidemics.

Eye protection

The eyes have been identified as potential routes of
entry for respiratory viruses either directly, by infection
of the ocular mucosa, or by transfer to the nasopharynx
through the nasolacrimal duct [43]. Available evidence
shows that eye protection is effective in decreasing the
risk of transmission [44].

Discussion

A limitation of the above suggestions is the low level
of available evidence in epidemiological studies or
clinical trials for the effectiveness of specific ele-
ments of transmission-based precautions, including
elements of PPE. Emerging evidence may increase
our certainty in the magnitude of their effectiveness.
A better understanding of the physical processes of
exposure does not automatically translate into more
effective prevention measures, as infection is a more
complicated process than the transfer of infectious
particles, involving immune processes and the suit-
ability of various exposed host tissues for the entry
of viruses. The applied preventive measures aim at
mitigating the risk of infection to an acceptable level,
taking into account the assessed risk but also other
parameters such as preferences, ease of implementa-
tion and unintended consequences. Studies which use
various forms of modelling and laboratory experiments
to investigate the role of procedures and behaviours
in generating and dispersing respiratory particles are
limited and ultimately do not provide adequate evi-
dence to address transmission in the complex health-
care environment. There is a need for applied clinical
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research on the effectiveness but also the unintended
consequences of preventive measures to support the
development of evidence-based recommendations for
guidance. Furthermore, human challenge studies, tak-
ing carefully into consideration any ethical issues [45],
may provide valuable insights in the relative contribu-
tion of various routes of transmission and the effec-
tiveness of PPE [46].

Transmission-based precautions are important but are
not the only measures to control SARS-CoV-2 transmis-
sion in healthcare. It should be noted that PPE is only
one among several control measures in the hierarchy
that includes elimination and substitution, engineering
and administrative controls [47]. Transmission of SARS-
CoV-2 can occur before the primary case is suspected
or diagnosed and a person can be more infectious at
the early stages of disease. Once the clinical condition
deteriorates — usually after the first week of disease
— and the patient presents to hospital, the amount of
shed SARS-CoV-2 is usually reduced, and the patient is
consequently less infectious [48]. However, the dura-
tion of infectiousness can be affected by factors such
as an immunocompromised state [49], severity of dis-
ease [50] and previous vaccination or infection [51].
The highest risk for the transmission of SARS-CoV-2
in healthcare comes from unidentified cases during
periods of high community prevalence, which can be
addressed by high index of suspicion and timely test-
ing to guide the application of preventive measures.
Finally, healthcare workers more often get infected
through unprotected interactions with colleagues, fam-
ily members and other private contacts [36]. Several
other factors may influence the effectiveness of PPE,
including the fit of face masks and respirators [52] and
breaches in their proper use. All these points indicate
that control of SARS-CoV-2 transmission in healthcare
facilities will remain a challenge even after further opti-
misation of transmission-based precautions.

Measures to prevent and control an infection with high
morbidity and case fatality and without treatment
options are influenced by the assessed risk of adverse
outcome [53] and often include additional PPE such as
head covers, shoe covers or coveralls despite limited
evidence of effectiveness. Such additional PPE reduces
wearer comfort and is linked to a greater likelihood of
self-contamination during PPE removal [54]. The same
applies to emerging infections with a high likelihood
of transmission. The role of the assessed risk in the
selection of IPC measures is not reflected in the current
definitions of transmission-based precautions, which
is based on a mechanistic approach to transmission
routes. Any revision of the transmission-based precau-
tions should ideally make this point explicit.

Conclusion

The ECDC expert panel suggested that the IPC commu-
nity should consider revisiting the current transmission-
based precaution framework, including the theoretical
background regarding various modes of transmission
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and the definitions of terms related to transmission,
to account for available and emerging scientific evi-
dence and the role that the consequence of infection
plays on the choice of the precautions. Such a review
would ensure that transmission-based precautions are
consistent and rationally based on available evidence,
which would facilitate decision-making, guidance
development and training, as well as their applica-
tion in practice to prevent transmission of SARS-CoV-2
and of other respiratory viruses. High-quality studies
are imperative to address the current knowledge gaps
and strengthen the evidence for any future revision of
transmission-based precautions.
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