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Preface 

COVID-19 vaccines have been developed, evaluated and licensed at 

unparalleled speed. They are undoubtedly already saving lives, yet key 

questions remain about how they can best be deployed. Furthermore, new 

vaccines are required to increase global manufacturing capacity and to 

provide products with additional beneficial properties.  

 

In January 2021 under the umbrella of the R&D Blueprint initiative, WHO 

organized an ad hoc consultation to discuss what is currently known about 

existing COVID-19 vaccines, knowledge gaps and research priorities. Specific 

objectives were: 

 

• To outline key priority research questions and an agenda for 2021 that 

identifies knowledge gaps for vaccines in clinical development phase 

and those being deployed, and research needs for second-generation 

vaccines.  

• To outline additional efforts to ensure further international collaboration 

contributes to address the knowledge gaps.  

 

The meeting was introduced by Dr Soumya Swaminathan (Chief Scientist, WHO) 

and chaired by Dr Phil Krause (US Food and Drug Administration, FDA); an 

introductory presentation was made by Dr Tedros (WHO Director-General). 

Breakout groups covered a range of specific issues related to COVID-19 

vaccines: research priorities for vaccines in use or phase III trials; research to 

optimize the use of limited vaccine supplies; assessment of second-generation 

vaccines; and safety issues. An agenda including the names of breakout group 

chairs and panel members is provided in Annex 1. 

 

This report is a summary of presentations and panel discussions. It does not 

necessarily reflect the views of the organizers, participants or panel members.  
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Executive summary 

Vaccines against COVID-19 have been developed at remarkable speed and 

are being rolled out globally. While the safety and efficacy of first-generation 

vaccines has been rigorously established in large clinical trials, there is still much 

to learn about the vaccines in order to optimize their deployment. 

 

In addition, further vaccines are urgently needed in order to increase global 

manufacturing capacity and to provide products with enhanced 

characteristics, such as higher efficacy or easier programmatic deployment 

(e.g. single dosing, cold chain-free distribution). 

 

A further challenge is the emergence of SARS-CoV-2 variants with enhanced 

transmissibility and reduced susceptibility to antibody neutralization. If these 

variants have a significant impact on the efficacy of current vaccines, modified 

second-generation vaccines may be required to combat them. 

 

In January 2021, an ad hoc WHO consultation brought together leading experts 

from the research, clinical, funding and other communities to discuss the current 

state of COVID-19 vaccine development and future research priorities and 

needs. Breakout sessions and panel discussions identified the following priorities: 

 

Evidence gaps and priority research questions 

Closing gaps in knowledge about first-generation vaccines: 

• What is the real-world effectiveness of first-generation vaccines? 

• What is the duration of protection provided by first-generation vaccines? 

• How effective are first-generation vaccines in special populations (e.g. 

children, pregnant women, the immunosuppressed)?  

• What impact do first-generation vaccines have on viral shedding and 

transmission? 

• What is the long-term safety of first-generation vaccines in real-world 

settings? 

 

Generating evidence to inform programme design: 

• What is the impact of different dosing schedules? 
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• What is the impact of combining different vaccines? 

• How can local epidemiology be used to guide targeted vaccine use and 

integrated use of vaccines with other control measures? 

 

Accelerating new vaccine development: 

• What are the correlates of protection for different aspects of COVID-19 

(e.g. infection, severe disease)? 

• What impact do SARS-CoV-2 variants of concern have on the efficacy of 

first-generation vaccines? 

 

Effective communication: 

• What are the best approaches for communicating vaccine-related 

efficacy and safety information to general audiences? 

 

Participants also identified the following as critical components of future COVID-

19 vaccine research  

• A global commitment from all stakeholders to openness, collaboration 

and sharing 

• A platform for managing and sharing clinical data  

• Standardization of assays, protocols, reagents and animal models 

• Data collection from multiple sources, including trials, research cohorts 

and observational studies in routine practice 

• Global surveillance systems to monitor vaccine effectiveness and to 

detect variants of concern 

• Integration of clinical, in vitro and in vivo data to understand viral biology, 

host immune responses, and vaccine impacts 

• Expediting new vaccine development, for example by harmonizing 

research and regulatory procedures, and facilitating accelerated 

regulatory review of modified vaccines that target variants. 

 

The meeting concluded that, although the COVAX facility was making an 

important contributing to widening vaccine availability, there was still a need to 

ensure wider global access to COVID-19 vaccines. It was emphasized that all 

countries should have the potential to contribute to SARS-CoV-2 surveillance 
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and vaccine research, and to gain access to the data generated by that 

research, as well as to the products that are developed on the back of such 

data. 

 

As well as global equity arguments, global contributions to surveillance, research 

and vaccine access are also fundamental to global health security, as no 

country can be safe from COVID-19 until all are. 

 

Key messages 

• Much remains to be learned about current COVID-19 vaccines to 

optimize their deployment. 

• Further COVID-19 vaccines are required to increase global manufacturing 

capacity and to provide products with additional beneficial properties.   

• Key questions relating to existing COVID-19 vaccines include their duration 

of protection, impacts on viral transmission, long-term safety, and activity 

against emerging variants. 

• Global collaboration, data sharing and adoption of standardized assays 

are essential to close key gaps in knowledge. 

• A central clinical data repository, managed by WHO, would be a key 

resource to support research into COVID-19 vaccines. 
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Introduction 

During 2020, safe and effective COVID-19 vaccines were developed at 

remarkable speed. By early 2021, a range of products were being rolled out in 

multiple countries. Although these vaccines were subject to rigorous clinical 

evaluation and regulatory review before they were authorized for use, important 

gaps in knowledge exist. In particular, there is a need to determine how these 

vaccines can best be deployed, particularly in the light of global supply 

shortages.  

 

In addition, the emergence of SARS-CoV-2 variants may pose challenges to 

current rollout programmes, and may have implications for future vaccine 

development. 

 

Finally, the world still needs additional COVID-19 vaccines, to boost global 

manufacturing capacity and increase supplies, and also to provide second-

generation products with enhanced performance or properties that make them 

easier to distribute and administer. 

 

The WHO ad hoc consultation brought together global research leaders, funders 

and other key stakeholders to discuss the remaining gaps in knowledge and 

research priorities, and ways in which future research on COVID-19 vaccines 

could be accelerated. 

 

COVID-19 epidemiology 

Late 2020 and early 2021 saw a significant rebound in COVID-19 cases in many 

settings. The disease has continued to have its greatest impact on older people 

and those with co-morbidities. There is a strong correlation between deaths and 

disease incidence, emphasizing the vital importance of disease control. 

 

The incidence of COVID-19 differs markedly between countries, with some 

having successfully maintained very low levels of infection. The challenge for 

low-incidence setting is to understand local COVID-19 epidemiology, so new 

cases can be rapidly detected and effective responses swiftly launched. For the 

estimated 260 million people worldwide who are in need of humanitarian 

assistance, COVID-19 epidemiology is very hard to assess. 
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The spread of COVID-19 has been accelerated by the emergence of SARS-

CoV-2 variants with enhanced transmissibility. These include the B.1.1.7 variant 

first detected in the UK and the B.1.351/501.YV2 variant first described in South 

Africa. The impact of variants on vaccination is not yet clear, although there are 

indications that viral neutralization is affected by some variants (although this 

may or may not be clinically relevant). 

 

Vaccine efficacy 

Vaccines against COVID-19 have been developed at unprecedented speed. 

By mid-January 2021, 173 were in different stages of clinical development and 

15 were in or had completed phase III trials. Multiple types of vaccine have 

been developed, including inactivated whole virus, viral-vectored, mRNA- and 

DNA-based, and protein subunit products. 

 

For a range of products, data on vaccine efficacy have been accumulating 

from clinical trials and, more recently, studies in routine settings. In general, 

vaccine efficacy is very high – far higher than the criteria for success initially 

suggested by WHO. 

 

While the data have been sufficient to warrant emergency use authorizations, 

many gaps in knowledge exist. Vaccines have not yet been tested in all 

population groups, their impact on subclinical disease and transmission remains 

to be determined, and the duration of protection and need for booster doses 

are not yet clear. 

 

Development of new products needs to continue, to provide a diversified 

portfolio of products and manufacturers, and to generate vaccines with more 

desirable properties, including single-dose use, no cold-chain requirements, and 

non-injectable delivery.  

 

More standardized preclinical models and assays would help to accelerate 

development and expedite regulatory review of second-generation products. 

Placebo-controlled trials remain the most powerful way to evaluate vaccines, 

but are becoming less appropriate as vaccine availability increases. Non-

inferiority active comparator studies are an appropriate alternative. A deeper 
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understanding of correlates of protection would greatly help new vaccine 

development (and extension of existing products to new populations). 

 

A key medium-term question is whether COVID-19 will follow the paths of 

measles, where vaccination confers stable and broad protection, or influenza, 

where viral variability requires annual updating of vaccines.  

 

Vaccine safety 

There are three key aspects to vaccine safety: product-related, health systems-

related, and communications-related. In terms of product-related safety, 

reporting focuses on adverse events following immunization (AEFI), which may or 

may not be related to vaccine administration, and adverse events of special 

interest (AESI), a list of pre-specified safety issues that are known potential 

consequences of vaccine use.  

 

Some AESI are common to all forms of vaccination, while others relate to 

specific platform technologies. For COVID-19, AESI include issues known to be 

associated with immunization, features of COVID-19 disease, possible 

consequences of viral replication, issues identified in animal studies, events of 

particular relevance to special populations, and enhanced disease (a 

theoretical possibility, but yet to be seen following COVID-19 vaccination).    

 

Large phase III trials have provided much information on the safety of first-

generation vaccines. Side effects are common, but generally mild, such as pain 

at site of injection and a variety of symptoms in the days after vaccination. A 

small number of more serious issues have been added to the AESI list, but there is 

very little evidence to link them to vaccine use. 

 

Evidence to data therefore suggests that first-generation vaccines are extremely 

safe. However, there are few data on their use in special groups and in high-risk 

populations. The safety of mixing of vaccine products, delaying a second dose, 

and use of booster doses remains to be explored.  

 

Issues to consider for system-related safety include the best mechanisms for 

monitoring vaccine administration and the performance and reliability of 
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innovative tools for safety reporting. Communication questions include how to 

utilize ‘social listening’ to detect emerging issues, how to address rumours and 

misinformation, and the value of resources such as the Vaccine Safety Net to 

disseminate information.    

 

Existing pharmacovigilance structures will have an important role to play in 

monitoring of COVID-19 vaccine safety in routine use. The Global Vaccine 

Safety Blueprint 2.0 provides guidance on the development of national 

pharmacovigilance capacity. One key principle is the need for open 

communication of safety data, to promote public confidence, to avoid 

duplication of efforts, and to support countries that are less able to collect 

population-wide safety data. 

 

SARS-CoV-2 variants 

SARS-CoV-2 is constantly evolving. Most variants appear to be of little or no 

biological or clinical significance, but some are associated with increased 

transmissibility and/or reduced sensitivity to antibody neutralization. Some 

variants have been found to reduce vaccine efficacy.  

 

The impact of variants on the effectiveness of first-generation vaccines is a key 

question. If reduced neutralization leads to clinically relevant reductions in 

protection, new and modified vaccines targeting variants may be required.  

 

Global surveillance systems, similar to those developed for influenza, need to be 

established to detect SARS-CoV-2 variants and to determine their impact on 

vaccine effectiveness. Investigations will depend on rapid characterization and 

sharing of viral specimens, sera samples and data, supported by biobanks and 

global databases.  

 

Evidence gaps and research questions 

In breakout groups and panel sessions (summarized in Annex 2), participants 

identified a range of priority research questions: 

Closing gaps in knowledge about first-generation vaccines: 

• What is the real-world effectiveness of first-generation vaccines? 
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Data from clinical trials have demonstrated high levels of efficacy among first-

generation vaccines. However, it is important to confirm these findings in 

programmatic settings, when distribution and administration of vaccines is on a 

far larger scale and a wider range of individuals are vaccinated. Effectiveness 

needs to be assessed at different ages and for different aspects of COVID-19 

disease (e.g. mild disease, severe disease/hospitalization).  

 

• What is the duration of protection provided by first-generation vaccines? 

The duration of protection following natural infection or vaccination remains 

unclear. This is a critical question, as declining levels of protection would 

indicate the need for booster doses.  

 

• How effective are first-generation vaccines in special populations (e.g. children, 

pregnant women, the immunosuppressed)?  

First-generation vaccines have not yet been systematically evaluated in some 

groups, including children and pregnant women, where safety is of particular 

concern. As well as specific clinical trials, observational studies may provide 

valuable data, as some pregnant women have already been vaccinated. 

There is currently no reason to believe that first-generation vaccines raise any 

safety concerns for pregnant women. Although children typically do not 

experience serious COVID-19 disease, severe cases have been described and 

young people may act as reservoirs of SARS-CoV-2. 

 

Safety and efficacy must also be assessed in clinically vulnerable groups, such 

as those with compromised immune systems. For many countries, data on 

people living with HIV will be critical.   

 

• What impact do first-generation vaccines have on viral shedding and 

transmission? 

Phase III trials have generally focused on prevention of COVID-19 disease. A 

further important question is the impact of COVID-19 vaccines on viral 

transmission and the spread of disease. Reduced transmission would be a major 

bonus as it would slow the spread of disease and promote herd immunity.  

 

The epidemiology of COVID-19 is complex and influenced by multiple factors, 

spanning the nature of viral infection, human behaviours, control measures, and 
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weather and climate. Determining the impact of vaccines on transmission will 

therefore require experimental as well as population-based and modelling 

studies. 

 

• What is the long-term safety of first-generation vaccines in real-world settings? 

First-generation COVID-19 vaccines have shown excellent safety profiles in 

clinical trials. However, further data will be required on their routine use, as they 

are administered on a far greater scale and to a wide range of recipients, 

including those in high-risk categories (for example, because of age or co-

morbidities). It is also important to determine whether safety issues occur in 

specific geographic populations, emphasizing the need for global 

pharmacovigilance. 

 

A standardized protocol could be developed to collect phase IV data on safety 

globally, for example through a new digital system or by adaption of existing 

pharmacovigilance mechanisms. Depending on national pharmacovigilance 

capabilities, new or enhanced pharmacovigilance systems may be required, 

potentially incorporating active as well as passive surveillance. A grid could be 

developed to assess national COVID-19 vaccine pharmacovigilance capacities 

against key criteria. It will be important to engage and coordinate activities with 

the WHO Global Vaccine Safety Initiative.  

 

These activities will also raise important challenges for public communication. 

Vaccines will be administered to old and frail individuals. It is inevitable that 

some will die or experience serious medical events after immunization that have 

no connection to vaccine use. While openness will be essential to maintain 

public trust, careful communication will be required at global, regional and 

national levels to ensure that false positives do not undermine public 

confidence or are mischievously misconstrued by those with an anti-vaccination 

agenda.  

 

Generating evidence to inform programme design: 

• What is the impact of different dosing schedules? 

To enable more people to receive at least one dose of vaccine, some countries 

have extended the gap between first and second vaccinations from 4 to 12 

weeks. Safety and effectiveness data on this and other non-standard 

vaccination schedules would provide evidence to inform national decision-
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making on choice of dosing interval. Evidence can be collected from countries 

using non-standard dosing schedules, but the issue could also be addressed 

systematically in clinical trials.  

 

There is a need to determine the optimal schedule and delivery strategy for 

individual protection and for public health benefit. These may not necessarily be 

the same. Data are also required to assess the impact of delay schedules on the 

emergence of variants.  

 

• What is the impact of combining different vaccines? 

A range of vaccines are now available for use, but supplies are limited and 

delivery may be sporadic. From a programmatic perspective, the potential to 

‘mix and match’ vaccines could offer valuable flexibility. Furthermore, there is 

some evidence that heterologous vaccination might offer enhanced 

protection. Further experimental and clinical data are required on safety and 

efficacy before this approach can be recommended. 

 

• How can local epidemiology be used to guide targeted vaccine use and 

integrated use of vaccines with other control measures? 

In general, countries are rolling out vaccination population-wide, prioritizing 

older age groups, who are most vulnerable (although some countries are 

vaccinating younger age groups to limit transmission). With vaccine in limited 

supply, some countries could consider more targeted vaccine strategies, based 

on an understanding of local COVID-19 epidemiology.  

 

Such an approach might be feasible in countries with a low incidence of 

COVID-19 and strong surveillance and response systems. Vaccination could be 

integrated with other public health control measures in restricted geographic 

areas or among certain populations. Modelling studies provide an opportunity 

to design and explore the impacts of different control strategies incorporating 

vaccination. Social science research could provide important insights to shape 

the design of combination control strategies and to evaluate their impact. 

 

Accelerating new vaccine development: 

• What are the correlates of protection for different aspects of COVID-19? 
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The immune response to SARS-CoV-2, and which elements are associated with 

protection against infection, remains incompletely understood. Although 

neutralizing antibodies are associated with protection, it appears that 

protection is possible without neutralizing antibodies, and other elements of the 

immune response, such as innate immunity and T-cell-mediated responses, may 

also play a critical role in viral control. 

 

It will be important to determine the correlates of protection against different 

aspects of COVID-19 (e.g. infection, mild disease, severe disease), for different 

types of vaccine, and for different populations (e.g. pregnant women). Natural 

and vaccine-induced immunity needs to be compared, and other aspects of 

the immune response to SARS-CoV-2 need to be explored, such as mucosal 

immunity, to support the development of intranasal vaccines.  

 

A better understanding of correlates of protection would expedite new vaccine 

development, by providing a clear marker of the immune response that a 

candidate vaccine needs to generate. They would also facilitate ‘bridging’ 

studies to new populations, by providing a proxy marker of efficacy and 

minimizing the need for large and lengthy clinical outcome studies. 

 

• What impact do variants of concern have on the efficacy of first-generation 

vaccines? 

It is essential to determine the impact of emerging SARS-CoV-2 variants on 

protective host immune responses and the efficacy of first-generation vaccines. 

There is already some evidence that variants such as B.1.351/501.YV2 are less 

sensitive to neutralizing antibody. If variants are found to significantly impair the 

efficacy of first-generation vaccines, modified vaccines targeting these variants 

or multivalent vaccines are likely to be required. 

 

As well as the effects of variants on the efficacy of first-generation vaccines, it 

will also be important to assess the efficacy of second-generation variant-

targeting vaccines against ‘wild-type’ strains. 

 

Data on vaccine effectiveness against variants could be derived from ongoing 

clinical trials and population cohort studies, which should include genomic 

characterization of viral isolates. Global surveillance systems should also monitor 

vaccine effectiveness, as is currently carried out for influenza.  
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Breakthrough infections following vaccination and clusters of cases in 

populations with high levels of population immunity and vaccination should be 

investigated as a matter of urgency.  

 

Effective communication: 

• What are the best approaches for communicating vaccine-related efficacy and 

safety information to general audiences? 

Although first-generation COVID-19 vaccines have shown excellent efficacy 

and safety profiles, COVID-19 vaccines remain under the global spotlight. There 

is a risk that emerging safety data from routine use or efficacy data against 

variants could undermine public confidence in the safety or effectiveness of 

vaccines. Some countries are already experiencing significant levels of 

hesitancy for COVID-19 vaccination as a whole or for specific products. While 

transparency is a key principle to maintain public trust, effective communication 

is critical to build and sustain confidence in vaccination programmes.  

 

Social researchers have an important role to play in tracking and understanding 

the evolution of public attitudes to COVID-19 vaccination, and in the 

development of effective community engagement and communication 

strategies.   

 

Supporting vaccine research 

Discussions also identified a range of needs to accelerate research on existing 

and second-generation vaccines: 

 

A commitment to openness, collaboration and sharing: Development of first-

generation vaccines was reliant on a spirit of collaboration, with coordination to 

avoid duplication of efforts, rapid sharing of data so all could take account of 

emerging knowledge on SARS-CoV-2, and a commitment that all countries and 

populations should ultimately benefit. 

 

This spirit needs to be maintained as the remaining evidence gaps are closed 

and second-generation products are developed and evaluated. Progress will 
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be swiftest when knowledge is freely available in the public domain as rapidly 

and completely as possible. 

 

A platform for data sharing: To support effective sharing of clinical data, openly 

accessible data platforms are required. As a global ‘honest broker’, WHO is 

ideally placed to manage such a platform for clinical data. 

 

Standards: Progress would also be accelerated by standardization of assays and 

agreement on preferred model systems. As well as benefits for quality 

assurance, standardization would ensure the comparability of results and 

support data pooling.  

 

Data gathering from multiple sources: Closing evidence gaps should draw on 

evidence from multiple sources. Clinical trials, including WHO’s SOLIDARITY 

vaccine platform, will still be required to evaluate candidate vaccines. Past and 

ongoing trials need to continue following participants, ideally both those 

receiving vaccine and control groups. Population cohort studies will provide 

valuable data on COVID-19 epidemiology and the impacts of vaccination on 

host responses.  

 

Wherever possible, routine use of vaccines should be accompanied by 

collection of data on safety and efficacy. In some situations, randomization may 

be possible to reduce the risk of bias (e.g. if supplies are limited). Non-

randomized data may also provide valuable insights, with use of techniques 

such as test-negative designs to eliminate some of the risk of bias.  

 

Studies embedded in routine practice will provide opportunities to explore 

programmatic factors, such as scheduling and heterologous vaccine use. These 

factors could also be systematically explored in trial settings, for example using 

the SOLIDARITY platform. More generally, there is a need to ensure that national 

immunization programmes, and the global COVID-19 system as a whole, are 

continuously gathering, analysing and acting on data to improve performance 

and outcomes. 

 

Global surveillance systems: Integrated global monitoring of COVID-19 and 

SARS-CoV-2 variants is essential, and can draw on the infrastructure and 
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approaches developed for influenza, such as the Global Influenza Surveillance 

and Response System (GISRS) and the influenza genome sequence data 

repository (GSAID). Global surveillance systems will provide a mechanism for 

evaluating vaccine effectiveness and for detecting and tracking variants. 

 

Integration of clinical, in vitro and in vivo data: Data of relevance to vaccines 

will come from multiple sources – in vitro and in vivo experimental studies, clinical 

trials and other research studies, and programmatic data. It is vital that this 

information is well managed and integrated to provide a full picture of vaccine 

efficacy and safety. 

 

Expediting new vaccine development: The growing body of knowledge on 

SARS-CoV-2 and immune responses to it will provide important input into 

vaccine development, particularly insights into correlates of protection. 

Standardized disease models and assays would also accelerate new product 

development. It may be advantageous to identify candidate products that best 

meet ‘ideal’ product profiles, and to assess how targeted interventions could 

accelerate their development.  

 

A further important need is to clarify the appropriate regulatory pathway for 

second-generation products, including modifications of existing vaccines to 

target SARS-CoV-2 variants. For example, there may be opportunities to 

streamline processes by consideration of pooled safety data on products 

sharing the same platform technology, or for immunological bridging studies for 

modified products to avoid the need for lengthy, costly and challenging clinical 

outcome studies. 

 

Conclusion 

The development of COVID-19 vaccines has been one of the great medical 

success stories of the 21st century. Rapid development has depended on 

shared efforts across multiple sectors, multiple scientific disciplines and multiple 

geographic regions. 

 

It is essential that this spirit of cooperation and collaboration continues. The job is 

not yet done – more needs to be learned about existing vaccines and new 

vaccines are urgently needed. Progress will be swiftest if researchers, regulators 
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and other stakeholders adopt common approaches, share information and 

experiences, and support others. 

 

There is still much to be done to ensure that everyone benefits from the efforts of 

the past 12 months. Although the COVAX facility and ACT Accelerator are key 

structures that will enhance access to vaccines and other interventions, 

vaccines are still not available in all countries.  

 

From the standpoint of global equity, it is essential that countries are provided 

with the opportunities to participate in research to add to the global knowledge 

base, with appropriate capacity development where necessary, and are able 

to gain access to the knowledge on SARS-CoV-2 and COVID-19 that is being 

generated worldwide. Furthermore, as no country is risk-free until all are, it is in 

every country’s interest to support effective COVID-19 monitoring, response and 

control – including vaccine availability – in every other country. 

 

 


