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ABSTRACT
This review gives an overview of the protective role of CD8+ T cells in SARS-CoV-2 infection. The cross-reactive responses
intermediated by CD8+ T cells in unexposed cohorts are described. Additionally, the relevance of resident CD8+ T cells in
the upper and lower airway during infection and CD8+ T-cell responses following vaccination are discussed, including
recent worrisome breakthrough infections and variants of concerns (VOCs). Lastly, we explain the correlation
between CD8+ T cells and COVID-19 severity. This review aids in a deeper comprehension of the association between
CD8+ T cells and SARS-CoV-2 and broadens a vision for future exploration.
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Introduction

The outbreak of coronavirus disease 2019 (COVID-
19) in China was initiated by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).[1] Although
COVID-19 is no longer considered a public health
emergency of international concern, more than thir-
teen billion vaccine doses have been administered as
of October 2023 and some drug treatment alternatives
are currently in existence, there continues to be signifi-
cant research interest in COVID-19 as an ongoing
health event. [1–3] It is crucial to acknowledge that
breakthrough infections continue to evolve, with sev-
eral mutation variants evading natural infection or
vaccine-induced neutralization. Moreover, the mol-
ecular mechanism underlying the progress to a severe
COVID-19 state remains mostly elusive, and there is a
need for additional methods to support the immuno-
compromised population and developing integrated
care pathways. [3]

To date, a considerable amount of researches has
concentrated on the SARS-CoV-2-specific humoral
response in the public discourse, but several studies
highlight the critical role of T cells, specifically CD8+

T cells, in the control of SARS-CoV-2 infection. [4,
5] A comprehensive investigation into T-cell sub-
population immunity in COVID-19 could provide a
more holistic understanding of the immune land-
scape, which could shed light on public health policies
and interventions consequentially. [6]

Here, we aim to discuss our current knowledge con-
cerning the characterization of CD8+ T-cell responses
in COVID-19 and suggest potential strategies that
enhance their protective role, while preventing adverse
effects. Several relevant reviews cover these topics in
detail. In this review, we gathered and integrated infor-
mation about the participation of CD8+ T cells in
COVID-19, addressing existing disagreements in this
context and providing plausible explanations for them.
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An overview of the responses of CD8+ T cells
in COVID-19

Up to now, evidence shows that CD8
+

T cells might
play a crucial role in determining the outcome of
SARS-CoV-2 infection. It is confirmed that CD8+ T-
cell responses inversely correlate with virologic out-
comes. [7] While asymptomatic or mild patients are
unable to generate robust germinal centre (GC) B-
cell response specific to SARS-CoV-2, however,
achieving potent, strong and variable virus-specific T
helper type 1 (TH1) and CD8+ T cell response without
systemic inflammation, [8–10] patients with moderate
to severe illness show robust GC B-cell responses
specific to SARS-CoV-2 and rare response of TH1
and CD8+ T cells. [7, 11] Taking the function of
CD8+ T cells into account, more than half of CD8+

T cells in asymptomatic or mild donors simul-
taneously generated Granzyme B and perforin, but
only 3% to 12% of CD8+ T cells in moderate to severe
individuals were able to create both pyrolytic mol-
ecules. [11] (Figure 1) Moreover, the frequencies of
interferon (IFN)-γ+CD8+ T cells and IL-4+CD8+ T
cells responding to SARS-CoV-2 have a positive corre-
lation with viral loads, while the dominance of IL-10+

T-cell responses is linked to minor illness. [9, 10, 12]
The facts above suggest roles of CD8+ T cells in pro-
tective immunity in COVID-19.

It is noticed that the decreased inflammation over
time is linked to gradual development of effective
CD8+ T-cell response specific to SARS-CoV-2 with
continuous and profitable antibody neutralization
activity in symptomatic patients. [13] In mild

COVID-19 cases, the CD8+ T-cell subsets show a
switch to T effector memory (TEM) surface phenotype,
which indicates that they have effector functions with
features of highly differentiated cells. [12] Moreover,
the CD8+ T cells had greater levels of activated state
and Ki-67 expression, compared to CD4+ T cells,
suggesting the important function against viral infec-
tion. [12] One theory is that the SARS-CoV-2 replica-
tion may be successfully suppressed by the quick and
strong TH1 and CD8+ T-cell responses at the first
stage. This would result in ineffective viral antigen syn-
thesis and so limit the GC reaction, which significantly
relies on sufficient and long-lasting antigen presen-
tation. [11] Supportively, according to an exploratory
study about Intensive Care Unit (ICU) COVID-posi-
tive patients, the B/T8 rate (B cells to CD8+ T cells)
was substantially lower in the survivors’ cohort, show-
ing that some patients recovered before producing
enough antibodies, which indicates that early cellular
response might operate in defining the severity and
duration of initial SARS-CoV-2 infection. [14, 15]

In terms of the targets of CD8+ T-cell responses
towards SARS-CoV-2, recent studies indicate that
CD8+ T-cell responses are broad and target the
whole-virus proteome, with a great portion of which
hitting the internal and/or non-structural viral protein
epitopes. [8, 10, 13] In addition, studies have shown
that M and N peptides induced a TH1 response with
IFN-γ production by CD4+ T cells and degranulation
by CD8+ T cells, which was predominant in mild
patients. The S peptides caused a biased TH2 response
with IL-4 production, which was predominant in hos-
pitalized groups. [9, 16] These findings suggest that a

Figure 1. The different immune profiles in COVID-19 patients. SARS-CoV-2 induced a TH1 profile of immune responses, including
virus-specific IFN-γ-producing CD8+ T cells with increasing production of Granzyme B(GZMB) and perforin in asymptomatic or mild
patients, but was unable to initiate robust B cell and TH2 cell responses, which may be a failure of inefficient viral antigen pro-
duction. In moderate to severe patients, sufficient and long-lasting antigen presentation was able to induce robust GC B cell
responses specific to SARS-CoV-2, but a scarce response of TH1 and CD8+ T cells with inadequate cytotoxic molecules.
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narrower CD8+ T-cell response might be created by the
COVID-19 vaccines against the spike protein, com-
pared with CD8+ T-cell responses induced by natural
infection in asymptomatic or mild patients. Additional
class I epitopes generate from theM, nsp6, ORF3a, and/
or N genes will be required for an ideal vaccine that is
able to generate a robust CD8+ T-cell response. [10, 16]
Nevertheless, assessing the whole SARS-CoV-2
ORFeome of epitopes, specific CD8+ T-cell responses
remain inaccessible in about 30% of recovered individ-
uals. [17, 18] One explanation might be that they may
exhibit CD8+ T-cell responses to novel epitopes. The
other proposal is that the main parts of SARS-CoV-2-
specific CD8+ T-cell responses are tissue-resident mem-
ory T cells that are discovered in the tissues of airways
and are not detectable in the bloodstream. [19, 20]

From a long-term perspective, virus-specific CD8+

T cells stayed quite steady with hallmarks of long-
lived cells that were seen a maximum of 12 months
following infection, despite the fact that antibody titres
decreased progressively. [8, 21–23] Early investi-
gations about SARS-CoV-1 and Middle East Respirat-
ory Syndrome coronavirus (MERS-CoV) infection
suggest that cellular responses persist for several
years. [24–26] It is yet unknown if vaccination promo-
ters can enhance cellular immunity and how long
SARS-CoV-2-specific CD8+ T cells will stay viable.

Numerous studies have consistently demonstrated
the autoimmune disease after SARS-CoV-2 infection
or vaccination. [27, 28] These mechanisms include
molecular mimicry, autoantibody formation, and
immune system dysregulation. [29, 30] By analysing
T-cell repertoires accumulated during the COVID-
19 pandemic, researchers discovered with an increase
of COVID-19-specific T cells, the percentages of anky-
losing spondylitis-specific T cells considerably rose,
suggesting T cell cross-reactivity that balances
immunological defence and autoimmune risk. [31]
Another study revealed a higher frequency of type II
pneumocyte-associated antigen-specific autoreactive
T cells in the blood of non-severe COVID-19 patients
than those in severe cohorts, indicating a potential
protective role of these cells in SARS-CoV-2 infection
by promoting the elimination of infected type II pneu-
mocyte and viral clearance. [32] However, there is cur-
rently no systematic and widely applicable explanation
of auto-reactivity specifically within subpopulations of
T cells, such as CD8+ T cells.

Cross-reactive CD8+ T cells in unexposed
cohorts

Recent studies show that cross-reactive CD8+ T-cell
responses are probably fundamental in determining
the protective purpose of the immune system in
SARS-CoV-2 infection. [33] These cross-reactive
CD8+ T cells are usually reactive against more than

one antigen, including RNA polymerase and other
components of the viral replication and transcription
complex of SARS-CoV-2 (polymerase cofactor NSP7,
helicase NSP13). [20, 34–36] Many reports have
found that a fraction of pre-existing SARS-CoV-2
cross-reactive CD8+ T cells in unexposed cohorts are
probably produced following contact with human
endemic coronavirus (HCoV). [20, 36–38] Other
research found that different SARS-CoV-2 antigen
responses in unexposed cohorts were connected with
those targeted against EBV (Epstein-Barr virus) and
CMV (Cytomegalovirus) positively. [20] These data
indicate that previous exposure to other viruses drives
the induction of anti-SARS-CoV-2 CD8+ T-cell
responses. As T cell epitopes are conservative in cur-
rent SARS-CoV-2 variants, if we can use these cross-
reactive epitopes for a pan-coronavirus vaccine, it
will be vital for prophylactic value.

Some experiments demonstrated that the cross-
reactive CD8+ T cells in unexposed cohorts were killer
cells with the expression of CD107a, as it is regarded
that the expression of CD107a on CD8+ T cells has a
close connection with lytic function. [38] More
research is needed to determine whether these T-cell
lines could have a function of lysing the infected cells.
Through comparing the cross-reactive CD8+ T cells
pre- and post-SARS-CoV-2 infection in the same
donors, researchers showed the anti-viral functionality
of the pre-existing CD8+ T cells. [33] Furthermore, the
cross-reactive CD8+ T cells were foundmore abundant
in COVID-19 patients than the unexposed individuals,
and shared several T cell receptor (TCR) motifs
between the unexposed ones and the exposed ones,
indicating the protective purpose of the immune sys-
tem in SARS-CoV-2 infection. [5, 39] However, this
kind of protection is limited and supported by low tol-
erance for mutational variation and very little efficient
reactivity. [8, 34, 35, 40] With the possibility of sub-
sequent mutant strains and the current reduction in
unexposed populations, the function of cross-reactive
CD8+ T cells needs to be further explored.

Some studies indicate that bronchoalveolar lavage
samples taken from healthy donors before the
COVID-19 outbreak showed airway-resident SARS-
CoV-2-cross-reactive CD8+ T cells with elevation of
tumour necrosis factor (TNF) and IFN-γ. [36] Fur-
thermore, SARS-CoV-2–specific memory CD8+ T
cells in unexposed oropharyngeal lymphoid tissue
have been discovered. [20] Since samples taken from
interstitial tissue-resident memory T cells (TRM) are
limited, which generally include more T cells capable
of cytotoxicity, it is possible that the magnitude of
TRM cells with cross-reactive capability as opposed
to SARS-CoV-2 was underestimated. [20] Now,
more research is required to ascertain whether the
early viral containment may be caused by these pre-
existing CD8+ TRM cells.
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Although CD8+ T cell cross-reactivity does exist, it
appears to be less common than CD4+ T cells. In com-
parison with SARS-CoV-2-cross-reactive CD4+ T cells
in unexposed cases, a lesser degree of attacking patho-
gen-specific antigens has been explored in CD8+ T
cells, both in the bloodstream and tissues. However,
the frequency of CD4+ and CD8+ T cells have a corre-
lation with the same donors. [10, 34, 36, 40] A cyto-
toxic component of the response is elicited by airway
CD4+ T cells, and they may induce the generation of
CXCR3 chemokines attracting migrating dendritic
cells and increase the CD8+ T-cell response for com-
pleting elimination towards infected cells as well.
[36] Others may suggest the disparity in the counts
of CD4+ vs. CD8+cross-reactive memory T cells may
be fundamental distinctions between different T cell
types in antigen recognition. [40, 41] A deeper com-
parison between CD4+vs. CD8+cross-reactive T cells
may help us understand more about the mechanisms
of T-cell responses against SARS-CoV-2.

Airway-resident CD8+ T cells

It is commonly acknowledged that retaining sufficient
pathogen-specific CD8+ T cells at the location of
pathogen invasion is critical for the defensive role of
immune surveillance offered by TRMs in many tis-
sues. Similarly, there is a clear relationship between a
better illness prognosis and an increased number of
airway-resident CD8+ T cells in COVID-19 cases. [9]
The bulk of the resident CD8+ T cells were discovered
as terminally differentiated effector-memory cells,
while very rare naïve T cells were observed. [42]
Also, it was discovered that the CD8+ T cells in the air-
way were more capable of producing multiple cyto-
kines than those in the circulation, indicating that
SARS-CoV-2 infection may lead to the production
of multifunctional memory CD8+ T cells in the
mucous membranes of the respiratory tract. [37] In
the long term, lung TRM is routinely identified in con-
valescent patients even 10 months following the first
infection, despite the fact that contemporary circula-
tion does not show tissue-resident patterns. [9] The
nasal-resident T-cell responses lasted for around 140
days without significantly diminishing. [42] These
results indicate the durability of CD8+ T-cell responses
in the mucous site.

Unlike what has been observed in the blood, nasal T
cell subdividing revealed a dominant CD8+ T cell sub-
set. Of note, there were more CD8+ T cells (∼90%)
expressing tissue-residency symbols, CD69+ CD103+,
than CD4+ T cells (∼40%). [42] Though nearly all
patients had detectable virus-specific TRM responses,
with the exception of the multifunctional response
discovered in tissue against N peptides, compatible
models were not found in individuals regarding
virus-targeted proteins and roles between peripheral

circulation and lung tissues. [9, 16] Along with discov-
eries about TRMs in the airway tract, previous data on
SARS-CoV-2 peptide-reactive CD8+ T cells in blood
suggests that the responses in the periphery represent
only a cluster of their more defensive mucous resident
groups, which either have not yet cultivated tissue resi-
dent ability or are referred to as “ex-TRM cells’. [36] If
we can identify the specific subgroup of “ex-TRM cells’
and use a certain model to trigger the TRM-cells expan-
sion by next-generation vaccine, the airway-resident
CD8+ T cell may play a crucial role in the first line of
defencing against SARS-CoV-2 infection.

Currently, there is no research comparing the CD8+

TRM responses between the upper and the lower air-
ways. The very first barrier to resist air-borne virus is
comprised of lymphatic structures in the nasal cavity
and in the upper respiratory tract (pharyngeal, lingual,
and palatine tonsils). Given that some airborne viruses
may be able to bypass the upper airway’s immune
defences, the significance of the lower respiratory
tract T cells is further highlighted. More information
is thus required regarding the role of CD8+ TRMs at
different sites of the airway.

CD8+ T-cell responses after vaccine

As of March 2023, there were at least 199 COVID-19
vaccines in pre-clinical progress and 183 vaccines in
clinical research. [43] All existing COVID-19 vaccines
are well tolerated and have good effectiveness against
the original strain and variations of concern. [44] It
is important to use COVID-19 research as a jump-
ing-off point for learning more about the underlying
process behind the long-lasting CD8+ T-cell responses
induced by vaccines.

Experiments have confirmed that current popular
vaccines, including mRNA vaccines, adenovirus-vector
vaccines, and recombinant vaccines, can induce TH1-
skewed T-cell immune responses with SARS-CoV-2-
specific CD8+ T-cell augmentation. This has a potent
negative correlation with the virologic endpoint,
whereas CD8+ T cells with strong TH2 responses
expand the danger of vaccine-associated enhanced res-
piratory disease (VAERD). [25, 45–47] Thus, it is
widely assumed the best kind of self-protective immu-
nity for SARS-CoV-2 exposure should consist of high
titre neutralizing antibodies accompanied by a potent
cellular and TH1-biased CD4+ effector response.

According to recent studies, mRNA vaccines
induce robust acute and memory responses of IFN-
γ-producing CD8+ T cells, a majority of which co-
express Granzyme B. [46, 48, 49] When combinations
of cytokines were assessed, the proportion of multi-
functional (T cells with the ability to secrete > two
cytokines) spike-specific CD8+ T cells was larger
among the vaccinated cohort in contrast with placebo
recipients. [25] Also, the robust CD8+ T-cell responses
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have a pronounced presence of the cytotoxic CD8+ T-
cell marker, CD107a, [49] and display a TEM surface
phenotype, holding the possibility to react quickly to
invasion. [48, 50] Additional studies are necessary in
order to comprehend the differentiation process of
various T cell subsets completely, as well as how
they develop post-vaccination in tandem with clinical
outcomes. Surprisingly, heterologous immunization
with an inactivated vaccine followed by an mRNA
enhancer significantly increased RBD (Receptor bind-
ing domain)-specific memory B-cell responses and S1-
specific T-cell responses against the Omicron variant
compared with two or three doses of homologous
inactivated vaccine. [51] It suggests that the use of
mRNA boosters may bring additional benefits in the
presence of emerging mutants.

The vaccine-induced CD8+ T-cell responses
resemble those acquired upon natural infection, but
are substantially higher than those observed in
COVID-19 recovered cohorts. [45, 46, 50] The breadth
and poly-specificity of vaccine-induced CD8+ T cells
approve it further. Vaccines-induced CD8+ T cells tar-
get multiple peptides from various viral proteins, mak-
ing them less sensible to the secondary conformation of
single amino acid variants to alleviate the incidence of
immune escape from mutated strains. [45, 50] Accord-
ing to the observation from live yellow fever virus vac-
cine, there is a distinct distribution of the early memory
CD8+ T cells compared to natural infection, which may
impact long-term maintenance features. [52] This dis-
parity could be caused by distinctions in antigen con-
tact time and location, as well as distinct
inflammatory alteration following vaccination versus
natural infection, such as decreased CD38 expression
on memory CD8+ T cells following COVID-19 inocu-
lation versus natural infection. [33, 46]

Multiple subsets of airway-resident CD8+ T cells
increase in frequency following mRNA vaccination,
many of which are SARS-CoV-2-specific. [53] One of
the subtypes is TRM CD8+ T cells expressing CD69
and CD103, though CD69+CD103+CD8+ T cells in
the peripheral circulation decline after vaccination.
[53] One explanation for this is that these cells may
migrate from the bloodstream into the tissues. Based
on these results, aerosol vaccination is promising for
the delivery of COVID-19 vaccines. Compared to intra-
muscular vaccination, intranasal vaccination exhibits
the greater prospect of inducing multifunctional CD8+

T cells with cytotoxic potential and the tissue-resident
memory marker, targeting a broad range of antigens,
within the respiratory tract. [47, 54] Another route of
vaccination, intradermal injection, has also raised con-
cerns. The effectiveness of T-cell response of intrader-
mal and partial vaccination in previously immunized
populations has been confirmed by a study utilizing a
1/5 dose of intradermal booster (BNT162b2 mRNA
vaccine) in healthy individuals who had finished two

doses of inactivated SARS-CoV-2 vaccine. [55] These
new immunization routes may open new perspectives
to the immunized population.

It has been confirmed that vaccine-induced multi-
functional memory CD8+ T-cells patrol the blood
for 30∼180 days with a contraction about day 29,
although this is only detectable in 60-67% of the sub-
jects. [45, 48, 56] The memory CD8+ T cells’ estimated
t1/2 at six months after COVID-19 vaccination was
larger than 1 year. Furthermore, antibodies signifi-
cantly decreased after mRNA vaccinations, while
memory T and B cells remained mostly stable. [48]
More research is needed to confirm how long these
cells can defend against reinfection.

Results have shown that the number of vaccine-
induced CD8+ T cells was almost the same in some par-
ticipants within the tested dose range (1-50 μg mRNA)
after two doses of BNT162b1, suggesting that the inten-
sity of the T-cell response was not dose-dependent. [46]
However, comparing the spike-specific CD8+ T-cell
response after BNT162b2(30 μg of mRNA) immuniz-
ation to which following the first dose of mRNA-1273
(100 μg of mRNA), the higher concentration contrib-
utes to a stronger profile of CD8+ T-cell responses in
frequency and multifunctionality, suggesting a positive
correlation between the T-cell response and the dose
concentration. [48, 57] The variance in delay time
between the first and second vaccination also needs to
be taken into account. As memory T cells need several
weeks to achieve a potent state following the initial vac-
cination, a second immunization before the maximum
development of memory T cells might lead to
inadequate T-cell memory subsequently. [48]

CD8+ T-cell responses of SARS-CoV-2
variants and breakthrough infections

Nowadays, the onset of SARS-CoV-2 mutations may
threaten the worldwide situation of widespread immu-
nization programmes. With a significant overall
decrease discovered ofmemory B cells and neutralizing
antibodies in vaccinated people, given Omicron’s con-
sequential escape from antibodies, memory T cells may
be crucial as a second layer of protection. [58] Recent
studies show that over 95% of CD8+ T cell epitopes
have little impact by mutations in most variants,
which contradict the theory that mutations gained in
Omicron are as a consequence of population-level T
cell immunological pressure and show that variant
evolution is not triggered by T cell evasion. At the
same time, a total of 7% of previously identifiedCD4+e-
pitopes are affected by varied VOC mutations. [45, 47,
49, 58] Since HLA class I binding peptides are shorter
(typically 9–10 amino acids) than class II binding pep-
tides (13-17 amino acids), CD8+ T cell epitopes are
apparently better protected. However, this effect is
offset by the fact that CD8+ T cells are often more
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vulnerable to amino acid changes than CD4+ T cells.
[59] In the case of Omicron, however, individuals
decline or lack of such reactions were observed in
25% or less, implying that certain HLA class profiles
may be more vulnerable to Omicron. [58]

Noteworthy, at an interim follow-up, there was a sig-
nificant rate of symptomatic breakthrough infection
(BTI) cases resulting from alpha and delta strains, but
immunity induced by the vaccine only diminishedmod-
estly in comparison with those without BTI. [60]
According to previous reports, almost all individuals
who have anti-SARS-CoV-2 CD8+ T-cell responses
can defend against Omicron, indicating that there is
no significant T-cell escape mutation in SARS-CoV-2
at present. In 15% of the cohort, the mutations of Omi-
cron seem to derecognize CD8+ T cells. [22, 61, 62] This
decrease in cross-reactive CD8+ T-cell responses may
have pathogenic outcomes for many patients. [22]
More research is needed to identify particular HLA
class I epitopes connected to T-cell response reduction.

Historically, the phrase “hybrid immunity” has been
used to describe the state of immunity obtained through
acombinationof SARS-CoV-2 infectionandcorrespond-
ing vaccine-induced changes. [63] It has been observed
that SARS-CoV-2 infection leads to the recruitment of a
significant population of T lymphocytes, specific to var-
ious SARS-CoV-2 proteins, into the nasal mucosa in
addition to immunization. This finding aligns with the
presence of spike-specific T lymphocytes in the bronch-
oalveolar lavage (BAL) and nasal mucosa of COVID-
19-recovered patients. [42] Comparatively, cohorts with
BTI experiences demonstrated more robust cellular
responses targeting the spikeprotein thannon-vaccinated
controls, emphasizing the benefits of prophylactic vacci-
nation. [64] Importantly, nasal cells in convalescent vac-
cine recipients exhibited distinct responses to SARS-
CoV-2 peptide reservoirs, targeting other structural and
non-structural proteins in addition to spike. Conse-
quently, infection leads to the emergence of virus-specific
T-cell responses that are not solely reliant on spike-
protein-specific T cells induced by vaccination in the per-
ipheral circulation. [42] In various mouse models of
SARS-CoV-2 infection, antigen presentation by multiple
viral protein-specific T cells rapidly induces the pro-
duction of IFN and triggers a cascade of innate and adap-
tive immunological responses that impede viral
replication. [42, 65] These findings underscore the need
to consider other proteins, in addition to spike, in the
development of effective vaccines.

CD8+ T-cell responses in
immunocompromised people

It is of great importance to explore virus-specific CD8+

T-cell responses in immunocompromised people, as
they might be more vulnerable to the virus infection.
It was discovered that a group of HLA-I-typed HIV-

1-infected patients on anti-retroviral therapy had lar-
ger SARS-CoV-2-reactive T-cell responses than
HIV-1-negative patients. It has been assumed that
the examined HIV-1-infected participants’ peripheral
blood mononuclear cells (PBMCs) might have an
averagely larger percentage of CD8+ T cells. The
second assumption is that a number of antiretroviral
medications, including the protease inhibitor lopina-
vir, possess an antiviral impact on SARS-CoV-2 in
vitro. [38] People living with HIV (PWH) who were
immunized by two doses of mRNA vaccination, how-
ever, had a reduced T cell response targeting Delta and
Omicron strains. This inadequate immune reconstitu-
tion is linked to breakthrough SARS-CoV-2 infec-
tions, suggesting that suboptimal T-cell responses
have been created in certain PWH. [62] Moreover,
in an investigation of immunological responses fol-
lowing two doses of immunization, researchers
found a substantial reduction of IFN-producing cells
against VOCs, such as Alpha, Kappa, Delta, and
B1f.617.3, in a section of PWH with a prior T cell
response compared to wild type. [66]

It has been confirmed that, in patients with chronic
myeloid leukaemia (CML), mRNA vaccination against
SARS-CoV-2 can generate neutralizing antibodies and
multifunctional T-cell responses. [67] Tyrosine Kinase
Inhibitor (TKI) therapy is very common in CML
patients, which causes unpredictable immune deficits.
TKIs suppress Src family kinases and induce severe T
cell malfunction as well, because of the essential func-
tion that these kinases have in signalling downstream
from the T cell receptor. However, the patients with
CML displayed both monofunctional and multifunc-
tional T-cell cytokine production to SARS-CoV-2 and
showed a T-cell response alike to healthy cohorts eval-
uated in earlier studies of mRNA vaccine, indicating
the efficacy of current immunization in CML patients.
[67] In vaccinated patients with multiple myeloma
(MM), there may be a quantitative rather than a quali-
tative difference in the absence of detectable spike-
specific CD8+ T lymphocytes. According to recent
research, the majority of patients with MM after 3
doses of SARS-CoV-2mRNA vaccines cannot produce
enough VOCs neutralizing antibody (almost 60%) and
spike-specific CD8+ T cells (over 80%), suggesting they
are still vulnerable to the latest SARS-CoV-2 Omicron
sub-variant. [68] Given that new variations are antici-
pated to arise consistently, new techniques to induce
virus-specific CD8+ T cells are required for these
immunocompromised patients, especially, in popu-
lations with hematologic malignancies that should be
given priority for this sort of vaccine.

CD8+ T cells and severe COVID-19

One of the concerning problems is that the COVID-19
patients who are elderly adults, pregnant women,
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people with common comorbidities, or with immune
deficiency are at the biggest risk for progression into
severe state. Lymphopenia is observed in many severe
COVID-19 patients, which is partially related to the
enhanced apoptosis of T cells during severe infection.
[69] In activation-induced cell death, apoptosis
mediated by caspase is a significant factor in immuno-
logical homeostasis and may help reduce an excessive
cytokine response caused by SARS-CoV-2 infection.
[70] Further research is needed on how to balance
cytokine storm and lymphopenia that may result
from it to help the severe patients surviving the
dangerous period.

Focusing on the elderly people (≥ 65 years old), an
overall loss in coordination of the CD4+ and CD8+ T
cell responses was noted compared to younger
patients, as evidenced by the elderly individuals having
considerably greater CD4+/CD8+ T cell ratios. [71]
Another fact is that beyond the age of 45, acutely
infected individuals had considerably higher numbers
of regulatory CD8+ T cells [69], which is linked to
CD4+ and CD8+ T cell dysregulation, suggesting that
various subgroups of Tregs(Regulatory T cells) may
play diverse roles in SARS-CoV-2 infection and may
contribute to the vulnerability of elderly individuals.
Furthermore, the researchers found that an age-
related reduction in naive CD8+ T cells was related
to the risk of severe COVID-19, which may be the
result of an impaired immune system of elderly
patients to induce the differentiation of naïve precur-
sors into effector CD8+ T cells defined by the

expression of IFN-γ and the transcription factor
T-bet. [72] These studies might help us to develop
more efficient strategies to protect the elderly from
the severe COVID-19.

Severe COVID-19 is featured by a hyperactivated/
exhausted Pan-T cell phenotype. As opposed to
healthy cohorts, CD4+ and CD8+ T cells in COVID-
19 cases excessively expressed CD69 (an activation
marker) and TIM-3 (a negative modulator of immune
cell activity), which is also noted in cases where severe
COVID-19 deceased vs. those who survived. [73] It
has also been revealed that CD8+ T cells have
enhanced PD1 and CTLA4 expression, which are
linked to exhaustive phenotypes. Moreover, the strong
activation status is related to an elevated effector phase
and impaired terminal differentiation, suggesting that
the severity of the illness may be caused by an inter-
ruption of the immune response’s contractile process.
[12] The use of checkpoint inhibitors to unlock their
antiviral ability could be envisioned, as TIM-3 and
PD-1 are druggable targets that have been proven to
leverage lymphocyte responses in malignancies. [74]
To prevent exacerbating the over-inflammatory con-
dition that characterizes severe SARS-CoV-2 diseases,
this should be meticulously scheduled.

As the irreversible scarce but hyperactivated CD8+

T cells are correlated with the risk of severe COVID-
19, [71, 75] the mechanism of their formation is of
great importance. In addition to the T-cell apoptosis,
a loss in coordination between the CD4 + and CD8+

T cell responses, the age-related reduction of naïve

Figure 2. The characterization of CD8+ T-cell responses in severe patients. In many severe COVID-19 patients, lymphopenia has
been observed, which is partially caused by enhanced apoptosis of CD8+ T cells during infection. This might be beneficial to mini-
mizing an excessive cytokine storm. In elderly severe patients, higher numbers of regulatory CD8+ T cells may contribute to the
dysregulation of CD4+ and CD8+ T cells, thus resulting in scarce CD8+ T cells partially. An age-related reduction in naive CD8+ T
cells was also related to the risk of severe COVID-19, as a consequence of an impaired immune system. The other characteristic of
severe COVID-19 is a Pan-CD8+ T cell hyperactivated/exhausted phenotype, with an elevated expression of CD69, TIM-3, PD-1, and
CTLA-4 and an increased production of effector molecules of CD8+ T cells.
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CD8+ T cells, or a hyperactivated/exhausted Pan-T cell
phenotype, we still need more studies to explain the
causes of reduced CD8+ T cell in severe COVID-19,
thus providing patients with more targeted treatment.
(Figure 2)

Recently studies have concentrated on exploring
the TCR repertoire as a biomarker for immune
response to COVID-19. Variations in the SARS-
CoV-2-specific repertoire have been observed in
relation to disease severity, especially in CD8+ T cell
subsets. [76, 77] Subsequent studies have revealed
that specific subpopulations of CD8+ T cells may be
utilized to predict the severity and progression of
COVID-19. [76, 78] A reduced percentage of CD8+

TEM cells with TCRs containing COVID-19-associ-
ated amino acid sequences were found in COVID-19
patients with more severe state. [77] The presence of
CD38+HLA-DR+KLRG1-CD8+ T cells during
COVID-19 have been identified as a potential indi-
cator of disease severity and clinical progression.
[79] By combining single-cell RNA and TCR sequen-
cing with CITE-seq antibodies, investigators have
demonstrated significant differences in the expression
of NK cell receptors and connected function of
CD16+CD8+ cells between mild and severe disease.
[80] Furthermore, the utilization of TCR beta reper-
toire data to develop a machine learning approach
for dividing individuals based on prior SARS-CoV-2
infection has shown promising results. [78] However,
further exploration is required to evaluate the applica-
bility of such predictions in larger cohorts and over
longer durations.

Discussion and outlook

Numerous explorations have been managed to learn
the characterization of CD8+ T-cell responses and cel-
lular responses. Several dominant problems still need
more investigations, such as 1) whether the SARS-
CoV-2-specific memory CD8+ T cells are durable
and functional, 2) the discrepancy of the CD8+ T-
cell response evolution among various immunity
states, including only vaccination, hybrid immunity,
natural infection, and immunocompromised con-
dition, and 3) the function CD8+ T cells play in severe
COVID-19 and new available drug targets for severe
patients.

Current studies have confirmed that vaccination
provides effective protection against the original and
new variant strains of SARS-CoV-2, inducing reliable
CD8+ T-cell responses in most people. However, with
emerging breakthrough infections, we need new
approaches. Next-generation vaccination is centred
on inducing effective mucosal immunity, especially
robust CD8+ T-cell responses specific to SARS-CoV-
2. Different CD8+ T cell subsets which may contain
various potentials causing disease are present in the

blood and airway after SARS-CoV-2 infection. As a
result, it is critical to induce the appropriate fraction
of CD8+ T cells presenting in distinct compartments
during possible mucosal vaccination or/and intramus-
cular vaccination to utilize the effects of CD8+ T cells
in protective immunity while avoiding undesired
pathology.
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