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Abstract
Abstract
Background
In the pandemic time, many low- and middle-income countries are experiencing
restricted access to COVID-19 vaccines. An access to imported vaccines or ways to produce them locally
becomes the principal source of hope. But developing a strategy for success in obtaining and allocating
vaccines is not easy task. The governments in those countries have faced difficult decision whether to
accept or reject offers of vaccine diplomacy, weighing price and availability of COVID-19 vaccines against
concerns over their efficacy and safety. Our aim was to analyze public opinion regarding the
governmental strategies to obtain COVID-19 vaccines in three Central Asian countries, focusing
particularly on possible ethical issues.
Methods
We searched opinions expressed either in Russian or in
the respective national languages. We provided data of the debate within three countries, drawn from
social media postings and other sources. The opinion data was not restricted by source and time. This
allowed to collect a wide range of possible opinions that could be expressed regarding COVID-19 vaccine
supply and public’s participation in vaccine trials. We recognized ethical issues and possible questions
concerning different ethical frameworks. We also considered additional information or scientific data, in
the process of reasoning.
Results
As a result, public views on their respective government policies on
COVID-19 vaccine supply ranged from strongly negative to slightly positive. We extracted most important
issues from public debates, for our analysis. The first issue involved trade-offs between quantity, speed,
price, freedom, efficacy and safety in the vaccines. The second set of issues arouse in connection with
the request to site a randomized trial in one of countries (Uzbekistan). After considering additional
evidences, we weighed individual with public risks and benefits to make specific judgements concerning
every issue.
Conclusions
We believe that our analysis would be a helpful example of solving ethical
issues that can rise concerning COVID-19 vaccine supply round the world. The public view can be highly
critical, helping to spot such issues. An ignoring this view can lead to major problems, which in turn, can
become a serious obstacle for the vaccine coverage and epidemics’ control in the countries and regions.

Background
For many low- and middle-income countries (LMICs), equitable access to COVID-19 vaccines becomes
essential for avoiding catastrophic loss of life, health, and economic wellbeing in the current pandemic.
According to the Eurasia Group report, the COVID-19 vaccines will generate economic benefits up to
466 billion US dollars by 2025 among the ten major economies [1]. The pandemic has caused huge
devastation even in some of the wealthy countries ranked highest for epidemics preparedness. For the
LMICs, the emergency presents even greater burden, as they do not have resilient public health systems,
including limited capacity for intensive care, and cannot afford to maintain living standards through
government payments.

With the fast-moving pandemic, the COVID-19 Vaccine Global Access (COVAX) initiative has been the
best hope for worldwide immunization against the coronavirus in LMICs. A herd immunity to stop COVID-
19 epidemic is evaluated approximately at 2/3 (67%), assuming a reproduction number (R0) estimate in 3
[2, 3]. This rate is much lower than were for measles, polio and smallpox. However, the situation was not
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so gracious as anticipated. Any priority-setting rule for allocating vaccines among LMICs would invite
ethical debate, and this has been the case for COVAX’s, which tracks population size over other indicators
of acute need [4, 5]. But the importance of this ethical choice for LMICs is overshadowed by the serious
shortfall of vaccines available to COVAX for distribution. Countries producing vaccines, including those
supporting COVAX, have practiced “vaccine nationalism”, directing available doses to domestic needs for
all citizens before any consideration of exporting to foreign nationals who may be in more acute peril.

In such restrictions, each of these LMICs must develop a strategy for obtaining and allocation of COVID-
19 vaccines to avoid disaster. Understandably, the governments of LMICs and world pharmaceutical
companies were interested in direct contacts to supply their communities with the necessary doses of the
vaccine. This could guarantee faster profit for vaccine producers and less vaccination cost for recipient
countries, leading higher overall public health benefits [6]. Several LMICs have received their first vaccine
shipments not from COVAX and world pharmaceutical companies, but from China and Russia, countries
that use the vaccines to expand their influence, while the US has stood on the sidelines [7]. India could
also be considered an important contributor in vaccine distribution due to its massive manufacturing
capacity. However, as a response to severe epidemic with raw material shortages, this country stopped its
vaccines exports and started importing them [8]. The Pfizer/BioNTech vaccine, first to demonstrate 95%
efficacy in a large multinational trial [9] and approved in the US and the EU for mass vaccination has
been hindered for distribution to limited manufacturing capacity. Although China has withheld claiming
high efficacy of its Sinovac or Sinopharm vaccines until the end of phase III trials, Russia had declared its
Sputnik V vaccine at 95% efficacy based on preliminary results [10]. The country reported phase I-II trials
results last among leading producers; however, registered it first for emergency use. Both China and
Russia have actively offered early and low-cost supply of their vaccines round the world, sometimes
proposing that recipient countries furnish a human subject site for randomized controlled vaccine trials.
The reason, in addition to economic and political ones, has been the need to garner data about long-term
safety. Although these sites have included highly populated countries such as Brazil, they have also
included neighboring countries, such as Uzbekistan. The governments in those countries have faced
difficult decision whether to accept or reject offers of vaccine diplomacy, weighing price and availability
of COVID-19 vaccines against concerns over their efficacy and safety.

The primary objective of our study was to analyze public opinion regarding the governmental strategies
to obtain COVID-19 vaccines in three former-Soviet Union Central Asian countries: Uzbekistan, Kyrgyz
Republic (Kyrgyzstan) and Kazakhstan. Public participation in these policy choices – the voice of those
who will be directly affected by the outcomes - contributes to the ethical soundness of the resulting
choices [11].

Methods
Data was collected on range of opinions that have been expressed by members of the public as well as
politicians, officials, and experts as reported in webpages of leading newspapers, TV channels and social
media outlets. The opinion data was not restricted by source and time. This allowed to collect a wide
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range of possible opinions that could be expressed regarding COVID-19 vaccine supply and public’s
participation in vaccine trials. The initial search for these data from our three countries relied on the
Google search engine. This was supplemented with data from Facebook pages of news media, which are
popular in three countries, such as Radio Liberty, Gazeta.uz, Sputnik and others.

The Russian equivalents of the following English keywords and their combinations were used for the
search: “COVID-19, vaccine, Uzbekistan”; “COVID-19, vaccine, Kazakhstan” and “COVID-19, vaccine,
Kyrgyzstan”. We searched opinions expressed either in Russian or in the respective national languages
(Uzbek, Kazakh and Kyrgyz). We used meaning-based (abstractive) approach to summarize public
opinions on vaccine supply and participation in vaccine trials. This helped to consider every view from
different sources with different language use [12].

Inclusion criteria

We decided to include postings from people living in Uzbekistan, Kyrgyz Republic and Kazakhstan at the
time of posting. This could contribute more to engaging voices of those who are directly affected by the
policy of vaccine supply in their countries. Because of global travel restrictions, few of these postings
originated from outside the boundaries of our countries. The postings included were not restricted by
ethnicity, residency, age, sex and social status of their authors.
Ethical analysis

We sought debate over issues of COVID-19 vaccine supply, including participation in the vaccine trials in
the Central Asian LMICs, that offered ethical views and reasoning, as opposed to disputes over theology,
ideology, or law. At the beginning of our analysis, we recognized ethical issues and possible questions
concerning different ethical frameworks [13, 14]. We considered additional information or scientific data,
in the process of reasoning. Examples of internationally-accepted ethical standards included the UN’s
Declaration of Human Rights (UDHR) principles [15], and in the case of health-related research involving
human subjects, guidelines prepared by the Council for International Organization of Medical Sciences
(CIOMS) [16]. For every ethical issue with questions, we developed the inference as the final judgement.

Results
All public opinions expressed in the available media were considered and summarized including:
statements, views and arguments directly or indirectly related to COVID-19 vaccine supply, policy of
vaccination and the vaccine trial. A categorical description of the views concerning discussed issues,
source of views and countries is provided in Table 1 and Table 2.
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Table 1
Number and distribution of views concerning discussed issues

  Uzbekistan Kazakhstan Kyrgyz Republic Total

Vaccine import 21 36 18 75

Manufacturing local vaccines 7 11 9 27

Mandatory vs. voluntary vaccination 13 22 19 54

Participation in the vaccine trial 22 9 7 38

Others 3 5 6 14

 
Table 2

Number and distribution of views concerning their sources

  Uzbekistan Kazakhstan Kyrgyz Republic Total

Government officials and politicians 6 11 3 20

Experts 4 6 5 15

Public (non-experts):

male

female

undefined

68

36

21

11

54

28

23

3

51

23

20

8

173

87

64

22

Most views in social media were expressed by public with just some examples of views provided by
government officials and experts. The most frequently discussed issue was the quality of the vaccines
offered by China or Russia as well as capacities for their local production. Governmental sources
declared high probability of use vaccines from these countries for the mass vaccination. The public view
also concentrated on choice between countries rather than manufacturers, with some touch of evidence
issue. Another issue of discussion was mandatory vs. voluntary strategies with stressing possible rights
violations at the first one.

“For whom you do this, for the people or for your own or political interest...the people should have a
choice: who wants Chinese please, who wants Russian please...” (middle-age man, Uzbekistan)

“Putin himself advertised this, after vaccination re-infection is possible, but the disease proceeds in a mild
form without complications and without health consequences” (undefined user, Kyrgyzstan)
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“The problem is precisely the quality of the vaccine” (middle-age man, Kazakhstan)

“No one can tell me what medicine to inject me” (young man, Uzbekistan)

A critical issue was the policy of recruiting subjects for COVID-19 vaccine trials. There was much public
attention when the government in Uzbekistan provided a site for a phase III trial of the Anhui Zhifei
Longcom Biopharmaceutical’s (China) vaccine. The Uzbek officials had declared that participation of
5,000 subjects in the trial would be voluntary, based on their formal consent. The authorized ministry of
Uzbekistan stressed that its workers’ family members are also taking part in this trial as subjects.
Nevertheless, a plurality of those commenting on these trials in the media claimed that Chinese vaccine
producers may want Uzbek people to be “guinea pigs” for their trial. They held that Uzbek people should
get only vaccines with proved effectiveness and safety. Only some postings accepted that there is
nothing bad in taking part in such trial, especially if it results in an early vaccine supply.

“…and the Chinese one has not been tested on anyone at all, and our people are worse than monkeys to
test on it? And at the expense of yourself prick yourself, so you bent it! I don't need any! All is made
(Russian slang) in an emergency mode, it is still unknown how later this vaccine will come back!” (young
woman, Ferghana, Uzbekistan)

“Are Uzbek people rabbits to be tested by Chinese and Russians? Let them stupid, who signed such
agreement, to take part on such testing. Do not touch ordinary people” (middle-age woman, Uzbekistan)

“Let the Uzbek vaccine be used exclusively for officials ...” (young man, Uzbekistan)

Postings by politicians and experts across the three countries predominantly supported the views of their
governments. Public views remained evenly divided regarding their respective government policies and
ranged from strongly negative to neutral or slightly positive.

Ethical issues

The principal ethical issues arising in discussions within three countries over strategies to obtain COVID-
19 vaccines arise in two categories. Ethical concerns included the acceptability of putting their citizens at
possible risk so that the population can gain access to the vaccines it needs; and ethical issues in the
conduct of the trial.

Ethical issue #1:

The Central Asian countries seek an inexpensive and easily-administered strategy to provide safe and
effective COVID-19 vaccines for their communities, as soon as possible. The COVAX program was
designed to provide vaccines that proved their quality in phase III trials and have been approved by WHO,
but thus far this source of vaccines can meet at most 20% of what is needed. For the remainder, countries
are on their own; and this is when the ethical choices arise. Their governments declared plans to import
vaccines from Russia or China and even produce them internally. However, an efficacy and safety of
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COVID-19 vaccines from specific manufacturers may not be enough, so can harm countries’
communities. To provide faster benefit for more people, governments can choose mandatory vs.
voluntary policy and this will become another ethical choice.

Questions:

What kind of vaccine coverage and allocation strategy could be justifiable to provide access on
highly restricted supply condition?

Is this justifiable to import COVID-19 vaccines only from Russia or China and produce them locally
despite of high concerns of these vaccines’ safety and efficacy?

Is mandatory vaccination campaign justifiable, considering possibility of low efficacy in used
vaccines and significant human rights violations?

Ethical issue #2:

A provision of subjects for the Zhifei Longcom’s vaccine phase III trial leaded to a privileged access to its
COVID-19 vaccine for Uzbekistan. This guaranteed faster supply of the vaccine for more people in the
country. However, the vaccine being tested can do harm in short or long term to subjects of the trial, even
leading to their death. And its clinical efficacy possibly will not outweigh its potential risk. A level of
ethical expertise, in the country, raise view about the high risk of misconduct during the trial and violation
the rights of its subjects.

Questions:

Is it acceptable to provide subjects for testing Chinese Zhifei Longcom’s vaccine to guarantee faster
benefit for the subjects of the trial and all community in Uzbekistan?

To what extent ethical requirements to protect human subjects are being followed in the trial
conducted in Uzbekistan?

Discussion
A developing strategy for success in obtaining and allocating COVID-19 vaccines as well as testing them
becomes not easy task. This is, to our knowledge, the first study that analyzed public opinion regarding
such strategies in low- and middle-income countries. We offered evidence of the debate within three
Central Asian countries, drawn from social media postings and other sources. This debate caused ethical
choices over which there may be considerable disagreement within each country. We are providing
possible solutions for these choices with making practical inferences.

Ethical issue #1

There is lack of reliable data from Central Asian countries concerning the herd immunity to SARS-CoV-2
in their communities. Data on other coronaviruses suggest that immunity might be short lived; however,
goes to 12–18 months in duration [17]. Whether past infection prevents severe COVID-19 is still not clear.
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However, vaccines can sharpen immunity in previously infected people and contribute to mild illnesses in
non-infected ones [18]. A spread of mutant strains that are more contagious and fatal [19] may contribute
to reducing lockdowns effects and to the rise a role of the vaccination in the epidemic control. Last of
them, Delta variant, looks deadliest this time [20] and is reaching Central Asia. This proves an urgent need
in mass campaigns for all three countries. Uzbekistan and Kyrgyzstan started their campaigns in April,
and Kazakhstan declared its start even earlier. Up to July 2021, there were 105 candidate vaccines in
clinical and 184 in preclinical development, and 22 were within WHO evaluation process [21, 22]. And an
assessment to use for vaccination was finalized for seven vaccines, with no Russian vaccines in that list.
However, the formal report about phase III trial of Sputnik V declared its efficacy at 91% [23]. Until now,
only Sinopharm from China got WHO approval for emergency use with 79% preliminary efficacy for
symptomatic cases [24].

For countries with a larger population, such as Uzbekistan, low efficacy can make higher negative impact.
An estimated threshold for COVID-19 vaccine efficacy, in case of full coverage, is about 60% at R0 equal

to 2.5–3.5 [25]. The efficacy threshold rises to 70% when coverage drops to 3/4 and rises to 80% when

coverage drops to 3/5 of the community. This makes countries more interested in a higher vaccination
coverage in the case of lower vaccine efficacy. The most difficult is how to define target coverage in the
case of variety of vaccines with different efficacy. By this time, the lowest declared efficacy rate (70%),
among known candidates, is in Oxford-AstraZeneca vaccine [26]. This means that countries need 3/4

vaccination coverage in case they use only such vaccine as sole intervention. If consider that other
applied vaccines may have higher efficacy, this coverage rate would be enough for a maximum public
benefit. The cost of Sputnik V per patient is about half of the cost of Pfizer/BioNTech vaccine [27].
Chinese vaccines are comparable in cost with those from Western producers. A good point of non-
Western vaccines is that they don’t require subzero storage, so they are better suited for mass distribution
in warmer climates. However, Oxford-AstraZeneca vaccine can also be stored in regular fridge
temperature.

A vaccine allocation strategy in Central Asian countries, including selection of vaccines for every
individual use, rises serious ethical issues. In round the world, government officials demonstrate their
adherence to COVID-19 vaccination. This also looks like the way to demonstrate that they share
individual risk and benefit with their communities, in times of unclear or insufficient evidence about
vaccines. However, most of such examples come from developed countries in which officials and
communities are supposed to be vaccinated with the same vaccines, leading the similar risk and benefit
among them. In Central Asia, vaccines’ deficit and potentially higher range in their efficacy and safety can
lead to unequal distribution of individual risk and benefit, with possibility of an abuse of power. A low
transparency can contribute to unjust vaccine access, leading the violation Article 21(2) of UDHR. Our
data proves a low public trust to governments, and social media users claim the officials of three
countries to demonstrate their preparedness to get vaccinated with vaccines planned to be used for mass
campaigns, that is to share the risk. This view can go even further, especially in times when cases of side
effects and deaths after vaccines’ use are going up. An important factor becomes whether access to
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emergency care will be equal for all in case of side effects. Communities cannot expect such justice if
they experienced access highly depending on their social status. In case public do not see the response to
these issues, this situation can lead a vaccine rejection or hesitancy in Central Asia, where communities
historically were highly adherent to vaccination. An applying some prioritization strategies and policies
that propose to vaccinate specific subcommunities such as the elderly, live-saving or social service staff
and close contact individuals [28, 29] will probably fail in this course.

From this view, an employment of mandatory vaccination looks inappropriate, this time, in Central Asia.
We considered four additional conditions to make this decision [30]. First, a lower proportion of older
population and lower than in Europe and US fatality rates make threat for public health less grave, in
three countries. Kyrgyzstan has highest case fatality (1.71%) in a smaller population, and this can be due
to the policy of registration of all unclear deaths as COVID-19, in the peak of the epidemic. However,
estimates of Institute for Health Metrics and Evaluation consider Central Asia as region with the highest
ratio of total COVID-19 deaths to reported deaths [31]. An issue can be that all three countries had
relatively low coverage by PCR testing, due to its high cost [32]. This can be a factor both increasing and
decreasing the true epidemics burden in the countries. Second, even phase III trials data, there are
common both experts and public concerns that vaccine testing has been rushed, and they may not be as
safe or effective as they are declared. And this issue relates more to Russian and Chinese vaccines. This
is condition decreasing public and individual benefit and increasing individual risk of the vaccination in
three countries. Third, a systematic review of observational studies confirmed effectiveness of social
distancing and wearing mask in reducing COVID-19 transmission [33]. This means that they still have
high potential as alternatives to vaccination, especially in communities where they were not widely
applied. Finally, another problematic issue is how proportionate can be coercion in a case of mandatory
vaccination. In addition to unequal individual risk distribution, one can expect that coercion will be too
strict, leading to significant human rights violation and social restrictions.

Inference

The policy of the vaccine supply, oriented to its imports only from specific countries (Russia or China) or
producers cannot be justifiable this time. The market is developing fast and new vaccines appear to be
available for mass campaigns in Central Asian countries. Their governments should consider their
efficacy rates as a primary factor to plan coverage and selection of vaccines. This means that countries
are recommended to use vaccines with a minimum 70% of efficacy; in this case they will need to provide
3/4 coverage by vaccination. The countries can use vaccines with a lower cost, in case they have this or
higher efficacy rates. The cost will also include expenses for storage and transportation of vaccines.
Political decisions and system of vaccines distribution should be transparent and communities of three
countries should be informed about the vaccines’ selection pattern and about the way how equal sharing
of individual risks and benefits will be provided. To prevent inequality in access to vaccines having
different efficacy and safety, we would recommend, for every individual use to make random selection
from the list of vaccines available in the country.
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Ethical issue #2

As an emergency way to test their vaccines, all manufacturers conduct clinical trials round the world,
especially considering countries with big populations and high COVID-19 morbidity. Only Uzbekistan, in
Central Asia, provides subjects for phase III trial of the Zhifei Longcom’s vaccine. And this time, it
becomes the main vaccine used for a mass campaign in Uzbekistan. However, under WHO evaluation
process, it is still marked as in step of expression of interest. The Uzbek study is a component of the trial
that is registered in ClinicalTrials.gov as international multicenter study (ID: NCT04646590) having totally
18 study locations and requiring an informed consent from voluntary subjects. This time, a previously
planned Uzbek sample size of 5000 subjects tends to be doubled, presumably, due to the fall in COVID-19
morbidity in the country or other locations. This means the number of subjects at risk is also doubling,
while individual benefit from this vaccine testing is very low for these subjects. The reason is that COVID-
19 is most fatal for older people having chronic conditions and their risk factors [34]. However, the trial
involves only healthy young and middle-aged subjects genuinely having a low risk of severe disease, in
case it develops on them. An authorized ministry, in Uzbekistan, declares that tested vaccine is safe
because it is recombinant and does not contain virus. It is true that this type of vaccines has reduced side
effects [35]; however, its safety concerns not only viral target but also variety of other ingredients and by-
products of manufacturing.

From this view, it looks unreasonable to provide site for the trial as a way to get better access to the
vaccine for the subjects of the trial. Moreover, the country cannot guarantee participation a specific
number of subjects on the trial. The country’s role should be limited to formal permission to recruit
subjects. The most important is that the country should protect rights of the subjects irrespective of what
public benefit is expected to get from the tested vaccine. There is no information about the text of
informed consent and in what degree the process of its collection complies with Guidelines 9 and 10 of
CIOMS. From some sources it becomes clear that there can be government military workers among
participants, so they can be vulnerable from the view of considering their rights as subjects of the trial.
According to officials, the Ethics Committee at Ministry of Health has approved this research in the
country. They also declare that the study will be stopped in case adverse effects will go in 30% of the
involved subjects. However, a big issue becomes the transparency of the committee’s work and in what
degree it is independent in its decisions.

Inference

A potentially low individual benefit cannot outweigh the risk for subjects involved to Zhifei Longcom’s
vaccine phase III trial, in Uzbekistan. The policy to provide site for testing any specific COVID-19 vaccine
can be justified only in a case the trial guarantees the protection rights of every subject. The Ethics
Committee at Ministry of Health should provide a careful monitoring of the study, and it should have a
right to stop the trial in any step. The informed consent should be delivered properly to subjects, leading
their free agreement to participate in the study. By this time, the clinical efficacy and safety of Zhifei
Longcom’s vaccine is unclear even relating to Uzbek participants of the trial. These findings become a



Page 11/15

critical point for a decision to keep using this vaccine in Uzbekistan and for plans to provide coverage
level.

Limitations

This ethical analysis is not based on exact representation of public opinions related to COVID-19 vaccine
supply or participation in the vaccine testing trial, in Central Asia. The proportion of communities that do
not use social media or has steady Internet access can be high and can vary among countries. The idea
was to collect all possible range of attitudes, in three countries, to adjust it with the basic ethical
principles in the process of reasoning. Specific issues and questions extracted and discussed in our
analysis can be distinct from other countries, and this can limit generalizability of our analysis. However,
issues concerning COVID-19 vaccine supply become principal for every country, this time. The epidemic’s
patterns and curves can change unpredictably in three countries, leading to higher COVID-19 morbidity
and fatality rates. This would increase the public risk with its higher benefit from mandatory vaccination.
However, this way will not resolve problems rising from the unequal risk and benefit distribution during
the mass campaign.

Conclusions
Despite the limitations of our study, we believe that it would be a helpful example of solving ethical
issues that can rise concerning COVID-19 vaccine supply round the world. All countries should weigh risk
and benefit from specific policies and stay very sensitive to the possible harm. The public view, even not
basing on strong knowledge and expertise, can be highly critical, helping to spot such issues. An ignoring
this view can lead to major problems, which in turn, can become a serious obstacle for the vaccine
coverage and epidemics’ control in the countries and regions.

Abbreviations
CIOMS: Council for International Organization of Medical Sciences; COVID-19: CoronaVirus Disease 2019;
COVAX: COVID-19 Vaccine Global Access; LMICs: Low- and Middle-Income Countries; SARS-CoV-2: Severe
Acute Respiratory Syndrome Coronavirus 2; PCR: Polymerase Chain Reaction; UDHR: United Nations
Declaration of Human Rights; WHO: World Health Organization  

Declarations
Ethics approval and consent to participate

Not applicable. This study did not include any participants; we analyzed publicly available information
from Internet.

Consent for publication



Page 12/15

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by the Fogarty International Center of the National Institutes of Health
D43TW011237 grant, Boston Children’s Hospital, USA. This grant funded the article processing charge
(APC) for this submission to the BMC Medical Ethics

Authors’ contributions

All authors contributed significantly, and all authors agreed with the content of the manuscript. TA was a
contributing author of the idea, and one of three researchers who performed search and organization of
data. He also prepared the draft version of the manuscript and was a corresponding author. DW was a
principal author of the idea, reviewed draft versions and edited the final one. DA made an organizational
support for the study and contributed reviewing the manuscript. ZT was a second researcher who
performed search and organization of data. TM was a third researcher who performed search and
organization of data. KM is a principal investigator under FIC/NIH D43TW011237 grant, and he was also
a co-author of idea and reviewed draft and final manuscripts.

Acknowledgements

Not applicable.

References
1. WHO. Global equitable access to COVID-19 vaccines estimated to generate economic benefits of at

least US$ 153 billion in 2020–21, and US$ 466 billion by 2025, in 10 major economies, according to
new report by the Eurasia Group. 3 Dec 2020. https://www.who.int/news/item/03-12-2020-global-
access-to-covid-19-vaccines-estimated-to-generate-economic-benefits-of-at-least-153-billion-in-2020-
21. Accessed 3 March 2021.

2. Randolph HE, Barreiro LB. Herd Immunity: Understanding COVID-19. Immunity. 2020 May
19;52(5):737 – 41; doi: 10.1016/j.immuni.2020.04.012.

3. Frederiksen LSF, Zhang Y, Foged C, Thakur A. The Long Road Toward COVID-19 Herd Immunity:
Vaccine Platform Technologies and Mass Immunization Strategies. Front Immunol. 2020 Jul
21;11:1817; doi: 10.3389/fimmu.2020.01817.

4. Herzog L, Norheim O, Emanuel E et al. Covax must go beyond proportional allocation of covid
vaccines to ensure fair and equitable access. BMJ 2021;372:m4853; doi: 10.1136/bmj.m4853



Page 13/15

5. Sharma S, Kawa N, Gomber. A WHO’s allocation framework for COVAX: is it fair? Journal of Medical
Ethics Published Online First: 9 Apr 2021; doi: 10.1136/medethics-2020-107152

6. Wouters OJ, Shadlen KC, Salcher-Konrad M et al. Challenges in ensuring global access to COVID-19
vaccines: production, affordability, allocation, and deployment. Lancet. 2021 Feb
12;397(10278):1023–34; doi: 10.1016/S0140-6736(21)00306-8.

7. Morris L, Rauhala E, Mahtani S, Dixon R. China and Russia are using coronavirus vaccines to expand
their influence. The U.S. is on the sidelines. The Washington Post. 24 Nov 2020.
https://www.washingtonpost.com/world/vaccine-russia-china-influence/2020/11/23/b93daaca-
25e5-11eb-9c4a-0dc6242c4814_story.html. Accessed 16 July 2021.

8. BBC News. India coronavirus: Can all adults get vaccinated in 2021? 2 June 2021.
https://www.bbc.com/news/world-asia-india-55571793. Accessed 16 July 2021.

9. Polack FP, Thomas SJ, Kitchin N et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19
Vaccine. N Engl J Med. 2020 Dec 10; doi: 10.1056/NEJMoa2034577.

10. Kramer AE. A Russian vaccine maker reports positive results based on an incomplete trial. The New
York Times. 24 Nov 2020. https://www.nytimes.com/2020/11/24/world/sputnik-vaccine-russia.html.
Accessed 16 July 2021.

11. Schicktanz S, Schweda M, Wynne B. The ethics of 'public understanding of ethics'--why and how
bioethics expertise should include public and patients' voices. Med Health Care Philos. 2012
May;15(2):129–39; doi: 10.1007/s11019-011-9321-4.

12. Condori REL, Pardo TAS. Opinion summarization methods: Comparing and extending extractive and
abstractive approaches. Expert Systems with Applications. 2017;78:124–34; doi:
10.1016/j.eswa.2017.02.006.

13. Bonde S and Firenze P. Making Choices: A Framework for Making Ethical Decisions. Brown
University. 2013. https://www.brown.edu/academics/science-and-technology-studies/framework-
making-ethical-decisions. Accessed 16 July 2021.

14. Paul R and Elder L. The Miniature Guide to Understanding the Foundations of Ethical Reasoning. The
Foundation for Critical Thinking. 2003

15. United Nations. Universal Declaration of Human Rights. December 10, 1948.
https://www.un.org/en/universal-declaration-human-rights/. Accessed 16 July 2021.

16. International Ethical Guidelines for Health-related Research Involving Humans. Prepared by the
Council for International Organizations of Medical Sciences (CIOMS) in collaboration with the World
Health Organization (WHO). 2016, Geneva. https://cioms.ch/wp-content/uploads/2017/01/WEB-
CIOMS-EthicalGuidelines.pdf. Accessed 16 July 2021.

17. Anderson RM, Vegvari C, Truscott J, Collyer BS. Challenges in creating herd immunity to SARS-CoV-2
infection by mass vaccination. Lancet. 2020 Nov 21;396(10263):1614-16; doi: 10.1016/S0140-
6736(20)32318-7.

18. Baraniuk C. How long does covid-19 immunity last? BMJ. 2021 Jun 30; 373:n1605; doi:
10.1136/bmj.n1605.



Page 14/15

19. Challen R, Brooks-Pollock E, Read JM, et al. Risk of mortality in patients infected with SARS-CoV-2
variant of concern 202012/1: matched cohort study. BMJ 2021;372:n579; doi:10.1136/bmj.n579.

20. The Economist. Delta is fast becoming the world’s dominant strain of SARS-CoV-2. 29 June 2021.
https://www.economist.com/graphic-detail/2021/06/29/delta-is-fast-becoming-the-worlds-
dominant-strain-of-sars-cov-2. Accessed 16 July 2021.

21. WHO. Draft landscape and tracker of COVID-19 candidate vaccines. 2 July 2021.
https://cdn.who.int/media/docs/default-source/blue-print/29.06.2021_novel-covid-19-vaccine-
tracker.xlsx.zip?sfvrsn=1e57e634_7&download=true. Accessed 3 July 2021.

22. WHO. Coronavirus disease (COVID-19). COVID-19 vaccines. 2 July 2021.
file:///C:/Users/timur/AppData/Local/Temp/Status_COVID_VAX_02July2021.pdf. Accessed 3 July
2021.

23. Logunov DY, Dolzhikova IV, Shcheblyakov DV et al. Safety and efficacy of an rAd26 and rAd5 vector-
based heterologous prime-boost COVID-19 vaccine: an interim analysis of a randomised controlled
phase III trial in Russia. Lancet. 2021 Feb 20;397(10275):671–81; doi: 10.1016/S0140-
6736(21)00234-8.

24. BBC News<background-color:#5B96A2;bvertical-align:super;>.</background-color:#5B96A2;bvertical-
align:super;> Sinopharm: Chinese Covid vaccine gets WHO emergency approval. 7 May 2021.
https://www.bbc.com/news/world-asia-china-56967973. Accessed 16 July 2021.

25. Bartsch SM, O'Shea KJ, Ferguson MC et al. Vaccine Efficacy Needed for a COVID-19 Coronavirus
Vaccine to Prevent or Stop an Epidemic as the Sole Intervention. Am J Prev Med. 2020 Oct;59(4):493
– 503; doi: 10.1016/j.amepre.2020.06.011.

26. Voysey M, Clemens SAC, Madhi SA et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine
(AZD1222) against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil,
South Africa, and the UK. Lancet. 2021 Jan 9;397(10269):99–111; doi: 10.1016/S0140-
6736(20)32661-1.

27. BBC News. Covid: What do we know about China's coronavirus vaccines? 14 Jan 2021.
https://www.bbc.com/news/world-asia-china-55212787. Accessed 16 July 2021.

28. Gupta R, Morain SR. Ethical allocation of future COVID-19 vaccines. J Med Ethics. 2020 Dec
17:medethics-2020-106850; doi: 10.1136/medethics-2020-106850.

29. Herlitz A, Lederman Z, Miller J, et al. Just allocation of COVID-19 vaccines. BMJ Glob Health. 2021
Feb;6(2):e004812; doi: 10.1136/bmjgh-2020-004812.

30. Savulescu J. Good reasons to vaccinate: mandatory or payment for risk? J Med Ethics. 2021
Feb;47(2):78–85; doi: 10.1136/medethics-2020-106821.

31. Institute for Health Metrics and Evaluation (IHME). Estimation of total mortality due to COVID-19.
http://www.healthdata.org/special-analysis/estimation-excess-mortality-due-covid-19-and-scalars-
reported-covid-19-deaths. Accessed 16 July 2021.

32. Balakrishnan VS. COVID-19 response in Central Asia. Lancet Microbe. 2020 Nov;1(7):e281; doi:
10.1016/S2666-5247(20)30177-4.



Page 15/15

33. Chu DK, Akl EA, Duda S, et al. Physical distancing, face masks, and eye protection to prevent person-
to-person transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-analysis.
Lancet. 2020 Jun 27;395(10242):1973–87; doi: 10.1016/S0140-6736(20)31142-9.

34. Bertsimas D, Lukin G, Mingardi L, et al. COVID-19 mortality risk assessment: An international multi-
center study. PLoS One. 2020 Dec 9;15(12):e0243262; doi: 10.1371/journal.pone.0243262.

35. Yadav T, Srivastava N, Mishra G, et al. Recombinant vaccines for COVID-19. Hum Vaccin
Immunother. 2020;16(12):2905–12; doi:10.1080/21645515.2020.1820808


