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Abstract
Background
The equality in the distribution of vaccines between and within countries along with follow sanitation tips and observe social distance, are effective strategies to rid the world of COVID-19 pandemic. Inequality in the distribution of COVID-19 vaccine, in addition to causing inequity to the population health, has a significant impact on the process of economic recovery.

Methods
All published original papers on the inequality of Covid-19 vaccine distribution and the factors affecting it were searched in PubMed, Web of Science, Scopus and ProQuest databases between December 2020 to 30 May 2022. Selection of articles, extraction of their data and qualitative assessment (by STROBE) were performed by two researchers separately. Data graphing form was used to extract detailed data from each study and then, the collected data were classified.

Results
A total of 4623 articles were evaluated. After removing duplicates and screening the title, abstract and full text of articles, 22 articles were selected and entered into the study. Fifteen (68.17%) studies were conducted in the United States, three (13.64%) in Europe, three (13.64%) in Asia and one (6.66%) in Oceania. Factors affecting the inequality in the distribution of COVID-19 vaccine were classified into macro and micro levels determinants.

Conclusion
Macro determinants of inequality in the Covid-19 vaccine distribution were consisted of economic (stability and country’s economic status, Gross Domestic Product (GDP) per capita, financial support and human development index), infrastructure and health system (appropriate information system, functional cold chains in vaccine transport, transport infrastructure, medical and non-medical facilities per capita, healthcare access and quality), legal and politics (vaccination allocation rules, health policies, political ideology and racial bias), and epidemiologic and demographic factors (Covid-19 incidence and deaths rate, life expectancy, vulnerability to Covid-19, working in medical setting, comorbidities, social vulnerability, incarceration and education index). Moreover, micro/ individual level factors were included in economic (household’s income, home ownership, employment, poverty, access to healthy food and residency in the deprived areas) and demographic and social characteristics (sex, age, race, ethnic, religion, disability, location (urban/rural) and insurance coverage).

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12939-022-01729-x.
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Background
The SARS-CoV2 coronavirus first revealed in China in December 2019 [1]. On March 11, 2020, the World Health Organization (WHO) declared a severe outbreak of the acute respiratory virus coronavirus 2 (SARS-Covid-2) a pandemic, and the associated syndrome was named Coronavirus (Covid-19) [2]. Globally, the virus has spread to more than 200 countries [3]. According to WHO, as of May 27, 2022, there were 524,467,084 cases of COVID-19 and 6,285,171 deaths worldwide [4]. This disease has caused serious concerns about the general health of individuals [5]. People with certain health conditions, such as the elderly [6], chronic patients, people with severe obesity, chronic kidney disease, diabetes, arterial hypertension, and asthma [7], are more likely to develop Covid-19 [8]. The COVID-19 pandemic has led to the death and severe illness of many people, disruption of normal life, job loss, unhanding trade and shrinking national economies, especially in developing countries [9].
About 2 years after the outbreak of COVID-19, effective treatments for COVID-19 are constantly being updated. Some over-the-counter medications are prescribed and consumed without enough knowledge have been shown to be futile in reducing the risk of developing or treating COVID-19 [10]. These treatment approaches are more supportive and preventing transmission is the best way for public health [11]. The easiest way to deal with Covid-19 is to use a mask, follow sanitation tips and observe social distance [12]. According to the WHO, alongside public health and social distance, safe and effective vaccines are an important tool to protect people against COVID-19, save lives and reduce social disorders on a large scale. Moreover, equal access to COVID-19 [13]. So, an effective strategy to rid the world of this disease, with a significant reduction in the risk of infection and death due to COVID-19, is the nationwide distribution of vaccines in countries and within countries [14]. According to the WHO Vaccine equity campaign “Vaccine equity will accelerate the end of the pandemic. Achieving WHO’s vaccine equity targets will substantially increase population immunity globally, protect health systems, enable economies to fully restart, and reduce the risk of new variants emerging [15].”
A study by Bernal et al. (2021) found that a single dose of the BNT162b2 vaccine is around 60–70 effective in preventing symptomatic disease in adults aged 70 and older in the UK, and two doses are around 90–85% effective. People who have been vaccinated and experienced the symptoms are 44% less likely to be hospitalized and 51% are less likely to die than those who have not been vaccinated. Amit et al. (2021) estimated the effect of the vaccine at 85% on days 15 to 28 after the first dose, indicating that those who were vaccinated had less infection and symptoms of COVID-19 [16]. Since January 2020, when the first SARS-CoV-2 sequence became public, the scientific community has sought the rapid development of mRNAs, proteins, viral vectors, and other types of COVID-19 vaccines [17].
Due to the limited production of vaccines, priority is usually given in countries for their injection. The World Health Organization (WHO), the United States, and the United Kingdom prioritize health care personnel and people at high risk for serious complications and mortality, such as the elderly and people with comorbidities [18–20]. According to a study by Bubar et al. (2021), prioritizing vaccination for adults over 60 years of age with underlying disease is an appropriate strategy for reducing mortality from COVID-19 [21]. The results of a study by Buckner et al. (2020) showed that health care workers who are most at risk of infection and those over 60 years of age who are most at risk of dying from the disease are vaccinated [22]. Despite prioritizing vaccine, there is inequality in its distribution even within a group (e.g., health personnel. There are significant inequalities in COVID-19 burden in terms of race, ethnicity and socioeconomic status, which is influenced by the prioritization and distribution of vaccinations [23–26]. These inequalities are reduced when everyone has equal access to healthcare. For this reason, vaccine allocation strategies should reduce existing inequalities. Barriers to receiving the COVID-19 vaccine, including limited access to health care or living in rural and inaccessible areas, should also be identified and removed [27]. Inequality in the distribution of COVID-19 vaccine, in addition to causing injustice to the health of individuals and communities, has a significant impact on the process of economic recovery in developing countries. It was predicted that if the increase in vaccine production and distribution was sufficient for developing countries so that their vaccination rates were equal to those of developed countries, about $ 38 billion would be added to their Gross Domestic Product (GDP) in future year (https://​www.​who.​int/​news/​item/​22-07-2021-vaccine-inequity-undermining-global-economic-recovery). Despite the gradual reduction of inequality in vaccine distribution, the number of doses injected per population is 69 times higher in developed countries than in developing countries (https://​www.​thelancet.​com/​journals/​laninf/​article/​PIIS1473-3099(21)00344-3/​fulltext).
In addition to the importance of vaccination distribution, the willingness of individuals to receive Covid-19 vaccine is one of the major challenges in countries. However, the general desire for the Covid-19 vaccine is relatively high among the general population of the world. Nevertheless, skepticism is a major obstacle to global efforts to control the current pandemic [28]. Causes of this resistance may include safety concerns; in particular, the fear that the vaccine is dangerous because of its rapid production, plus the belief that the vaccine is useless; Due to the assumption that Covid-19 is harmless. Other reasons for public distrust, doubts about the effectiveness of the vaccine, belief in pre-existing immunity and doubts about the origin of the vaccine are other reasons [29]. According to a study by Sallam et al., The willingness to receive the vaccine in Kuwait, Saudi Arabia and Jordan was low despite the high prevalence of Covid-19 [30]. According to a study conducted in Ethiopia, the general tendency to receive the vaccine was low [2, 28]. Low levels of trust in government, low or moderate Covid-19 mortality, low level of education, low income, unemployment and old age were all factors contributing to the low willingness to receive the vaccine [31]. Shekhar et al. In the United States found that 36% of respondents were willing to receive the vaccine as soon as it became available, while 56% were reported unsure or waiting for further information.
According to the above, the percentage of vaccinations in different countries or regions is not only affected by the supply side, but also by the demand side. In other words, even if a country provides full access to vaccination for all people, a percentage of people still do not want to be vaccinated. Therefore, a raw comparison of the percentage of vaccinations may not reflect this fact. However, the aim of the researchers was only to provide an overview of inequality in vaccination coverage (whether affected by the supply side or affected by the demand side) and the factors affecting it. At the same time, in future researches, it can be examined to what extent the lack of vaccination coverage is related to the lack of access and to what extent is related to the unwillingness to receive it.
Due to the importance of vaccine distribution and its impact on human health and the world economy, the present review study was conducted to determine inequality in vaccine distribution in the world. The results of the study can provide valuable information to health policy makers, especially globally.
Methods
The review protocol was registered on Prospero (PROSPERO acknowledgement of receipt [338851]). The systematic review was conducted and reported in accordance to the PRISMA guidelines (http://​www.​prisma-statement.​org/​). In the first step, the research question is determined based on the elements of PCC (population, concept and context). In the present study, identifying the inequality of Covid-19 vaccine distribution and the factors affecting it (concept) in all countries of the world (population) in which vaccination has been performed (context), has been raised as a key question.
Search strategy and data sources
During the second step, search phase, the target population was all studies related to the distribution of vaccines in different countries of the world. For this purpose, all relevant studies from December 2020 to the 30 May, 2022 were retrieved through a detailed research strategy (Table 1).Table 1The search strategy of the study


	Database
	Search string
	Number of retrieved papers
	Limits

	Scopus
	(TITLE-ABS-KEY (“covid19” OR corona OR “covid-19” OR “SARS-CoV-2”)) AND (TITLE-ABS-KEY (vaccine OR vaccination OR immunization OR immunisation)) AND (TITLE-ABS KEY (inequality OR inequity OR disparity OR distribution)) AND (LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020)) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO (LANGUAGE, “English”)) AND (LIMIT-TO (SRCTYPE, “j”))
	2389
	Language (only resources with at least an abstract in English), search the key words in title and abstract.
Date: December 2020 (the first vaccination), up to 30 May, 2022

	PubMed
	Search: ((“covid19”[Title/Abstract] OR corona*[Title/Abstract] OR “covid-19”[Title/Abstract] OR “SARS-CoV-2”[Title/Abstract]) AND (vaccin*[Title/Abstract] OR immunization [Title/Abstract] OR immunization [Title/Abstract])) AND (inequality [Title/Abstract] OR inequity [Title/Abstract] OR disparity [Title/Abstract] OR distribution [Title/Abstract]) Filters: English, from 2020 to 2022
	1125

	WOS
	TI = ((“covid19” OR corona OR “covid-19” OR “SARS-CoV-2”) AND (vaccine OR immunization OR immunisation OR vaccination) AND (inequality OR inequity OR disparity OR distribution))
AB = ((“covid19” OR corona OR “covid-19” OR “SARS-CoV-2”) AND (vaccine OR immunization OR immunisation OR vaccination) AND (inequality OR inequity OR disparity OR distribution))
	916

	ProQuest
	TiAb(“covid19” OR corona OR “covid-19” OR “SARS-CoV-2”) AND ab (vaccine OR immunization OR immunisation OR vaccination) AND ab (inequality OR inequity OR disparity OR distribution)
	193




Research keywords include (“covid19” OR corona OR “covid-19” OR “SARS-CoV-2”) AND (vaccine OR vaccination OR immunization OR immunisation) AND (inequality OR inequity OR disparity OR distribution), Which were searched in PubMed, Web of Science, Scopus and ProQuest databases within the time frame mentioned.
Inclusion and exclusion criteria
Inclusion criteria were articles with at least one English abstract indexed in one of the mentioned databases, which pointed to inequality in vaccine distribution based on selected keywords and their synonyms. Also, letter to editor, commentary and types of reviews and those studies that had not been published by the time of the study were considered as exclusion criteria.
In the third step, the indexed information of the studies in the mentioned databases was transferred to the EndNote software with the help of keywords and the relevant studies were selected according to the purpose of the research. In the first stage, the selection was done with the help of the research title and in the next stages, this selection was done using the abstract and reading the full text of the articles, respectively. It should be noted that all stages of research and selection of studies have been done by two researchers independently (F.S.J. and M.Q.) and if necessary, the third researcher was asked to help reach a consensus (M.B) (Fig. 1).[image: ]
Fig. 1PRISMA flow diagram of searching and selection procedure for inequality in the distribution of Covid-19 vaccine


Quality assessment of articles
Qualitative evaluation, in addition to selection of related articles and extraction of their data were performed by two researchers separately. Selected articles were qualitatively evaluated by researchers using the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) checklist (https://​www.​strobe-statement.​org/​).
Any disagreement was referred to a third party by two evaluators. This checklist consists of 22 different sections and evaluates various aspects of methodology including sampling methods, measurement of variables, statistical analysis, adjustment of confounders, mentioning the validity and reliability of the tools used and the objectives of the study. The final quality score of articles based on this tool is reported in the last column of the attached table (Additional file 1: Appendix –Table 1).
Results
The results of searching articles in databases showed that there were 4623 articles in the field of study purpose, of which 1834 articles were duplicates. Then 2416 articles in terms of title, 246 articles in terms of abstract and 105 articles in terms of full text of articles that did not meet the inclusion criteria were rejected. Finally, 22 articles were selected and entered into the study.
Findings from the descriptive analysis of 22 studies showed that 15 (68.17%) studies were conducted by researchers in the United States, three (13.64%) by Europe, three (13.64%) by Asia and one by Oceania (4.55%) authors. Also, 18 (81.81%) of the studies were related to developed countries and four of them (18.19%) was related to developing countries. Detailed information of included studies were summarized in the additional file, Additional file 1: Appendix (Table 1).
Based on the thematic analysis of the findings, the researchers categorized the factors explaining the inequality in the distribution of COVID-19 vaccine into macro and micro levels Table 2.Table 2Factors affecting inequality in the distribution of Covid-19 vaccine


	Main categories
	Subcategories
	Factors
	References

	Macro level (country)
	Economic
	Stability and country’s economic status
	[32–35]

	GDP per capita
	[35–38]

	Financial support
	[33, 36]

	Human development index
	[35, 36]

	Infrastructure and health system
	Appropriate information system
	[33]

	Functional cold chains in vaccine
Transport
	[33]

	Transport infrastructure
	[33]

	Medical and non-medical facilities per capita
	[32, 37]

	Healthcare provision and access
	[32, 33]

	Healthcare quality
	[32]

	Legal and politics
	Vaccination allocation rules
	[33]

	Health policies
	[37]

	Political ideology
	[32]

	Racial bias
	[32]

	Epidemiologic and Demographic
	Covid-19 incidence rate
	[32, 36, 39]

	Covid-19 deaths rate
	[36, 40]

	Life expectancy
	[36]

	Vulnerability to covid-19
	[36]

	Working in medical setting
	[40]

	Comorbidities
	[40]

	Social vulnerability
	[41]

	Incarceration index
	[34]

	Education index
	[32, 34, 42]

	Micro level (individual)
	Economic characteristics
	Household’s income
	[33, 39, 40, 42–46]

	Home ownership
	[39]

	Employment
	[34, 39, 43]

	Poverty
	[36, 43, 47]

	Access to healthy food
	[39]

	Residency in the deprived areas
	[45, 47–49]

	Demographic and social characteristics
	Sex
	[39, 49]

	Age
	[34, 36, 39, 40, 42, 44–46, 48, 50, 51]

	Race
	[32, 34, 40–44, 48, 51–53]

	Ethnic
	[41, 44, 45, 48, 49, 52, 53]

	Religion
	[48]

	Disability
	[48]

	Location (urban/rural)
	[39, 46, 49]

	Insurance coverage
	[39]




Significant to mention is, if the factors explain the inequality of vaccination rates between different countries or regions (for example, states), they are classified as macro level factors. In other words, aggregate indices have been used to explain inequality. For instance, countries with higher per capita incomes reported higher coverage rates. On the other hand, if they explain inequality factors in vaccination between individuals or households in a country or region, they were classified as micro level factors. This means that variables have been reported at the individual level to explain inequality. For example, men have received more vaccinations than women.
Micro (individual) level factors
According to the results of the present study, the most influential factors on vaccine distribution were related to micro level (individual) factors. Demographic and social characteristics at the micro level were the most important factors influencing the inequality of the distribution of covid-19 vaccine. These components are Economic characteristics (household’s income, home ownership, employment, poverty, access to healthy food, residency in the deprived areas) and Demographic and social characteristics (sex, age, race, ethnic, Religion, disability, Location (urban/rural), insurance coverage).
Nineteen studies pointed to the factors affecting inequality in the distribution of COVID-19 vaccine at the micro level. Factors affecting the individual level were classified into two groups including economic characteristics and demographic and social characteristics. Among these, thirteen studies (68.42%) referred to the factors of economic characteristics and all studies referred to the factors of demographic and social characteristics of individuals.
Macro (country) level factors
According to the findings, 11 studies examined the factors affecting the equitable distribution of COVID-19 vaccine at the macro level. Factors affecting the distribution of COVID-19 vaccine at the macro level were divided into four groups, economic (Stability and country’s economic status, GDP per capita, Financial support, Human development index), infrastructure and health system (Appropriate information system, Functional cold chains in vaccine Transport, Transport infrastructure, Medical and non-medical facilities per capita, Healthcare provision and access, Healthcare quality), legal and politics (Vaccination allocation rules, health policies, Political ideology, racial bias), epidemiologic and demographic (Covid-19 incidence rate, Covid-19 deaths rate, Life expectancy, Vulnerability to covid-19, Working in medical setting, Comorbidities, Incarceration index and Education index). Seven studies on economic factors (63.63%), three studies on infrastructure and health system factors (27.27%), three studies on legal and political factors (27.27%), and seven studies on demographic and epidemiological factors (63.63%) are focused.
Discussion
Inequality in the distribution of the Covid-19 vaccine is one of the major challenges in managing the corona pandemic internationally and nationally. There are different legal, economic, social and demographic factors in the Covid-19 vaccine distribution in countries that have disrupted the process of fair vaccination. The aim of this study was to identify the factors affecting the distribution of Covid-19 vaccination.
Demographic and social characteristics factors at the micro level were among the most frequent components affecting the distribution of Covid-19 vaccine. For example, according to some studies in the United States and the United Kingdom [39, 49], the rate of vaccine injection is higher in women than men. Also, older people had greater access to vaccination [34, 36, 39, 40, 42, 44, 48, 50, 51]. A study by Cardona et al. in Maryland found that vaccination rates were lower in blacks [32]. Villagers have received fewer vaccinations than urban dwellers [39, 46, 49]. Vaccination rates were higher in people covered by insurance [39]. This indicates that in some countries, financial access has affected vaccine eligibility. A study by Vahe et al. in the United Kingdom found that among religious groups, the highest distribution of the vaccine was among Christians and the lowest among Buddhists. Vaccination rates have also been lower in people with severe disabilities [48].
Another individual factor creating inequality in Covid-19 vaccination was economic characteristics. According to many studies, low-income individuals or households [33, 39, 40, 42–44], were less likely to receive the Covid-19 vaccine. According to a study by Donadio et al. in the United States, homeless people were less likely to be vaccinated [39]. There was a low negative correlation between the unemployment rate and the percentage of vaccinated people. In other words, people who were unemployed had a lower vaccination rate [39]. Other economic factors affecting the lack of access to Covid-19 vaccine were poverty [36, 43] and living in deprived areas [45, 47–49]. Vaccination rates were also lower in people with limited access to healthy food [39]. Therefore, it seems that the low economic situation has been one of the most important factors in reducing the availability of Covid-19 vaccine.
The most common macro-level factors were epidemiologic and demographic factors. According to a study in California, vaccination rates were higher in areas with socially disadvantaged populations [41]. Countries with the most vulnerable groups to Covid-19 had priority on access to vaccination, higher doses, and thus better vaccination coverage [36]. Another study found that vaccination rates were higher in countries with higher life expectancy [36]. Also, in countries with a higher incidence and mortality from Covid-19, the vaccination rate was higher [36, 40]. Vaccination rates were higher in health care workers and those with significant comorbidities [40]. According to a study, the rate of Covid-19 vaccination is higher among US prisoners than in other groups [34]. Covid-19 vaccination rates have also been reported in countries with higher education [42]. Seemingly the selection of vaccine distribution criteria based on the vulnerability of people in the community is one of the common methods of vaccine distribution. Because by doing so, people prone to Covid-19 disease will be vaccinated sooner and the virus transmission chain will be cut faster.
Infrastructure and health system factor is one of the components affecting the fair distribution of the vaccine at macro level. A study by Duan et al. in China showed that the lack of appropriate information systems, cold chains used in vaccine delivery, and transportation infrastructure in countries have affected the rapid spread of vaccines [33]. Covid-19 vaccination rates were also lower in areas with low access to health facilities and poor quality of health care [32]. It can be concluded that in countries/areas where there are adequate health facilities and infrastructure for the production and distribution of Covid-19 vaccine, access to Covid-19 vaccine is higher.
Another macro factor influencing vaccine distribution was the legal and politics factor. Agarwal in the United States [32] showed that the results of the 2020 presidential election, followed by the prevailing political opinion, influenced the distribution of the Covid-19 vaccine. According to the WHO, the implementation of unjust health policies in the field of vaccine distribution has put the world on the verge of a catastrophic moral failure, and the cost of this failure is mostly paid by poor countries with the lives of people [37]. According to a study by Duan et al. in China, the lack of sustainable vaccination management [33] affects the fair distribution of vaccines. Racial prejudice is also another factor in the unequal distribution of the Covid-19 vaccine. According to a study, politicians’ racial bias has led to whites and indigenous peoples in the region receiving a higher percentage of vaccines [32]. Existence of fair laws and policies in situations where the collective interests of countries are at stake can reduce the rapid transfer and mortality of Covid-19. Therefore, in countries where the distribution of vaccines has been in accordance with clear principles and rules and far from wrong policies, the vaccination rate against Covid-19 has been higher.
Macro-economic factors were other factors influencing the distribution of the Covid-19 vaccine. According to a study, in low and middle-income countries, lower coverage rates of Covid-19 vaccination have been reported [32, 33]. In the study by Roghani et al. higher per capita GDP is positively correlated with greater distribution of Covid-19 vaccine [37]. Financial aid in countries was one of the main determinants that enabled the faster spread of vaccination. Countries such as the US, China, UK, and India, which have the highest rates of human development, have also reported higher percentages of vaccinations [36]. It can be concluded that at the time of pandemics, the economic level and income of countries are important factors in providing appropriate preventive services, including vaccination coverage to combat the disease.
Conclusion
According to our systematic review, there were inequality in COVID-19 vaccine distribution among different countries, areas or people. Factors affecting these inequalities were classified to micro and macro level determinants. Four categories of micro level factors include economic, infrastructure and health system, legal and politics, and epidemiologic and demographic factors. Plus, factors such as economic characteristics, in addition to demographic and social characteristics came up at the macro level. At macro level factors, variables such as GDP per capita, stability and country’s economic status, Covid-19 incidence rate, education index, financial support, human development index, medical and non-medical facilities per capita, healthcare provision and access, and Covid-19 deaths rate had the highest frequency in researches. Among micro level determinants, age, race, ethnic, household income, residency in the deprived areas, employment, poverty, location (urban/ rural) and gender were most often mentioned in the literature. Findings showed that factors in different levels have had effects in the inequality of COVID-19 vaccine distribution. Thus health policy makers in all levels of global, regional, national and local must plan and take action in the reduction of inequality in COVID-19 vaccine distribution.
Limitation
Among the limitations of this study are the limitation of search databases by researchers and the possibility of inaccurate vaccination rate statistics in various studies.
The current study provides sound evidence on factors affecting Covid-19 vaccine distribution at micro and macro level. These evidences can help policy makers at international, national and local level to reduce inequality in distribution of Covid-19 vaccine.
Acknowledgements
Authors would like to thank Shiraz University of Medical Sciences (SUMS) for financial support of the research.

Authors’ contributions
FSJ, MGHJ and RN did the search and screening and data extraction. MB raised the research idea and supervises all phase of the research. All authors have equal contribution in drafting and reviewing the manuscript. All authors have read and approved the final manuscript.

Funding
The study has been funded by Shiraz University of Medical Sciences (grant number: 24984).

Availability of data and materials
Data of this research is available and could be sent upon contact with the corresponding author.

Declarations
Ethics approval and consent to participate
All procedures performed in studies were in accordance with the ethical standards. Under the code of IR.SUMS.NUMIMG.REC.1401.016, by the Shiraz University of Medical Sciences.

Consent for publication
Not applicable.

Competing interests
“The authors declare no conflict of interest.”


References
	1.
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med. 2020;382(18):1708–20.PubMed

	2.
Bonavita S, Tedeschi G, Atreja A, Lavorgna L. Digital triage for people with multiple sclerosis in the age of COVID-19 pandemic. Neurol Sci. 2020;41(5):1007–9.PubMedPubMedCentral

	3.
Shang J, Wang Q, Zhang H, Wang X, Wan J, Yan Y, et al. The relationship between diabetes mellitus and COVID-19 prognosis: a retrospective cohort study in Wuhan, China. Am J Med. 2021;134(1):e6–e14.PubMed

	4.
WHO. WHO coronavirus (COVID-19) dashboard. 2021. Available: https://​covid19.​who.​int/​.

	5.
Miele G, Straccia G, Moccia M, Leocani L, Tedeschi G, Bonavita S, et al. Telemedicine in Parkinson's disease: how to ensure patient needs and continuity of care at the time of COVID-19 pandemic. Telemed e-Health. 2020;26(12):1533–6.

	6.
Daoust J-F. Elderly people and responses to COVID-19 in 27 countries. Plos One. 2020;15(7):e0235590.PubMedPubMedCentral

	7.
Ko JY, Danielson ML, Town M, Derado G, Greenland KJ, Kirley PD, et al. Risk factors for COVID-19-associated hospitalization: COVID-19-associated hospitalization surveillance network and behavioral risk factor surveillance system. Clin Infect Dis. 2020;72(11):695–703.

	8.
Pranata R, Lim MA, Huang I, Raharjo SB, Lukito AA. Hypertension is associated with increased mortality and severity of disease in COVID-19 pneumonia: a systematic review, meta-analysis and meta-regression. J Renin Angiotensin Aldosterone Syst. 2020;21(2):1–11.

	9.
Acharya KP, Ghimire TR, Subramanya SH. Access to and equitable distribution of COVID-19 vaccine in low-income countries. NPJ Vaccines. 2021;6(1):1–3.

	10.
Burgos RM, Badowski ME, Drwiega E, Ghassemi S, Griffith N, Herald F, et al. The race to a COVID-19 vaccine: opportunities and challenges in development and distribution. Drugs Context. 2021;(10);2–12.

	11.
Strizova Z, Smetanova J, Bartunkova J, Milota T. Principles and challenges in anti-COVID-19 vaccine development. Int Arch Allergy Immunol. 2021;182(4):1–11.

	12.
Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. 2021;384(5):403–16.PubMed

	13.
World Health Organization. COVID-19 vaccines. 2022. Available From: https://​www.​who.​int/​westernpacific/​emergencies/​covid-19/​covid-19-vaccines.

	14.
Bernal JL, Andrews N, Gower C, Robertson C, Stowe J, Tessier E, et al. Effectiveness of the Pfizer-BioNTech and Oxford-AstraZeneca vaccines on covid-19 related symptoms, hospital admissions, and mortality in older adults in England: test negative case-control study. BMJ. 2021;373:1–11. https://​doi.​org/​10.​1136/​bmj.​n1088.Crossref

	15.
Mandela N. Vaccine Equity. It’s only impossible until it’s done. Available from: https://​www.​who.​int/​campaigns/​vaccine-equity. April 2022.

	16.
Amit S, Regev-Yochay G, Afek A, Kreiss Y, Leshem E. Early rate reductions of SARS-CoV-2 infection and COVID-19 in BNT162b2 vaccine recipients. Lancet. 2021;397(10277):875–7.PubMedPubMedCentral

	17.
Haynes BF. A new vaccine to battle Covid-19. N Engl J Med. 2020;384(5):470–1.PubMed

	18.
World Health Organization. A global framework to ensure equitable and fair allocation of COVID-19 products and potential implication for COVID-19 vaccines. WHO Member States Briefing. 2020. https://​www.​ccghr.​ca/​wp-content/​uploads/​2020/​06/​Global-Allocation-Framework.​pdf. Accessed 29 Nov 2020

	19.
Mbaeyi S ACIP COVID-19 Vaccines Work Group. Considerations for COVID-19 vaccine prioritization. 2020. https://​www.​cdc.​gov/​vaccines/​acip/​meetings/​downloads/​slides-2020-06/​COVID-08-Mbaey-508.​pdf. Accessed 29 Nov 2020.

	20.
ndependent report. Joint Committee on Vaccination and Immunisation: interim advice on priority groups for covid-19 vaccination. [Updated June 18, 2020]. https://​www.​gov.​uk/​government/​publications/​priority-groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi/​interim-advice-on-prioritygroups-for-covid-19-vaccination. Accessed 29 Nov 2020

	21.
Bubar KM, Reinholt K, Kissler SM, Lipsitch M, Cobey S, Grad YH, et al. Model-informed COVID-19 vaccine prioritization strategies by age and serostatus. Science. 2021;371(6532):916–21.PubMedPubMedCentral

	22.
Buckner JH, Chowell G, Springborn MR. Dynamic prioritization of COVID-19 vaccines when social distancing is limited for essential workers. Proc Natl Acad Sci. 2021;118(16):1–34.

	23.
Chen JT, Krieger N. Revealing the unequal burden of COVID-19 by income, race/ethnicity, and household crowding: US county versus zip code analyses. J Public Health Manag Pract. 2021;27(1):S43–56.PubMed

	24.
Ogedegbe G, Ravenell J, Adhikari S, Butler M, Cook T, Francois F, et al. Assessment of racial/ethnic disparities in hospitalization and mortality in patients with COVID-19 in new York City. JAMA Netw Open. 2020;3(12):e2026881-e.

	25.
Vahidy FS, Nicolas JC, Meeks JR, Khan O, Pan A, Jones SL, et al. Racial and ethnic disparities in SARS-CoV-2 pandemic: analysis of a COVID-19 observational registry for a diverse US metropolitan population. BMJ Open. 2020;10(8):e039849.PubMedPubMedCentral

	26.
Bayati M. Why is COVID-19 more concentrated in countries with high economic status? Iran J Public Health. 2021;50(9):1926.PubMedPubMedCentral

	27.
McClung N, Chamberland M, Kinlaw K, Matthew DB, Wallace M, Bell BP, et al. The advisory committee on immunization practices’ ethical principles for allocating initial supplies of COVID-19 vaccine—United States, 2020. Morb Mortal Wkly Rep. 2020;69(47):1782.

	28.
Kukreti S, Rifai A, Padmalatha S, Lin C-Y, Yu T, Ko W-C, et al. Willingness to obtain COVID-19 vaccination in general population: a systematic review and meta-analysis. J Glob Health. 2022;12(6):50.

	29.
Troiano G, Nardi A. Vaccine hesitancy in the era of COVID-19. Public Health. 2021;194(18):245–51.PubMed

	30.
Sallam M, Dababseh D, Eid H, Al-Mahzoum K, Al-Haidar A, Taim D, et al. High rates of COVID-19 vaccine hesitancy and its association with conspiracy beliefs: a study in Jordan and Kuwait among other Arab countries. Vaccines. 2021;9(1):42.PubMedPubMedCentral

	31.
Jabessa D, Bekele F. Willingness to receive the COVID-19 vaccine and associated factors among residents of southwestern Ethiopia: a cross-sectional study. Patient Prefer Adherence. 2022;16(8):1177.PubMedPubMedCentral

	32.
Agarwal R, Dugas M, Ramaprasad J, Luo J, Li G, Gao GG. Socioeconomic privilege and political ideology are associated with racial disparity in COVID-19 vaccination. Proc Natl Acad Sci. 2021;11(32):1–5.

	33.
Duan Y, Shi J, Wang Z, Zhou S, Jin Y, Zheng Z-J. Disparities in COVID-19 vaccination among low-, middle-, and high-income countries: the mediating role of vaccination policy. Vaccines. 2021;9(8):905.PubMedPubMedCentral

	34.
Siegel M, Critchfield-Jain I, Boykin M, Owens A, Muratore R, Nunn T, et al. Racial/ethnic disparities in state-level COVID-19 vaccination rates and their association with structural racism. J Racial Ethn Health Disparities. 2021:1–14. https://​doi.​org/​10.​1007/​s40615-021-01173-7.

	35.
Kazemi M, Bragazzi NL, Kong JD. Assessing inequities in COVID-19 vaccine roll-out strategy programs: a cross-country study using a machine learning approach. Vaccines. 2022;10(2):194.PubMedPubMedCentral

	36.
de Oliveira BRB, da Penha Sobral AIG, Marinho MLM, Sobral MFF, de Souza MA, Duarte GB. Determinants of access to the SARS-CoV-2 vaccine: a preliminary approach. Int J Equity Health. 2021;20(1):1–11.

	37.
Roghani A, Panahi S. The global distribution of COVID-19 vaccine: the role of macro-socioeconomics measures. Medrxiv. 2021. https://​doi.​org/​10.​1101/​2021.​02.​09.​21251436.

	38.
Basak P, Abir T, Al Mamun A, Zainol NR, Khanam M, Haque MR, et al. A global study on the correlates of gross domestic product (GDP) and COVID-19 vaccine distribution. Vaccines. 2022;10(2):266.PubMedPubMedCentral

	39.
Donadio G, Choudhary M, Lindemer E, Pawlowski C, Soundararajan V. Counties with lower insurance coverage and housing problems are associated with both slower vaccine rollout and higher COVID-19 incidence. Vaccines. 2021;9(9):973.PubMedPubMedCentral

	40.
Cardona S, Felipe N, Fischer K, Sehgal NJ, Schwartz BE. Vaccination disparity: quantifying racial inequity in COVID-19 vaccine Administration in Maryland. J Urban Health. 2021;98(4):464–8.PubMedPubMedCentral

	41.
Shaheen AW, Ciesco E, Johnson K, Kuhnen G, Paolini C, Gartner G. Interactive, on-line visualization tools to measure and drive equity in COVID-19 vaccine administrations. J Am Med Inform Assoc. 2021;28(11):2451–5.PubMedPubMedCentral

	42.
Williams AM, Clayton HB, Singleton JA. Racial and ethnic disparities in COVID-19 vaccination coverage: the contribution of socioeconomic and demographic factors. Am J Prev Med. 2022;62(4):473–82.PubMed

	43.
Liao TF. Social and economic inequality in coronavirus disease 2019 vaccination coverage across Illinois counties. Sci Rep. 2021;11(1):1–6.

	44.
Attonito J, Van Arsdale W, Fishman K, Darya M, Jacomino M, Luck G. Sociodemographic disparities in access to COVID-19 vaccines upon initial rollout in Florida: study examines sociodemographic disparities in access to COVID-19 vaccines upon initial rollout in Florida. Health Aff. 2021;40(12):1883–91.

	45.
Benderly M, Huppert A, Novikov I, Ziv A, Kalter-Leibovici O. Fighting a pandemic: sociodemographic disparities and coronavirus disease-2019 vaccination gaps-a population study. Int J Epidemiol. 2022;12(14):74.

	46.
Whitehead J, Carr PA, Scott N, Lawrenson R. Structural disadvantage for priority populations: the spatial inequity of COVID-19 vaccination services in Aotearoa. NZMA. 2022;135(1551):1175–8716.

	47.
Mohammadi A, Mollalo A, Bergquist R, Kiani B. Measuring COVID-19 vaccination coverage: an enhanced age-adjusted two-step floating catchment area model. Infect Dis Poverty. 2021;10(1):1–13.

	48.
Nafilyan V, Dolby T, Razieh C, Gaughan C, Morgan J, Ayoubkhani D, et al. Sociodemographic inequality in COVID-19 vaccination coverage amongst elderly adults in England: a national linked data study. BMJ open. 2021;11(7):e053402. https://​doi.​org/​10.​1136/​bmjopen-2021-053402.

	49.
Perry M, Akbari A, Cottrell S, Gravenor MB, Roberts R, Lyons RA, et al. Inequalities in coverage of COVID-19 vaccination: a population register based cross-sectional study in Wales, UK. Vaccine. 2021;39(42):6256–61.PubMedPubMedCentral

	50.
Leung G, Verma A. Epidemiological study of COVID-19 fatalities and vaccine uptake: insight from a public health database in Ontario. Canada Cureus. 2021;13(7):1–11.

	51.
Pressman AR, Lockhart SH, Shen Z, Azar KM. Measuring and promoting SARS-COV-2 vaccine equity: development of a COVID-19 vaccine equity index. Health Equity. 2021;5(1):476–83.PubMedPubMedCentral

	52.
Anderson KF, Ray-Warren D. Racial-ethnic residential clustering and early COVID-19 vaccine allocations in five urban Texas counties. J Health Soc Behav. 2022;8(3):191.

	53.
Williams AM, Clayton HB, Singleton JA. Racial and ethnic disparities in COVID-19 vaccination coverage: the contribution of socioeconomic and demographic factors. Am J Prev Med. 2022;62(4):473–82.PubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Inequality in the distribution of Covid-19 vaccine: a systematic review


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12939_2022_1729_Fig1_HTML.png
Records identified through databases
(n=4623)

(Scopus: 2389, PubMed: 1125, Proquest:193, Web of Sciences:916)

Records with duplicates removed

(n =1834)
A 4
Article titles assessed for
eligibility Records excluded
(n=2789) (n=2416)
Article abst‘r a.ct.s-assessed for _| Article abstracts excluded
eligibility (n =246)
(n=373)
Full-text articles assessed for | Full text articles excluded,
eligibility with reason
(n=127) (=105)
A 4
Studies included

(n=22)






OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





