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Variant-containing vaccines against SARS-CoV-2 have been approved, but continued surveillance is 

needed to determine when vaccine antigen composition should be updated, together with clinical 

studies to assess their efficacy. 

 

As we enter the fourth year of the COVID-19 pandemic, index virus-based1 vaccines across several 

different platforms continue to provide high levels of protection against severe disease caused by all 

variants of SARS-CoV-2, including Omicron.2 However, there has been continuous and substantial 

evolution of SARS-CoV-2 since the virus emerged, posing challenges to the ongoing public health 

response, including ensuring that vaccines continue to provide protection. In September 2021, the 

World Health Organization (WHO) established the Technical Advisory Group on COVID-19 Vaccine 

Composition (TAG-CO-VAC)3 to assess the public health implications of emerging SARS-CoV-2 Variants 

of Concern (VOC) on the performance of COVID-19 vaccines and to issue timely recommendations on 

proposed modifications to vaccine antigen composition. The TAG-CO-VAC has evaluated evidence to 

inform its advice on COVID-19 vaccine composition to date, but there remain challenges and evidence 

gaps that the scientific community needs to address to allow for future, timely decisions on 

modifications to COVID-19 vaccine antigen composition.  

 

The case for Omicron 

The TAG-CO-VAC is an independent and multidisciplinary group of 18 experts.3 As an advisory group, 

the TAG-CO-VAC recommends if and when vaccine composition updates are needed so that they 

continue to safely provide protection against VOCs.4 The current decision-making process of the 

advisory group is triggered by the designation of VOCs by the WHO, upon the advice of the Technical 

Advisory Group on SARS-CoV-2 Virus Evolution (TAG-VE),5 and is comprised of two steps (Figure 1). 

The first step is to decide whether vaccine composition should be updated, based on the nature and 

location of changes in the spike (S) protein and associated antigenic impact, transmissibility/spread, 

and clinical severity of the VOC; and effectiveness of current vaccines. The second step is an 

assessment of whether an updated vaccine composition is warranted to maintain protection against 

severe disease and death and elicit a greater breadth in immunologic cross-reactivity against 

circulating and emerging VOCs. The key data considered are cross-neutralization of VOCs in the 

context of the emerging variant following infection and vaccination with current and alternative 

antigens in people with varied prior exposure with SARS-CoV-2 antigens. 

 

Omicron was first designated as a VOC by WHO in November 2021 and has more than 30 mutations 

in the S protein compared to the index virus.6 The first major lineage (B.1.1.529/BA.1) rapidly and 
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relatively synchronously displaced all other circulating variants globally, including Delta VOC lineage 

variants (Figure 2), with its transmission advantage largely driven by immune escape properties.7 Both 

pre-clinical data from animal models and clinical data in humans indicated that several mutations in 

the spike gene altered the antigenic properties of Omicron, as shown by the substantial reduction of 

Omicron-specific neutralizing antibody titers induced by infection or vaccination with the index virus 

or earlier VOCs, such as Alpha and Delta.  

 

Antigenic maps of data derived from neutralization assays using post-infection or post-vaccination 

human or animal sera show that of the VOCs to date, Omicron lineages are the most antigenically 

distant from the index virus8,9 and the various descendent lineages of Omicron are antigenically more 

closely related to each other than to the index virus or prior VOCs. Antibody responses to Omicron 

depend on vaccination and infection status. Sera from previously naïve (unprimed) individuals 

infected with Omicron showed strong antibody responses, but these Omicron-specific responses did 

not cross-react well with previous variants, including previous VOCs.10 In contrast, individuals infected 

with the index SARS-CoV-2 virus, Alpha or Delta, or vaccinated (with a vaccine based on the index 

virus) and then subsequently infected with Omicron, mounted broadly cross-reactive antibody 

responses.10-12 

 

These data demonstrate the impact of Omicron on the performance of currently licensed COVID-19 

vaccines and led the TAG-CO-VAC to publish an interim statement in June 2022.13 The statement 

highlighted that currently licensed index virus-based vaccines continue to confer high levels of 

protection against severe disease caused by all VOCs, including Omicron, which is the primary 

objective of vaccination. However, given the antigenic distance and uncertainties of further viral 

evolution, it is likely that the effectiveness of the vaccine based the index virus will reduce over time.  

The TAG-CO-VAC advised vaccine manufacturers and regulatory authorities to consider an update of 

vaccine antigen composition by including Omicron, as the most antigenically distinct SARS-CoV-2 VOC 

to date.8,9 This updated vaccine would be used in a booster dose for those who have already received 

a primary series of COVID-19 vaccine in order to achieve greater breadth in the immune response 

against circulating and emerging variants.13 Several vaccine manufacturers are developing updated 

COVID-19 vaccines and several mRNA-based vaccines containing descendent lineages of Omicron, in 

addition to the index virus, have been approved for emergency use by regulatory authorities.14-16  
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In its advisory role, the TAG-CO-VAC will continue to issue timely recommendations on proposed 

modifications to vaccine antigen composition as needed.  Some of the contextual challenges and 

evidence requirements that will inform future deliberations are described below and in Table 1.  

 

Continuous virus evolution  

There has been continuous and substantial evolution of SARS-CoV-2, especially in the S protein that is  

the primary target of vaccines, since SARS-CoV-2 emerged in humans in December 2019. WHO has 

classified five major viral lineages as VOCs.1 There has also been increasing diversity within VOCs. For 

example, there are many descendent lineages among Omicron viruses, notably BA.1, BA.2, BA.4 and 

BA.5, which share many of the same S protein changes. In addition, more recent descendant lineages 

including XBB and BQ.1, derived primarily from BA.2 and BA.5, respectively, have displaced earlier 

Omicron variants (Figure 2), with their subtle fitness advantages driven by further immune escape 

and/or adaptations in receptor binding.17,18  

 

Sustained community transmission of SARS-CoV-2 applies selective pressure on the virus, leading to 

further evolution.5 The trajectory and timeline of further virus evolution are uncertain, and delays 

between recommendations to update vaccine antigen composition and roll-out of updated vaccines 

are inevitable. Although index virus-based vaccines are still highly effective in preventing severe illness 

and death from Omicron, the rates of Omicron breakthrough infection among vaccinated people have 

been high, suggesting that while immunity induced by the index vaccines is sufficient to prevent severe 

disease, it is not sufficient to prevent Omicron infection. The goal of an update in vaccine strain 

composition for COVID-19 is to broaden immunologic cross-reactivity against newly emerged VOCs 

while preserving reactivity to current and earlier circulating strains, rather than an attempt to match 

the vaccine composition to what is circulating. This can be achieved as a booster dose and/or through 

the use of a multivalent vaccine.19,20  

 

Heterogeneity of immunological profiles  

Immunological profiles are increasingly heterogeneous, and so the performance of an updated vaccine 

will vary depending on the nature and magnitude of previously acquired immunity in each person. 

There are now individuals who have been previously infected, previously vaccinated with a primary 

series and/or booster doses(s) on different platforms, with various spike protein antigens (derived 

from the index virus, BA.1 or BA.5); as well as individuals who have been infected and then vaccinated, 

and individuals who have been vaccinated and then infected. Therefore, future vaccine composition 

decisions will need to be made in the face of increasingly complex and heterogeneous data. 
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mRNA platform bias 

Index virus-based vaccines are available across different platforms, including mRNA-based, viral 

vectored and inactivated, and they elicit robust systemic immunity that protects against severe 

disease caused by all variants, including Omicron. However, a preponderance of vaccine effectiveness 

evidence is derived from mRNA-based vaccines.2 To date, available vaccines with an updated 

composition are predominantly mRNA-based, though others are likely to follow. The paucity of data 

from vaccines other than those based on mRNA technology is problematic, given the diversity in 

vaccines in use globally. 

 

Genomic sequencing and phenotypic assessment 

Since January 2022, there has been a substantial reduction in SARS-CoV-2 diagnostic testing and 

sequencing globally, as well as in the number of SARS-CoV-2 genome sequences submitted to open 

access databases, such as GISAID EpiCov. This likely reflects myriad factors, including changes in 

testing strategies that result in fewer and less representative samples available for genomic 

sequencing, and cost sustainability challenges. Sustained global virological surveillance that includes 

quality, geographically diverse and timely genetic sequencing (with sequence availability 3-4 weeks 

from specimen collection) is needed to understand the evolution of the virus, particularly the spike 

gene, and to inform future decisions on vaccine antigen composition.21  

 

The reduction in availability of genetic sequence data will delay the identification and phenotypic 

assessment of new variants needed to understand the impact of variants on vaccine effectiveness5 

and therapeutics. Therefore, efforts to sustain SARS-CoV-2 genetic surveillance capacity must be 

accompanied by phenotypic analysis of the variants.  

 

Decisions on vaccine antigen composition require extensive evaluation of the neutralizing capacity of 

well-characterized human convalescent sera, which are obtained from naïve and previously 

vaccinated individuals, including following infection with VOCs and descendent lineages, well 

characterized panels of human monoclonal antibodies, and sera from naïve, infected, and vaccinated 

animal models. Neutralizing antibodies are generally studied both because they are a strong predictor 

of protection, and because the assays are amenable to harmonization. However, T cells and other 

aspects of the immune response also warrant attention. In addition, assessments of viral fitness and 

pathogenicity, as well as the performance of candidate vaccines in animal models are also important. 

Such data should be generated from samples that are geographically representative, given the 

Commented [BJ15]: Total vaccine efficacy evidence, or 
evidence about variant-specific vaccines? Please be specific. 

Commented [RG16R15]: Total vaccine effectiveness 
evidence  



 

 7 

increasing heterogeneity of the human immune landscape and the use of different vaccines globally. 

Continued investment in these critical studies, with harmonized methods and data analyses, is needed 

to enable comprehensive and timely decision-making. 

 

Clinical outcome data  

The rollout of variant-containing vaccines should be accompanied by systematic collection of data and 

samples to assess the breadth and magnitude of the elicited immune responses to estimate vaccine 

effectiveness. Real-world studies are unlikely to inform the initial decisions of TAG-CO-VAC, due to the 

time they take. However, specific analyses will enable retrospective reviews of the impact of vaccine 

composition recommendations made by the TAG-CO-VAC. For example, a comparison of the cross-

reactivity of antibodies in panels of sera from recipients of a booster dose of bivalent index + Omicron 

BA.1, bivalent index + Omicron BA.4/5, or monovalent index vaccine, should be undertaken by several 

reference labs using a range of antibody assays. Ideally, this would fall within a public health research 

framework using standardized design methods and data collection tools for clinical and immunologic 

outcome data, enabling evaluation of the comparative performance of variant-containing vaccines, as 

well as assessing the public health benefit of such vaccines. Such clinical evaluations will provide 

valuable data to inform vaccination policy decisions on variant-containing vaccines, including those 

issued by the WHO Strategic Advisory Group of Experts on Immunization (SAGE). 

 

Further vaccine platforms 

The current approach to vaccine antigen composition may not be sustainable in the long term, given 

the length of time for vaccine development, the paucity of surveillance data globally and the 

regulatory requirements in different countries. Enhanced mucosal immunity may improve protection 

against infection and transmission of SARS-CoV-2,22,23 and the TAG-CO-VAC encourages vaccine 

development in this area.24 Additionally, novel vaccine platforms that elicit broader protection against 

antigenically diverse viruses are needed in order to address the challenges of the continuous evolution 

of SARS-CoV-2, but also the risk of other emerging coronaviruses with pandemic potential. Future 

development of vaccines that protect against all SARS-CoV-2 variants, pan SARS and all sarbecoviruses 

will be technically challenging, but could offer protection from diverse coronaviruses, including those 

that are enzootic in many animal species.25   
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Tables and Figures 
 
Table 1. Public health evidence priorities to inform vaccine antigen composition  
 

Objective Priority actions  
Sustain global genetic surveillance and 
timely data submission 

Timely sequencing of geographically-diverse samples submitted to 
open access databases.  

Strengthen antigenic analyses of 
variants  

Evaluation of VOCs (including relevant descendent lineages) in 
neutralization assays using harmonized methods with: well-
characterized human convalescent sera from naïve, previously 
vaccinated and previously-infected individuals; well-characterized 
panels of human monoclonal antibodies; and well-characterized 
sera from infected and previously vaccinated animal models. 
Reactivity in methodologically harmonized T cell based assays 
should be done, where feasible. 

Sustain in vitro virological assessments 
of variants 

Continued assessments of viral fitness and pathogenicity of 
emerging variants.  

Assess immunogenicity of variant-
containing vaccine candidates  

Evaluation of immunogenicity of variant-containing vaccine 
candidates and vaccines using harmonized methods: in animal 
models (naïve and primed); in sera from recipients of variant-
containing vaccines with different antigen composition (such as 
Omicron BA.1 vs BA.4/BA.5) as a booster* across different vaccine 
formulations (including bivalent and monovalent) and platforms; 
and in sera from recipients of a variant-containing vaccine 
administered as a primary series, where possible. 

Evaluate vaccine effectiveness of 
variant-containing vaccines  

Standardized generation of clinical data to estimate absolute and 
relative vaccine effectiveness for different outcomes, such as 
infection, symptomatic disease, severe disease and death across 
different vaccine platforms and composition (if applicable). 

Support further research and 
development for COVID-19 vaccines  

Development of vaccines that elicit greater mucosal immunity. 

*It will be increasingly rare for individuals to be unvaccinated or naïve to SARS-CoV-2 so it is acknowledged 
that vaccines with updated composition will most readily be administered as booster doses 
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Figure 1. Overview of current decision-making process of the WHO Technical Advisory Group on 

COVID-19 Vaccine Composition 
 

TAG-VE/WHO: Designation of VOC

Assessment of features of VOC: transmisibilty/spread, clinical severity, mutations and antigenic changes, and 
vaccine effectiveness 

TAG-CO-VAC: Does an updated vaccine composition need to be considered because the VOC is sufficiently antigenically distinct 

from strain included in existing vaccine(s)? 

Yes No

Scientific community: Generation of additional data on VOC, including extensive antigenic characterization

Vaccine manufacturers/developers:
- Develop small batches of modified vaccine candidates
- Test modified vaccines in primed and unprimed animals and/or humans and share data with WHO

TAG-CO-VAC: Assessment of antigenic characteristics of VOC, including cross-neutralization and cross-
protection following infection and vaccination 

TAG-CO-VAC: Based on this assessment and current/anticipated circulation, and in addition to retaining protection against 

severe disease and death, is an updated vaccine composition likely to broaden immune response? 

Output: Publication of statement on updated 
COVID-19 vaccine composition 

Output: Publication of statement signaling whether a vaccine composition 
change is being considered 

Yes No

Output: Publication of statement that updated 
composition is not needed

Ongoing monitoring 

Ongoing monitoring 
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Figure 2. Number (A) and proportion (B) of Omicron descendent lineages, Delta or Other lineages 

submitted to GISAID by epidemiological week in 2022 as of 15 November 2022.  
 

Legend: *includes all descendant lineages; Other is inclusive of Unassigned lineages, recombinants 
and non-Omicron/non-Delta lineages. 
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