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Simple Summary: The COVID-19 pandemic led to intensive research into finding new vaccines for
human protection. On 21 December 2020, the European Commission granted conditional marketing
authorisation for the messenger RNA vaccine ‘Comirnaty’, produced by Pfizer (New York, NY, USA)
and BioNTech (Mainz, Germany). This happened only twelve months after the first identification
of the virus, whereas the development and approval of vaccines usually take ten years. Through
document analysis and interviewing key expert stakeholders, we examined whether the role of
animal studies and alternatives in this fast approval process had changed and, if so, whether this
could lead to using fewer animal studies and more alternatives in the future. It turned out that in this
case, for vaccine development and production, the number of animal studies performed and required
had indeed declined, more alternatives had been used and accepted, human studies started earlier
and ran in parallel with (rather than sequential to) animal studies, and regulators accepted historical
data from earlier vaccine research. The Pfizer/BioNTech vaccine case illustrates the tremendous
progress in quickly producing and authorising reliable, safe and effective vaccines, using fewer
animal studies and more alternatives. It is time to study the broader implementation of these new
procedures on a larger scale to benefit animals and humans.

Abstract: On 21 December 2020, the European Commission granted conditional marketing authorisa-
tion for the BNT162b2 COVID-19 vaccine ‘Comirnaty’, produced by Pfizer /BioNTech. This happened
only twelve months after scientists first identified SARS-CoV-2. This stands in stark contrast with the
usual ten years needed for vaccine development and approval. Many have suggested that the changes
in required animal tests have sped up the development of Comirnaty and other vaccine candidates.
However, few have provided an overview of the changes made and interviewed stakeholders on the
potential of the pandemic’s pressure to achieve a lasting impact. Our research question is: how have
stakeholders, including regulatory agencies and pharmaceutical companies, dealt with requirements
concerning in vivo animal models in the expedited approval of vaccine candidates such as ‘Comir-
naty’? We interviewed key stakeholders at the Dutch national and European levels (n = 11 individuals
representing five stakeholder groups in eight interviews and two written statements) and analysed
relevant publications, policy documents and other grey literature (n = 171 documents). Interviewees
observed significant changes in regulatory procedures and requirements for the ‘Comirnaty” vaccine
compared to vaccine approval in non-pandemic circumstances. Specifically, the European Medicines
Agency (EMA) actively promoted changes by using an accelerated assessment and rolling review
procedure for fast conditional marketing authorisation, requiring a reduced number of animal studies
and accepting more alternatives, allowing pre-clinical in vivo animal experiments to run in parallel
with clinical trials and allowing re-use of historical data from earlier vaccine research. Pharmaceu-
tical companies, in turn, actively anticipated these changes and contributed data from non-animal
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alternative sources for the development phase. After approval, they could also use in vitro methods
only for all batch releases due to the thorough characterisation of the mRNA vaccine. Pharmaceutical
companies were optimistic about future change because of societal concerns surrounding the use
of animals, adding that, in their view, non-animal alternatives generally obtain faster, better, and
cheaper results. Regulators we interviewed were more hesitant to permanently implement these
changes as they feared backlash regarding safety issues and uncertainty surrounding adverse effects.
Our analysis shows how the EMA shortened its approval timeline in times of crisis by reducing
the number of requested animal studies and promoting alternative methods. It also highlights the
readiness of pharmaceutical companies to contribute to these changes. More research is warranted
to investigate these promising possibilities toward further replacement in science and regulations,
contributing to faster vaccine development.

Keywords: COVID-19; mRNA; vaccines; safety; efficacy; regulations; animal studies; alternatives

1. Introduction

By September 2021, the European Medicines Agency (EMA) had already approved
four vaccines for SARS-CoV-2 [1], and the first vaccine by the end of 2020, only twelve
months after the first case of SARS-CoV-2 was identified in December 2019 [2—4]. This
timeframe is unprecedented, as vaccine development from the discovery phase to market
approval by regulatory authorities such as the EMA and the United States Food and Drug
Administration generally takes ten to fifteen years [2,5]. Of this, two to four years is spent on
pre-clinical testing in in vivo animal models, which yields the data requested by regulatory
agencies for assessing a vaccine candidate’s safety and immunogenicity (meaning it elicits
an immune response, indicative of a protective effect) before making the step to ‘first in
human’ clinical trials [6].

The public debate in the early months of the pandemic featured many claims regard-
ing the use of in vivo animal tests, or the suspected lack thereof, in developing several
SARS-CoV-2 vaccines. Many expressed worries that the pharmaceutical companies were
cutting corners in the process [7,8]. In response, vaccine developers emphasised that
they diligently performed animal studies or equivalents before or in parallel with first-in-
human trials [9-11]. However, it remains unclear what the exact changes in regulatory
requirements were and whether and how we can situate these changed activities in the
shift towards using fewer animal studies in favour of non-animal alternatives in vaccine
development for other diseases (or even medicine development more generally).

We took the EMA’s December 2020 approval of the BNT162b2 SARS-CoV-2 vaccine
‘Comirnaty’ by Pfizer /BioNTech as our case study to investigate these changes and their
potential broader impact. Our specific questions were: how did the developmental process
and the regulatory conditional marketing authorisation approval of the SARS-CoV-2 vac-
cine BNT162b2 differ in required and submitted animal studies compared to the ‘normal’
(i.e., non-pandemic) situation? Moreover, how do stakeholders see the potential for lasting
impact based on these changes, and what reasons do they give? We have answered these
questions by analysing relevant documents (n = 171) and interviewing a selection of key
stakeholders directly involved in this process at the Dutch national level (where we are
based, interviews with representatives of the following four stakeholder groups: Regulatory
Agencies; Medical Sciences; Politics; Society) and at the European level (representatives
of the following five stakeholder groups: Regulatory Agencies; Medical Sciences; Politics;
Society; Vaccine developer).

2. Materials and Methods

We approached our case study, the EMA’s approval (conditional marketing authorisa-
tion) of Pfizer/BioNTech’s BNT162b2 SARS-CoV-2 vaccine ‘Comirnaty’, through document
analysis and semi-structured interviews.
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2.1. Document Analysis

As the first step, we performed a document analysis [12]. We gathered as many
relevant documents as possible during February-August 2021 by searching Google Scholar,
Pubmed, ResearchGate and Google (for media articles, minutes, et cetera) using the search
terms described in Table 1. Colleagues in animal research and interviewees supplemented
documents to a total of 171.

Table 1. Search terms used.

(Animal Testing OR animal studies OR in vivo OR animal experimentation OR animal research)
AND

(COVID-19, COVID, coronavirus, SARS-CoV-2, coronavirus disease 2019, COVID 19, severe acute
respiratory syndrome coronavirus 2, BNT162b2, Comirnaty, BioNTech COVID-19 vaccine, Pfizer
COVID-19 Vaccine, vaccine, vaccine development, vaccine process, vaccine timeline, vaccine
development process, vaccination, nonclinical, non-clinical, pre-clinical, preclinical, nonclinical
research, non-clinical research, pre-clinical research, preclinical research)

AND

non-human-animal, non-human-primate, primate, monkey, macaque, rhesus macaque, mice,
mouse, rat, rats, ferret, ferrets, hamster, hamsters, rodent, non-rodent

The selected documents included guidelines and standards on the development of
(COVID-19) vaccines by the World Health Organization (WHO) and EMA, policy doc-
uments at the European Union level, minutes from international stakeholder meetings,
peer-reviewed articles on vaccine development, COVID-19 vaccines, animal studies (in
vaccine development), alternative studies (in vaccine development), the role of stakeholders
in determining the role of animal studies and alternatives in vaccine development, and
international newspaper articles on the development of COVID-19 vaccines and the role of
animal studies and alternatives in their development.

Based on the documents, we produced an overview of the usual requirements in terms
of animal studies in vaccine market authorisation. The document dataset also informed
the questions for semi-structured interviews on the current role of animal studies and
alternative methods in developing vaccines and their regulatory approval and focused on
the Comirnaty vaccine in particular (more information below).

2.2. Semi-Structured Interviews

We approached the following key stakeholder groups for a semi-structured interview:
representatives from regulatory agencies at the national and European levels, vaccine
developers, (bio)medical scientists/virologists working on animal models or alternative
methods, animal rights organisations, and politicians at the national and European level.
We identified the key stakeholder groups using a power-interest grid stakeholder analysis.
Not all contacted representatives were available for an interview, citing time constraints,
but two agreed to reply with a written statement. We conducted two ‘test” interviews
to develop the topic list, refine the questions, and determine which specific stakeholders
to approach. We interviewed eleven representatives of five stakeholder groups (Table 2).
Under Dutch law, formal ethical review is unnecessary for any research that does not
contain a medical-scientific research question and does not expose humans or animals to a
behavioural intervention or treatment. When asked, medical ethical review boards in the
Netherlands generally consider research proposals like this one ‘exempt from review’. As
it concerns a small, explorative interview-based study, the authors did not obtain such an
‘exempt from review’ statement for this study. The interviewees have provided written
consent in advance to be interviewed, oral consent to be audio-taped at the time of the
interview in line with GDPR art.6.1.a, and were given the opportunity to comment on the
near-final version of the paper.
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Table 2. Stakeholder groups interviewed.

Stakeholder Group Number of Representatives Type of Data
Medical sciences 7 Interviews
Society 2 Interviews
Politics 2 Interview /written statement
Vaccine developer 1 Written statement
Regulatory Agencies 3 Interviews

Our topic list (Appendix A) included the role of animal studies and alternatives for the
development and approval of the Comirnaty vaccine compared to vaccine development
under ‘normal’ non-pandemic circumstances. Moreover, we asked about the involvement
of different stakeholders in (changing) the vaccine development processes and interviewees’
perspectives on lasting impact.

We transcribed the interviews verbatim and analysed the content of all transcribed
interviews and documents through inductive thematic coding in ATLAS.ti [13]. A list of
codes describing the themes used can be found in Appendix B.

3. Results
3.1. Traditional Vaccine Development and Approval Process

The development of a novel vaccine candidate takes, on average, ten to fifteen years
from pathogen discovery to the first authorised vaccination [14]. Regulators generally
demand results from animal studies in vaccine development to show vaccine candidates’
efficacy and safety [15].

The vaccine development process starts with an exploratory phase in which basic
laboratory research studies obtain information about the pathogen [16]. This knowledge
contributes to the laboratory-based development of one or more vaccine candidates. During
the pre-clinical phase that follows, selected vaccine candidates are subjected to in vitro,
in vivo and in silico studies to show strong evidence of effectiveness, safety, and the ability
to elicit an immune response (immunogenicity) before moving into first-in-human tri-
als (Phase 1 trials). This phase features studies such as toxicology testing, dose-ranging,
and quality control testing in in vivo animal models considered representative of hu-
mans [17,18]. In the final phase, the vaccine candidate is tested in clinical trials (Phase 1, 2
and 3) to show safety, immunogenicity, and efficacy in humans [6].

To market a vaccine, one needs marketing authorisation. The requirements for com-
plete marketing authorisation for vaccines in the European Union are outlined in Annex
1 of Directive 2001/83/EC [EUR-Lex]; [19]. Vaccines must be approved through EMA'’s
‘centralised procedure”: developers apply for market authorisation at the EMA by submit-
ting all data required, including data gained in the exploratory, pre-clinical, and clinical
phases [16]. In addition, validation of the vaccines is required at every point in the manu-
facturing process to guarantee the new batches are equivalent to the vaccine candidate used
in the pre-clinical and clinical trials (interviewees 1 and 4, representing medical sciences
and society).

3.2. Comirnaty Vaccine Development and Approval Process: Changes in Animal Studies
and Alternatives

The development process of the Comirnaty vaccine included all stages described
above. However, our dataset highlights notable differences regarding the timeline, ani-
mal study requirements, and acceptance of alternative methods (see Figure 1 for vaccine
development under ‘normal’ circumstances and Figure 2 for vaccine development under
‘pandemic’ circumstances).
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Figure 1. Vaccine development under ‘normal’ circumstances © EMA [1995-2022] [20].

The European Union has two primary procedures for authorising medicines during
pandemics: the mock-up and the emergency procedure [16]. The approval of Comirnaty fol-
lowed the emergency procedure and used provisions under EU legislation for emergencies.
These provisions encompass accelerated assessment (taking a maximum of 150 instead of
210 days), a rolling review, and conditional marketing authorisation [21]. The EMA granted
conditional marketing authorisation in approximately 70 days by accelerated assessment
and rolling review. The accelerated assessment was first combined with a rolling review,
implying that data were analysed as soon as they became available rather than offering
all data in one go (interviewee 11, regulatory agencies representative) [16]. Then, once
the evidence was deemed sufficient, EMA granted a conditional marketing authorisation
intended for use in an emergency in response to public health threats duly recognised
by the World Health Organisation and the European Union. The conditional market au-
thorisation was conditional upon data on specific aspects of quality, safety, and efficacy
becoming available (interview regulatory agency representative). Throughout the process,
the substantial funding available for COVID-related research enabled the generation of the
necessary data to rapidly proceed to the next phase of research and development (interview
virologist/medical science expert).

Second, our data show that the exploratory phase of SARS-CoV-2 research featured
increased use of in vivo human data and in vitro and in silico methods. These data replaced
some in vivo animal studies, with EMA requiring only those animal studies considered to
be ‘essential’. Interviewee 2, representing medical sciences, stated that for safety reasons,
animal studies are still considered ‘essential’, and efficacy testing can often be tested directly
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in humans, e.g., via dose escalation studies. According to interviewee 6, representing society,
the International Coalition of Medicines Regulatory Authorities ICMRA) stated there is
no need for showing efficacy in animals before progressing to clinical trials. Moreover, the
EMA allowed human-specific data to substitute for animal data when of sufficient quality.
Our dataset highlighted several technical advances supporting this, such as the complete
sequencing of the SARS-CoV-2 genome and, especially, in silico method development.
Scientists used these latter methods to establish COVID-19 characteristics, e.g., how the
virus infects the host [22], to discover [23], test vaccine candidates [24,25], and determine
their efficacy for newly emerging mutated viral strains [26]. According to two interviewees,
the achieved reduction in animal studies during the exploratory phase implied that in terms
of, e.g., efficacy testing, starting to test in humans earlier might be ‘responsible practice’
also in non-pandemic situations (interviewees 4 and 5, representing medical sciences and
society). Certain animal studies could be avoided entirely in future (interviewee 2, medical
sciences representative).

' Vaccine available for use

- Non-clinical research
- Phase I: Human pharmacology studies

Phase II Larger information on immunogenicity Clinical trials
and /or exploratory protection

SC|ent|f|c evaluation and authorisation

- Phase III: Clinical efficacy and safety studies

->>> Large-scale production
->>> Studies after authorisation

Figure 2. Vaccine development under ‘pandemic’ circumstances © EMA [1995-2022] [20].

Third, we observed a difference in the number of animal studies performed during the
pre-clinical phase of vaccine development [27]. For the Comirnaty vaccine, we identified
four studies in the pre-clinical phase: two studies (R-20-0085 and R-20-0112) involved
mice, one (VR-VTR-10671) concerned rhesus macaques, and the fourth study (20-0211)
was an in vitro study. A further four non-clinical in vivo studies involved either mice
(R-20-0072) or rats (PF-07302048, 38166, and 20GR142), providing data on pharmacokinetics
(Medicines and Healthcare products Regulatory Agency UK) [28]. We could identify no
toxicokinetic studies performed in the pre-clinical phase, consistent with WHO guidelines



Animals 2022, 12,1735

7 of 14

on the non-clinical evaluation of vaccines [29]. No genotoxicity and carcinogenicity studies
were performed, as all components of the vaccine constructs are lipids and RNA and
are, as such, not expected to have genotoxic, carcinogenic, or tumorigenic potential [29].
No separate studies have been performed to determine local tolerance or generate data
on prenatal and postnatal development, including maternal function, dosing or further
evaluating offspring, which is why, initially, the vaccine was not recommended for pregnant
women. Vaccines are generally thought to hardly pass through the placenta, but we need
more research into the risks of vaccinations during pregnancy (interviewees 10 and 11,
regulatory agency representatives). No data on reproductive toxicity was provided during
authorisation either, as it was not deemed necessary at the time of approval.

According to our interviewees, the process described above is a drastic reduction in
the number of animal studies compared to ‘normal’ (interviewees 1, 2, 4, 5, representing
medical sciences and society). To explain this reduction in animal studies in the pre-
clinical step, interviewees highlighted the role of the thorough characterisation of mRNA
vaccines like Comirnaty. In their view, this led to a better understanding of the product
and optimised decision-making regarding safety and efficacy measurements (interviewees
1, 4, representing medical sciences and society). All available non-clinical data (animal
and in vitro studies) were assessed in the first round of the rolling review procedure. The
remainder of the non-clinical studies were performed later, during Phase 3 or even after
vaccine approval (interviewee 10, regulatory agency representative) [30,31].

The thorough characterisation of mRNA vaccines like Comirnaty also positively af-
fected the fourth element, batch release testing. In vaccine development, such batch release
testing still often relies partly on animal testing due to the relatively poor characterisation
of vaccines [32] and relatively poor product consistency (containing mitigated pathogens),
requiring in vivo batch safety and batch potency tests (interviewees 1 and 4, representing
medical sciences and society). Instead, the Comirnaty vaccine relied on in vitro alternatives
for batch release testing (interviewees 1 and 4, medical sciences and society represen-
tatives) [33]. Interviewee 4 added: “The COVID-19 vaccines, much like most modern
vaccines, are exceptionally well-characterised and therefore rely on the use of in vitro
methods for the batch release testing”. These in vitro alternatives are more precise, robust,
cheaper, and have a shorter turn-around time than in vivo animal assays [32,34]. They
are also potentially more societally (and scientifically) appropriate (interviewees 4 and 9,
medical sciences, society and vaccine developer representatives).

A fifth and final difference concerns the re-use of previous data throughout the ap-
proval process, which again benefited from the highly characterised nature of mRNA
vaccines. The EMA did not consider it reliable or responsible to avoid animal studies
entirely because of the need to demonstrate the product’s safety, immunogenicity, and
efficacy. However, regulatory agencies accepted the submission of data previously acquired
during research on other mRNA vaccines (interviewees 10 and 11, regulatory agency repre-
sentatives) [30]. Specifically, ICMRA allowed Pfizer/BioNTech (and other companies) to
replace required data with data obtained in pre-clinical in vivo animal studies from mRNA
vaccines with similar action mechanisms, in this case, one previously developed for rabies
(interview regulatory agency representatives) [30,31,35].

4. Discussion

Animal studies take much time, which is one reason why developing and approv-
ing vaccines are usually lengthy processes. The EMA’s conditional authorisation of the
Comirnaty vaccine indicates that-next to regulatory flexibility, sufficient funding and sig-
nificant international cooperation—using non-animal alternatives throughout the research,
development, and registration processes aided in accelerating vaccine development and
approval. These alternatives included, a.o., in silico data for the exploratory phase (now
free from animal studies) and using previously acquired data in the pre-clinical phase.
Moreover, the EMA allowed moving to in-human trials before completing the ‘essential’
animal studies still required. The use of mRNA technology, which one of our interviewees
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considered the most significant breakthrough of this pandemic, was vital to enabling many
of these changes, though, notably, other vaccines using other technologies were developed
and approved in similar timeframes. Interviewees also noted that the pandemic pressure
led to more funding, knowledge sharing, and cooperation. As the pandemic pressure led
to such widespread influence globally, with the involvement and cooperation of a variety
of different stakeholders at multiple levels as well as efficient and fast data sharing and
medical progress, it would be valuable to do further transition research into these processes
in order to learn how we can apply these lessons more broadly [36,37]. COVID-19 was
a global pandemic (making available a significant amount of real-world human data),
probably facilitating speedy regulatory approval.

Nevertheless, this raises the critical question of how these ways of reasoning might
hold in future non-pandemic situations, using both mRNA and other technologies. Phar-
maceutical companies are ready to take the next step: they seem to consider non-animal
alternatives better, cheaper, faster, and more societally salient. When asked about hurdles
to implementation, interviewees from all stakeholder groups highlighted risk aversion
among regulatory bodies as the primary reason for still requiring animal studies (the “belt
and braces approach”), considering these necessary to prove that a product is safe and
effective. The critical question is whether alternatives cause higher or lower translational
risk than animal studies, as some approved vaccines based on animal studies have shown
adverse effects on humans (interviewees 10 and 11, regulatory agency representatives, men-
tioned the example of narcolepsy after vaccinating against the Mexican flue). Many of our
interviewees consider continued dialogue with authorities essential for promoting future
acceptance of non-animal alternatives to tackle these risk perception issues. We suggest
further quantitative and qualitative research to continue and accelerate these promising
processes in obtaining new, better vaccines faster using modern technologies to benefit ani-
mals and humans. It will also need further research on how these expedited processes for
the mRNA Comirnaty vaccine could work for other conventional vaccine technologies or
whether the mRNA technology could help to replace these. Open science, giving complete
transparency on methodologies and data, is essential for better decision-making.

5. Conclusions

The pressure of the COVID-19 pandemic has shown significant acceleration of the
approval process of allowing new vaccines to come to market. The Pfizer/BioNTech
vaccine Comirnaty was developed and approved in twelve months, whereas under ‘normal’
conditions, vaccine development and approval take about ten years. In our case study
on this fast approval process, we performed document analysis and expert interviews,
revealing that regulatory agencies requested fewer animal studies and accepted more
alternatives. This also included moving to human trials faster (without awaiting results
from animal studies) and accepting historical data from earlier vaccine research. As far
as we know, until now, the marketed COVID-19 vaccines have shown promising efficacy
and safety. These are all auspicious developments necessitating more research on how to
continue using fewer animal studies and more alternatives in the developmental chain
towards new, faster and better future vaccines for humans.
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Appendix A. Interview Questions Semi-Structured Interviews

Interview SYRCLE-The Role of Animal Studies and Alternatives in the Vaccine
Development Process

1.  When we look at the process of vaccine development, prior to the outbreak of COVID-19,
how was this process structured?

2. What is the purpose of each of the phases of this development process and why is the
process structured in this way?

a. In other words, what is the underlying basis for this structure and if, how has
this changed over time prior to the COVID-19 outbreak?

3. In the pre-clinical phase, animal studies are a big part of the developmental stage.
Which animal studies are often performed, and why are these specific animal
studies performed?

a. Which animals are mostly used in these tests and why do scientists or develop-
ers choose to use these specific type of animals?
b. Which animal studies have been deemed mandatory for approval of vaccine

candidates to progress to the next phase of development? In other words,
which data is required and by whom?

c. What does the required data say about the role of animal studies in the devel-
opment of vaccines?

4. How does the vaccine development process of COVID-19 vaccines compare to that of
non-COVID-19 vaccines?

a. What differences are there with regard to the pre-clinical phase in COVID-19
vaccines versus non-COVID vaccines?

b. Which alterations were made in the requirement of data from animal studies
and how has this effected the performance of animal studies by COVID-19
vaccine developers such as BioNTech/Pfizer?

c. What are the main reasons these alterations were implemented in the case of
COVID-19 vaccines compared to non-COVID vaccines?

d. Will the observed difference in the development of COVID-19 vaccines in-
fluence the future of vaccine development and the role of animal studies in
this process?
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10.

11.

Alternative studies that don’t include the use of animals in order to test vaccine
candidates, and also in other fields of research, are developed in order to reduce the
number of animal studies in line with the 3Rs principle. Are alternative studies a
suitable option to replace animal models and if so why or why not?

a. What characteristics make certain alternatives a good alternative for animal studies?

b. What characteristics make certain alternatives a less attractive alternative for
animal studies?

c. Why is there the need to replace animal studies with alternative studies?

Are there any alternatives that are currently available that you seem fit to replace
animal studies in the development process of vaccines or are there alternatives that
are currently being developed that you might consider are a promising alternative in
the (near) future?

a. What will it take to ensure these alternative methods will be commonly ac-
cepted and implemented?

The 3Rs principle is commonly accepted within most fields of research, however, the
idea of using alternative methods does not seem as commonly implemented. Do you
consider this to be true and if so, what do you think is the reason that animal studies
are still used in cases where alternatives studies are available?

a. Is the development of better alternatives stimulated enough in your opinion?
In which ways is this development encouraged and in which ways is this
development discouraged?

Which stakeholders are there that influence the role that animal studies and alterna-
tives currently occupy in the development process of vaccine?

a. Which of these stakeholders have the most influence on the role of animal
studies and which of these stakeholders have virtually almost no influence on
the role of animal studies even though they are affected by it?

Stakeholders are sometimes able to replace an existing process, such as the role
that animal studies and alternatives currently portray in the vaccine development
process, with an entirely different process. (In the theory of Institutional Work this is
considered as the creation of new institution. In this research project the institution is
the currently accepted process of testing vaccine candidates in vivo and in vitro using
animal models and alternatives)

a. How would stakeholders be able to create a new institution in this case?

b. Which stakeholders do you think have the power to create a new institution
that could replace the current institution of vaccine development?

c. Which stakeholders would be interested in the replacement of the current
institution with a new institution?

d. Is it realistic to replace the current institution with a new institution?

Stakeholders are sometimes able to maintain existing situations, such as the use of
animal studies in the pre-clinical phase of vaccine development. (In the theory of
Institutional Work this is considered as maintaining of an institution. In this research
project the institution is the currently accepted process of testing vaccine candidates
in vivo and in vitro using animal models and alternatives)

a. How are stakeholders able to maintain an institution in this particular case?

b. Which stakeholders do you think have the power to maintain the current
institution as it is?

C. Which stakeholders would be interested in keeping the current institution
exactly like it is?

d. Is it realistic to maintain the current institution?

Stakeholders are able to change certain parts of a certain process and thereby disrupt
the institution as it is known. (In the theory of Institutional Work this is considered
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as the disruption of an existing institution. In this research project the institution is
the currently accepted process of testing vaccine candidates in vivo and in vitro using
animal models and alternatives)

a. How are stakeholders able to disrupt the institution in this particular case?

b. Which stakeholders do you think have the power to disrupt the current institution?
C. Which stakeholders would be interested in disrupting the current institution?
d. Is it realistic to disrupt the current institution?

Is the need for changing the role of animal studies and alternatives in the vaccine
development process strong enough and what withholds this change from actually
happening and what are the most stimulating actions undertaken?

In order to answer the main research question of this research project, it is important
to approach the research question from different perspectives. Which perspective(s)
do you consider to be indispensable to include. Do you happen to know other
individuals or organisations that share your perspective or the perspective that you
consider indispensable that I could reach out to in order to ask them if they are willing
to contribute to my research?

Appendix B. Codebook Data Analysis

Code Description

Animal models are ineffective Code used to determine all comments by interviewees

that were stating that animal models are not an
effective way for interpreting results for human health.

Animal models in COVID-19 Code used to determine all comments by interviewees

over the role of animal studies in the development of
COVID-19 vaccines.

Alternatives in COVID-19 Code used to determine all comments by interviewees

over the role of animal studies in the development of
COVID-19 vaccines.

Bureaucracy Code used to determine all comments by interviewees

that described bureaucracy in any form that was
experienced or observed by the interviewees in the
development process of vaccines.

Conservatism Code used to determine all comments by interviewees

on actors or views that were interpreted as conservative.

Economic reasoning Code used to determine all comments by interviewees
that hinted towards economic motives behind actions
Or views.

Ethics Code used to determine all comments by interviewees

that are about ethics, being it either animal ethics or
human ethics.

Fear Code used to determine all comments by interviewees

that pointed at perceived fear by actors to instigate
institutional work.

Gold standard Code used to determine all comments by interviewees

that referred to animal studies as the gold standard.

Hidden animal testing Code used to determine all comments by interviewees

that revealed animal tests that are conducted but
which are often overlooked in the implementation of
the 3R principle
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Code

Description

Human relevant methods

Code used to determine all comments by interviewees
towards alternatives that are implemented in medical
sciences that are more human-relevant than the
interpretation of animal studies.

Implementation 3R principle

Code used to determine all comments by interviewees
that show any implementation of either replacement,
reduction or refinement.

Progress in Non-Animal Methods

Code used to determine all comments by interviewees
that provided information about the development,
implementation and validation of non-animal
alternatives.

Stakeholder funders Code used to determine all comments by interviewees
that related to institutional work performed by funders.
Stakeholder media Code used to determine all comments by interviewees

that related to institutional work performed by media.

Stakeholder pharmaceutical companies

Code used to determine all comments by interviewees
that related to institutional work performed by
vaccine developers.

Stakeholder politics

Code used to determine all comments by interviewees
that related to institutional work performed
by politics.

Stakeholder regulatory agencies

Code used to determine all comments by interviewees
that related to institutional work performed by
regulatory agencies.

Stakeholder science

Code used to determine all comments by interviewees
that related to institutional work performed by science.

Stakeholder society Code used to determine all comments by interviewees
that related to institutional work performed by society.
The 3R Principle Code used to determine all comments by interviewees

that describe the 3R principle by Russell and Burch or
derivatives of that.

The role of animal models in
vaccine development

Code used to determine all comments by interviewees
that show how, when, what, and why animal models
are used in vaccine development.

Vaccine development process

Code used to determine all comments by interviewees
that provided information of how the vaccine
development process is structured.

1.

European Medicines Agency (EMA). Available online: https://www.ema.europa.eu/en/human-regulatory/overview/
public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-authorised#
authorised-covid-19-vaccines-section (accessed on 1 June 2022).

Le, T.T.; Andreadakis, Z.; Kumar, A.; Roman, R.G.; Tollefsen, S.; Saville, M.; Mayhew, S. The COVID-19 vaccine development
landscape. Nat. Rev. Drug Discov. 2020, 19, 305-306. [CrossRef] [PubMed]

Committee for Medicinal Products for Human Use (CMPHU). EMA Assessment Report Comirnaty. 2021. Available online:
https:/ /www.ema.europa.eu/en/documents/assessment-report/comirnaty-epar-public-assessment-report_en.pdf (accessed on
28 June 2022).

EMA. Comirnaty. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty (accessed on
28 June 2022).

Krammer, F. SARS-CoV-2 vaccines in development. Nature 2020, 586, 516-527. [CrossRef] [PubMed]

Singh, K.; Mehta, S. The clinical development process for a novel preventive vaccine: An overview. J. Postgrad. Med. 2016, 62, 4.
[CrossRef] [PubMed]


https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-authorised#authorised-covid-19-vaccines-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-authorised#authorised-covid-19-vaccines-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-authorised#authorised-covid-19-vaccines-section
http://doi.org/10.1038/d41573-020-00151-8
http://www.ncbi.nlm.nih.gov/pubmed/32887942
https://www.ema.europa.eu/en/documents/assessment-report/comirnaty-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty
http://doi.org/10.1038/s41586-020-2798-3
http://www.ncbi.nlm.nih.gov/pubmed/32967006
http://doi.org/10.4103/0022-3859.173187
http://www.ncbi.nlm.nih.gov/pubmed/26732191

Animals 2022, 12,1735 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Boodman, E. Researchers Rush to Test Coronavirus Vaccine in People without Knowing How Well It Works in Animals. STATnews.
11 March 2020. Available online: https://www.statnews.com/2020/03/11/researchers-rush-to-start-moderna-coronavirus-
vaccine-trial-without-usual-animal-testing/ (accessed on 8 June 2022).

Lanese, N. Researchers fast-track coronavirus vaccine by skipping key animal testing first. Live Sci. 2020, 13. Available online:
https:/ /www.livescience.com/coronavirus-vaccine-trial-no-animal-testing.html (accessed on 8 June 2022).

Corbett, K.S.; Flynn, B.; Foulds, K.E.; Francica, J.R.; Boyoglu-Barnum, S.; Werner, A.P,; Flach, B.; O’Conrell, S.; Bock, KW.,;
Minai, M.; et al. Evaluation of the mRNA-1273 vaccine against SARS-CoV-2 in nonhuman primates. N. Engl. ]. Med. 2020, 383,
1544-1555. [CrossRef]

van Doremalen, N.; Purushotham, J.N.; Schulz, J.E.; Holbrook, M.G.; Bushmaker, T.; Carmody, A.; Port, J.R.; Yinda, CK,;
Okumura, A.; Saturday, G.; et al. Intranasal ChAdOx1 nCoV-19/AZD1222 vaccination reduces viral shedding after SARS-CoV-2
D614G challenge in preclinical models. Sci. Transl. Med. 2021, 13, eabh0755. [CrossRef]

Vogel, A.B.; Kanevsky, I.; Che, Y.; Swanson, K.A.; Muik, A.; Vormehr, M.; Kranz, L.M.; Walzer, K.C.; Hein, S.; Giiler, A.; et al.
BNT162b vaccines are immunogenic and protect non-human primates against SARS-CoV-2. bioRxiv 2020.

Given, L. The SAGE Encyclopedia of Qualitative Research Methods, 1st ed.; Sage: Thousand Oaks, CA, USA, 2008; pp. 230-232.
Kulatunga, U.; Amaratunga, R.; Haigh, R. Structuring the Unstructured Data: The Use of Content Analysis. 2007. Available
online: https:/ /www.semanticscholar.org/paper/Structuring-the-unstructured-data%3A-the-use-of-Kulatunga- Amaratunga/
ab8laeelaalb869ea7c2d338f04abbadbfbd59cl (accessed on 8 June 2022).

Domachowske, J. The Process and Timeline to Develop a New Vaccine. In Vaccines; Domachowske, J., Suryadevara, M., Eds.;
Springer: New York, NY, USA, 2007; pp. 77-86.

Hendriksen, C. A short history of the use of animals in vaccine development and quality control. Dev. Biol. Stand. 1996, 86, 3-10.
Leroux-Roels, G.; Bonanni, P.; Tantawichien, T.; Zepp, F. Vaccine development. Perspect. Vaccinol. 2011, 1, 115-150. [CrossRef]
Sharma, O.; Sultan, A.A.; Ding, H.; Triggle, C.R. A Review of the Progress and Challenges of Developing a Vaccine for COVID-19.
Front. Immunol. 2020, 11, 2413. [CrossRef]

Herati, R.S.; Wherry, E.J. What is the predictive value of animal models for vaccine efficacy in humans? Consideration of strategies
to improve the value of animal models. Cold Spring Harb. Perspect. Biol. 2018, 10, a031583. [CrossRef] [PubMed]

EUR-Lex: European Union Law. Available online: https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32001L0
083 (accessed on 18 May 2022).

European Medicines Agency EMA. Available online: https:/ /www.ema.europa.eu/en/human-regulatory/overview /public-
health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-development-
evaluation-approval-monitoring (accessed on 5 June 2022).

Hoekman, J.; Boon, W. Changing standards for drug approval: A longitudinal analysis of conditional marketing authorisation in
the European Union. Soc. Sci. Med. 2019, 222, 76-83. [CrossRef] [PubMed]

Gumel, A.B,; Iboi, E.A.; Ngonghala, C.N.; Ngwa, G.A. Toward Achieving a Vaccine-Derived Herd Immunity Threshold for
COVID-19 in the U.S. Front. Public Health 2021, 9, 709369. [CrossRef] [PubMed]

Russo, G.; Di Salvatore, V.; Caraci, F.; Curreli, C.; Viceconti, M.; Pappalardo, F. How can we accelerate COVID-19 vaccine
discovery? Expert Opin. Drug Discov. 2021, 16, 1081-1084. [CrossRef]

Russo, G.; Pennisi, M.; Fichera, E.; Motta, S.; Raciti, G.; Viceconti, M.; Pappalardo, F. In silico trial to test COVID-19 candidate
vaccines: A case study with UISS platform. BMC Bioinform. 2020, 21 (Suppl. 17), 527. [CrossRef]

Haddad-Boubaker, S.; Othman, H.; Touati, R.; Ayouni, K.; Lakhal, M.; Ben Mustapha, I.; Ghedira, K.; Kharrat, M.; Triki, H. In
silico comparative study of SARS-CoV-2 proteins and antigenic proteins in BCG, OPV, MMR and other vaccines: Evidence of a
possible putative protective effect. BVIC Bioinform. 2021, 22, 163. [CrossRef]

McAuley, A.J.; Kuiper, M.].; Durr, PA.; Bruce, M.P; Barr, J.; Todd, S.; Au, G.G.; Blasdell, K.; Tachedjian, M.; Lowther, S.; et al.
Experimental and in silico evidence suggests vaccines are unlikely to be affected by D614G mutation in SARS-CoV-2 spike protein.
NPJ Vaccines 2020, 5, 96. [CrossRef]

Noori, M.; Nejadghaderi, S.A.; Arshi, S.; Carson-Chahhoud, K.; Ansarin, K.; Kolahi, A.A.; Safiri, S. Potency of BNT162b2 and
mRNA-1273 vaccine-induced neutralising antibodies against severe acute respiratory syndrome-CoV-2 variants of concern: A
systematic review of in vitro studies. Rev. Med. Virol. 2021, 32, €2277.

Medicines and Healthcare Products Regulatory Agency UK. Available online: https://www.gov.uk/government/publications/
regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19 /summary-public-assessment-report-for-pfizerbiontech-covid-
19-vaccine (accessed on 1 June 2022).

World Health Organisation. 2005. Available online: https:/ /www.who.int/publications/m/item/nonclinical-evaluation-of-
vaccines-annex-1-trs-no-927 (accessed on 1 June 2022).

International Coalition for Medicines Regulatory Agencies (ICMRA). Global Regulatory Workshop on COVID-19 Vaccine Devel-
opment. 18 March 2020. Available online: https:/ /www.icmra.info/drupal/sites/default/files /2020-03 / First%20regulatory %20
COVID-19%20workshop%20-%20meeting%20report_March%202020.pdf (accessed on 6 June 2022).

International Coalition for Medicines Regulatory Agencies (ICMRA) July 2020. ICMRA SARS-CoV-2 Vaccines Workshop #2 July
2020. Available online: https://www.icmra.info/drupal/en/news/22june2020/summary (accessed on 6 June 2022).


https://www.statnews.com/2020/03/11/researchers-rush-to-start-moderna-coronavirus-vaccine-trial-without-usual-animal-testing/
https://www.statnews.com/2020/03/11/researchers-rush-to-start-moderna-coronavirus-vaccine-trial-without-usual-animal-testing/
https://www.livescience.com/coronavirus-vaccine-trial-no-animal-testing.html
http://doi.org/10.1056/NEJMoa2024671
http://doi.org/10.1126/scitranslmed.abh0755
https://www.semanticscholar.org/paper/Structuring-the-unstructured-data%3A-the-use-of-Kulatunga-Amaratunga/a581aee0aa0b869ea7c2d338f04ab6a4bfbd59c1
https://www.semanticscholar.org/paper/Structuring-the-unstructured-data%3A-the-use-of-Kulatunga-Amaratunga/a581aee0aa0b869ea7c2d338f04ab6a4bfbd59c1
http://doi.org/10.1016/j.pervac.2011.05.005
http://doi.org/10.3389/fimmu.2020.585354
http://doi.org/10.1101/cshperspect.a031583
http://www.ncbi.nlm.nih.gov/pubmed/28348037
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32001L0083
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32001L0083
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-development-evaluation-approval-monitoring
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-development-evaluation-approval-monitoring
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-development-evaluation-approval-monitoring
http://doi.org/10.1016/j.socscimed.2018.12.025
http://www.ncbi.nlm.nih.gov/pubmed/30605802
http://doi.org/10.3389/fpubh.2021.709369
http://www.ncbi.nlm.nih.gov/pubmed/34368071
http://doi.org/10.1080/17460441.2021.1935861
http://doi.org/10.1186/s12859-020-03872-0
http://doi.org/10.1186/s12859-021-04045-3
http://doi.org/10.1038/s41541-020-00246-8
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://www.who.int/publications/m/item/nonclinical-evaluation-of-vaccines-annex-1-trs-no-927
https://www.who.int/publications/m/item/nonclinical-evaluation-of-vaccines-annex-1-trs-no-927
https://www.icmra.info/drupal/sites/default/files/2020-03/First%20regulatory%20COVID-19%20workshop%20-%20meeting%20report_March%202020.pdf
https://www.icmra.info/drupal/sites/default/files/2020-03/First%20regulatory%20COVID-19%20workshop%20-%20meeting%20report_March%202020.pdf
https://www.icmra.info/drupal/en/news/22june2020/summary

Animals 2022, 12,1735 14 of 14

32.

33.

34.

35.
36.

37.

Bruysters, M.W.P,; Schiffelers, M.].; Hoonakker, M.; Jungbaeck, C.; Ragan, I.; Rommel, E.; van der Stappen, T.; Viviani, L.;
Hessel, E.V.; Akkermans, A.M.; et al. Drivers and barriers in the consistency approach for vaccine batch release testing: Report of
an international workshop. Biologicals 2017, 48, 1-5. [CrossRef]

Liu, Y.C.; Kuo, R.L.; Shih, S.R. COVID-19: The first documented coronavirus pandemic in history. Biomed. ]. 2020, 43, 328-333.
[CrossRef]

Sanyal, G.; Sarnefélt, A.; Kumar, A. Considerations for bioanalytical characterisation and batch release of COVID-19 vaccines.
NPJ Vaccines 2021, 6, 53. [CrossRef] [PubMed]

ICMRA Membership. Available online: https:/ /icmra.info/drupal/participatingRegulatory Authorities (accessed on 28 June 2022).
Geels, EW. The Multi-level Perspective on Sustainability Transitions: Responses to Seven Criticisms. Environ. Innov. Soc. Transit.
2011, 1, 24-40. [CrossRef]

Transitie Proefdiervrije Innovaties (tpi). Animal Free Innovation in The Netherlands. Available online: https://www.
animalfreeinnovationtpi.nl/ (accessed on 28 June 2022).


http://doi.org/10.1016/j.biologicals.2017.06.006
http://doi.org/10.1016/j.bj.2020.04.007
http://doi.org/10.1038/s41541-021-00317-4
http://www.ncbi.nlm.nih.gov/pubmed/33850138
https://icmra.info/drupal/participatingRegulatoryAuthorities
http://doi.org/10.1016/j.eist.2011.02.002
https://www.animalfreeinnovationtpi.nl/
https://www.animalfreeinnovationtpi.nl/

	Introduction 
	Materials and Methods 
	Document Analysis 
	Semi-Structured Interviews 

	Results 
	Traditional Vaccine Development and Approval Process 
	Comirnaty Vaccine Development and Approval Process: Changes in Animal Studies and Alternatives 

	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

