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Abstract: The COVID-19 pandemic has caused havoc all around the world. The causative agent of
COVID-19 is the novel form of the coronavirus (CoV) named SARS-CoV-2, which results in immune
system disruption, increased inflammation, and acute respiratory distress syndrome (ARDS). T cells
have been important components of the immune system, which decide the fate of the COVID-19
disease. Recent studies have reported an important subset of T cells known as regulatory T cells
(Tregs), which possess immunosuppressive and immunoregulatory properties and play a crucial
role in the prognosis of COVID-19 disease. Recent studies have shown that COVID-19 patients
have considerably fewer Tregs than the general population. Such a decrement may have an impact
on COVID-19 patients in a number of ways, including diminishing the effect of inflammatory
inhibition, creating an inequality in the Treg/Th17 percentage, and raising the chance of respiratory
failure. Having fewer Tregs may enhance the likelihood of long COVID development in addition
to contributing to the disease’s poor prognosis. Additionally, tissue-resident Tregs provide tissue
repair in addition to immunosuppressive and immunoregulatory activities, which may aid in the
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recovery of COVID-19 patients. The severity of the illness is also linked to abnormalities in the Tregs’
phenotype, such as reduced expression of FoxP3 and other immunosuppressive cytokines, including
IL-10 and TGF-beta. Hence, in this review, we summarize the immunosuppressive mechanisms and
their possible roles in the prognosis of COVID-19 disease. Furthermore, the perturbations in Tregs
have been associated with disease severity. The roles of Tregs are also explained in the long COVID.
This review also discusses the potential therapeutic roles of Tregs in the management of patients
with COVID-19.

Keywords: COVID-19; immune response; SARS-CoV-2; T regulatory cells (Tregs); long COVID;
therapeutics

1. Introduction

The so-called COVID-19 pandemic, which has caused severe damage to humankind,
was caused by the novel form of the coronavirus named SARS-CoV-2. The SARS-CoV-2
infection has shown variability in the prognosis of the COVID-19 disease, which can
cause flu-like symptoms, viral pneumonia, multiple organ damage, or acute respiratory
distress syndrome (ARDS) [1–4]. Comparing the SARS-CoV-2 infection to earlier coron-
avirus infections, one may see unique patterns of cellular and humoral immunological
abnormalities [1,4]. In the early and moderate phases, it may cause exhaustion of T cells,
dendritic cells (DCs), and natural killer (NK) cells; however, excessive stimulation of
such immune cells has been reported in severe instances, leading to a cytokine storm [5].
Cytokine storm has been proposed as the leading cause of death in COVID-19-infected
patients [1].

Interestingly, scientists are still unveiling the exact roles of immune cells in deciding
the secretion of a balanced number of cytokines and chemokines, which will be essential to
elicit the only required immune response despite an exaggerated immune response in the
form of uncontrolled release of cytokines and chemokines [4,6]. Numerous researchers hold
the view that adaptive immune responses, particularly cell-mediated immune responses,
are essential for limiting the SARS-CoV-2 infection by regulating the release of essential
cytokines and other anti-inflammatory proteins [6]. Furthermore, the rapid evolution of
SARS-CoV-2 into the diverge variants with a plethora of mutations makes scientists think
about the cell-mediated immune response seriously [7,8].

Strong T-cell responses have been associated with less severe outcomes in numerous
infections. Hyperactivation, however, can potentially have negative effects as the infec-
tion spreads [1,9]. Furthermore, in this context, several studies have linked increased
levels of effector molecules produced by CD8+ T cells with better clinical outcomes in
acute COVID-19 [10,11]. Increased activation of T cells has been linked to a negative
outcome of the SARS-CoV-2 infection [12], despite the fact that polyfunctionality peaks in
moderate sickness [11]. This suggests that excessive stimulation of immune cells may be
deleterious. Virus-specific T-cell responses in asymptomatic infection are characterized
by balanced secretion of anti-inflammatory and proinflammatory cytokines such as IL-10
and IL-6 as opposed to symptomatic disease, characterized by more polarized produc-
tion of inflammatory mediators [13–15]. The scientific community is clearly divided on
how many activations of immune cells, such as T cells and NK cells, are required. Such
contradictory disputes still exist even after multiple advancements in the field of cellular
immunology [14,15].
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A fine-tuned immune response is vital in determining the outcome of the SARS-
CoV-2 infection, and regulatory T cells (Tregs) have been proven to be crucial in con-
trolling the immune response, according to recent research on immune cells. Along
with CD4+ and CD8+ T cells, Tregs play a critical role in immunological tolerance and
balance [16,17]. Tregs are significant regulators of the inflammatory response. The
role of Tregs specific to SARS-CoV-2 in the progression of the illness is currently un-
known [17], but systemic inflammation and intense pneumonitis are the major clinical
manifestations of severe COVID-19 disease [17,18]. Additionally, virus-specific T-cell
responses, especially those of Tregs, have been shown to have an impact on tissue injury
in respiratory diseases [18].

Tregs are indeed key subsets of T cells that suppress the immune system. Recent
research has shown that COVID-19 patients have significantly fewer Tregs than the general
population. Such a decline may have an impact on COVID-19 patients in a number of ways,
including diminishing the consequence of inflammatory inhibition, creating an imbalance
in the Treg/Th17 ratio, and raising the risk of respiratory failure [13,19]. Treg-targeted
treatment may help COVID-19 patients with their symptoms and slow down the disease
development [19]. Importantly, it is still not clear whether the decline in Tregs in COVID-19
patients leads to a poor prognosis or whether the increased number of Tregs has beneficial
effects. Many scientists believe that a balanced amount of Tregs number is essential to
containing any adverse effects of severe infection of SARS-CoV-2 [19–21]. Additionally,
there are many ways that viral proteins can activate and change T cells. For example, a
drop in Foxp3 levels can induce the activation of Tregs or the death of Treg cells. The
expression of S-protein on the SARS-CoV-2’s surface is required for the invasion into the
host. Furin, a pro-protein convertase, activates the S-protein, and its T-cell-specific deletion
activity impairs FoxP3 and TBX21, which induce Treg development. CD4+ T cells are
hyperactivated in severe COVID-19 patients, although Foxp3 expression is suppressed.
Before developing into Tregs, a significant fraction of T cells get activated, multiply, and
expire quickly [19]. However, how S-protein and other viral proteins can lead to the
generation of specific Tregs is still unclear.

It is also worth noting that recent research has proposed that the pathophysiology of
COVID-19 may be influenced by changes in Tregs, important regulators of immunological
homeostasis, but how much change is required to induce a controlled secretion of cytokines
is yet to be uncovered. Severely infected patients with COVID-19 have shown unique Treg
phenotype and increased expression of its characteristic transcription factor FoxP3 [20,21].
Such Tregs have shown a distinctive transcriptional profile, with upregulation of a num-
ber of suppressive effectors as well as proinflammatory molecules, including IL-32, and
remarkable similarities to tumor-infiltrating Tregs that inhibit antitumor responses [20].
These characteristics were most obvious during acute, severe illness, and some of them
continued in recovering individuals. IL-6 and IL-18 may each contribute various aspects
of these COVID-19-linked perturbations, according to a screen for potential agents [20,21].
These findings imply that Tregs may have negative effects on COVID-19 by directly pro-
moting inflammation and inhibiting antiviral T-cell responses during the disease’s acute
phase [20–22].

Hence, the immunological cells such as Tregs, which are intended to moderate hyper-
activated immune responses, should be carefully considered to develop the therapeutic
modalities not only against SARS-CoV-2 but also for the other viral infections [1,3,20].
Therefore, this article focuses on the current knowledge of Tregs’ function in the modu-
lation of immune responses to COVID-19. Furthermore, insufficient research has been
conducted on regulatory T cells (Tregs) in patients with long COVID and recovering
COVID-19 patients [20]. Aspects of Treg function, such as cytokine production or sup-
pressive efficacy in long COVID, have not been investigated in any of the current clinical
studies [23]. Due to a dearth of studies addressing Tregs in these aspects, it is hard
to draw clear conclusions on the kind of Treg adaptations in long COVID and their
potential therapeutic involvement in long COVID management. In this context, we have
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uncovered recent information on the therapeutic potential of Tregs in the management
of COVID-19 and long COVID.

2. Immunoregulatory Functions of Tregs

Tregs are required to ensure immunologic homeostasis and self-tolerance and halt
exaggerated immunological responses. All these mechanisms are tightly controlled by the
balanced expression of the FoxP3 transcription factor. In human peripheral blood, Tregs
make up 10% of CD4+ T cells, and these CD4+ cells express specific markers such as FoxP3,
which enable their immunosuppressive activities [24,25]. Through a variety of effector
pathways, Tregs control the stimulation of several innate and adaptive immune system
pathways [20,21]. Additionally, specific “tissue Treg” populations regulate homeostasis in
a number of non-immunological tissues, reducing inflammation and encouraging orderly
tissue regeneration [20,26,27]. However, Tregs may also be harmful. This is best shown
by the fact that they inhibit powerful cytotoxic responses in tumors, where they take on
unique phenotypic characteristics [28]. On antiviral responses, they may potentially have
contradictory effects [20,29,30], which can lead to a higher viral load.

Previously, it has been reported that the co-transfer of Tregs cells can prevent
autoimmune disease in athymic nude mice [31]. Many studies have shown that FOXP3+
Tregs play an important role in maintaining fetal-maternal tolerance, oral tolerance,
transplantation tolerance, and mucosal tissue tolerance via various immune suppressive
pathways [30,32–35].

Before understanding the mechanisms by which Tregs imply their suppression, it is es-
sential to note that Tregs can be majorly divided into two categories, including thymic Tregs
(tTregs) and peripheral Tregs (pTregs) based on their site of morphogenesis or development.
The tTregs develop in the thymus from precursors of CD4+ helper T (Th) cells, whereas
peripheral Tregs (pTregs) differentiate from mature CD4+ Th cells in the periphery. Induced
Tregs (iTregs) are a third form of Treg that could be developed ex vivo using mature CD4+
Th cells by stimulating the T-cell receptor (TCR) and by administering TGF-beta [36]. It is
commonly acknowledged that the characteristic of Treg morphogenesis in humans is the
simultaneous expression of Foxp3 and IL-2 receptor alpha-chain (CD25) with a reduced
IL-7 receptor (CD127) expression [37] [Figure 1]. Surprisingly, numerous researchers have
shown that a low dosage of IL-2 may increase Treg number and function. Some recent
studies have revealed that a low dose of IL-2 may grow autologous Treg cells, which can be
used to treat a variety of inflammatory disorders [38].

The mechanisms by which Tregs suppress the immune response or regulate the
immunological processes can be divided into active and counteractive mechanisms [27].
The active mode involves the production of immune suppressive cytokines by Tregs,
including IL-10, TGF-beta, IL-35, and adenosine. At the same time, the counteractive mode
entails the removal of components essential for the activation and survival of effector
T cells, including peptide-MHC class II, CD80-CD86, and IL-2 [39–41]. Although the
exact immunosuppressive mechanisms that operate in vivo are not well understood, it is
generally agreed that activation of the Treg TCR occurs before suppressive action [27].
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osine, which coupled to the effector T cell’s adenosine A2A receptor and hindered effector 
T cells from being activated [43,44]. Consequently, by decreasing the expression of IL-6 
and increasing the synthesis of TGF-beta, the stimulation of the adenosine A2A receptor 
encouraged the development of Tregs [45]. Furthermore, Tregs may suppress the expres-
sion of the costimulatory molecules CD80 and CD86 on DCs [20,43]. Antigen-presenting 
cells (APCs) were unable to get activated as a result of Tregs’ production of CTLA-4, 
which decreased CD86 via transendocytosis [44,46]. Additionally, by increasing the ex-
pression of indoleamine 2,3-dioxygenase in DCs through CTLA-4-induced signaling, 

Figure 1. The schematic representation of the morphogenesis and development of Tregs. On the
basis of the development and their functional markers, Tregs have been classified into two major
categories thymic Tregs (tTregs) and peripheral Tregs (pTregs). Additionally, mature CD4+ Th cells
can be induced into Tregs by TCR stimulation.

Additionally, Tregs express CD39, which helps in the metabolism of ATP to AMP,
which in turn prevents dendritic cells (DCs) maturation due to the depletion of ATP [42].
Furthermore, co-expressed CD39 and CD73 on Tregs were able to convert ADP into adeno-
sine, which coupled to the effector T cell’s adenosine A2A receptor and hindered effector
T cells from being activated [43,44]. Consequently, by decreasing the expression of IL-6
and increasing the synthesis of TGF-beta, the stimulation of the adenosine A2A receptor
encouraged the development of Tregs [45]. Furthermore, Tregs may suppress the expression
of the costimulatory molecules CD80 and CD86 on DCs [20,43]. Antigen-presenting cells
(APCs) were unable to get activated as a result of Tregs’ production of CTLA-4, which
decreased CD86 via transendocytosis [44,46]. Additionally, by increasing the expression
of indoleamine 2,3-dioxygenase in DCs through CTLA-4-induced signaling, Tregs might
starve effector T cells [47,48], which in turn suppresses the immune response [Figure 2].
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Figure 2. The figure shows various immunosuppressive mechanisms used by Tregs to control the
immune system. Cells of both adaptive and innate immune responses are suppressed by Tregs
via either direct or indirect mechanisms. Tregs have the ability to generate TGF-beta, IL-10, and
IL-35, which have an inhibitory effect on T cells. This can lead to suppressed actions of Th1, Th2,
and Th17 type T cells. Due to the strong expression of IL-2 receptors, i.e., CD25, Tregs can cause
cytokine-deprived death of effector T cells. Additionally, the lack of IL-2 prevents natural killer cells
from multiplying and acting as effector cells. Tregs have been shown to directly affect B cells through
the PDL1/PD-1 interaction. Tregs can inhibit the macrophages by increasing CD80/CD86 expression,
which gets stimulated through CTLA-4. The proliferation of T effectors is decreased by the expression
of CD39 on Tregs, which mediates the conversion of ATP to adenosine and AMP. A2A receptors on
T cells get stimulated by AMP and hinder the activation of effector T cells. Additionally, the usage
of ATP and its conversion into AMP inhibits the activation of dendritic cells. Moreover, Tregs also
produce granzyme and perforin, which damage the T cells’ membrane, which in turn leads to cell
death or apoptosis.
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Aside from that, Tregs produced the lymphocyte activation gene 3 (LAG-3), which
competitively bonded to the major histocompatibility complex class II (MHC-II) and pre-
vented dendritic cells (DCs) from maturing [49]. The cytolysis of CD8+ T cells and NK
cells by Granzymes- and Perforin-dependent means constituted another significant Treg-
mediated suppressive pathway [41]. According to Gotot et al. (2012), in addition to
apoptosis caused by Perforin and Granzymes, programmed death-ligand 1(PD-L1) of
Tregs and programmed death-1 (PD-1) of autoreactive B lymphocytes interfere with the
proliferation and functionality of autoreactive B lymphocytes [50] [Figure 2].

3. Possible Roles of Tregs in COVID-19 Pathogenesis and Disease Severity

While the pandemic was at its peak, numerous studies have discussed the possible
connection between Treg and the severity of COVID-19. According to some studies, the
percentage of Tregs is rising, or their functional markers are being expressed more strongly
in severely infected patients with COVID-19 [51,52]. For instance, one recent research found
that severe COVID-19 patients had greater levels of CD25+ FOXP3+ Tregs among CD4+
T cells, increased FOXP3 expression, and elevated production of activated Treg markers
including KLRG1 and PD-1, all of which returned to normal levels in the recovering
individuals or convalescent patients [51]. Likewise, another recent observation found
that the number, multiplication, and expression of certain proteins of CD25+ CD127+
FOXP3+ Tregs increased, along with their growing suppressive activity, in severely infected
patients with COVID-19 [52]. Scientists discovered increased Tregs and Th17 cells as well as
decreased T-cell numbers in the bronchoalveolar lavage fluid (BALF) of COVID-19 patients
with ARDS [53].

In contrast to the healthy donor population and convalescent patients, the percentage
of CD25+ CD127− Tregs among all CD4+ T cells was found to increase significantly in
patients with persistent SARS-CoV-2 infection. Additionally, the increased expression of
CTLA-4 on Tregs was reported in patients with persistent antigen expression [54]. Intrigu-
ingly, most of the patients have been reported to have an increased number of naive Tregs
(CD45RA+ CCR7+). Additionally, central memory Tregs (CD45RA− CCR7+) with strong
expression of PD-1 were reported in the patients with COVID-19 [55]. Additionally, the
CD4+ FOXP3+ Tregs of the lung and PBMC showed a rising trend on day five after infection
in the nonhuman model of COVID-19 pathogenesis [56]. There has not been much research
done on the composition of T-cell subsets in SARS-CoV-2-infected convalescent patients.
Based on the number of days following RT-PCR confirmation of SARS-Co-V2 infection,
researchers calculated the lymphocyte absolute numbers, the frequency of memory T-cell
subsets, and the plasma levels of common gamma-chain in seven groups of COVID-19
patients. The findings demonstrate that CD4+ naive T cells, regulatory T cells, transitional
memory, and stem cell memory T-cell frequencies decreased from Days 15–30 to Days
61–90 and then remained steady. Conversely, CD4+ naive, transitional, and stem cell
memory T-cell frequencies declined from Days 15–30 to Days 61–90 and then decreased
again. Patients with severe COVID-19 had reduced lymphocyte numbers and frequency
levels; greater naive cells (Tregs); lower frequencies of central memory, effector memory,
and stem cell memory, and higher plasma levels of IL2, IL7, IL15, and IL21. As a result, the
research suggests that convalescent COVID-19 people had altered memory T-cell subset
frequencies, which will be clarified in the future [57]. Further investigations are needed to
confirm this idea, but it is possible that an increase in the cell percentage and the number of
functional indicators would result in higher Treg suppression, which can be detrimental to
COVID-19 patients [54,56] [Figure 3].
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Figure 3. The figure represents the Treg involvement in the pathophysiology of COVID-19. The
increased number of Tregs in severely infected patients can play deleterious effects by limiting the
antiviral effects of effector T cells. Additionally, the overly expressed FoxP3 in Tregs can lead to
excessive immunosuppressive activities, which lead to a poor prognosis of the disease. On the other
hand, the substantial decrease in the number of Tregs cannot alleviate the excessively stimulated
immune response in severely infected patients. Moreover, a balanced number of Tregs compared to
Th1/Th17 T cells and other immune cells can prevent the poor prognosis of the disease.

Considering the biphasic functions of Tregs throughout the SARS-CoV-2 infection, it is
still debatable how the fraction of Tregs in COVID-19 changed. The number of Tregs has
decreased in COVID-19 patients, according to many researchers. For instance, one study
found that the Th17/Treg ratio was substantially enhanced while the number of Tregs in
ICU-hospitalized patients was reduced significantly [58]. It is interesting to note that the im-
munomodulatory and immunosuppressive functions of Tregs isolated from severely infected
COVID-19 patients were found to be compromised. Another study found a comparable rise in
the Th17/Treg ratio in the PBMC of COVID-19 patients, which was associated with a negative
outcome and lower levels of TGF-beta and IL-10, cytokines that are important for Tregs [59]
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[Figure 3]. Additionally, a single-cell transcriptomic evaluation of viral antigen-reactive CD4+
T cells of patients with SARS-CoV-2 infection found that the percentages of SARS-CoV-2-
reactive Tregs, T follicular helper cells (Tfh), and cytotoxic T helper cells responsive to the
viral infection were enhanced in hospitalized COVID-19 patients [60].

Another comparative analysis reported a reduced number of Tregs in severely infected
patients with SARS-CoV-2 as compared to the patients with mild symptoms. It has been
concluded that the proportion of Tregs was negatively correlated with viral load, indicating
that lower Treg levels can be associated with a higher risk of illness, especially in hospitalized
patients with COVID-19 [61]. According to another study, individuals with severe COVID-
19 had a lower percentage of regulatory T cells (CD3+ CD25+) [62]. Another research that
evaluated the PBMCs of COVID-19 patients found that the Tregs ratio increased as the
disease progressed from moderate to severe but decreased as it progressed to critical [63].
This suggests that the Tregs underwent a dynamic shift as COVID-19 progressed.

Intriguingly, a study that examined the gene expression patterns of CD4+ T cells
of patients with SARS-CoV-2 infection discovered that CD25 was significantly upregu-
lated [63,64]. It is quite interesting to observe that the Tregs of severely infected patients
reported having a reduced level of master transcription factor (FOXP3+). The increased
level of FURIN appeared to be related to the increased level of CD25, which may facilitate
SARS-CoV-2 entry into lung epithelial cells and reduce the immunosuppressive activities
of Tregs in patients with poor disease prognoses. Tregs seem to have decreased during
the acute phase of the SARS-CoV-2 infection in children and returned to baseline after
recovery [64]. Surprisingly, a high-dimensional flow cytometry examination of the airways
of severely infected COVID-19 patients revealed decreased Treg frequency as compared
to healthy individuals [65]. This finding raises the possibility that the functionality of
tissue-resident Tregs, especially residential to lungs, was compromised in severely infected
patients with COVID-19. It is well-established that pro-inflammatory cytokines such as
IL-6 may cause Tregs to lose their stability in vitro [66]. Therefore, under the inflammatory
conditions brought on by COVID-19, high levels of IL-1, IL-6, and IL-23 may promote the
downregulation of FOXP3 [67], resulting in decreased functionality of Tregs.

Additionally, it was shown that COVID-19 patients’ Treg subset composition varied.
For instance, the research found that in adult patients with more severe illnesses, the ratio
of CD39+ Tregs in PBMCs increased, but in young patients, the ratio of CD39+ Tregs
dropped in an age-dependent way [68]. According to another research, only CCR4Hi Tregs
in hospitalized COVID-19 patients elevated, while total Tregs remained unchanged [69].
According to Chen et al. (2020), when compared to moderately infected COVID-19 pa-
tients, the severely infected subjects demonstrated a substantially decreased proportion of
CD45RA+ memory Tregs and a fractionally greater percentage of CD45RO+ naive Tregs,
implying that the proportion of Treg subsets may be able to anticipate the prognosis of the
disease cases [70]. Other research found a similar pattern, particularly in severely infected
patients with COVID-19, as compared to moderately infected ones [20,21].

According to reports, individuals who had COVID-19 and lymphopenia had a worse
prognosis; lower blood lymphocyte percentages suggested this [71]. Multiple possible
processes might be at work in lymphopenia. Additionally, via single-cell RNA-sequencing,
the SARS-CoV-2 RNA was also found in immune cells [72], and it has been postulated
that SARS-CoV-2 may have the capability of infecting Treg through ACE2-independent
receptors [30,73]. This can substantially affect the functionality of Tregs, which needs to
uncover in future studies.

Numerous studies have shown an increase in the percentage or quantity of Tregs in
COVID-19 patients (particularly those with the milder condition), but they have also found
a decrease in the amount of Tregs in the individuals. For instance, it has been shown that
severe COVID-19 patients had significantly fewer Tregs (CD3+ CD4+ CD25hi CD127lo
FoxP3+) in their PBMCs [60,74,75]. Single-cell research revealed that FoxP3 expression was
noticeably lower in severe COVID-19 patients, despite greater expression of CD25 [76]. In
PBMC generated from COVID-19 patients receiving ICU care, recent research looked at
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Tregs and discovered a sharp fall in the proportion of Tregs along with lower production of
FoxP3 and inhibitory cytokines such as IL-10 and TGF-beta [59] [Figure 3].

Furthermore, Mohebbi et al. (2020) also reported the reduced expression of important
markers such as CD25 and FOXP 3 in Tregs of severely infected patients with COVID-19
as compared to healthy donors [75]. It is important to consider that following SARS-CoV-2
infection, the number of Tregs (CD3+ CD4+ CD25+) considerably decreased throughout
the development of infection and symptoms [21]. Scientists are still figuring out the reasons
behind the increase in the number of Tregs in moderate conditions of infection and then rapidly
decreased as the infection progressed. In adults and children with severe COVID-19, the
fraction of Tregs was observed to be lower in other studies as well [60,64]. Such data suggest
that the excessive inflammation and pathophysiology of COVID-19 may be responsible for a
decreased number of Tregs as well as enhanced Th17 responses. Additionally, recent research
found that patients with COVID-19 had higher proportions of Tregs (characterized by the
presence of CD3+ CD4+ CD25+ markers) and higher levels of FoxP3 expression by Tregs,
which were associated with a poor prognosis of the disease [20]. Such Tregs are reported
to secrete a range of immunosuppressive molecules along with inflammatory cytokines
such as IL-32, which in turn can limit anti-viral T-cell responses, simultaneously increasing
inflammatory responses in severely infected patients with COVID-19 [20,21].

It is important to note that certain investigations, such as those in cancer patients
infected with SARS-CoV-2 [77], did not notice any variation in the number of Tregs in the
peripheral blood of COVID-19 patients [78]. Additionally, many other studies could not
conclude the exact change in the number of Tregs in severely and moderately infected
patients with SARS-CoV-2 [20,21]. As a result, there is still debate around recent data on
the absolute and relative numbers of Treg cells in COVID-19 patients [21]. This is likely
due to the various parameters employed to identify Tregs and the fact that the observation
was taken at various phases of the illness [21,22].

Moreover, the patients with reduced or less amount of Tregs along with the low con-
centration of master regulator FoxP3 were reported to have less severe outcomes of the
SARS-CoV-2 infection. Importantly, there are possibilities that these Tregs are advantageous,
especially in regulating the cytokine storm that can be severe without the immunosuppres-
sive activities of such Tregs [21]. Nevertheless, insufficient cell numbers made it impossible
to directly evaluate their immunosuppression capabilities [79]. Contradictorily, the in-
creased number of Tregs and increased expression of FoxP3 and other effector molecules
can interfere with the antiviral response of immune cells such as cytotoxic T cells (CD8+)
in the severe phase of the infection [80] [Figure 3] as compared to the initial phase of
the infection which in turn can lead to the secondary re-expansion of disease [20,79,81].
However, the exact reasons behind such a shift are yet to be resolved clearly. However, this
can be associated with enhanced levels of FoxP3 and other Treg effector molecules along
with phenotypic similarities with the immunosuppressive tumor Tregs [20,21].

It is also quite fascinating since the wide community of scientists suggests that Tregs
during the SARS-CoV-2 infection get activated, suggesting their immunoregulatory or
immunosuppressive activities to prevent immune cells of both innate and adaptive im-
mune response from damaging self-tissues mainly by limiting the excessive release of
pro-inflammatory cytokines and chemokines [20,82]. However, it is also possible that in the
early stages of infection, a greater proportion of activated Tregs might weaken the immune
system’s ability to fight off viruses such as SARS-CoV-2 [9,20]. The excessive production of
pro-inflammatory cytokines that causes ARDS, however, may be caused by a decrease in
the number of Tregs with compromised functions in severe instances or later stages of the
illness [21]. However, a significant amount of research has been done in this field; these
ambiguities are yet to be resolved with non-human or human models to understand the
immunological response to SARS-CoV-2.

4. Perturbations in Tregs and Disease Severity

A significant number of variations in the phenotypic characteristics of Tregs have been
reported in severely infected patients with COVID-19, along with increased FoxP3 expression
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with a unique transcriptional pattern that is very similar to tumor Tregs [83,84]. A broad
range of transcriptional patterns have been observed in Tregs, which includes an elevation
of interferon-stimulated genes, and these changes have been reported in various other viral
infections. However, unusual cell proliferation and heightened effector functions, including
ENTPD1, LAG3, and LRRC32, have been observed in Tregs of severely infected patients
with COVID-19. Among many of the increased “Severe COVID-19 Treg Signature” (SCTS)
transcripts are several members of the tumor necrosis factor (TNF) receptor family, which
play crucial roles in Treg function and homeostasis [84,85]. Additionally, increased expression
of CXCR3 has been observed in the Tregs of severely infected patients with COVID-19 [85].
CXCR3 receptor for binds to CXCL10 chemokine (member of the CXC chemokine family) to
exert its biological effects. CXCL10 has been shown to be a key biological marker modulating
illness severity and may be used as a prognostic marker for a number of disorders [86].

Recent findings raise two very important questions. First, where do such perturba-
tions/variations come from? They are not brought on by infecting Tregs with viral particles.
Since none of the treatments given to these individuals are correlated with the Treg features,
they seem to be unrelated to therapeutic interventions [20,87]. The immunologic environ-
ment in such individuals is more likely to be the cause of the phenotypic changes, which is
unique to Tregs since Tconvs are much less labeled [87,88]. Additionally, TCR-mediated
stimulation is unlike to stimulate the phenotypic changes, given the extensive impact on
Tregs in the single-cell data [88], which presumably transcends clonotypic specificity, and
the significant loss of Nur77 (NR4A1) [20].

Previous findings indicate that a number of variables are involved, namely IL-6 and
IL-18 (although other variables may also be involved), each of which contributes to a
different feature of the disturbed Treg phenotype. Since IL-6 is often considered a Treg
antagonist and prevents FoxP3 expression by TGF-beta/IL-2 in culture, its effect in this
situation first seems counterintuitive [89]. Recent research has provided a more nuanced
picture of the role of IL-6 in Treg cells, showing that it is necessary for the development of
the RORγ+ Treg subsets and may enhance their suppressive properties [90–92]. Tregs with
effective inhibitory functionality is considerably more prevalent in transgenic mice with
persistently higher serum IL-6 concentrations [93], as the recent findings found perturba-
tions in Tregs of rheumatoid arthritis patients, which might play an important role in the
clinical manifestation of the disease [94]. Hence, direct evaluation of Tregs from the lungs
of COVID-19 patients would have been beneficial.

Additionally, there are other cytokines, such as IL-18, which determine the phenotypic
and functional characteristics of Tregs. IL-18 signaling from epithelial cells to Tregs is
necessary for defense against colitis in the RAG transfer paradigm, and it has been shown
that IL-18 promotes Treg reparative activity through amphiregulin [95,96]. Recent research
suggests that Notch4 and IL-18 signaling work together to regulate pro-reparative effects in
Tregs [97]. A subfraction of Tregs with a preference for thymus-homing exhibits the IL-18
receptor predominantly [98]. Recent research suggests that IL-18 has a larger influence on
Treg cells than only pro-reparative pathways, including a greater range of Treg effector
activities that are represented in module M5 (typical Treg transcripts, such as TNFRSF18
or LRRC32) [20]. Additionally, circulating Tregs from patients with severe COVID-19
exhibit decreased amphiregulin expression, suggesting that some of IL-18’s effects may be
mitigated by other COVID-19 cytokine storm components [20,21].

Second, it is important to note that, these abnormal Tregs contribute to the phys-
iopathology of COVID-19. Patients who had lower levels of FoxP3, fewer Tregs, and less
severe SCTS did better, which brings up the traditional problem of inferring causality from
the association. However, it might be possible that these Tregs are advantageous, regulating
a cytokine storm that would not have been as bad without their extraordinary contribution.
In context to this, a recent investigation on CD8+ T cells from the same patients revealed a
lack of SARS-CoV2-reactive cells in the blood throughout the acute stage, which supports
this theory [51,99]. However, in the absence of FoxP3 expression, Tregs have been shown to
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have pro-inflammatory properties [100], which can be detrimental. Hence, it is difficult to
conclude the exact roles of Tregs’ perturbations during the SARS-CoV-2 infection.

Asymptomatic COVID-19 patients, along with controls, were examined in a recent
study for the expression levels of CTLA4 on the Tregs. CTLA4 is an important immunosup-
pressive activity marker. The research found that CD45RA+FoxP3+ resting Tregs, activated
Tregs, and total Tregs dynamics all were identical [101]. A further investigation examined
the surface expression of the Treg inhibitory marker CD127. When compared to healthy
donors, they discovered that the expression of CD127 was considerably downregulated in
both moderately and severely infected patients with COVID-19. Severely infected patients
who recovered afterward were reported to have decreased levels of CD127 on Tregs [70].

Recently, Benamar et al. (2023) have brought attention to the fact that Multisystem
Inflammatory Syndrome in Children (MIS-C) develops in certain pediatric patients after
acute infection with SARS-CoV-2 via unidentified pathways. They have demonstrated
that Tregs in MIS-C were destabilized through a Notch1-dependent pathway, while acute
COVID-19 severity and outcomes were previously associated with Notch4 expression on
Tregs. Due to dominant-negative mutations in the Notch1 regulators NUMB and NUMBL,
which result in Notch1 overexpression, patients with MIS-C displayed enrichment of un-
common detrimental variations impacting the inflammatory and autoimmune pathways,
according to genetic analyses [102]. Tregs that had been stimulated by Notch1 signaling
produced CD22, which was then destabilized by mTORC1 and promoted systemic inflam-
mation. These findings suggest unique immunological checkpoints regulated by individual
Treg Notch receptors that influence the inflammatory outcome in SARS-CoV-2 infection
and reveal a Notch1/CD22 signaling pathway that affects Treg function in MIS-C [102].
These studies suggest that additional studies are required to uncover the vast number of
variations/perturbations in the Tregs of severely infected patients with COVID-19.

5. Tregs Association with Long COVID

According to Guan et al. (2020), the clinical manifestations of SARS-CoV-2 infection
vary from asymptomatic/mild illness to severe pneumonia and respiratory distress syn-
drome, which may eventually result in death [103]. It has been noted that COVID-19
could encompass multi-system comorbidities, such as thrombotic events, vasculitis, and
myocarditis, despite the fact that most patients only perceive mild symptoms such as fever,
sore throat, breathing difficulties, loss of smell and taste, or cough [104,105].

Apart from the above-mentioned manifestations of the COVID-19 disease, severe
immunopathology has been considered an important characteristic in various cases. The
poor prognosis of the SARS-CoV-2 infection or the multiple organ damage is specifically
associated with defective T-cell-mediated immune response, which is characterized by ex-
cessive proinflammatory cytokines, reduced number of lymphocytes, and newly developed
or worsened autoimmune response [23,106]. According to a recent observational cohort
research, one in eight individuals who caught COVID-19 is thought to have symptoms
that last longer than the acute symptomatic period [107]. The World Health Organization
(WHO) describes these sequelae, also known as “long COVID” in common usage today, as
a post-COVID-19 condition that typically manifests three months following a confirmed or
suspected SARS-CoV-2 infection and includes a group of new-onset, prolonged, or varying
ailments that persists for at least two months [108]. According to several studies, the most
prevalent symptoms in this situation include exhaustion, breathlessness, post-exertional
malaise, chronic cough, headache, muscle aches, tachycardia, concentration deficits, and a
decreased quality of life [23,109–111].

Numerous possibilities are now being discussed; however, it is still unclear what patho-
physiological pathways contribute to the emergence and progression of long COVID. More-
over, Merad et al. (2022) proposed that immunopathological mechanisms, including systemic
inflammation with viral persistence, post-viral autoimmune response, microbiome dysbiosis,
and unrepaired tissue damage, may be involved in the pathogenesis of long COVID [112].
Accordingly, it has been shown that impacted individuals show a considerable increase in the
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number of inflammatory markers when compared to those who have recovered, suggesting a
hyperactive and disrupted immune response, especially consisting of T cells [113,114]. But
the interesting fact is that only a few studies have been done on the involvement of Tregs in
patients suffering from long COVID or recovering patients from long COVID. Tregs can be
important components of the immune system that may control and fine-tune autoimmune
responses, promoting immunological homeostasis in the long COVID [23].

Recent investigations examined the percentage of Tregs among CD4+ cells in patients
who still have COVID-19 symptoms and contrasted these to seronegative controls and
COVID-19 survivors [115–117]. The patients who were part of the long COVID group
reported a wide range of symptoms, including headaches, palpitations, insomnia, myalgia,
fatigue, and shortness of breath. It has been postulated that Tregs can play important roles
in the progression of long COVID. Contradictory findings were seen in the two trials that
examined individuals who had persistent symptoms almost a year after the illness. A
recent study found that patients with long COVID have more than two times the number of
Tregs as compared to the fully recovered subjects from COVID-19 [115]. At the same time,
a contradictory observation has recorded a considerable decrease in Tregs concentration in
patients with long COVID [117]. The proportions of Tregs expressing FoxP3 were recorded
in more than 100 patients with long COVID and found to have a reduced number of Tregs
compared to the seronegative controls [116]. However, apart from the change in number,
none of these studies investigated the immunosuppressive activities of Treg cells.

The above studies that collected various samples of blood while recovering from COVID-
19 provide additional evidence for the aforementioned; they found that the intensity of Tregs
displayed by subjects at the second and third follow-ups seemed to be comparable to the
frequency of seronegative subjects than it was during the first analysis [118–120]. In addition,
FoxP3 expression was upregulated in the Tregs obtained from the recovering patients [58].
Although the recruited participants recovered from asymptomatic infections, which may
have initially caused less severe Treg alterations, as suggested by other studies [19,23], the
relevance of this discovery is still unclear. Accordingly, convalescent patients did not exhibit
considerably different Treg levels from acute non-hospitalized subjects [20,121].

The lack of research examining Tregs in a particular cohort makes it impossible to draw
any definitive inferences on the kind of Treg adaptations in long COVID [23]. Nevertheless,
these investigated analyses revealed that Treg dysregulations/perturbations persist in long
COVID patients even years after their original SARS-CoV-2 infection [115]. Furthermore,
other comparative studies found a higher and lower proportion of Tregs among CD4+
cells in patients with residual symptoms compared to recovered subjects [23]. The number
of cells was found to be comparable in terms of the time elapsed from disease onset to
follow-up sampling [23,115].

It is important to keep this in mind while understanding such findings because long
COVID is a heterogeneous and multidimensional condition with a variety of clinical
signs [122]. Previous studies have hypothesized that long COVID may include a num-
ber of symptoms and various sub-diagnoses, many of which have no immunological
basis [123–125]. It is plausible that Treg dysregulation leads to a long COVID-associated im-
munopathology in numerous ways, as a particular pathophysiological mechanism cannot
explain the post-acute consequences of COVID-19 [23,125]. Further, it becomes increasingly
clear that long COVID is not a single diagnosis but rather a group of illnesses with various
pathophysiology components. Therefore, it may be considered that the abovementioned
studies looking at long COVID depicted a mix of distinct illnesses considering the variety of
symptoms shown by the recruited individuals [20,23]. Additional research should explore
whether Treg frequencies and the Th17/Treg ratio are correlated with certain symptom
combinations, as previously suggested, or with laboratory variables like immunological
status, cytokine levels, or autoantibody titers [23].

6. Tregs-Based Therapies and Their Therapeutic Potentials

Many studies have implied that Tregs play a protective role by regulating the ex-
aggerated immune response reported in severely infected patients with COVID-19. The
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deleterious consequences associated with the uncontrolled release of cytokines in severely
infected patients with COVID-19 may be managed by using Tregs’ immunosuppressive
capabilities [21] [Figure 4].
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Figure 4. The figure shows the therapeutic potential of Tregs by suppressing the exaggerated immune
response. SARS-CoV-2 infects the lung epithelial cells by entering through ACE2 receptors. SARS-
CoV-2 infects lung epithelial cells by using ACE2 receptors. As viral RNA enters the cell, it activates
endosomal and cytoplasmic sensors, including TLR3/7 and MAVS. Further, these endosomal and
cytoplasmic receptors activate IRFs and NFkB, resulting in the production of inflammatory cytokines
such as interferons (IFN). Dendritic cells acquire antigen before migrating to lymphoid organs to
activate adaptive immunity. Following the recognition of antigens on antigen-presenting cells (APCs)
or infected cells, CD8 T lymphocytes trigger apoptosis. Additionally, the viral antigens present to
the T cells through antigen processing. Antigen processing is the process through which APCs,
such as dendritic cells and alveolar macrophages, endocytose and kill the SARS-CoV-2 virus. MHC
proteins then express antigen fragments on the cell membrane, enabling T lymphocytes to identify
them. The overstimulated T cells and APCs in severely infected patients lead to excessive secretion of
cytokines/chemokines, which leads to lung damage and ARDS. The balanced concentration of Tregs
can suppress the exaggerated immune response through its immunoregulatory and immunosuppres-
sive activities. In this context, recent studies suggested the beneficial effects of the adoptive transfer
of Tregs in severely infected patients, which is yet to be approved for its clinical safety.
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A potential cellular therapeutic approach for the management of autoimmune dis-
orders and graft-versus-host disease is adoptive Treg transfer [126]. It is crucial to note
that earlier research has shown the efficacy of such an intervention in several preclinical
ARDS models [127]. Additionally, according to mouse models, the transfer of Tregs may
increase the chance that a mouse infected with coronavirus-induced encephalitis would
survive and decrease the amount of cardiac fibrosis that the virus causes [128]. Ex vivo
expanded Treg cells may therefore be able to restore Treg balance in patients with decreased
Treg activity brought along by SARS-CoV-2 infection and subsequently lessen the severity
of life-threatening symptoms by reducing excessive inflammation and suppressing the
uncontrolled release of cytokines/chemokines [21] [Figure 4].

The effectiveness of the adoptive transfer of Tregs derived from allogeneic HLA-
matched umbilical cord was reported, which provided directions for the implementation
of the adoptive transfer of Tregs to manage COVID-19 [129]. In this research, intravenous
allogeneic cord blood-derived Tregs were given to two severely infected patients having
ARDS. The patients were given tocilizumab and vasopressors, while only the first patient
received hydroxychloroquine and broad-spectrum antibiotics before receiving therapy
with Tregs [21,128,129]. The circumstances of both patients significantly improved after
two rounds of cell infusion, which was associated with lower levels of proinflammatory
cytokines such as IL-6, TNF-alpha, IFN-gamma, IL-8, IL-12, and MCP-4 in the blood.
Interestingly, there were no symptoms of an infusion reaction, a resurgence of inflammatory
response, or any additional negative repercussions [129].

Hence, the infusion of Tregs derived from cord blood can be an effective therapeutic
intervention to manage severely infected patients with COVID-19. Another current clinical
study (NCT04468971) is evaluating the effectiveness and safety of Tregs usage in the man-
agement of COVID-19 patients [130]. Additionally, hybrid Tregs having characteristics of
TREG/Th2 cells are being investigated in another clinical investigation to alleviate the in-
flammatory response in severely infected patients showing the symptoms of multiple organ
damage [130]. These hybrid cells have shown the capability to reduce the inflammatory
response and mediate a beneficial impact on respiratory tissues [130,131].

Circulating soluble IL-2 receptor concentrations have been shown to be higher in
severely infected patients with COVID-19 [131,132]. By lowering the bioavailability of IL-2
to Treg cells, soluble IL-2 receptors may limit the development of Treg cells in COVID-19
patients [131]. Previous research has shown that in vivo administration of low-dose IL-2
was able to precisely stimulate Treg expansions in patients with type 1 diabetes and graft-
versus-host disease [133,134]. Such investigations led to the registration of a clinical trial to
examine the effectiveness of low-dose IL-2 in the management of COVID-19 patients with
ARDS [124]. Additionally, a recent study reported that the administration of recombinant
IL-2 (rIL-2) might significantly enhance the frequency of lymphocytes, including Tregs, in
the peripheral blood [135]. Additionally, after receiving rIL-2 therapy, the concentration
of CRP dropped [135], which may contain the deleterious consequences of severe viral
infection.

Additionally, a phase 3 clinical research (NCT04724629) investigating the effectiveness
and durability of treatment using IL-2 or an inhibitor of IL-17 has just been filed for patients
with COVID-19. Nevertheless, clinical observation revealed that patients with severe
and critical conditions had higher levels of soluble IL-2R. This led to the development of
soluble IL-2R as a biomarker for early detection of severe COVID-19 and for estimating
clinical progression [30,136,137]. An elevated concentration of soluble IL-2R may be able to
scavenge IL-2, indicating that low-dose IL-2 therapy was not the best course of action for
treating COVID-19 [138]. According to reports, an anti-human IL-2 (hIL-2) antibody may
change the ratio of effector T cells (Teff) to regulatory T cells (Treg) when it is attached to
hIL-2 [139].

In a mouse model of experimental autoimmune encephalomyelitis (EAE), the IL-2
monoclonal antibody JES6-1 selectively expanded Tregs and reduced inflammation [140].
Autoimmune disorders and inflammatory conditions are caused by an imbalance of Tregs
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vs. other immune cells in living organisms. A JAK 1/2 inhibitor called ruxolitinib has
been shown to boost FOXP3 abundance and Treg frequency while decreasing Th17 fre-
quency [141]. Ruxolitinib therapy in the Phase I/II study for COVID-19 was finished
in 2021. According to recent research, the transitory breakdown of Treg tolerance may
stimulate DCs and cause them to produce an effective adaptive immune response against
SARS-CoV-2 [142]. Therefore, balancing Tregs and DCs may be a potential approach for
treating COVID-19 [30].

Additionally, several small-molecule-based medications that potentially enhance Tregs
activity may be employed to stave off the cytokine storm brought on by severe viral infec-
tion. Recently, it has been discovered that the GSK3 inhibitor SB216763 might improve the
suppressive effect of hiTregs by increasing the release of IL-10 and reducing proinflamma-
tory iTregs [143]. Another research proposed GSK3 inhibition as a viable treatment strategy
against SARS-CoV-2 [144]. Tregs formation required the PI3K-Akt-mTOR signaling path-
way [145]. In the treatment of Type 1 diabetic patients, rapamycin, an inhibitor of mTOR,
promotes the development of Tregs, simultaneously inhibiting the growth of effector T
cells [146,147]. In this context, rapamycin therapy has the ability to stop the excessive
release of cytokines/chemokines in severely infected patients with COVID-19 [148].

Furthermore, a metabolite of vitamin A called all-trans retinoic acid (atRA) has been
shown to decrease the de novo production of Th17 from naive CD4+ T cells and to pro-
mote the development of Tregs from naive CD4+ T cells [149,150]. AtRA might preserve
the stability and functionality of nTregs in an inflammatory environment in addition to
controlling the balance of Tregs/Th17 [151]. By suppressing 3CLpro activity, AtRA was
also found to have antiviral effects against SARS-CoV-2 [152].

Treg-based treatment has the possibility of using antigen-specific TCR, which might
be guided in the direction of a desired antigen [153]. In animal models of Type 1 diabetes,
arthritis, and transplantation, TCR-Tregs could be grown ex vivo and performed better
than polyclonal Tregs [154–156]. TCR-Treg treatment may offer benefits of a lower dose
but greater effectiveness and has therapeutic benefits in COVID-19 patients by attacking a
distinct antigen of SARS-CoV-2 [30]. Another tactic is the use of CAR-Tregs, which may
attach to tissue-specific self-antigens and focus on suppressive activities on the location
of the illness [157]. In several preclinical models, such as experimental autoimmune
encephalomyelitis and experimental allergic asthma, CAR-Treg treatment has been shown
to be effective [158–160]. CAR-Treg treatment for renal transplantation is currently the
subject of Phase I/II investigation. Despite receiving a lot of interest in treating tumors
and a number of autoimmune illnesses, COVID-19 has not yet been treated with CAR-Treg
therapy. Potential uses for CAR-Treg in the treatment of SARS-CoV-2 are made possible by
its capacity to generate immunological tolerance [30].

Furthermore, CTLA-4, which is an important functional marker of Tregs, has been
studied to manage COVID-19. The stimulatory receptor CD28’s ligands CD80 and CD86
interact with CTLA-4 and lessen co-stimulatory signals for T-cells via boosting trans-
endocytosis and the degradation of two ligands [46]. Abatacept, a recombinant Fc-fused
form of CTLA-4 protein, has been used for many years as an immunotherapy for a variety
of autoimmune illnesses since it has been shown to interfere with T-cell signaling and
stimulation [138]. A clinical study using Abatacept for the treatment of COVID-19 patients
was just finished and reported beneficial effects in reducing the inflammatory response.

Recently a clinical study employing the combination of Abatacept and the COVID-19
vaccine was conducted by the University of Alabama. Abatacept may reduce the persis-
tence of viral infection and result in milder symptoms, according to an epidemiological
study [161]. This implies that the use of CTLA-4-based therapy can be an effective approach
to managing patients with COVID-19. TGF-beta, an immunoregulatory molecule generated
from Tregs, is also thought to be a target for SARS-CoV-2 therapy in addition to CTLA-4.
According to Vaz de Paula et al. (2021), TGF-beta may have a role in both the fluid balance
of the lung and the development of lung fibrosis [162]. In order to prevent the establishment
of inflammation in the lungs, inhibiting TGF-beta by neutralizing and eliminating TGF-beta
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using antibodies and/or TGF-beta inhibitors becomes a potential strategy [163], and this
can be employed in the management of COVID-19 patients with severe lung damage [164].

A range of studies consisting of COVID-19 patients showed that Notch4 expression
was elevated on Tregs and correlated with illness severity, death, and healing. In viral
respiratory illnesses, such as SARS-CoV-2 and influenza, the Notch4-amphiregulin nexus
has been discovered as a presumed target of treatment [165,166]. In order to stabilize
FOXP3 expression and further control the development and function of Tregs, the pathway
of Notch4 and Notch ligand delta-like ligand 4 (DLL4) is discovered to elevate H3K4me3
around the foxp3 locus [167]. The above information shows that disturbing or interfering
along the Notch4-DLL4 axis can be a potential therapeutic approach to treat COVID-19.
It is also important to remember the multiple functions of FOXP3+ Tregs during viral
infection [168,169]. Prior to Treg-based treatment, it is important to thoroughly understand
the continuous fluctuations of Tregs, especially their percentage, suppressive function, and
FOXP3 stability during various phases of COVID-19 [30,170].

7. Conclusions and Future Perspectives

It has been shown that virus-specific T-cell responses, particularly those of regulatory
T cells (Tregs), affect tissue damage in respiratory illnesses. Tregs have been shown to
play an important role in the pathogenesis of COVID-19 because of their wide range
of immunosuppressive activities. Tregs inhibit not only the cells of the innate immune
response, such as dendritic cells, natural killer cells, and macrophages, but also the cells
of the adaptive immune response, including B and T cells. One of the most important
aspects of Tregs in COVID-19 is their capability to limit the excessive release of cytokines
which is the major reason for mortality and morbidity in COVID-19 patients. Increases in
Tregs have been discovered to be a critical feature during the early stages of SARS-CoV-2
infection because they may reduce CD8+ T cells’ ability to mount an effective antiviral
immune response, which can have a negative impact on COVID-19 disease prognosis.
Nevertheless, Tregs have been found to be decreased or non-functional in severely infected
patients with COVID-19. According to many studies, Tregs were elevated in COVID-19
patients and were detrimental to the disease’s development. Contradictorily, cytokine
storm or exaggerated immune response has been linked to lower Treg levels, which leads
to a poor prognosis of the disease. It is currently unclear how the proportion of regulatory
T cells in COVID-19 changed, particularly when taking into account the biphasic roles of
Tregs during the course of the SARS-CoV-2 infection. Tregs are helpful in suppressing
inflammation as the illness advances. Hence, to re-establish antiviral immune responses,
strategies that target Tregs and lessen their suppressive activity may be helpful, particularly
in elderly individuals with immuno-compromised immunity. It is essential to make use of
methods that either induce or enlarge Tregs in these individuals in order to bring down the
level of hyperinflammation and tissue damage.

Severely infected individuals with COVID-19 have also been shown to have alter-
ations in the phenotypic traits of their Tregs, as well as elevated FoxP3 expression and a
distinct transcriptional pattern that is strikingly similar to that of tumor Tregs. In severely
infected patients with COVID-19, typical cell growth and enhanced effector functions,
particularly ENTPD1, LAG3, and LRRC32, have been noted. Scientists are still figuring
out the precise relevance of such perturbations in the Tregs of severely infected patients.
Additionally, why such perturbations arise is yet to be resolved. Interestingly, the roles
of Tregs have been studied in patients with long COVID. Recent analysis has revealed
that Treg dysregulations/perturbations persist in long COVID patients even years after
their original SARS-CoV-2 infection. However, the exact roles are still not clear. However,
there is no doubt that several studies reported the positive results of several Tregs-based
therapeutic interventions. The effectiveness of the adoptive transfer of Tregs has been
reported to alleviate the disease severity. Additionally, a low dose of IL-2 has been found
to be effective in the generation and stimulation of Tregs in severely infected COVID-19
patients. Many studies have reported the potential uses of CAR-Treg in the treatment
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of SARS-CoV-2. Furthermore, many small molecules have been found to induce Tregs,
which can alleviate the cytokine storm. While many studies have shown the therapeutic
potentialities of Tregs-mediated therapies, it is essential to study the effectiveness of Tregs
in detail. Tregs should be investigated further as possible treatment targets and prognostic
indicators in COVID-19. To draw firmer findings, more research is necessary. This research
should include more patients with moderate and severe disorders as well as proven tech-
niques for Treg characterization and Tregs’ concentration measurement. Likewise, studies
on individuals who received various COVID-19 immunizations are desperately required to
ascertain if Tregs in blood fluctuate after vaccinations and whether these alterations may
link to the beneficial effects of immunizations.
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