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SUMMARY

The COVID-19 pandemic has affected workplaces in many different aspects. In this scenario, Occupational Physicians
played a crucial role in assessing and managing the risk of SARS-CoV-2 infection and associated disease to guaran-
tee workers’ health and the safety of workplaces. Howewver, the pandemic experience has drawn attention to several
critical issues in overall biohazard prevention and management strategies, originating from important knowledge
gaps in our scientific understanding. An extensive analysis of the relevant hurdles that have emerged in our medical
Jfreld can bring valuable lessons for the post-pandemic future, not only in preparation for possible new pathogens with
pandemic potential but also with principles and concepts applicable to managing all biological agents. In particular,
a paradigm shift is needed to properly approach occupational diseases caused by infective agents, accurately define the
‘case”, assess exposure and possible causal relationship with work appropriately, and effectively manage the specific risk
through implementing appropriate preventive and protective measures. In this framework, the Occupational Physi-
cian should expand his contribution based on his unique expertise and specific competencies, confirming his role as the
go-to consultant in all occupational health matters, but also in a multidisciplinary approach, considering different
scientific expertise and evidence.

1. INTRODUCTION Control (ECDC) indicated that most of the occu-

pational clusters reported in the first six months of

Since the start of the COVID-19 pandemic in
March 2020, the occupational setting has been im-
plicated by clusters of cases occurring in different
workplaces. In particular, workers in close physical
proximity with other people (e.g., coworkers, pa-
tients, users), in enclosed or shared spaces are more
exposed and at a higher risk of COVID-19 in the
absence of effective prevention and protection meas-
ures. At the European level, a preliminary analysis
by the European Centre for Disease Prevention and
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the pandemic took place in the healthcare sector but
also in settings not traditionally considered to be at
risk for transmissible biological agents, such as food
packaging and processing, in factories and manu-
facturing, as well as in offices [1]. In addition, al-
though with fewer clusters, cases were also reported
from the mining sector, a context well known in the
history of occupational medicine to be at risk for
transmissible diseases, particularly tuberculosis and
ancylostomiasis.
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At the Italian level, data from the National
Institute for Insurance against Injuries at Work
(INAIL) updated to May 2023 report that since
the beginning of the pandemic, more than 320,000
COVID-19 infections have been notified due
to occupational exposures, accounting for about
one-sixth of the total number of all occupational
injuries since January 2020. Although about half of
these events occurred in the first pandemic year, the
emergence of the Omicron variant, still prevalent at
the time of writing, globally with its various subvari-
ants, resulted in more than one-third of the total in-
fections in 2022. Furthermore, Italian data indicate
that healthcare was the most affected setting, with
about 75% of all notified cases, in particular consist-
ing of nurses (31.3%), aides (16.1%) and physicians
(9.4%). However, other professional categories, such
as administrative workers and professional drivers,
tollowed with a proportion of 5.8% and 1.2%, re-
spectively. The development, rapid production, and
availability of effective vaccines as of December
2020 have resulted in a gradual but drastic reduction
in adverse health outcomes among the workforce, as
also observed in the general population. INAIL re-
ports more than 900 deaths caused by occupational
exposure to COVID-19, about two-thirds of which
occurred in the first pandemic year, about one-third
in 2021, and only 1 in 100 cases in 2022. Concern-
ing overall mortality, although healthcare personnel
were once again the most affected category, account-
ing for one-fourth of all fatal injuries, the analysis
of specific jobs showed that administrative workers
presented the highest proportion of fatal injuries
(10.1%), followed by transportation workers (8.3%).
In comparison, nurses (6.0%), physicians (4.8%) and
aides (3.6%) demonstrated lower proportions [2].

From the perspective of applying a worker-
oriented approach that could contribute to broader
public health, Occupational Physicians have played
a crucial role in reducing the risk of infection and
possible complications in the workplace [3]. This
involved not only individual risk assessment for sus-
ceptible workers and their appropriate placement
in the workplace but also taking a range of preven-
tive and protective measures to reduce health risks
to employees, such as work adjustments, appropri-
ate fitness-for-work assessments, implementing

workplace vaccinations, as well as early identifica-
tion and management of infected workers and close
contacts. Additionally, an important role was per-
formed in health assessments for the safe return to
work of affected workers after recovery, not to men-
tion the collaboration in the risk assessment of dif-
ferent occupational settings.

Indeed, workplaces have emerged as a critically
important context of action as part of implement-
ing and evaluating new preventive and protective
strategies to counter the spread of SARS-CoV-2
infection. The rise in the appearance of new path-
ogens had raised the need for a paradigm shift in
the management of biological risk, which, before
the pandemic, was often considered to be of minor
relevance to health and safety in the workplace of
developed countries, restricting the focus mainly
on the indisputable risk present in the healthcare,
contact with animals and livestock and agricultural
contexts. However, the pandemic experience has
drawn attention to several critical issues in biohaz-
ard prevention and management strategies, stem-
ming from important knowledge gaps which have
severely limited the understanding of this phenom-
enon. A proper analysis of the significant concerns
that have affected our medical field can bring valu-
able lessons for the post-pandemic future, not only
in preparation for new emergencies of pathogens
with pandemic potential but also with principles
and concepts more broadly applicable to bio-risk
management.

2. CASE DEFINITION OF COVID-19

A crucial aspect that came into view immedi-
ately upon the emergence of this new pathogen was
the case definition of COVID-19. From an initial
clinical framing of severe respiratory infection,
which led to the final naming of this new human
coronavirus SARS-CoV-2 (Severe Acute Respira-
tory Syndrome Coronavirus 2), the rapid isolation
of the virus meant that, within a few months, the
sole necessary and sufficient criterion for pathologi-
cal definition was the detection of viral material by
RT-PCR [4]. The complete reliance of the diag-
nostics for COVID-19 on molecular identification
of the virus effectively reduced the significance of
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clinical evaluation to irrelevance, which, for millen-
nia, had always been the foundation for any diag-
nostic approach in medicine [5, 6]. Although, on the
one hand, this approach was necessary for the rapid
containment of infection and prevent potentially
infected persons from spreading the virus in difter-
ent human settings, on the other, it expanded the
very concept of infectious “disease”, thus diluting its
meaning to a certain extent, in grouping completely
asymptomatic positive subjects (who, we might in-
fer, are infected but not ill), with issues with clini-
cal pictures of acute respiratory infection, up to the
more severe but characteristic bilateral interstitial
pneumonia, into one single nosological category.
In turn, this resulted in apparent flaws in manag-
ing the disease, unconcerned with the specificities
of individual cases. For example, initial treatments
were recommended without a proper risk-to-benefit
ratio, with no consideration for disease severity or
risk of adverse outcome in the specific individual
case (e.g., prescription of hydroxychloroquine, exag-
gerated corticosteroid dosing) [7]. Additionally, the
lack of knowledge of a precise pathogenetic mecha-
nism of infection determined by SARS-CoV-2, or
a characteristic clinical picture with specific signs
and symptoms, produced a proliferation of associ-
ated syndromes involving various systems of the
human organism, from dermatological syndromes
to neurological alterations, bringing forth the risk
for this disease to be classified into the historical set
of “Great Pretenders”, as was the case with tuber-
culosis and syphilis in the premodern era of medi-
cine [8]. Over time, however, the accumulation of
evidence in the scientific corpus has led the various
medical branches to gain a greater understanding of
the disease, improving clinical definition and, at the
same time, tailoring therapeutic management to the
individual case specificities, gradually overcoming,
therefore, the initial one-size-fits-all approach [9].

3. DIAGNOSTIC APPROACH

In Occupational Medicine, the mentioned
test-based approach brought significant benefits in
rapidly managing contacts with prompt identifica-
tion and isolation of incident cases, enabling the
containment of infectious risks in the workplace.

And yet, the blanket use of diagnostic tests, deprived
of a critical assessment of each patient’s clinical pic-
ture, can potentially reduce this diagnostic activ-
ity to a mere bureaucratic task of notifying cases
to various institutions, as required by national laws
and regulations. As suggested by the above INAIL
data, although the extensive nationwide vaccina-
tion campaign has significantly reduced the clinical
expression of COVID-19 in infected individuals,
the Institute has recognised a relevant number of
notifications as occupational injuries based on diag-
noses obtained by detection of genetic or antigenic
material. Furthermore, in addition to defining the
“disease” of interest in Occupational Medicine, it is
fundamental to understand its cause in relation to
work. Indeed, identifying an occupational disease
requires the nosological framing of the pathology
and the etiological link with the specific occupa-
tion [10]. In this regard, a key criterion for verifying
the occurrence of an occupational disease concerns
temporality, which, in the case of infectious diseases,
should consider the contagious period, the incuba-
tion time, and the serial interval between points. In
the case of COVID-19, we found that the infec-
tious period started around 1-2 days before clini-
cal manifestations, the incubation period was equal
to 3-5 days, and the serial interval was 4-5 days
[11, 12]. As tricky as this verification may be dur-
ing a pandemic, where any human setting could be
considered a source of contagion, the methodologi-
cal rigour of our medical speciality would allow, in
many cases, if not most, to distinguish occupational
cases from those acquired by other causes. Despite
this, idle compliance with standard procedures
mandated by law has enabled the uncritical report-
ing of PCR-positive subjects that were recognised
by agencies by “simple presumption” of their occu-
pational category (e.g., a healthcare worker that has
COVID-19 is considered ipso facto occupationally
acquired). The inevitable consequence of this “pre-
sumptive” diagnostic approach has been translated
into a paradoxical prevalence of COVID-19 injury
and illness reporting to insurance institutions. In
contrast, in the pre-pandemic years, injuries caused
by biohazards, and even during the pandemic years
for all agents other than SARS-CoV-2, have al-

ways been characterised by a submergence of the
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problem. The pandemic experience, thus, reminds
us that the diagnosis must be approached not only
based on instrumental and laboratory documenta-
tion but must take into account the careful, specific
assessment of the individual worker and the precise
job, besides analysing the peculiar clinical condi-
tions and exposure history in the workplace. Mo-
lecular or antigenic detection of viral material, while
representing important supporting tools in the logi-
cal diagnostic process made by the Occupational
Physician, nonetheless, cannot replace the necessary
clinical reasoning on the individual worker but must
complement it.

A further limitation carried by the exclusive reli-
ance on diagnostic tests was observed in the indica-
tion of the end of isolation of the infected person for
a safe return to work. During the early months of
the pandemic, due to the lack of sufficient infectiv-
ity data and in the application of the “precaution-
ary principle”, leading international public health
agencies linked the end of the infectious phase to
the end of detection of viral RNA shedding, readily
obtained through the wide availability of RT-PCR
testing [13]. However, it is known that RNA can
persist long after the end of the infectious phase for
many viral diseases. The RNA shedding and infec-
tivity intervals rarely coincide due to the immune
response that neutralises different parts of the virus,
preventing subsequent infection and progressively
reducing its replication but not eliminating residual
nucleic acid [14]. Therefore, PCR tests cannot effec-
tively differentiate between shedding viable and po-
tentially infectious virus or viral fragments. To date,
the gold standard for assessment of viral infectivity
is based on replication-compatible virus isolation
on cell cultures [15]. Following the publication of
evidence indicating that most infected individuals
could not spread viable virus ten days after symptom
onset and after clinical resolution in April 2020 [16],
international health institutions modified their rec-
ommendations accordingly, ending the isolation of
immunocompetent cases and discontinuing precau-
tions around 10 days after clinical onset, allowing
workers to return to work without the requirement
of a negative RT-PCR result [17]. For public health
purposes, the Italian Ministry of Health followed

suit and applied a more conservative limit of 21 days

from the onset of symptoms [18], which was more
recently reduced to 5 days [19]; however, for return
to work, the requirement of a negative antigen or
RT-PCR test is still mandatory [19, 20]. Through
a systematic review and meta-analysis [21], we
showed that in immunocompetent workers, the
average duration of RT-PCR positivity after the
onset of symptoms was far longer (around 27 days)
compared to the mean duration of SARS-CoV-2
infectivity (around 6 days). This secondary research,
based on studies that assess both iz vive and in vitro,
could be important in informing the assessment and
management of COVID-19 risk in the workplace,
applied in practice not only when evaluating clini-
cally recovered individuals before their return to the
workplace, but also to better assess and manage pos-
sible residual biological risks, to protect the health
of the entire workforce.

4. BIOHAZARD RISK ASSESSMENT
AND MANAGEMENT

The requirement of multiple levels of evidence,
including virological evidence, raises a second ad-
ditional important lesson taught by the pandemic,
namely the important role of the various scientific
disciplines necessary for appropriate and effective
biohazard assessment and management. Indeed, the
establishment of multidisciplinary teams with di-
verse expertise are needed to develop new procedures
and tools aimed at reducing pathogen transmission.
Specifically, in addition to Occupational Physicians,
infection prevention and control (IPC) specialists,
and industrial hygienists, who are the traditional ac-
tors involved in the management of biological risks
in the workplace, new key figures such as engineers
and physicists specialised in the fluid dynamics of
disease transmission have emerged as an integral
part of resolving significant issues in the control of
infective risk in the workplace.

Indeed, the tools traditionally available for risk
assessment and management, primarily following
the hierarchy of controls, are important components
of the well-known Anticipate, Recognize, Evaluate,
Control, and Confirm (ARECC) reference model.
This approach, however, was developed primarily
for the control of chemical hazards and risks, thus
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requiring to be adapted to the specific characteris-
tics of infectious pathogens, such as SARS-CoV-2.
The identification of hazards and assessment of
risks differs when evaluating biological agents ver-
sus chemical and physical agents [22]. While such
models have been successfully applied to the delib-
erate biological use in specific workplaces (for which
the exposure is planned due to work processes, e.g.,
microbiological laboratories), attempts to adapt
them to the potential biological risk (for which the
exposure is unplanned but could be foreseen, e.g.,
healthcare personnel), and specifically to the con-
trol of infectious disease outbreaks, are still limited.
Biological risk assessment is further complicated
because of the high level of variability in exposures,
limitations in sampling methods, differences in the
susceptibility of exposed individuals, as well as the
lack of epidemiological data to support the iden-
tification of specific occupational exposure limits
(OELs) [23]. Indeed, while chemical and physical
agents are often evaluated on a quantitative basis, a
qualitative or semi-quantitative approach is generally
used for biological agents, such as the classification
into “risk groups” identified by Directive 2000/54/
EC of the European Parliament and Council and
Article 268 Legislative Decree 81/2008, depending
on the level of individual and community infection
risk [24]. However, as well observed in the evolution
of the recent pandemic, the assessment based on the
aforementioned “risk groups” has not been matched
by the actual biological risk, which evolves over time
due to the changing epidemiological characteristics
of pathogen spread in the community, the conta-
giousness and virulence of the circulating variant
strains as well as the pharmacological interventions
available. In fact, although SARS-CoV-2 has been
included in Risk Group category 3 by the Commis-
sion Directive of the European Union 2020/739
since 3™ of June 2020, during the last phase of the
pandemic we have seen an overall reduction of risk
of severe disease due to acquired immunity through
vaccinations or natural infection. This is quite evi-
dent analyzing the data on hospitalized patients and
deaths between different pandemic waves provided
by the Italian National Institute of Health, as the
pandemic reached the endemic dimension [25].
Furthermore, in the presence of methodological

limitations in exposure sampling, the assessment of
occupational biological exposure is typically limited
to qualitative characterisation (e.g., low, medium,
and high): therefore, for an effective exposure as-
sessment, it is appropriate to consider the mode of
transmission of the pathogen as a key variable. In
the absence of OELs, the concept of occupational
exposure banding (OEB) has been borrowed from
chemical assessment [26]. This approach relies on
hazard-based data to identify an agent’s infective
potential and establish an environmental concentra-
tion range to place pathogens in categories accord-
ing to infectious potential, virulence, and particle
size distribution. Industrial hygienists and other
experts in the field are in the developmental stages
for the definition of appropriate OEB, which may
lead to qualitative and semi-quantitative exposure
metrics in the near future. In the current scenario,
where important exposure variables may be miss-
ing, researchers have developed the strategy of
control banding, a qualitative decision tool that al-
lows Occupational Health professionals to identify
for a particular job or task the degree of exposure
to a specific hazard, combined with some measure
of its toxicity. Integrating the two would allow the
professional to individuate the appropriate control
band for the particular job/task, guiding the proper
type and nature of controls for that band. Apply-
ing these principles to an infective biological agent
such as SARS-CoV-2, the definition of exposure
would involve two main components: concentra-
tion and time. Without an adequate explanation of
the former, the likelihood of encountering infec-
tious sources during work has been proposed as a
surrogate. Similarly, without toxicological data on
specific pathogens, Risk Group could be used as a
surrogate for toxicity. Combining these two vari-
ables can provide a control banding matrix that can
effectively stratify the appropriate measures for dif-
terent levels of exposure in different working groups
and tasks [27].

From this perspective of controlling hazards and
risks, it has been necessary to act on the multiple
factors in the “chain of infection” to prevent viral
transmission in occupational settings [22]. Indeed,
pathogen exposures can be controlled within a
framework that borrows from the classic industrial
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hygiene hierarchy of controls, particularly from the
pathway-based approach applied to noise and radia-
tion exposure, as suggested by Sietsema et al., who
developed the conceptual model of “source, pathway,
and receptor” [28]. At each of these levels, occupa-
tional health professionals can assess and manage
risks based on the specific characteristics of the bio-
logical agent and disease, enacting control measures
in order of efficacy at the source, at the pathway
and finally at the worker level. During the pan-
demic, particularly in the early stages, many difficul-
ties were met in rapidly identifying asymptomatic
(or presymptomatic) infectious individuals, which
comprise the source level. As detailed in studies
published in the Journal, contagions have often oc-
curred in the workplace from infective subjects with
no clinical presentation, possibly due to low-risk
perception, particularly during work breaks [29].

5. MODES OF TRANSMISSION OF SARS-CoV-2

At the pathway level, in the specific case of
SARS-CoV-2, the main modes of transmission that
have been studied over the years are the following,
in order of epidemiological significance: i) inhala-
tion of very fine respiratory droplets and aerosol
particles, ii) deposition of respiratory droplets and
particles on exposed mucous membranes of the
mouth, nose, or eyes through direct splashes, and
iii) contact with mucous membranes of hands con-
taminated either directly by respiratory fluids con-
taining the virus or indirectly through surfaces. In
this regard, one of the main lessons learned from
the recent pandemic relates to the first two modes
of transmission mentioned through the airborne
pathway. Indeed, droplet and aerosol transmission
should not be considered mutually exclusive but
rather represent a spectrum in continuity that in-
cludes so-called close-range aerosol or short-range
airborne transmission [30]. During the pandemic,
the historic but still persistent concept of dichot-
omous separation between droplets and droplet
nuclei using the 5-micron cut-off stood out as an
important hurdle: although only particles smaller
than 5 microns can reach the a/veoli, this is of ques-
tionable relevance when considering that patho-

gens, such as SARS-CoV-2, can enter cells and also

replicate in the upper tract of the respiratory system.
In addition, it has been shown over the years that
larger particles can remain suspended in air for var-
ying lengths of time in a cloud of turbulent gas trav-
elling well over the 1-to-2-meter limit which public
health institutions initially adopted and that smaller
droplets can rapidly evaporate in midair [31], effec-
tively becoming droplet nuclei. There may have been
a practical advantage in dividing the transmission
routes of respiratory infections into droplets or aer-
osols using the 5-micron/1-meter cut-offs for pub-
lic health considerations.

Nonetheless, many experts in the field have ex-
pressed criticism and concern about the rigid catego-
risation of particles, and several studies have shown
the spread of the disease over wider distances. Some
authors suggested that the reduced RO base repro-
duction number of SARS-CoV-2 could be used as
an indicative parameter of transmission by droplet
and not aerosol [32]: although the mode of trans-
mission is one of the components that contributes
to the successful spread of a specific pathogen, there
are many other factors to consider, including patho-
genic mechanism, cell entry, and infectious dose.
For example, if one were to compare pertussis and
tuberculosis on the basis of R0 alone, one might think
that the former is airborne and the latter by drop-
lets. In fact, the only true “typical airborne pathogen”
evidence that is missing for SARS-CoV-2 is the
so-called long-range transmission. However, this
does not rule out short-range aerosol transmission,
especially in specific circumstances such as crowded
and inadequately ventilated spaces. Indeed, mecha-
nistic models have suggested that in close proximity
to an infected person, the risk of exposure is greater
for the short-range airborne route than for the clas-
sic droplet route [33]. Thus, airborne transmission
has been progressively recognised as a significant
mode of transmission of SARS-CoV-2, particularly
considering these types of settings.

6. PROTECTIVE EQUIPMENT

From a worker protection perspective, this ac-
quired knowledge is diriment in defining which
protective equipment is needed to warrant the pro-
tection of workers. One of the main preventive and
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protective measures taken during the COVID-19
pandemic has been using respiratory protective
equipment. Several types of masks are available
(N95/FFP2 respirators, surgical masks, and cloth
masks), varying in filtering effectiveness, fluid re-
sistance, and wearability. The scientific community
of Occupational Physicians in Italy has contributed
to their comparative analysis through numerous
studies [34-38]. More recently, an important up-
date on the topic has been published on the spe-
cific aspect of concern to the field of Occupational
Medicine, aggregating, for the first time, evidence
obtained from RCTs to compare the protective
efficacy in the healthcare setting between filter-
ing facepieces and surgical masks [39]. Previous
updates had not identified RCT studies on face
masks and SARS-CoV-2 infection in healthcare
settings. In this study, surgical masks were found
to be non-inferior to N95 concerning the risk of
PCR-confirmed SARS-CoV-2 infection based on a
prespecified noninferiority margin up to a doubling
of risk. This update undoubtedly represents the syn-
thesis of the highest quality evidence on the specific
topic of the protective efficacy of different types of
respiratory protective equipment.

Nonetheless, it is essential to note that, in more
than three years since the beginning of the pan-
demic, and in consideration of the fact that health-
care personnel were the only occupational category
adequately studied, only one randomised clinical
trial and four observational studies have been able
to provide evidence considered to be of sufficient
quality. The classical approach of Evidence-Based
Medicine (EBM) has demonstrated many limi-
tations in the practical and timely application of
evidence-based policies over time, as could be wit-
nessed during the pandemic [40]. A heated scien-
tific debate has opened within medical epistemology
on whether the scientific method should be adapted
to the new awareness of the complex systems pre-
sent in reality, moving beyond the dogma of the
hierarchy of probabilistic, clinical and epidemiologi-
cal medical evidence, with systematic reviews/meta-
analyses of randomised clinical trials at the top and
case studies at the base, towards the inclusion of
mechanistic evidence that studies and analyses the
causal mechanisms of events. This new integrated,

multi-disciplinary approach, called EBM+, involves
the recognition and inclusion in biomedical research
of evidence derived from in wvitro experiments,
biomedical imaging, animal experiments, aerosol
science, engineering research, and simulations se-
lected based on the specific questions. According
to this new paradigm, vaccine efficacy of a new
preparation is answered with the classical biomedi-
cal model involving the randomised clinical trial;
otherwise, interventions that generate outcomes in
complex systems require a new paradigm with de-
signs that can capture dynamic changes, accommo-
date nonlinearity, and accept uncertainty: studying
the efficacy of an instrument designed and produced
with an engineering approach, whose efficacy can
be for measured directly, needs the integration of
mechanistic evidence. The mechanisms of respira-
tor function are established and well understood.
Certification systems, standards and occupational
protocols for respirators are robust and minimise ex-
posure to occupational hazards for millions of work-
ers worldwide. For this reason, an RCT comparing
respirators with devices of lower filtering efficacy,
such as surgical masks, would not be reasonable to
“prove” the value of protecting against chemical haz-
ards. Similar paradoxes could not be considered for
seat belts, parachutes or umbrellas. In application of
this integrated approach, the IPC Working Group
of the Italian National Institute of Health updated
the technical note providing recommendations for
the appropriate use of personal protective equip-
ment against SARS-CoV-2 infection in healthcare
and social care, indicating the use of respirators for
all healthcare providers, based on the risk assess-
ment of specific job/task/individual [41].

Finally, as a fundamental control applied at the re-
ceptor level, the vital role of vaccinations in reducing
SARS-CoV-2 infections and COVID-19 world-
wide should be underscored: up-to-date evidence
demonstrate that COVID-19 vaccine-induced
immunity and hybrid immunity provided by vac-
cinations and the natural infection offer the high-
est degree of protection to the individual workers
[42, 43]. This impressive result was obtained thanks
to the rapid clinical development and on-field avail-
ability of new pandemic vaccines based on mRNA
and viral vector-based technology, reaching very
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high vaccination coverage among the target popula-
tion during the first semester of 2021 in developed
countries. It is worth highlighting the important
role played by Occupational Physicians to jump-
start the national vaccination campaign in work-
places, closely collaborating with Public Health
Authorities and employers for the first time in Italy.
This activity contributed to protecting individual
workers exposed to the pandemic agent in differ-
ent occupational settings, particularly the health-
care sector, and reduced its transmission within the
broader community.

As an example of the impressive achievement ob-
tained in the occupational setting, the most recent
vaccine coverage data registered among healthcare
workers in the European region, updated to Novem-
ber 2023, indicates that 90.4% were administered
with the primary vaccination course and two thirds
(67.0%) with the first booster dose [44]. However,
only a minority (11.9%) reported a second booster
dose, which should remind us not to lower the guard
and continue being vigilant for possible new inci-
dent cases in the workplace.

7. CONCLUSIONS

Learning from these lessons, the Occupational
Physician should rethink his role in the workplace,
expanding his contribution from the minimum
required by law, which often reduces the profes-
sion to bureaucratic functions, but instead draw on
his expertise and specific competencies, acting as
the go-to consultant in all matters of occupational
health [45], to maintain and promote workers’
health and wellbeing, as well as their work capac-
ity. Additionally, it must be stressed that effective
prevention of risk factors for workers” health further
requires a multidisciplinary and integrated approach
(ie., between technologists and occupational phy-
sicians) during all phases and the decision-making
process implicated in work [46]. In this endeavour
to provide sound scientific reasoning in all his activi-
ties, particularly in the identification of occupational
disorders caused by biological hazards, the Occupa-
tional Physician should remember, as crystallised in
Bradford Hill's nine Points of View [47], that no

single piece of evidence is sufficient, but that the

different types of evidence should be combined to
support the case for causation, as real-world circum-
stances often differ from those presented in scien-
tific studies. Only through evidence-based practice
approaches for assessing and characterising biologi-
cal risk will improve, as data emerge and enhance
our understanding of exposure and risk manage-
ment, potentially in all occupational settings.

DECLARATION OF INTEREST: Paolo Durando declares he
was a member of the Working Group on Infection Preven-
tion and Control established at the Italian National Institute
of Health (ISS). The other Authors declare no conflict of

interest.
REFERENCES

1. European Centre for Disease Prevention and Con-
trol. COVID-19 clusters and outbreaks in occupa-
tional settings in the EU/EEA and the UK. Available
online:  https://www.ecdc.europa.eu/sites/default/files
/documents/COVID-19-in-occupational-settings.pdf
[Last Accessed on 20 November 2023]

2. Istituto Nazionale per I'Assicurazione contro gli
Infortuni sul Lavoro (INAIL). Scheda nazionale in-
fortuni sul lavoro da COVID-19. 1 dati sulle denunce
da COVID-19 al 30 aprile 2023. NR. 32 — APRILE
26 maggio 2023. Available online: https://www.inail.
it/cs/internet/docs/alg-scheda-tecnica-contagi-covid-
30-aprile-2023.pdf?section=comunicazione [Last Ac-
cessed on 20 November 2023]

3. Mutti A. Occupational Medicine in the time of
COVID-19.MedLav.2020;111(2):83-86.D0i:10.23749
/mdl.v111i2.9546

4. Spencer E, Jefferson T, Brassey ], Heneghan C. When
is Covid, Covid? The Centre for Evidence-Based Medi-
cine. September 11, 2020. Available online: https://
www.cebm.net/covid-19/when-is-covid-covid/[ Last
Accessed on 20 November 2023]

5. Velavan TP, Meyer CG. COVID-19: A PCR-defined
pandemic. Inz J Infect Dis. 2021;103:278-279. Doi:
10.1016/}.1jid.2020.11.189

6. Mahase E. Covid-19: the problems with case count-
ing. BM]J. 2020;370:m3374. Published 2020 Sep 3. Doi:
10.1136/bm;j.m3374

7. Xu J, Cao B. Lessons learnt from hydroxychloroquine
/azithromycin in treatment of COVID-19. Eur Respir
J- 2022;59(1):2102002. Doi: 10.1183/13993003.02002
-2021

8. Neo WL, Ng JCF, Iyer NG. The great pretender-Bell’s
palsy secondary to SARS-CoV-2? Clin Case Rep.
2021;9(3):1175-1177. Doi: 10.1002/ccr3.3716

9. Nigro M, Chalmers JD, Aliberti S. A patient-tailored
approach for corticosteroid treatment in COVID-19:



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

NEew Parapiecm For BioHAZARD MANAGEMENT IN PANDEMICS 9

still not there yet. Eur Respir J. 2023;61(4):2300270.
Doi: 10.1183/13993003.00270-2023

Verbeek J. When Work is Related to Disease, What Es-
tablishes Evidence for a Causal Relation? Saf Health Work.
2012;3(2):110-116. Doi: 10.5491/SHAW.2012.3.2.110
Wu 'Y, Kang L, Guo Z, Liu J, Liu M, Liang W. In-
cubation Period of COVID-19 Caused by Unique
SARS-CoV-2 Strains: A Systematic Review and Meta-
analysis [published correction appears in JAMA Netw
Open. 2022 Sep 1;5(9):€2235424]. JAMA Netw Open.
2022;5(8):¢2228008. Doi: 10.1001/jamanetworkopen
.2022.28008

Madewell Z], Yang Y, Longini IM Jr, Halloran ME, Ves-
pignani A, Dean NE. Rapid review and meta-analysis
of serial intervals for SARS-CoV-2 Delta and Omicron
variants. BMC Infect Dis. 2023;23(1):429. Doi: 10.1186
/s12879-023-08407-5

European Centre for Disease Prevention and Control.
Novel coronavirus (SARS-CoV-2) - Discharge criteria
for confirmed COVID-19 cases — When is it safe to dis-
charge COVID-19 cases from the hospital or end home
isolation? — 28 February 2020. Available online: https://
www.ecdc.europa.eu/sites/default/files/documents
/COVID-19-Discharge-criteria.pdf [Last Accessed on
20 November 2023]

Atkinson B, Petersen E. SARS-CoV-2 shedding and
infectivity. Lancet. 2020;395(10233):1339-1340. Doi:
10.1016/50140-6736(20)30868-0

Jefferson T, Spencer EA, Brassey J, Heneghan C. Viral
cultures for COVID-19 infectious potential assessment
— a systematic review. Clin Infect Dis. 2020;ciaal764.
Doi: 10.1093/cid/ciaal764

Welfel R, Corman VM, Guggemos W, et al. Virological
assessment of hospitalized patients with COVID-2019.
Nature.2020; 581(7809):465-469. Doi: 10.1038/s41586
-020-2196-x

Centers for Disease Control and Prevention. Interim
Guidance for Managing Healthcare Personnel with
SARS-CoV-2 Infection or Exposure to SARS-CoV-2.
Available  online:  https://www.cdc.gov/coronavirus
/2019-ncov/hcp/guidance-risk-assesment-hcep.html
[Last Accessed on 20 November 2023]

Ministero della Salute. COVID-19: indicazioni per
la durata ed il termine dell'isolamento e della quar-
antena. Circular n. 32850 on 12/10/2020. Available
on-line: http://www.normativasanitaria.it/jsp/dettaglio.
jsp?id=76613 [Last Accessed on 20 November 2023]
Ministero della Salute. Aggiornamento delle mo-
dalita di gestione dei casi e dei contatti stretti di caso
COVID-19. Circular n. 51961 on 31/12/2022. Avail-
able on-line: https://www.trovanorme.salute.gov.it
/norme/dettaglioAtto?id=91258 [Last Accessed on
20 November 2023]

Ministero della Salute. Indicazioni per la riammissione in
servizio dei lavoratori dopo assenza per malattia Covid-19
correlata. Circular n. 15127 on 12/04/2021. Available

21.

22.

23.

24.

25.

26.

27.

28.

29.

online:  http://www.normativasanitaria.it/jsp/dettaglio
jsp?id=79702 [Last Accessed on 20 November 2023]
Rahmani A, Dini G, Leso V, et al. Duration of
SARS-CoV-2 shedding and infectivity in the working
age population: a systematic review and meta-analysis.
Med Lav. 2022;113(2):¢2022014. Doi: 10.23749/mdl
v113i2.12724

Zisook RE, Monnot A, Parker J, Gaftney S, Dotson S,
Unice K. Assessing and managing the risks of
COVID-19 in the workplace: Applying industrial hy-
giene (IH)/occupational and environmental health
and safety (OEHS) frameworks. Toxico!/ Ind Health.
2020;36(9):607-618. Doi: 10.1177/0748233720967522
Gérny RL. Microbial aerosols: sources, properties,
health effects, exposure assessment—a review. KONA
37:64-84,2020. Doi: 10.14356/ kona.2020005
Carvalhais C, Querido M, Pereira CC, Santos J. Bio-
logical risk assessment: A challenge for occupational
safety and health practitioners during the COVID-19
(SARS-CoV-2) pandemic. Work. 2021;69(1):3-13. Doi:
10.3233/WOR-205302

Istituto Superiore di Sanita. Impatto della vaccinazione
e della pregressa diagnosi sul rischio di malattia grave
associata a SARS-CoV-2. Mese di riferimento dei
casi: 02/01/2023 — 05/02/2023 Data di pubblicazione:
21/04/2023. Available online: https://www.epicentro.iss
.it/coronavirus/pdf/COVID-19_Report%20analisi%20
del%20rischio%20-%2021042023.pdf [Last Accessed
on 20 November 2023]

NIOSH [2019]. Technical report: The NIOSH oc-
cupational exposure banding process for chemical risk
management. By Lentz TJ, Seaton M, Rane P, Gilbert
SJ, McKernan LT, Whittaker C. Cincinnati, OH: U.S.
Department of Health and Human Services, Centers
for Disease Control and Prevention, National Institute
for Occupational Safety and Health, DHHS (NIOSH)
Publication No. 2019-132, Doi: https://doi.org
/10.26616/NIOSHPUB2019132

Roger D. Lewis and Robert Strode, Senior Editors.
American Industrial Hygiene Association (AIHA).
The Role of the Industrial Hygienist in a Pandemic
2nd Edition. September 1, 2021. Available online:
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA
/resources/Role-of-the-Industrial-Hygienist-in-a
-Pandemic-2nd-edition.pdf  [Last  Accessed on
20 November 2023]

Sietsema M, Radonovich L, Hearl FJ, et al. A Control
Banding Framework for Protecting the US Workforce
from Aerosol Transmissible Infectious Disease Out-
breaks with High Public Health Consequences. Healrh
Secur. 2019;17(2):124-132. Doi: 10.1089/hs.2018.0103
Montecucco A, Dini G, Rahmani A, et al. Investigat-
ing SARS-CoV-2 transmission among co-workers
in a University of Northern Italy during COVID-19
pandemic: an observational study. Med Lav.
2021;112(6):429-435.Doi: 10.23749/md1.v112i6.12527



10

30.

31.

32.

33.

34.

35.

36.

37.

38.

DuranDpO ET AL

Drossinos Y, Weber TP, Stilianakis NI. Droplets and aer-
osols: An artificial dichotomy in respiratory virus trans-
mission. Health Sci Rep. 2021;4(2):¢275. Doi: 10.1002
/hsr2.275

Bourouiba L. Turbulent Gas Clouds and Respira-
tory Pathogen Emissions: Potential Implications
tor Reducing Transmission of COVID-19. JAMA.
2020;323(18):1837-1838.Doi: 10.1001/jama.2020.4756
Conly ], Seto WH, Pittet D, et al. 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 [published
correction appears in Antimicrob Resist Infect Control.
2020 Sep 9;9(1):151]. Antimicrob Resist Infect Control.
2020;9(1):126. Doi: 10.1186/s13756-020-00779-6
Chen W, Zhang N, Wei J, Yen HL, Li Y. Short-range
airborne route dominates exposure of respiratory infec-
tion during close contact. Build. Environ. 2020;176.
Doi: 10.1016/j.buildenv.2020.106859

Ciocan C, Clari M, Fabbro D, et al. Impact of wearing a
surgical mask on respiratory function in view of a wide-
spread use during COVID-19 outbreak. A case-series
study. Med Lav. 2020;111(5):354-364. Doi: 10.23749
/mdl.v111i5.97662

Violante T, Violante FS. Surgical masks vs respirators
for the protection against coronavirus infection: state of
the art. Med Lav. 2020;111(5):365-371. Doi: 10.23749
/mdl.v111i5.96923

Cacco T, Fragale M, Sampieri C, et al. Modified full-face
snorkeling mask for thoracic surgery and otolaryngology
surgical use: comfort and usability assessment during the
COVID-19 pandemic. Med Lav. 2021;112(2):107-114.
Doi: 10.23749/md1.v112i2.100324

Collatuzzo G, Mansour I, Ciocan C, et al. Effective-
ness of prevention of SARS-CoV-2 transmission among
unvaccinated Italian healthcare workers. Med Lav.
2022;113(6):€2022050. Doi: 10.23749/md1.v113i6.135775
Mansour I, Godono A, Sansone E, et al. Factors Asso-
ciated with SARS-CoV-2 Infection before Vaccination
among European Health Care Workers. Med Lav.
2023;114(3):€2023022. Doi: 10.23749/mdl.v114i3.14422

39.

40.

41.

42.

43.

44,

45.

46.

47.

Chou R, Dana T. Major Update: Masks for Preven-
tion of SARS-CoV-2 in Health Care and Commu-
nity Settings-Final Update of a Living, Rapid Review.
Ann Intern Med. 2023;176(6):827-835. Doi: 10.7326
/M23-0570

Greenhalgh T, Fisman D, Cane DJ, Oliver M, Mac-
intyre CR. Adapt or die: how the pandemic made
the shift from EBM to EBM+ more urgent. BMJ
Evid Based Med. 2022;27(5):253-60. Doi: 10.1136
/bmjebm-2022-111952

Istituto Superiore di Sanita. Nota Tecnica - Indicazioni
ad interim per un utilizzo appropriato delle protezioni
per infezione da SARS-CoV-2 nelle attivita sanitarie e
sociosanitarie. Aggiornato al 27 maggio 2022.
Bobrovitz N, Ware H, Ma X, et al. Protective ef-
fectiveness of previous SARS-CoV-2 infection and
hybrid immunity against the omicron variant and se-
vere disease: a systematic review and meta-regression.
Lancet Infect Dis. 2023;23(5):556-567. Doi: 10.1016
/51473-3099(22)00801-5

Porru S, Monaco MGL, Spiteri G, et al. Incidence
and Determinants of Symptomatic and Asymptomatic
SARS-CoV-2 Breakthrough Infections After Booster
Dose in a Large European Multicentric Cohort of
Health Workers-ORCHESTRA Project. | Epidemiol
Glob Health. 2023;13(3):577-588. Doi: 10.1007/s44197
-023-00139-8

European Centre for Disease Prevention and Control.
COVID-19 Vaccine Tracker. 9 November 2023. Availa-
ble online: https://www.ecdc.europa.eu/en/publications
-data/covid-19-vaccine-tracker [Last Accessed on
20 November 2023]

Apostoli P, Imbriani M. Il Medico del Lavoro, con-
sulente globale per la tutela della salute dei lavoratori.
G Ital Med Lav Erg. 2013;35:1,5-9.

Apostoli P. The Evolving Work Landscape and the
Intersection of Technics, Technology, and Occupa-
tional Health. Med Lav. 2023;114(5):e2023045. Doi:
10.23749/mdl1.v114i5.15260

Hill AB. The environment and disease: association or
causation? Proc R Soc Med. 1965;58:295-300.



