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Introduction  
The rapid development and deployment of COVID-19 vaccines have played a crucial role in controlling the pandemic 
and reducing the burden of disease. Multiple vaccines, including mRNA, viral vector, inactivated virus, and protein 
subunit vaccines, have demonstrated high efficacy in preventing severe illness, hospitalization, and death from 
COVID-19[1-3]. However, the emergence of SARS-CoV-2 variants and the potential for waning immunity over time 
have raised concerns about the durability of vaccine-induced protection. As a result, COVID-19 vaccine booster doses 
have become a topic of significant interest among researchers, public health officials, and policymakers. Booster doses 
are intended to bolster immune responses in individuals who have already received a primary vaccination series, 
enhancing protection against the virus and its variants[4-6]. In this review, we discuss the rationale for COVID-19 
vaccine boosters, including the evidence supporting their efficacy, and implementation strategies. We also explore the 
challenges associated with global booster dose distribution and potential future research directions. 
 
Rationale for COVID-19 Vaccine Boosters  
Several factors contribute to the need for COVID-19 vaccine booster doses, including waning immunity, variants of 
concern, heterologous boosting, and high-risk populations. Immunity following vaccination or natural infection may 
decrease over time, increasing the risk of breakthrough infections[7, 8]. Booster doses can help maintain or enhance 
immune responses, providing more durable protection. The emergence of SARS-CoV-2 variants with increased 
transmissibility, virulence, or the ability to partially evade vaccine-induced immunity has underscored the need for 
booster doses. Boosters can be formulated to target specific variants, enhancing protection against these strains. Some 
individuals may experience suboptimal immune responses to certain vaccine platforms[9]. Heterologous boosting, 
where a booster dose is from a different platform than the primary series, may enhance immune responses in these 
individuals[10]. Certain populations, such as older adults, immunocompromised individuals, and healthcare workers, 
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may be at higher risk for severe outcomes or waning immunity[11]. Booster doses may provide additional protection 
for these vulnerable groups. 
 
Efficacy of COVID-19 Vaccine Boosters  
Emerging evidence supports the efficacy of COVID-19 vaccine boosters in enhancing immune responses and 
protection against the virus and its variants[12]. Studies of third doses of the Pfizer-BioNTech and Moderna vaccines 
have shown that boosters can significantly increase neutralizing antibody levels and enhance protection against SARS-
CoV-2 variants, including the Delta and Omicron variants. AstraZeneca's COVID-19 vaccine has been shown to elicit 
robust immune responses when used as a booster following a primary series of other vaccine platforms, including 
mRNA and inactivated virus vaccines[6, 13]. Several studies have demonstrated the potential benefits of heterologous 
boosting, where a booster dose from a different vaccine platform is administered following a primary series. For 
example, a study in the United Kingdom found that individuals who received a primary series of the AstraZeneca 
vaccine followed by an mRNA vaccine booster had higher neutralizing antibody levels than those who received a 
homologous AstraZeneca booster. Similar results have been observed for other vaccine combinations. In Mongolia, 
over 80% of the population received the BBIBP-CorV vaccine as full vaccination against COVID-19, while around 
80% of population received BNT162b2 as a boodter dose. Mongolia conducted the study to evaluate the safety and 
immunogenicity of heterologous prime-boost vaccination using the BNT162b2, ChAdOx1n-Cov-19, Gam-COVID-
Vac, and BBIBP-CorV vaccine for the first dose and the Pfizer-BioNTech and BBIBP-CorV vaccine for the second 
dose. The results showed a significant increase in the immune response. Booster doses have been shown to improve 
immune responses and protection in high-risk populations, such as older adults, immunocompromised individuals, 
and healthcare workers[14, 15]. Studies have indicated that booster doses can increase neutralizing antibody levels 
and reduce the risk of breakthrough infections in these groups. 
 
Implementation Strategies and Challenges 
To ensure the successful implementation of COVID-19 vaccine booster programs, several strategies and challenges 
need to be considered: 
Timing of booster doses: Determining the optimal timing for booster doses is crucial for maximizing vaccine 
effectiveness. Studies have suggested that a booster dose administered six months or more after the primary series 
may be the most effective at enhancing immune responses[16]. 
Vaccine prioritization: Prioritizing booster doses for high-risk populations, such as older adults, immunocompromised 
individuals, and healthcare workers, can help maximize the impact of limited vaccine supplies and reduce the risk of 
severe outcomes[17]. 
Global equity: Ensuring equitable access to first dose and booster doses is essential to controlling the pandemic and 
preventing the emergence of new variants. Initiatives such as COVAX play a critical role in supporting equitable 
vaccine distribution, but further efforts are needed to improve access to vaccination programs including booster doses 
in low- and middle-income countries[18].  
Public acceptance: Addressing vaccine hesitancy and promoting public confidence in booster doses is important for 
achieving high vaccination coverage. Transparent communication about the rationale, safety, and efficacy of booster 
doses can help build trust and encourage uptake[19]. 
Monitoring and surveillance: Ongoing surveillance of SARS-CoV-2 variants and vaccine effectiveness is essential 
for informing booster dose strategies and adapting vaccines to emerging strains[20]. 
 
Future Research Directions  
As the COVID-19 pandemic continues to evolve, future research efforts should focus on duration of booster-induced 
immunity, next-generation vaccines, alternative vaccine platforms and delivery methods, and strategies for improving 
global equity.  Understanding the longevity of protection provided by booster doses and determining the need for 
additional boosters or updated vaccines. Developing new vaccines that provide broader and more durable protection 
against diverse SARS-CoV-2 strains, including potential pan-coronavirus vaccines. Exploring novel vaccine platforms 
and delivery methods that can be more easily adapted to emerging viral strains and improve accessibility and 
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affordability. Identifying and implementing strategies to improve global access to COVID-19 vaccines and booster 
doses, addressing supply chain bottlenecks, and supporting technology transfer and local production in low- and 
middle-income countries[21, 22]. 
 
Conclusion 
COVID-19 vaccine booster doses have emerged as an essential tool in maintaining and enhancing vaccine-induced 
immunity against the virus and its variants. Emerging evidence supports the efficacy of booster doses in increasing 
neutralizing antibody levels, enhancing protection against variants of concern, and improving immune responses in 
high-risk populations[20]. Successful implementation of booster dose programs requires addressing challenges such 
as global equity, vaccine prioritization, and public acceptance. Continued research and international collaboration are 
critical to refining booster dose strategies, developing next-generation vaccines, and ensuring the long-term control of 
the COVID-19 pandemic[21]. As we learn from the experiences of the COVID-19 pandemic, it is crucial to invest in 
public health infrastructure, research, and global cooperation to build a more resilient and equitable global health 
system, better prepared for future infectious disease threats. 
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