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Abstract: As of the end of February 2021, more than 420,000,000 confirmed cases of COVID-19 have 
been reported worldwide, with 5,856,224 deaths. Transmission of the different genetically engi-
neered variants of SARS-CoV-2, which have been isolated since the beginning of the pandemic, oc-
curs from one infected person to another by the same means: the airborne route, indirect contact, 
and occasionally the fecal–oral route. Infection is asymptomatic or may present with flulike symp-
toms such as fever, cough, and mild to moderate and severe respiratory distress, requiring hospi-
talization and assisted ventilation support. To control the spread of COVID-19, the World Health 
Organization (WHO) and Centers for Disease Control and Prevention (CDC) have indicated that 
the appropriate use of personal protective equipment (PPE), as well as the adoption of effective 
hygiene systems, is one of the primary prevention measures for the entire population. Companies 
and institutions around the world are therefore trying to find the best ways to reorganize their op-
erations, minimizing the risk of infection among their employees, in order to protect their health 
and prevent internal outbreaks of SARS-CoV-2, including through the development of new tech-
nologies that could also be an innovative and driving factor for the relaunch of companies in a more 
sustainable, ethically correct, and safe for the health of employees perspective. On the basis of the 
above premises, in view of the coexistence with SARS-CoV-2 that will most likely accompany us in 
the coming years, and in view of the vaccination campaign adopted worldwide, the purpose of our 
narrative review is to update the previous operational protocols with the latest scientific knowledge 
to be adopted in the workplace even when the emergency crisis is over. 
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1. Introduction 
The coronavirus disease 2019 (COVID-19) outbreak is still attracting global attention. 

As of December 2021, more than 400,000,000 confirmed cases were recorded worldwide 
with more than 5,000,000 deaths, one of the most affected geographical areas being the 
Mediterranean basin, also related to possible climatic factors [1,2].  

SARS-CoV-2 was shown to be transmitted mainly through close human-to-human 
contact, especially via droplets. Of these, the smallest particles containing the virus 
(known as aerosols with a diameter of fewer than 1 μm) can be left suspended in the air, 
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even travelling long distances [3]. In this context, the Centers for Disease Control and Pre-
vention (CDC) [4] and the World Health Organization (WHO) [5] have called for increas-
ing attention and effective mitigation strategies, especially in indoor public spaces such as 
restaurants, offices, cinemas, schools, etc. SARS-CoV-2 is also transmitted by contact with 
infected persons or by drips containing the virus, hugging or inanimate surfaces [6]; the 
droplets, contaminating the hands, can subsequently enter the body through the mouth, 
nose, and the mucous membranes of the eyes [7].  

The infection usually does not present any visible symptoms, or could have mild flu 
symptoms and respiratory distress ranging from mild–moderate to severe, requiring hos-
pitalization and support by assisted ventilation [8]. It is believed that the latter sympto-
matology occurs in those who, although young, have a poorly active immune system be-
cause they are undergoing acute or chronic immunosuppressive therapy, are genetically 
predisposed [9], or have an excessive psychophysical environmental workload. For exam-
ple, the development of organic diseases or the generation of addictions [10] has been 
observed in subjects who perform heavy work [11] or work that impairs the normal circa-
dian rhythm by working at night, such as nurses or night watchmen, which may be the 
basis for a lowering, albeit transitory, of immune defenses [12]. 

In order to control the spread of COVID-19, authorities in the last two years have 
provided several prevention and protection guidelines, both for the general population 
and for those who, such as healthcare workers, are more likely to come into contact with 
the virus. The WHO and CDC have indicated that the appropriate use of personal protec-
tive equipment (PPE) [13,14] is one of the primary prevention measures for the whole 
population. Wearing a face mask or face shield in enclosed public spaces or transport has 
also been introduced as a mandatory recommendation or rule in more than 70 countries 
worldwide [15].  

PPE used in the prevention of COVID-19 mainly includes filtering masks, face 
shield/visors, goggles, gloves, and gowns [16]. Apart from gloves and gowns, other PPE 
is mainly used to protect the facial area and its mucous membranes (nose, eyes, and 
mouth) from splashes and splashes of body fluids during medical procedures or from 
aerosols during breathing, coughing, and speaking.  

Since December 2020, the advent of vaccines and their spread to almost the entire 
population of industrialized countries has gradually changed the pandemic scenario for 
the better, allowing a gradual return to normality [17].  

Based on these premises, in view of the coexistence with SARS-CoV 2 that will most 
likely accompany us in the coming years, and for the revival of companies, which have 
suffered the devastating economic effects of the pandemic, the purpose of our technical 
review is to update and simplify our previous operational protocol, also in a more sustainable, 
ethically correct and safe way for the health of employees, with the latest scientific knowledge 
to be adopted in the workplace, even when the emergency crisis is over [18]. 

2. Materials and Methods 
For the update of our previous protocol, we analyzed the most recent guidelines 

based on the study of the effects that the epidemic has caused in the world until now. We 
also reviewed clinical evaluations of various respiratory tract personal protective equip-
ment (EPP) and epidemiological data on SARS-CoV-2. The main WHO reports were taken 
into account, as well as those of the Food and Drug Administration and AIFA. Finally, 
from the main databases used by the scientific community, PubMed and Google Scholar, 
approximately 210 articles relevant to our research were selected (last accessed in January 
2022). The papers analyzed were from late 2020 to January 2022, with topics always re-
lated to prevention, PPE, and SARS-CoV-2 transmission routes. 
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3. Prevention and Protection 
Companies and institutions around the world are trying to find the best ways to re-

organize their operations, minimizing the risk of contagion among their employees, in 
order to protect their health and prevent internal outbreaks of SARS-CoV-2, including 
through the development of new technologies that facilitate social distancing, even in the 
workplace [19]. 

3.1. Organizational Measures 
Organizational prevention and protection measures aim to reduce the probability of 

being exposed to SARS-CoV-2. These measures, which mainly consist of detecting body 
temperature upon entering the company or the presence of flulike symptoms, thus allow-
ing an early diagnosis of the worker who is positive for SARS-CoV-2 [20], have been im-
plemented by the adoption of additional computerized control systems, such as those re-
lated to the execution of the swab in the 48 hours preceding, or in the verification of the 
validity of the planned vaccination cycle; measures, among others, made mandatory by 
specific ministerial decrees [21,22]. 

The measures to be taken are: 
• Control of green pass or green pass reinforced by vaccination or cure until revoked; 
• Selective measurement in order to control the possible pyrexia to all the collaborators, 

including external ones; 
• Cutting the staff in order to avoide closeness between people; 
• Composition, if possible, of different closed and independent working groups; 
• Adoption, where possible, and following ministerial guidelines of smart working; 
• Preparation and adherence to protocols for dressing and stripping PPE; 
• Creation of specific access and exit routes from workplaces to avoid possible contam-

ination. 

3.2. Environmental Measures 
Environmental measures include the use of specific chemicals that were shown to be 

effective in cleaning and sanitizing enclosed spaces where it is suspected that organic 
traces containing SARS-CoV-2 may be present. Among these substances, those that have 
been found to be most effective include the use of chemical solutions made by different 
substances based on sodium hypochlorite (0.1–0.5%), ethanol (62–71%) or hydrogen per-
oxide (0.5%). Another measure is to ensure adequate ventilation of enclosed spaces for a 
sufficient period of time [23]. 

Additional effective environmental measures have proved to be those involving pe-
riodic air exchange, including mechanical aids such as specific ventilation systems, which 
are most effective in increasing air exchange and significantly decreasing the risk of con-
tamination (Figure 1). For this reason, an Italian study suggests that efficient ventilation 
systems, compared with natural air exchange, can reduce the transmission of COVID-19 
in schools by more than 80%, as well as improve air quality in terms of environmental 
contaminants and carbon dioxide concentration [24]. 
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Figure 1. Diagram of correct circuit for air exchange. 

Lastly, the use of suitable instruments for sanitizing environments using chemical–
physical agents is becoming increasingly popular, including ozone gas, which has proved 
effective in removing pathogens including SARS-CoV-2 [25], the use of UV-C irradiation 
or dry heat treatment for the inactivation of both SARS-CoV-2 (Table 1) and other patho-
gens that could contaminate surfaces and PPE [26]. 

Table 1. List of chemical and physical disinfectants active on viruses and their relative areas of ap-
plication. 

Environmental Measures Application Scope 

Alcoholic preparations Cutaneous antisepsis 
Disinfection of surfaces 

Chlorine compounds (chloramine and 
hypochlorite) 

Cutaneous and wound antisepsis 
Water treatment 

Surface disinfection 
Hydrogen peroxide Cutaneous antisepsis 

Ozone gas Decontamination of objects and closed 
environments 

UV-C Decontamination of objects and closed 
environments 

Dry heat 
Decontamination of objects and closed 

environments 

Ventilation systems 
Complete air exchange of more than 2.4 

times the room cubage in one hour 

3.3. Personal Measures 
3.3.1. Hand Washing 

To avoid the indirect transmission of SARS-CoV-2, it is important to wash your hands 
properly, as they represent an indirect means of infection. It is recommended to wash 
them with soap and water for about one minute or, alternatively, to sanitize them with 
62–71% alcohol-based solutions [27]. 

Hands should be washed: 
• At the beginning of the shift, especially if it is a contact with the public; 
• After contact with other staff or customers; 
• After contact with any biological fluid; 
• After contact with potentially contaminated objects (gloves, clothing, masks, used 

fabrics, and waste); 
• Immediately after removing gloves and other protective equipment. 



Sustainability 2022, 14, 4766 5 of 11 
 

Moreover, remember not to touch the mucous membranes with your hands unless 
they have been washed and disinfected. Although SARS-CoV-2 is transmitted mainly by 
respiratory route, it can also enter the body through mucous membranes coming into con-
tact with contaminated surfaces [28]. 

3.3.2. Personal Protective Equipment (PPE) 

Gloves 
Only use products that comply with the requirements of the technical standard EN 

374, which categorizes such PPE as third class for protection against specific pathogens 
(CE marking must be present to identify them as PPE) [29]. 

Disposable protective gloves made of nitrile are made with a composition based on 
butadine and acrylonitrile; they cause few allergic reactions and due to their properties 
can be used in different professional activities. 

Indications for the use of gloves: 
• Must be worn properly and removed immediately after use; 
• They must be intact and have no cuts on the surface; 
• Decontamination of gloves before removal with hypochlorite, after any contact with 

other inanimate surfaces, and during undressing procedures [30]. 

Disposable Masks/Respirators 
As the pandemic situation continues, several studies have been carried out on the 

suitability of filtering masks [31], which have assessed two main factors regarding their 
effectiveness: the degree of filtration of the material and the fit. 

With regard to the degree of filtration, there are several standards adopted world-
wide, the one of the U.S. National Institute for Occupational Safety and Health (NIOSH) 
being one of the most considered and reliable; this system evaluates the degree of filtration 
as a percentage of inhalable particles moving in and out [32]. 

The second parameter of the filtering masks evaluated is that of fit, in terms of the 
possibility to adhere to the shape of the face with a negative pressure that allows the fil-
tration of the air, especially at the entry point. In this regard, several design characteristics 
of the masks, both surgical and FFP2/N95, were analyzed [33]. 

Disposable Surgical Masks 
Disposable masks (surgical masks) are made up of three layers: the outer layer with 

filtering action, the middle layer, and the inner layer, which allows the passage of air but 
prevents the passage of liquids. This last one, in contact with the skin, has at the top end 
a metal wire that makes the device adaptable to the physiognomy of the face; it is held in 
place by elastic bands [34]. These devices protect the nose and mouth against contamina-
tion by particles with an average diameter of 4.5 μm [35]. Although they stem from the 
need to protect the patient (surgical operations and aseptic maneuvers), they have also 
been observed to be useful in preventing operators from contacting infected biological 
fluids [36]. 

Overall, surgical masks provide a good fit and filtering capacity for some community 
contexts but are lacking in particular production cycles where the use of FFP2/N95 or FFP3 
masks is more appropriate to reduce the possibility of SARS-CoV-2 transmission. 

The use of a surgical mask is recommended: 
• In technical and administrative support activities. 

Filtering Face Piece (FFP) 
The term filtering face piece (FFP) is used for high-performance filtering masks. Fil-

tration is provided by the use of complex polypropylene microfibres, and these masks are 
used to filter vapors, dust particles, and infectious agents. Compared with other types of 
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filtering masks, they have the advantage of purifying the air and reducing the risk of con-
tamination for the wearer, protecting against the inhalation of particulate material such as 
dust, droplets, and aerosols [37]. 

There are three categories of protection among FFP masks: FFP1 filters at least 80% 
of airborne particles, FFP2 filters at least 94% of airborne particles, and finally FFP3, which 
provides a more durable precautionary aspect with a filtration degree of at least 98% of 
airborne particles and an inward leakage of less than 2% [38]. 

FFP2, according to NIOSH, are identified by the designation N95. The designation 
“95” means that, when tested, the respirator blocks at least 95 per cent of particles with a 
little size (0.3 μm) upon entry or exit. This test is carried out at flow rates of 85 L/min, 
which simulates a high work rate, which is an order of magnitude higher than resting or 
low-intensity breathing, and these tests are carried out under more severe conditions than 
can be encountered in a working environment, so that particles that are much smaller than 
those carrying viruses are used at flow rates much higher than those normally seen in 
working environments [39]. 

For these reasons, FFP2 masks, which are already compulsory in Italy in means of 
transport and in many indoor activities according to the Legislative Decree of 24 Decem-
ber 2021, no. 221, should be compulsorily used in workplaces with several employees and 
where social distancing or ventilation of the rooms may often be lacking due to particular 
production cycles [40]. 

FFP3 protective masks are the only masks that are strongly recommended for use by 
people working in healthcare settings, especially those working in close contact with 
COVID-19-positive patients, or performing procedures where either aerosols are gener-
ated or close contact with a high risk of infection occurs, such as performing spirometry or 
performing manoeuvres such as intubation or surgical practices. Such PPE is believed to pro-
vide almost 99% protection from inhalation of particles between 100 and 5000 nm. [41,42]. 

Safety Glasses and Spray Visor 
Different bacterial and viral pathogens can enter the body through the conjunctiva, 

so it is necessary to protect the eyes from potential exposure to such viruses by using 
specific PPE certified by the technical standard EN 166 to prevent contact with infected 
biological material [43]. These protective devices should be used whenever there is poten-
tially close contact with a suspected case, particularly when the potentially infected per-
son is not wearing a surgical mask that could reduce the spread of viruses into the envi-
ronment. It is important to decontaminate them after use, as they can act as a SARS-CoV-
2 transmission vectors on their own [44]. All PPE described above must be removed and 
disposed of following the correct procedures by the user. 

Isolation Clothing 
Disposable insulating garments have the function of preventing the penetration of 

biological liquids, and are combined with impenetrable materials such as plastic films. 
They can be produced using a variety of nonwoven technologies (thermal, chemical or 
mechanical) to provide integrity and strength [45]. 

4. Discussion 
In view of the now ubiquitous spread of the virus which no longer favors particular 

areas or geographical regions, but which is also common to the Mediterranean basin area 
due to possible climatic factors, the assessment of the biological risk from SARS-CoV-2 is 
carried out, almost exclusively, on the basis of the type of work carried out. For companies 
where biological agents are deliberately used, such as research laboratories, or where 
there is a possibility of high exposure related to the type of activity carried out, such as 
health care facilities [46], the employer should carry out a risk assessment also for this 
factor, updating the DVR with all the necessary prevention and protection measures to 
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ensure the control of exposure to this risk [47], as well as integrating a health protocol, 
adding to the screening health examinations to be carried out on all workers in the same 
homogeneous group [48], such as further diagnostic examinations in relation to SARS-
COV-2, such as antibody quantification, which has been shown to be predictive in as-
sessing the degree of protection, even over long periods, against SARS-CoV-2 [49,50]. 

In jobs where the risk of exposure to SARS-CoV-2 is not directly related to the activity 
carried out but is correlated to all the other specific conditions of the epidemiological con-
text, this risk is to be considered generic or aggravated generic, for example in all indus-
trial activities where the omnipresent use of machinery exposes workers to a greater risk 
of accidents requiring rescue and close contact [51]. In these production activities, it is 
therefore sufficient for the preventive measures indicated by the health authorities to be 
taken in order to contain the spread of the virus, keeping track of it through a special 
annex to the DVR [52]. Having said this, it is necessary to integrate the information ac-
cording to the type of activity carried out, with the frequency of possible contacts with 
external personnel (customers, collaborators or suppliers) and the ability to maintain the 
correct social distance. Companies can be divided into: 
• Companies with low risk: 

o Performing mainly in an office with reduced contact with the public. 
• Companies with medium risk: 

o Carrying out mainly commercial activities; 
o Where employees have contact with customers; 
o Performing front-office activities; 
o Places of education such as schools and universities; 
o With frequent travelling personnel. 

• High-risk companies: 
They are those operating in the health sector, where SARS-CoV-2 is assessed as a 

specific risk, also in relation to the high degree of stress and tension characteristic of these 
activities during the pandemic [53]. In these companies, the exposed workers are: 
healthcare workers (doctors, nurses, dentists, paramedics, emergency medical techni-
cians, etc.), especially if they perform specific procedures in which droplets or aerosols 
may be generated (such as intubation, cough induction procedures, performing spirome-
try examinations, etc.), healthcare or laboratory staff collecting or handling biological sam-
ples, or morgue workers performing autopsies [54]. 

On the basis of the above, we have proposed, in Table 2, a summary of the proposed 
prevention and protection measures according to the risk level of the company: 
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Table 2. Summary of the prevention and protection measures proposed according to the risk level. 
Risk. Organizational Measures Environmental Measures Individual Measures 

Low 

• Only information for all workers of the risk posed by 
possible infection with SARS-CoV-2; 

• Obligation, prohibition, and warning signs to limit 
the spread of COVID-19; 

• Control of green pass or green pass reinforced by 
vaccination or cure, until revoked. 

• Perform extraordinary cleaning and sanitizing of work 
environments using products capable of eliminating the 
virus; 

• Sanitization at the end of the shift of the work surface, 
PCs, and printers; 
• Keep a distance of at least 100 cm between each person. 

• Cleaning hands with appropriate sanitizers;  
• Use of FFP1 or FFP2 mask. 

Medium 

All measures indicated for the previous level 

• Entry screening and body temperature measure-
ment for anyone entering company premises; 

• Reducing the number of operators within each con-
fined space; 

• Composition, if possible, of different closed and in-
dependent working groups; 

• Adoption, where possible, and following ministe-
rial guidelines of smart working. 

All measures indicated for the previous level 
• Carry out extraordinary cleaning and sanitizing activi-

ties for all company premises, with greater care for 
shared premises such as bathrooms, changing rooms, 
canteens, rooms with vending machines, smoking ar-
eas, and offices shared with several people; 

• Place several containers for the collection of possibly 
infected material such as PPE contaminated with bio-
logical liquids, used tissues, and waste to be disposed 
of as biological waste. 

• Provide a periodic air exchange by opening windows 
for 10 minutes every hour where possible using me-
chanical ventilation systems (greater than 2.4 cycles per 
hour). 

All measures indicated for the previous level 

• Use appropriate PPE for procedures involving 
contact with material on public display; 

• Provide FFP2 filtering masks to employees who 
perform front office work with the public and in-
struct them on their proper use. 

High 

All measures indicated for the previous level 

• Make sure workers have proper dressing and un-
dressing procedures for using PPE; 

• Specific training and formation; 
• Creation of specific access and exit routes from 

workplaces to avoid possible contamination. 

All measures indicated for the previous level 

• Intensify cleaning and sanitizing of premises; 
• Arrange a procedure and place to isolate any 

suspected cases pending verification by appropriate 
authorities;  

• Provide adequate air handling systems in healthcare 
facilities; 

• Maintain negative air pressure in the work area 
compared with atmospheric pressure; 

• Sanitization of the premises, also through the use of 
physical means such as ultraviolet irradiation (UV) or 
ozone gas. 

All measures indicated for the previous level 

• Use of FFP3-type filtering masks; 
• Use of face shield; 
• Provision of safety glasses (a necessary measure 

in the healthcare industry); 
• Decontamination of gloves with appropriate 

disinfectants after each contact with various 
possibly contaminated surfaces;  

• Provision of isolation gowns. 
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5. Conclusions 
The experience accumulated over the two years of the pandemic has made it possible 

to address with greater scientific certainty which prevention systems can be adopted in 
the workplace. Moreover, the advantages brought about by the large-scale use of a vaccine 
that is effective both in reducing contagions and in drastically reducing the hospitalization of 
those infected with SARS-CoV-2 have favorably changed the initial scenario of the pandemic. 

The widespread use of PPE, including FFP2 masks, even outside workplaces, has en-
sured greater control of the spread of the virus among the population. 

The constant cleaning of workplaces with the indicated detergents has become a 
practice that has certainly drastically decreased the possible presence of the virus in work-
places, as has the use of additional sanitation and hygiene systems, which in these two 
years of the pandemic has become increasingly frequent in those activities where the risk 
from SARS-CoV-2 is specific, such as in hospitals and laboratories. Systems to improve 
the natural exchange of air have also proved to be very effective, especially in those envi-
ronments that are particularly crowded such as front offices, classrooms, meeting rooms, 
and gyms. 

Among the organizational measures indicated, it should be noted that checking the 
regularity of vaccination, or taking a swab within the last 48 hours, are effective tools for 
significantly reducing the risk of infection. Constant measurement of body temperature 
or the presence of symptoms such as colds or coughs, considering that the period in which 
there is maximum infectious power coincides with the symptomatic period, is a rule that, 
although no longer compulsory and of certain effectiveness, can continue to be used as a 
further measure to exclude those who, despite meeting the requirements for certification, 
may be positive for the virus and showing mild symptoms. 

An organizational measure that proved to be highly effective was the composition of 
different closed and independent work groups to enable the company in the event of the 
presence of an employee who tested positive for SARS-CoV-2 to isolate only one work 
group, placing it in a possible state of self-monitoring or home quarantine in accordance 
with the regulations in force in the event of an infection. 
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