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Vaccines have been a game changer in the global response to
the coronavirus disease 2019 (COVID-19) pandemic, reducing sev-
ere disease and death in all populations. Global inequities in vac-
cine distribution indicate the need for additional vaccines with
properties that enhance their deployability [1,2]. The continuing
spread and evolution of the virus, with new virus variants of con-
cern (VoC) such as omicron exhibiting increased transmissibility
and partial evasion of vaccine immune responses, indicates the
need for new vaccines with greater breadth and duration of protec-
tion, especially against severe disease. As more people have been
infected and vaccinated, evaluating new vaccines in placebo-con-
trolled trials is becoming more difficult, leading to interest among
developers, regulators, and the scientific community in other
robust ways to rapidly evaluate vaccine effectiveness. Here, we
present a framework of considerations for use of immunogenicity
data to support science-based predictions about the effectiveness
of some vaccines. Addressing these considerations will facilitate
rigorous decision-making about effectiveness of new vaccines.

Neutralizing antibodies (which reduce the ability of cell-free
virus to infect cells), at sufficiently high levels, confer protection
against infection and disease [3]. When measured soon after vacci-
nation, they can predict short-term vaccine effectiveness against
symptomatic illness [4]. Neutralizing responses correlate less well
with duration of protection against severe illness (substantial pro-
tection against severe illness is retained as neutralizing titers fall
[5]) including that caused by evolving variants, which have become
less susceptible to neutralizing antibodies to the original Wuhan
strain. This indicates that other non-neutralizing protective
responses, including cell-mediated immunity (CMI) and non-neu-
tralizing humoral responses, likely also play an important role in
these outcomes and that new vaccines that fail to introduce such
responses might not be as effective as those that do. Non-neutral-
izing protective responses may be less important for vaccines that
induce high, sustained, and broad neutralizing responses, but the
duration of neutralizing responses and the rate at which the virus
will evolve to evade them is difficult to predict. Thus, the potential
efficacy of new vaccines should not be predicted solely from their
ability to induce neutralizing antibodies; non-neutralizing protec-
tive responses, including CMI, also need to be considered [5].
Although measurement of CMI is difficult to standardize, because
immune responses depend upon antigen presentation, a specific
vaccine is likely to reproducibly induce components of the overall
immune response in similar proportions. Under certain circum-
stances this could allow the overall response, including these
non-neutralizing protective responses, to be predicted by neutral-
izing responses [6].

Similarity of peak neutralizing responses induced by a new vac-
cine and a comparator, with adequate efficacy against severe dis-
ease caused by the most recently circulating VoC, is thus likely to
predict effectiveness of the new vaccine, if it is explicitly deter-
mined that the neutralizing responses also predict similarity of
the combined effects of neutralizing, non-neutralizing humoral,
and CMI responses to each vaccine. This evaluation should be sup-
ported by appropriate animal studies and human immunogenicity
studies.

International Coalition of Medicines Regulatory Authorities
(ICMRA) discussions indicated that many regulators would accept
data showing that immune responses to a new vaccine are non-
inferior vs. a highly efficacious vaccine, or superior vs. a vaccine
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with modest efficacy [7]. Inferring the effectiveness of a new vac-
cine by comparing a vaccine-induced immune response biomarker
(such as neutralizing antibody) against that elicited by a vaccine
for which efficacy was previously demonstrated is known as ‘‘im-
munobridging”. Indeed, regulators from some countries have sta-
ted that they would authorize new vaccines based on superior
neutralizing responses vs. two doses of Vaxzevria (AstraZeneca,
Cambridge, United Kingdom of Great Britain and Northern Ireland),
a globally distributed vaccine that is available for use in compara-
tive studies. A demonstration of superior neutralizing immune
responses might suggest adequate short-term efficacy, but if CMI
or other non-neutralizing responses induced by the new vaccine
were weaker, reduced effectiveness against future variants or
duration of protection against severe disease would be possible.

A clear understanding of the immune response characteristics
and the effectiveness of the comparator vaccine is critically impor-
tant. Both the nature of observational studies used to determine
the comparator’s effectiveness against severe disease caused by
circulating variants and potential changes in the variants them-
selves could introduce substantial uncertainty into assessment of
the comparator’s current effectiveness. The clinical utility of the
new vaccine will depend on its ability to protect against severe dis-
ease caused by current and future circulating VoC [1], so immune
responses (assessed in standardized assays) associated with known
effectiveness against this endpoint should be used. Because future
variants may be derived from a previous variant, neutralizing
responses against previously circulating variants (including the
ancestral virus) may be useful in predicting breadth of coverage
against mild disease, and may influence labeling. Where feasible,
comparisons should be made with vaccines with high efficacy
against severe disease caused by circulating VoC, and we believe
that manufacturers of high-efficacy vaccines should make their
vaccines available for such comparisons. Statistical non-inferiority
of neutralizing antibody responses vs. a comparator that is highly
effective against severe disease caused by circulating VoC may pre-
dict similarly high effectiveness. Where the effectiveness of the
comparator is less certain or the comparator has more modest
effectiveness, it would be prudent to require that the immune
response to the new vaccine be superior to that of the comparator,
recognizing that non-inferiority comparisons allow for the rare
possibility of actual inferiority. If this uncertainty is high, or no
comparator with adequate efficacy is available, it may be possible
to contemplate authorization only if superiority of neutralizing
antibody response is demonstrated by a substantial margin that
could be determined only after careful consideration by regulators,
who might also require that additional criteria be met. If demon-
strated to achieve a more meaningful level of effectiveness, it
may be possible to use additional doses of the comparator.

An evaluation of the likelihood that neutralizing responses will
predict non-neutralizing protective responses may include infor-
mation about the vaccine antigen presentation technologies (i.e.,
platforms) and antigens, and/or data from humans and animals,
which should be evaluated as a whole. Neutralizing responses will
more likely predict non-neutralizing protective responses relative
to a known effective comparator if both vaccines are manufactured
using the same platform and the same antigens. If the platforms
are different, broad comparison of cellular immune responses to
both vaccines could help to support a conclusion that the new vac-
cine will induce adequate cellular responses. Vaccines that produce
antigens in the cells of recipients, such as live virus vaccines,
nucleic acid vaccines, and replication-defective viral vaccines typ-
ically induce the strongest CMI. Some adjuvants can promote
cross-presentation of antigens that can also induce strong CD8-
positive T lymphocyte CMI responses, but this is not a consistent
finding with all adjuvants. If a new vaccine includes fewer anti-
genic sequences than the comparator vaccine (for example, if a
5750
monovalent RBD-only vaccine is compared with a vaccine that
includes the full spike protein), the new vaccine would be expected
to induce weaker cellular and non-neutralizing humoral responses
because it likely does not include as many epitopes important for
long-term protection and resiliency to future variants.

Key components of this framework for evaluating COVID-19
vaccine effectiveness (Fig. 1) are now part of the evaluation for
WHO Emergency Use Listing [EUL] [8]. Five scenarios are consid-
ered, based on: (1) What is the effectiveness or efficacy of the com-
parator vs. severe disease caused by circulating VOC, relative to
TPP criteria? (2) Are the predicted/likely protective responses
using the new vaccine likely to be similarly proportional to the
humoral response vs. the comparator vaccine, and (3) What is
the breadth of antigenic composition of the new vaccine relative
to the proposed comparator? Some vaccines that fall outside of
these scenarios may be effective, but current consensus may not
support evaluating their effectiveness without more rigorous pla-
cebo-controlled trials, although this becoming more difficult.

Where effectiveness of a new vaccine cannot be directly
inferred by immunobridging, key knowledge gaps could be rapidly
and efficiently addressed before authorization or EUL listing with
additional clinical data. Such data could be obtained in simple in-
deployment studies [9] or in human challenge studies [10] (which
would require challenge strains that keep up with evolving vari-
ants). Real-world data could also contribute to an understanding
of effectiveness of vaccines that are already authorized in some
countries. In-deployment studies collect randomized efficacy data
on a provisionally deployed vaccine. Instead of assigning vaccina-
tion appointments based on non-random operational considera-
tions, the timing of each appointment is randomized, permitting
unbiased comparison of rates of severe COVID-19 between vacci-
nated and unvaccinated people. This approach would be the most
rapid way to collect reliable and relevant data on efficacy against
severe disease, allowing rapid decision-making regarding next
steps, whether vaccine efficacy proved adequate or not.

Whenever new vaccines are made available, rigorous evaluation
of safety to support a favorable assessment of benefits relative to
risks will be essential. Appropriate post-marketing follow-up to
assess effectiveness against circulating VoC should also occur for
all vaccines that are approved, authorized, or EUL-listed, whether
evaluated via immunobridging or clinical trials.

Additional COVID-19 vaccines are needed to meet worldwide
public health goals. Effectiveness of certain vaccines may be pre-
dicted using immunogenicity data, supported by understanding
of protective immune responses. Immunobridging may be most
appropriate when new vaccines have substantial advantages over
existing vaccines in aspects, such as deployability, availability or
cost. Immunobridging approaches should be informed by the best
available science, which over time will likely provide further
insight into approaches for evaluating new vaccines.
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Fig. 1. A framework to define approaches to evaluating the effectiveness of new COVID-19 vaccines for possible WHO Emergency Use listing. The Figure should be viewed in
concert with the accompanying text, and decisions should be based on the totality of data. Deviations from the considerations in the framework can be justified with
additional data and rationales not detailed in the table. Different scenarios (columns) are defined by assessments of key questions (1–3) related to a new vaccine and its
proposed comparator. Additional data that could support a favorable evaluation are described in the final row. Scenarios 1–3 implicitly assume that neutralizing responses
will be predictive of other (especially cellular) protective responses, but each contemplates using a comparator with different efficacy against severe disease caused by
circulating variants, which influences the criteria that could support effectiveness of the new vaccine. In Scenario 1, where the comparator retains high efficacy against severe
disease caused by circulating VOCs (e.g. meets the preferred WHO TPP criteria of >90% efficacy), non-inferiority criteria could be used. In Scenario 2, where there is
uncertainty about the effectiveness of the comparator or where it is not considered to be highly effective (e.g. meets the ‘‘acceptable” WHO TPP criteria of 70–80%) against
circulating VOCs, concerns about uncertainty in establishing the efficacy of the comparator and the possibility that non-inferiority criteria could allow for listing of an inferior
vaccine, suggest the prudence of using superiority criteria. In cases where this uncertainty is great, or no comparator with adequate efficacy is available (Scenario 3),
immunobridging may not be feasible, or it may be possible to contemplate authorization only if superiority of immune response is demonstrated by a substantial margin that
could be determined only after careful consideration by regulators, who might also require that additional criteria be met. Where new vaccines with strong humoral
responses but a significant likelihood that cellular responses are weaker than the comparator or the antigenic composition is less broad (e.g., Scenario 4), or strong cellular (or
perhaps mucosal) responses with the knowledge that systemic humoral responses are too weak to support immunobridging based on neutralizing responses, regardless of
breadth of antigenic composition (e.g., Scenario 5), there may be a need for additional clinical effectiveness data (as may be obtained in in-deployment studies or from human
challenge studies, if feasible) before issuance of EUL.
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