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ABSTRACT

The first cases of COVID-19 were registered in Wuhan Province (China) at the
end of 2019. WHO announced a new respiratory virus SARS-CoV-2 as a global
pandemic on March 11, 2020. The current pandemic has had a catastrophic
impact on the global economy, including the pharmaceutical sector. Nowadays
there is no effective cure for this new infectious disease. Full-scale research and
development concerning potential strategies for treatment and a stable drug
supply chain in times of crisis are under way in all countries of the world. The
current COVID-19 pandemic is putting tremendous pressure on health care
systems around the world. Proposed control methods affect a huge number of
patients with chronic diseases who are unable to access health-care facilities for
regular medical care and medication. Therefore, this study traced the impact on
the work of not only large pharmaceutical companies, but also small retail
pharmacy chains, as an affordable and convenient mechanism that can help such
patients to receive all necessary medication and contribute to the right drug
uptake. This study analyzes thoroughly the work of pharmaceutical workers as a
powerful force in counteracting the pandemic. The task of this study is to analyze
the peculiarities of the pharmaceutical market in many countries during this
pandemic. The author addresses the questions of the positive and negative
aspects of the pharmaceutical industry. These aspects have developed under the
current conditions on the example of Ukraine, as well as the United States,
Germany, the Netherlands, Italy, China and other countries.

INTRODUCTION

The Covid-19 pandemic has grown into the biggest health
crisis of the 21-st century. Today the virus has infected
more than 55 million people worldwide according to
information from WHO. More than 1.3 million people
have died. Epidemiological predictions suggest that an
outbreak of the disease could bring down the health care
system of even the most developed countries in the world
[7, 8]. So, many countries have introduced serious
measures to overcome the pandemic, such as locking
down all areas with a large number of infected people,
quarantining of some certain administrative units in
order to stop the further development and spreading of
the coronavirus infection. In response to such
predictions, many countries all over the world have
intensified research to develop a vaccine and create
antiviral drugs against COVID-19 [7, 10].

Although significant efforts are being made by large
pharmaceutical companies, conventional pharmacy
chains have undergone serious changes in their work.
The coronavirus emergency has significantly affected the
economic governance and operation of pharmacies.
Changes are focused on human resources in these retail
chains in order to overcome such problems (providing
the personal with protective equipment, changed work
schedule, redistribution of responsibilities) [11,12].
Attention is also paid to the processes that ensure the
uninterrupted supply of the basic and most popular drugs
for the treatment of coronavirus disease and its
complications (antipyretics, solutions for detoxification
therapy, antibacterial agents, mucolytic drugs and
expectorants, antiplatelet medications, vitamins). In
addition, the population needs a systematic availability of
personal protective equipment in pharmacy -chains
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(masks, respirators, gloves), antiseptic solutions, which
became scarce at the beginning of the outbreak [16].

The impact of the pandemic on the pharmaceutical
market has changed many functions. Some of them can be
classified as short-term functions. These are functions
that can return in a short time. Others are remote and
long-term. The short-term consequences of a pandemic
include changes in demand, revisions to regulations,
some changes in research and development and the
partial transition of pharmacy to telecommunications and
telemedicine.

In addition, the slowdown in industrial growth, delays in
approval and the shift to self-sufficiency in the
pharmaceutical supply chain and changes in health
market consumption trends and the ethical dilemma can
be predicted as the long-term consequences of the
pharmaceutical pandemic, both locally and on a global
scale [4, 8].

LITERATURE REVIEW

Despite the fact that the pharmaceutical industry is one of
the most popular and profitable, the current changes
have not left aside the medical systems of many
countries. These changes also affected ordinary citizens
of many countries who need a constant supply of
medicines [7, 10].

According to the scientific publication SAGE Journals,
during the outbreak of coronavirus in early 2020, India
faced a problem of a sharp shortage of personal
protective equipment. India has rapidly intensified the
efforts of many companies to produce such popular
products. The growing demand for masks and other
medical devices is natural in the absence of a therapeutic
vaccine. The surge in global demand has enabled India to
develop a promising approach for producers of these
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categories. The ‘Make in India’ initiative has been
launched to help to increase the country's export capacity
[6].

The pharmaceutical market has been actively developing
in recent years in Ukraine, but the pandemic has made its
adjustments. The growth rate has decreased significantly
in the industry. According to the XIV International
Medical Conference that was held on September 10-11,
2020, there was a deep decline in April and May of this
year that has not been observed for many years.
However, pharmaceutical market, including retail and
hospital segments, showed some growth in national and
international equivalents in the first seven months of
2020. It is a good indicator compared to the same period
last year [18, 19].

The scientific journal The Pan African Medical Journal
describes the significant negative impact of the pandemic
on the pharmaceutical system in Africa. It has been heard
how dangerous it is to rely on the supply of medicines
from other countries in recent decades. However, no
action has been taken. Many people believe that the
global pharmaceutical trade system is functioning well,
and that African people have enough drugs at an
attractive price. But these warnings have turned from an
imaginary problem into a real one this year. This
situation is a real problem for millions of Africans.

For example, 70% of medicines in Nigeria are made from
active ingredients, which are obtained mainly from China
or India. Therefore, it is necessary to invest more in the
"resuscitation” of the domestic African pharmaceutical
business and research in African countries in order to
improve the health and well-being of the population [5].
The Journal of Psychiatric Research is one of the relevant
scientific publications and takes the example of Germany.
It describes a significant increase in demand for
medicines due to the panic that gripped the population at
the beginning of the pandemic [14]. There is a clear
connection associated with the presence of chronic
diseases and a significant increase in purchasing behavior
in pharmacies of cardiovascular, neurological and
psychotropic drugs [16].

It should be noted that the impact of the pandemic has
affected patients with cancer in some way even in
developed countries. For example, patients with chronic
myeloid leukemia in Italy require treatment with the
chemotherapeutic drug Imatinibum. According to
“Leukemia” that is a scientific publication, doctors of one
of the medical institutions in Italy recorded that the
supply of this drug did not change in delivery through
local pharmacy distributions, but there were delays with
drugs of the second-line therapy, which were important
for compliance with regimes and courses of treatment of
such patients [1, 9].

MATERIALS AND METHODS

A survey method is used, namely a survey of
pharmaceutical workers of retail pharmacy chains in the
Netherlands in the process of conducting this study. The
study was conducted anonymously, based on a cross-
section of the questionnaire on the Internet and included
the analysis of the following indicators:

¢ Changes in pharmacies.

* Logistics procedures.
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 Information about drugs and all basic characteristics of
employees (age, sex).

All data were entered directly by participants and stored
in an online database (LimeSurvey, Hamburg, Germany).
Descriptive statistics were used to describe answers to
closed questions (multiple choice) and answers to coded
questions.

Dutch pharmacies affiliated with the Utrecht Pharmacy
Network of Education and Research (UPPER), consisting
of approximately 65% (1,300 out of 2,000) of Dutch
community pharmacies across the Netherlands. They
were invited to complete an online questionnaire through
a monthly digital newsletter. All participants received an
email reminder one week before the survey. The data
were collected in May 2020.

RESULTS

Systematic consultation of patients by pharmacists is
extremely important to maintain the correct t drug
regimen, to prevent problems associated with overdose,
to follow the right course of treatment. In addition,
pharmacists conduct daily monitoring of the most
popular groups of drugs and ensure their uninterrupted
supply.

Pharmaceutical workers of retail pharmacy networks
play an important role in providing medical care to the
population and initial health care. The purpose of this
study is to analyze the work of pharmaceutical market
workers, who are the first people who provide
information to the public about drugs, how to take them,
explain compliance with the dose, course, etc.

This study included a survey conducted among 215
participants (208 pharmacists, 6 pharmacists and
technologists and 1 pharmacy manager). 64.7% were
female. The average age was 43.4 + 11.5 years. Most
pharmacies (61.9%) were located in a health care facility
next to the cabinet of a general practitioner, and 53.0% in
the city center.

The questionnaire covered the following topics:

1. Changes in pharmacies, logistics procedures.

2. Practice of medical counseling.

3. Issues among patients, health care providers, concerns
about drug supply.

4. Basic characteristics (gender, age).

The questionnaire contained mostly closed questions but
provided an opportunity to describe additional comments
or remarks. Most participants mentioned about a stricter
hygiene protocol, such as frequent cleaning (89.9%),
hand disinfection (96.7%) and placement of plastic
screens on pharmacy counters (93.5%), as it is shown in
Figure 1. The response to the pandemic was mainly to
limit direct contact with the patient and to limit the
number of patients visiting the pharmacy.

There has been a noticeable advantage in the issuance of
electronic prescriptions over paper ones, the wider usage
of self-service cabinets or special counters for medication,
increased delivery of medicines to the patients’ houses. In
addition, some pharmacies allowed patients to come for
medication only after they received an email from the
pharmacy. The participants also mentioned about
limiting work of pharmacists in order to limit the number
of contacts between staff. Only 27.4% of participants
stated that it was possible to maintain a sufficient
distance between staff while working in the pharmacy.
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Figure 1. Change in the logistics procedures of pharmacy chains during the pandemic

Source: [17, 19]

Some respondents reported that some of the measures
taken to minimize the risk of coronavirus infection will be
continued after a pandemic. About half of the
respondents suggested that plastic screens on the
pharmacy counter could become standard in terms of
hygiene, in order to increase the sense of security among
pharmacy employees and to protect against "verbal
violence". Respondents noted that the usage of electronic
tools for patient education, self-care drug cabinets and
online drug delivery and prescription services will be
relevant after the end of the COVID-19 pandemic [20].

Table 1 shows how patients were consulted on informing
about medication, dose and regimen prescribed by a

doctor. Most of the pharmacies first issue (73.0%) and
then fill prescriptions (68.4%) in the pharmacy. However,
participants noted that the explanation at the pharmacy
was too short. Most patients were provided with
information in writing (leaflets) or people were given the
links on Internet resources (website, video).

The working procedures were adapted by a short
demonstration at the counter for the instructions of how
to make inhalations and use medications during this
process. Later video animations with instructions for
using such procedures were also sent. In total, 44.2% of
participants stated that they had received advice on
medication instructions over the phone.

Table 1. Training and counseling of patients in the pharmacy during the pandemic COVID-19

At the pharmacy By phone Video call Other Example
The first recipe,% 73,0 (157) 25,1 (54) 0 1,9 (4) Link to information on the
(n) Internet or written
explanation
Recipe 68,4 (147) 24,7 (53) 0 7,0 (15) Self-service, use of video
supplement,% (n) animation
Inhalation 42,3 (91) 22,3 (48) 0,5(1) 34,9 (75) Short oral explanation, link
instructions,% (n) to information on the
Internet
Review of 7,4 (7/95) 82,1 (78/95) 3,2(3/78) | 7,4(7/95) Using the patient's email
medication address
instructions, % (n)

Source: [17, 19]

Many participants (76.7%) expressed concerns about the
quality of pharmaceutical care, especially for patients
with chronic diseases. Other remarks were about the
reduction of privacy in the pharmacy due to the
placement of plastic screens near the counter. In addition,
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the inability to use a separate office during counseling
and maintaining social distance also affected the
confidentiality of the patient. Some pharmacists have
stated that pharmaceutical care has become more remote
and pharmacies less accessible. Patients tended to ask
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fewer questions. For example, 60.6% of respondents
mentioned that they received very few questions due to
quarantine restrictions.

Now let’s talk about the communication of pharmacists
with doctors during the epidemic. The majority of
pharmacy workers noted that most prescriptions were
issued by telephone (95.8%). Still, 40.9% of workers
personally handed the prescription. Only 11.2% of
pharmacists participated in pharmacotherapy advisory
groups (regular meetings between groups of general
practitioners and pharmacists aimed at improving the
quality of prescription drugs). Only 21.9% of respondents
regularly received questions from other health care
providers, mainly related to the lack of medicines and
personal protective equipment, such as masks,
respirators and gloves.

DISCUSSION

The results of this study indicate a significant impact of
the epidemic on logistics procedures in retail pharmacies
and on services related to education and counseling of
patients [7]. Most pharmacies have introduced additional
hygienic and logistical changes aimed at reducing the
length of patient counseling time [20]. To compensate the
consulting time in the pharmacy, pharmacists provided
patients with Internet materials and video links to the
necessary information. Although such materials cannot
replace oral explanation, especially for the elderly, they
may serve as a form of self-familiarization and self-
education [8, 10].

A significant number of pharmaceutical workers
emphasized the continuation of the implemented
measures aimed at strengthening the epidemiological
protection of workers. Here it is about the usage of
protective plastic and transparent screens near the
pharmacy counter [7].

Pharmacy chains have also used the method of remote
health care in order to improve health care and to
facilitate instruction and counseling of patients during a
pandemic [11]. However, the use of video communication
in the provision of information services has been found to
be very limited. Recommendations for maintaining social
distance and minimizing direct contact with the patient
can be implemented over a long period of time. It is
important to support pharmacists in the usage of tele-
pharmaceutical care and address issues of non-
confidentiality during counseling [11].

The use of tele-pharmacy, both among patients and
among pharmacists, should be developed to reduce the
skepticism of both parties about this method of
communication. The government and other government
agencies can facilitate this by formulating basic principles
and supporting pharmacy chains during training [12, 10].
However, the use of tele-pharmacy can lead to negative
consequences for some groups of patients, especially for
those who require constant taking of psychotropic or
narcotic drugs [14].

In addition to communicating with patients and suppliers,
systematic collaboration between pharmacists and
general practitioners is extremely important. For
example, most pharmacies did not organize
pharmacotherapy advisory groups with health care
physicians. Such pharmacotherapy meetings are typically
used to discuss new treatments and initiate
multidisciplinary projects to improve patient care. If we
postpone such meetings, the quality of pharmacotherapy
is significantly reduced.
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This study was conducted anonymously using a specially
created online form, which allowed participants to freely
express their points of view. Such a study is one of the
first that can provide a realistic assessment of the impact
of the coronavirus pandemic on pharmaceutical care in
Europe on the example of the Netherlands [7].

CONCLUSION

The COVID-19 pandemic has a significant impact on
pharmaceutical care. Logistics procedures and patient
counseling promote the development of high-quality
pharmacotherapy. As it turned out, the most vulnerable
groups of the population were particularly affected. We
are talking about elderly patients suffering from chronic
diseases of the cardiovascular, respiratory and
musculoskeletal systems.

The same applies to patients who are illiterate and do not
have access to the Internet resources, as well as patients
who are addicted to drugs. One of the key changes has
been the restriction of access to specialists. So, it is
necessary to look for new approaches in decision-making.
Marketing has not changed, but the tools of conveying
information have changed significantly. As the
coronavirus pandemic may continue for a long period of
time, the pharmacotherapy industry requires further
development and funding of tele-pharmacy.

The current pandemic may have many short- and long-
term consequences for the healthcare market, including
the pharmaceutical market. Identifying these implications
can assist policymakers in profound planning and
decision-making to address related issues.

To solve the problem of timely delivery of medicines,
which affects many low- and middle-income countries, it
is necessary to develop and finance domestic producers
to produce active ingredients, which will greatly facilitate
the delivery process and affect the financial cost of
medicines.

It became known on the basis of this study that the
coronavirus pandemic and quarantine restrictions have
shown the importance of investment, modernization and
transformation of the pharmaceutical market. It needs
smooth and efficient work to provide quality care and
safe working conditions for pharmacists.

REFERENCES

1. Abruzzese, E. Breccia, M., Bocchia, M., Bonifacio, M.,
Castagnetti, F., Fava, C., et al Chronic myeloid
leukemia management at the time of the COVID-19
pandemic in Italy. A campus CML survey. Leukemia,
[Online]. 2020. Available from:
https://www.nature.com/articles/s41375-020-0904-
z (Accessed 18 June 2020).

2. Aislin, L. W,, Kaneb, M.0., Motriuk-Smithd, B. D. and
Yaguang H.P. SARS-CoV-2 and cardiovascular
complications: From molecular mechanisms to
pharmaceutical management. ScienceDirect [Online].
2020. Available from:
https://www.sciencedirect.com/science/article/pii/S
0006295220303506 (Accessed August 2020).

3. Asotra, G. S, Chand, P, Mahajan, K. and Neeraj N.
Cardiac biomarker-based risk stratification algorithm
in patients with severe COVID-19. ScienceDirect,
[Online]. 2020. Available from:
https://www.sciencedirect.com/science/article/pii/S
187140212030196X (Accessed September-October
2020).

Vol 11, Issue 11, Nov-Dec 2020


https://www.nature.com/articles/s41375-020-0904-z
https://www.nature.com/articles/s41375-020-0904-z
https://www.sciencedirect.com/science/article/pii/S0006295220303506
https://www.sciencedirect.com/science/article/pii/S0006295220303506
https://www.sciencedirect.com/science/article/pii/S187140212030196X
https://www.sciencedirect.com/science/article/pii/S187140212030196X

Lukianchuk et al. /Changes in the Pharmaceutical Market in Terms of COVID-19

4. Ayati, N.,, Nikfa, S. and Saiyarsarai, P., (2020) “Short-
and long-term impacts of COVID-19 on the
pharmaceutical sector”, SpringerLink, [Online],
available at:
https://link.springer.com/article/10.1007 /s40199-
020-00358-5 (Accessed 03 July 2020).

5. Akande-Sholabi, W. and Adebisi, Y. A, (2020) “The
impact of COVID-19 pandemic on medicine security in
Africa: Nigeria as a case study”’, PAM], [Online],
available at: https://www.panafrican-med-
journal.com/content/series/35/2/73/full/ (Accessed
10 June 2020).

6. Ahmed, A, Bhattacharyya, R. and Chakraborty, D,
(2020) “The Recent Coronavirus (COVID-19)
Pandemic: A Review of Issues for Indian
Pharmaceutical Exports”, SAGE Journals, [Online],
available at:
https://journals.sagepub.com/doi/full/10.1177 /0015
732520926329 (Accessed 29 May 2020).

7. Bouvy, M. L. Koster, E. S. and Philbert D. (2020)
“Impact of the COVID-19 epidemic on the provision of
pharmaceutical care in community pharmacies”,
ScienceDirect, [Online], available at:
https://www.sciencedirect.com/science/article/pii/S
1551741120307518 (Accessed 02 July 2020 ).

8. Correas, H, Garcia-Diaz, B. and Luna, C, (2020)
“Pharmaceutical management of the COVID-19
pandemic in a mid-size hospital’, Europe PMC,
[Online], available at:
https://europepmc.org/article/med/32533662
(Accessed 12 June 2020).

9. Costanz, A, Conti, A, Cazzaniga, S. Gisondi, P,
Facheris, P, Dapavo, P., Malagoli P, Naldi, L. and
Piaserico S., (2020) “The impact of the COVID-19
pandemic on patients with chronic plaque psoriasis
being treated with biological therapy: the Northern
Italy experience”, British Journal of Dermatology,
[Online], available at:
https://onlinelibrary.wiley.com/journal /13652133
(Accessed 28 April 2020).

10. Ethelbhert, D., Razon, L. F. and Raymond, R. T., (2020)
“Can global pharmaceutical supply chains scale up
sustainably for the COVID-19 crisis?”, NCBI, [Online],
available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC716
4876/ (Accessed 17 April 2020).

11. Hens, N, Molenberghs G. and Vranck P., (2020) “The
COVID-19 epidemic, its mortality, and the role of non-
pharmaceutical interventions”, SAGE Journals,
[Online], available at:
https://journals.sagepub.com/doi/full/10.1177 /2048
872620924922 (Accessed 30 April 2020).

12. James, A.-D., Michelle, A. K. and Kretchyb, P., (2020)
“Medication management and adherence during the
COVID-19 pandemic: Perspectives and experiences
from low-and middle-income countries”,
ScienceDirect, [Online], available at:
https://www.sciencedirect.com/science/article/abs/
pii/S1551741120303326 (Accessed 15 April 2020).

13. Kucherenko, S. (2020), “Mil'iardy proty epidemii: iak
farmrynok perezhyvaie kryzu”, MIDN, [Online],
available at:
https://mind.ua/publications/20216941-milyardi-
proti-epidemiyi-yak-farmrinok-perezhivae-krizu
(Accessed 15 October 2020).

14.Kostevab, K. and Lauterbachab, S. (2020) “Panic

15.

16.

17.

18.

19.

20.

21.

22.

buying or good adherence? Increased pharmacy
purchases of drugs from wholesalers in the last week
prior to Covid-19 lockdown”, ScienceDirect, [Online],
available at:
https://www.sciencedirect.com/science/article/pii/S
0022395620308694 (Accessed November 2020).
Liuab, F., Zhaoab, R.-s.,, Yangab, L. and Zhouab P.-x,
(2020) “Recommendations and guidance for
providing pharmaceutical care services during COVID-
19 pandemic: A China perspective”, ScienceDirect,
[Online], available at:
https://www.sciencedirect.com/science/article/abs/
pii/S1551741120302849 (Accessed 26 March 2020).
McHugh, K. J. (2020) “Employing drug delivery
strategies to create safe and effective pharmaceuticals
for COVID-19”, American Institute of Chemical
Engineers  Journals, [Online], available at:
https://aiche.onlinelibrary.wiley.com/doi/full/10.10
02/btm2.10163 (Accessed 29 April 2020).

Meyer, K, Mezzio, D. and O’Day, K, (2020) “The
Potential Impact of Pharmaceutical and Non-
Pharmaceutical Interventions to Mitigate the COVID-
19 Crisis in the United States: A Model-Based
Analysis”, Global Health Economics and Outcomes
Research, [Online], available at:
https://www.xcenda.com/-
/media/assets/xcenda/english/content-
assets/white-papers-issue-briefs-studies-
pdf/xcenda_interventions_mitigate_covid-19_model-
based_analysis.pdf

(Accessed 21 April 2020).

Online Apteka.ua (2020), “Pandemiia COVID-19:
aspekty vplyvu na ekonomiku, systemu okhorony
zdorov'ia ta farmrynok”, available at:
https://www.apteka.ua/article /563524 (Accessed 14
September 2020).

Online Apteka.ua (2020), “Farmrynky ta plany
vyrobnykiv v umovakh karantynu”, available at:
https://www.apteka.ua/article /566969 (Accessed 05
October 2020).

Romanenko, Y. 0. &amp; Chaplay, I. V. (2016).
Marketing communication system within public
administration mechanisms. Actual Problems
ofEconomics, 178(4), 69-78.

Tetiana Popova, Mariana Iskiv, Viktoriia Zagurska-
Antoniuk, Zoriana Buryk, Volodymyr Matsyk, Nataliia
Terentieva The Application of Public-Private
Partnership for the Purpose of Implementing State
Policy in the Sphere of Health Care International
Journal of Economics & Business Administration,
2020, Volume VIII, Issue 3, 128-138.

Yeoa, Y.-L., Changb, C.-T., Chewb, C.-C. and Ramaa, S,
(2020) “Contactless medicine lockers in outpatient
pharmacy: A safe dispensing system during the
COVID-19 pandemic”, ScienceDirect, [Online],
available at:
https://www.sciencedirect.com/science/article/pii/S
1551741120311967 (Accessed 17 November 2020).

1327 Systematic Reviews in Pharmacy Vol 11, Issue 11, Nov-Dec 2020


https://link.springer.com/article/10.1007/s40199-020-00358-5
https://link.springer.com/article/10.1007/s40199-020-00358-5
https://www.panafrican-med-journal.com/content/series/35/2/73/full/
https://www.panafrican-med-journal.com/content/series/35/2/73/full/
https://journals.sagepub.com/doi/full/10.1177/0015732520926329
https://journals.sagepub.com/doi/full/10.1177/0015732520926329
https://www.sciencedirect.com/science/article/pii/S1551741120307518
https://www.sciencedirect.com/science/article/pii/S1551741120307518
https://europepmc.org/article/med/32533662
https://onlinelibrary.wiley.com/journal/13652133
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7164876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7164876/
https://journals.sagepub.com/doi/full/10.1177/2048872620924922
https://journals.sagepub.com/doi/full/10.1177/2048872620924922
https://www.sciencedirect.com/science/article/abs/pii/S1551741120303326
https://www.sciencedirect.com/science/article/abs/pii/S1551741120303326
https://mind.ua/publications/20216941-milyardi-proti-epidemiyi-yak-farmrinok-perezhivae-krizu
https://mind.ua/publications/20216941-milyardi-proti-epidemiyi-yak-farmrinok-perezhivae-krizu
https://www.sciencedirect.com/science/article/pii/S0022395620308694
https://www.sciencedirect.com/science/article/pii/S0022395620308694
https://www.sciencedirect.com/science/article/abs/pii/S1551741120302849
https://www.sciencedirect.com/science/article/abs/pii/S1551741120302849
https://aiche.onlinelibrary.wiley.com/doi/full/10.1002/btm2.10163
https://aiche.onlinelibrary.wiley.com/doi/full/10.1002/btm2.10163
https://www.xcenda.com/-/media/assets/xcenda/english/content-assets/white-papers-issue-briefs-studies-pdf/xcenda_interventions_mitigate_covid-19_model-based_analysis.pdf
https://www.xcenda.com/-/media/assets/xcenda/english/content-assets/white-papers-issue-briefs-studies-pdf/xcenda_interventions_mitigate_covid-19_model-based_analysis.pdf
https://www.xcenda.com/-/media/assets/xcenda/english/content-assets/white-papers-issue-briefs-studies-pdf/xcenda_interventions_mitigate_covid-19_model-based_analysis.pdf
https://www.xcenda.com/-/media/assets/xcenda/english/content-assets/white-papers-issue-briefs-studies-pdf/xcenda_interventions_mitigate_covid-19_model-based_analysis.pdf
https://www.xcenda.com/-/media/assets/xcenda/english/content-assets/white-papers-issue-briefs-studies-pdf/xcenda_interventions_mitigate_covid-19_model-based_analysis.pdf
https://www.apteka.ua/article/563524
https://www.apteka.ua/article/566969
https://www.sciencedirect.com/science/article/pii/S1551741120311967
https://www.sciencedirect.com/science/article/pii/S1551741120311967

