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INTRODUCTION: Immunological memory is the
basis for durable protective immunity after
infections or vaccinations. Duration of immuno-
logical memory after severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection
and COVID-19 is unclear. Immunological mem-
ory can consist of memory B cells, antibodies,
memory CD4" T cells, and/or memory CD8"
T cells. Knowledge of the kinetics and inter-
relationships among those four types of mem-
ory in humans is limited. Understanding
immune memory to SARS-CoV-2 has implica-
tions for understanding protective immunity
against COVID-19 and assessing the likely
future course of the COVID-19 pandemic.

RATIONALE: Assessing virus-specific immune
memory over at least a 6-month period is likely
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necessary to ascertain the durability of immune
memory to SARS-CoV-2. Given the evidence
that antibodies, CD4" T cells, and CD8™ T cells
can all participate in protective immunity to
SARS-CoV-2, we measured antigen-specific anti-
bodies, memory B cells, CD4" T cells, and CD8"
T cells in the blood from subjects who recovered
from COVID-19, up to 8 months after infection.

RESULTS: The study involved 254 samples from
188 COVID-19 cases, including 43 samples at
6 to 8 months after infection. Fifty-one subjects
in the study provided longitudinal blood sam-
ples, allowing for both cross-sectional and
longitudinal analyses of SARS-CoV-2-specific
immune memory. Antibodies against SARS-
CoV-2 spike and receptor binding domain
(RBD) declined moderately over 8 months,

~1month ~ 6 months
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comparable to several other reports. Memory
B cells against SARS-CoV-2 spike actually
increased between 1 month and 8 months
after infection. Memory CD8" T cells and
memory CD4* T cells declined with an initial
half-life of 3 to 5 months. This is the largest
antigen-specific study to date of the four major
types of immune memory for any viral infection.

Among the antibody responses, spike im-
munoglobulin G (IgG), RBD IgG, and neutral-
izing antibody titers exhibited similar kinetics.
Spike IgA was still present in the large ma-
jority of subjects at 6 to 8 months after infec-
tion. Among the memory B cell responses, IgG
was the dominant isotype, with a minor popu-
lation of IgA memory B cells. IgM memory
B cells appeared to be short-lived. CD8* T cell
and CD4™ T cell memory was measured for all
SARS-CoV-2 proteins. Although ~70% of indi-
viduals possessed detectable CD8™ T cell mem-
ory at 1 month after infection, that proportion
declined to ~50% by 6 to 8 months after in-
fection. For CD4" T cell memory, 93% of sub-
jects had detectable SARS-CoV-2 memory at
1 month after infection, and the proportion of
subjects positive for CD4" T cells (92%) re-
mained high at 6 to 8 months after infection.
SARS-CoV-2 spike-specific memory CD4"
T cells with the specialized capacity to help
B cells [T follicular helper (Tgy) cells] were
also maintained.

The different types of immune memory each
had distinct kinetics, resulting in complex inter-
relationships between the abundance of T cell, B
cell, and antibody immune memory over time.
Additionally, substantially heterogeneity
in memory to SARS-CoV-2 was observed.

CONCLUSION: Substantial immune memory is
generated after COVID-19, involving all four
major types of immune memory. About 95%
of subjects retained immune memory at
~6 months after infection. Circulating antibody
titers were not predictive of T cell memory.
Thus, simple serological tests for SARS-CoV-2
antibodies do not reflect the richness and du-
rability of immune memory to SARS-CoV-2.
This work expands our understanding of im-
mune memory in humans. These results have
implications for protective immunity against
SARS-CoV-2 and recurrent COVID-19.
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How long does immunological memory to SARS-CoV-2 |last?
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Immune response trajectories in COVID-19
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Layered defenses
Or the swiss cheese model of immunity
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Head-to-head comparison of immune memory to four COVID-19 vaccines

Head-to-head vaccine comparison SARS-COV-2 Infected
Mild COVID-19
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Comparison of immune memory to four COVID-19 vaccines
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Comparison of immune memory to four COVID-19 vaccines
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Comparison of immune memory to four COVID-19 vaccines
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Head-to-head comparison of immune memory to four COVID-19 vaccines
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Lymph node fine needle aspirates (LN FNAS)

allow for sampling of the lym

Lymph node
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Looooong-lasting germinal centers to a priming immunization
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Long-lasting virus-specific germinal centers
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Hybrid immunity results in
potent neutralizing antibody
breadth, also with breakthrough
Infections
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SARS-CoV-2 Omicron variant
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In brief

Individuals with breakthrough COVID-19
infections, previously infected/
vaccinated individuals, and those
vaccinated thrice have potent serum-
binding and -neutralizing antibody
responses against variants of concern,
including Omicron. Neutralization of
SARS-CoV, however, was moderate, thus
urging the need for developing broad
vaccines for pandemic preparedness.
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Head-to-head comparison of immune memory to four COVID-19 vaccines

Head-to-head vaccine comparison SARS-COV-2 Infected
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Layered defenses
Or the swiss cheese model of immunity
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Anatomy of immunity to SARS-CoV-2

It is all a race

A race between the virus and your immune system.
Memory change the race. You then have the headstart instead of the virus.



Layered defenses
Or the swiss cheese model of immunity
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