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Abstract \
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was the third zoonotic coronavirus to have an outbreak in the first

two decades of the 21st century. Human-to-human transmission of this virus has threatened thousands of lives around the world.
SARS-CoV-2 shares 79% and 50% sequence homology with severe acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV), respectively. Like SARS-CoV and MERS-CoV infection, evidence has
shown that SARS-CoV-2 infection also causes acute tissue damage due to a pathological immune response, particularly in severe
cases. T cells play an important role in virus clearance and prevention, and in this paper, we summarize dynamic changes in the T cell
count, subsets, phenotype, and function in Coronavirus Disease 2019 (COVID-19) patients based on current clinical reports. This
review may help to better understand the pathological immune response of T cells and facilitate making better therapeutic strategies

for patients with SARS-CoV-2 infection.
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1. INTRODUCTION

At the end of 2019, a new respiratory coronavirus, named
SARS-CoV-2 by the World Health Organization (WHO), was
found in Wuhan, China, and its resulting disease was named
COVID-19. As a new virus, SARS-CoV-2 threatens the lives of
thousands of people around the world. According to clinical
reports and pathological results, it has been suggested that lung
immunopathological damage and cytokine storms play an
important role in the disease progression of patients with
COVID-19."% In addition, T cells play an important role in
adaptive immunity for pathogen elimination. As a B-coronavirus,
the SARS-CoV-2 genome is similar to that of SRAS-CoV and
MERS-CoV, which have previously brought considerable threat.
In addition, there have been reports that lymphopenia and
cytokine storms occur in SRAS-CoV and MERS-CoV patients.'°
However, there is no systematic summary of the characteristics of
the T cell immune response in patients with COVID-19. This
review might help to provide a better understanding of this
disease and assist us in developing better immunotherapeutic
strategies for COVID-19 treatment.
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1.1. SARS-CoV-2

Coronavirus infection has attracted our attention over the past
20 years, including that of SARS-CoV, MERS-CoV, and SARS-
CoV-2, which belong to the B-coronavirus subfamily. The
structure of coronaviruses includes non-segmented, positive,
single-stranded RNA, and nucleocapsid protein that forms the
nucleocapsid, which is surrounded by a phospholipid bilayer and
membrane protein. The SARS-CoV-2 RNA virus contains
29,891 nucleotides encoding 9860 amino acids.'’ SARS-CoV-
2 is a novel family member that is similar to the SARS-like
coronaviruses bat-SL-CoVZC45 and bat-SL-CoVZXC21 (with
87.99% and 87.23% identity), and its genome similarity to
SARS-CoV and MERS-CoV is ~79% and 50%, respectively.'?
New mutations may contribute to higher infectivity.'> RNA
viruses cannot replicate independently; thus, they synthesize virus
proteins in infected cells. Neutralizing antibody induction may
prevent viruses from entering cells. Specific T cells are needed
once a virus enters cells; thus, T cells play an important role in the
immune clearance of coronavirus. It has been reported that T cells
not only target structural proteins of coronaviruses but are also
involved in lung immunopathological damage in SARS-CoV and
MERS-CoV.'*"

1.2. T cell response changes in COVID-19 patients

Thus far, there have been many clinical reports of the changes
in T cell number and function detected in COVID-19 patients.

1.2.1. T cell counts are reduced in the peripheral blood
of COVID-19 patients. In general, pathogens (including
viruses) are recognized, processed, and presented by antigen
presenting cells (APCs). After T cell activation, CD4+ T cells
mainly differentiate into effector T cells and produce cytokines
and chemokines, while CD8+ T cells mainly differentiate into
cytotoxic T cells (CTLs) to specifically kill virus-infected target
cells. The T cell response to SARS-CoV-2 has great impact on the
clinical outcome of patients. Clinical reports have shown that
lymphopenia occurs in COVID-19 patients.®™® Mean T cell count
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T cells counts related to severe or death in COVID-19 patients

Total T CD4+T  CD8+T Factors related Factors related
Study Case cell cells cells to severity to death
no. size Diagnosis number number number (P value < .05) (P value < .05) Reference
1 123 COVID-19 severe group vs non-several group  Reduced  Reduced  Reduced  CD4+ and CD8+ T cells reduced — — Wan et al?
2 452 COVID-19 severe group vs non-several group  Reduced  Reduced — Reduced T cells and CD4+ T cells reduced  — Qin et a®
3 33 COVID-19 1CU group vs non-ICU group Reduced Reduced Reduced T cells and CD8+ T cells reduced — — Zhou et al*
4 4 COVID-19 ICU group vs non-ICU group Reduced — - T cells reduced - Huang et al®
5 248 COVID-19 severe group vs non-several group  Reduced  Reduced — T cells and CD4+ T cells reduced  — Chen et al’
6 21 COVID-19 severe group vs moderate group Reduced  Reduced Reduced T cells, CD4+ and CD8+ T cells - Chen et al°

reduced

7 150 COVID-19 died group vs discharged group Reduced - - - T cells reduced Ruan et al'®

was lower in COVID-19 patients than normal range (541.5/uL vs
955.0-2860.0/p.L) and T cell decreased more compared to B cell
and NK cell.® Similarly, 92.9% severe and moderate COVID-19
cases had lower T cell number than normal range.” There was a
significant difference in the absolute number of lymphocytes
between patients who died and those who were discharged,
which reminds us that lymphopenia may be a predictor of fatal
outcome for COVID-19 patients.'® Xu et al found that CD4+ and
CD8+ T cells were reduced in the peripheral blood before a
patient died of COVID-19." More severe patients tend to have
lower lymphocyte counts compared to those who are non-severe.
CD4+ and CD8+ T cells in COVID-19 patients are reduced
together. CD4+ T cells are lower in severe compared with non-
severe patients, but there was no significant difference in CD8+ T
cells between these two groups.® In 123 patients diagnosed with
COVID-19, the proportion of patients with lower CD4+ T cells
between those who were mild and severe was statistically
different. Lower CD4+ T cells were found in 95.24% of severe
patients compared with 52.90% in mild patients.” Analysis of
248 patients by multivariate logistical regression demonstrated
that the decrease in CD4+ T cell counts was an important
factor associated with ICU admission besides age.” However,
Zhou et al found that CD8+ T cells decreased in ICU patients
compared with that in non-ICU patients.* These reports may
indicate that COVID-19 patients with a decrease in T cells,
including CD4+ and CD8+ T cells, tend to be more severe, and T
cells play an important role in coronavirus clearance and
preventing reinfection. The relationship of T cell number reduce
and outcome of COVID-19 patients from different studies are
shown in Table 1.

Regulatory T (Treg) cells are a subgroup of CD4+ T cells
that can inhibit the immune response. Researchers have
found that naive regulatory T cells (CD45RA+CD3+CD4
+CD25+CD127low+, nTreg) and induced regulatory T cells
(CD45RO+CD3+CD4+CD25+CD127low+, iTreg) are reduced
in severe patients, but there was no significant difference between
severe and non-severe patient groups.® Chen et al also reported
that iTregs and nTregs are reduced in severe and moderate cases.
Moreover, nTregs are significantly decreased in severe compared
with moderate cases.” This finding may be a reason for T cell
overactivation, which could aggravate the pathological process
of immune damage and make a patient’s condition more severe.

1.2.2. Dysregulation of T cell in COVID-19 patients. It is
known that T cells are composed of heterogeneous groups having
different functions. Thus, it is also important to analyze the
immunophenotype of T cells in COVID-19 patients in addition to
T cell count. The multiple organ damage in patients with SARS-
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CoV-2 infection, including the lungs in particular, may be caused
by the pathological immune response.

Some membrane molecules such as CD69, HLA-DR, and
CD38 are expressed after the activation of T lymphocytes.
Pathological analysis shows that HLA-DR (CD4 3.47%) and
CD38 (CD8 39.4%) double-positive T cells increase in patients
with SARS-CoV-2 infection. Xu et al found that CD8+ T cells
contain a high concentration of cytotoxic granules, of which
31.6% are perforin positive, 64.2% are granulysin positive, and
30.5% are perforin and granulysin double positive.! CD28,
0OX40 (CD134), and 4-1BB (CD137) are costimulatory
receptors for T cell activation.'” Another study reported that
CD4+ T cells in COVID-19 patients express more CD69, CD38,
CD44, and OX40 than CD4+ T cells in healthy controls, and
there was a significant increase in OX40 expression in severe ICU
patients. CD8+ T cells also express a higher level of CD69, CD38,
and CD44. Moreover, 4-1BB expression was increased in ICU
patients compared to healthy controls.* Some researchers have
also reported that proinflammatory CCR6+ Th17 cells are
increased in CD4+ T cell subset.! These findings indicate T cell
activation in COVID-19 patients.

The higher level of inflammatory cytokines, with the exception
of that of IFN-vy, in COVID-19 indicates that T cell overactivation
occurs, and the inflammatory cytokine level is related to disease
severity. Qin et al found that the level of IL-2R, IL-6, IL-8, IL-10,
and TNF-a was significantly higher in severe compared with non-
severe patients.’ Similarly, serum levels of IL-2R, IL-6, IL-10, and
TNF-a were remarkably higher in severe compared with
moderate cases for 21 hospital-admitted patients. The same
study also reported a decreased level of IFN-y produced by CD4
+, CD8+, and NK T cells in both moderate and severe cases, and
the level of IFN-y produced by CD4+ T cells was lower in severe
compared with moderate cases.” Overactivated T cells and
increased inflammatory cytokines may serve to enhance
immunopathological damage.

T cell exhaustion, which often occurs during chronic infection
and tumors, is also found in COVID-19 patients. Some studies
have reported detection of a subset T cell co-expressing T cell
immunoglobulin and mucin domain-3 (Tim-3) and programmed
death-1 (PD-1).* Exhausted CD8+ T cells mainly express PD-1,
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), T cell
immunoglobulin and ITIM domain (TIGIT), and Tim-3. TIGIT
expression in CD8+ T cells is a factor related to disease
progression according to correlation analysis.'® We hypothesize
that overactivation of CD8+ T cells might result in excessive loss
of these cells in SARS-CoV-2 infection.

Naive T cells, which express CD45RA and CD62L, are a group
of mature T cells that remain in a relatively static state without
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antigen contact. In contrast, memory T cells are cells that survive
for a long time after activation; they can be rapidly activated by
the same antigens and mainly express CD45RO. Qin et al
discovered that the percentage of naive CD4+ T cells (CD3+CD4
+CD45RA+) increase and memory CD4+ T cells (CD3+CD4
+CD45RO+) significantly decrease in severe versus non-severe
patients.> Cytometric analysis of four elderly patients in the
symptomatic phase of SARS-CoV-2 infection also demonstrated
a high percentage of naive CD4+ and CD8+ T cells."” These
results implied that the ratio of the T cell subsets could be
involved in the process of developing SARS-CoV-2 infection.

1.3. Summary and future direction

The exact mechanisms underlying the immune response after
SARS-CoV-2 infection remain unclear. A research claimed that
MERS-CoV but not SARS-CoV could infect T cells in peripheral
blood causing T cell decrease through apoptosis pathway.*® The
accurate reasons of SARS-CoV-2 infection leading to T cell
reduce are not clear until now. Besides, we can infer from the
above clues that T cells are overactivated in COVID-19 patients,
leading to cytokine storm, and decreased Treg cells is a reason for
severe disease. A period of excessive T cell activation may cause T
cell exhaustion, which would make it more difficult to eradicate a
virus. In non-severe COVID-19 patients without chronic
complications, T cell activation is appropriately effective against
SARS-CoV-2. However, based on differences in severe and non-
severe patients, particularly older patients with comorbidities, T
cell overactivation followed by T cell exhaustion, lymphocyto-
penia, increased viral replication, and secondary infection may be
reasons leading to death in severe patients.

T cell count reduction in peripheral blood (PB) appears to be a
common characteristic of SARS-CoV-2 infection, and this is quite
obvious in severe patients with the risk of ICU admission and
death. Thus, decreased PB T cell counts, which is independent of
age and other complications, might be able to serve as an important
warning signal for clinicians. In addition to the decrease in T cell
count in COVID-19 patients, there is also disruption of the T cell
differentiation balance, including an increased percentage of
CCR6+Th17 cells and a decreased percentage of Treg cells,
indicating a systematic proinflammatory T cell response was
activated, which may aggravate pathological immune damage to
the patient. Correlations between the disrupted Th17/Treg
differentiation balance and cytokine storm should be elucidated
in the future to better understand the pathological role of CD4+ T
cells in COVID-19 infection and help to develop appropriate
immune treatment. Furthermore, CD8+ T cells play an important
role in virus clearance and prevention of recurrence. Excessively
activated and exhausted CD8+ T cells are found in COVID-19
patients, particularly in the severe cases, which suggests that the
anti-virus adaptive immune response may be triggered at first, but
virus replication may gradually lose control due to T cell
exhaustion. Future studies focused on discovering anti-virus-
specific T cell clones and elucidating immune evasion mechanisms
intermediated by SARS-CoV-2 will help in developing new
immunotherapeutic “weapons” to fight this threatening disease.
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