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Abstract

The objective of this paper is to assess whether the contamination control measures already being applied in the
pharmaceutical industrial production are efficient enough in the context of a viral pandemic, such as the SARS-CoV-2
pandemic of 2020-2021. The questions that must be asked are linked to the efficacy of already existing virucides against
the newly discovered viral strand and whether there is a need for supplementary precautions in regards with the
workers that have direct contact with the finished product or operate the machines that package the finished goods. The
discussion will revolve around the efficacy of current protocols of disinfection, the need for workers’ continuous and
rigorous training, and the transparency in which quality control must be implemented, as to ensure the public’s trust in

the industrial process.
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INTRODUCTION

The importance of discussing the safety of
industrially obtained goods in the context of a
viral pandemic is immediate, especially since
the SARS-CoV-2 pandemic still has a great
deal or resonance at a global scale. Moreover,
the repercussions of this pandemic are yet to be
felt in the coming months. The pharmaceutical
industry has always been harshly conditioned
by the law and in regards to protocols that need
to be followed for a rigorous contamination and
quality control and assurance, these laws are
quite explicit — the European Pharmacopoeia
would be a good reference (Council of Europe,
2021). The FMEA (Failure Mode and Effects
Analysis) systems of all pharmaceutical
production facilities have a great contribution
to not only delivering safe products to the
patients, but also, in ensuring the protection of
their own employees (Greulich & Hardy, 2009;
American Bureau of Shipping, 2015).
However, in the previously mentioned context
of a viral pandemic the question that arises is
whether all these measures are enough in order
to ensure the stop of the viral spread. Even
though the world has experienced previous
challenges with similar viruses, such as SARS-
CoV and MERS-CoV, the novel SARS-CoV-2
has been proven to be a lot more contagious,
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thus making its spread, a lot harder to control
(Wang et al., 2020) causing this pandemic to
become an unprecedented worldwide situation.
In the case of MERS-CoV, for example, even
though the mortality rate was considerably
higher than for SARS-CoV-2 (36% for MERS-
CoV and 2.84% for SARS-CoV-2), the
transmission did not occur at such intensity,
most of the world never really having to deal
with it (Sun et al., 2020; Liang et al., 2018).

It is important to understand that most
manufacturers do have strict hygiene norms
that are meant to protect employees from
accidental poisonings and prolonged exposure

to chemicals and to ensure that no
contamination becomes the products, neither
within their production, nor wupon their

packaging (Vijay et al., 2020).

Another aspect that deserves attention is the
fact that some studies have demonstrated that
the new Coronavirus can remain viable for
quite a relevant period of time on various
surfaces and in wastewater, thus it is
transmission does not necessary have to be
immediate, from infected human to a healthy
human via droplet route (Wiktorczyk-Kapische
etal., 2021).

It is clear that the purity standards that all the
products  being  manufactured in @ a
pharmaceutical facility are being subjected to,



render a very low possibility on the finished
good being a SARS-CoV-2 transmission
vector. However, in order to prevent a viral
outbreak within the factory, the staff must
comply not only with the usual hygiene
protocol, but to understand the implications of
not respecting it, since even the PPE (Personal
Protection Equipment) can carry a viral load for
quite some time if not properly disinfected, as
demonstrated on single-use masks, nitrile
gloves, plastic and more by Kasloff et al.
(2021).

The objective of this review is to assess the risk
that is linked to the SARS-CoV-2 virus paths of
transmission and hopefully provide
manufacturers with much more compiled,
reliable information, so that they may protect
not only their businesses but also the very
important work force that effectively conducts
the activity on site and whose presence is
impetuous.

MATERIALS AND METHODS

This review was based strictly on theoretical
research. The materials used are represented by
scientific publications of researchers and
authorities from around the world which were
compared in order to reach a common ground
and draw the necessary conclusions in order to
formulate some recommendations that are
relevant to the pharmaceutical production in the
context of the SARS-CoV-2 pandemic.

RESULTS AND DISCUSSIONS
LEGAL SURROUNDINGS

After scrutinizing the legal aspects presented
on different official EU websites, such as
www.ema.europa.eu, as well as US websites,
such as www.osha.gov it is clear that the
authorities have not deemed necessary to
enforce any special protocols, in regards to the
SARS-CoV-2 pandemic, other than minimizing
the risk of spreading the virus through physical
contact, which would have been needed in
order to obtain different kinds of authorisations.
Therefore, existing documents may have
received a validity extension, while the process
of obtaining new such documents has either
been postponed to a safer ulterior period or has
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been enabled via electronic online methods
(EMA, 2020).

It is clear that the production process in itself,
especially when it comes to pharmaceuticals is
very well regulated and clean, including from a
microbiological standpoint.

The manufacturers therefore need to be
responsible and have been allowed to carry on
with their very important activities, provided
that they prevent outbreaks. In order to do such
thing each manufacturer has been given a free
hand in managing their own plants.

Of course, the WHO (World Health
Organization) recommendations are a very
helpful start point (WHO, 2021), but if one is to
ask more than one producer what steps they
have been taking in stopping the spread of the
virus inside their facilities, one may notice that
the strategies can be very different from one
another.

RECOMMENDATIONS ON MANAGING
ESSENTIAL WORKERS

In the United States of America, the CDC
(Center for Disease Control) has issued a
number of recommendations from OSHA
(Occupational Safety and Health
Administration) with the intention of helping
the manufacturers that operate in the essential
industries better manage the pandemic situation
(OSHA, 2021). Amongst other,
recommendations such as wearing a mask,
practicing social distancing and disinfection of
shared working spaces are indeed a must.
However, any employee that has had recent
contact with another person that has been tested
positive should not attend work for 5 to 6 days
(OSHA, 2021) even if the employee does not
have any symptoms, as it has been
demonstrated that the incubation period for the
virus can vary. The pool average incubation
period for SARS-CoV-2 discovered through a
review which includes numerous peer reviewed
studies was about 6 days (Wassie et al., 2020).
Another research showed that even though the
rate of transmission for asymptomatic carriers
was much lower than for symptomatic carriers,
there is still a hard to ignore risk for the spread
of the disease (Liu et al., 2020).

Therefore, the working space should be
redesigned as to help in respecting the



recommended social distance between workers,
the work stations should be thoroughly
disinfected before each shift begins and the
facility should be well ventilated in order to
minimize spread via droplets (ECDC, 2020).
There is extended research demonstrating the
viability of the virus on different types of
materials, such as: cardboard (24 hours), steel
and plastics (2-3 days); and also in aerosols -
3-4 hours (Aghalari et al., 2021). This piece of
information underlines the extreme necessity of
strict  disinfection protocols and of air
ventilation in the workplace, even if the
effective infection of an individual can only
occur when the virus reaches some type of
mucus membranes (nose, eyes, mouth) as
sustained by Ferndndez-Raga et al. (2020).

The personnel should always have at hand
some kind of efficient disinfectant and should
be instructed to use it as often as possible
during their shift. Substances that have proven
themselves efficient against the COVID-19
virus include: >70% concentration alcohol
based solutions, 0.1% sodium hypochlorite,
0.5%  hydrogen peroxide (Wiktorczyk-
Kapischke et al., 2021). The National Institute
of Technology and Evaluation (NITE), in a
study conducted in 2020 have presented other
substances that have been proven effective in
neutralizing the virus such as: sodium linear
alkylbenzene sulfonates (0.1% or more), alkyl
glycosides (0.1% or higher) ,
alkyldimethylamine oxide (0.05% or higher),
benzalkonium chloride (0.05% or higher),
benzethonium chloride (0.05% or higher),
dialkyldimethylammonium chloride (0.01% or
higher), polyoxyethylene alkyl ether (0.2% or
higher), potassium soap (0.24% or higher),
sodium soap (0.22% or higher). It should be
emphasized that a recommendable exposure
time of the possibly infected surface to the
disinfectant is at least 30 seconds (Rabenau et
al., 2004; Kampf et al.,, 2020). Even though
SARS-CoV-2 is very adaptable to a wide range
of pH values (3-10), at room temperature, it is
also highly susceptible to standard disinfection
protocols (Chin et al., 2020).

Also, any objects or pieces of equipment that
are not individual, but shared, such as phones,
keyboards, mouses, barcode scanners etc.,
present a higher risk to become a transmission
path for the disease and therefore it is strongly
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recommended that they be disinfected after
each use (Bloise et al., 2020).

Another important issue that needs to be
addressed is the traceability of any confirmed
cases within the facility. For this, the employer
must not only inform all of their employees of
the known symptoms of the disease, but also to
ensure that they trace every person that may
have come in contact with the infected person
and advise them to remain at home for the
recommended time period, and if possible test
themselves. Any worker that presents any kind
of symptoms either when presenting at the
facility to start their shift, or developing them
during their shift should be sent home
immediately along with any other worker that
may have been put at risk (OSHA, 2021). To be
noticed that the planning of the shifts should
also be made in such a way that allows the
employer to be able to continue the production
process even if some of the workers have to be
sent home, by each department. COVID-19
symptoms include: coughing, dyspnoea, fever,
anosmia, headaches and fatigue; and this
information should be on display at all times.
(Antonelli et al., 2021).

If any employees have been traveling to a red
or dark red zone, they should be advised to
undergo testing or self-isolate, though traveling
is not recommended unless there is an
immediate need for it (Council of the EU,
2021).

Even though there have previously been certain
confrontations with viral pandemics (6
influenza pandemics between 1889 and 2009
for example), since the SARS-CoV-2 pandemic
is present on a global scale and the modern
world we live in is the perfect environment for
a much faster spread rate, some manufacturers
around the world have never been involved in
the efforts to stop such a spread as per the
present scenario (Monto & Webster, 2013).

A comparison between WHO
recommendations, OSHA recommendations
and CDC recommendations can be observed in
Table 1.

By this comparison, one can observe that
OSHA (OSHA, 2021) did concentrate on
workplace aspects, while WHO (WHO, 2021)
and CDC (CDC, 2021) have a more general
approach, with recommendations that may suit
the general public in all possible endeavours.



While the general approach seems insufficient,
it does represent a good backbone in creating
an efficient plan to combat the spread of the
virus in the workplace.

Table 1. Comparison between OSHA (Occupational
Safety and Health Administration), WHO (World Health
Organization), and CDC (Center for Disease Control)
recommendations on managing essential workers

Recommendations (OSHA, | (WHO, 1} (CDC,
2021) 2021) | 2021)
Wearing a mask v v v
Practicing social distancing v v v
F t hand disinfection /
requent hand disinfection v v v
washing
Frequent disinfection and
cleaning of high-touch v v v
surfaces
Telework when possible,
and avoidance of crowded v v
spaces
Hazard assessments
(identifying when and
v
where workers may become
infected)
Identification of a
combination of measures v
which will limit viral spread
Supportive policies for v
high-risk employees
Trainings for a better
understanding of the SARS- v v
CoV-2 symptomatology
Isolation of employees who
become symptomatic at v
work
Gui -
uidance on screening and v v
testing
Enhanced cleaning after a
SARS-CoV-2 infected v
person has been in the
facility
Vaccination is advisable v v v

VIABILITY OF SARS-CoV-2 ON
INANIMATE SURFACES

Doremalen et al. (2020), have conducted a
study in which, maintaining a room
temperature (21°C-25°C) and a 40% RH

(relative humidity), have tested the viability of
SARS-CoV-2 on different types of surfaces and
in aerosols, finding that the half-life of the virus
was approximately 5.6 hours on stainless steel
and 6.8 hours on plastics. Wiktorczyk-
Kapischke et al. (2021) have comparatively
assessed the viability of SARS-CoV-2 and
other related viruses, effectively demonstrating
that SARS-CoV-2 is highly sensitive to
temperature, it’s persistence on different
surfaces being greatly diminished by increasing
the temperature values. Combined data is
presented in Figure 1 (Ridell et al., 2020;
Doremalen et al., 2020; Chin et al., 2020).
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Figure 1. Persistence of SARS-CoV-2 on relevant
surfaces (paper, stainless steel and glass), in function of
time (hours) and temperature (°C)

WASTEWATER AS A
TRANSMISSION PATH

POSSIBLE

As in any kind of industrial production facility,
water that is used in pharmaceutical production
is of the greatest purity (Strade et al., 2020),
including at a microbiological level and the
water that employees use to wash their hands
for example does not come into contact with
any of the ingredients used in production, as all
production sites have most certainly designed
different water flow systems, depending on its
use.

However, even if this design does prevent any
contamination of the product within the
production process itself, it has been
demonstrated that the SARS-CoV-2 virus can
retain viability within hospital wastewater, and



therefore it is possible for it to remain viable in
at least one type of wastewater that the site
produces (Achack et al., 2020). This not only
implies how imperative it is for the staff to
respect the hygiene implemented norms when
visiting the restrooms or any other common
areas, but also the need for a responsible
disinfection of the potentially infected
wastewater. Since hydrogen peroxide and
chlorine based substances have been proven
effective against the virus, perhaps such a
treatment would be recommended for the
facilities (Chen et al.,2014; Achack et al.,2020).

CONCLUSIONS

Never before has the science of epidemiology
has been more needed than in the era of
transportation in which we currently live and
never before has it been more important for
leaders and individuals to understand what
combat strategies to adopt, in relation to the
area they live in (Widdowson & Monto, 2013).
All of the recommendations made in the
present review were made with the intention of
establishing a general protocol which should be
applicable to all industrial production sites, a
general protocol that is unprecedented, due to
the newly discovered relation between the
concept of a viral pandemic and the role that
industrial manufacturers have to play in a
global scale sanitary crisis. The pre-SARS-
CoV-2 pandemic contamination control
protocols are efficient up to a certain levels and
supplementary measures are needed in order to
ensure the protection of employees.

To conclude this review, the final
recommendations upon efficiently managing a
pharmaceutical production site in the context of
the SARS-CoV-2 pandemic may revolve
around the need for transparency and ethical
decisions. All points considered, a thorough
training of the employees and recurrent
informational campaigns should run through
the facility, the management should redesign
the shifts and ensure the protection of their
employees within their facilities produce.
Human contact with the finished goods should
be limited to a maximum if not even
completely eliminated from any production or
packaging process. A skilful combination of the
presented data should ensure a healthy
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continuation of production in the safest

possible environment.

REFERENCES

Achak, M., Alaoui Bakri, S., Chhiti, Y., M'hamdi Alaoui,
F., Barka, N., Boumya, W. (2021). SARS-CoV-2 in
hospital wastewater during outbreak of COVID-19: A
review on detection, survival and disinfection
technologies. Science of The Total Environment, 761,
143192.

Aghalari, Z., Dahms, H., Sosa-Hernandez, J., Oyervides-
Mufioz, M., Parra-Saldivar, R. (2021). Evaluation of
SARS-CcV-2 transmission through indoor air in
hospitals and prevention methods: A systematic
review. Environmental Research, 195, 110841.

American Bureau of Shipping (2015). Guidance Notes
on Failure Mode and Effects Analysis for
Classification. Houston, USA: American Bureau of
Shipping.

Antonelli, M., Capdevila, J., Chaudhari, A., Granerod, J.,
Canas, L., Graham, M., Klaser, K., Modat, M.,
Molteni, E., Murray, B., Sudre, C., Davies, R., May,
A., Nguyen, L., Drew, D., Joshi, A., Chan, A.,
Cramer, J., Spector, P., Wolf, J., Ourselin, P., Steves,
C., Loeliger, A. (2021). Optimal symptom
combinations to aid COVID-19 case identification:
analysis from a community-based, prospective,
observational cohort. Journal of Infection Retrieved
February 24, 2021, from
https://www.sciencedirect.com/science/article/pii/SO1
63445321000797.

Bloise, 1., Gomez-Arroyo, B., Garcia-Rodriguez, J.
(2020). Detection of SARS-CoV-2 on high touch
surfaces in a clinical microbiology laboratory.
Journal of Hospital Infection 105, 784-486.

Chen, L., Zhou, H., Yu, B., Huang, Z. (2014).
Comparison Study on Hospital Wastewater
Disinfection =~ Technology. Advanced ~ Materials
Research, 884-885, 41-45.

Chin, A. W. H., Chu, J. T. S., Perera, M. R. A., Hui, K.
P. Y., Yen, H.-L., Chan, M. C. W., Poon, L. L. M.
(2020). Stability of SARS-CoV-2 in different
environmental conditions. The Lancet Microbe 1(4),
el4o.

Council of Europe (2021). Introduction. FEuropean
Pharmacopoeia (Ph. Eur.) 10. v-viii. Retrieved from
https://www.edgm.eu/sites/default/files/medias/fichier
s/European_Pharmacopoeia/The_European_Pharma
copoeia/European_Pharmacopoeia_10th_Edition/Int
roduction/european _pharmacopoeia_introduction_to
_the 10th_edition.pdf.

Council of the EU (2021, February 1). COVID-19:
Council updates recommendation on measures affecting
free movement. Press release. Retrieved from
https://'www.consilium.europa.eu/en/press/press-
releases/2021/02/01/covid-19-council-updates-
recommendation-on-measures-affecting-free-
movement/.

Fernandez-Raga, M., Diaz-Marugan, L., Garcia
Escolano, M., Bort, C., Fanjul, V. (2021). SARS-
CoV-2 viability under different meteorological



conditions, surfaces, fluids and transmission between
animals. Environmental Research, 192, 110293.

Greulich, F. & Hardy., J. (2009, August 11). Managing
Process Risk Line by Line: An FMEA Case Study.
Pharma Manufacturing. Retrieved from
www.pharmamanufacturing.com/articles/2009/115.

Guidance for medicine developers and  other
stakeholders on COVID-19. (n.d.) European
Medicine Agency. Retrieved from
https://www.ema.europa.eu/en/human-
regulatory/overview/public-health-
threats/coronavirus-disease-covid-19/guidance-
medicine-developers-other-stakeholders-covid-19.

Heating, ventilation and air-conditioning systems in the
context of COVID-19: first update. (n.d.) Retrieved
from https://www.ecdc.europa.eu/en/publications-
data/heating-ventilation-air-conditioning-systems-
covid-19

Kampf, G., Todt, D., Pfaender, S., Steinmann, E. (2020).
Persistence of coronaviruses on inanimate surfaces
and their inactivation with biocidal agents. Journal of
Hospital Infection, 104(3), 246-251.

Kasloff, S., Leung, A., Strong, J., Funk, D., Cutts, T.
(2021). Stability of SARS-CoV-2 on critical personal
protective equipment. Scientific Reports, 11(1).
Retrieved February 24, 2021, from
www.nature.com/articles/s41598-020-80098-3.

Liang, R., Wang, L., Zhang, N., Deng, X., Su, M., Su,
Y., Hu, L., He, C., Ying, T., Jiang, S., Yu, F. (2018).
Development of Small-Molecule MERS-CoV
Inhibitors. Viruses, 10(12), 721.

Liu, Z., Chu, R., Gong, L., Su, B., Wu, J. (2020). The
assessment of transmission efficiency and latent
infection period in asymptomatic carriers of SARS-
CoV-2 infection. International Journal of Infectious
Diseases, 99, 325-327.

Marques, M. & Domingo, J. (2021). Contamination of
inert surfaces by SARS-CoV-2: Persistence, stability
and infectivity. A review. Environmental Research,
193, 110559.

Monto, A. S., & Webster, R. G. (2013). Influenza
pandemics: History and lessons learned. Textbook of
Influenza, 2, 20-34.

National Institute of Technology and Evaluation (NITE)
(2020, June) Report on Efficacy Assessment of
Disinfecting Substances Alternative to Alcohol
Against SARS-CoV-2. Executive Summary. Retrieved
Sfrom https://www.nite.go.jp/data/000115862.pdf.

Occupational Safety and Health Administration (2021,
January 29). Protecting Workers: Guidance on
Mitigating and Preventing the Spread of COVID-19
in the Workplace. Retrieved from
https://www.osha.gov/coronavirus/safework.

Occupational Safety and Health Administration (2021,
January 29). Protecting Workers: Guidance on
Mitigating and Preventing the Spread of COVID-19
in the Workplace. Retrieved from
https://www.osha.gov/coronavirus/safeworktinstruct-
workers.

Rabenau, H., Cinatl, J., Morgenstern, B., Bauer, G.,
Preiser, W., Doerr, H. (2004). Stability and
inactivation =~ of = SARS  coronavirus. Medical
Microbiology and Immunology, 194(1-2), 1-6.

120

Riddell, S., Goldie, S., Hill, A., Eagles, D., Drew, T.
(2020). The effect of temperature on persistence of
SARS-CoV-2 on common surfaces. Virology
Journal, 17(1). Retrieved February 24, 2021, from
https://virologyj.biomedcentral.com/articles/10.1186/
512985-020-01418-7.

Strade, E., Kalnina, D., Kulczycka, J. (2020). Water
efficiency and safe re-use of different grades of water
- Topical issues for the pharmaceutical industry.
Water Resources and Industry, 24, 100132.

Sun, P., Lu, X., Xu, C.,, Sun, W., Pan, B. (2020).
Understanding of COVID-19 based on current
evidence. Journal of Medical Virology, 92(6), 548—
551.

van Doremalen, N., Bushmaker, T., Morris, D. H.,
Holbrook, M. G., Gamble, A., Williamson, B. N.,
Tamin, A., Harcourt, J. L., Thornburg, N. J., Gerber,
S. L., Lloyd-Smith, J. O., de Wit, E., Munster, V. J.
(2020). Aerosol and surface stability of SARS-CoV-2
as compared with SARS-CoV-1. New England
Journal of Medicine, 382(16), 1564—1567.

Vijay, S., G., Choudhary, S., Venugopal, S. S., Rohith,
A. R., Pal, S. S., Akshatha Jain, Albert, A.,
Sivashankar, R. (2020). Industrial Hygiene in the
Pharmaceutical Industry. Advances in Industrial
Safety, 305-316.

Wang, Y., Wang, Y., Chen, Y., Qin, Q. (2020). Unique
epidemiological and clinical features of the emerging
2019 novel coronavirus pneumonia (COVID-19)
implicate special control measures. Journal of
Medical Virology, 92 (6), 568-576.

Wassie, G., Azene, A., Bantie, G., Dessie, G., Aragaw,
A. (2020). Incubation Period of Severe Acute
Respiratory Syndrome Novel Coronavirus 2 that
Causes Coronavirus Disease 2019: A Systematic
Review and Meta-Analysis. Current Therapeutic
Research, 93, 100607.

Widdowson, M. A, & Monto, A. S. (2013).
Epidemiology of influenza. Textbook of Influenza, 2,
250-266.

Wiktorczyk-Kapischke, N., Grudlewska-Buda, K.,
Watlecka-Zacharska, E., Kwiecinska-Piroég, J.,
Radtke, L., Gospodarek-Komkowska, E., Skowron,
K. (2021). SARS-CoV-2 in the environment - Non-
droplet spreading routes. Science of The Total
Environment, 770, 145260.

World Health Organization (2021, February 24).
Coronavirus disease (COVID-19) advice for the
public. Retrieved from
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/advice-for-public.



