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The COVID-19 pandemic is far from over. SARS-​CoV-2 
mutates relatively slowly (~1 × 10−6 per base per infection 
cycle); yet, the world continues to experience a series of 
viral surges fuelled by the evolving sub-​lineages of the 
Omicron variant. Now, 32 months into the pandemic, 
more than 66% of the world’s population is estimated 
to have some form of immunity against SARS-​CoV-2, 
either through infection (‘natural’), vaccination (‘arti-
ficial’) or both (‘hybrid’). Hybrid immunity emerged 
as a form of ‘super immunity’ in 2021, when conva-
lescent people receiving vaccine doses were found to 
have neutralizing antibody titres on average 50-​fold 
higher than unvaccinated convalescent individuals1. As 
breakthrough infections emerged in vaccinated people, 
hybrid immunity became an established arm of the 
anti-​SARS-​CoV-2 immune landscape. What do we now 
know about hybrid immunity and its ‘super immunity’ 
abilities?

Hybrid immunity against viral variants
Several studies, including our own, suggest that hybrid 
immunity confers more effective cross-​variant neu-
tralization than a natural infection alone (Fig. 1a,c). 
Vaccination after infection with the SARS-​CoV-2 ances-
tral Wuhan-​Hu-1 strain or with Alpha, Delta and Beta 
variants increases the number of SARS-​CoV-2 memory 
T cells and B cells by more than an order of magnitude 
by recruiting new B cell clones into the memory pool 
and expanding persistent clones1,2 (Fig. 1c). Formation of 
memory B cells by vaccination and robust enhancement 
of serologic responses by SARS-​CoV-2 infection results 
in durable2, high levels of cross-​variant neutralizing 
antibodies1 and reduces the risk of reinfection3.

These actions hold for Omicron, at least to a certain 
degree. A BA.1 breakthrough infection elicits a broad 
cross-​variant neutralizing activity against, for exam-
ple, the ancestral WA1 and Delta variants, whereas 
BA.1 infection in the absence of prior vaccination only 
induces neutralization of BA.1 (Ref.4). But titres are 
lower overall: anti-​BA.1 neutralizing titres elicited by 
a BA.1 breakthrough infection average sixfold lower 
than the anti-​Delta neutralizing titres elicited by a Delta 

breakthrough infection4,5 (Fig. 1d). Consequently, newly 
emerging Omicron variants, including BA.2.12.1, BA.4 
and BA.5, show neutralization escape when tested 
with sera from BA.1-​infected individuals6 (Fig. 1c). The 
immunity recall after breakthrough infections varies 
with respect to pathogenicity of variants. For Delta 
breakthrough infections, the neutralizing antibody 
titres against Delta and other variants are high and cor-
relate with disease severity5, but Omicron breakthrough 
infections generate weak immunity against Omicron and 
emerging sub-​lineages. The reasons include the altered 
antigenic properties of the Omicron subvariants, based 
on a substantial number of additional spike mutations6, 
and the lowered pathogenicity of the Omicron subvari-
ants, with replication mostly confined to the upper res-
piratory tract, mortality reduced in animal models, and 
ex vivo viral replication weakened.

Hybrid immunity is more durable
The waning of neutralizing titres has become a major 
obstacle to ending the COVID-19 pandemic. Protection 
against reinfection decreases as the time increases since 
the last event of infection or vaccination. Goldberg and 
colleagues recently reported that at 6–8 months after the 
last immunity-​conferring event, cohorts with hybrid 
immunity showed the highest level of protection with 
10–20 confirmed infections/100,000 persons-​days at 
risk3 (Fig. 1c). For convalescent individuals, this increased 
to 30 confirmed reinfections, and for individuals with 
two vaccine doses, reinfections reached 85–90/100,000 
persons-​days at risk3 (Fig. 1b). Interestingly, hybrid 
immunity in individuals with just one vaccine dose plus 
infection conferred the same level of protection as in 
individuals with three doses of vaccine, and the sequence 
of immune-​conferring events did not matter. Reinfection 
rates in individuals who recovered from infection and 
then received one dose of vaccine were similar to reinfec-
tion rates in individuals who received one vaccine dose 
and then got infected. Notably, this study did not include 
any Omicron variants, but Altarawneh et al. showed 
~60% hybrid immunity-​mediated protection against 
BA.1 and BA.2 variants at 8–9 months after infection7.
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‘First exposure’ directs hybrid immunity
While neutralizing titres conferred by antibodies wane 
and are outcompeted by evolving mutations, T cell 
epitopes remain largely conserved among variants, 
including Omicron. B cell responses against Omicron are 
~10-​fold less effective than against pre-​Omicron strains, 
but T cell responses to Omicron are only decreased by 
10–30%8. Interestingly, hybrid immunity-​conferring 
events in vaccinated or infected individuals effectively 
boost humoral responses, but spike-​specific T cell 
immunity appears to be not similarly boosted, compared 
to what is seen after vaccination of naive individuals8. In 
addition, hybrid immunity-​mediated T cell responses to 
Omicron depend on previous SARS-​CoV-2 exposure9. 
Unlike Delta, people initially infected by the Wuhan 
Hu-1 or Alpha variants, then vaccinated and re-​infected 
during the Omicron wave, do not boost T cell immunity 
against Omicron as measured by levels of live virus neu-
tralizing antibody and T cell recognition (Fig. 1e). This 
suggests that the first exposure to SARS-​CoV-2 confers 
some form of T cell imprinting that directs future hybrid 
immune responses. Despite this, T cells are the strong-
est immune correlate for vaccinated and convalescent 
individuals avoiding hospitalization8.

Where now for vaccines?
The full extent of how natural, artificial and hybrid 
immunities will stand against current and future 
Omicron surges is not yet known. However, the immune 
trajectories of SARS-​CoV-2-​infected or vaccinated 
human populations suggest that hybrid immunity pro-
vides the strongest and most durable protection against 

symptomatic infection, but mostly against variants with 
similar antigenic phenotypes. So how to safely and effec-
tively widen this protection to include variants with differ-
ent antigenic phenotypes? Simply including the Omicron 
spike protein in booster regimes appears insufficient. 
Gagne et al. showed no advantage in neutralizing titres 
and protection from Omicron infection in non-​human 
primates boosted with mRNA encoding Omicron spike 
versus mRNA-1273 encoding the Wuhan-​Hu-1 spike10. 
Similarly, current data from Moderna’s clinical trial with 
a new bivalent mRNA-1273.214 booster showed only 
~twofold higher Omicron BA.1-​neutralizing titres than 
the regular mRNA-1273 booster.

It may be time to change the current ‘one shoe fits all’ 
approach. In a highly dynamic immune landscape with 
its various degrees of natural, artificial and hybrid immu-
nity and the regional circulation of Omicron sublineages, 
vaccination strategies need to be tailored on a regional, 
perhaps even personalized, basis. Knowing the strength 
and breadth of a population’s or an individual’s neutral-
izing titres as well as their T cell responses to existing and 
new SARS-​CoV-2 variants is critical to design and exe-
cute effective protective approaches. This requires wide 
availability of immune testing and a broadened reper-
toire of vaccine strategies. Pre-​existing cross-​protective 
antibody titres mediated by hybrid immunity may be 
effectively increased by boosting with vaccine candidates 
spanning conserved regions of SARS-​CoV-2 variants 
other than the spike protein. In addition, vaccination 
at a mucosal surface induces stronger systemic and 
mucosal immunity than intramuscular administration, a 
route that may be particularly beneficial for people with 
hybrid immunity boosting pre-​existing resident immune 
cells in the mucosa. While hybrid immunity may not be 
the silver bullet to end the SARS-​CoV-2 pandemic, it is 
a silver lining, from which we can learn to move to the 
next level of vaccine design and delivery.
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Fig. 1 | Protection after different immune-conferring events. a | Emerging Omicron 
sub-​variants escape immunity conferred by infection with non-​Omicron SARS-​CoV-2 
variants4,5. b | A second dose of mRNA vaccine gives moderate protection for non-​Omicron 
and limited protection against Omicron variants 6–8 months post-​vaccination4,5. c | Hybrid 
immunity elicited by BA.1 breakthrough infection in vaccinated individuals (2 doses)  
provides cross-​variant protection but causes neutralization escape for newly emerging 
Omicron variants2,8. d | Hybrid immunity generated by Delta infection in vaccinated  
individuals elicits broader protection against non-​micron and Omicron (BA.1) variants6.  
e | Compared with B.1.617.2, immune imprinting generated by infection with Wuhan/ 
B.1.1.7 , vaccination (3 doses) and Omicron reinfection decreases Omicron neutralizing 
antibodies and T cell recognition, which may increase chances of Omicron reinfection. 
Consistent with Reynolds et al.9.
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