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Diverse coronaviruses
The repeated emergence of different 
pathogenic human coronaviruses over the 
past 20 years has highlighted the impact 
of these viruses on public health and the 
need for a vaccine that can protect against 
future outbreaks. Animals, such as bats, 
harbor a wide variety of coronaviruses, and 
zoonotic spillovers are the likely source of 
both the current coronavirus infections 
and potentially of future viral outbreaks in 
humans (1). Currently, the known human 
coronaviruses cause a range of disease out-
comes, from the four endemic coronavirus-
es (eCoVs) that are often the etiologic agent 
for the common cold, to the more patho-
genic coronaviruses that can cause severe 
disease and even death for some individu-
als (2). Severe acute respiratory syndrome 
coronavirus 1 (SARS-CoV-1) emerged in 
2003, and infections were associated with 
a mortality rate of approximately 10% (3). 
Fortunately, transmission chains faded 
fairly quickly as a result of effective con-
tainment measures. Middle East respira-
tory syndrome caused by a related coro-
navirus (MERS-CoV) infection appeared 
in 2012, resulting in severe pneumonia 
and mortality rates reaching nearly 40% 
(4). Transmission of MERS-CoV remains 

mostly geographically restricted, although 
cases still appear to this day. SARS-CoV-2, 
which causes coronavirus disease 2019 
(COVID-19), quickly became a worldwide 
pandemic after March 2020, primarily 
because of the high transmissibility of the 
virus and the relatively late implementation 
of public health measures (5–7). The SARS-
CoV-2 disease course varies from asymp-
tomatic to death and depends on a variety 
of factors including age and preexisting 
medical conditions. Despite the range in 
disease outcomes, these diverse corona-
viruses have the same genotypic archi-
tecture, share conserved gene sequences, 
and often use similar proteins and cellular 
processes to infect and replicate in host 
cells (8, 9). Given these relationships, it has 
always been an intriguing possibility that a 
previous infection with one or more of the 
human coronaviruses may provide hetero-
typic immunity that protects against sub-
sequent infection and ameliorates disease 
outcomes for the other members of this 
extended coronavirus family.

Heterotypic immunity among 
coronaviruses
Preexisting heterotypic immunity may 
provide a partial explanation for the 

varying outcomes observed in SARS-
CoV-2–infected individuals, yet this con-
cept remains highly controversial (10, 
11). Some, but not all, investigations have 
demonstrated that individuals with prior 
eCoV infection may be protected against 
SARS-CoV-2 acquisition and may have 
substantially lower mortality rates and 
less severe COVID-19 after SARS-CoV-2 
infection (12–14). These discrepant results 
are not necessarily unexpected or surpris-
ing and may be explained by a range of fac-
tors. Nearly all humans have been infect-
ed by one or more of the eCoVs sometime 
during their lifetime, eliciting humoral 
and cellular immune memory against the 
infecting coronavirus. However, immune 
memory against coronaviruses is gener-
ally believed to be relatively short-lived, 
and individuals are repeatedly infected 
with the various circulating eCoVs (15, 
16). The magnitude, quality, and breadth 
of this immunological footprint against 
other coronavirus family members like-
ly depends on numerous variables, such 
as recency, severity, frequency, and 
sequence similarity. Only examination of 
large cohort data and routine longitudinal 
sampling would be potentially adequate-
ly powered to account for these diverse 
factors that affect heterotypic immunity 
among the various human coronaviruses.

In this issue of the JCI, Dangi, Palacio, 
and colleagues examined human samples 
and used murine models to understand 
heterotypic immunity among coronavi-
ruses (17). Similar to previous studies, 
they show that SARS-CoV-2–infected 
and –vaccinated individuals possessed 
cross-reactive antibodies against some 
other coronaviruses (18). Importantly, 
subsequent mouse studies by Dangi, Pala-
cio, and co-authors overcame some of the 
highlighted confounding variables pres-
ent in natural history studies in humans, 
such as the type, timing, severity, and 
number of previous coronavirus infec-
tions. In their mouse model, the research-
ers demonstrate that diverse SARS-CoV-1 
or SARS-CoV-2 vaccines, similar to the 
ones being used and in development 
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Future human studies will need to inves-
tigate whether SARS-CoV-2 vaccination 
or infection protects against eCoVs to bol-
ster this notion of heterotypic immunity. 
Additional experiments should examine 
the influence of recent eCoV infection on 
the immune response after a SARS-CoV-2 
infection or vaccination, and whether it 
improves the breadth and potency of anti-
bodies and increases cross-reactive T cell 
levels. These types of inquiries will have 
crucial importance for the efforts to devel-
op vaccines that can protect against the 
current and future coronaviruses.

The greatest limitation in the mouse 
studies by Dangi, Palacio, and co-authors 
and the most important variable in the 
context of human infections is time. In 
the murine studies, immune responses 
were examined, or mice were challenged, 
within a few weeks of vaccination or 
infection (17). The durability and long-
term potency of a heterotypic immune 
response remains uncertain. For corona-
viruses, even homotypic immunity is rel-
atively short, and humans are repeatedly 
infected with the different eCoVs because 
of waning immunity. This decline in 
immunity has also been observed with 
SARS-CoV-2, as reinfections after a pri-
or infection and breakthrough infec-

tion of peripheral blood versus lung-resi-
dent heterotypic immunity in protection 
against virus acquisition and disease 
manifestations.

Combating the next 
coronavirus
The results from Dangi, Palacio, and col-
leagues further suggest that viruses with 
greater sequence similarity elicit more 
potent cross-reactive immune responses 
and stronger cross-protection after virus 
challenge (Figure 1) (17). In some respects, 
these results confirm the observed inter-
actions between SARS-CoV-1 and SARS-
CoV-2. SARS-CoV-1 and SARS-CoV-2 
have a higher level of sequence similarity 
than that seen in the pairwise compar-
isons among the other human corona-
viruses (6). Survivors of SARS-CoV-1 
infection have some of the broadest and 
most potent SARS-CoV-2 antibodies after 
SARS-CoV-2 infection or vaccination (19, 
20). This observation implies that SARS-
CoV-1 infection–elicited antibodies under-
go further somatic hypermutation after 
encountering similar epitopes present in 
the SARS-CoV-2 spike protein. In addition, 
survivors of SARS-CoV-1 have detectable 
and higher levels of SARS-CoV-2–reactive 
T cells than do uninfected individuals (21). 

in the present day, elicited antibodies 
against a diverse range of coronaviruses 
(Figure 1). These immunizations provid-
ed protection against a challenge with a 
heterologous virus and lowered virus lev-
els of the infecting coronavirus. In addi-
tion, mice infected and challenged with 
heterologous coronaviruses also showed 
heterotypic immune responses, similar to 
the results observed in the human vacci-
nation studies. The authors further eluci-
dated that the SARS-CoV-1 spike protein 
immunization induced both humoral and 
cellular responses against SARS-CoV-2. 
They validated the role of cross-reactive 
T cells and antibodies by showing that a 
T cell–based vaccine and passive infu-
sion of antibodies generated from SARS-
CoV-2 vaccination or infection protected 
mice against disease after heterologous 
coronavirus challenge. Collectively, these 
comprehensive studies provide compel-
ling evidence that coronavirus infection 
and vaccinations elicit heterotypic immu-
nity against other virus family members. 
Importantly, the mouse studies provide 
the platform and framework for future 
studies aimed at examining the under-
lying protective mechanisms (17). For 
instance, future mouse studies can be uti-
lized to understand the variable contribu-

Figure 1. Coronavirus infection and vaccination induce antibodies and cellular responses that can provide heterotypic immunity against related corona-
viruses. Mice vaccinated with various coronavirus vaccines produce antibodies and T cells that cross-react with related viruses, such as the common cold 
coronavirus OC43 or mouse hepatitis viruses MHV-1 and MHV-A59.
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tions after vaccination are increasingly 
documented (22–24). The frequency of 
reinfections and breakthroughs increas-
es with longer time spans from the prior 
infection or vaccination, and the hetero-
typic, as compared with these homotypic, 
immune responses are likely to be even 
less potent and durable. This waning 
immunity against coronaviruses presents 
a problem and suggests that repetitive 
infections or immunization on a period-
ic basis with different coronavirus family 
members may be required to boost and 
refresh immune responses. Even though 
SARS-CoV-2 repeat or breakthrough 
infections and eCoVs mostly cause mild 
disease, natural infections may be unsafe 
because of the variable clinical outcomes 
and the possible long-term side effects 
in healthy individuals (25). Serial vac-
cinations at defined intervals may offer 
the best solution to boost the immune 
response against both the vaccine immu-
nogen and a heterologous coronavirus. 
This periodic immune refresher may not 
only help us battle the current circulat-
ing coronaviruses but also the next out-
break strain. As we begin to emerge into 
a post-pandemic world, we need to con-
template how to best utilize heterotypic 
immune strategies to combat the next 
coronavirus family member.
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