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Prolonged adaptive immune activation in COVID-19:
implications for maintenance of long-term immunity?
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Introduction

The world has been inundated by the
effects of a beta coronavirus that emerged
in late 2019 and subsequently spread
worldwide to cause one of the deadliest
viral pandemics of the past century. The
number of worldwide deaths attributable
to COVID-19, the disease caused by the
SARS-CoV-2 virus, currently matches
some estimates for the number of deaths
attributable to the 1956 to 1958 influen-
za pandemic and trails only the 1918 to
1920 influenza pandemic and the HIV/
AIDS pandemic in the number of esti-
mated worldwide deaths. Although much
has been learned over the past 10 months

Ongoing observational clinical research has prioritized understanding

the human immune response to SARS-CoV-2 during the coronavirus
disease 2019 (COVID-19) pandemic. Several recent studies suggest that
immune dysregulation with early and prolonged adaptive immune system
activation can result in cellular exhaustion. In this issue of the JC/, Files

et al. compared cellular immune phenotypes during the first two months
of COVID-19 in hospitalized and less severe, non-hospitalized patients.
The authors utilized flow cytometry to analyze circulating peripheral
blood mononuclear cells. Both patient cohorts maintained B and T cell
phenotypes consistent with activation and cellular exhaustion throughout
the first two months of infection. Additionally, follow-up samples from
the non-hospitalized patient cohort showed that activation markers and
cellular exhaustion increased over time. These findings illustrate the
persistent nature of the adaptive immune system changes that have been
noted in COVID-19 and suggest longer term effects that may shape the
maintenance of immunity to SARS-CoV-2.

regarding the human immune response to
SARS-CoV-2 infection, it is still not clear
how these responses evolve over time.
Immune response information has become
paramount to the pandemic’s management
because deaths attributable to COVID-19
will likely continue to increase until wide-
spread immunity is achieved via continued
worldwide spread or until an effective vac-
cine is broadly distributed.

Understanding the human immune
response to other viral infections, includ-
ing influenza infection (1), respiratory
syncytial virus infection (2), and Ebo-
la infection (3), has helped inform vac-
cine design. Presently, ongoing clinical
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research remains descriptive, providing
only details about the natural immune
response to SARS-CoV-2 infection, as we
eagerly await the evaluation of currently
ongoing large-scale COVID-19 vaccine
trials. The importance of these studies to
provide context for the interpretation of
immune responses generated by partici-
pants in COVID-19 vaccine trials, includ-
ing how those responses change over time,
cannot be overemphasized. This infor-
mation will be key in potential modifica-
tions to existing COVID-19 vaccines and
treatments. Further understanding of the
natural immune response to SARS-CoV-2
will help discover correlates of protection
that vaccines can target and establish dos-
ing intervals if vaccination redosing is ulti-
mately required.

Prolonged immune activation
Early reports suggested that the immune
response to the virus may be impaired to
some degree through diminished lympho-
cyte counts, increased neutrophils, and
proinflammatory cytokines in individuals
admitted to the intensive care unit (ICU)
(4). However, clarity in the exact changes
that occur during the first days and weeks
following acute infection has come to light
more recently (5-7). In this issue of the JCI,
Files et al. (5) advance the field’s knowl-
edge by comparing the cellular immune
phenotypes of peripheral blood mononu-
clear cells during the first two months of
infection in a cohort of COVID-19 patients
requiring hospitalization and a less severe
non-hospitalized cohort. The authors
further refine the findings of these other
recently published studies by exploring
the temporal evolution of the immune
response in follow-up samples obtained
from their non-hospitalized patients (5).
The authors’ principal findings include
anotable increase in CD4* and CD8* T cell
activation in hospitalized versus non-hos-
pitalized patients, including upregulation
of CD69, Ox40, HLA-DR, CD154, and
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A Response to a typical human viral respiratory infection (influenza example)
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Figure 1. Response to human viral respiratory infections. (A) In a typical influenza infection, symptoms and viral replication peak within a few days and
resolve after the first week; serologic response peaks within the first two weeks and remains high. Notably, with influenza, the cellularimmune activation
peaks at week one and resolves by week three. (B) In contrast, with SARS-CoV-2 infection, the cellularimmune system remains activated despite viral
clearance. The persistence of viral antigens, development of T cell exhaustion, and increased risk of secondary infections set SARS-CoV-2 infection apart

from other viral respiratory infections.

CD38. Increases in COVID-19 patients’
activated CD4* and CD8* T cells in the
context of greater severity of illness has
previously been reported (6, 8). Howev-
er, Files et al. (5) demonstrate that many
of these markers of activation were noted
to increase in non-hospitalized patients
30 to 45 days after symptom onset. Addi-
tionally, HLA-DR, Ox40, and Tim3 were
increased over time on CD4* T cells from
non-hospitalized patients, and HLA-DR,
TIGIT, and PD-L1 were increased while
enduring significant decreases in CD27
and CD28 on the surface of CD8" T cells
on repeat sampling. The expression level
of several of the measured surface mark-
ers, including PD1, HLA-DR, and TIGIT,
had significant positive correlations with

age in the cohort on both CD4* and CD8* T
cells, and the surface expression of CD28
exhibited a significant negative correla-
tion with age on both CD4* and CD8* T
cells (5). These findings comport with the
well-established correlate of increasing
T cell exhaustion, defined as depletion
in T cell quantitatively or suppression of
function following chronic viral infection
that occurs with aging, and may guide our
understanding of immune responses to
a vaccine. The authors also evaluated B
cell surface markers and found increased
CD69, CD27, and PD1 in hospitalized and
non-hospitalized COVID-19 subjects, sug-
gesting increased B cell activation. They
further separated out those hospitalized
patients admitted to the ICU from those

who did not require ICU level of care,
demonstrating that many components of
increased CD4" T cell, CD8" T cell, and B
cell activation were more pronounced in
the ICU group, with the notable exception
of HLA-DR, which showed a lower surface
expression on B cells in patients admitted
to the ICU.

One limitation in this work as pointed
out by the authors is the inability to accu-
rately measure the degree or duration of
viremia in individual subjects. Lucas et
al. have recently shown that patients with
severe illness exhibit prolonged elevated
nasopharyngeal viral loads when com-
pared with patients who have moderate ill-
ness (7). Furthermore, others have report-
ed prolonged viral shedding in elderly
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COVID-19 subjects (9), with some report-
ing nasopharyngeal viral RNA shedding
for 30 days or more in small subgroups of
patients (10). However, the infectivity of
virus associated with these positive viral
RNA tests more than 15 days after the
onset of symptoms has been questioned
(11). Nevertheless, it is certainly apparent
that antigens from the SARS-CoV-2 virus
may remain longer compared with other
common human viruses that do not enter
latency within the human host, especially
inindividuals who are older and those with
more severe COVID-19.

The findings by Files et al. (5) are
not necessarily unexpected in the setting
of what is likely prolonged exposure to
antigen in patients with COVID-19. Fur-
thermore, the changes associated with
increasing activation in patients who had
more severe illness also correlated well
with those that would be expected in an
individual with a higher viral load and,
therefore, more profound exposure to
antigen. Nevertheless, the implications
for long-term impacts upon the immune
system are certainly important. Increas-
ing exposure to antigen leads to increased
cellular exhaustion.

Implications for future
treatment and vaccines
Understanding that early induction of cel-
lular immune exhaustion may limit T cell
and B cell responses in COVID-19 patients
has very real impacts in considering the
immune response of previously infected
patients to subsequent rechallenge with a
new infectious dose of virus. While anti-
body responses in infected human patients
appear to be robustly engaged, with more
than 90% of infected individuals test-
ing seropositive (12), antigen-specific T
cell responses may be limited in quantity
or quality upon reexposure to the virus
in a subsequent infection. Indeed, some
groups have already reported limited
induction of antigen-specific CD8" T cells
in some individuals infected with SARS-
CoV-2, despite robust antigen-specific
CD4" T cell responses (13).

Many of the current COVID-19 vac-
cines in the testing pipeline utilize vectors
that have been developed to induce both
T cell and B cell responses. The success-
ful induction of T cell responses by any
of these vaccines may ultimately improve
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upon protection from severe disease in
individuals who receive the vaccine yet
become infected. In addition, if natural
infection fails to successfully induce large
numbers of antiviral CD8" T cells, then
receipt of a vaccine candidate that induces
such responses may provide critical pro-
tection from severe disease, even for indi-
viduals who have already been infected
and have substantial neutralizing antibody
titers. Increased antiviral T cell quanti-
ties may prove more important in elderly
individuals, those on immunosuppressive
drugs, and other groups with impaired
ability to generate T cell responses who
may be at higher risk of poor outcome
from future infections with SARS-CoV-2.

Unfortunately, early focus in the pan-
demic has remained on an elusive cyto-
kine storm rather than consideration of
an appropriate proinflammatory response
(normal HLA-DR expression, elevated
IL-6) (14) and subsequent immune sup-
pression. Ongoing data have reiterated the
importance of understanding the clear bio-
logic evidence of immunosuppression (low
HLA-DR, diminished T cell response with
increased CD279 [PD1] expression), smol-
dering low-level inflammation, and devel-
opment of secondary infections in patients
(14-16). This immune suppression with
long-lasting effects up to 45 days as reca-
pitulated by Files et al. (5) (Figure 1) makes
a strong argument to support immune-
restorative therapies, such as administra-
tion of IL-7 or Ox40, while an efficacious
vaccine can be developed for large-scale
use (16, 17). IL-7 is well established to
improve lymphopenia and increase TNF-o
and IFN-y production in patients with
COVID-19 (16, 17). Therapies that modify
pluripotency (such as IL-7) could be paired
with an appropriate vaccine or neutraliz-
ing polyclonal antibody combination to
reduce illness severity and minimize the
temporal immune activation and suppres-
sion that render hospitalized and non-hos-
pitalized patients susceptible to secondary
infections (18). Approaches that target
immune suppression will be vital as rele-
vant vaccines are developed.

Conclusion

COVID-19 will undoubtedly persist as a
circulating human pathogen during the
near term and perhaps into the future if
the success of future vaccine campaigns is
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limited in any way. The insights provided
by researchers who have taken on the ear-
ly burden of rapidly implementing obser-
vational studies to describe the natural
human immune response to SARS-CoV-2
infection will prove beneficial to the ongo-
ing development of improved diagnostic
tests and potential therapies. These find-
ings are needed to further refine relevant
immune-modifying therapies that not
only neutralize viral entry and/or replica-
tion but also reverse persistent adaptive
immune suppression that would otherwise
predispose individuals to acquiring delete-
rious secondary infections.
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