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Two studies recently published in Science Immunology ad-
dress how well vaccine-induced immune memory can recog-
nize and respond to breakthrough infections with the SARS-
CoV-2 Omicron BA.1 variant (1, 2). The COVID-19 pandemic 
has presented the global population with multiple challenges 
over the past two years. Following the development of novel 
and highly effective vaccines eliciting immune responses to 
the SARS-CoV-2 Spike protein, and addressing the challenges 
in their global rollout and uptake, we are now facing escape 
mutations in the Spike proteins of viral variants of concern 
(VoC), most notably in the Omicron variants. 

The studies by Quandt et al. (1) and Kaku et al. (2) both 
start by evaluating the vaccine-induced antibody response in 
double- or triple-dose mRNA-vaccinated individuals 
(BNT162b2 or mRNA-1273). Both demonstrate that antibody 
amounts decline between one and six months after the sec-
ond dose but are boosted by the third dose. Importantly, the 
relative recognition of VoC is strongly boosted, demonstrat-
ing an improved capacity for protection including against 
Omicron. 

Quandt et al. examined separate groups of individuals 
that experienced omicron BA.1 breakthrough infection after 
their second or third dose of BNT162b2 (1). These individuals 
displayed high variant recognition with similar degrees of 
neutralization between the Wuhan, Beta, Delta and Omicron 
variants after dose 3 or after Omicron infection. The authors 
then went on to evaluate the memory B cell (Bmem) compart-
ment with a series of full Spike or receptor binding domain 
(RBD) constructs that were tetramerized with a fluoro-
chrome-conjugated streptavidin. This enabled flow cytomet-
ric evaluation of Bmem cells that recognized each of the VoC. 
Similar frequencies of Bmem cells specific for each of the var-
iants were found. While Omicron infection led to great in-
creases in Spike- and RBD-specific Bmem, these frequencies 
were expanded for each of the variants (Wuhan, Alpha, Delta, 
Omicron BA.1). Through combinatorial gating, it was shown 
that the majority of Bmem cells recognize each of the vari-
ants. Thus, Quandt et al. demonstrate that the circulating 

Bmem compartment induced by vaccination has the capacity 
to respond to each of the current VoC and is the likely source 
of the increased Omicron neutralization capacity after a third 
vaccination or Omicron infection. 

Kaku et al. performed detailed cellular and molecular 
analysis on the Bmem cells after breakthrough infection, 
showing a relative expansion of RBD-reactive Bmem at the 
expense of N-terminal domain (NTD) or S2 recognition (2). 
Still, the relative frequencies of RBD Wuhan-specific Bmem 
that recognized the Omicron BA.1 variant were similarly high 
as after triple-dose vaccination (65-75%). Through single-cell 
sorting of 410 RBD specific Bmem cells from five donors, 
Kaku et al. evaluated their immunoglobulin gene sequences 
and the binding capacities of the corresponding recombi-
nantly-produced antibodies. Nearly all antibody genes con-
tained somatic mutations, and nearly all antibodies bound 
with higher affinity to Wuhan RBD than to the Omicron BA.1 
variant. Thus, the breakthrough infection response seems to 
be dominated by a recall of vaccine-induced Bmem with the 
capacity to recognize Omicron. 

The emergence of variants provides a challenge to the cur-
rent vaccines and vaccination strategies because there is a 
risk of decline in vaccine efficacy as the number of mutations 
within Spike epitopes rises. Potentially, vaccine strain up-
dates will be required in a manner similar to the annual in-
fluenza program. However, decision-making should be based 
on both real world and experimental evidence. Recent data 
demonstrate that the current COVID-19 vaccines reduce the 
risk of infection, but this protection is incomplete and wanes 
rapidly within weeks after the second dose (3). In contrast, 
the initial double-dose mRNA vaccination is highly protective 
against severe disease for >5 months from Wuhan and Delta 
variants. This efficacy is lower and lasts shorter against Omi-
cron infection, but is highly boosted by third dose vaccination 
(3). Thus, it is not realistic to expect durable protection by 
COVID-19 vaccines from SARS-CoV-2 infection but instead, 
the aim for COVID-19 vaccines should be to provide maxi-
mum efficacy and durability against severe disease by new 
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variants, including Omicron. 
Currently, there are no markers for protection against se-

vere disease nor its durability. Considering the rapid contrac-
tion of the antibody response, serum IgG amounts will not be 
the best immune correlate. Circulating memory B and T cells 
persist for months after infection or vaccination and might 
provide insights into the nature of the response and clues for 
biomarkers (4–6). The publications by Quandt et al. and Kaku 
et al. give the first insights into the capacity of COVID-19 vac-
cine-immune memory to respond to SARS-CoV-2 variants (1, 
2). Both double- and triple-dosed vaccinated individuals 
mounted strong antibody and Bmem responses to Omicron 
infection. Furthermore, Kaku et al. demonstrate that the an-
tibodies expressed by Bmem after Omicron infection have a 
higher affinity to the Wuhan Spike (2), indicating that these 
are derived from vaccine-induced Bmem and have a suffi-
ciently high affinity to overcome the mutations in the Omi-
cron Spike. These observations also hint at the potential 
mechanism by which the third vaccine dose boosts the rela-
tive capacity to bind to Omicron (7): the renewed response 
induces further affinity maturation to the Wuhan Spike, re-
sulting in sufficiently high affinity to the mutated Omicron 
Spike (Fig. 1). Still, not all vaccine-induced Bmem can recog-
nize Omicron and it remains unclear if this quantitative dif-
ference will affect vaccine effectiveness. Furthermore, it is 
unclear how durable the capacity is of Bmem to respond to 
Omicron after the third dose. These unknowns are important 
for decision-making on booster vaccine formulations and fre-
quency, and will undoubtedly be addressed over the next few 
months. 

Theoretically, a variant-specific vaccine has the capacity 
to generate more optimal immune memory to both conserved 
and new epitopes. However, if this vaccine is provided as a 
booster on top of previous Wuhan vaccinations, the new spec-
ificities would need to be derived from naïve B cells, which 
would compete with existing Bmem against conserved 
epitopes. By nature, Bmem have a pre-activated phenotype 
(8), allowing them to respond more rapidly and outcompete 
naïve B cells, thereby restricting the response to the con-
served epitope. This phenomenon of ‘original antigenic sin’ 
was originally posed by Thomas Francis on observations from 
influenza infections, and subsequently described for influ-
enza vaccinations, where it is dubbed “negative antigenic in-
teraction” (9). The data from Kaku et al. provide the first 
indication that original antigenic sin occurs after Omicron 
infection in that they did not find unique Omicron-specific 
antibodies (2). If this were the same for vaccination with an 
Omicron variant vaccine, it would mean that this will boost a 
restricted number of Bmem cells (Fig. 1). Thus, it would re-
strict the number of unique specificities, even more than 
boosting with a Wuhan vaccine. Potentially, this restriction 
would limit the capacity to respond to new variants rather 

than extend it, which would have been the goal. Clearly more 
data will be needed, especially longer after infection or vac-
cination, as these time points would better reveal new speci-
ficities derived from the delayed kinetics of the naïve B cell 
response. 

In conclusion, the data from Quandt et al. and Kaku et al. 
provide a first glimpse into the Bmem after vaccine boosters 
and their capacity to respond to Omicron infection (1, 2). The 
upside is that this provides us with critical information into 
the immunological basis of vaccine efficacy against the cur-
rent VoC while also illustrating that the capacity to respond 
to variants is based on antibody affinity as well as diversity. 
Improving affinity can be achieved by vaccine boosters; en-
hancing diversity will not be so straightforward. Responses 
to new specificities will require engagement of naive B cells 
and we might need methods to boost their responses relative 
to those of existing Bmem. Alternatively, there is the poten-
tial to alter vaccine formulations to go beyond Spike variants. 
The B cell response is highly dependent on T-cell help, and it 
has become clear that T cells recognizing other targets than 
Spike are important in the response to SARS-CoV-2 infection 
(10). Inclusion of other structural (Nucleocapsid, Membrane 
protein) and nonstructural targets (e.g., nsp3, nsp4, ORF3a, 
and ORF8) would strengthen T-cell responses, but also diver-
sify the Bmem and antibody responses. While these targets 
do not induce neutralizing responses, these are less prone to 
mutation and will generate Bmem that are relevant against 
future variants, supporting other aspects of the immune re-
sponse. 

Although the challenges created by SARS-CoV-2 variants 
are urgent, these problems also provide unique opportunities 
to address long-standing paradigms, unknowns and chal-
lenges in the field. Let’s seize them! 
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Fig. 1. Model for Bmem responses to Wuhan vs variant SARS-CoV-2 (Omicron). Top. Booster vaccination 
with Wuhan Spike has the potential to include all previously-formed Bmem, which undergo further affinity
maturation through somatic hypermutations in their Ig genes in the germinal center. Bottom. Omicron infection
in previously vaccinated individuals reactivates those Bmem that can still recognize the variant despite many
mutations. Activation of naive B cells with new specificities is needed to prevent reduction of Bmem diversity. 
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