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Along-termperspective
onimmunity to COVID

Andreas Radbruch & Hyun-Dong Chang

Determining the duration of protective immunity to infection
by SARS-CoV-2is crucial for understanding and predicting
the course of the COVID-19 pandemic. Clinical studies now
indicate that immunity will be long-lasting.

Generatingimmunity against the SARS-CoV-2
coronavirus is of the utmost importance for
bringing the COVID-19 pandemic under con-
trol, protecting vulnerable individuals from
severe disease and limiting viral spread. Our
immune systems protect against SARS-CoV-2
either through a sophisticated reaction to
infection or in response to vaccination. A key
questionis, howlong does thisimmunity last?
Writing in Nature, Turner etal.'and Wang et al.?
characterize human immune responses to
SARS-CoV-2infection over the course of ayear.

There is ongoing discussion about
which aspects of the immune response to
SARS-CoV-2 provide hallmarks of immunity
(in other words, correlates of immunologi-
cal protection). However, there is probably
a consensus that the two main pillars of an
antiviral response are immune cells called
cytotoxic T cells, which can selectively elimi-
nate infected cells, and neutralizing antibod-
ies, atype of antibody that prevents a virus
from infecting cells, and that is secreted by
immune cells called plasma cells. A third pillar
of an effective immune response would be the
generation of T helper cells, which are specific
for the virus and coordinate theimmune reac-
tion. Crucially, these latter cells are required
for generating immunological memory —in
particular, for orchestrating the emergence
of long-lived plasma cells®, which continue
to secrete antiviral antibodies even when the
virus has gone.

Immunological memoryis notalong-lasting
version of theimmediateimmune reaction to
aparticularvirus; rather, itisadistinct aspect
of the immune system. In the memory phase
of animmune response, Band T cells that are
specific for a virus are maintained in a state
of dormancy, but are poised to spring into
action if they encounter the virus again or

avaccine that represents it. These memory
B and T cells arise from cells activated in the
initial immune reaction. The cells undergo
changes to their chromosomal DNA, termed
epigenetic modifications, that enable themto
reactrapidly to subsequent signs of infection
anddriveresponses geared to eliminating the
disease-causing agent*. B cells have adual role
inimmunity: they produce antibodies that can
recognize viral proteins, and they can present
parts of these proteins to specific T cells or
develop into plasma cells that secrete anti-
bodies in large quantities. About 25 years
ago’, it became evident that plasma cells can
become memory cells themselves, and can
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secrete antibodies for long-lasting protection.
Memory plasma cells can be maintained for
decades, if notalifetime, in the bone marrow®.
The presence in the bone marrow of long-
lived, antibody-secreting memory plasma
cells is probably the best available predictor
of long-lasting immunity. For SARS-CoV-2,
most studies so far have analysed the acute
phase of the immune response, which spans
afew months after infection, and have moni-
tored T cells, B cellsand secreted antibodies’.
It hasremained unclear whether the response
generateslong-lived memory plasmacells that
secrete antibodies against SARS-CoV-2.
Turnerand colleaguestook up the challenge
of identifying antibody-secreting memory
plasma cells in the bone marrow of people
who have recovered from COVID-19 (called
convalescent individuals). Memory plasma
cells are rare, and those specific for a partic-
ular disease-causing agent will obviously be
extremely scarce. Nevertheless, Turner and
colleagues detected memory plasma cells that
secreted antibodies specific for the spike pro-
teinencoded by SARS-CoV-2in15of 19 individ-
uals, approximately 7 months after infection.
Notably, when the authors obtained samples
4 months later (11 months after SARS-CoV-2
infection), the number of such plasma cells
had remained stable in all but one of the indi-
viduals analysed. Those plasma cells did not
proliferate, which classifies themasbonafide
memory plasmacells. Their numbers equalled
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Figure1|The immune response to SARS-CoV-2 infection. Data are becoming available that shed light
onlonger-term aspects of the human immune response to coronavirus infection. One component of the
defence response is the production of antibodies that target viral proteins (red line). During the initial, acute
phase of theimmune response, antibody levels peak rapidly; this peak is generated by short-lived immune
cells called plasma cells. Turner et al.! present clinical evidence, from people who have had COVID-19, that
long-lived, memory plasma cells that produce antibodies are generated in the bone marrow. These cells
provide long-term antibody production that offers stable protection at a level of 10-20% of that during

the acute phase (blue line). Memory plasma cells are a cell type that can be maintained for many years, if

not alifetime®. Wang et al.? have characterized antibody responses at between six months and ayear in
people who have been infected with SARS-CoV-2; their results also provide evidence for the generation of

immunological memory.
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those of memory plasma cells found in the
individuals after vaccination against tetanus
or diphtheria, and which provide long-term
immunity to those diseases.

When Turner et al. tracked the concentra-
tions of antibodies against SARS-CoV-2in the
individuals’ blood serum for up to one year,
they observed a biphasic pattern (Fig.1). In
the acute immune response around the time
of initial infection, antibody concentrations
were high. They subsequently declined, as
expected, because most of the plasma cells
ofanacuteimmuneresponse are short-lived.
After afew months, the antibody concentra-
tions levelled off and remained more or less
constant at roughly 10-20% of the maximum
concentration observed. This is consistent
with the expectation that 10-20% of the
plasma cells in an acute immune reaction
become memory plasma cells®, and is a clear
indication of a shift from antibody produc-
tion by short-lived plasma cells to antibody
production by memory plasma cells. This is
not unexpected, given thatimmune memory
to many viruses and vaccines is stable over
decades, if not for alifetime®.

For SARS-CoV, a coronavirus very like
SARS-CoV-2 that was originally identified in
2003 and causes severe acute respiratory
syndrome (SARS), the continued presence
of high concentrations of neutralizing anti-
bodies in blood serum for more than17 years
was reported® in 2020. Wang and colleagues’
results suggest that long-term immunity
might also be expected for SARS-CoV-2. The
authors report a follow-up investigation of
serum antibodies and memory B cells specific
for SARS-CoV-2 approximately one year after
infection. The individuals studied had previ-
ously been analysed by Wang and colleagues’
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group after six months', but it is only now,
after a year, that the transition from an acute
immune reaction to the generation of immu-
nological memory has become evident.

Wang et al. show that, between 6 and
12 months after infection, the concentration
of neutralizing antibodies remains unchanged.
That the acute immune reaction extends
even beyond six months is suggested by the
authors’ analysis of SARS-CoV-2-specific mem-
ory B cells in the blood of the convalescent
individuals over the course of the year. These
memory B cells continuously enhance the
reactivity of their SARS-CoV-2-specific anti-
bodies through a process known as somatic
hypermutation. The authors demonstrated
this with in vitro tests of antibody neutral-
ization of a broad collection of SARS-CoV-2
variant strains.

Finally, Wang and colleagues show that
immunity can be boosted even further in
convalescentindividuals by vaccinating them
afterayear. Thisresulted in the generation of
more plasma cells, together with an increase
inthe level of SARS-CoV-2 antibodies that was
up to 50 times greater than before vaccina-
tion. Some of the plasma cells will probably
berecruited tobecome memory plasmacells,
although this remains to be demonstrated for-
mally, as does the induction of stable, long-
termmemory as a consequence of SARS-CoV-2
vaccination.

In evaluating vaccine efficacy, we should
not expect the high antibody concentrations
characteristic of acute immune reactions to
be maintained in the memory phase™. It is an
oldmisconception, whenadvocating frequent
revaccinations, that antibody concentrations
during the acute immune reaction can be
compared with those later on, to calculate
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animaginary ‘half-life’ of antibody-mediated
immunity. Thisignores the biphasic character
of theimmune response (Fig. 1).

The good news is that the evidence thus
far predicts that infection with SARS-CoV-2
induces long-term immunity in most individ-
uals. This provides awelcome positive note as
we wait for further dataon memory responses
to vaccination.
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