
Review Article
Role of T Regulatory Cells and Myeloid-Derived Suppressor
Cells in COVID-19

Alhasan Alsalman ,1 Mohammad A. Al-Mterin ,1 and Eyad Elkord 1,2

1Natural and Medical Sciences Research Center, University of Nizwa, Nizwa, Oman
2Biomedical Research Center, School of Science, Engineering and Environment, University of Salford, Manchester, UK

Correspondence should be addressed to Eyad Elkord; e.elkord@salford.ac.uk

Received 25 January 2022; Revised 13 March 2022; Accepted 28 March 2022; Published 19 April 2022

Academic Editor: Mitesh Dwivedi

Copyright © 2022 Alhasan Alsalman et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Coronavirus disease 2019 (COVID-19) has been raised as a pandemic disease since December 2019. Immunosuppressive cells
including T regulatory cells (Tregs) and myeloid-derived suppressor cells (MDSCs) are key players in immunological tolerance
and immunoregulation; however, they contribute to the pathogenesis of different diseases including infections. Tregs have been
shown to impair the protective role of CD8+ T lymphocytes against viral infections. In COVID-19 patients, most studies
reported reduction, while few other studies found elevation in Treg levels. Moreover, Tregs have a dual role, depending on the
different stages of COVID-19 disease. At early stages of COVID-19, Tregs have a critical role in decreasing antiviral immune
responses, and consequently reducing the viral clearance. On the other side, during late stages, Tregs reduce inflammation-
induced organ damage. Therefore, inhibition of Tregs in early stages and their expansion in late stages have potentials to
improve clinical outcomes. In viral infections, MDSC levels are highly increased, and they have the potential to suppress T cell
proliferation and reduce viral clearance. Some subsets of MDSCs are expanded in the blood of COVID-19 patients; however,
there is a controversy whether this expansion has pathogenic or protective effects in COVID-19 patients. In conclusion, further
studies are required to investigate the role and function of immunosuppressive cells and their potentials as prognostic
biomarkers and therapeutic targets in COVID-19 patients.

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by SARS-
CoV-2. In December 2019, the first cases were reported in
China, and the virus quickly spread to other countries
around the world [1, 2]. In less than three years, SARS-
CoV-2 has infected hundreds of millions. There are a wide
variety of clinical symptoms, ranging from asymptomatic
to severe symptoms, with acute respiratory distress syn-
drome (ARDS) and multiorgan dysfunction in fewer than
10% of patients [3, 4]. Several factors increase the risk of
COVID-19 disease, including aging, high blood pressure,
cardiovascular disease, diabetes, and obesity [5]. The virus
causes early immunological suppression through unknown
mechanisms. Lymphocyte subsets, particularly CD4+ and
CD8+ T cells, were altered in COVID-19 patients, and lym-

phopenia has been reported as the primary symptom in
most cases of COVID-19 patients [6]. It has been shown that
lymphopenia was worsened with the progression of disease
to respiratory distress syndrome [7].

T regulatory cells (Tregs) play critical roles in immuno-
logical tolerance, but they also contribute to the pathogenesis
of different diseases, including cancer, autoimmune diseases,
transplantation, and infections. Myeloid-derived suppressor
cells (MDSCs) are immature myeloid cells that strongly sup-
press the immune system by inhibiting different immune
cells, including T cells, natural killer cells (NK), and den-
dritic cells [8–11]. COVID-19 pathogenesis and severity
could be linked to dysregulation of immunosuppressive cells
to SARS-CoV-2 [8]. In this review, we present the available
data describing the role of Tregs and MDSCs in viral infec-
tions and COVID-19 patients.
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2. T Regulatory Cells

Tregs have important roles in the modulation of immune
responses by maintaining self-tolerance and immunological
homeostasis. They contribute to the regulation of immune
responses to many diseases [12]. They can suppress various
immune cells, including CD4+ and CD8+ T cells, monocytes,
dendritic cells, B cells, and NK cells, to reduce unwanted
immune responses in different immune diseases such as
allergy, autoimmunity, and transplant rejection [13–15].
Generally, Tregs are classified into two types based on their
origin: thymus-derived Tregs (tTreg) and peripherally
induced Tregs (pTreg) [16, 17]. tTregs originate in the thy-
mus and migrate to the periphery to control peripheral
immunological tolerance [18]. pTregs are induced in periph-
eral tissues, and they differentiate by contact with nonself-
antigens in the presence of transforming growth factor β
and IL-2 [19, 20]. Tregs express different molecules essential
for their function such as CD25, cytotoxic T lymphocyte
associated antigen-4 (CTLA-4), and forkhead box P3
(FoxP3) [12]. The FoxP3 is a transcriptional factor, which
is essential for Treg development and function. Immunosup-
pressive activities of FoxP3+superscript Tregs could be
determined by the level of FoxP3 expression [21]. Tregs were
classified into three subgroups based on FoxP3 and CD45RA
expression; these include activated Tregs (CD45RA-Fox-
P3high), resting Tregs (CD45RA+FoxP3low), and non-Tregs
(CD45RA-FoxP3low). Activated Tregs strongly inhibit
immune responses, compared with resting Tregs. However,
non-Tregs secrete different effector cytokines such as inter-
feron (IFN)-γ, interleukin (IL)-2, and IL-17 but without
any inhibitory function [22, 23].

2.1. Role of Tregs in Viral Infection. Herein, we briefly dis-
cuss some studies investigated Tregs in viral infections in
human. It has been demonstrated that the presence of Tregs
impaired the protective function of CD8+ T cells against
viral infection [24, 25]. There has been a variety of explana-
tions for Treg suppressive ability in viral infections, includ-
ing a decrease in the quantity of the protective T cell
responses, a reduction in the antiviral cytokine secretion by
effector cells, and preventing the migration of protective T
cells to the infected region [26]. According to Raiden et al.,
Tregs were reduced in the peripheral blood of infected
infants with severe respiratory syncytial virus (RSV), this
could be explained by elevated levels of Tregs in lung and
lymph nodes and increased apoptosis [27]. Another study
reported that Tregs, TGF-β, and IL-10 were decreased in
infants with RSV bronchiolitis infection, compared with
healthy infants [28]. Additionally, Qin et al., reported that
bronchial epithelial cells of infected humans with RSV inhib-
ited the differentiation of Treg subsets and induced the dif-
ferentiation of Th2 and Th17 cells [29]. Some studies
reported that CD4+CD25+ T cells were increased in chronic
hepatitis C virus (HCV) disease, compared with recovered
or normal patients [30–32]. These data indicated that the
inhibition of virus-specific CD8+ T cells was increased in
patients with chronic HCV disease; this could be associated
with elevated levels of Tregs in HCV patients [32]. Also,

some researchers indicated that Tregs were increased in liver
and peripheral blood of HCV patients [33]. Other studies
reported that Tregs and Th17 were increased in infected
patients with chronic hepatitis B virus (HBV) [34–36]. Addi-
tionally, elevated Tregs in peripheral blood were associated
with HBV replication in chronic disease, and it was less
common in the early stages of acute HBV infection [37].
Another study showed that frequency of Tregs was signifi-
cantly increased in chronic active HBV and asymptomatic
HBV carriers, in comparison to resolved and controlled
patients [38, 39]. However, Prendergast et al. found that
the count of Tregs was decreased in human immunodefi-
ciency virus (HIV) patients [40]. Interestingly, the count of
Tregs was decreased in the blood of HIV patients, but the
proportion of Tregs was increased in chronic infection,
which could be associated with HIV progression [41]. Mil-
man et al. reported that the count of Tregs was significantly
high in herpes simplex virus type 2 (HSV-2), compared with
control biopsy from unaffected skin [42].

2.2. Role of Tregs in COVID-19. There have been different
findings for investigating Tregs in COVID-19 patients.
Firstly, Tregs and the transcription factor FoxP3 were ele-
vated in severe COVID-19 patients, which was associated
with worse outcomes [43]. These data indicate that Tregs
could play negative roles in COVID-19 by inhibiting anti-
viral T cell responses in the severe phases of illness
(Figure 1(a)). Moreover, in critical COVID-19 patients, the
activity and frequency of Tregs were increased, compared
with other respiratory diseases such as influenza and respira-
tory syncytial virus (RSV) (Table 1) [44]. Interestingly, IL-
10-secreting Tregs, a lineage known to possess anti-
inflammatory properties in the lung, were elevated in severe
COVID-19 patients, compared to mild/moderate diseases
[45]. These results indicate that the increase in IL-10-
secreting Tregs could contribute to more severe COVID-19
symptoms. In addition, in mechanically ventilated COVID-
19 patients, the percentage of Tregs and Th17 cells was highly
increased in the lung, compared with blood [46]. Some stud-
ies indicated that activated CD4+CD25+CD127low Tregs were
highly increased in moderate and severe COVID-19 patients,
compared with healthy controls [47, 48]. De Biasi et al.
reported that Tregs and IL-10 were elevated in the blood of
COVID-19 patients [49]. A potential explanation for such
increase of Tregs in circulation is that SARS-CoV-2 impeded
the transit of Tregs from circulation to the respiratory tract,
resulting in Treg accumulation in circulation and lung dam-
age due to excessive inflammatory response in the lung [44].

Secondly, Rezaei et al. reported that the total counts of
white blood cells, T cells, CD38+, and CD3+HLA-DR+ lym-
phocytes were significantly elevated in hospitalized
COVID-19 patients [50]. Also, they found that CD4+/
CD8+ ratio, B cells, FoxP3+ Tregs, and FoxP3 median fluo-
rescence did not show any significant difference between
early and late responders of hospitalized COVID-19 patients
(Table 1) [50].

Thirdly, Kratzer et al. showed that CD4+ and CD8+ T
effector memory cells, plasma blast, and transitional B cells
were elevated in convalescent COVID-19 patients. However,
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CD25+FoxP3+ Tregs were significantly decreased in conva-
lescent COVID-19 patients, compared with healthy donors
[51]. In line with these findings, Sadeghi et al. found that
the count of Tregs and the expression level of FoxP3, TGF-
β, and IL-10 were decreased in critical COVID-19 patients,
compared with healthy controls [52]. In contrast, patients
had a significant increase in Th17 cells and associated cyto-
kines IL-17 and IL-23 in COVID-19 patients [52]. These
data indicate that the increased and decreased responses of
Th17 and Tregs, respectively, could be strongly correlated
with hyperinflammation and pathogenesis of the disease
(Figure 1(b)). Additionally, Patterson et al. reported that T
cells expressing PD-1 and Tregs were highly reduced in
COVID-19 patients, compared with healthy controls [53].
A recent study reported that asymptomatic COVID-19
patients have a reduction in Tregs and anti-inflammatory
cytokine IL-10 [54]. Also, they found that the early increase
in inflammatory cytokine IL-2 was associated with faster
viral clearance and early immune responses in asymptom-
atic COVID-19 patients (Figure 1(b)) [54]. According to
Meckiff et al. the cytotoxic follicular helper cells and cyto-
toxic T helper cells were increased in hospitalized COVID-
19 patients [55]. They also reported that Tregs were
decreased in hospitalized compared to nonhospitalized
patients [55]. These data indicate that immunosuppressive

Tregs were impaired in hospitalized COVID-19 patients
[55]. Another study reported that T lymphocytes and Tregs
were significantly decreased in critical COVID-19 patients
with ARDS, compared with severe illness [56]. However,
they also found that the percentage of CD45RO+CD95+

Tregs, among other Treg subsets, was increased in critical
COVID-19 patients, compared with severe patients
(Table 1) [56]. Additionally, it has been reported that
expression level of CD4+FoxP3+CD25+ was significantly
decreased in COVID-19 patients, compared with healthy
controls [57]. Other studies reported that Tregs were
decreased in moderate adult and pediatric patients, and
Tregs were more reduced in severe COVID-19 patients
[58, 59]. Furthermore, Tregs and activated T cells were
decreased in hospitalized COVID-19 patients, compared to
healthy controls [8]. Moreover, COVID-19 patients have
lower levels of Tregs (CD4+CD25+CD127low), especially in
severe cases of the disease [59]. Levels of Tregs were signifi-
cantly decreased in severe COVID-19 patients, compared
with moderate and mild illness [60, 61]. Interestingly, levels
of Tregs were increased through the progression from mild
to severe patients but then decreased through the progres-
sion to critical illness (Table 1) [62]. Moreover, activated
CD4+ T cells in severe COVID-19 patients expressed higher
levels of CD25, while suppressing the expression of FoxP3,

Tregs

Immune
cells

Increase in Tregs

Antiviral responses

Severe (disease
progression)

(a)

Proinflammatory
cytokines

IL-2

Immune
cells

Tregs

Decrease Tregs &
increase IL-2 secretion
could increase antiviral
responses in early
stage of COVID-19

Decrease Tregs &
increase inflammatory
cytokines can lead to
cytokine storm

Cytokine stormRecovery

(b)

Figure 1: Role of Tregs in COVID-19 patients: An increase in level of Tregs could play a negative role in COVID-19 patients by inhibiting
antiviral T cell responses, resulting in the progression of COVID-19 disease (a). A decrease in level of Tregs could result in cytokine storm or
recovery depending on the response of proinflammatory cytokines. Firstly, early increase in IL-2 could be associated with faster viral
clearance and early immune response in asymptomatic COVID-19 patients. Secondly, the significant increase in T helper cells such as
Th17 could be related to hyperinflammation and progression of COVID-19 disease (b).

3Journal of Immunology Research



Table 1: Summary of Tregs in COVID-19 patients with different severities.

Study groups
(number of patients)

Change in
Treg levels

Cell phenotype Notes
Reference

no.

Xie et al. Asymptomatic disease Decrease NA
In asymptomatic patients, IL-2 was
associated with faster viral clearance

and early immune responses.
[54]

Kratzer
et al.

Convalescent patients
(109) vs. healthy (98)

Decrease CD25+FoxP3+
Acute SARS-CoV-2 infection is

beneficial by activation of T cells or
harmful by reduction of neutrophils.

[51]

Chen et al.
Mild (80)/severe (22) vs.

healthy (67)
Increase CD4+CD25+CD127low

CD4+ T cells, B cells, IL-6, and IL-10
are indicators of COVID-19 severity.

[47]

Sadeghi
et al.

Critical (40) vs. healthy
(40)

Decrease CD4+CD25+CD127−
Imbalanced ratios of Th17/Tregs could
play an important role in inflammatory
responses and the pathogenesis of the

disease.

[52]

Jiménez-
Cortegana
et al.

Hospitalized (20) vs.
healthy (20)

Decrease CD4+CD25highCD127−
M-MDSCs, but not Tregs, could play a
role in the immunosuppression shown

in COVID-19 patients.
[8]

Patterson
et al.

Different severity (224) Decrease NA
Decreased Tregs in COVID-19
compared with healthy controls.

[53]

Mohebbi
et al.

Different severity (30) Decrease CD4+FoxP3+CD25+
Decreased Tregs in COVID-19 patients

compared with healthy controls.
[57]

Galván-
Peña et al.

Different severity (57) Increase CD25+FoxP3+
Increased Tregs in severe patients is
associated with worse outcome.

[43]

Kalfaoglu
et al.

Severe Decrease NA

In the lung, T cells highly expressed
immune-regulatory receptors and

CD25, while suppressing expression of
FoxP3.

[63]

Qin et al.
Severe (286) vs. non-

severe (166)
Decrease CD4+CD25+CD127low [59]

Neumann
et al.

Severe (20) vs. mild/
moderate (23)

Increase IL-10-secreting Tregs [45]

Wang et al.
Extremely severe (15) vs.
severe (20) vs. mild (30)

Decrease CD45RA+ cells
The percentage of natural Tregs was
decreased in extremely severe patients.

[61]

Wang et al.
Critical (3) vs. severe (5)

vs. mild (4)
Decrease CD4+CD25+CD127−

Tregs increase during progression from
mild to severe then decreased through
the progression to critical disease.

[62]

Meckiff
et al.

Hospitalized (critical) vs.
non hospitalized (mild)

Decrease NA [55]

Chen et al.
Severe (11) vs. moderate

(10)
Decrease

CD4+CD25+CD127low

and CD45RA+ [60]

Rezaei et al.
Critical (8) vs. severe
(27) vs. Moderate (17)

No change CD4+CD25+FOXP3+ [50]

Rutkowska
et al.

Critical (18) vs. severe
(23)

Decrease NA
Percentage of CD45RO+CD95+ Tregs,
among other Treg subsets, was higher

in critical compared to severe.
[56]

Ronit et al.

Mechanically ventilated
patients (4) with

moderate-to-severe
COVID-19 ARDS

Increase FoxP3+CTLA-4+ Tregs
Increased Tregs with activation

markers in the lung.
[46]

Vicket et al.
SARS-CoV-2 (24) vs.
RSV (10) vs. Flu (9) vs.
Healthy donors (23)

Immune landscape
in SARS cov-2
similar to flu or
RSV patients

CD25+ CD127−Foxp3+
Only in critical patients, the
levels of CD25+CD127−

FoxP3+ cells were increased.
[44]

NA: not available.
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resulting in a disrupted FoxP3-mediated mechanism in the
lung [63].

In severe COVID-19 patients, lower levels of Tregs could
be one of the explanations for the hyperactivated immune
system and injured lungs. These reductions in Tregs in
COVID-19 patients could be explained by some potential
mechanisms. Kalfaoglu et al. reported that IL-2 transcripts
were decreased in severe COVID-19 patients, compared
with mild illness [63]. Therefore, decreased IL-2 could
enhance the apoptosis of Tregs. Moreover, levels of soluble
IL-2R (CD25) were increased in severe COVID-19 patients,
which could lead to binding of IL-2 with its receptor (IL-2R)
and enhance apoptosis of Tregs [59, 61].

2.3. Role of Tregs in COVID-19 Elderly Patients. Old age is
one of the most important risk factors in COVID-19, and
the majority of COVID-19-related deaths are in elderly
patients [64]. The severity of COVID-19 in elderly patients
could be associated with age-related thymic involutions
and consequent T cell changes [65]. In the elderly, increased
ratio of thymic Tregs (tTregs) to thymic T conventional cells
(tTcon) [66] results in exacerbated age-related accumulation
of peripheral Tregs (pTreg) [67–69]. Accumulation of
pTregs in the elderly impairs immunological balance and
inhibits antiviral immune responses [65]. In COVID-19,
early inflammatory response is crucial for host protection.
Therefore, older patients are probably not capable of mount-
ing strong antiviral immune responses in the early stages,
which leads to increased viral load and damage associated
with inflammation. Overall, a weak early inflammatory
response is associated with severe symptoms in older age,
while a robust early inflammatory response is associated
with asymptomatic or mild illness [54].

3. Myeloid-Derived Suppressor Cells (MDSCs)

Generally, MDSCs in human are defined as CD33+CD11b+-

HLA-DRlow cells and are classified into two primary sub-
groups based on differences in cell morphology and cell-
surface markers: granulocytic (polymorphonuclear) CD33+-

CD11b+HLA-DRlowCD15+ cells (G-MDSCs) and monocytic
CD33+CD11b+HLA-DRlowCD14+ cells (M-MDSCs) [70–73].
More recently, an additional subgroup has been identified as
CD33+CD11b+ HLA-DRlowCD14-CD15-, and they are named
immature or early-stage MDSCs (e-MDSCs) [72, 74, 75].

MDSCs present at very low levels in healthy individuals
because of the rapid differentiation into mature myeloid
cells. However, in the presence of pathological conditions,
such as malignancies, infections, bone marrow transplanta-
tion, or some autoimmune diseases, MDSC levels are highly
increased due to inhibition of their differentiation into
mature myeloid cells [76, 77]. Interestingly, when activated
in a pathogenic situation, these cells overexpress immune
inhibitory factors such as nitric oxide synthase (NOS), argi-
nase 1 (ARG1), and peroxynitrite (ONOO-) [76, 78]. Addi-
tionally, MDSCs have the ability to increase the number of
FoxP3+ Tregs [76, 79].

MDSCs have been shown to expand in the peripheral
blood of individuals suffering from a variety of malignant

and nonmalignant illnesses [80]. Indeed, MDSC levels in
cancer patients are considered to have prognostic and pre-
dictive value [81]. MDSC subpopulations of monocytic and
granulocytic cells have been identified and characterized in
different human cancers [82–85]. They inhibit antitumor
immune responses [85–87], and as a result, cancer cells con-
tinue to evolve [75].

3.1. MDSCs in Viral Infections. Levels of MDSCs are elevated
in viral diseases, and they could potently suppress T cell pro-
liferation and decrease viral clearance [9, 88, 89]. MDSCs
were found to be significantly higher in the blood of chronic
hepatitis C (CHC) patients, compared with healthy controls
[88]. Interestingly, they found that HCV-RNA levels in
plasma were related to the amount of MDSCs in CHC
patients [88]. Furthermore, Tacke et al. showed that hepati-
tis C virus (HCV) enhanced the accumulation of MDSCs,
resulting in a decrease in T cell responses [90]. Specifically,
Ren et al. observed an expansion in M-MDSCs, but not G-
MDSCs, in chronic HCV-infected patients [91]. Garg et al.
found that MDSC levels were elevated in activated and non-
activated HIV-infected patients [92]. Moreover, Vollbrecht
et al. observed a higher level of G-MDSC in chronic HIV-1
patients, compared with healthy controls. Also, they found
a positive relationship between MDSC frequencies and viral
load and a negative relationship with CD4+ amount in
HIV-1 patients [93]. In addition, Pal et al. showed that
MDSCs have been linked to T cell dysfunction in infected
patients with chronic hepatitis B virus (HBV) [94]. How-
ever, Pallett et al. observed that G-MDSCs have a protec-
tive mechanism by expressing arginase I to effectively
inhibit HBV-specific T cell responses in hepatitis B virus-
(HBV-) infected patients [95].

3.2. MDSCs in COVID-19

3.2.1. Pathogenic Roles. In COVID-19 patients, different
studies observed that alteration in MDSC levels in the blood
has been associated with disease severity (Figure 2(a)) [96,
97]. Furthermore, Reizine et al. found that expansion of
MDSCs in response to COVID-19 was shown to be signifi-
cantly linked to lymphopenia and increased arginase activity
[98]. Also, they found that frequency of MDSCs in severe
COVID-19 patients was higher in hospitalized patients than
patients with moderate COVID-19 [98]. Accordingly, it has
been reported that SARS-CoV-2 patient plasma inhibited
human leukocyte antigen D related (HLA-DR) expression
[99]. Therefore, decreasing levels of HLA-DR on monocytes
have been observed in severe COVID-19, considering an
increase in M-MDSC levels [99, 100]. Clearly, further inves-
tigations are necessary to determine the underlying mecha-
nisms of elevated MDSC levels in COVID-19 patients.

Importantly, Atanackovic et al. found that severe COVID-
19 patients had a larger amount ofMDSCs and higher concen-
trations of TGF-β, compared with mild patients. This might
result in an undesirable suppression of SARS–CoV-2–
specific T cell responses, which can contribute to poor out-
comes in these patients (Figure 2(a)) [101]. Therefore, both
MDSC and TGF-β should be studied further as possible
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Figure 2: Pathogenic and protective roles of MDSCs in COVID-19 patients: Severe COVID-19 patients had higher levels of MDSCs. This
might result in an undesirable suppression of SARS-CoV-2-specific T cell responses, which can contribute to worse outcomes in these
patients (a). MDSC expansion may help to limit an overly aggressive and possibly damaging immune responses by decreasing
inflammation caused by hyperactivated T cells (b).
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pathogenic/prognostic variables and therapeutic targets in
COVID-19 [101]. Moreover, it has been reported that M-
MDSC level in the blood was considerably higher in
COVID-19 patients, compared with healthy controls [102].
Additionally, it was observed that patients with more severe
illnesses had considerably higher peak of M-MDSC frequen-
cies in their blood, compared with mild and healthy controls
[102]. Similarly, Kvedaraite et al. found that there were high
frequencies of M-MDSC in blood samples from severe
COVID-19 patients, compared with moderate patients [97].
Equally important, Jiménez-Cortegana et al. found that the
amount of peripheral M-MDSC in COVID-19 patients was
significantly increased, compared with healthy controls [8].
They also reported a negative correlation between levels of
M-MDSC and activated T cells, implying that M-MDSCs sup-
press T cell activation [8]. Another study found an association
between M-MDSC level and sex and age [103]. Men had sig-
nificantly higher levels of M-MDSCs, and there was a signifi-
cant positive correlation between age and M-MDSC level
[103]. Moreover, Xue et al. found a strong negative correlation
between M-MDSC frequency and lymphocyte levels and
serum albumin and a positive correlation with oropharyngeal
viral loads and length of hospitalization in severe COVID-19
patients, suggesting that M-MDSC might be used to predict
the severity and prognosis of COVID-19 [104]. Additionally,
Emsen et al. found that patients with COVID-19 had substan-
tially higher levels of total MDSCs, PMN-MDSCs, and M-
MDSCs, when compared to healthy controls [105]. Further-
more, they found that severe COVID-19 patients had much
higher PMN-MDSC levels than mild COVID-19 patients
[105]. However, another study observed that levels of G-
MDSC and M-MDSC were higher in COVID-19 patients,
compared with healthy controls, with no difference between
COVID-19 severity or ventilator status [106]. Schulte-
Schrepping et al. found a large proportion of preneutrophil
and immature neutrophil cells in peripheral blood of severe
COVID-19 patients, compared with mild patients, demon-
strating that a dysregulated myeloid cell component contrib-
utes to severe COVID-19 [96]. Moreover, other studies
showed that the frequency of PMN-MDSCs in severe
COVID-19 patients was higher compared with mild disease
or healthy controls [107–109]. Recent studies indicated that
PMN-MDSCs played a novel function in platelet activation
by decreasing L-arginine concentration in COVID-19
patients, indicating a novel role of MDSCs in the pathogenesis
of COVID-19 [110].

3.2.2. Protective Roles. MDSCs have been characterized as a
response to inflammatory processes that help to limit overly
aggressive and possibly damaging immune responses by
inhibiting the function of several immune cells including
NK cell and T lymphocytes in severe COVID-19 patients
(Figure 2(b)) [111]. It has been reported that the expansion
of MDSCs was found to be significantly linked to lymphope-
nia and increased arginase activity in response to COVID-19
[98]. Surprisingly, in vitro, arginine was found to be essential
in the lifecycle of several DNA and RNA viruses [112].
Therefore, therapeutic depletion of arginine may inhibit
SARS-CoV-2 replication [112]. Accordingly, MDSCs may

have a protective role against SARS-CoV-2 by producing
ARG1. In addition, Agrati et al. demonstrated that patients
with severe COVID-19 had a massive expansion of MDSCs,
accounting for up to 90% of the total number of circulating
mononuclear cells in the blood, indicating that immunolog-
ical suppression, potentially mediated by expanded MDSCs,
might be useful in decreasing inflammation and lung dam-
age caused by hyperactivated cytotoxic T cells (Figure 2(b))
[113]. Interestingly, Takano et al. reported that G-MDSCs,
but not other MDSC subgroups, exhibited temporary expan-
sion in severe COVID-19, but not in mild or moderate dis-
eases [114]. This temporary expansion of G-MDSCs was
seen among survivors of severe COVID-19, but not among
nonsurvivors, suggesting a beneficial effect of the G-
MDSCs subgroup, which has the ability to reduce excessive
inflammation during severe COVID-19 recovery [114].

In vaccination settings, a study reported that frequency
of PMN-MDSCs and M-MDSCs increased dramatically
after the first COVID-19 vaccination dose, which was
reduced at further periods of time, approaching but not
reaching prevaccination values, which may have reduced
postvaccination responses [115].

4. Targeting Tregs and MDSCs in COVID-19

The primary causes of morbidity and death in COVID-19
patients are cytokine storm and defective haemostasis [2].
Function of Tregs in COVID-19 patients should be evalu-
ated depending on their physiological location and illness
stage. If there are more Tregs in the lungs during inflamma-
tory cytokine storm, this could reduce the excessive immune
responses [116, 117]. Therefore, expanding Tregs or increas-
ing their activity could be beneficial in this context. There
are some potential strategies to expand Tregs or enhance
their activity. Tregs cord infusions were associated with
recovery in two critical COVID-19 patients; this could be
due to increase in Tregs and reduction in hyperinflamma-
tion [118]. In type 1 diabetes and autoimmune diseases,
low-dose IL-2 has been utilized to induce Treg expansion.
There is only one clinical trial investigated the administra-
tion of low-dose IL-2 in hospitalized COVID-19 patients
with ARDS [119]. This trial has been completed, and results
are awaited (trial NCT04357444 registered at ClinicalTrials.-
gov). Additionally, abatacept (recombinant Fc-fused CTLA-
4 protein) could potentially influence innate cell activation,
such as monocytes and dendritic cells, and increase Tregs,
although research on Treg activity is limited and contradic-
tory [116, 120]. Moreover, abatacept could be an attractive
drug to reduce the hyperinflammation condition of severe
COVID-19 patients [121].

On the other hand, some studies showed that increased
Tregs are associated with inhibiting antiviral T cell responses
in the severe stages of COVID-19 [43]. Therefore, reducing
Treg levels or suppressing their activity could provide some
benefits to COVID-19 patients. In this context, there are some
potential strategies to reduce Treg levels or activities. These
include the use of monoclonal antibodies targeting Tregs
(e.g., anti-CD25 (LMB-2)), immune checkpoint inhibitors
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(e.g., anti-PD-1, anti-CTLA-4), TGF-β blockers to suppress
induced Tregs, and denileukin diftitox (DAB-IL-2, ONTAK).

There are some potential strategies to reduceMDSC activ-
ity. IL-6 blocker can partially elevate HLA-DR expression,
leading to decrease levels of M-MDSC in severe COVID-19
patients [99]. Moreover, expression of vitamin D receptor cor-
relates with the immunosuppressive activity of MDSCs [122].
The active form of vitamin D, 1,25(OH)2D, decreases the sup-
pressive action of MDSCs [122, 123]. Moreover, a clinical trial
reported that in hospitalized COVID-19 patients with acute
respiratory distress syndrome, administration of L-citrulline,
an endogenous precursor of arginine, for one week, decreases
the possibility of organ failure, compared to the placebo group
(trial NCT04404426 registered at ClinicalTrials.gov).

5. Perspective

It is evident that Tregs are different in patients with different
disease severities. Treg increase in the early stages of
COVID-19 could be one of the viral evasion mechanisms to
inhibit antiviral immune responses. Therefore, approaches to
target Tregs and reducing their suppressive activity could be
useful to restore antiviral immune responses, especially in
old patients with immune-compromised immunity. When
the disease progresses, Tregs are beneficial to inhibit inflam-
mation; however, Tregs are either reduced or nonfunctional
in the periphery or lung of severe COVID-19 patients; unfor-
tunately, this is part of the hard battle between the virus and
the immune system. It is important to exploit approaches
inducing or expanding Tregs in these patients to reduce
hyperinflammation and tissue damage.

Mechanisms of Treg reduction in peripheral blood of
severe COVID-19 patients are largely unknown, but migra-
tion of Tregs to the lung to inhibit inflammation and protect
tissue damage could be a potential mechanism. Another
mechanism could be Treg apoptosis because of deficiency
in Treg growth cytokines such as IL-2. There are no enough
strong studies with large number of patients reported on the
level and function of Tregs in the lung. One study found that
Tregs in the lung of severe COVID-19 patients downregu-
lated FoxP3 expression, and they were of a more activated
rather than a suppressive phenotype, which could induce
hyperinflammation and tissue damage [63].

Most available studies reported elevated levels of MDSCs
in severe COVID-19 patients. Identification of MDSC’s sub-
populations in severe versus mild or asymptomatic COVID-
19 patients is essential for prognosis and therapeutic target-
ing. MDSCs, by releasing ARG1, are a double-edged sword,
which inhibit T cell proliferation through decreasing L-argi-
nine, but also reduce SARS-CoV-2 replication. Further stud-
ies are needed to investigate MDSC subpopulations and the
effect of targeting them in severe COVID-19 patients.

6. Conclusions

Studies investigating Tregs in COVID-19 patients have
reported different results. Some studies reported that Tregs
were increased in COVID-19 patients and played a negative
role in the progression of the disease. Other studies reported

that the decreased levels of Tregs and increased response of
proinflammatory cytokines in COVID-19 could be associ-
ated with hyperinflammation and severe disease. However,
an early increase in inflammatory cytokines could be associ-
ated with faster viral clearance and early immune responses.
The balance between anti-inflammatory cells such as Tregs
and proinflammatory cells such as Th17 is critical to deter-
mine the clinical outcome in COVID-19 patients. Under-
standing the relationship between Tregs and inflammatory
cytokines could lead to discovering novel therapeutic
approaches in COVID-19 disease.

Different studies observed that alteration in MDSC levels
in the blood has been associated with disease severity. Fur-
thermore, there is a strong negative correlation between
M-MDSC frequency and lymphocyte levels in severe
COVID-19 patients, suggesting that M-MDSC might be
used to predict the severity and prognosis of COVID-19.
Moreover, different studies observed that the frequency of
G-MDSCs was higher in severe COVID-19 and might be
associated with lymphopenia and severity of the disease.
However, some studies found that MDSCs were expanded
as a response to inflammatory processes, which helped to
limit an overly aggressive and possibly damaging immune
responses by inhibiting several immune cells. In addition,
some researchers found that G-MDSCs, but not other
MDSC subgroups, exhibited temporary expansion in severe
COVID-19, which can reduce excessive inflammation dur-
ing severe COVID-19.

In conclusion, immune cells, including Tregs and
MDSCs, should be further studied as potential prognostic
biomarkers and therapeutic targets in COVID-19. Further
studies, including higher numbers of patients with mild
and severe diseases and validated protocols for identification
and measuring levels of Tregs and MDSCs, are required to
make stronger conclusions. Additionally, investigations on
patients receiving different types of COVID-19 vaccinations
are urgently needed to determine any changes in Treg and
MDSC levels in circulation following vaccinations, and
how these changes can correlate with the protective roles
of vaccines.
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