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Severe coronavirus disease 2019 (COVID-19) caused by the Severe Acute Respiratory Syndrome coronavirus 2
(SARS-CoV-2) is characterized by an unpredictable disease course, with variable presentations of different organ
systems. The clinical manifestations of COVID-19 are highly variable ranging from mild presentations to severe,
life-threatening symptoms and the wide individual variability may be due to the broad heterogeneity in the
underlying pathologies. There is no doubt that early management may have a major influence on the outcome.
This led the scientists to search for ways to monitor disease progression or to predict outcomes in COVID-19.
Although it is not yet possible to predict who will progress to the severe forms or in what time, numerous
prospective and longitudinal studies represent the evidence for determining the potential immunological risk
factors of COVID-19 critical disease and death. The kinetics and breadth of immune responses during COVID-19
appear to follow a trend which is consistent to the predominant pathological alterations. Recent publications
have used these biomarkers to help identify patients who will develop the severe acute COVID-19. Of particular
interest is the relationship between the kinetics of peripheral leukocytes and clinical progress of the disease in
COVID-19. Although research is ongoing in this area, we present details about the current status of the evalu-
ation. Understanding of the COVID-19 related alterations of the innate and adaptive immune responses may help
to promote the vaccine development and immunological interventions.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a
new member of the Coronaviridae family, comprising of the alpha- and
beta-coronaviruses that are considered to be mammalian pathogens and
the gamma and delta-coronaviruses which mostly infect birds [3]. Beta-
coronaviruses have been responsible for prior outbreaks of respiratory
infections in humans with coronaviruses such as SARS and Middle East
respiratory syndrome (MERS) in the years 2002 and 2012, respectively.
SARS-CoV-2 belonging to the beta-coronaviruses is markedly different
from other coronaviruses with 79.5% nucleotide sequence similarity

with SARS and to a less extent (60% similarity) with MERS [4]. Although
SARS-CoV-2 share some homology in genomic and phenotypic charac-
teristics with the related SARS and MERS viruses, it has been noticed
that the pathology of the disease due to SARS-CoV-2 exhibit some
distinct features with high risk of person-to-person transmission and
widespread prevalence [5].

SARS-CoV-2 infected patients show typical pneumonia and develop
complications that might result in death due to massive lung damage
and progressive respiratory failure [6]. Clinical manifestations of SARS-
CoV-2 infection include spectrum of asymptomatic or mild illness to
severe condition with pneumonia, acute respiratory distress syndrome
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(ARDS), and multiorgan dysfunction [7]. It has been reported that SARS-
CoV-2 patients with mild symptoms tend to have a better overall
outcome after one week, while the patients with severe infection have an
elevated risk of progression to acute lower respiratory infection leading
to respiratory failure and/or multi-organ dysfunction syndrome and
death [8]. According to the reports from the Chinese Center for Disease
Control and Prevention, from a total of 44,500 confirmed infections the
vast majority (80%) of cases had mild disease experiencing either mild
pneumonia or no complications, 14% of the patients exhibited a docu-
mented severe disease and 5% developed critical illness (defined as
having respiratory failure, multi-organ failure or systemic shock) [9]. It
is assumed that approximately 20-30% of hospitalized patients with
COVID-19-associated pneumonia may ultimately require intensive care
unit (ICU) support [10,11].

A key question for hospitalized patients with COVID-19, then, is how
immune responses alter over time in the course of COVID-19. Complete
and comprehensive clinical assessment focusing on the immunological
characteristics is fundamental to the appropriate selection of treatment
for the patient groups and for reliable analysis of experimental results
[12,13]. A proper comprehension of viral immunopathogenesis may
help with earlier management of the severe complications and clarify
the best approach in managing this disease and better monitoring of the
treatment response as well as clinical course [14,15]. With this review,
we aim to contribute to the understanding of the clinical spectrum of the
infection resulted from SARS-CoV-2 by summarizing the kinetic changes
in immune-cell populations at systemic level during the course of illness
in mild, moderate and severe conditions.

2. The kinetics of lymphocyte subsets in the peripheral blood
during COVID-19

2.1. Total lymphocytes and neutrophil counts

Following infection with COVID-19, circulating neutrophils increase
in numbers while total lymphocyte counts decrease. Studies show a
correlation between the degree of lymphopenia and severity of the
SARS-CoV-2 infection [16]. The study of 41 hospitalized cases in Wuhan
revealed that the proportions of patients with elevated neutrophils, and
decreased lymphocyte counts were statistically different in patients of
ICU vs. non-ICU care and the severity of these adverse events positively
correlated with disease severity and fatal outcome in COVID-19 patients
[17]. In the fatal cases of SARS-CoV or MERS-CoV, prolonged ongoing
inflammation, part of which includes increased neutrophil, is consis-
tently observed [18,19]. Higher neutrophil counts can be useful to
discriminate between those who develop ARDS and those without ARDS
by the findings that the COVID-19 cases with pneumonia who had
developed ARDS showed elevated levels of neutrophils in peripheral
blood than did those without ARDS [20]. Increased neutrophil count
followed by a further activation of neutrophils leads directly to the
release of chemokines and cytokines contributing to cytokine storm.
Neutrophilia is also defined as a risk factor associated with ARDS pro-
gression to death among COVID-19 patients [20,21]. Of particular in-
terest is the evidence that though the lymphocyte count was correlated
with the development of ARDS in SARS-CoV-2, it was not associated
with death. Patients might protected from developing ARDS, but not
from death by increased frequency of CD3+ and CD4+ T-cells [20].

Together with the disease improved condition, the lymphocyte count
returns to normal, which is most contributed by the enhancement of
both CD4+ and CD8+ T cells whereas NK- and B cells stably remain in
reduced counts [22]. In a retrospective cohort study of patients who
were hospitalized with COVID-19 in Wuhan, China, significant higher
numbers of lymphocytes were found in survivors versus non-survivors,
among whom severe lymphopenia was observed until death, suggest-
ing that patients with lymphopenia had a high risk of death. Alterna-
tively, leukopenia showed the opposite trend, being more prevalent
among survivors (20%) than non-survivors (9%) [23]. It has been
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documented that over activation of innate immune responses can be
suppressed by the T-cell responses during viral infection [24,25]. Thus,
one hypothesis is that a loss of T cells in the course of SARS-CoV-2
infection may participate in worsen inflammatory responses, while T
cell number restoration may resolve inflammation [26]. In line with this
assumption are the results of an analysis of lymphocyte responses
indicating a reverse correlation between the changes of T cell counts and
the cytokine kinetic alterations in peripheral blood of severe COVID-19
patients [16]. Still, there is a lack of overlap between the associations of
fatality with lymphocyte counts in different studies, possibly because of
limited patient populations in most studies. Thus, larger cohort studies
are warranted to further define the disease risk factors and clinical
characteristics. What is clearly demonstrated by the above mentioned
data is that the vast majority of patients with severe diseases have
lymphopenia [27,28]. Other studies also confirm the kinetic alterations
of various leukocyte subsets and demonstrate the use of aforementioned
criteria as prognostic parameters for the severe course of the COVID-19
infection [16]. Recent researches have reported other prognostic factors,
besides the degree of increase in neutrophils and decrease in lymphocyte
counts, such as the ratio of neutrophils to different lymphocyte subsets
[29]. A recent study in a 40-patient cohort identified neutrophil-to-
lymphocyte ratio (NLR) and neutrophil-to-CD8+ T cell ratio (N8R) as
independent factors to predict the incidence of severe disease in COVID-
19 patients [16].

The mechanism underlying the observed lymphocyte reduction is
still not clarified. One prevalent hypothesis has been the activation-
induced cell death of lymphocytes by apoptosis induced by Fas/Fas
ligand pathway as well as effects of TNF-related apoptosis-inducing
ligand (TRAIL) [30]. In addition, there is some evidence that SARS-CoV-
2 can directly infect lymphocytes, particularly T cells, that initiate or
provoke cell death and thus would eventually result in lymphopenia
[31-34]. There may also be lymphocyte trafficking and sequestration in
the infected tissue induced by cytokine storm [35] considering that the
majority of the infiltrating adaptive immune cells in the lungs from se-
vere COVID-19 patients are likely T cells [36].

2.2. CD4+ and CD8+ T cell responses

T cells are the main mediators of cell-mediated adaptive immunity
which function in the killing of cells that are affected by a virus or a
tumor [26]. There exist two principal populations of T cells, the CD4+
helper T (Th) cells and the cytotoxic CD8+ T cells. CD8+ cytotoxic T
cells through a variety of effector mechanisms, which include perforin,
granzyme, and interferons (IFNs) are principally responsible for elimi-
nating viruses from the host body [37]. Successful virus elimination also
depends on CD4+ T cells helping cytotoxic T cells and B cells [38,39]. At
present, however, significant reduction in total lymphocytes is part of
routine blood analysis in COVID-19, variations in the lymphocyte subset
counts is not clearly known. Research into lymphocyte subsets is of great
value to ensure immune system functionality [40]. Cell-mediated im-
munity involving T cells generates efficient antiviral responses against
SARS-CoV-2 [41]. COVID-19 patients have shown deficient T-cell re-
sponses, related to both qualitative and quantitative perturbations of T-
cell subsets [42]. In a cohort study of 452 patients, CD4+ T cells counts
were reduced below normal levels in laboratory-confirmed COVID-19
patients, and the decrease was more evident in the severe cases. By
contrast, no significant changes were observed in the numbers of CD8-+
T cells of the infected patients in the cohort proposing a role for dysre-
gulated immune responses in COVID-19 pathogenesis.

SARS-CoV-2 infection may also have adverse effects on lymphocyte
homeostasis independent of the absolute numbers of major T cell sub-
sets. Different from that reported earlier, Zheng et al. observed that the
absolute numbers of major circulating leukocytes in both mild and se-
vere/critical patients with COVID-19 remained similar to healthy group
[42]. Surprisingly, in that study, IL-6 and TNF-a plasma concentrations
failed to reach statistical significance among the three groups. However,
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Fig. 1. The alterations of peripheral blood immune
indices in different stages of the COVID-19 disease.
There is a specific trend of changes in immune system
effectors which is maintained from early infection to
severe lethal stages of the disease. Neutrophil counts
and the ratios of neutrophils to lymphocytes and to
CD8+ T cells pursue an obviously increased pattern
in COVID-19 patients who progress to the advanced
stages of the disease. However, total lymphocytes and
the number of CD4+ and CD8+ T cells tend to
decrease from the early to severe stages. ARDS; Acute
j§, respiratory distress syndrome, Neu; Neutrophil, NLR:
=S Neutrophil to lymphocyte ratio, N8R; Neutrophil to
CD8+ T ratio.

Death

Mild

the perturbed T cell response was shown in that study by focusing on
molecules concerned with activation and regulation of T cells. Accord-
ingly, TNF-a and IFN-y levels in CD4+ T cells were found lessen in the
severe group compared to those in the mild group, whereas the higher
amounts of cytotoxic mediators granzyme B and perforin were detected
in CD8+ T cells from the severe patients compared to those of the mild
group [42], which is in consistent with a recent case report [43].
Furthermore, CD8+ T cell subset showed a higher activation state with
an increased expression of activation molecules HLA-DR and TIGIT in
severe cases than mild cases, whereas these molecules showed no dif-
ference in CD4+ T cells. Functional and phenotypic characterization of T
cell subsets indicated that the proportion of non-functional (IFN-y —
TNF-a — IL-2—) CD4+ and exhausted (PD-1 — CTLA-4 — TIGIT—) CD8+
T cells was significantly higher in the severe group than that in the mild
and healthy groups [42]. In another study, similar data were obtained
for CD8 molecule of the T-lymphocyte subgroups which showed the
protein expression of CD8 was increased by mean fluorescence intensity
(MFI) analysis of COVID-19 infected patients; whereas, MFI of CD4
marker revealed a non-significant change in patients compared to the
healthy group [41]. Collectively, these results highlight that COVID-19
in the fatal course of the disease is associated with impaired CD4+ T
cell function and excessive activation of CD8+ T cells that may lead to
exhaustion and thus appear similar to chronic infections [43]. More
importantly, CD3+ CD8+ T-cells <75 cells pL ! has been reported to be
a reliable predictor for identifying high risk of death in COVID-19
pneumonia cases [44]. Parallel analyses of CD4+ and CD8+ T cell
populations identified a decline in CD3+ CD8-+ T-cells, but not CD3+
CD4+ T-cell, in the circulation in deceased patients compared to sur-
vivors [44]. Clearly, CD8+ T cell response holds the key for successful
viral control and do protect against SARS-CoV-2 virus [45]. Thus, as
suggested by another research group, identification of relatively reduced
frequency of CD4+ and CD8+ T cell on admission has been linked to a
worse prognosis [46]. Levels of CD4+ and CD8+ T lymphocytes,
together with other markers, have potential to serve as routine labora-
tory biomarkers for diagnosis and severity prediction of COVID-19 in the
clinic due in part to the increasing number of outcome studies that have
validated the significance of lymphocyte detection [14]. As shown in
Fig. 1 there exist continuing alterations in the immune response com-
partments over time from mild COVID-19 illness to severe ARDS causing
death in some cases.

'
Severe

Several lines of evidence have consistently indicated that although
COVID-19 illness affects the population of peripheral blood CD4+ and
CD8+ T lymphocytes [48], the ratio of CD4+ T/CD8+ T may not be
influenced significantly [41,48]. Based on experience with 249 cases of
mild type, 45.5% of COVID-19 patients suffered from reduced CD4+ T
cells, and 92.8% of the patients showed the T CD4+/T CD8+ ratio in the
normal range [48]. Another related abnormality is the inconsistent
count and function of T cells in COVID-19 patients [49]. A recently
published study enrolling 65 COVID-19 patients demonstrated that
lymphocytes were in a hyper function state with higher percentages of
IFN-y-producing CD4+ and CD8+ T cells in severe and extremely severe
patients than those in mild stage. Moreover, the increased IFN-
y-producing ability of T cells were simultaneous with a substantial
decrease in total numbers of CD3+ T cells, CD4+ T cells, and CD8+ T
cells [49]. This discrepancy provides evidence that robust adaptive
immune responses exist in the final stage of COVID-19 patients.

The findings also suggest that a COVID-19-related dysregulated im-
mune mechanisms exist, that consist of an increased naive CD4+ T-cell
subpopulations and smaller populations of memory T cells as well as a
higher naive to memory cell ratio [50]. Bronchoalveolar lavage fluid
(BALF) analysis has shown higher proportion of CD8+ T cells in mild
patients than the severe patients. Increased clonal expansion of CD8+ T
cells is observed in mild cases highlighting the role of CD8+ T cells
recruited from blood and recovered in BALF [51]; this may reflect the
importance of virus-specific CD8+ T cells in viral clearance in mild to
moderate COVID-19 illness, as in influenza virus infection [45].
Assessing the functional status of T cell subsets is becoming increasingly
important in identifying the disease course of COVID-19 patients. These
T cells have been analyzed functionally (by gene expression analysis)
regarding production of effector molecules and the results show high
levels of effector molecules in CD8+ T cells [45]. As noted, patients
infected with 2019-nCoV display a cytokine signature associated with
activated T-helper-1 (Th1) cell responses. The infection also initiates the
boosted production of Th2 type cytokines IL-4 and IL-10 anti-inflam-
matory cytokines that suppress inflammation [11]. This effect is in
contrast to the previously documented modulatory effects of SARS-CoV
infection in Th2 response which does not enhance the Th2 pathway
[52].
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Fig. 2. Clinical manifestations associated with Th2 immune responses in critically ill COVID-19 patients. Severe or critical COVID-19 infection do enhance Th2
immune pathways which is associated with clinical symptoms including shortness of breath, gastrointestinal symptoms (eg, diarrhea, vomiting), pulmonary

interstitial fibrosis, and basophilia/eosinophilia.

2.3. Th1/Th2/Th17/Tfh responses

Initially, Th1 cells are important in defense against viral infection by
producing cytokines and inducing the CD8+ T cell, neutrophil, and
macrophage immune responses. Relying on previous studies, an early
increase in CD8+ T cells and a predominance of Thl responses have
been reported in MERS-CoV infection. The proven key role of Thl re-
sponses in SARS-CoV and MERS-CoV infections supports the important
role of Th1 cells in SARS-CoV-2, as well [53,54]. In advanced or severe
stage of SARS-CoV-2 infection, a low number of T helper subsets (Th1,
Th2, and Th17) has been reported [50]. It is thought that Th1 response
accompanied by Th17 cell immunity crucially contribute to aggravate
the inflammation, disease severity, and multi-organ damage by driving
cytokine storm following the production of proinflammatory cytokines
[55-57]. As expected, the elevated proportions of the Thl and Th17
cells, as crucial inflammatory effectors, were found in severe COVID-19
cases. In severe COVID-19 patients, a large amount of inflammatory
immune cells like Th1 cells and monocytes, which infiltrate into pul-
monary circulation, are substantially responsible for cytokine storm,
inflammation, immune system disturbance, and severe lung pathology
[43,58,59].

Accordingly, Zhou et al. showed that immediately after the onset of
SARS-CoV-2 infection, CD4+ cells become active and differentiate into
Th1 cells, leading to the release of inflammatory cytokines (GM-CSF and
IL-16), which in turn activate monocytes and neutrophils. It has been
found that the above mentioned mechanisms elicit the inflammation and
progression of the disease to a severe condition [58]. In a study by
Grifoni et al. the secreted cytokines were measured to determine the
CD4+ T cell polarization and function against SARS-CoV-2. Based upon
the findings, it seems that T cells were polarized to Th1 type due to the
considerable production of IFN-y than IL-4, IL-5, IL-13, or IL-17A cyto-
kines [60]. As the same findings, GM-CSF+ and IL-6+ CD4+ T cells were
in an increased percentage in ICU-admitted patients with severe pneu-
monia when compared to non-ICU cases and healthy individuals.
Pathogenic Th1 cells expressing the IFN-y and GM-CSF cytokines, were
found only in ICU-admitted COVID-19 patients, but not in non-ICU and
healthy subjects [58]. Confirming the important role of Thl cells in
inflammation and SARS-CoV2 pathogenesis, Neidleman et al. reported
the higher expression levels of T-bet transcription factor and IFN-y in
COVID-19 patients, mostly in severe cases, which approved the differ-
entiation and activation of Thl cells in the course of the disease [61].
This claim has been also proven in other studies showing that the

overexpression of IFN-y is associated with the upregulated Thl re-
sponses in COVID-19 patients [60,62]. These data propose the critical
role of Thl cells in the induction of hyper-inflammation and disease
progression in severe SARS-CoV-2.

Th17 cells have been identified as inflammatory immune cells that
produce proinflammatory cytokines, such as IL-17, IL-21, IL-22, and
GM-CSF to defense against extracellular bacterial and fungal pathogens
[63]. In the course of infections, the presence of IL-1p and IL-18, and
lack of IL-12 induce the IL-17 production, which elicit the CD4+ T cell
differentiation into Th17 cell [64,65]. During the SARS-CoV-2 infection,
IL-1p and TNF-a provoke the responses of circulating peripheral Th17
cells, which play a role in generating cytokine storm and inflammation
[55]. Additionally, overexpression of the IL-6 and IL-23 cytokines during
the infection may explain the enhanced level of Th17 cells [43,58]. Th17
responses contribute to neutrophil and macrophage recruitment as well
as the induction of inflammation derived from cytokine storm. It is
noteworthy that Th17 may have a dominant immune response in pul-
monary pathogenesis of severe COVID-19 patients with ARDS by relying
on the increased levels of IL-1p, IL-8, IL-17, G-CSF, and GM-CSF cyto-
kines as well as a neutrophil count during the infection [66-69]. The
results of another study on a COVID-19 patient who died from a severe
stage of the disease showed the enriched levels of CCR4+ CCR6+ Th17
cells in the peripheral blood of patients, which supported the inflam-
matory role of Th17 cells in SRAS-CoV-2 infection [43]. Similarly,
elevated frequency of Th17 cells and IL-17 cytokine were detected in the
circulating peripheral blood of severe COVID-19 patients which resulted
in cytokine storm, pulmonary edema, and ARDS [43,70].

It is found that the dominant responses of Th17 in the course of
COVID-19 occur as a result of host immune system disability in recog-
nizing the viral infection as well as its misleading by the virus. Increased
proportions of Th17 cells were previously reported in MERS-CoV and
SARS-CoV infections, which support the upregulation of Th17 responses
in SARS-CoV-2, as well [71,72].

It is well established that Th2 cells as a distinct subset of CD4+ T cells
direct the immune responses against extracellular pathogens [73]. Un-
like the available information on Th1 and Th17 responses in COVID-19,
the pathologic role of Th2 cells is not clarified. In a study on severe
hospitalized COVID-19 patients receiving intensive care, the cytological
signals of Th2 immune responses were observed in patients character-
ized by basophilia, degranulated eosinophils, eosinophilia as well as T
cytotoxic lymphopenia. On the other hand, in severe COVID-19 patients
requiring intensive care, it was found that the immune system tends to
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shift the responses toward Th2 cells to control the infection by the
contribution of macrophages and T cytotoxic cells. It may be associated
with antigen cross-reactivity, the type of antigen presenting cells (APCs)
with which T cells interact, patient viral load, and Thl and T cytotoxic
breakdown [74]. This can also be explained by the observation of
gastrointestinal symptoms and dyspnea in up to 30% of SARS-CoV-2
infected patients, which are considered to be the defense mechanisms
of Th2 cells [75,76]. In addition to the production of IFN-y, IL-1f, MCP-
1, and IP-10 cytokines in SARS-CoV-2 infection that confirm the sub-
stantial immunopathological role of Thl cells, IL-10 secretion was also
detected in patients explaining the role of Th2 responses in COID-19
[52]. Interestingly, the enhanced levels of the anti-inflammatory cyto-
kines like IL-4 and IL-10 in severe COVID-19 cases compared to those in
moderate stage documented the upregulated Th2 responses and pul-
monary interstitial fibrosis in the course of the disease [77]. Fig. 2 shows
the spectrum of clinical manifestations and adverse events associated
with Th2 immune responses in severe cases of COVID-19.

Follicular helper T (Tfh) cell, a T cell helper subset, activates the B-
cell responses and induces the antibody production. Greater number of
circulating Tfh cells has been reported after vaccination and in viral
infections. A study conducted on 32 COVID-19 patients revealed that the
proportions of cytotoxic Tth cells, as well as cytotoxic T helper cells
(CD4- CTLs), were considerably enriched in the severe stage of disease
when compared to the mild stage and healthy controls. Moreover,
overexpression of Tfh-relevant cytotoxicity-associated transcripts,
including PRF1 and GZMB were found in these cases, which justify the
increased responses of Tfh cells. Moreover, it was found that the cyto-
toxic function and B cell destruction in severe COVID-19 patients
correlate with an increased level of Tfh cells [78].

2.4. T regulatory (Treg) cell responses

Since regulatory T cells are important elements in dampening im-
mune response, the elimination of these cells could result in enhanced
innate immune activity leading to uncontrolled inflammatory response
[79]. As in many viral diseases, maintaining the balance between anti-
viral immune functions and inflammation derived from cytokine storm
is critically needed in SARS-CoV-2 infection. Results show that although
the proportion of total Treg is comparable between the severe and
moderate COVID-19 patients, severe cases show a remarkably reduced
proportion of CD45RA+ naive Tregs (nTregs) as well as a slightly
upregulated proportion of CD45RO+ memory Tregs (mTregs) [74,75].
According to a comparison of 32 severe and mild 2019-nCoV patients
using the large-scale single-cell transcriptomic analysis of viral antigen-
reactive CD4+ T cells, there were a reduced number of Treg cells in
severe illness [38]. It suggested that the dysregulated immune system
has a defect in the production of immunosuppressive SARS-CoV-2-
reactive Treg cells in the severe stage. In another study, the dysregu-
lated immune system was investigated in a cohort of 452 COVID-19
patients. Findings revealed the reduced percentage of Tregs (CD3+
CD4+ CD25+ CD127low-) in COVID-19 patients, particularly in severe
cases, which resulted in aggravated inflammation, disease severity, and
lung injury [67]. In addition, Duerr et al. introduced the CD8/Treg/
monocyte ratio to be used as a progression parameter for cardiac
involvement in COVID-19 [80]. That ratio was found to be related to an
inadequate immune response associated with myocardial inflammation.
That study showed that patients who developed respiratory failure or
died had a high CD8/Treg/monocyte ratio, but a low ratio was found in
COVID-19 patients being admitted with pericardial effusion (PE) who
survived and those without PE [80]. To date, inconsistent findings have
been reported in terms of the increased or decreased levels of Tregs
during the SARS-CoV-2 infection, which needs further investigation to
determine their exact role [67,81,82].

Life Sciences 277 (2021) 119503

3. How innate immune responses against SARS-CoV-2 change in
different stages of COVID-19

3.1. NK cell response

Natural killer (NK) cells are known as vital innate immune cells in
the first line of defense against viral infections. Alterations in NK cell
responses have also been reported in COVID-19 cases due to the
disturbance of immune system balance. Based upon studies on SARS-
CoV-2, the decreased number of peripheral NK cells has been detected
in the severe groups compared to the mild ones, as well as healthy in-
dividuals [56,83-85], which is consistent to the published results in
SARS-CoV [86]. Mechanistically, increased expression level of CXCR3
ligands as well as the enriched number of CXCR3-ligand-producing
monocytes in lung tissue of COVID-19 patients support the NK cell
recruitment from peripheral blood into the lungs, which partly explain
the decreased levels of NK cells in the peripheral blood [87,88]. In SARS-
CoV-2 infected patients, NK cells mostly appear with mature CD16+
KIR+ CD56dim phenotype, displaying the cytotoxic function [89].

According to Zheng et al. study [83], a significant reduction in the
absolute count of NK and CD8-+ cells was found in SARS-CoV-2 patients.
Functional exhaustion of NK and CD8+ cells, along with the over-
expression of the NKG2A inhibitory receptor were detected in 2019-
nCoV patients compared to healthy subjects. Comparatively, the per-
centage of NK cells was noticeably downregulated in severe disease
patients when compared with those in mild illness and healthy controls.
The proportions of IFN-y + NK, TNF-a + NK, IL-2+ NK, and CD107a +
NK cells were found to reduce in COVID-19 patients, as well. Altogether,
these findings suggest the lower count and functional exhaustion of NK
cells in the course of SARS-CoV-2 infection. Interestingly, down-
regulated expression of granulysin, Ksp37, CD107a, and granzyme B,
and impaired secretion of IFN-y and TNF-a, predict the decrease and
dysfunction of circulating NK cells in severe 2019-nCoV patients
[83,84].

In a similar study, Wen et al. reported the alterations of the periph-
eral blood mononuclear cells (PBMCs) in the early and late recovery
stage (ERS and LRS, respectively) of COVID-19 patients and healthy
controls [56]. Accordingly, a lower population of NK and T cells was
found in both ERS and LRS patients in comparison with healthy groups.
Noteworthy, a higher level of NK cells was detected in LRS patients than
those in ERS. Some other studies evidence a remarkably diminished
proportion of NK cells in severe cases of COVID-19 than mild patients
and healthy subjects [10,50,85,90]. Contrarily, scRNA-seq analysis of
BALF manifested a higher percentage of NK cells in mild and severe
COVID-19 patients than controls, which supported the peripheral NK
cell trafficking into the lungs [45]. Collectively, it has been found that
the functional exhaustion and lower level of peripheral NK cells relate to
the dissemination of SARS-CoV-2 to other organs, and to their trafficking
into lungs, which accounts for the inflammatory condition, ARDS, and
disease progression. Some opposite reports indicated that the frequency
of CD16+ CD56+ NK cells had no significant discrepancy between mild
and severe COVID-19 cases [16,91]. Since various results indicate that
the number of NK cell is heterogeneous in COVID-19 patients as well as
in different stages of the disease, further studies are required to deter-
mine the exact role of these cells in immunogenicity and immunopa-
thogenesis of SARS-CoV-2 infection.

3.2. Neutrophil responses

Neutrophils, as other innate immune cells, play a critical role against
infections like SARS-CoV-2. Since neutrophils are gradually upregulated
in the peripheral blood circulation of COVID-19 patients during the
disease progression and severity, they can be considered as a disease
severity predictor [92]. In a study on 44 mild- and 17 severe or critical
COVID-19 cases, a significant increase in the absolute number of blood
neutrophils and neutrophil-to-lymphocyte ratio (NLR) was detected in
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severe patients that those in mild stages [84]. It has also been found that
the elevated level of NLR is concerned with poor prognosis and severe
condition of patients, which could be considered as a precise predictor
factor of disease severity and prognosis [16,84,93].

Of note, neutrophils producing Neutrophil extracellular traps
(NETs), which are known as extracellular webs of DNA/histones, also
intensify the inflammatory responses in severe cases of COVID-19. NETs
have been demonstrated to play a role in cytokine release syndrome,
coagulopathy, excessive thrombosis, cystic fibrosis, respiratory failure,
ARDS, and multi-organ injury. Myeloperoxidase (MPO)-DNA and
NETosis with cell-free DNA were frequently found in severe SARS-CoV-2
illness [94,95]. Moreover, Liu et al. [16] and Li et al. [96] found that the
severe or critical COVID-19 patients had a considerable higher count of
neutrophils and NLR, increased pro-inflammatory cytokines, and lym-
phopenia compared to mild cases or healthy subjects. Similarly, another
study reported the upregulated levels of activated neutrophils in ARDS
and ventilated-COVID-19 patients when compared with unventilated
cases and healthy subjects. Of interest, overexpression of chemo-
attractants for neutrophil recruitment in the course of COVID-19 sug-
gests the importance of granulocytes in disease pathogenesis and
severity [29]. It is worth noting that greater levels of CXCL-2 and CXCL-8
lead to neutrophil attraction into infection sites, which subsequently
exacerbate the pulmonary inflammation [97]. Some other related
studies also reported the increased levels of total neutrophils or NLR in
cases with severe illness compared to non-severe patients and controls.
In line, an augmented number of neutrophils were also reported in se-
vere or lethal SARS-CoV or MERS-CoV patients [18,19].

3.3. Monocyte responses

Dysregulation of monocyte and macrophage populations have also
been reported in the course of the disease. Due to the ACE2 expression
on monocytes and macrophages, they are infected by SARS-CoV-2
leading to the activation of proinflammatory genes; whereas, ACE2
expression is downregulated in peripheral blood monocytes [98,99]. In
COVID-19 infected patients, activated monocytes in peripheral blood
are responsible for the disease severity and poor prognosis, character-
ized by the expression of CD11b, CD14, CD16, CD68, CD80, CD163, and
CD206 markers, as well as producing the IL-6, IL-10, and TNF-a cyto-
kines [98]. Intriguingly, the considerable association was discovered
between these peripheral activated monocytes and hemophagocytic
lymphohistiocytosis syndrome in COVID-19 patients, which may elicit
the cytokine storm and disease progression [100].

According to a published report, scRNA-seq analysis in PBMC sam-
ples provided evidence of the monocyte alterations and revealed an
elevated ratio of classical CD14+ monocytes in the early recovery stage
of 2019-nCoV patients compared to healthy controls. However, it was
normal in late recovery stage patients. Additionally, a higher level of
CD14++ IL-1p + and IFN-activated monocytes was discovered in early
and late recovery patients compared to control group [56]. In this
context, Zhou et al. [99] demonstrated the significant greater counts of
IL-6-producing CD14+ CD16+ inflammatory monocytes in ICU-
admitted COVID-19 patients with severe condition. Some other studies
illustrated that CD14+ monocyte expressing the HLA class II genes was
considerably  downregulated in severe COVID-19 patients
[67,84,85,101]. Additionally, Zhang et al. revealed that the frequency of
classical monocytes (CD14++ CD16-) was decreased in COVID-19 pa-
tients compared to healthy individuals; whereas, intermediate
(CD14++ CD16+) and non-classical (CD14+ CD16++) monocytes were
found in elevated levels. Their findings also showed a significantly
higher level of activated IL-6 and TNF-a secreting monocytes in severe
COVID-19 patients, which increased the ICU admission risk. Contrarily,
better prognosis and recovery were observed in patients with a normal
proportion of monocytes [98].

The role of peripheral blood monocytes in inflammation and pro-
gression of SARS-CoV-2 disease have also been evaluated. In this regard,
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Guo et al. [102] reported the noticeable enriched presence of a unique
subpopulation of monocytes expressing PHLDA2, ETS2, and NFIL3 in-
flammatory genes in severe COVID-19 cases compared to the recovery
stage cases and healthy controls, using the scRNA-seq data. Moreover, it
has been found that monocytes are involved in inflammatory storm and
disease progression. On the other hand, monocytes could interact with
CD4+ T cell and plasma cells, which strongly induce the inflammation
during the severe stage of the disease. Similarly, increased frequency of
inflammatory monocytes producing IL-6 and GM-CSF cytokines were
detected in COVID-19 patients with the severe condition [58]. By
contrast, Wilk et al. [84] showed a remarkable decreased levels of
CD16+ monocytes, as well as a strong shift in cell phenotype into
CD14+ monocyte, in severe cases, mostly in ARDS patients. However,
no significant higher expression levels of proinflammatory cytokines by
peripheral blood monocytes were found in severe COVID-19 cases. To
accurately determine the monocyte alterations in the course of SARS-
CoV-2 infection, further information is required.

3.4. Macrophage responses

Macrophages are important innate immune cells producing the in-
flammatory cytokines such as IL-1, IL-6, and TNF-a in COVID-19, which
result in cytokine storm and lung injury in severe illness. Macrophages
show variations during the various stages of the COVID-19. In addition
to monocytes expressing ACE2, CD68+ and CD169+ macrophages also
express ACE2, which have been found in the spleen and lymph nodes of
2019-nCoV cases. These macrophages and other ACE2 positive myeloid
cells can be targeted by SARS-CoV-2 [64].

Thus far, contradictory results of macrophage alteration have been
reported in COVID-19 cases. According to Autopsy reports of COVID-19
cases, the accumulation of inflammatory macrophages was evidenced in
lung tissue [103]. As an example, Zhou et al. indicated the non-
significant enhance of macrophages (MO, M1, and M2) in the lungs of
2019-nCoV patients compared to healthy subjects [104]. Contrarily,
Liao et al. reported that COVID-19 patients in severe stages with ARDS
had enriched levels of inflammatory monocyte-derived FCN1+ macro-
phage in the bronchoalveolar lavage fluid than those in mild stages.
Additionally, they found that in severe cases, inflammatory monocyte-
derived macrophages and SPP1+ macrophages were greater than mild
ones. In return, alveolar macrophages were predominantly greater in
mild cases and controls [45]. Based on the evaluation of mononuclear
cells in BAFL and peripheral blood of SARS-CoV-2 cases, increased
production of IFN-induced protein 10 (IP-10) and Monocyte Chemo-
attractant Protein-1 (MCP-1) revealed the tendency of macrophages to
traffic toward the sites of infection in lungs [97]. In the same subject, it
was found that increased levels of inflammatory macrophages and their
hyperactivity resulted in hyper-inflammation in severe stage, which led
to impaired tissue repair and fibrosis in the lungs [105]. Based on the
results, mononuclear phagocyte (MNP) in the severe stages of COVID-19
was specified by a notable increase in inflammatory monocyte-derived
macrophages as well as the lower population of tissue-resident alve-
olar macrophages. Elevated levels of neutrophil and the monocyte-
macrophages influx have been also documented in the severe or lethal
patients of SARS-CoV and MERS-CoV [18,19].

In recent studies, it was shown that macrophages play a substantial
role in eliciting the cytokine storm and inflammation in severe and poor
prognosis COVID-19 cases by producing the inflammatory factors like
CXCL10 [106,107]. Besides, abundant proinflammatory monocyte-
derived macrophages were found in BAFL of severe COVID-19 patients
compared to mild cases and healthy subjects, which can be replaced
damaged infected alveolar macrophages in the severe stage. These
increased amounts of macrophages lead to cytokine storm and ARDS
that are known as hallmarks of severe cases [87].
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Table 1
Alterations of innate and adoptive immune cells in mild to severe stages of COVID-19 infection.
Study No. of Disease Overall changes of innate Overall changes of adoptive immune cells in Comparison of immune cell alteration in Ref
patients stage immune cells in COVID-19 COVID-19 patients severe vs. mild stages
patients
Huang 41 ICU: 13 - | Lymphocyte (26/41) 1 Neutrophil 1 Lymphocytes [11]
et al. Non-ICU:
28
Qin et al. 452 Severe: 286 | NK cell 1 B cells 1 T helper cells 1 T suppressor cells 1 1 Neutrophils 1 NLR | Lymphocytes; [123]
Non-severe: Treg cells Monocytes, Eosinophils, NK cells;
166 Basophils; Th cell; Treg cells
Chen 21 Mild: 10 | NK cell (8/14) 1 B cells (7/14) | Lymphocyte (9/21) | Total T 1 Neutrophil | Lymphocyte | B cells | T [77]
et al. Severe: 11 cells (13/14) | T CD4+ cells (12/14) | TCD8+  CD4+ cells | T CD8+ cells
cells (14/14)
Liu et al. 40 Mild: 27 - | Lymphocyte 1 Neutrophils | Lymphocyte | CD3+ T [16]
Severe: 13 cells | CD8+ T cells
Diao et al. 262 Mild: 151 - 1PD1+ CD4+ T cells; PD1+ CD8+ T cells | Total 1 PD1+ CD4+ T cells 1 PD1+ CD8+ T cells [124]
Severe: 40 T cells (166/222); CD4+ T cells (166/222); | Total T cells | CD4+ T cells | CD8+ T
Critical: 13, CD8+ T cells (156/222) cells
8
Perished: 8
Control: 40
Liu et al. 80 Severe: 69 - | Lymphocyte (60/80) 1 Neutrophils 1 NK cells | Lymphocytes [125]
Non-severe:
11
Chen 29 Mild: 15 - | Lymphocyte (20/29) No difference [126]
et al. Severe: 9
Critical: 5
Wang 69 sPO2 > 1 Neutrophil (41/67) | lymphocyte (29/69) 1 Neutrophil [127]
et al. 90%: 55 1 Basophil (49/69) | Lymphocytes
sPO2 <
90%: 14
Wang 138 ICU P: 36 - | lymphocyte 1 Neutrophil [27]
etal. Non-ICU: | Lymphocytes
102
Ouyang 11 Mild: 5 1 Neutrophil | Lymphocyte 1 Neutrophil [128]
et al. Severe: 6
Liet al. 548 Severe: 269 1 Neutrophil (118/542) | Lymphocytes (118/542) 1 Neutrophil [129]
Non-severe: | Lymphocytes
279
Wan et al. 123 Mild: 102 | NK cell (45/123) | CD4+ T cells (74/123) | CD8+ T cells (42/ | CD4+ T cells [130]
Severe: 21 123) | B cells (32/123) | CD8+ T cells
Shi et al. 56 Mild:31 1 Neutrophils 1 Treg cells 1 Neutrophil [82]
Severe: 25 1 NLR | CD4+ T cells | Lymphocytes
| NK cell | CD8+ T cells
| B cells
Zheng 16 Mild: 10 - | T cells 1 TIGIT4+CD8+ T cells [42]
et al. Severe: 6 | Granulocytes; CD4+ T cells
Yang 53 Mild: 19 - | CD4+ T cells 1 Neutrophil [106]
et al. Severe: 34 | CD8+ T cells | CD4+ T cells
| CD8+ T cells
Gong 100 Mild: 34 | Eosinophils - 1 Neutrophils [133]
et al. Severe: 34 | Eosinophils
Critical: 32 | Lymphocytes
Chen 48 Mild: 21 - | Lymphocytes 1 Neutrophils [134]
etal. Severe: 10 | Lymphocytes
Critical: 17
Qi et al. 267 Severe: 50 - | Lymphocytes (231/267) 1 Neutrophils [135]
Non-severe: | CD3+ T cells (51/96) | CD4+ T cells (74/96) | CD3+ T cells
217 | CD4+ T cells
Liet al. 110 Mild: 57 - | CD4+ T cells | CD4+ T cells [136]
Severe: 39 | CD8+ T cells | CD8+ T cells
Critical: 14
Xu et al. 155 Mild: 125 - | CD4+ T cells | CD4+ T cells [137]
Severe: 30 | CD8+ T cells | CD8+ T cells
Zhou 43 ICU: 12 1CD14 + CD16+ 1 Tim-PD-1-CD4+ T cells 1 Tim-PD-1-CD4+ T cells [138]
et al. Non-ICU: monocytes; 1 Tim-PD-1- CD8+ T cells 1 IFNy-GM-CSF-CD4+ T cells 1 GM-CSF-
21 GM-CSF+ CD14+ 1 GM-CSF-CD4+ T cells 1 IL6-CD4+ T cells CD4+ T cells
Control: 10 monocytes | CD4 T+ cells 1 IL-6-CD4+ T cells

| CD8+ T cells

1 CD14-CD16+ Monocytes

1t GM-CSF-CD14 + Monocytes 1 IL-6 +
CD14+ Monocytes

| CD8+ T cells

Abbreviations: COVID-19, coronavirus disease 2019; N, number of cases; ICU, intensive care unit; NK, natural killer; Th, T helper cell; Treg, regulatory T cells; SpO2,
blood oxygen saturation; NLR, neutrophil-to-lymphocyte ratio; PD-1, programmed cell death 1; Tim, T cell Ig and mucin domain; TIGIT, T cell immunoglobulin and
ITIM domain; GM-CSF; Granulocyte-macrophage colony-stimulating factor; IFN-y, Interferon gamma; IL, Interleukin.
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3.5. Dendritic cell responses

Dendritic cells (DCs) are important antigen-presenting cells essential
for activating the innate and adaptive immune responses. There is little
information about DC cell variations in SARS-CoV-2 infection, and no
definitive findings have been reported. In this context, Wilk et al.
demonstrated the reduced proportion of both conventional DCs and
plasmacytoid DCs in COVID-19 cases when compared with healthy
subjects [84]. In another study, in comparison to healthy controls,
resting DCs were found to decrease in COVID-19 patients versus the
increased number of activated DCs in the lungs [104]. Similarly, Liao
et al. investigated the alterations of DC cells in BALFs of diverse severity
of COVID-19 patients by single-cell RNA sequencing. As a result, severe
or critical COVID-19 had decreased proportions of myeloid dendritic
cells (mDCs) and pDCs compared to moderate cases [45]. In another
investigation conducted by Wang et al. [49], the counts and activation
status of DC were assessed in mild, severe, and extremely severe COVID-
19 illness. Their findings indicated the lower activation of DCs in
extremely severe patients and non-significant difference in all of the
severities.

3.6. Immune therapies in severe COVID-19

Understanding the immunological changes that occur in severe
COVID-19 is critical for designing better immunotherapies for these
patients [108]. Since accumulating evidence suggests that severe
COVID-19 forms a hyperinflammation syndrome, immunomodulation
may be potentially useful as a complementary therapy to supportive care
measures. The reduction of hyper-inflammatory reaction may improve
the outcome in patients with severe COVID-19 infection in order to
prevent mortality. This is of particular interest, especially when keeping
in mind that no specific antiviral treatment has been developed for
SARS-CoV-2. There are different treatment modalities being tried or
under trial against COVID-19 [109]. Currently available cytokine
blockers were developed when COVID-19 was considered a predomi-
nantly immunoinflammatory disease [110]. In China, an anti-human IL-
6 receptor monoclonal antibody is approved for severe cases of COVID-
19 affected by pulmonary complications [111]. Anakinra, an anti-IL-1, is
another modality used against severe forms of COVID-19 patients [112].
Inhibition of inflammatory responses via blockade of IL-1 may play a
role in the treatment of severe or refractory COVID-19 patients [113]. In
the same line, interference with other cytokines such as IL-2, and TNF
may be other therapeutic options for the management of COVID-19
[114]. Blockade of IL-2/IL-2R pathway has been shown to participate
in regulation of T cell-mediated immunity in vivo in critical patients
with COVID-19 pneumonia. Using checkpoint inhibitors is another
therapeutic strategy in patients with the novel infectious disease COVID-
19. Immune checkpoint inhibitors, that control the balance of stimula-
tory and inhibitory signals toward a state of immune activation, have
shown clinical activity in the treatment of a variety of cancers [115].
Recent publications propose that immune checkpoint inhibitors can be
safely employed in cancer patients with a COVID-19 infection. Accord-
ingly, Luo et al. demonstrated that PD-1 inhibitor use is not associated
with an increased risk of severity and mortality from SARS-CoV-2
infection in lung cancer patients [116]. In addition, passive immuniza-
tion with hyperimmune intravenous immunoglobulin (HIVIG) has been
tried for the treatment of COVID-19 disease [117]. IVIG that may
contain neutralizing antibodies is also known to interrupt the storm of
inflammatory cytokines [118]. Moreover, immunosuppressive drugs
including corticosteroids exert inhibitory effects on cytokine production
and on a broad range of innate and adaptive immune responses
[119,120]. However, unlike other respiratory viral infections, the use of
systemic corticosteroids in the setting of COVID-19 is still controversial
[121]. Taken together, clinical experience suggests that immunosup-
pressors play a major role in maintaining remission and as earlier the
immunosuppressive therapy is started, better is the improvement in
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severe COVID-19 patients.
4. Conclusion

Through the available data, we tried to elaborate further on how
alterations in different leukocyte populations reflect the immune system
dynamic responses during COVID-19 infection. These dynamic proper-
ties should be taken into consideration, since it can affect the data
interpretation. When considering therapeutic aspects, it is crucial to
differentiate between COVID-19 patients in the early course of illness
who respond better to antiviral pharmacotherapy and those in advanced
stages who are likely to benefit from anti-inflammatory therapy [122].
Mounting an early and effective induction of the adaptive immune
response to the virus may retard or help prevent progression to the
critical stage of the illness. This review highlights the immune correlates
of severe clinical disease and protection against the disease caused by
SARS-CoV-2 in patients. A disease-associated decline in the numbers of
T-cells, both of the CD4+ and the CD8+ subsets, increased neutrophil
counts, neutrophil-to-lymphocyte ratio and neutrophil-to-CD8+ T cell
ratio have been proposed to be the immune risk indicators associated
with an increased risk of adverse clinical events. In support of Siddiqu
and Mehra [105] who proposed a clinical staging system by developing
a three-stage classification model that recognizes early infection (stage
), pulmonary involvement without and with hypoxia (stage II), and
systemic hyperinflammation (stage III), findings from this review sup-
port for an abnormal development of immune response at systemic level
and also provides diagnostic clues for the three grades of increasing
severity of COVID-19 disease which correspond with the underlying
immune pathology. A relatively low frequency of CD4+ and CD8+ T cell
subsets at hospital admission can identify patients at risk for severe
COVID-19 disease. Moreover, aberrant CD8+ T cell responses have
shown to be linked to a high risk of death in COVID-19 pneumonia cases.
Taken together, immunological parameters for disease severity include
elevated level of neutrophils, increased inflammatory T cell subsets
(Th17 and Th1 cells) and their related cytokines, decreased number of
peripheral NK cells, and reduced total number of CD4+ and CD8+ T
cells. The data of Table 1 summarize the studies now available pre-
senting information about the comparative analysis of immune response
to SARS-CoV-2 virus in mild and severe stages. Prospective randomized
trials and longer observation periods, however, are needed to confirm
these pilot results.
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