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Immunization through vaccination represents one of the most cost-effective public health
interventions and the main tool for primary prevention of communicable diseases. Vaccination
programs and vaccine prices, however, vary considerably among and within countries in the
European Union (EU), because of the differences in the way healthcare systems are organized
at the national or regional levels. These differences may lead to a new threat represented by the
so-called “vaccine nationalism” that keep negotiations with the pharmaceutical industry behind
the closed doors of each single nation, thus undermining global efforts to ensure fair access to
vaccines for everyone (1). The severity of the recent COVID-19 pandemic is urging a major
change in our capabilities to respond in the most appropriate and coordinated manner to the
emergency situation. Transparency about the different roles of all stakeholders, either public or
private, of vaccine manufacturers, and of health authorities and, most importantly, transparency
in negotiations regarding vaccine price, could help avoid misconceptions, thus strengthening the
collaboration required to protect against the pandemic.

VACCINE PRICE
New vaccine pricing is a complicated process, including target population analysis, mapping
of potential competitors, quantification of the incremental value, determination of the vaccine
positioning in the marketplace, assessment of the vaccine price-demand curve, calculation of
the costs of manufacturing, distribution, research and development, and inclusion of the various
legal and regulatory expenses (2). The effective final price of the new vaccine may, eventually, be
different for different purchasers because of various discounts, promotions, and incentives that the
manufacturers may apply considering geographic and economical situations, as well as different
times of the year, especially for flu vaccines (3). Transparency in the negotiation for vaccine prices
has been a matter of debate for many years. In 2014, WHO launched the vaccine product, price,
and procurement initiative, named Market Information for Access to vaccines (MI4A), aimed to
improve vaccine price transparency (4). Thanks to the database created by the MI4A and improved
price transparency, many low- or middle-income countries increased their possibility to access
information, their capacity to negotiate affordable prices and strengthen their access to affordable
vaccines (5). However, the issue is still far from being resolved.
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THE LESSON (UNLEARNED) FROM FLU
VACCINE

and this represents the key to widespread use of potentially
life-saving vaccines.

The emergence and subsequent global spread of the 2009
A(H1N1) influenza, also known as swine flu, with nearly 2,000
deaths in the EU, prompted health authorities around the world
to review their response and to improve the reaction to the
pandemic. During the 2009 pandemic, vaccine manufacturers
greatly increased influenza vaccine production capacity and
adopted a “tiered-pricing” strategy, where the price of a vaccine
was mainly based on the level of income of the country (6).
At that time EU member states struggled to obtain sufficient
quantities of vaccines as quickly as needed and had to accept
unfavorable contractual terms (7). The most developed countries
placed large advance orders for the 2009-H1N1 vaccine and
bought virtually all of what the vaccine companies could
manufacture. National interests clearly prevailed over global
solidarity. Wealthier governments that had provisional contracts
with vaccine makers monopolized the global vaccine supply. By
means of such contractual obligations, manufacturers committed
all their capacity to produce and deliver vaccines to those
who could pay the most (8). As a result, the 2009-H1N1
vaccine production affected the amount and timing of vaccines
available for developing countries. Even though WHO entered
talks with manufacturers and developed-country governments to
secure some vaccines for developing countries through monetary
donations both from manufacturers and developed countries,
such donations still left the developing world with limited
supplies or the vaccines arrived too late to be of much benefit.
However, the impact of the H1N1 virus was less severe than
anticipated, and health authorities of many countries had to
face the problem of stockpiles of unnecessary swine flu vaccines.
They had to negotiate with manufacturers over the suspension
of delivery for surplus vaccines, and they tried to sell or donate
at least part of them. The experience with previous pandemic
flu prompted the manufacturers and the health authorities to
work together to enhance global access, and to strengthen future
preparedness. In 2018, a multidisciplinary expert panel was
invited by the EU to identify measures and actions to improve
vaccination coverage and to encourage close cooperation and
better integration of public health and primary care services
among member states in the EU1 . Among the changes proposed,
there were some crucial scientific and technical improvements to
rapidly select optimal vaccine viruses, actions to speed up vaccine
production, and instruments to implement vaccine supply by
means of the establishment of appropriate agreements prior to
a pandemic.
However, was that experience useful in improving our ability
to combat the actual COVID-19 pandemic? Are we facing a
replay of the past H1N1 influenza pandemic of 2009, with wealthy
countries hoarding the vaccines? A concern was raised regarding
transparency of the different roles of all stakeholders and about
price, liability, and availability of vaccines. Full transparency of
the vaccines’ contracts, as well as the publication of clinical trials
data before marketing authorizations are granted, is requested

THE COVID-19 PANDEMIC
The global COVID-19 pandemic has stricken the EU with almost
17 million people infected and more than 400,000 deaths as
of data obtained on week 1 of 2021 by the European Center
for Disease Prevention and Control. There is a global request
for a safe and effective vaccine against COVID-19 (9). The
urgency to manufacture and to make accessible to everyone a
successful COVID-19 vaccine prompted the EU to promote a
common strategy (EU Com. n. 2020/245). In this regard, the
COVID-19 pandemic is accelerating the interdependence of all
EU economies and societies to form a closely integrated single
market, as indicated by the 8th President of the EU commission,
Jacques Delors, who launched this program in 1985, allowing
a joint action at EU level on health policies, including the
market for drugs and vaccines. This represents an excellent
opportunity to be one step closer toward the unification of the
different national health policies, thus eliminating unjustifiable
functional duplications between the European Medicines Agency
(EMA) and every single national drug agency, at least regarding
negotiation procedures.

THE EU STRATEGY FOR COVID-19
VACCINES
According to the program for the years 2014–2020, the EU’s
action in the field of health was to complement and support
national health policies, encourage cooperation, and promote
coordination between their programs, in full respect of the
responsibilities of each single member state for the definition of
their health policies and the organization and delivery of health
services and medical care (EU Reg. n. 2014/282). Following
the unprecedented public health emergency created by COVID19, the EU has modified the previous choice of not defining
any specific health policies, and a range of measures have been
taken by the EMA and by a network of national competent
authorities to facilitate, support, and speed up the development
and marketing authorization of treatments and vaccines (EU
Reg. n. 2020/1043). A new program, named the EU4Health
program, has been approved for the years 2020–2021, with the
aim of strengthening the EU’s role on health, and its capacity
to react, manage, and coordinate its powers by means of a
“European Union of Health” (EU Com. n. 2020/405). The new
EU strategy for COVID-19 vaccines was presented in June 2020
(EU Com. n. 2020/245). It consisted of three objectives: (i)
ensuring the quality, safety, and efficacy of vaccines; (ii) securing
timely access to vaccines for member states and their population,
while leading a global solidarity effort; and iii) ensuring equitable
access for all to an affordable vaccine as early as possible. Such
a strategy focused on the production and on the procurement
of sufficient doses of vaccines for each member state, through
Advance Purchase Agreements (APAs) negotiated with vaccine
producers. Legal instruments to support such emergency action

1 http://ec.europa.eu/health/expert_panel/index_en.htm
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unilaterally disclose the terms of negotiation without the consent
of all involved parties.

were established in 2016 (EU Reg. n. 2016/369) and amended
in 2020 (EU Reg. n. 2020/521). Based on the considerable legal
and practical difficulties in purchasing supplies or services in
emergency situations by the contracting authorities from each
member states, the EU commission extended its possibilities to
purchase supplies or services on behalf of them and advocated the
authority to directly negotiate for the purchase of health supplies
and, particularly, of COVID-19 vaccines, to get maximum benefit
in terms of economies of scale and risk–benefit sharing.

THE POSITION OF THE
PHARMACEUTICAL COMPANIES
There are many requests, coming from several different sources,
directed to the pharmaceutical corporations to open their books
to show the economic aspects of the contract, the costs of vaccine
production, and how much the countries agreed to pay for each
vaccine type. The major concern is that wealthy countries could
buy up huge amounts of vaccine stocks, leaving poorer countries
facing huge difficulties to afford what they need. The major
pharmaceutical companies, represented by the International
Federation of Pharmaceutical Manufacturers and Associations
(IFPMA) and by the European Federation of Pharmaceutical
Industries and Associations (EFPIA), respond that they are
committed to working with governments, partners, and payers
to ensure that vaccines will be available and affordable for people
at a fair and reasonable price. In addition, following the EMA
initiative, they issued a joint pledge promising to implement
extraordinary transparency measures in the context of COVID19 (10). Such measures include speeding up the publication of key
documents, accelerating the announcements of drugs included in
the compassionate use programs, implementing earlier deadlines
for publishing public evaluation reports, publishing the complete
version of the management plan as well as the clinical trial data,
while also protecting privacy rights. Although such an initiative
will undoubtfully have advantages in transparency for healthcare
professionals, researchers, media, policymakers, and the general
public, they are focused on regulatory processes and procedures
for patients, and contain no mention concerning transparency
in the negotiation procedures. According to the pharmaceutical
companies, non-disclosure clauses are a standard feature in
APAs. They are necessary to protect sensitive negotiations and
business-related information, including financial information,
development, and production plans. The two pharmaceutical
companies Moderna and Pfizer do not hide that they would be
making a profit on their vaccines. Pfizer CEO Albert Bourla
said to Barron’s magazine in July 2020 that since the private
sector found the solution for diagnostics and, again, since the
private sector found the solution for therapies and vaccines, it
is wrong to think that the private sector should not be making a
profit on the drugs and vaccines they introduce to fight COVID19 (11). This is frustrating when we consider that there is a
huge amount of public investment behind the contracts for
COVID-19 vaccines. This may represent a huge privatization
of public money. On the other side, Johnson & Johnson and
AstraZeneca indicated that they would sell vaccines at their cost
through the pandemic. Recently, Johnson & Johnson announced
an agreement in principle with the Global Alliance for Vaccines
and Immunization (GAVI Alliance) to supply Janssen’s COVID19 vaccine to lower-income countries in 2021 (12). Glaxo and
Sanofi also declared that they do not expect to profit during the
pandemic phase (13).

THE EU POSITION ON TRANSPARENCY
WHEN NEGOTIATING ADVANCE
PURCHASE AGREEMENTS
According to these emergency regulations, a number of
derogations from previous articles have been set out and applied
for a limited period of time, from February 1, 2020 until
January 31, 2022. In no document, however, was a derogation
from the transparency on negotiations of APAs for COVID19 vaccines reported. In a statement to the plenary of the
EU Parliament on transparency of purchase as well as access
to COVID-19 vaccinations, released by Mrs. Stella Kyriakides,
commissioner on health and food safety, it was reported that
“vaccinations, once we have a vaccine which is proven safe and
effective, will play a crucial role: in saving lives, in containing
the pandemic, in protecting health care systems, in helping to
restore our economy” (statement by Kyriakides, 12.11.2020). The
EU commission has worked intensively to have a common EU
portfolio of different vaccines against COVID-19 as diverse as
possible. Many APAs have already been signed with Johnson &
Johnson, AstraZeneca, Sanofi-GSK, Janssen Pharmaceutica NV,
BioNtech/Pfizer, CureVac, and Moderna. To date, the commission
has secured at least 1.2 billion doses and has fulfilled its
commitment of ensuring equitable access to “safe, effective,
and affordable vaccines.” It appears clear that such a huge
number of doses will represent a relevant cost for the EU health
system, and negotiations for the price of each single vaccine is
a significant matter of debate. Following the EU commission
negotiations, the Italian ministry of health has launched its
vaccine strategy plan aimed to ensure 202.5 million doses for
all Italian people (strategic plan for vaccine anti-SARS-CoV2/COVID-19, updated on 15.12.2020). Centralized negotiation
procedures have obvious advantages; however, they demand
transparency, especially when they involve huge public financial
resources. It is therefore expected that the EU commission
maintains a high level of accountability and transparency,
and it is reasonable to ask what procurement rules are being
followed and how the professionals involved were recruited. In
her statement Mrs. Stella Kyriakides recognizes the importance
of transparency. However, she admits that “due to the highly
competitive nature of this global market, the commission is legally
not able to disclose the information contained in the contracts.” It
is a special request by the companies, in fact, that “such sensitive
business information remains confidential between the signatories
of the contract.” The commission, therefore, cannot decide to
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TRANSPARENCY IN THE NEGOTIATIONS
FOR COVID-19 VACCINES

of its agreement with AstraZeneca for the production of a
potential future COVID-19 vaccine2 . Despite all these initiatives,
transparency in the EU negotiation of the COVID-19 vaccines
is still lacking. Recently, even members of the EU parliament
(MEPs) called for more clarity and transparency on COVID19 vaccine contracts and asked to grant access to all the APAs
for COVID-19 vaccines. Therefore, even MEPs do not have
access to the most basic information, such as: how much will
the production of these vaccines cost? and what will be the
liability of the companies for any damage caused by a vaccine?
A partial positive response was given by Mrs Sandra Gallina,
the EU’s lead negotiator on COVID-19 vaccine contracts. She
opened a dedicated “reading room,” that currently only contains
the contract with CureVac, to allow a select few MEPs to review
the redacted versions of the contract, signed with companies.
We believe that this is not enough, and persistence of secrecy
in legal agreements by the EU and vaccine manufacturers
represents a barrier to global equitable COVID-19 vaccine
access and distribution (19). We, therefore, support the request,
recently posted by 39 civil society organizations, including
the European Public Health Alliance, and directed to the EU
commission and to the EU national governments to ensure
a maximum degree of transparency in the EU’s exchanges,
negotiations, and deals with pharmaceutical companies over
COVID-19 vaccines3 .

By advocating the authority to directly negotiate for the purchase
of health supplies and, particularly, of COVID-19 vaccines, the
EU derogated from this previous commitment to respect the
responsibilities of each single member state for the definition of
their health policies. This is justified by the emergency created
by the COVID-19 pandemic. However, should transparency on
negotiations for COVID-19 vaccines be derogated as well? Why
has the commission accepted to be legally bound to secrecy and
decided to forgo its duties in accountability and transparency to
the people it is supposed to serve? Have all the potential longterm consequences of this secrecy on the EU pharmaceutical
market been considered, and on what basis was it decided to
accept this secrecy using public funds without seeking public
consent? Vaccine pricing differs widely among countries, and a
global approach has been advocated to guarantee that all subjects
can be vaccinated, especially those of low-income countries (14).
Many relevant concerns have been raised about the new COVID19 vaccines (15). We believe it is relevant to answer another
key question: Is transparency in the negotiations of health
products still a priority issue? It certainly was in 1988, when the
EU council mandated a specific directive on this topic (L40/8,
89/105/EEC). In 2018, WHO published its draft road map for
access to medicines, vaccines, and other health products 2019–
2023, encouraging exchanges of information and knowledge
among different countries and supporting a global and regional
collaboration to increase price transparency for quality-assured
health products (WHO, 144th session, Provisional agenda item
5.7, EB144/17). Transparency in the negotiations on COVID19 vaccines has been advocated by many (16, 17). One of the
most active medical humanitarian organizations, Médecins Sans
Frontières, requested both transparency on how public money
is handed over to pharma corporations (18) and recommended
accessibility with equity for everyone who needs COVID19 vaccines. The international non-governmental organization
Human Rights Watch focused attention on “opaque” vaccine
deals that could undermine the global recovery from the
pandemic and claiming that “health not wealth” should
determine access to a COVID-19 vaccine. The transparency issue
was raised again in 2019, at the 72nd World Health Assembly,
in Geneva by former representatives of the Italian Ministry
of Health and the former director general of AIFA, Dr. Luca
Li Bassi, in a resolution for transparency when negotiating
drug prices (WHA Doc. 72.8/2019). The aim was to promote
reforms in national, European, and global frameworks to make
quality medicines, vaccines, diagnostic tests, and new medical
technologies and therapies available and affordable. For his work,
Li Bassi was awarded the 2019 “International Transparency
in Medicines Policies Awards” by the French Civil Society
watchdog group l’Observatoire Médicaments Transparences (the
Observatory for Transparency in Medicines). Another step ahead
toward transparency on negotiation for COVID-19 vaccines
was recently made by the Brazilian public research institution,
Fundação Oswaldo Cruz (Fiocruz), who disclosed the terms
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COVID-19 VACCINE PRICE LEAKS
In December 2020, documents relating to COVID-19 vaccines
and, in particular, to one from Pfizer/BioNTech were stolen
from the EMA agency, which, after Brexit, is located in the
Netherlands. EMA confirmed the cyber-attack, and criminal
investigations are ongoing to clarify whether the stolen data
are up for sale or if they have been published for anyone
to access.
However, this is not only a case of leaking information
regarding COVID-19 vaccines. The COVID-19 vaccine
prices that the EU commission kept secret and covered by
“confidentiality” were released via Twitter, seemingly in a
blunder, by Belgium’s budget state secretary, Eva De Bleeker.
She tweeted the price of all the COVID-19 vaccines that the
EU had negotiated with pharmaceutical companies on behalf
of its 27 member states, with the list of the country’s number
of vaccines and the price they were paying per each dose. The
tweet was quickly removed, but the list had already been made
public, and it was reported by the New York Times (20). The
pricing data contained in the list were not confirmed by the EU
spokesman, who declared that the secrecy about the prices paid
by the EU is legitimate and is part of the negotiation for the
vaccine. It is likely that such information on COVID-19 vaccines
prices will influence future negotiations with manufacturers.
According to such leaked information, the United States, who
2 https://agencia.fiocruz.br/sites/agencia.fiocruz.br/files/u34/contrato_etec.pdf
3 https://epha.org/wp-content/uploads/2020/12/jointtransparency-statement-

final.pdf
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FIGURE 1 | Transparency in the negotiations for Advance Purchase Agreements (APAs) on COVID-19 vaccines. The EU is coordinating a joint effort to secure the
acquisition of a sufficient quantity of COVID-19 vaccines in the EU through Advance Purchase Agreements (APAs) with vaccine producers, but transparency in
negotiations is lacking, and sensitive business information remains confidential between the signatories of the contract.

negotiated prices and arranged to buy doses for every American
directly, is paying more than Europe. In any case, it is relevant
to mention that during these days, all the hospitals that operate
in the United States have been required to comply with the
centers for medicare and medicaid services’ price transparency
requirements detail, so-called “the Rule.” They are required
to make public a list of their standard charges for the services
they provide4 . According to COVID-19 vaccine policies and
guidance, “the Rule” also includes the price of COVID-19
vaccines, not only for medicare but also for medicaid services as
well as for private insurance.

of vaccine doses distributed or for the right of first choice.
Maintaining a high level of transparency is crucial to reinforce
trust in the overall handling of the pandemic by the EU
and by every national government, to ensure confidence in
vaccines and to minimize skepticism, doubts, and suspicion.
In addition, a lack of transparency may increase the risk of
corruption. In this regard, António Guterres, the secretarygeneral of the United Nations, reported in a statement
that the COVID-19 pandemic is creating new opportunities
for corruption, and inadequate transparency may further
increase such a risk (21). Transparency in negotiations as
well as equity in global health issues should return to
represent priority issues for both the EU and WHO, to avoid
deplorable asymmetries in access to information, proliferation
of bilateral APAs, entrenching nationalism, and directing future
vaccine distribution, especially during the negotiations for
the most profitable business ever: the one of COVID-19
vaccines (Figure 1). Full transparency in negotiations with the
pharmaceutical companies will contribute to guarantee the
success of the EU’s mass COVID-19 vaccination campaign.

CONSEQUENCES OF THE ABSENCE OF
TRANSPARENCY ON COVID-19 VACCINE
NEGOTIATIONS
The absence of transparency on the negotiation for COVID19 vaccines frustrates attempts to unify all EU member states
into a single market and leaves many countries competing
against one another for a better offer, for the overall number
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SS wrote the article and AB revised the text. All authors
contributed to the article and approved the submitted version.

and-medicaid-programs-cy-2020-hospital-outpatient-pps-policy-changes-andpaymentrates-and

Frontiers in Public Health | www.frontiersin.org

5

February 2021 | Volume 9 | Article 647955

Sciacchitano and Bartolazzi

Transparency in COVID-19 Vaccines Negotiations

REFERENCES

13. Nathan-Kazis J. Glaxo and sanofi to Provide Covid-19 Vaccine to the U.K.
‘We Don’t Expect to Profit.’ Burron’s Magazine July 29, 2020. (2020). Available
online at: https://www.barrons.com/articles/glaxo-sanofi-covid-19-vaccineuk-profit-earnings-51596028535 (accessed January 20, 2021).
14. Global harmonisation in vaccine price. Lancet Infect. Dis. (2015)
15:249. doi: 10.1016/S1473-3099(15)70067-8
15. Goodman JL, Grabenstein JD, Braun MM. Answering key questions about
covid-19 vaccines. JAMA. (2020) 324:2027–8. doi: 10.1001/jama.2020.20590
16. Schwartz JL. Evaluating and deploying covid-19 vaccines - the importance
of transparency, scientific integrity, and public trust. N. Engl. J. Med. (2020)
383:18. doi: 10.1056/NEJMp2026393
17. Transparency during global health emergencies. Lancet Digit. Health. (2020)
2:e441. doi: 10.1016/S2589-7500(20)30198-9
18. Griffin S. Covid-19: governments should demand transparency on vaccine
deals, says MSF. BMJ. (2020) 371:m4430. doi: 10.1136/bmj.m4430
19. Phelan AL, Eccleston-Turner M, Rourke M, Maleche A, Wang C.
Legal agreements: barriers and enablers to global equitable COVID-19
vaccine access. Lancet. (2020) 396:800–2. doi: 10.1016/S0140-6736(20)3
1873-0
20. Stevis-Gridneff M, Sanger-Katz M, Weiland N. A European Official Reveals
a Secret: The U.S. Is Paying More for Coronavirus Vaccines. The New
York Times. (2020). Available online at: https://www.nytimes.com/2020/12/
18/upshot/coronavirus-vaccines-prices-europe-united-states.html (accessed
January 20, 2021).
21. United Nations Secretary-General. Statement on Corruption in the Context of
COVID-19. (2020). Available online at: www.un.org/en/coronavirus/statemen
t-corruption-context-covid-19 (accessed January 20, 2021).

1. Fidler
DP.
Vaccine
nationalism’s
politics.
Science.
(2020)
369:749. doi: 10.1126/science.abe2275
2. Lee BY, McGlone SM. Pricing of new vaccines. Hum. Vaccines. (2010) 6:619–
26. doi: 10.4161/hv.6.8.11563
3. Barton JH. Financing of vaccines. Lancet. (2000) 355:1269–
70. doi: 10.1016/S0140-6736(00)02100-0
4. World Health Organization. MI4A: Market Information for Access to
Vaccines. (2018). Available online at: https://www.who.int/immunization/
programmes_systems/procurement/~v3p/platform/en/ (accessed January
20, 2021).
5. Cernuschi T. Price transparency is a step towards sustainable access in middle
income countries. BMJ. (2020) 368:l5375. doi: 10.1136/bmj.l5375
6. Abelin A, Colegate T, Gardner S, Hehme N, Palache A. Lessons from pandemic
influenza A(H1N1): the research-based vaccine industry’s perspective.
Vaccine. (2011) 29:1135–8. doi: 10.1016/j.vaccine.2010.11.042
7. Fidler DP. Negotiating equitable access to influenza vaccines:
global health diplomacy and the controversies surrounding avian
influenza H5N1 and pandemic influenza H1N1. PLoS Med. (2010)
7:e1000247. doi: 10.1371/journal.pmed.1000247
8. Yamada T. Poverty, wealth, and access to pandemic influenza vaccines. N.
Engl. J. Med. (2009) 361:1129–31. doi: 10.1056/NEJMp0906972
9. Bloom BR, Nowak GJ, Orenstein W. “When will we have a vaccine?” understanding questions and answers about covid-19 vaccination. N. Engl. J.
Med. (2020) 383:23. doi: 10.1056/NEJMp2025331
10. Innovative biopharmaceutical industry comment on COVID-19 vaccines
dosing strategies and recommend following the science (2021). Available
online at: https://www.ifpma.org/wp-content/uploads/2021/01/StatementIFPMA_PhRMA_EFPIA_VE_BIO_ICBA.pdf
11. Nathan-Kazis J. Pfizer CEO Says Companies Should Make Profit On Covid-19
Vaccines. Burron’s Magazine July 28, 2020. (2020). Available online at: https://
www.barrons.com/articles/pfizer-ceo-says-companies-should-make-profiton-covid-19-vaccines-51595968611 (accessed January 20, 2021).
12. Johnson & Johnson Announces Agreement in Principle with Gavi to Supply
Janssen’s COVID-19 Vaccine Candidate to Lower-Income Countries in 2021
(2020). Available online at: https://www.jnj.com/our-company/johnsonjohnson-announces-agreement-in-principle-with-gavi-to-supply-janssenscovid-19-vaccine-candidate-to-lower-income-countries-in-2021

Frontiers in Public Health | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2021 Sciacchitano and Bartolazzi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

6

February 2021 | Volume 9 | Article 647955

