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Abstract
Introduction: The SARS-CoV-2/Covid-19 pandemic is a challenge for public health and occupational medicine
and developing prevention and protection strategies needs expertise from many disciplines. To make prevention successful, individuals have to be motivated to participate and, in turn, motivation depends on understanding how
and why prevention measures are implemented. We present a structured approach (the Cycle of prevention) which
involves different stakeholders and perspectives to develop, and monitor, prevention strategies in transparent and
effective ways.
Currently, we are facing the SARS-CoV-2/
Covid-19 pandemic as a serious global public health
challenge. While there is focus on developing medications and providing vaccinations for this virus, the
importance of creating and optimizing prevention
strategies remains indisputable. The lack of preparation clearly emerged for such a global SARS-CoV-2
risk of infection, which poses new challenges to Occupational Health. In particular, occupational health
physicians seem to have gained a key role, owing to
their ethically binding mandate – i.e., the workers’
health protection – and that of company’s advisers in
a multidisciplinary effort to re-organize industrial activities ensuring that the job be fitted for the workers’
safety (1, 2). On the one hand, workplaces are often
at risk of resulting in clusters and can be associated
with factors that increase the risk of super-spreading

events. Worldwide, several super-spreading events
were for instance observed in meat-factories (3), that
may be associated with working in restricted areas,
cooled and recirculated air as well as with special accommodation such as shared dormitories. But also
for more common workplaces, such as offices, a risk
of infection is described (4). These work-associated
cases then can spread the virus into the community.
Therefore, prevention measures at workplaces are
highly relevant for both the individual worker and
public health. Moreover, as prevention measures and
exposures at workplaces are often easier to control
and compare than in other places, these can be suitable settings for developing and investigating prevention strategies.
When implementing prevention measures at
workplaces, occupational medicine expertise will
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be needed. Some authors even consider company doctors to have the leading role in developing
prevention measures (5). Spinazzè et al. describe
transferring knowledge about effective prevention
measures from prevention and hygiene professionals to employers and employees as a challenge (6).
However, prevention strategies should not be created by a single person or a single profession but
be a result of team-work. In the following we discuss the relevance of principles usually governing
prevention programmes to mitigate the effects of
physical and chemical pollutants at the workplace
compile prevention strategies in an ongoing Cycle
of Prevention to be adopted by a multidisciplinary
team – including employers and employees – fighting COVID-19.
What different groups of prevention measures do
exist?
We should remember, that prevention measures
follow a hierarchical order according to their level of
importance, also known as the “STOP-principles”:
1) Substitution (substituting high- with low-risk
procedures, e.g. relying on videoconferences instead
of face-to-face meetings); 2) Technical measures
(e.g., performing aerosol-generating procedures in
negative pressure rooms); 3) Organisational measures (such as home office); and 4) Personal protective equipment (such as Ffp2-N95 respirators).
Note that there is a priority hierarchy in prevention
measures.
What do we want prevention measures to be like?
(i) To be effective, in case of the contagiousness
of SARS-CoV-2 we need to make sure that
the risk of infection is significantly reduced by
the prevention measure. Therefore, it can be
helpful to assess the actual risk of exposure. In
the recent situation of the pandemic, the Occupational Safety and Health Administration
(OSHA) created four exposure levels, dividing
jobs into groups of lower exposure risk (such
as remote workers or long distance truck drivers), medium exposure risk (such as persons
with frequent contact with general public, e.g
cashiers), high exposure risk (such as medical
transport workers) and very high exposure risk

(healthcare-workers performing aerosol-generating procedures) (7). In addition, the risk
of infection has to be specified concerning the
way of transmission via droplets (airborne particles >10 µm), aerosols (<5-10 µm) (8) or direct
contact with contaminated surfaces. To prevent
infections from aerosols, which can even result
from speaking and normal breathing, ventilation could be an important technical prevention
measure. Therefore, increasing the number of air
exchanges (for instance by expanding operating
time of ventilation systems to enhance their efficiency) should be considered as well as avoiding
air recirculation (9). Günther et al. investigated
a super spreading event in a German meat factory, where a single person infected 60% of their
co-workers, resulting in a temporary shutdown
of the production site and a regional lockdown;
Air recirculation and low air exchange rates,
in addition to physical work and low temperature, were described to be promoting factors
for aerosol transmission (3), whereas no significant accumulation of aerosols was observed in
negative-pressure patient rooms with 4.25 air
changes per hour (10).
Generally, face coverings are described as important prevention measures to reduce the
transmission via large droplets (11). However,
the filtration efficiency of cloth masks may not
be sufficient to block smaller suspensions of
particles or droplets, i.e. aerosols (8). The choice
between respirators and surgical masks should
be based on the risk of aerosol generation (12).
In addition, fit testing should be conducted to
find the best fitting face piece for the individual worker (13, 14). To ensure the necessary seal
between the respirator and the individual’s face,
qualitative taste fitting tests (for instance using
isoamyl acetate) (15) or quantitative fit testing
(comparing particle proportions in and out of
the mask) can be applied (16). To ensure the
measure’s effectiveness, fit tests should be performed before wearing the mask for the first
time, when applying a new device that was not
tested before and after any facial change (such
as weight changes or facial surgery) (16). Every
time before a face piece is put on, a fit checking,
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such as negative or positive pressure techniques,
should be done (14).
(ii) In regard to safety, we need to consider that prevention measures can evoke side effects. Possible
negative outcomes of these side effects, have to
be weighed up against the benefit of reducing
risk of infections as well as the risks that follow
from the disease. In addition to obvious shortterm effects, such as reduced sight when wearing
a respirator or reduced physical condition, longterm consequences have to be factored in and
anticipated. For instance, the prevalence of skin
diseases that derive from protective equipment
is described as high (17): Lan et al. reported that
a considerable proportion of first-line health
care workers (97%) suffered from skin damage,
which was directly related with the wearing time
of either FFP2 or N95 masks with the duration
of application (wearing time for more than 6
hours compared to less than 6 hours: OR= 2.02;
95% CI= 1.35-3.01) (18). Darlenski and Tsankov described the aggravation of existing skin
diseases by increased personal hygiene and using
PPE that may interfere with epidermal barrier
or result in contact reactions. Erythema, papules, maceration, and scaling were reported and,
symptoms such as burning and itching were
found in 97% of 542 frontline healthcare workers. Prolonged use of goggles and masks were
described to cause contact dermatitis as well as
pressure urticaria (19).
(iii) It seems to be axiomatic to highlight that prevention measures have to be available. However,
in the course of the recent pandemic, periods of
limited availability of PPE resources (20) and
laboratory testing equipment (21) were widely
reported. Hence, it is important to adapt the
strategies based on what is actually feasible under the existing circumstances or to create and
explore how to reuse disposable PPE such as
masks. Moreover, Giorgi et al. reported that
the availability of safe procedures and PPE can
moderate the risk of mental health concerns
(22).
(iv) The necessity to make sure that workers know
how to use prevention measures is also essential, and often overlooked. To give an astonish-
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ing example: there is no doubt that theatre staff
should be trained in using PPE. However, Herron et al. reported that only 18% of the workers
in a theatre did use PPE according to the CDC
standard (23). During the recent pandemic,
Wennmann et al. reported that in an emergency
department in a German University hospital the
staff needed more PPE-training than expected
(24).
(v) To be accepted, workers have to understand
why and how to use prevention measures. For
both, understanding and acceptance, bidirectional communication is crucial (25). In particular, teaching on why and how to use protection
measures as well as learning from experiences
throughout the implementation period are of
great importance. This will not only show respect
for workers, but also allows collecting important
new information about prevention measures. As
a result, both the effectivity and acceptance may
be enhanced.
Who should be included when creating prevention strategies?
The large number of questions when considering
prevention measures at workplaces show that different stakeholders, such as employers, employees,
specialists in workplace security, occupational physicians, occupational hygienists, infection control specialists, laboratory scientists, and researchers should
be involved when creating prevention measures.
Undoubtedly, it is of high relevance that these stakeholders are working together, as otherwise relevant
information could be missed. Watterson described,
for instance, that ignoring scientific knowledge by
political authorities as well as employers had a negative impact on the course of the pandemic in the
UK (26). The process to create consistent concepts
of prevention including these stakeholders’ interaction is what we describe in the “Cycle of Prevention”.
How should prevention strategies be created?
As outlined in Figure 1, firstly, workplace-associated risks have to be assessed by a team incorporating all relevant expertise (A). For instance, in terms
of SARS-Co-V-2, in addition to risks of infection
the burden on mental health has to be considered:
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several studies described an association between the
exposure to SARS-CoV-2 at the workplace and
mental health problems (28). The risk of getting infected as well as of transmitting the disease to family
and friends, insufficient prevention measures, overworking or traumatizing events are some factors
that may lead to emotional strain (27). Moreover,
those who return to work after having survived the
infection may need special support due to limited
physical and mental condition or stigmatisation in
staff or society. Therefore, the expertise of various
occupational health professionals is needed as well
as insights by the employers and employees. Subsequently, resulting prevention measures (B) should
be grouped according to the STOP-principle (C).
Every prevention measure has to be evaluated
concerning the above discussed factors (D), so
whether it is effective, safe, available, used properly
and accepted. Different stakeholders should discuss
these aspects and give feedback (E) to those implementing measures at the specific workplace as well
as to research. Based on this feedback and recent
scientific evidence, the risk assessment and preven-

tion strategy has to be revised (A) in an iterative
process inducing a Cycle of Prevention (see Figure 1).
Why should we think about this Cycle of Prevention right now?
The SARS-CoV-2 pandemic leads to high risk
for individual and global health. Therefore, sound
prevention strategies are needed. The Cycle of Prevention is an approach to remember how to create
prevention strategies through team-work. Here, it is
presented in the context of workplace safety, but its
principle, namely to consider different stakeholders
to investigate fundamental requirements and choose
the most appropriate options for varying situations,
could be transferred to other settings easily.
The situation of the pandemic is unique, as we
are not only facing a new virus but also a threat to
public health systems of a magnitude that we have
never handled before. Hence, we will make mistakes. But we should reduce the risk of wrong decisions as much as possible. Considering different
stakeholders’ expertise can be of high importance to
reduce the risk of missing relevant information. This

Figure 1 - The Cycle of prevention: stakeholders, team composition, and strategies when analysing health risk and mitigating
interventions for COVID-19 according to the STOP principle (Substitution, Technical measures, Organisational measures,
and Personal protection).
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pandemic has posed unique challenges, by the way
in which it exhausts people and resources at the very
time when we need those people to be highly motivated in order to takes part in prevention. Key to
motivation is to understand “why” and “how” decisions on prevention measures are made. The Cycle of
Prevention could help to create and monitor sound
prevention strategies that are transparently based
on different perspectives and empirical insights
through team-work.
References
1. Mutti A. Occupational Medicine in the time of
COVID-19. Med Lav. 2020;111(2):83-86. Published
2020 Apr 30. doi:10.23749/mdl.v111i2.9546
2. Gross JF, L, Mohren J, Erren TC. Occupational Medicine in the time of COVID-19 - chances beyond workplace settings. La Medicina del Lavoro, 2020. 111(4): p.
328-329
3. Günther T, Czech-Sioli M, Indenbirken D, et al. SARSCoV-2 outbreak investigation in a German meat processing plant. EMBO Mol Med. 2020;12(12):e13296.
doi:10.15252/emmm.202013296
4. Weissberg D, Böni J, Rampini SK, et al. Does respiratory co-infection facilitate dispersal of SARS-CoV-2? investigation of a super-spreading event in an open-space
office. Antimicrob Resist Infect Control. 2020;9(1):191.
Published 2020 Dec 2. doi:10.1186/s13756-020-00861-z
5. Andrade RM. A company doctor’s role during the
COVID-19 pandemic. Clinics (Sao Paulo), 2020. 75: p.
e1921
6. Spinazze A, Cattaneo A, and Cavallo DM. COVID-19
Outbreak in Italy: Protecting Worker Health and the
Response of the Italian Industrial Hygienists Association. Ann Work Expo Health, 2020. 64(6): p. 559-564
7. United States Department of Labor. Covid-19, Hazard
Recognition. 2021 Available from: https://www.osha.
gov/coronavirus/hazards
8. Jarvis MC. Aerosol Transmission of SARS-CoV-2:
Physical Principles and Implications. Front Public
Health, 2020. 8: p. 590041
9. Dehghani F, Omidi F, Yousefinejad S, Taheri E. The
hierarchy of preventive measures to protect workers
against the COVID-19 pandemic: A review. Work.
2020;67(4):771-777. doi:10.3233/WOR-203330
10. D umont-Leblond N, Veillette M, Mubareka S, et al.
Low incidence of airborne SARS-CoV-2 in acute care
hospital rooms with optimized ventilation. Emerg Microbes Infect. 2020;9(1):2597-2605. doi:10.1080/22221
751.2020.1850184

175

11. Jayaweera, M., et al., Transmission of COVID-19 virus
by droplets and aerosols: A critical review on the unresolved dichotomy. Environ Res, 2020. 188: p. 109819.
12. Tang, S.W.K., et al., The use of personal protective equipment in clinical ophthalmology during corona virus disease-2019: a review of international guidelines and literature. Curr Opin Ophthalmol, 2020. 31(5): p. 435-446.
13. Cameron, S., et al., Quantitative fit testing with limited
supplies of respirator masks in hospital personnel during
the COVID-19 pandemic. Aust Health Rev, 2020.
44(4): p. 542-543.
14. 3M. Fit test vs fit check. Available from: https://safetynetwork.3m.com/blog/wp-content/uploads/2014/09/3M_
Fit_check_test_infographic_HR.pdf.
15. Labor, U.S.D.o. Transcript for the OSHA Training
Video Entitled Respirator Fit Testing. Available from:
https://www.osha.gov/video/respiratory_protection/fittesting_transcript.html.
16. Rollings L. FFP3 respirator face fit testing - what is it all
about? Br Dent J, 2020. 229(2): p. 112-114.
17. Elston DM. Occupational skin disease among health
care workers during the coronavirus (COVID-19) epidemic. J Am Acad Dermatol, 2020. 82(5): p. 1085-1086.
18. Lan J, Song Z, Miao X, et al. Skin damage among health
care workers managing coronavirus disease-2019. J Am
Acad Dermatol. 2020;82(5):1215-1216. doi:10.1016/j.
jaad.2020.03.014
19. Darlenski R, Tsankov N. COVID-19 pandemic and the
skin: what should dermatologists know? Clin Dermatol,
2020. 38(6): p. 785-787.
20. Delgado D, Wyss Quintana F, Perez G, et al. Personal
Safety during the COVID-19 Pandemic: Realities and
Perspectives of Healthcare Workers in Latin America.
Int J Environ Res Public Health. 2020;17(8):2798. Published 2020 Apr 18. doi:10.3390/ijerph17082798
21. Coffey S, Moynagh A, Green B, et al. Changes to management of a non-pandemic illness during the COVID-19
pandemic: case study of invasive management of acute
coronary syndrome. N Z Med J. 2020;133(1513):101106. Published 2020 Apr 24
22. Giorgi G, Lecca LI, Alessio F, et al. COVID-19-Related Mental Health Effects in the Workplace: A
Narrative Review. Int J Environ Res Public Health.
2020;17(21):7857. Published 2020 Oct 27. doi:10.3390/
ijerph17217857
23. 
Herron JBT, Kuht JA, Hussain AZ, Gens KK, Gilliam AD. Do theatre staff use face masks in accordance
with the manufacturers’ guidelines of use?. J Infect Prev.
2019;20(2):99-106. doi:10.1177/1757177418815551
24. Wennmann DO, Dlugos CP, Hofschröer A, et al. Umgang mit COVID-19 in der Notaufnahme : Erfahrungsbericht der interdisziplinären Notaufnahme des Univer-

176

gross et al

sitätsklinikums Münster [Handling of COVID-19 in
the emergency department : Field report of the emergency ward of the University Hospital Münster]. Med
Klin Intensivmed Notfmed. 2020;115(5):380-387.
doi:10.1007/s00063-020-00693-0
25. Houghton C, Meskell P, Delaney H, et al. Barriers and
facilitators to healthcare workers’ adherence with infection
prevention and control (IPC) guidelines for respiratory
infectious diseases: a rapid qualitative evidence synthesis.
Cochrane Database Syst Rev. 2020;4(4):CD013582. Published 2020 Apr 21. doi:10.1002/14651858.CD013582

26. Watterson A. COVID-19 in the UK and Occupational
Health and Safety: Predictable not Inevitable Failures by
Government, and Trade Union and Nongovernmental Organization Responses. New Solut, 2020. 30(2): p. 86-94.
27. Gross JV, Mohren J, Erren TC. COVID-19 and Health
Care Workers: A rapid systematic review into risks and preventive measures. BMJ Open, 2021;11(1):e042270. Published 2021 Jan 20. doi:10.1136/bmjopen-2020-042270
No potential conflict of interest relevant to this
article was reported by the authors

