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Abstract The achievements of vaccine research and development bring a hope to our societies that we may cope

with the COVID-19 pandemic. There are two aspects that should be maintained in balance: the immediate

necessity for speed of vaccine research and the inherent need for protection of research subjects, which is

the foremost concern of research ethics. This narrative review highlights ethical issues in COVID-19

vaccine research and development that every stakeholder needs to be aware of and to consider.
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Introduction

COVID-19 is a deadly disease which continues to affect

many countries in the world. The incidence is higher in

the Americas (14 117 714 cases and 486 843 deaths) and

Europe (4 515 514 cases and 222 624 deaths) than in

South East Asia (4 786 594 cases and 84 541 deaths),

Africa (1 088 093 cases and 23 101 deaths) and the Wes-

tern Pacific (520 012 cases and 11 306 deaths) [1].

Vaccines are the most important public health measure

to protect people from COVID-19 worldwide, since

SARS-CoV-2 is highly contagious and infects populations

widely and globally [2]. Traditionally, vaccine develop-

ment takes years, even decades: from about 40 years for

polio to 5 years for Ebola,most vaccines took 15 years

on average [3,4]. The trial process for vaccines consists

of several steps which need to be conducted systemati-

cally and in a measurable stride. The length of this pro-

cess is correlated with the nature of the vaccine itself,

which is to protect healthy people from being infected by

pathogens. Adverse events and deleterious effects will not

be tolerated, vaccines are not the same as drugs that are

consumed by the sick. The risk–benefit analysis for pre-
scription drugs and vaccine administration is different.

The invention of a successful and widely available

COVID-19 vaccine will be a great leap forward for

humankind, but there are several challenges to over-

come: (1) a lack of understanding of the pathogenesis

and the predictive role of vaccines in the clinical path-

way of persons being infected by SARS-CoV-2 [5–7], (2)

a huge disagreement among experts about how to deter-

mine the most immunogenic epitopes and antigens of

SARS-CoV-2 [8,9], (3) the finding that antibody-depen-

dent enhancement (ADE) may contribute to the exagger-

ation of SARS-CoV-2 disease [10,11], (4) the lack of

established animal models for COVID-19 vaccine chal-

lenge testing, which raises the speculation of using con-

trolled human infection (CHI) as a potential approach

[3], and finally, (5) speculation that the duration of pro-

tection by immune response in natural infection is not

long enough [12].

The race for COVID-19 vaccine invention and develop-

ment against the spread and catastrophic effects of the dis-

ease is real. WHO released a draft list of COVID-19

candidate vaccines on 3 September 2020. At least 34 vaccine

candidates are in clinical evaluation to date [13]. Several

new technologies are used as COVID-19 vaccine develop-

ment platforms. Conventional techniques for the develop-

ment of vaccines such as inactivated, inactivated with

adjuvant and live attenuated are still being used. However,

reversed vaccinology approaches are also being emplyed,

such as a recombinant subunit vaccine, and a more

advanced approach using vector delivery systems, along

with RNA- and DNA-based vaccines (Table 1) [4,9,13].

The attempts to accelerate vaccine development are asso-

ciated with efforts to streamline the process. Unfortunately,

streamlining may have consequences for the traditional

ethics of vaccine research and development, especially the

long-held principles of beneficence and non-maleficence.

This short narrative review summarises the ethical issues
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that may emerge from the current directions in COVID-19

vaccine research and development during the pandemic.

Safety

Vaccine candidates must fulfil several requirements:

safety, efficacy and quality. Because of the current esca-

lation of the global COVID-19 pandemic, some aspects

may change. The speed of vaccine development may

push public health ministers, heads of states and the

pharmaceutical industry to change their strategy for

bulk budget investment for vaccine research. They must

decide to prepare mass production events based on the

limited data of promising vaccine candidates [14]. The

need to protect billions of earth’s inhabitants pushes

governments and societies of the world to a ‘great

expectation’ for the new vaccine. The overriding expec-

tation, although with diverse interests, may influence the

objective judgement typically required of candidate vac-

cine safety. Protecting human lives should be the

priority.

mRNA- [15] and DNA-based vaccine technologies

[9,16] are being implemented in humans, especially as

vaccine candidates. Several concerns about mRNA vac-

cine safety have been identified besides its promising

potential advantages. The most important risks include

the possibility that mRNA vaccines may generate strong

type I interferon responses that could lead to inflamma-

tion and autoimmune conditions [17]. The safety con-

cerns of DNA-based vaccines involve the possibility that

the targeting of DNA into the chromosomal DNA of

the acceptor will trigger mutagenic effects in the func-

tional gene located in the insertion loci [18]. At present,

there are no mRNA- and DNA-based vaccines against

any disease authorised to be marketed.

The strategy of DNA vaccines is similar to gene ther-

apy in that a delivery system, such as plasmid, delivers

targeted DNA into cells, where it is translated into pro-

teins that induce the acceptors’ immune response to gen-

erate targeted T-cell and antibody responses [19]. We

have experience in using DNA for several gene therapies

mostly related to inherited diseases or familial predispo-

sitions. Mainstream gene therapy scientists have stated

that gene therapy is only suitable for terminally ill

patients because the risks are very high [20]. Vaccine

administration is completely different from interventions

with gene therapy since the vaccine is for healthy human

subjects, and the risk–benefit consideration would be

completely different too. Both terminally ill and healthy

persons have the same risk for the introduction of for-

eign DNA into their body, but terminally ill persons

may benefit through having a chance to recover fromT
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their deadly disease, whereas healthy individuals may not

have any benefit because they have never encountered the

particular pathogen.

When we perform the risk assessment of new technol-

ogy, it is based on a theoretical framework without direct

evidence concerning to what extent the probability of the

risk may occur. Theoretically, DNA vaccine may be able

to induce autoimmune diseases and can be inserted into

any part of the chromosomes [21]. Scientists know how

the mechanism works and are able to predict the risk if it

might happen. But nobody knows for certain how great

the probability is of producing mutagenic and deleterious

effects in one part of a gene sequence when inserted into

another. For example, when a test subject named Jessie

Gelsinger was injected with adeno-associated viruses

(AAVs), nobody expected the deadly risk that ultimately

occurred in this research subject [22]. Accordingly, the

risk–benefit assessment in the use of new technology

should be done carefully. It is true that sometimes we

have to deal with a risk possibility that is not immedi-

ately present but theoretically possible, and vice versa.

Mitigation to the deleterious effect could be started prior

to the clinical trial. However, there is always the possible

existence of risks that have not been identified yet and

will only show in the later phases of clinical trials.

In the current pandemic, all societies expect a break-

through in medical and health technology. In a situation

where understanding of the new disease is poor and no

satisfactory medical technology is available for prevention

and treatment yet, it is natural to think that ‘doing some-

thing is better than nothing’. This is going to make safety

judgement among stakeholders more prone to deteriora-

tion.

Controlled human infection (CHI)

One of the crucial steps of vaccine development is the

challenge test, which is used to measure the potential

protection of the candidate. The challenge test is usually

part of the pre-clinical study in an animal model. How-

ever, in the case of COVID-19 and some other diseases,

an animal model is not available, although there are can-

didates that need to be verified [3,23–25]. It seems the

pathogen does not produce a similar clinical course in

common animal models, which excludes safety and effi-

cacy data from animal models alone. There was a pro-

posal of human challenge testing to replace the pre-

clinical challenge test in animal models, with the use of

controlled human infection (CHI). It will solve the prob-

lem of the animal models’ unreliability and gain time for

the developers especially in phase III [3,26].

To some extent, it is possible to perform these chal-

lenge tests with human volunteers. It sounds like an

unsafe experimentation, but the choices are extremely

limited. The next question is how can we do this experi-

ment with the current ethical review process? The WHO

has issued a guideline for CHI [27]. The guideline is

broad and needs local ethics committee approval for its

implementation. Considerations of the pros and cons of

CHI are widely discussed in COVID-19 vaccine develop-

ment. Previously, CHI was used to develop vaccines

against malaria [28], typhoid [29] and cholera [30],

which are diseases with established treatment [31]. Sub-

jects who suffered from deleterious effects after experi-

mentation could be rescued by the established treatment.

Application of CHI in COVID-19 is a very different story

because there is no standard treatment for this new and

highly contagious disease. Nevertheless, there have been

thousands of volunteers from 162 countries who declared

their willingness to be participants in this CHI [32]. The

need for a vaccine is prevalent in people’s minds and

equally necessary from the public health point of view.

Without any precedents, it is going to be difficult to judge

the risks benefits in this matter [33].

Controlled human infection could be done in a situa-

tion where there is an attenuated virus strain available,

for example, using an artificial mutant virus. This

approach is to prevent fatal outcomes in trial subjects.

But the challenge test results from attenuated virus may

not be generalisable – the attenuated strain may not be

similar enough to the naturally circulating virus. In addi-

tion, producing the attenuated virus may require another

step that will take almost as much time to perform as the

regular phase III in typical controlled clinical trials. This

additional step in an already complicated process will

render futile the main purpose to gain more time to

develop an effective vaccine [34].

Location and population

Development sites of COVID-19 vaccines are involving

research subjects from many countries, for example USA,

Russia, Argentina, Brazil, Germany, India, Saudi Arabia,

Pakistan and others [35]. The need of multi-centred

research is obvious in the vaccine development. The

safety, tolerability, and efficacy of the vaccines should be

obtained from different geographic areas, ethnicities,

prevalence and varieties of the virus circulating in the

areas [36]. The attempt to fulfil this requirement may

result in the involvement of countries with limited

resources and whose underdeveloped infrastructure

would make the people involved become even more

© 2020 John Wiley & Sons Ltd 17
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vulnerable as research subjects from the ethical and

humane point of view. The possible exploitation of vul-

nerable people from less developed countries should be

reviewed thoroughly. The vaccine trial should give them

equitable advantages in trade, such as capacity building,

transfer of technology and access to the vaccine during

the current pandemic of COVID-19.

Another concern is the availability of an adequate

health facility and system to ensure that trial subjects and

their families and/or communities have access to treat-

ment and proper care in case of serious adverse events

related to the trial outcomes. This must be assessed

before any clinical trials begin. Providing the most com-

prehensive health services to the trial population will be

an added value for population involvement in the trial.

The best practice of vaccine clinical trials should have

direct benefits for the community, such as improvement

and availability of basic health facilities [37]

Vaccine acceptors are sometimes segmented into target

groups, which is related to the host distribution of the

target disease, for example by gender, age and specific

population in the endemic area. A vaccine clinical trial is

usually started in adult subjects and continued to more

vulnerable subjects such as infants, young children, the

elderly and women. Clinical vaccine trials will recruit

vulnerable subjects. Protection measures to safeguard the

vulnerable and marginalised populations should be care-

fully scrutinised during review. Ethical considerations

must be adjusted to the individual situation to protect

these vulnerable subjects from exploitation and later

abandonment [38].

However, in an emergency pandemic situation, the def-

inition of vulnerability needs to be openly discussed, and

emergency calls for exceptions. The exclusion of vulnera-

ble groups may diminish trial validity because of selection

bias, so they should not be excluded without reasonable

scientific and ethical justification [39].

Post-trial access

After clinical vaccine trials, the subjects should have

access to the developed vaccine. This is part of their

direct advantage for their involvement in the research.

While it is mentioned in the international ethical guideli-

nes, not all researchers know and are aware of this

important obligation [40]. The current COVID-19 vac-

cine development involves multi-country and interconti-

nental research recruiting subjects from different

countries and regions. The post-trial access to COVID-19

vaccines should be expanded beyond the community

where the trial is performed to include the country and

region.

Post-trial access is a matter which must be addressed

from the very beginning of research design. Community

engagement should be considered prior to the trial and

involve all stakeholders: sponsors, industries, developers,

investigators, subjects of the trial, communities and the

government where the trial is performed.

In summary, the current COVID-19 vaccine research

and development involves people from many countries,

which raises ethical issues that must be addressed by all

stakeholders. Even in the emergency of a pandemic, the

urgency of providing an effective COVID-19 vaccine for

humankind must be balanced with the exigency of

research ethics that must be maintained. In any event, the

safety and well-being of research subjects must be pro-

tected, especially that of vulnerable subjects.
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