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Abstract

:

Widespread vaccination against COVID-19 is critical for controlling the pandemic. Despite the development of safe and efficacious vaccinations, low-and lower-middle income countries (LMICs) continue to encounter barriers to care owing to inequitable access and vaccine apprehension. This study aimed to summarize the available data on COVID-19 vaccine acceptance rates and factors associated with acceptance in LMICs. A comprehensive search was performed in PubMed, Scopus, and Web of Science from inception through August 2021. Quality assessments of the included studies were carried out using the eight-item Joanna Briggs Institute Critical Appraisal tool for cross-sectional studies. We performed a meta-analysis to estimate pooled acceptance rates with 95% confidence intervals (CI). A total of 36 studies met the inclusion criteria and were included in the review. A total of 83,867 respondents from 33 countries were studied. Most of the studies were conducted in India (n = 9), Egypt (n = 6), Bangladesh (n = 4), or Nigeria (n = 4). The pooled-effect size of the COVID-19 vaccine acceptance rate was 58.5% (95% CI: 46.9, 69.7, I2 = 100%, 33 studies) and the pooled vaccine hesitancy rate was 38.2% (95% CI: 27.2–49.7, I2 = 100%, 32 studies). In country-specific sub-group analyses, India showed the highest rates of vaccine acceptancy (76.7%, 95% CI: 65.8–84.9%, I2 = 98%), while Egypt showed the lowest rates of vaccine acceptancy (42.6%, 95% CI: 16.6–73.5%, I2 = 98%). Being male and perceiving risk of COVID-19 infection were predictors for willingness to accept the vaccine. Increasing vaccine acceptance rates in the global south should be prioritized to advance global vaccination coverage.
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1. Introduction


The highly infectious SARS-CoV-2 virus caused a worldwide outbreak, now known as coronavirus disease 2019 (COVID-19), and continues to present threats to nations across the globe. The manifestations of COVID-19 vary from person to person, from asymptomatic or moderate symptoms to a severe course of the illness [1]. The COVID-19 pandemic has taken a significant toll on the health of the globe in terms of incidence, mortality, mental health, and quality of life. As of 4 February 2022, the world crossed the threshold of 300 million COVID-19 cases and 5.7 million deaths [2]. Despite extensive research, there is currently no therapeutic for SARS-CoV-2 infection that has been proved to be consistently effective in controlled trials. The worldwide immunization against SARS-CoV-2 thus offers the possibility for a breakthrough in the battle against the severe effects of this emergent virus [1].



The 73rd World Health Assembly passed a resolution in May 2020 acknowledging the need for widespread vaccination as a nationwide public-health objective for preventing, controlling, and halting SARS-CoV-2 transmission [3]. Twenty-three vaccines have been authorized for emergency use in at least one country, 122 are in different clinical stages, and 194 are in pre-clinical developmental phases as of 15 November 2021 [4]. In most cases, the total effect of these vaccines is much higher than the threshold (50% efficacy) established by the U.S. Food and Drug Administration (FDA), including the BNT162b2 mRNA (95%), mRNA-1273 (94.1%), Sputnik V (91.6%) and the ChAdOx1 nCoV-19 (70.4%) vaccines.



Vaccination hesitancy and acceptance have emerged as prominent issues in the global fight against COVID-19 [5]. The Strategic Advisory Group of Experts (SAGE), a working group of the World Health Organization (WHO), has defined vaccine hesitancy as “the delay in acceptance or refusal of vaccines despite availability of vaccine service” [6]. According to a recent systematic review conducted in February 2021, the acceptability rate of COVID-19 vaccines ranged from 27.7% to 77.3 % [7]. Other studies have been conducted on predictors of receiving a vaccination. One study of 1268 respondents found 93% desired vaccination if the vaccine were 95% effective, while only 67% desired vaccination if it were 50% effective [8]. Even under the most effective vaccination scenarios, the majority of pregnant women (63%) and healthcare workers (34.35%) were hesitant to receive a vaccine in other studies [5,9]. Records of the H1N1 vaccination rollout among 18–75 year French residents showed declining rates of vaccine acceptance over time—from 90% in 2005 to 61% in 2010 [10]. During the 2018 measles epidemic in New York City, limited vaccine acceptance resulted in extensive and continuous disease transmission [5]. Consequently, the WHO has since listed vaccine hesitancy as one of the top 10 global health risks, even before the COVID-19 pandemic [11]. To ascertain the causes behind vaccine hesitancy, the WHO and United Nations (U.N.) Children’s Fund jointly performed a survey of 196 nations and found 74% of respondents had concerns about the risks and benefits of vaccines; further, these concerns were the most common sources of vaccine hesitancy [12]. Vaccination hesitation is widely recognized as a complicated phenomenon, with a variety of predictors beyond safety concerns. The Epidemiologic Triangle model can be applied to better understand vaccine hesitancy through three concepts that are related and interdependent: the environment, agent, and host. In this model, environmental factors may include social issues, public health policy, and the media. Agent factors may include perceptions of vaccine safety and efficacy, lack of trust in health systems, and perceived vulnerability of the disease. Host factors may include knowledge, education levels, previous experiences, and economic conditions [8,13,14].



Low- and lower-middle-income countries (LMICs) generally show higher willingness to accept vaccinations than higher-income countries [13,15,16]. For instance, Solís Arce et al. (2021) reported that 80% of LMIC samples were willing to accept vaccinations. Another study found an even greater proportion of willingness in South Asia (95%) [13]. In this case, the majority of LMIC respondents were willing to receive vaccinations because they believed vaccinations would protect them against COVID-19 [17]. However, there are studies reporting differing rates of vaccine hesitancy among other LMICs, such as India, Indonesia, Pakistan, and Burkina Faso [3,8,17]. A study among healthcare workers in Bangladesh reported that more than 50% of respondents were not willing to accept the COVID-19 vaccination. The major reasons for refusing vaccination were unknown side effects and perceived compromised quality as a result of the accelerated development of these vaccines [18]. A nationwide study in Pakistan found that more than half of participants expressed hesitancy toward COVID-19 vaccination [19]. Another study in Pakistan found that 38% of respondents expressed vaccine hesitancy and concerns about vaccine reliability and religious inhibitions [20]. A much higher proportion of participants (85%) disapproved of the COVID-19 vaccine in Cameroon and had doubts regarding its efficacy and safety, which influenced their attitudes toward the vaccine [21]. Similar findings were reported in Egypt, where 79% of respondents were vaccine hesitant [22].



As COVID-19 mortality rates in LMICs have been consistently lower than those in higher-income countries, LMIC residents might not acknowledge the risks of the disease and are, therefore, less willing to receive vaccines [15]. Poor knowledge, inadequate allocation of efficient vaccines, negative historical experiences involving foreign actors, cultural and religious beliefs, and mistrust in governments may explain vaccine hesitancy in LMICs [15,17]. However, we are unaware of comprehensive categorizations and confirmations of these factors and their effects. Earlier reviews have focused on summarizing global vaccine hesitancy rates [13], calculating global vaccine acceptance rates [23], pooling vaccine acceptance rates and their predictors [5], describing vaccine acceptance rates among LMICs in a qualitative fashion [24], scoping vaccine acceptance rates in higher-income countries [25], or scoping vaccine hesitancy rates and their predictors [26]. A systematic review with a meta-analysis of vaccine acceptance and hesitancy rates and their associated factors in LMICs has not yet been explored.



We conducted a rapid systematic review and meta-analysis aiming to estimate COVID-19 vaccine acceptance and hesitance rates among the people of LMICs. We also aimed to identify potential factors associated with vaccine acceptance in LMICs. As global vaccination efforts continue, this study could provide initial steps to facilitate the planning of ongoing vaccination programs and enhance vaccine uptake in developing countries.




2. Materials and Methods


We employed a rapid systematic review approach to synthesize the evidence using an expedited process [27]. The methodology was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement (PRISMA) recommendations [28].



2.1. Search Strategy


A systematic search was carried out in Medline (via PubMed), Web of Science, and Scopus on 22 August 2021. We used medical subject headings (MeSH) and text words (tw) for the following search terms: (i) related to COVID-19—“COVID-19” OR “SARS-CoV-2” OR “coronavirus” OR “novel coronavirus” OR “nCoV” OR “2019-ncov” OR “SARS-CoV-2” OR “severe acute respiratory syndrome coronavirus 2”; (ii) related to vaccines—“vaccines” OR “vaccination” OR “COVID-19 Vaccines” OR “vaccina” OR “vaccine uptake” OR “SARS-CoV-2 vaccine”; (iii) related to acceptance or hesitancy—“Vaccine hesitancy” OR “vaccine hesitance” OR “Vaccine acceptance” OR “vaccine confidence” OR “Vaccine safety” OR “vaccination attitudes” OR “vaccine rejection” OR “vaccine willingness”; (iv) related to study design—“surveys and questionnaires” OR “survey” OR “poll” OR “surveys and questionnaires” OR “Cross-Sectional Studies”. The search strategies were developed for PubMed and revised for other databases. Other relevant articles were retrieved with forward and backward citation searches on the articles and reviews identified in the keyword searches via Google Scholar.




2.2. Study Selection


All records were imported to Rayyan (https://www.rayyan.ai/ accessed on 15 January 2022), an intelligent systematic review tool. After removing duplications, the complete contents of the relevant articles were reviewed for inclusion and exclusion criteria. The records were examined by five authors (MMP, MB, MZH, ASD, and SMB) based on study titles, abstracts, and full texts. Three independent reviewers (MMP, MB, and MZH) then assessed potentially eligible publications and resolved conflicts through discussion. Studies that matched the following criteria were eligible for inclusion: survey studies with no restrictions on the study population; descriptive and observational studies with a cross-sectional, experimental, or longitudinal design; at least one query on COVID-19 vaccine acceptance or hesitance; restricted to low-middle-income countries, as defined as a gross national income (GNI) per capita of USD 4095 or less in 2020 according to the World Bank; peer-reviewed studies published in English; published between January 2020 and August 2021. Articles that did not aim to evaluate COVID-19 vaccine acceptance/hesitancy were excluded. Literature reviews, systematic reviews, meta-analyses, unpublished data, books, conference papers, editorials, commentaries, letters to the editor, case reports were excluded. Studies reporting probable errors or results the reviewers were unable to extract correctly were also excluded, as were studies without full-text access.




2.3. Data Extraction


Data were extracted by four reviewers. The following pieces of information were retrieved: author-name; publication year; study country; study design; survey method and period; target population; sampling method; sample size; measurement scale of vaccine acceptance; statistical analysis; acceptance rate; unwillingness rate; hesitancy rate; factors associated with vaccine acceptance, hesitancy or refusal; reason for vaccine hesitancy or refusal; and summary of results. All extracted data are provided in Table 1. After independent data extraction, disparities were resolved by consensus.




2.4. Assessment of Study Quality


The Joanna Briggs Institute (JBI) critical appraisal tool was used to evaluate the quality of the included articles [56]. The checklist comprised of eight questions on the study design and data analysis (e.g., sample size, sample selection, valid and reliable measurements). The total score for each study was calculated by adding up the individual scores and putting them into groups based on previous studies [24,57,58], as displayed in Supplementary Table S1.




2.5. Data Analysis


The “Meta” and “Metasens” statistical packages in R version 4.2.1 were used for all analyses. To assess vaccine acceptance within subgroups, point estimates of effect size, odds ratios (ORs) and 95% confidence intervals (95% CI) were estimated. The pooled effects of vaccine acceptance and hesitance were calculated using random-effects models. Using meta-regression and subgroup analysis, the sources of heterogeneity were identified, and substantial heterogeneity was defined as an I2 > 50% [59]. Begg’s test and Egger weighted-regression methods were adopted for calculating the presence and effect of publication bias.





3. Results


3.1. Search Results


A total of 452 articles were identified in preliminary searches. After assessing eligibility based on the title and abstract or the full text, 36 articles were included in the final selection. Of these, four articles were found to contain results of multiple surveys. Lazarus et al. conducted a survey in 19 countries, but only three were from LMICs [46]. Bono et al. conducted an international study of nine LMICs [34]. Qunaibi et al. surveyed 23 Arab countries and territories and 122 other countries, of which eight were LMICs [52]. Lastly, Solís Arce et al. [15] performed an international study with 10 LMICs [15]. Of the total, 33 studies were included in the meta-analysis (Figure 1).




3.2. Characteristics of the Included Studies


Table 1 presents a synthesis of the included studies and factors of vaccine acceptance. Most studies had a cross-sectional design with data collected via telephone or online survey. Few studies recruited participants from existing databases, and some others used snowball sampling through social media or email, or convenience samples. All surveys were administered between March 2020 and April 2021. The total sample of included studies was 83,867, ranging from 187 participants [38] to 15,604 participants [15] in individual studies. Most of the studies were conducted in India (n = 9), Egypt (n = 6), Bangladesh (n = 4), or Nigeria (n = 4). The majority of the targeted samples were general populations, followed by healthcare workers and healthcare students. The most common factors for vaccine acceptance were older ages, gender, marital status, higher education levels, urban dweller, healthcare worker, chronic disease status, COVID-19 knowledge levels, perceived risk and benefits of vaccines, beliefs in vaccine safety and efficacy, previous vaccination history, and trust in healthcare systems.




3.3. Prevalence of Vaccine Acceptance and Hesitancy


The estimated COVID-19 vaccination acceptance rate across LMICs was 58.5% (95% CI: 46.90–69.70%, I2 = 100%) (Figure 2). The highest rate was 95.6% (95% CI: 94.3–96.8%) in Kenya [34]. The study across eight LMICs by Qunaibi et al. [52] reported the lowest vaccination acceptance of 6.6% (95% CI: 6.0–7.1%).



The total estimated COVID-19 vaccination hesitancy rate across LMICs was 38.2% (95% CI: 27.2–49.7%, I2 = 100%) (Figure 3). The highest hesitancy rate was 84.6% (95% CI: 83.1–85.9%) in Cameroon [21] and the lowest rate was 4.4% (95% CI: 3.2–5.8%) in Kenya [34].




3.4. Sub-Group Analyses


In country-specific sub-group analyses, the pooled prevalence of the highest vaccine acceptance rates were observed in India (76.7%, 95% CI: 65.8–84.9%, I2 = 98%) followed by Nigeria (69.9%, 95% CI: 63.1–75.9%, I2 = 83%), Bangladesh (60.9%, 95% CI: 47.1–73.1%, I2 = 98%), Uganda (57.6%, 95% CI: 44.2–70.0%, I2 = 98%), Pakistan (55.0%, 95% CI: 45.3–64.3%, I2 = 98%) and Egypt (42.6%, 95% CI: 16.6–73.5%, I2 = 98%) (Figure 4).



Additionally in country-specific sub-group analyses, the pooled prevalence of the highest COVID-19 vaccine hesitancy rates were observed in Egypt (51.2%, 95% CI: 22.4–79.2%, I2 = 99%) followed by Pakistan (45.0%, 95% CI: 35.7–54.7%, I2 = 95%), Uganda (41.6%, 95% CI: 28.7–55.7%, I2 = 98%), Bangladesh (39.1%, 95% CI: 26.9–52.9%, I2 = 98%), Nigeria (30.1%, 95% CI: 24.1–36.9%, I2 = 83%), and India (23.3%, 95% CI: 15.0–34.1%, I2 = 98%) (Figure 5).



Meta-estimates of COVID-19 vaccination acceptance rates and their factors are presented in Figure 6. Sex, residence, marital status, education, occupation, presence of chronic disease(s), healthcare worker status, previous vaccine history, and perceived risk of COVID-19 were checked as deterministic variables. Only being male (n = 17 studies, OR = 1.2, 95% CI: 1.0–1.6, I2 = 91.6%) and perceived risk of COVID-19 infection (n = 3 studies, OR = 2.4, 95% CI = 1.1–5.5, I2 = 93.1%) had high pooled odds ratios that were significantly associated with vaccination acceptance.




3.5. Risk of Bias


The JBI tool indicated no studies should be eliminated because of low methodological quality. However, many studies were identified as being reliant on inadequate recruitment methods such as convenience and snowball sampling via social media, which may not have produced representative samples. Regardless, each of the 36 studies was categorized into the high-quality category for observational studies (Supplementary Table S1).



We observed the presence of some publication bias. The results of the Egger’s test showed that studies of vaccine acceptance (Egger’s p-value = 0.02) and hesitancy (Egger’s p-value = 0.007) were vulnerable to publication bias (Supplementary Table S2, Figures S1 and S2).





4. Discussion


The COVID-19 pandemic has presented an unprecedented threat to public health [60]. To date, it has spread across more than 200 countries and has yet to be effectively controlled. Governments have adopted several strategies to control the spread of the infection; however, none have been entirely successful in stopping the epidemic [61]. Fortunately, several effective and safe COVID-19 vaccines have been developed. The current situation of the pandemic is now focused on the global need to slow the spread through vaccination rollouts. While vaccine acceptance is crucial to herd immunity, vaccine hesitancy is a major barrier to achieving this target, particularly in low-middle-income countries (LMICs) [52]. To the best of our knowledge, there is no systematic review and meta-analysis on estimating vaccine acceptance rates in LMICs. Therefore, the current study determined this rate and its factors LMICs using all available data as of August 2021.



We identified 36 studies of 83,867 participants from 33 low-middle-income countries. Pooled estimates showed that more than half of these participants were willing to accept the COVID-19 vaccine. India and Egypt reported the highest and lowest vaccine acceptance rates, respectively. Correspondingly, Egypt and India reported the highest and lowest vaccine hesitancy rates, respectively.



Our findings are different from other review articles on COVID-19 vaccine acceptance, which may be attributable to the extended timing of the published articles in the current review. The observed vaccine acceptance rate of 59% is much lower than global estimates of 66% by Nehal et al. [23] and 73% by Wang et al. [5]. However, these other reviews included studies only through April 2021. Other reviews have shown vaccine acceptance rates have varied over the course of the pandemic [23]. For example, a global review found acceptance rates increased from 57% in April 2020 to 75% in June 2020 in the U.S. [13]. Neumann-Böhme et al. [62] conducted a multi-country study in Europe and variability of vaccine acceptance was observed across countries during the time periods studied. Meanwhile, our study observed variation across studies due to high heterogeneity (I2 = 100%) that was similar to rates in Nehal et al. [23] (99.4%) and Wang et al. [5] (98.8%).



Although vaccine distribution is low in LMICs, acceptance rates are high compared to high-income countries. An analysis recently reported in Nature Medicine found that 80% of participants from 10 LMICs were willing to accept the COVID-19 vaccine, while only 65% of participants in the U.S. were willing to accept the vaccine; in the upper-middle income country of Russia, only 30% of respondents were willing to accept the vaccine [15]. Vaccine acceptance rates among LMICs are less impacted by vaccine access, costs, and vaccine awareness than in high-income countries, where people tend to show hesitancy due to concerns about safety caused by the rapid pace of vaccine development [63]. Instead, the moderate levels of vaccine hesitancy in the current study might be explained by the low severity of COVID-19 cases in LMICs [64], negative perceptions of healthcare quality [65], exposure to widespread misinformation in social media [66], and low trust in governmental agencies. A prior study among healthcare workers in Bangladesh reported that unknown side effects of vaccines and the compromised quality of vaccines as a result of their accelerated development were reasons for vaccine hesitancy [18]. Another study in Pakistan found concerns regarding vaccine reliability and religious inhibition influenced vaccine acceptance rates [20]. Concerns about vaccine safety and effectiveness were also reported as major reasons for hesitancy in Cameroon and Egypt due to the rapid development of the vaccine [21,22].



The observed higher vaccine acceptance rates in India may be due to the high rates of COVID-19 mortality in that country, totaling more than 30 million cases with 0.4 million deaths [2]. India has also recorded an increasing rate of transmission with a basic reproduction number (R0) estimate of 2.69 [67]. This could be the reason why people in India reported high levels of fear about contracting COVID-19 infection and positive attitudes about vaccine efficacy and safety [15].



Low acceptance and high hesitancy were observed in African countries (e.g., Egypt, Uganda). One explanation is that the participating African countries observed lower rates of COVID-19 mortality. There is also a widespread belief that African countries are less susceptible to COVID-19, which raised doubt as to the need for additional investments in vaccinations in these countries [32]. People in Africa have historically had higher vaccine hesitancy rates, which could play a role in the observed acceptance rates for COVID-19 vaccines [68]. One prominent example is the Nigerian boycott of the polio vaccine during the early 2000s. Religious and political leaders feared that the vaccine could be deliberately contaminated with anti-fertility agents and HIV virus [69]. Also, widespread misconceptions and misinformation about COVID-19 have been across Africa. Many African communities also have poor health-seeking behaviors due to spiritual considerations, which could reduce vaccine uptake [70].



Our finding that males and perceived risk of COVID-19 were significant predictors of vaccine acceptance in LMICs is supported by other research. An earlier global systematic review and meta-analysis also found that men were more likely to accept the COVID-19 vaccine than women. One explanation could be the involvement of men in riskier behavior than women [71]. Alternatively, women may have lower levels of social support and be less responsive to healthcare communities and preventive measures than men [72]. Females may also be vaccine-hesitant due to lower COVID-19-related risk perceptions [73]. Regarding our risk perception findings, similar results were observed in another recent systematic review and meta-analysis [74]. Studies in Asia have also shown that positive attitudes toward vaccination were correlated with COVID-19 risk [75,76]. A study of Congo Healthcare workers reported high perceived risk of COVID-19 was also associated with greater intentions to receive a vaccination [68]. Such findings could be explained by the Health Belief Model (HBM), which suggests individuals who fear COVID-19 are more willing to get vaccinated due to the perceived benefits [77]. Participants who have tested negative for COVID-19 have also shown a greater likelihood of vaccine acceptance, and COVID-19 testing is often mandatory when people have had close contact with suspected or confirmed cases or family members have presented flu-like symptoms [78]. Thus, despite testing negative, awareness of the virus may increase as a result of testing experiences and ultimately increase vaccine acceptance [32].



4.1. Implications and Future Research Needs


Limited healthcare capacity and over-population make LMICs highly susceptible to COVID-19. It is a high priority for every government to ensure high vaccination rates to mitigate the transmission of the virus. Understanding public attitudes and views on vaccination are critical for meeting immunization requirements. The current systematic review and meta-analysis could provide guidance on steps forward, given our reported within and across-country estimates on vaccine acceptance and hesitancy. We suggest that country-specific interventions be taken to increase the acceptance rates in LMICs. In this sense, the government of each country should establish public faith in vaccines at the national level. At the same time, governments should be aware of anti-vaccination movements among people in LMICs resulting from misconception and misinformation in social media or other factors (i.e., spiritual ones) since these could limit vaccine acceptance [79]. Understanding the factors that may influence vaccination intentions (i.e., being male, perceived risk of COVID-19) may also allow greater effectiveness of vaccination programs.



The current review prompts future research needs on COVID-19 vaccine acceptance in LMICs. The included articles and sampled populations were restricted to a limited period; however, public attitudes toward vaccine hesitancy likely vary with time. Considering the ongoing waves of outbreaks in different countries, future research should focus on longitudinal changes in COVID-19 vaccine hesitancy in LMICs. In this case, our study provides initial guidance to understanding patterns in vaccination acceptance over time. Most of the studied populations in the included studies were from the general population. Future studies should also focus on estimating vaccine acceptance rates and determining underlying hesitancy factors among other groups, such as healthcare workers, pregnant women, children, and patients with chronic disease.




4.2. Strengths and Limitations


This study has several strengths. To the best of our knowledge, it is the first comprehensive meta-analysis on vaccine acceptance in LMICs. The included articles were also high-quality observational studies. We searched several well-known databases and the reference lists of the included studies and estimated vaccine acceptance rates from 33 studies of LMICs, which are under-represented in the literature on COVID-19 vaccinations. Our target populations were adults, regardless of any profession, and thus captured a wide range of populations.



However, our study also had some limitations. We only considered peer-reviewed articles published up to August 2021 and did not consider preprints or reports that were yet to be peer-reviewed. Given the surge in the number of COVID-19 publications, including grey literature or preprints could have resulted in a larger sample and different conclusions. Our data analysis covered studies across 2020 and 2021 despite public attitudes toward vaccination varying across this time period. For example, a study on older adults’ vaccine hesitancy observed rates of 14% during early 2020 and 24.0% during late 2020 [80]. Studies included in the current review were also mostly cross-sectional and used online surveys due to COVID-19 restrictions. Such findings from online surveys are subject to self-selection bias [80]. Finally, we could not consider all possible determinants of vaccine acceptance due to data limitations.





5. Conclusions


In a review of 33 articles, we found over 50% of LMIC residents were willing to accept the COVID-19 vaccine. India and Egypt reported the highest and lowest vaccine acceptance rates, respectively, while Egypt reported the highest vaccine hesitancy rate. Being male and perceiving risk of COVID-19 infection predicted willingness to accept the COVID-19 vaccine. Policymakers at national and sub-national levels should recognize gender and perceived risks toward COVID-19 as vaccine determinants. Vaccine hesitancy could be addressed by community leaders, community mobilization efforts, health care professional training, non-monetary incentives, and mass media campaigns to enhance knowledge and awareness about vaccinations and immunization. Prioritizing vaccine distribution in LMICs could yield significant gains in global vaccination coverage.
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Figure 1. PRISMA flow diagram of the study selection process. 
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Figure 2. Forest plot of vaccine acceptance rates across LMICs. 
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Figure 3. Forest plot of vaccine hesitancy rates across LMICs. 
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Figure 4. Forest plot of country-specific vaccine acceptance rates within LMICs. 
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Figure 5. Forest plot of country-specific vaccine hesitancy rates within LMICs. 
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Figure 6. Meta-analysis of COVID-19 vaccination acceptance factors across LMICs. 
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Table 1. Characteristics of included studies.
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SL

	
Author

	
Country

	
Study Design

	
Survey Period

	
Target

Population

	
Sample

Size, n

	
Vaccine

Acceptance (%)

	
Factors Associated with Vaccine Acceptance






	
1

	
Adebisi et al. [29]

	
Nigeria

	
Cross-sectional

	
August 2020

	
General population

	
517

	
74.47

	
Age, geopolitical location, education level.




	
2

	
Ahmed et al. [30]

	
Somalia

	
Cross-sectional

	
26 December 2020–28 January 2021

	
General population

	
4543

	
76.78

	
Female, living in Galmudug, Hirshabelle and Southwest, student, worker in the healthcare sector, adherence score, presence of flu symptoms.




	
3

	
Ahmed et al. [20]

	
Pakistan

	
Cross-sectional

	
April 2021

	
General population

	
655

	
61.98

	
Older age, sometimes/not following Anti-COVID-19 SOPs, high chance of being infected, vaccination having the potential of preventing COVID-19 spread, observing the effects of the vaccine on others, knowing more about the vaccine, belief that a Muslim’s trust in God was sufficient to protect one from infection, the vaccine was prepared in a hurry without sufficient testing and could harm those with low immunity, seeing everyone else getting vaccinated, pressure from friends and family.




	
4

	
Akiful Haque et al. [17]

	
Bangladesh

	
Cross-sectional

	
17 January–2 February 2021

	
General population

	
7357

	
65.05

	
Graduates or above, age ≥ 50 years, students, monthly income ≥ 41,000 BDT, rural resident, respondents from Khulna division, family members diagnosed with COVID-19, presence of chronic disease, vaccinated in the last few years.




	
5

	
Alam et al. [18]

	
Bangladesh

	
Cross-sectional

	
3–25 January 2021

	
Healthcare professionals

	
831

	
43.80

	
Female, 18–34 age group, work in public/government institutes, nurses, not having received the flu vaccine in the previous year.




	
6

	
Arshad et al. [19]

	
Pakistan

	
Cross-sectional

	
January 2021

	
General population

	
2158

	
48.19

	
Gender, age, marital status, education level, occupation, profession, monthly income, residential area, myths, conspiracy beliefs.




	
7

	
Bongomin et al. [31]

	
Uganda

	
Cross-sectional

	
29 March–14 April 2021

	
General population

	
317

	
68.14

	
Female, patients who agreed or strongly agreed that they had some immunity against COVID-19, patients who had a history of vaccine hesitancy for their children.




	
8

	
Bono et al. [32]

	
Bangladesh

	
Cross-sectional

	
10 December 2020–9 February 2021

	
General population

	
230

	
89.57

	
COVID-19 knowledge, worry/fear regarding COVID-19, higher income, younger age, testing negative for COVID-19.




	
DR Congo

	
219

	
59.36




	
Benin

	
159

	
48.43




	
Uganda

	
107

	
88.79




	
Malawi

	
81

	
61.73




	
Mali

	
55

	
74.55




	
9

	
Bono et al. [32]

	
The Democratic Republic of Congo

	
Cross-sectional

	
24 August–8 September 2020

	
General population

	
4131

	
55.92

	
Middle or high-income, being tested for COVID-19, COVID-19 community vaccine acceptance, acknowledging the existence of COVID-19, healthcare worker.




	
10

	
Carcelen et al. [33]

	
Zambia

	
Cross-sectional

	
23–29 November 2020

	
Caregivers

	
2400

	
65.71

	
Belief in the COVID-19 vaccine safety and efficacy.




	
11

	
Carpio et al. [34]

	
Kenya

	
Cross-sectional

	
7–15 April 2020

	
General population

	
963

	
95.64

	
Vaccine duration of protection and efficacy, perceived probability of being hospitalized, age, gender, education, location, region of residence, household income.




	
12

	
Dinga et al. [21]

	
Cameroon

	
Cross-sectional

	
May–August 2020

	
General population

	
2512

	
15.45

	
NR *




	
13

	
Echoru et al. [35]

	
Western Uganda

	
Cross-sectional

	
July–September 2020

	
General population

	
1067

	
53.61

	
Younger, male, tertiary level of students, Muslims, married, on-salary earners, rural dwellers.




	
14

	
Elgendy and Abdelrahim [36]

	
Egypt

	
Cross-sectional

	
April–May 2021

	
General population

	
871

	
88.06

	
NR




	
15

	
El-Sokkary et al. [37]

	
Egypt

	
Cross-sectional

	
25–31 January 2021

	
Healthcare professionals

	
308

	
25.97

	
Income, years of experience.




	
16

	
Fares et al. [22]

	
Egypt

	
Observational

	
December 2020–January 2021

	
Healthcare professionals

	
385

	
21.04

	
Male, interacting directly with COVID-19 patients, taking non-compulsory vaccines, recommending COVID-19 vaccination to others, receiving advice from hospitals to get the vaccine, trust in vaccine producers, pharmaceutical companies, and authorities.




	
17

	
Hammam et al. [38]

	
Egypt

	
Cross-sectional

	
April 2021

	
Healthcare professionals

	
187

	
30.48

	
NR




	
18

	
Harapan et al. [8]

	
Indonesia

	
Cross-sectional

	
25 March–6 April 2020

	
General population

	
1359

	
93.30

	
Female, middle-aged, retired, married, healthcare worker, moderate perceived risk of COVID-19 infection.




	
19

	
Huynh et al. [39]

	
Vietnam

	
Cross-sectional

	
December 2020–January 2021

	
General population

	
425

	
84.00

	
Knowledge of COVID-19, cues to action toward the vaccine.




	
20

	
Jain et al. [40]

	
India

	
Cross-sectional

	
2 February–7 March 2021

	
Healthcare students

	
1068

	
89.42

	
NR




	
21

	
Kanyike et al. [41]

	
Uganda

	
Cross-sectional

	
15–21 March 2021

	
Healthcare students

	
600

	
37.33

	
Male, being single, very high or moderate perceived risk of contracting COVID-19, receiving any vaccine in the past five years, COVID-19 vaccine hesitancy,




	
22

	
Kaur et al. [42]

	
India

	
Cross-sectional

	
January 2021

	
Healthcare professionals

	
520

	
63.08

	
Dental professional, involved in COVID-19 duties, preference for natural immunity over the vaccine, belief in COVID-19 vaccine safety, interest in vaccine information, belief that vaccine should be compulsory.




	
23

	
Kitonsa et al. [43]

	
Uganda

	
Cross-sectional

	
September–November 2020

	
Healthcare professionals

	
657

	
70.17

	
NR




	
24

	
Kumari et al. [44]

	
India

	
Cross-sectional

	
13–25 March 2021

	
General population

	
1294

	
83.54

	
Older, belief that the vaccine is harmless, belief that vaccine benefits outweigh the risks, belief that getting vaccinated is a societal responsibility, belief that sufficient data about the vaccine is available, belief that the vaccine will eradicate COVID-19, role model getting vaccinated, many other people getting vaccinated, higher socioeconomic status, developed place of residence.




	
25

	
Lamptey et al. [45]

	
Ghana

	
Cross-sectional

	
14 October–12 December 2020

	
General population

	
1000

	
54.10

	
Being married, government worker, high-risk perceptions.




	
26

	
Lazarus et al. [46]

	
India

	
Cross-sectional

	
16–20 June 2020

	
General population

	
742

	
74.53

	
Male, older, higher education.




	
Nigeria

	
670

	
65.22




	
South Korea

	
752

	
79.79




	
27

	
Lazarus et al. [47]

	
South Korea

	
Cross-sectional

	
16–20 June 2020

	
General population

	
619 to 773

	
79.79

	
NR




	
India

	
74.53




	
Nigeria

	
65.22




	
28

	
Mohamad et al. [48]

	
Syria

	
Cross-sectional

	
23 December 2020–5 January 2021

	
General population

	
3402

	
35.82

	
Female, younger, urban resident, not married, no kids, not a healthcare worker, not a smoker, no fear of COVID-19, perceived severity of COVID-19, belief in the natural origin of the virus, knowledge on vaccine hesitancy.




	
29

	
Panda et al. [49]

	
India

	
Cross-sectional

	
February 2021

	
General population

	
359

	
8.08

	
NR




	
30

	
Parvej et al. [50]

	
Bangladesh

	
Cross-sectional

	
17–26 April 2021

	
General population

	
1529

	
67.04

	
Muslim, highly educated, living in urban areas, believing vaccines protect against infectious diseases and vaccines, having no health-related risks.




	
31

	
Paudel et al. [51]

	
Nepal

	
Cross-sectional

	
27 January–3 February 2021

	
Healthcare professionals

	
266

	
38.35

	
NR




	
32

	
Qunaibi et al. [52]

	
Algeria

	
Cross-sectional

	
14–29 January 2021

	
General population

	
2706

	
3.62

	
Receiving the influenza vaccine regularly, health care worker, resident in country with higher rates of COVID-19 infections.




	
Egypt

	
5339

	
8.04




	
Mauritania

	
99

	
8.08




	
Morocco

	
3775

	
7.89




	
Sudan

	
313

	
15.34




	
Syria

	
1232

	
10.71




	
Tunisia

	
665

	
6.47




	
Yemen

	
226

	
9.29




	
33

	
Ramesh Masthi and Sowmyashree [53]

	
India

	
Cross-sectional

	
January 2021

	
General population

	
846

	
64.42

	
NR




	
34

	
Saied et al. [54]

	
Egypt

	
Cross-sectional

	
8–15 January 2021

	
Healthcare students

	
2133

	
34.79

	
Pharmacy student, higher academic year or graduate, average to very good self-perception of health status, good self-rated COVID-19 knowledge level, presence of confirmed COVID-19 infection in a close social network.




	
35

	
Skjefte et al. [55]

	
India

	
Cross-sectional

	
28 October–18 November 2020

	
Pregnant women, mothers of young children

	
1639

	
Pregnant women (52)

Non-pregnant woman (73.4)

	
NR




	
Philippines

	
1034

	
NR




	
36

	
Solis Arce et al. [15]

	
Burkina Faso

	
Cross-sectional

	
15 October–4 December 2020

	
General population

	
977

	
66.53

	
Protection for self, family, and community, recommendation from health workers and government.




	
India

	
17 June 2020–18 January 2021

	
General population

	
1680

	
84.29




	
Mozambique

	
30 October–30 November 2020

	
General population

	
862

	
89.10




	
Nepal

	
1–11 December 2020

	
General population

	
1389

	
96.62




	
Nigeria

	
18 November–18 December 2020

	
General population

	
1868

	
76.18




	
Pakistan 1

	
24 July–9 September 2020

	
General population

	
1633

	
76.12




	
Pakistan 2

	
2 September–13 October 2020

	
General population

	
1492

	
66.49




	
Rwanda

	
22 October–15 November 2020

	
General population

	
1355

	
84.87




	
Sierra Leone 1

	
2–19 October 2020

	
General population

	
1070

	
78.04




	
Sierra Leone 2

	
7 October 2020–20 January 2021

	
General population

	
2110

	
87.91




	
Uganda 1

	
21 September–12 December 2020

	
General population

	
3362

	
85.81




	
Uganda 2

	
23 November–12 December 2020

	
General population

	
1366

	
76.50








* NR, Not Reported.
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