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Abstract

:

The high transmissibility, mortality, and morbidity rate of the SARS-CoV-2 Delta (B.1.617.2) variant have raised concerns regarding vaccine effectiveness (VE). To address this issue, all publications relevant to the effectiveness of vaccines against the Delta variant were searched in the Web of Science, Scopus, EMBASE, and Medline (via PubMed) databases up to 15 October 2021. A total of 15 studies (36 datasets) were included in the meta-analysis. After the first dose, the VE against the Delta variant for each vaccine was 0.567 (95% CI 0.520–0.613) for Pfizer-BioNTech, 0.72 (95% CI 0.589–0.822) for Moderna, 0.44 (95% CI 0.301–0.588) for AstraZeneca, and 0.138 (95% CI 0.076–0.237) for CoronaVac. Meta-analysis of 2,375,957 vaccinated cases showed that the Pfizer-BioNTech vaccine had the highest VE against the infection after the second dose, at 0.837 (95% CI 0.672–0.928), and third dose, at 0.972 (95% CI 0.96–0.978), as well as the highest VE for the prevention of severe infection or death, at 0.985 (95% CI 0.95–0.99), amongst all COVID-19 vaccines. The short-term effectiveness of vaccines, especially mRNA-based vaccines, for the prevention of the Delta variant infection, hospitalization, severe infection, and death is supported by this study. Limitations include a lack of long-term efficacy data, and under-reporting of COVID-19 infection cases in observational studies, which has the potential to falsely skew VE rates. Overall, this study supports the decisions by public health decision makers to promote the population vaccination rate to control the Delta variant infection and the emergence of further variants.
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1. Introduction


Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused more than 82 million known cases by the end of 2020 [1]. To prevent the spread of COVID-19, significant progress has been achieved in developing several COVID-19 vaccines to reduce the rate of transmission, severity of the disease, symptom development, and hospitalizations and increase the recovery rate [2]. This has been demonstrated by clinical trials [3,4,5] and real-world evidence [6,7,8,9]. However, the emergence of new variants, especially those related to the spike gene function, threatens the efficacy of current vaccines [10]. New variants that acquire genomic mutations leading to enhanced transmission, immune system evasion, and/or pathogenicity have been classified as Variants of Concern (VOCs). The World Health Organization (WHO) reported the main SARS-CoV-2 VOCs along with the country of the first detection and the date of designation including the Alpha variant (B.1.1.7) in the United Kingdom on 18 December 2020, the Beta variant (B.1.351) in South Africa on 18 December 2020, the Gamma variant (P.1) in Brazil on 11 January 2021, the Delta variant (B.1.617.2) in India on 11 May 2021 [11], and the most recent variant, Omicron (B.1.1.529), in South Africa on 26 November 2021 [11,12,13].



The spike (S) protein, which is the principal target in COVID-19 vaccines [13], is one of the five structural proteins of SARS-CoV-2 that has two different subunits. The S1 subunit, which contains the receptor-binding domain, mediates attachment to the cell surface receptors used by SARS-CoV-2, mainly the angiotensin-converting enzyme 2. The S2 subunit is responsible for the membrane fusion that is necessary for the viral entry into the host cell [14]. As with other RNA viruses, SARS-CoV-2 benefits from a high mutation rate, resulting in extensive adaptability [15]. Mutations in the receptor-binding domain of the S protein seem to have a crucial impact on the infectivity, immune reaction, and pathogenicity of the virus [16]. Since the new variants of SARS-CoV-2 have multiple mutations including those in the S protein, there is a concern whether the mutations might change the antigenicity of the virus and subsequently the effectiveness of vaccines [17].



The Delta variant, one of the VOCs, caused a significant surge in COVID-19 cases in India, reaching over 400,000 daily new cases and 4000 daily new deaths by May 2021 [18]. Moreover, this variant was reported in 43 countries simultaneously, including drastic surge cases in the United Kingdom, mostly linked with traveling from India and community transmission [19], which created concern since the effectiveness of the existing vaccines against this variant was unclear [20].



Recently, the new VOC, named Omicron by the WHO, has raised public fears, and as suggested by preliminary evidence, it has increased the risk of breakthrough infections [12]. The question of whether vaccination is effective against Omicron needs more data. Yet, Delta is the dominant variant in many countries [12]. To address the knowledge gap of vaccine effectiveness (VE) towards the SARS-CoV-2 Delta variant, we instigated a comprehensive data review. The VE of existing COVID-19 vaccines, including two mRNA-based vaccines, Pfizer-BioNTech and Moderna, one viral vector vaccine, AstraZeneca, and two inactivated virus vaccines, Bharat Biotech and CoronaVac, was comprehensively explored based on available published data on the Delta variant after the first, second, and third doses of vaccination. Additionally, the effectiveness of each vaccine in preventing infection, hospitalization, and severe infection or death was covered, thus providing important data regarding the effectiveness of vaccines against the Delta variant.




2. Methods


2.1. Search Strategy


This analysis followed the recommendations of the priority report items in the Systematic Review and Meta-Analysis statement (PRISMA) [21]. We searched all publications related to the VE against the SARS-CoV-2 (B.1.617.2) Delta variant from the following databases: Web of Science, Scopus, EMBASE, and Medline (via PubMed). All studies were searched without language restriction by two independent reviewers up to 15 October 2021. Search Medical Subject Headings (MeSH) terms used were “Vaccine”, “SARS-CoV-2 Vaccine”, and “Delta variant” or “B.1.617.2” as well as all synonyms such as booster shot, boost immunity, and COVID-19 vaccine. We searched the unpublished gray literature using the Centers for Disease Control and Prevention (CDC), the World Health Organization (WHO), and the Google Scholar academic search engine. The selected articles and relevant review references and citation lists were also checked for other related references (forward and backward citations recommended by Cochrane). See Table S1 for more information on search strategies.




2.2. Study Selection


The records were first reviewed by three independent authors based on the title and abstract (SGh, AP, and AKh). All unrelated publications were removed, and the full texts of the remaining articles were reviewed. Two independent reviewers (AP and SGh) evaluated potentially appropriate articles, and discussions resolved disagreements until an agreement was reached on each article [22].




2.3. Eligibility and Inclusion Criteria


The following predefined conditions had to be met in order to be considered for inclusion in this meta-analysis: in the initial screening, all studies reporting the VE against the Delta (B.1.617.2) variant were included in the systematic review and meta-analysis.




2.4. Exclusion Criteria


Preclinical studies, fauna studies, meta-analyses, editorial letters, reviews, studies without extractable data, news reports, press releases, modeling studies, media reports, presentations, and studies on variants other than Delta as well as studies with syndromic outcomes without laboratory confirmation of the Delta variant were excluded from the meta-analysis.




2.5. Data Extraction


Three independent reviewers extracted data from selected studies. The following data were collected from each article: first author, year of publication, vaccine name, company, study type, vaccine type, country, number of cases, doses, days after vaccination, VE for Delta variant, hospitalization efficacy, and efficacy for serious illness or death. Three authors (SGh, AKh, and AP) independently extracted the data, and another author (MZ) randomly checked the extracted data. Any disagreement in the data was rechecked by all and resolved amicably. Studies that reported the VE after the first, second, and third doses were considered as different datasets.




2.6. Quality Assessment


The study quality assessment was conducted independently by two reviewers based on a revised assessment checklist recommended by the Joanna Briggs Institute [23], and the differences were resolved by consensus. The checklist consisted of nine questions that reviewers utilized for each study. The answer to each question if “Yes” received a score of 1, while “no” received a 0. Therefore, the endpoints for each study ranged from 0 to 9 (Table S2).




2.7. Analysis


All extracted data were initially cleaned and prepared for analysis via Microsoft Office 365, and analysis was performed by Comprehensive Meta-Analysis Software Version 2.0. The point estimates of the effect size and 95% confidence interval (95% CI) were calculated for estimating VE. The VE prediction in the included studies is explained in the Supplementary Materials. Random effects models were used to estimate pooled effects. Additionally, to search for heterogeneity between studies, the I2 statistic was used, and high heterogeneity was characterized as an I2 > 50%, with sources of heterogeneity established through meta-regression and subgroup analyses. For all analyses, two-tailed statistics and a significance level of less than 0.05 were considered. Begg’s test and Egger’s test were conducted for the detection of publication bias.



The test statistic is a z-score (z) defined by the following equation: z = (p − P)σ, where P is the hypothesized value of the population proportion in the null hypothesis, p is the sample proportion, and σ is the standard deviation of the sampling distribution [24]. For the null test, to achieve a significance level of 0.05 for a two-sided test, the absolute value of the test statistic (|z|) must be greater than or equal to the critical value 1.96.





3. Result


3.1. Characteristics of Included Studies


A total of 9681 publications were screened for COVID-19 VE against the Delta variant, of which 15 studies, all written in English, were included in the meta-analysis (Figure 1). Characteristics of the included publications are summarized in Table 1. A total of 15 studies (36 datasets) were included in the meta-analysis. Studies that reported different vaccine dose efficacies were considered as a separate dataset for the meta-analysis. A total of 10 datasets reported the VE against the Delta variant after the first dose, 23 datasets after the second dose, and 3 datasets after the third dose. Out of 36 datasets, 16 datasets reported the Pfizer-BioNTech VE, 8 that of AstraZeneca, 5 that of Moderna, 2 that of mRNA vaccines (Pfizer/Moderna), 3 that of CoronaVac, 1 that of Pfizer/Moderna/J&J, and 1 that of Bharat Biotech VE. All included studies were reported during the 2021 publication year. Begg’s test (p = 0.37) and Egger’s test (p = 0.47) did not detect significant publication bias.




3.2. Efficacy of Different COVID-19 Vaccines against Delta Variant Infection


3.2.1. Pfizer-BioNTech Efficacy against COVID-19 Delta Variant Infection


Meta-analysis on five studies (165,886 vaccinated cases in total) showed a VE of 0.567 (95% CI 0.520–0.613) for the Pfizer-BioNTech vaccine after the first dose (Figure 2). Available data on 2,375,957 vaccinated individuals (10 studies) showed a VE of 0.837 (95% CI 0.672–0.928) for the Pfizer-BioNTech vaccine after the second dose (Figure 3). Similarly, Pfizer-BioNTech had a VE of 0.972 (95% CI 0.96–0.978) after the third vaccine dose (reported by one study) [18] (Table 2).




3.2.2. Moderna Efficacy against COVID-19 Delta Variant Infection


Only one study with 56 vaccinated cases reported the VE of Moderna after the first dose, which had the highest first-dose VE amongst all vaccines at 0.72 (95% CI 0.589–0.822) [27]. Three studies (551 vaccinated cases in total) reported Moderna’s VE after the second dose at 0.775 (95% CI 0.673–0.852), and one study with 256 vaccinated cases reported a VE of 0.97 (95% CI 0.964–0.978) after the third dose [18].




3.2.3. AstraZeneca Efficacy against COVID-19 Delta Variant Infection


AstraZeneca had the highest VE after the RNA-based vaccines (Pfizer-BioNTech and Moderna) against the Delta variant of COVID-19. It had a VE of 0.44 (95% CI 0.301–0.588) after the first dose [25,26,37] and 0.801 (95% CI 0.705–0.872) after the second dose [26,28,31,32]. Data were not available for the VE of AstraZeneca after the third dose.




3.2.4. CoronaVac Efficacy against COVID-19 Delta Variant Infection


Only one study reported CoronaVac’s VE, which was 0.138 (95% CI 0.076–0.237) [29] after the first dose and 0.59 (95% CI 0.475–0.696) [27] after the second dose.



There are very limited reports for the VE of other vaccines against the Delta variant of COVID-19. Only one study reported the VE of Bharat Biotech, with a VE of 0.652 (95% CI 0.642–0.662) after the second dose [38], and one study reported a VE of 0.638 (95% CI 0.631–0.643) after the third dose for CoronaVac (18).





3.3. Efficacy of COVID-19 Vaccines against Delta Variant for Preventing Severe Infection or Death


Pfizer-BioNTech had the highest VE of 0.985 (95% CI 0.95–0.99) against the Delta variant for preventing severe infection or death. Subsequently, Moderna had a VE of 0.983 (95% CI 0.936–0.957), AstraZeneca had a VE of 0.91 (95% CI 0.88–0.92), and CoronaVac had a VE of 0.753 (95% CI 0.71–0.79) against the Delta variant for preventing severe infection or death. All reports were after the second dose of vaccines (Figure 4).




3.4. Efficacy of COVID-19 Vaccines against Delta Variant Hospitalization


Pfizer-BioNTech had a VE of 0.93 (95% CI 0.88–0.96) [36] and AstraZeneca had a VE of 0.88 (95% CI 0.86–0.896) against the prevalence of hospitalization from the Delta variant [30].





4. Discussion


Several vaccines have been authorized for SARS-CoV-2, and the development of new vaccines is ongoing [37,38,39]. However, the recurrent appearance of new variants of SARS-CoV-2 has raised concern regarding the VE against all variants. The Delta variant with increased transmissibility and more severe infections first appeared in India and replaced the previously circulating variants, even in areas considered to have high vaccination rates for eligible individuals 18 years and older [29]. An increased incidence of SARS-CoV-2 infection at the time of the Delta variant’s predominance has been suspected to be associated with the decreased effectiveness of vaccines against Delta [40,41,42,43,44].



The Delta variant (B.1.617.2), similar to other new variants of SARS-CoV-2, has developed multiple mutations primarily in the S protein, such as L452R. The L452R mutation, which is in the receptor-binding domain of the S1 subunit, can prevent the binding of the neutralizing antibodies to the virus and decrease the efficacy of vaccine-induced antibodies [45]. The L452R and T478K mutations have been associated with increased transmissibility of the Delta variant [46].



To evaluate the pooled VE against the Delta variant, this study comprehensively analyzed the available data from fifteen studies on five COVID-19 vaccines and showed 53.8% overall VE after the first dose that increased to a level of 81.9% after the second dose. The large difference between overall VE after the first and second doses supports having a full vaccination course for optimal VE. Since studies included in our meta-analysis were observational, except for one clinical trial, we were able to compare our results with a recent meta-analysis of real-world studies. The authors of that study reported a pooled VE for the prevention of SARS-CoV-2 of 41% after the first dose and 85% after the second dose. They also reported the pooled VE for the prevention of SARS-CoV-2 VOCs, which was 74% for the Delta variant, the highest for the Alpha variant at 85%, 75% for the Beta variant, and the lowest for the Gamma variant at 54% [39]. A similar finding of lower pooled VE against Delta, Beta, and Gamma compared to Alpha was reported by other studies [47,48]. It was also noted that higher VE against Alpha compared to Delta was only present in preventing mild infection, but when the endpoint was severe COVID-19, the efficacy was the same [47].



According to our results, the highest VE occurred after a full vaccination course, with two mRNA-based vaccines having a VE of 83.7% (Pfizer/BioNTech) and 77.5% (Moderna), and the vector vaccine AstraZeneca having a VE of 80%. According to the WHO Target Product Profiles for COVID-19 Vaccines, a “Clear demonstration of efficacy (on population basis) ideally with ~50% point estimate” has been recommended as a minimum measure for VE [49], which shows that all five vaccines in this study have acceptable VE to prevent the SARS-CoV-2 Delta variant. The high VE reported after the first dose of Moderna (72%) may be important to decrease the risk of infection during the time between doses. Although the two inactivated virus-based vaccines showed lower VE, in light of the high infectivity and severity of infection with Delta, even a VE of 65% for Bharat Biotech and 59% for CoronaVac in our results would decrease the disease burden.



Reports on other types of vaccines were scarce, which necessitates an urgent need to study the effectiveness of other vaccines against the Delta variant. Only one study reported the VE after a third dose, which was about 97% for Pfizer-BioNTech and Moderna and 64% for CoronaVac, with higher titers of neutralizing antibodies compared to the primary doses [18]. With regard to VE against Delta-associated complications including severe infection or death, this study shows that Pfizer-BioNTech, Moderna, and AstraZeneca have about 90% VE after the second dose. VE against hospitalization was also high for Pfizer-BioNTech (93%) and AstraZeneca (88%). A meta-analysis study of phase II/III clinical trials before the emergence of the Delta variant reported an overall 95% vaccine efficacy for mRNA-based vaccines, higher than that reported in our study, and they reported 80% vaccine efficacy for viral vector vaccines, equal to this study [50]. Another report supported the higher VE of the mRNA vaccines against Variants of Concern, including Delta [48].



In addition to supporting the acceptable effectiveness of COVID-19 vaccines against the Delta variant, this study also shows different levels of VE, from 83.7% for Pfizer/BioNTech to 59% for CoronaVac. The difference may have partially originated from the different numbers of cases that were included for each vaccine. However, responsiveness to vaccines depends on multiple host and environmental factors such as age, gender, co-morbidities, and season, in addition to vaccination factors and the time after vaccination [51]. For example, the Pfizer-BioNTech vaccine, which had 95% efficacy in the primary multinational clinical trial [52], was reported to have a 64% and 90% VE after seven days of the second dose in two Danish populations, a group of residents of long-term care facilities and a group of healthcare workers, respectively [52]. Such information leads one to appreciate that there are multiple factors including side effect risks of various vaccine formulations in addition to a given VE.



Although long-term VE is not in the scope of this study, the waning of long-term VE may explain part of the breakthrough infections and increased incidence of COVID-19 at the time of Delta’s predominance. It has been reported that after 6–8 months, the effectiveness of Moderna and Pfizer-BioNTech decreased, but a third dose markedly increased the efficacy against the Delta variant [18]. A retrospective cohort study reported that the VE for Pfizer-BioNTech was high for both Delta and non-Delta variants, but it decreased after the 4–5-month follow-up. However, the VE for this vaccine against hospitalization was high for Delta and non-Delta variants up to six months [36].



The population vaccination rate is another challenge associated with the COVID-19 waves after the emergence of the new variants. A computational model of VE necessary for the elimination of the COVID-19 pandemic showed that with a VE of 80% when the reproduction number (R0) of the virus is 2.5, the population vaccination rate should be 60%. With the same VE, when the R0 increases to 3.5, the vaccination rate should be 75% at a minimum [53]. It is plausible that for the Delta variant with a reproduction number range of 3.2 to 8 [54], the population vaccination rate has to significantly exceed 75%. Population vaccination rates to date are just beginning to include children, which affects overall herd immunity, and the ongoing transmission of the virus in all unvaccinated cohorts.



At the time of revising the present manuscript (December 2021), a new VOC, B.1.1.529, named Omicron, emerged. This variant has mutations at the S1–S2 furin cleavage site and mutations in the receptor-binding domain, which appear to facilitate some degree of immune escape [55]. Early anecdotal data suggest mRNA-based vaccines are around 30–40% effective at preventing infections and 70% effective at preventing severe disease. This may be due to the timing of the onset where most people are approaching 6 months since their second dose, leading to waning immunity. This is now influencing governments towards recommending a third booster dose to control this hypervirulent VOC.




5. Limitations


There are potential limitations in this study. First, except for one clinical trial, all the included studies were observational including various population characteristics, which warrants cautious interpretation of the results. Second, there was a limitation in the number of published studies. Third, there was a limitation in the duration of follow-ups after vaccine doses. Fourth, there were differences amongst the included populations in the various studies regarding case numbers, ethnic and geographical regions, vaccine population coverage rates, etc. Fifth, under-reporting of individuals infected with the Delta variant, either vaccinated or not, particularly when health systems are overrun, including the availability and ability to test and monitor COVID-19 infection rates or sequence for variant identification, has the potential to skew the data in observational studies. Additionally, severe cases are more likely to come to medical attention and thus be documented and captured, which is critical for monitoring severe outcomes related to COVID-19 and for monitoring vaccine effectiveness. Finally, there are statistical limitations due to various study biases, particularly publication bias and heterogeneity. We conducted subgroup analyses to detect the sources of heterogeneity. The subgroup analysis delineated some study characteristics including different vaccine doses and different COVID-19 complications such as infection, hospitalization, severe illness, and death. Other subgroup and sensitivity analyses were conducted; however, only significant results are reported. For the prevention of language bias, we did not have any language limitations in this study. For the prevention of publication bias, we searched various websites and databases such as the WHO and CDC to find gray literature. However, bias and heterogeneity are unavoidable in systematic reviews and meta-analysis studies. Therefore, all of these limitations should be considered when interpreting the outcomes.




6. Conclusions


The present study supports the short-term effectiveness of the Pfizer-BioNTech, Moderna, AstraZeneca, Bharat Biotech, and CoronaVac vaccines for the prevention of infection and the reduction in the severity of illness and hospitalizations associated with the Delta variant. Ongoing monitoring of protective immunity and administration of booster doses in a reasonable timeframe are recommended. Prior to the emergence of new variants, implementation of practical strategies for improving the vaccination rate is urgently required, including vaccinating children, and carefully monitoring the timeline of waning immunity.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/vaccines10010023/s1. Table S1. Search strategy. Table S2. Quality assessment of included studies.





Author Contributions


Conceived and designed the study: A.P., S.G. and M.Z.; comprehensive research: S.G., A.K. (Alireza Khatami), M.Z. and A.P.; analyzed the data: A.P. and R.J.T.; wrote and revised the paper: all authors; participated in data analysis and manuscript editing: all authors. All authors have read and agreed to the published version of the manuscript.




Funding


The authors received no specific funding for this work.




Institutional Review Board Statement


The manuscript is a systematic review, and thus ethical approval was not required for the study.




Informed Consent Statement


Not applicable.




Data Availability Statement


All data needed to evaluate the conclusions in the paper are included and/or available within the Supplementary Materials. Additional data related to this paper may be requested from the authors.




Acknowledgments


None.




Conflicts of Interest


The authors declare no competing interests. The authors declare no competing financial interests.




References


	



Outbreak.info. Available online: https://outbreak.info/ (accessed on 14 November 2021).

	



World Health Organization. COVID-19 Vaccines WHO EUL Issued. Available online: https://extranet.who.int/pqweb/vaccines/vaccinescovid-19-vaccine-eul-issued (accessed on 14 November 2021).

	



Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N. Engl. J. Med. 2021, 384, 403–416. [Google Scholar] [CrossRef] [PubMed]

	



Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [Google Scholar] [CrossRef]

	



Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, P.M.; Aley, P.K.; Bijker, E. 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, 397, 99–111. [Google Scholar] [CrossRef]

	



Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A. BNT162b2 mRNA COVID-19 caccine in a nationwide mass vaccination setting. N. Engl. J. Med. 2021, 384, 1412–1423. [Google Scholar] [CrossRef]

	



Hall, V.J.; Foulkes, S.; Saei, A.; Andrews, N.; Oguti, B.; Charlett, A.; Wellington, E.; Stowe, J.; Gillson, N.; Cowley, A.; et al. COVID-19 vaccine coverage in health-care workers in England and effectiveness of BNT162b2 mRNA vaccine against infection (SIREN): A prospective, multicentre, cohort study. Lancet 2021, 397, 1725–1735. [Google Scholar] [CrossRef]

	



Lopez Bernal, J.; Andrews, N.; Gower, C.; Robertson, C.; Stowe, J.; Tessier, E. 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, n1088. [Google Scholar] [CrossRef]

	



Shrotri, M.; Krutikov, M.; Palmer, T.; Giddings, R.; Azmi, B.; Subbarao, S. Vaccine effectiveness of the first dose of ChAdOx1 nCoV-19 and BNT162b2 against SARS-CoV-2 infection in residents of long-term care facilities in England (VIVALDI): A prospective cohort study. Lancet Infect. Dis. 2021, 21, 1529–1538. [Google Scholar] [CrossRef]

	



Updates on COVID-19 Variants of Concern. Available online: https://nccid.ca/covid-19-variants/ (accessed on 10 December 2021).

	



Konings, F.; Perkins, M.D.; Kuhn, J.H.; Pallen, M.J.; Alm, E.J.; Archer, B.N. SARS-CoV-2 variants of interest and concern naming scheme conducive for global discourse. Nat. Microbiol. 2021, 6, 821–823. [Google Scholar] [CrossRef] [PubMed]

	



Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern. Available online: https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html (accessed on 26 November 2021).

	



Dai, L.; Gao, G.F. Viral targets for vaccines against COVID-19. Nat. Rev. Immunol. 2021, 21, 73–82. [Google Scholar] [CrossRef]

	



Letko, M.; Marzi, A.; Munster, V. Functional assessment of cell entry and receptor usage for SARS-CoV-2 and other lineage B betacoronaviruses. Nat. Microbiol. 2020, 5, 562–569. [Google Scholar] [CrossRef]

	



Elena, S.F.; Sanjuán, R. Adaptive value of high mutation rates of RNA viruses: Separating causes from consequences. J. Virol. 2005, 79, 11555–11558. [Google Scholar] [CrossRef]

	



Li, Q.; Wu, J.; Nie, J.; Zhang, L.; Hao, H.; Liu, S. The impact of mutations in SARS-CoV-2 spike on viral infectivity and antigenicity. Cell 2020, 182, 1284–1294. [Google Scholar] [CrossRef]

	



Jia, Z.; Gong, W. Will mutations in the spike protein of SARS-CoV-2 lead to the failure of COVID-19 vaccines? J. Korean Med. Sci. 2021, 36, e124. [Google Scholar] [CrossRef]

	



Chen, X.; Wang, W.; Chen, X.; Wu, Q.; Sun, R.; Ge, S. Prediction of long-term kinetics of vaccine-elicited neutralizing antibody and time-varying vaccine-specific efficacy against the SARS-CoV-2 Delta variant by clinical endpoint. medRxiv 2021. [Google Scholar] [CrossRef]

	



Public Health England. SARS-CoV-2 Variants of Concern and Variants under Investigation in England. Technical Briefing 11. SARS-CoV-2 Variants of Concern and Variants under Investigation in England. Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/986380/Variants_of_Concern_VOC_Technical_Briefing_11_England.pdf (accessed on 13 May 2021).

	



Lopez Bernal, J.; Andrews, N.; Gower, C.; Gallagher, E.; Simmons, R.; Thelwall, S. Effectiveness of COVID-19 vaccines against the B.1.617.2 (Delta) variant. N. Engl. J. Med. 2021, 385, 585–594. [Google Scholar] [CrossRef] [PubMed]

	



Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [Google Scholar] [CrossRef]

	



Viera, A.J.; Garrett, J.M. Understanding interobserver agreement: The kappa statistic. Fam. Med. 2005, 37, 360–363. [Google Scholar]

	



The Joanna Briggs Institute. The Joanna Briggs Institute Critical Appraisal Tools for Use in JBI Systematic Reviews. Checklist for Qualitative Research; The Joanna Briggs Institute: Adelaide, Australia, 2017. [Google Scholar]

	



Perdices, M. Null hypothesis significance testing, p-values, effects sizes and confidence intervals. Brain Impair. 2018, 19, 70–80. [Google Scholar] [CrossRef]

	



Nasreen, S.; He, S.; Chung, H.; Brown, K.A.; Gubbay, J.B.; Buchan, S.A. Effectiveness of COVID-19 vaccines against variants of concern in Ontario, Canada. medRxiv 2021. [Google Scholar] [CrossRef]

	



Pouwels, K.B.; Pritchard, E.; Matthews, P.C.; Stoesser, N.; Eyre, D.W.; Vihta, K.-D. Effect of Delta variant on viral burden and vaccine effectiveness against new SARS-CoV-2 infections in the UK. Nat. Med. 2021, 27, 2127–2135. [Google Scholar] [PubMed]

	



Li, X.-N.; Huang, Y.; Wang, W.; Jing, Q.-L.; Zhang, C.-H.; Qin, P.-Z. Effectiveness of inactivated SARS-CoV-2 vaccines against the Delta variant infection in Guangzhou: A test-negative case-control real-world study. Emerg. Microbes Infect. 2021, 10, 1751–1759. [Google Scholar] [CrossRef] [PubMed]

	



Reis, B.Y.; Barda, N.; Leshchinsky, M.; Kepten, E.; Hernán, M.A.; Lipsitch, M. Effectiveness of BNT162b2 vaccine against Delta variant in adolescents. N. Engl. J. Med. 2021. [Google Scholar] [CrossRef]

	



Sheikh, A.; McMenamin, J.; Taylor, B.; Robertson, C. SARS-CoV-2 Delta VOC in Scotland: Demographics, risk of hospital admission, and vaccine effectiveness. Lancet 2021, 397, 2461–2462. [Google Scholar] [CrossRef]

	



McKeigue, P.M.; McAllister, D.; Hutchinson, S.J.; Robertson, C.; Stockton, D.; Colhoun, H.M. Efficacy of vaccination against severe COVID-19 in relation to Delta variant and time since second dose: The REACT-SCOT case-control study. medRxiv 2021. [Google Scholar] [CrossRef]

	



Ella, R.; Reddy, S.; Blackwelder, W.; Potdar, V.; Yadav, P.; Sarangi, V. Efficacy, safety, and lot to lot immunogenicity of an inactivated SARS-CoV-2 vaccine (BBV152): A double-blind, randomised, controlled phase 3 trial. medRxiv 2021. [Google Scholar] [CrossRef]

	



Barlow, R.S.; Larson, L.; Jian, K. Effectiveness of COVID-19 vaccines against SARS-CoV-2 infection during a Delta variant epidemic surge in Multnomah County, Oregon, July 2021. medRxiv 2021. [Google Scholar] [CrossRef]

	



Tenforde, M.W.; Self, W.H.; Naioti, E.A.; Ginde, A.A.; Douin, D.J.; Olson, S.M. Sustained effectiveness of Pfizer-BioNTech and Moderna vaccines against COVID-19 associated hospitalizations among adults—United States, March–July 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 1156. [Google Scholar] [CrossRef]

	



Chia, P.Y.; Ong, S.W.X.; Chiew, C.J.; Ang, L.W.; Chavatte, J.-M.; Mak, T.-M. Virological and serological kinetics of SARS-CoV-2 Delta variant vaccine-breakthrough infections: A multi-center cohort study. medRxiv 2021. [Google Scholar] [CrossRef] [PubMed]

	



Keegan, L.; Truelove, S.A.; Lessler, J. Progress of the Delta variant and erosion of vaccine effectiveness, a warning from Utah. medRxiv 2021. [Google Scholar] [CrossRef]

	



Tartof, S.Y.; Slezak, J.M.; Fischer, H.; Hong, V.; Ackerson, B.K.; Ranasinghe, O.N. Effectiveness of mRNA BNT162b2 COVID-19 vaccine up to 6 months in a large integrated health system in the USA: A retrospective cohort study. Lancet 2021, 398, 1407–1416. [Google Scholar] [CrossRef]

	



Shah, S.M.; Alsaab, H.O.; Rawas-Qalaji, M.M.; Uddin, M.N. A review on current COVID-19 vaccines and evaluation of particulate vaccine delivery systems. Vaccines 2021, 9, 1086. [Google Scholar] [CrossRef]

	



Milken Institute. COVID-19 Treatment and Vaccination Trackers. 2021. Available online: https://covid-19tracker.milkeninstitute.org/#vaccines_intro (accessed on 14 December 2021).

	



Liu, Q.; Qin, C.; Liu, M.; Liu, J. Effectiveness and safety of SARS-CoV-2 vaccine in real-world studies: A systematic review and meta-analysis. Infect. Dis. Poverty 2021, 10, 1–15. [Google Scholar]

	



Puranik, A.; Lenehan, P.J.; Silvert, E.; Niesen, M.J.; Corchado-Garcia, J.; O’Horo, J.C. Comparison of two highly-effective mRNA vaccines for COVID-19 during periods of Alpha and Delta variant prevalence. medRxiv 2021. [Google Scholar] [CrossRef]

	



Nanduri, S.; Pilishvili, T.; Derado, G.; Soe, M.M.; Dollard, P.; Wu, H. Effectiveness of Pfizer-BioNTech and Moderna vaccines in preventing SARS-CoV-2 infection among nursing home residents before and during widespread circulation of the SARS-CoV-2 B. 1.617. 2 (Delta) variant—National Healthcare Safety Network, March 1–August 1, 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 1163. [Google Scholar]

	



Rosenberg, E.S.; Holtgrave, D.R.; Dorabawila, V.; Conroy, M.; Greene, D.; Lutterloh, E. New COVID-19 cases and hospitalizations among adults, by vaccination status—New York, May 3–July 25, 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 1306. [Google Scholar] [CrossRef] [PubMed]

	



Tang, P.; Hasan, M.R.; Chemaitelly, H.; Yassine, H.M.; Benslimane, F.; Al Khatib, H.A. BNT162b2 and mRNA-1273 COVID-19 vaccine effectiveness against the Delta (B. 1.617. 2) variant in Qatar. medRxiv 2021. [Google Scholar] [CrossRef]

	



Herlihy, R.; Bamberg, W.; Burakoff, A.; Alden, N.; Severson, R.; Bush, E.; Rapid increase in circulation of the SARS-CoV-2, B. 1.617. 2 (Delta) variant—Mesa County, Colorado, April–June 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 1084. [Google Scholar] [CrossRef] [PubMed]

	



Deng, X.; Garcia-Knight, M.A.; Khalid, M.M.; Servellita, V.; Wang, C.; Morris, M.K. Transmission, infectivity, and antibody neutralization of an emerging SARS-CoV-2 variant in California carrying a L452R spike protein mutation. medRxiv 2021. [Google Scholar] [CrossRef]

	



Adam, D. What Scientists Know about New, Fast-Spreading Coronavirus Variants. 2021. Available online: https://www.nature.com/articles/d41586-021-01390-4 (accessed on 14 December 2021).

	



Harder, T.; Külper-Schiek, W.; Reda, S.; Treskova-Schwarzbach, M.; Koch, J.; Vygen-Bonnet, S. Effectiveness of COVID-19 vaccines against SARS-CoV-2 infection with the Delta (B. 1.617. 2) variant: Second interim results of a living systematic review and meta-analysis, 1 January to 25 August 2021. Eurosurveillance 2021, 26, 2100920. [Google Scholar]

	



Zeng, B.; Gao, L.; Zhou, Q.; Yu, K.; Sun, F. Effectiveness of COVID-19 vaccines against SARS-CoV-2 variants of concern: A systematic review and meta-analysis. medRxiv 2021. [Google Scholar] [CrossRef]

	



World Health Organization. WHO Target Product Profiles for COVID-19 Vaccines. Available online: https://www.who.int/publications/m/item/who-target-product-profiles-for-covid-19-vaccines (accessed on 14 December 2021).

	



Pormohammad, A.; Zarei, M.; Ghorbani, S.; Mohammadi, M.; Razizadeh, M.H.; Turner, D.L. Efficacy and safety of COVID-19 vaccines: A systematic review and meta-analysis of randomized clinical trials. Vaccines 2021, 9, 467. [Google Scholar] [CrossRef]

	



Zimmermann, P.; Curtis, N. Factors that influence the immune response to vaccination. Clin. Microbiol. Rev. 2019, 32, e00084-18. [Google Scholar] [CrossRef]

	



Moustsen-Helms, I.R.; Emborg, H.-D.; Nielsen, J.; Nielsen, K.F.; Krause, T.G.; Molbak, K. Vaccine effectiveness after 1st and 2nd dose of the BNT162b2 mRNA Covid-19 vaccine in long-term care facility residents and healthcare workers—A Danish cohort study. medRxiv 2021. [Google Scholar] [CrossRef]

	



Bartsch, S.M.; O’Shea, K.J.; Ferguson, M.C.; Bottazzi, M.E.; Wedlock, P.T.; Strych, U. Vaccine efficacy needed for a COVID-19 coronavirus vaccine to prevent or stop an epidemic as the sole intervention. Am. J. Prev. Med. 2020, 59, 493–503. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.; Rocklöv, J. The reproductive number of the Delta variant of SARS-CoV-2 is far higher compared to the ancestral SARS-CoV-2 virus. J. Travel Med. 2021, 28. [Google Scholar] [CrossRef] [PubMed]

	



Ferré, V.M.; Peiffer-Smadja, N.; Visseaux, B.; Descamps, D.; Ghosn, J.; Charpentier, C. Omicron SARS-CoV-2 variant: What we know and what we don’t. Anaesth Crit Care Pain Med. 2021, 41, 100998. [Google Scholar] [CrossRef] [PubMed]








[image: Vaccines 10 00023 g001 550] 





Figure 1. Flow diagram of literature search and study selection for meta-analysis (PRISMA flow chart). 






Figure 1. Flow diagram of literature search and study selection for meta-analysis (PRISMA flow chart).



[image: Vaccines 10 00023 g001]







[image: Vaccines 10 00023 g002 550] 





Figure 2. Effectiveness of COVID-19 vaccines after the first dose against Delta variant infection. 
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Figure 3. Effectiveness of COVID-19 vaccines after the second dose against Delta variant infection. * Reported for mRNA vaccines (Pfizer/Moderna); ** total of 52.9% included cases vaccinated with Pfizer, 38.1% with Moderna, and 9.05% with Janssen (Pfizer/Moderna/J&J). 
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Figure 4. Effectiveness of COVID-19 vaccines after the second dose against Delta variant infection, hospitalization, and severe infection or death. * Reported for mRNA vaccines (Pfizer/Moderna). 
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Table 1. Characteristics of included publications.
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Study ID

	
Country

	
Name

	
Company

	
Study Type

	
Vaccine Type

	
Dose

	
Day *

	
Efficacy Against (%)

	
Ref




	
Infection

	
Hospitalization

	
Severe/Death






	
Bernal et al.

	
England

	
ChAdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
1

	
21

	
30.00

	
NA

	
NA

	
[25]




	
Nasreen et al.

	
Canada

	
ChAdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
1

	
14

	
67.00

	
NA

	
NA

	
[25]




	
Pouwels et al.

	
England

	
ChAdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
1

	
21

	
46.00

	
NA

	
NA

	
[26]




	
Xiao-Ning Li

	
China

	
CoronaVac

	
Sinovac

Biotech

	
case–

control

	
Inactivated

	
1

	
14

	
13.80

	
NA

	
NA

	
[27]




	
Nasreen et al.

	
Canada

	
mRNA-1273

	
Moderna

	
case–

control

	
mRNA

	
1

	
14

	
72.00

	
NA

	
NA

	
[25]




	
Ben Y. Reis

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
1

	
14–20

	
59.00

	
NA

	
NA

	
[28]




	
Ben Y. Reis

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
1

	
21–27

	
66.00

	
NA

	
NA

	
[28]




	
Bernal et al.

	
England

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
1

	
21–56

	
35.60

	
NA

	
NA

	
[25]




	
Nasreen et al.

	
Canada

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
1

	
14

	
56.00

	
NA

	
NA

	
[25]




	
Pouwels et al.

	
England

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
1

	
21

	
57.00

	
NA

	
NA

	
[26]




	
Bernal et al.

	
England

	
ChAdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
2

	
14

	
67

	
NA

	
NA

	
[25]




	
Pouwels et al.

	
England

	
AdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
2

	
14

	
71

	
NA

	
NA

	
[26]




	
Pouwels et al.

	
England

	
ChAdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Adeno vector

	
2

	
>14

	
67

	
NA

	
NA

	
[26]




	
Sheikh et al.

	
Scotland

	
AdOx1 nCoV-19

	
AstraZeneca

	
cohort

	
Adeno vector

	
2

	
>14

	
91

	
NA

	
91

	
[29]




	
Paul M McKeigue

	
Scotland

	
AdOx1 nCoV-19

	
AstraZeneca

	
case–

control

	
Live

	
2

	
>14

	
91

	
88

	
NA

	
[30]




	
Raches Ella

	
India

	
BBV152

	
Bharat

Biotech

	
clinical trial III

	
Inactivated

	
2

	
14

	
65.2

	
NA

	
NA

	
[31]




	
xiao-Ning Li

	
China

	
CoronaVac

	
Sinovac

Biotech

	
case–

control

	
Inactivated

	
2

	
14

	
59

	
NA

	
NA

	
[27]




	
Nasreen et al.

	
Canada

	
mRNA-1273

	
Moderna

	
case–

control

	
mRNA

	
2

	
14

	
72

	
NA

	
NA

	
[25]




	
Russell S

	
NA

	
mRNA-1273

	
Moderna

	
case–

control

	
mRNA

	
2

	
28

	
74

	
NA

	
NA

	
[32]




	
Tenforde

	
NA

	
mRNA-1273

	
Moderna

	
case–

control

	
mRNA

	
2

	
91–168

	
86

	
NA

	
NA

	
[33]




	
Paul M McKeigue

	
Scotland

	
BNT162b2/mRNA-1273

	
Pfizer/Moderna **

	
case–

control

	
mRNA

	
2

	
>14

	
92

	
91

	
NA

	
[30]




	
Po Ying Chia

	
Singapore

	
BNT162b2/mRNA-1273

	
Pfizer/

Moderna *

	
cohort

	
mRNA

	
2

	
>14

	
96

	
NA

	
NA

	
[34]




	
Lindsay T. Keegan

	
USA

	
BNT162b2/mRNA-1273/Ad26.COV2.S

	
Pfizer/

Moderna/

J&J ***

	

	
mRNA/ adeno vector

	
2

	
>14

	
82

	
NA

	
NA

	
[35]




	
Russell S

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
28

	
73

	
NA

	
NA

	
[32]




	
Tenforde

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
14–84

	
86

	
NA

	
NA

	
[33]




	
Ben Y. Reis

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
7–21

	
88

	
NA

	
NA

	
[28]




	
Sara Y. Tartof

	
USA

	
BNT162b2

	
Pfizer-

BioNTech

	
cohort

	
mRNA

	
2

	
7

	
93

	
93

	
NA

	
[36]




	
Sara Y. Tartof

	
USA

	
BNT162b2

	
Pfizer-

BioNTech

	
cohort

	
mRNA

	
2

	
120

	
53

	
NA

	
NA

	
[36]




	
Bernal et al.

	
England

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
14

	
88

	
NA

	
NA

	
[25]




	
Nasreen et al.

	
Canada

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
7

	
87

	
NA

	
NA

	
[25]




	
Pouwels et al.

	
England

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
0–13

	
82

	
NA

	
NA

	
[26]




	
Pouwels et al.

	
England

	
BNT162b2

	
Pfizer-

BioNTech

	
case–

control

	
mRNA

	
2

	
>14

	
80

	
NA

	
NA

	
[26]




	
Sheikh et al.

	
Scotland

	
BNT162b2

	
Pfizer-

BioNTech

	
cohort

	
mRNA

	
2

	
>14

	
90.00

	
NA

	
90.00

	
[29]




	
Xinhua Chen

	
NA

	
mRNA-1273

	
Moderna

	
cohort

	
mRNA

	
3

	
14–30

	
97.00

	
NA

	
98.30

	
[18]




	
Xinhua Chen

	
NA

	
BNT162b2

	
Pfizer-

BioNTech

	
cohort

	
mRNA

	
3

	
14–30

	
97.20

	
NA

	
98.90

	
[18]




	
Xinhua Chen

	
NA

	
CoronaVac

	
Sinovac

Biotech

	
cohort

	
Inactivated

	
3

	
60

	
63.80

	
NA

	
75.30

	
[18]








ChAdOx1: chimpanzee (Ch) adenovirus-vectored vaccine; BNT162b2: BioNTech; J&J: Johnson & Johnson; Whole-Virion Inactivated SARS-CoV-2 Vaccine (BBV152) NA: not available. * Reported vaccine efficacy after vaccination; ** reported for mRNA vaccines (Pfizer/Moderna); *** total of 52.9% with Pfizer, 38.1% with Moderna, and 9.05% with Janssen (Pfizer/Moderna/J&J).
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Table 2. Effectiveness of COVID-19 vaccines against Delta variant.
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Dose

	
Group

	
Number of Studies

	
Vaccine

Effectiveness

	
95% Interval

	
Test of Null

(2-Tailed)

	
Heterogeneity




	
Lower Limit

	
Upper Limit

	
Z-Value

	
p-Value

	
Q-Value

	
df (Q)

	
p-Value

	
I-Squared






	
After First

Dose

	
AstraZeneca

	
3

	
0.439

	
0.301

	
0.588

	
−0.802

	
0.422

	
135.8

	
2.0

	
<0.001

	
98.5




	
CoronaVac

	
1

	
0.138

	
0.076

	
0.237

	

	

	

	

	

	




	
Moderna

	
1

	
0.720

	
0.589

	
0.822

	

	

	

	

	

	




	
Pfizer-BioNTech

	
5

	
0.567

	
0.520

	
0.613

	
2.810

	
0.005

	
1011.3

	
4.0

	
<0.001

	
99.6




	
Overall

	
10

	
0.538

	
0.496

	
0.579

	
1.794

	
0.073

	
5515.7

	
9.0

	
<0.001

	
99.8




	
After

Second

Dose

	
Pfizer/Moderna *

	
2

	
0.939

	
0.884

	
0.969

	
7.6

	
<0.001

	
4.3

	
1.0

	
<0.001

	
77.0




	
Pfizer-BioNTech

	
10

	
0.837

	
0.672

	
0.928

	
3.5

	
<0.001

	
359,532.1

	
9.0

	
<0.001

	
100.0




	
Pfizer/Moderna/

J&J **

	
1

	
0.820

	
0.819

	
0.821

	

	

	

	

	

	




	
AstraZeneca

	
5

	
0.801

	
0.705

	
0.872

	
5.2

	
<0.001

	
7502.6

	
4.0

	
<0.001

	
99.9




	
Moderna

	
3

	
0.775

	
0.673

	
0.852

	
4.7

	
<0.001

	
3.1

	
2.0

	
0.2

	
35.9




	
Bharat Biotech

	
1

	
0.652

	
0.642

	
0.662

	

	

	

	

	

	




	
CoronaVac

	
1

	
0.590

	
0.475

	
0.696

	

	

	

	

	

	




	
Overall

	
23

	
0.819

	
0.818

	
0.819

	
690.6

	
<0.001

	
453,257.3

	
22.0

	
<0.001

	
100.0




	
After

Third

Dose

	
Moderna

	
1

	
0.970

	
0.964

	
0.978

	

	

	

	

	

	




	
Pfizer-BioNTech

	
1

	
0.972

	
0.960

	
0.978

	

	

	

	

	

	




	
CoronaVac

	
1

	
0.638

	
0.631

	
0.643

	

	

	

	

	

	








* Reported for mRNA vaccines (Pfizer/Moderna); ** total of 52.9% with Pfizer, 38.1% with Moderna, and 9.05% with Janssen (Pfizer/Moderna/J&J).
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Mixed effects analysis
AstraZeneca 5 0.80 0.705 0872 5.246 0.000 7502617 4 0.000 99.947
Bharat Biotech 1 0.652 0642 0662
Corona vac 1 0.530 0.475 0.696
Modemna 3 0.775 0673 0.852 4.705 0.000 3120 2 0.210 35.898
Pfizer/Moderna 2 0.933 0.884 0.969 7.600 0.000 4343 1 0.037 76.976
Pfizer/Modema 1 0.820 0.819 0.821
PlizerlBioNTec 10 0837 0672 0.928 3.482 0.000 359532.038 9 0.000 99997
Total between 367042178 16 0.000
Overall 23 0819 0218 0819 690.597 0.000 86215.078 B 0.000

453257 256 22 0.000 99.995






