Supplementary Table S2. Studies excluded at full-text stage.
	Article excluded
	Reason for exclusion

	Abu-Raddad LJ, Chemaitelly H, Ayoub HH, et al. Effect of mRNA vaccine boosters against SARS-CoV-2 Omicron infection in Qatar. N Engl J Med. 2022;386(19):1804–1816. https://doi.org/10.1056/NEJMoa2200797
	Outside the prespecified review scope. This matched cohort study evaluates the effectiveness of ancestral-strain mRNA booster doses during the early Omicron (BA.1-dominant) period in late 2021–early 2022, comparing booster vaccination with a two-dose primary series. The study does not assess later Omicron subvariants (e.g., BA.5, XBB, JN.1) or variant-adapted vaccines relevant to the Omicron evolutionary spectrum synthesised in this review.

	Abul Y, Nugent C, Vishnepolskiy I, et al. Broad immunogenicity to prior SARS-CoV-2 strains and JN.1 variant elicited by XBB.1.5 vaccination in nursing home residents. GeroScience. 2025;47:1887–1896. https://doi.org/10.1007/s11357-024-01346-2
	Outside the prespecified review scope. This longitudinal cohort study assesses immunogenicity and neutralizing antibody responses to the XBB.1.5 monovalent vaccine against XBB.1.5 and JN.1 variants in nursing home residents and healthcare workers, but does not report vaccine effectiveness against clinical outcomes (e.g., hospitalization, ICU admission, or death) or population-level VE estimates suitable for synthesis.

	Abuyadek R, Mousa M, AlAzazi J, et al. Genomic characteristics, disease outcome and heterologous vaccine effectiveness among cases with SARS-CoV-2 infection. BMC Infect Dis. 2024;24:1266. https://doi.org/10.1186/s12879-024-10124-6
	Outside the prespecified review scope. This retrospective cohort study evaluates vaccine and booster effectiveness during Delta-dominant and early Omicron (BA.1) periods between February 2021 and May 2022, focusing on homologous and heterologous booster strategies using non-variant-adapted vaccines. The study does not assess later Omicron subvariants (e.g., BA.5, XBB, JN.1) or variant-adapted vaccines relevant to the Omicron evolutionary spectrum synthesised in this review.

	Acuti Martellucci C, Flacco ME, Soldato G, et al. Effectiveness of COVID-19 vaccines in the general population of an Italian region before and during the Omicron wave. Vaccines (Basel). 2022;10(5):662. https://doi.org/10.3390/vaccines10050662
	Outside the prespecified review scope. The study evaluates effectiveness of ancestral (monovalent) COVID-19 vaccines in a regional Italian cohort with follow-up limited to pre-Omicron and early Omicron (BA.1) circulation (data through February 2022). It predates the variant-adapted/bivalent vaccine era and does not provide effectiveness estimates for later Omicron subvariants prioritized in this review (e.g., BA.5 late phase, XBB, JN.1, KP.3).

	Adams K, Rhoads JP, Surie D, et al. Vaccine effectiveness of primary series and booster doses against COVID-19–associated hospital admission in the United States: a living test-negative design study. BMJ. 2022;379:e072065. https://doi.org/10.1136/bmj-2022-072065
	Outside the prespecified review scope. This multicenter test-negative case-control study evaluates vaccine effectiveness against hospital admission during the early Omicron period (BA.1- and BA.2-dominant, December 2021–June 2022) using ancestral-strain vaccines, with analyses focused on booster dosing strategies. The study does not assess later Omicron subvariants (e.g., BA.5, XBB, JN.1) or variant-adapted vaccines relevant to the Omicron evolutionary spectrum synthesised in this review.

	Aglipay M, Maguire JL, Swayze S, et al. Initial effectiveness of mRNA-1273 against SARS-CoV-2 infection and hospitalization in young children. Open Forum Infect Dis. 2025;12(1):ofae718. https://doi.org/10.1093/ofid/ofae718
	Outside the prespecified review scope. This test-negative study evaluates initial vaccine effectiveness of mRNA-1273 in young children aged 6 months to 5 years during an early Omicron (BA.4/BA.5-dominant) period in 2022, focusing on short-term effectiveness following primary series rollout. The paediatric population and early Omicron timeframe fall outside the adolescent/adult focus and later Omicron evolutionary spectrum addressed in this review.

	Agrupis KA, Ylade M, Qi YY, et al. Effectiveness of CoronaVac primary series with and without booster against hospitalized COVID-19 during the Omicron-predominant epidemic wave in the Philippines: a test-negative case–control study. Expert Rev Vaccines. 2025;24(1):738–749. https://doi.org/10.1080/14760584.2025.2539889
	Outside the prespecified review scope. This test-negative case–control study evaluates the effectiveness of the inactivated CoronaVac vaccine primary series with and without heterologous booster doses during an Omicron-predominant period. The study does not assess updated or variant-adapted COVID-19 vaccines (e.g., BA.4/BA.5-, XBB.1.5-, or JN.1-adapted formulations) and focuses on durability and booster strategies following inactivated vaccine priming. As such, its vaccine platform and comparator framework are not directly comparable with the late-Omicron, updated-vaccine effectiveness analyses synthesized in this review.

	Akaishi T, Kushimoto S, Katori Y, et al. Effectiveness of third vaccine dose for coronavirus disease 2019 during the Omicron variant pandemic: a prospective observational study in Japan. Sci Rep. 2022;12:13589. https://doi.org/10.1038/s41598-022-17990-7
	Outside the prespecified review scope. This prospective observational study evaluates the effectiveness of a third mRNA vaccine dose against RT-PCR–confirmed SARS-CoV-2 infection following close contact during an early Omicron (BA.1/BA.2) period in 2022, with outcomes limited to infection and early symptoms. The study does not assess vaccine effectiveness against severe clinical outcomes (hospitalization, ICU admission, or death) relevant to the severe-outcome Omicron evolutionary framework of this review.

	Aldawish S, Abusaris R, Almohammadi E, et al. Effectiveness of COVID-19 vaccines against ICU admission during Omicron surge in Saudi Arabia: a nationwide retrospective cohort study. BMC Infect Dis. 2023;23:746. https://doi.org/10.1186/s12879-023-08686-y
	Outside the prespecified review scope. The study was conducted during early Omicron circulation (2022) and evaluates ancestral (non–variant-adapted) COVID-19 vaccines only, with no assessment of variant-adapted vaccines (e.g., bivalent BA.4/BA.5 or updated XBB/JN.1 formulations) that are the focus of this review.

	Aldecoa KAT, Arsene C, Chng T, et al. Evaluating the effectiveness of COVID-19 vaccines in adults with sickle cell disease during the Omicron period of the COVID-19 pandemic. Blood. 2023;142(Suppl 1):1149–1150. https://doi.org/10.1182/blood-2023-185320
	Conference abstract only. This study is reported as a meeting abstract without a full peer-reviewed manuscript, provides limited methodological detail, and evaluates vaccine effectiveness primarily against SARS-CoV-2 infection in a small, disease-specific cohort, without robust estimates for severe clinical outcomes (hospitalization, ICU admission, or death) required for inclusion in this review.

	Ali AM, Tofiq AM, Rostam HM, et al. Disease severity and efficacy of homologous vaccination among patients infected with SARS-CoV-2 Delta or Omicron VOCs, compared to unvaccinated using main biomarkers. J Med Virol. 2022;94:1–10. https://doi.org/10.1002/jmv.28098
	Outside the prespecified review scope. This hospital-based case–control study evaluates disease severity and laboratory biomarkers (e.g., PCR cycle threshold values, CRP, WBC counts, symptom burden) among vaccinated and unvaccinated patients infected with Delta or early Omicron variants, but does not estimate vaccine effectiveness against severe clinical outcomes (hospitalization, ICU admission, or death) using standard VE effect measures suitable for synthesis in this review.

	Altarawneh HN, Chemaitelly H, Ayoub HH, et al. Effects of previous infection and vaccination on symptomatic Omicron infections. N Engl J Med. 2022;387(1):21–34. https://doi.org/10.1056/NEJMoa2203965
	Outside the prespecified review scope. This national test-negative case–control study primarily evaluates protection against symptomatic SARS-CoV-2 infection and hybrid immunity during the early Omicron (BA.1/BA.2) period, with severe outcomes assessed only as secondary endpoints and limited event counts. The study does not address later Omicron subvariants (e.g., BA.5, XBB, JN.1) or provide variant-adapted vaccine effectiveness estimates aligned with the severe-outcome–focused framework of this review.

	Alves K, Kotloff K, McClelland RS, et al. Immunogenicity and safety of a monovalent omicron XBB.1.5 SARS-CoV-2 recombinant spike protein vaccine as a heterologous booster dose in US adults: interim analysis of a single-arm phase 2/3 study. Lancet Infect Dis. 2025;25(5):585–594. https://doi.org/10.1016/S1473-3099(24)00670-4
	Outside the prespecified review scope. This phase 2/3 clinical trial evaluates immunogenicity and safety of a monovalent XBB.1.5 SARS-CoV-2 recombinant spike protein vaccine, reporting neutralizing antibody and seroresponse outcomes only, without estimating vaccine effectiveness against clinical outcomes (e.g., hospitalization, ICU admission, or death) suitable for synthesis in this review.

	Andersen KM, McColgan MD, Mateus JS, Yu T, Zhou A, Puzniak L, et al. BNT162b2 XBB.1.5-adapted single-dose vaccine uptake and effectiveness in children aged 5–17 years using linked claims and vaccine registries in California and Louisiana. J Pediatr. 2025;286:114778. https://doi.org/10.1016/j.jpeds.2025.114778
	Outside the prespecified review scope. This retrospective cohort study evaluates vaccine effectiveness of the BNT162b2 XBB.1.5-adapted vaccine in children and adolescents aged 5–17 years, with outcomes primarily reflecting emergency department or urgent care encounters and very few hospitalization events. The paediatric/adolescent population falls outside the adult population focus of this review.

	Andersson NW, Thiesson EM, Baum U, Pihlström N, Starrfelt J, Faksová K, et al. Comparative effectiveness of heterologous third dose vaccine schedules against severe COVID-19 during Omicron predominance in Nordic countries: population based cohort analyses. BMJ. 2023;382:e074325. https://doi.org/10.1136/bmj-2022-074325
	Outside the prespecified review scope. This population-based cohort study evaluates the comparative effectiveness of heterologous versus homologous booster schedules using ancestral (wild-type) vaccine formulations during an early Omicron (BA.1/BA.2-dominant) period, with booster administration largely in late 2021–early 2022. The study does not address later Omicron subvariants (e.g., BA.5, XBB, JN.1) or variant-adapted vaccines that are the focus of this review.

	Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. Covid-19 vaccine effectiveness against the Omicron (B.1.1.529) variant. N Engl J Med. 2022;386:1532–1546. https://doi.org/10.1056/NEJMoa2119451
	Outside the prespecified review scope. The study evaluates early Omicron (B.1.1.529) during November 2021–January 2022 and does not provide variant-specific estimates for BA.2, BA.5, XBB, JN.1, or KP.3. In addition, the study does not assess updated (bivalent or variant-adapted) vaccines and primarily reports absolute vaccine effectiveness against unvaccinated comparators, limiting comparability with later subvariant-specific and relative effectiveness analyses included in this review.

	Antonelli M, Penfold RS, Dos Santos Canas L, Sudre CH, Rjoob K, Murray B, et al. SARS-CoV-2 infection following booster vaccination: illness and symptom profile in a prospective, observational community-based case-control study. J Infect. 2023;87(6):506–515. https://doi.org/10.1016/j.jinf.2023.08.009
	Outside the prespecified review scope. This prospective case–control study is restricted to individuals with breakthrough SARS-CoV-2 infection and evaluates symptom burden, illness duration, and self-reported severity following booster versus second vaccination. The study does not estimate population-level vaccine effectiveness against severe clinical outcomes (hospitalization, ICU admission, or death) using standard VE frameworks and focuses on early Omicron (BA.1-dominant) circulation, which falls outside the severe-outcome–focused Omicron evolutionary framework of this review.

	Aoshima M, Ohfuji S. Real-world vaccine effectiveness of mRNA vaccines for SARS-CoV-2: a test-negative case-control study in a medium-sized clinic. Hum Vaccin Immunother. 2022;18(7):2147353. https://doi.org/10.1080/21645515.2022.2147353
	Outside the prespecified review scope. This single-centre test-negative case–control study primarily evaluates vaccine effectiveness against symptomatic SARS-CoV-2 infection and uses oxygen saturation–based proxies for disease severity, without reporting population-level effectiveness against severe clinical outcomes (hospitalization, ICU admission, or death). In addition, the Omicron analysis corresponds to an early BA.1-dominant period in early 2022 and evaluates ancestral mRNA vaccines, which are not aligned with the later Omicron evolutionary spectrum addressed in this review.

	Arashiro T, Arima Y, Kuramochi J, Muraoka H, Sato A, Chubachi K, et al. Immune escape and waning immunity of COVID-19 monovalent mRNA vaccines against symptomatic infection with BA.1/BA.2 and BA.5 in Japan. Vaccine. 2023;41:6969–6979. https://doi.org/10.1016/j.vaccine.2023.10.021
	Outside the prespecified review scope. This multicenter test-negative case–control study evaluates vaccine effectiveness against symptomatic SARS-CoV-2 infection during BA.1/BA.2- and BA.5-dominant periods in 2022, without assessing severe clinical outcomes (hospitalization, ICU admission, or death). In addition, the study focuses on monovalent ancestral mRNA vaccines and does not address later Omicron subvariants (e.g., XBB, JN.1) relevant to the severe-outcome–focused framework of this review.

	Arashiro T, Solante R, Sayo AR, Garcia RM, Kris M, Suzuki S, et al. Factors associated with COVID-19 in-hospital death and COVID-19 vaccine effectiveness against COVID-19 hospitalization in the Philippines during pre-omicron and omicron period: a case-control study (MOTIVATE-P study). Epidemiol Infect. 2025;153:e18. https://doi.org/10.1017/S0950268824001845
	Outside the prespecified review scope. This hospital-based case-control study primarily evaluates primary-series COVID-19 vaccination, with substantial use of inactivated and viral-vector vaccines and limited, underpowered booster analyses. It does not assess mRNA variant-adapted booster vaccines nor provide Omicron subvariant-specific effectiveness estimates required for inclusion in this review.

	Arashiro T, Arima Y, Kuramochi J, Muraoka H, Sato A, Chubachi K, et al. Effectiveness of BA.1- and BA.4/BA.5-containing bivalent COVID-19 mRNA vaccines against symptomatic SARS-CoV-2 infection during the BA.5-dominant period in Japan. Open Forum Infect Dis. 2023;10(6):ofad240. https://doi.org/10.1093/ofid/ofad240
	Outside the prespecified review scope. This multicenter test-negative case-control study evaluates vaccine effectiveness against symptomatic SARS-CoV-2 infection only during a BA.5-dominant period (September–December 2022) and does not assess severe clinical outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review. In addition, the study does not include effectiveness estimates for later Omicron subvariants of interest (XBB, JN.1, KP.3) and relies on short-term and incremental comparator frameworks that are not directly comparable with the severe-outcome, variant-evolutionary vaccine-effectiveness framework applied in this review.

	Arashiro T, Arima Y, Muraoka H, Sato A, Oba K, Uehara Y, et al. Coronavirus disease 19 (COVID-19) vaccine effectiveness against symptomatic SARS-CoV-2 infection during Delta-dominant and Omicron-dominant periods in Japan. Clin Infect Dis. 2023;76(3):e108–e115. https://doi.org/10.1093/cid/ciac635
	Outside the prespecified review scope. This multicenter test-negative case-control study evaluates vaccine effectiveness against symptomatic SARS-CoV-2 infection only during the Delta-dominant and early Omicron (BA.1-dominant) periods (August 2021–March 2022) and does not assess severe clinical outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review. In addition, the study evaluates ancestral (monovalent) mRNA vaccines and early booster dosing only, predating the variant-adapted vaccine era and later Omicron subvariants (BA.5, XBB, JN.1, KP.3) that are the focus of this review.

	Arbel R, Sergienko R, Friger M, Peretz A, Beckenstein T, Yaron S, et al. Effectiveness of a second BNT162b2 booster vaccine against hospitalization and death from COVID-19 in adults aged over 60 years. Nat Med. 2022;28:1486–1490. https://doi.org/10.1038/s41591-022-01832-0
	Outside the prespecified review scope. This retrospective cohort study evaluates the effectiveness of a second booster (fourth dose) of the ancestral (monovalent) BNT162b2 vaccine during the early Omicron (BA.1-dominant) period (January–February 2022). The study predates the variant-adapted (bivalent) vaccine era and does not assess later Omicron subvariants (e.g., BA.5, BQ, XBB, JN.1, KP.3) that are the focus of this review.

	Arbel R, Peretz A, Sergienko R, Friger M, Beckenstein T, Duskin-Bitan H, et al. Effectiveness of a bivalent mRNA vaccine booster dose to prevent severe COVID-19 outcomes: a retrospective cohort study. Lancet Infect Dis. 2023;23:914–921. https://doi.org/10.1016/S1473-3099(23)00122-6
	Outside the prespecified review scope. This retrospective cohort study evaluates a bivalent BA.4/BA.5-adapted mRNA booster during a pre-XBB Omicron period (September 2022–January 2023). The study does not assess monovalent XBB.1.5-adapted vaccines or variant-specific effectiveness during XBB, JN.1, or KP lineage predominance, and therefore is not directly comparable with the vaccine formulations and variant periods synthesised in this review.

	Archer H, McCoy SI, Sears D, Kwan A, Kuersten M, Lewnard JA, et al. Indirect vaccine effectiveness in an outbreak of Alpha B.1.1.7 variant in a California state prison, May 2021. Vaccine. 2024;42:3057–3065. https://doi.org/10.1016/j.vaccine.2024.03.062
	Outside the prespecified review scope. This outbreak investigation evaluates direct and indirect vaccine effectiveness against SARS-CoV-2 infection and symptomatic infection only during an Alpha (B.1.1.7) variant outbreak (May–June 2021) in a carceral setting. The study does not assess severe COVID-19 outcomes (hospitalization, ICU admission, or death), predates the Omicron era, and does not evaluate updated/variant-adapted vaccines, which are the focus of this review.

	Arunachalam PS, Lai L, Samaha H, Feng Y, Hu M, Hui HS, et al. Durability of immune responses to mRNA booster vaccination against COVID-19. J Clin Invest. 2023;133(10):e167955. https://doi.org/10.1172/JCI167955
	Outside the prespecified review scope. This study is a mechanistic immunology investigation assessing antibody kinetics, neutralizing antibody titers, and memory B- and T-cell responses following third and fourth mRNA vaccine doses. It does not report population-level absolute or relative vaccine effectiveness (VE or rVE) against clinical outcomes (e.g., SARS-CoV-2 infection, hospitalization, ICU admission, or death) and lacks an appropriate unvaccinated or standardized comparator group. Consequently, the effect measures are not directly comparable with the real-world vaccine effectiveness estimates synthesized in this review.

	Atanasov V, Barreto N, Whittle J, Meurer J, Weston BW, Luo Q, et al. Selection effects and COVID-19 mortality risk after Pfizer vs. Moderna vaccination: evidence from linked mortality and vaccination records. Vaccines (Basel). 2023;11(5):971. https://doi.org/10.3390/vaccines11050971
	Outside the prespecified review scope. The study uses COVID-19 excess mortality and relative mortality risk (CEMP/RMR) derived from death-certificate data to compare Pfizer versus Moderna vaccination, rather than reporting vaccine effectiveness (VE) against severe COVID-19 outcomes using standard VE designs. It does not provide variant-specific VE estimates for Omicron subvariants of interest (e.g., BA.5, XBB, JN.1, KP.3) and is therefore not directly comparable with the studies included in this review.

	Atanasov V, Barreto N, Whittle J, Meurer J, Weston BW, Luo Q, et al. Understanding COVID-19 vaccine effectiveness against death using a novel measure: COVID excess mortality percentage. Vaccines (Basel). 2023;11(2):379. https://doi.org/10.3390/vaccines11020379
	Outside the prespecified review scope. This study evaluates COVID-19 mortality using a decedent-only design and a novel proxy outcome (COVID Excess Mortality Percentage, CEMP) to derive relative mortality risk, rather than reporting population-based absolute or relative vaccine effectiveness (VE or rVE) estimates for prespecified clinical outcomes using standard cohort or test-negative designs. The effect measures are therefore not directly comparable with those synthesized in this review.

	Auvigne V, Tamandjou Tchuem CR, Schaeffer J, Vaux S, Parent Du Chatelet I. Protection against symptomatic SARS-CoV-2 infection conferred by the Pfizer-BioNTech Original/BA.4-5 bivalent vaccine compared to the mRNA Original monovalent vaccines: a matched cohort study in France. Vaccine. 2023;41:5490–5493. https://doi.org/10.1016/j.vaccine.2023.07.071
	Outside the prespecified review scope. This matched cohort study evaluates protection against symptomatic SARS-CoV-2 infection only during BA.5 sublineage predominance and does not assess severe COVID-19 outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review.

	Baakliny M, Ghosn N, Saleh N, Maison P. Effectiveness of the Pfizer-BioNTech (BNT162b2) vaccine against the Omicron variant of SARS-CoV-2 among adults aged 50 and above: a case-control study in Lebanon, June 2022. PLoS One. 2025;20(3):e0318344. https://doi.org/10.1371/journal.pone.0318344
	Outside the prespecified review scope. This test-negative case-control study evaluates vaccine effectiveness against symptomatic SARS-CoV-2 infection only among adults aged ≥50 years and does not assess severe COVID-19 outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review.

	Baden LR, El Sahly HM, Essink B, Follmann D, Hachigian G, Strout C, et al. Long-term safety and effectiveness of mRNA-1273 vaccine in adults: COVE trial open-label and booster phases. Nat Commun. 2024;15:7469. https://doi.org/10.1038/s41467-024-50376-z
	Outside the prespecified review scope. This study reports clinical trial follow-up data from the phase-3 COVE randomized trial, including open-label and monovalent booster phases, and does not represent real-world effectiveness evidence. In addition, the analysis primarily evaluates ancestral (monovalent) mRNA-1273 vaccination during Delta and early Omicron (BA.1/BA.2) periods, with limited applicability to late-Omicron subvariants and variant-adapted vaccines, which are the focus of this review.

	Bando T, Ikematsu H, Kawai N, Shibao K, Mizuguchi M, Amemiya T, et al. The effectiveness of repeated vaccination for COVID-19 symptom resolution during the KP.3-dominant epidemic period in Japan: a retrospective multicenter study. J Infect Chemother. 2025;31:102798. https://doi.org/10.1016/j.jiac.2025.102798
	Outside the prespecified review scope. This retrospective multicenter study evaluates the association between repeated COVID-19 vaccination and symptom resolution (maximum body temperature, fever duration, and persistence of symptoms) among mild outpatient cases only during a KP.3-dominant period. The study does not assess vaccine effectiveness against severe COVID-19 outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review.

	Barbieri E, Trinh NTH, Di Chiara C, Corrao G, Boracchini R, Rosa E, et al. Impact of prior SARS-CoV-2 infection on COVID-19 vaccine effectiveness in children and adolescents in Norway and Italy. Vaccines (Basel). 2025;13(7):698. https://doi.org/10.3390/vaccines13070698
	Outside the prespecified review scope. This retrospective matched cohort study evaluates vaccine-induced and hybrid immunity against SARS-CoV-2 infection and reinfection in children and adolescents aged 5–14 years, without assessing severe clinical outcomes (hospitalization, ICU admission, or death). Both the paediatric/adolescent population and infection-only outcomes fall outside the adult severe-outcome focus of this review.

	Barchuk A, Bulina A, Cherkashin M, Berezina N, Rakova T, Kuplevatskaya D, et al. Gam-COVID-Vac, EpiVacCorona, and CoviVac effectiveness against lung injury during Delta and Omicron variant surges in St. Petersburg, Russia: a test-negative case-control study. Respir Res. 2022;23:276. https://doi.org/10.1186/s12931-022-02206-3
	Outside the prespecified review scope. This test-negative case–control study evaluates vaccine effectiveness against CT-detected lung injury during Delta and early Omicron (BA.1) periods (October 2021–April 2022) using region-specific vaccines (Gam-COVID-Vac, EpiVacCorona, CoviVac). The study does not assess hospitalization, ICU admission, or mortality outcomes, nor does it evaluate variant-adapted mRNA vaccines or late-Omicron subvariants, which are the focus of this review.

	Baum U, Poukka E, Leino T, Kilpi T, Nohynek H, Palmu AA. High vaccine effectiveness against severe COVID-19 in the elderly in Finland before and after the emergence of Omicron. BMC Infect Dis. 2022;22:816. https://doi.org/10.1186/s12879-022-07814-4
	Outside the prespecified review scope. This nationwide register-based cohort study evaluates vaccine effectiveness against COVID-19-related hospitalization and ICU admission during pre-Omicron, Delta, and early Omicron (BA.1/BA.2) periods (December 2020–March 2022) using ancestral (monovalent) vaccines only. The study predates the late-Omicron evolutionary phase and does not assess variant-adapted vaccines (e.g., BA.4/BA.5, XBB, JN.1, KP-lineage), which are the focus of this review.

	Bejko D, Ernst C, Vergison A, Stranges S, Zeegers MP, Mossong J. High vaccine effectiveness against severe COVID-19 outcomes and population preventable fraction during the Omicron era in Luxembourg: a nationwide retrospective risk factor analysis. Vaccine. 2024;42:126011. https://doi.org/10.1016/j.vaccine.2024.05.059
	Outside the prespecified review scope. The study reports vaccine effectiveness for primary and booster doses in aggregate without distinguishing variant-adapted vaccine formulations, and does not provide effectiveness estimates specific to bivalent or updated vaccines (e.g., BA.4/BA.5 or XBB/JN.1), which are the focus of this review.

	Belayachi J, Mhayi A, Majidi H, El Fahime E, Abouqal R. Effectiveness of Sinopharm’s BBIBP-CorV booster vaccination against COVID-19-related severe and critical cases and deaths in Morocco during the Omicron wave. Vaccines (Basel). 2024;12(3):244. https://doi.org/10.3390/vaccines12030244
	Outside the prespecified review scope. This study estimates vaccine effectiveness using the screening (case–population) method, a pseudo-ecologic design based on vaccination coverage among cases and the reference population. It does not provide individual-level, population-based vaccine effectiveness (VE or rVE) estimates derived from cohort, case–control, or test-negative designs and therefore is not eligible for inclusion in the formal VE synthesis.

	Bennett JC, Luiten KG, O’Hanlon J, Han PD, McDonald D, Wright T, et al. Utilizing a university testing program to estimate relative effectiveness of monovalent COVID-19 mRNA booster vaccine versus two-dose primary series against symptomatic SARS-CoV-2 infection. Vaccine. 2024;42:1332–1341. https://doi.org/10.1016/j.vaccine.2024.01.080
	Outside the prespecified review scope. This test-negative study evaluates relative vaccine effectiveness against symptomatic SARS-CoV-2 infection only in a young, predominantly healthy university population and does not assess severe COVID-19 outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review.

	Bermingham C, Morgan J, Ayoubkhani D, Glickman M, Islam N, Sheikh A, et al. Estimating the effectiveness of first dose of COVID-19 vaccine against mortality in England: a quasi-experimental study. Am J Epidemiol. 2022. https://doi.org/10.1093/aje/kwac157
	Outside the prespecified review scope. This quasi-experimental regression-discontinuity study evaluates the effectiveness of a first dose of ancestral COVID-19 vaccines against COVID-19 mortality during the early vaccination rollout period (January–February 2021), prior to the Omicron era and before the introduction of full primary series, booster doses, or variant-adapted vaccines, which are the focus of this review.

	Björk J, Bonander C, Moghaddassi M, Rasmussen M, Malmqvist U, Inghammar M, et al. COVID-19 vaccine effectiveness against severe disease from SARS-CoV-2 Omicron BA.1 and BA.2 subvariants: surveillance results from southern Sweden, December 2021 to March 2022. Euro Surveill. 2022;27(18):2200322. https://doi.org/10.2807/1560-7917.ES.2022.27.18.2200322
	Outside the prespecified review scope. This surveillance study reports vaccine effectiveness only against severe COVID-19 and stratifies estimates by number of doses (two vs ≥3), representing a booster-focused framework that is not directly comparable with the vaccine-effectiveness outcomes and comparator structures synthesised in this review.

	Bloomfield LE, Ngeh S, Cadby G, Hutcheon K, Effler PV. SARS-CoV-2 vaccine effectiveness against Omicron variant in an infection-naive population, Australia, 2022. Emerg Infect Dis. 2023;29(6):1162–1172. https://doi.org/10.3201/eid2906.230130
	Outside the prespecified review scope. This test-negative case–control study evaluates vaccine effectiveness against early Omicron sublineages (BA.1/BA.2) during February–May 2022 using ancestral (monovalent) vaccines only. The study predates the late-Omicron evolutionary phase and does not assess variant-adapted vaccines (e.g., BA.4/BA.5, XBB, JN.1, KP-lineage), which are the focus of this review.

	Braeye T, Catteau L, Brondeel R, van Loenhout JAF, Proesmans K, Cornelissen L, et al. Vaccine effectiveness against transmission of alpha, delta and omicron SARS-CoV-2 infection: Belgian contact tracing, 2021–2022. Vaccine. 2023;41:3292–3300. https://doi.org/10.1016/j.vaccine.2023.03.069
	Outside the prespecified review scope. This contact-tracing study estimates vaccine effectiveness against transmission (susceptibility and infectiousness; VET/VEs/VEi) using secondary attack rates and does not assess severe COVID-19 outcomes (hospitalization, ICU admission, or death), which were the primary outcomes of interest in this review.
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