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1 | INTRODUCTION

The ongoing pandemic of SARS-CoV-2 has turned out to
be an unprecedented threat to global public health and
the economy. Irrespective of the degree of industrializa-
tion or availability of medical infrastructure, all popula-
tions have been (and are being) affected. The number of
cases worldwide and corresponding mortality rates are
31.6 million and 3.7% respectively.'

The disease, COVID-19, varies from an asymptomatic
infection and self-limiting mild disease to severe acute
respiratory distress, multiorgan failure followed by re-
covery or fatal outcome. For any pathogen leading to
variable clinical presentations and mortality, under-
standing of pathogenesis is of utmost importance. Initial
studies identified older age and pre-existing chronic
conditions such as diabetes, hypertension, cardiovascular
diseases, cancer, etc., as high-risk factors for disease
severity.” Viral sequence variation was not related to
severity’ and similar viral loads were detected in symp-
tomatic and asymptomatic patients.”

The major focus of the scientific community has been
to unravel the immunopathogenesis of the disease re-
quiring a clear understanding of the immune response in
both mild and severe disease forms. Due to the high
transmissibility of the virus and biosafety concerns, stu-
dies are predominantly limited to blood investigations. An
association of cytokine storm including high levels of in-
terleukin IL-6 production with severe disease signifies
pathological immune dysregulation.””° Recent data sug-
gest that antibody response is higher in severe disease.”
Though studies on innate immunity are limited,” T cell
and B cell responses are being actively investigated”

In India, the first COVID case was reported on 30th
January 2020. As of today, (September 23, 2020) 5.73
million confirmed cases with >91,000 deaths have been
reported. Older age and existing comorbidities remain
the high-risk factors. Of note, we observed significantly
higher OD values in ELISA'* and neutralizing antibody
titers in PRNT (unpublished observations) in patients
with severe disease than those presenting with mild in-
fection. In view of the need to understand immunology
of the disease in general and among the Indian popula-
tion in particular, we attempted to explore the functional
profile of innate immune cells (monocytes, dendritic
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for in-depth viral antigen-specific functional analyses in a larger patient cohort

and with multiple sampling.

adaptive immune cells, disease severity, innate immune cells, PRNT50, SARS CoV-2

cells, and NK cells), and adaptive immune cells (B cells,
follicular T helper cells, CD4 T, and CD8 T cells) in SARS
CoV-2 infected individuals presenting with asympto-
matic, mild, or severe disease. Further, the dynamics of
these immune cells and, relation to neutralizing antibody
titers was analyzed. We found that certain earlier mod-
ulations observed during the first week of disease could
differentiate between mild and severe infections.

2 | METHODS

2.1 | Study design and participants

This study was approved by the human ethics committee
of Bharati Vidyapeeth (Deemed to be University) hospital
and Medical college. A subset of patients attending
Bharati Hospital, Pune, India, with confirmed positive
test for SARS-CoV-2 reverse-transcriptase-polymerase
chain reaction (RT-PCR), from 20th April 2020 to 11th
June 2020, was enrolled. The patients were divided into
severe and mild groups according to their clinical
presentation.'® All the patients were admitted to a special
COVID facility at Bharati Hospital and research center,
Pune, a tertiary care hospital.

After informed consent, approximately 5ml of blood
from all these patients and controls were collected in
EDTA and processed for PBMC and plasma separation by
ficoll-histopaque based density gradient method. Plasma
was used for Thl and Th2 cytokine profiling (IFN-y, TNF-
a, IL-4, IL-10, IL-6, and IL-2) by cytometric bead array kit
(BD Biosciences) and detection/quantitation of neutraliz-
ing antibodies (Nabs) using 50% plaque reduction neu-
tralization test (PRNTsy). PBMCs were subjected for
immunophenotyping for selected immune cells and their
subpopulations using appropriate fluorochrome-labeled
antibodies (Biolegend, San Diego & BD Biosciences) by
polychromatic flow cytometry approach using CytoFLEX
LX platform (Beckman Coulter). Briefly, after trypan blue-
based live cell count, PBMCs were subjected for surface
staining procedure using fluorochrome-labeled antibody
cocktails (list of antibodies is provided in supplementary
Information) followed by fixation (PBS with 3% paraf-
ormaldehyde). The intracellular proteins were detected
after permeabilizing (BD FACs perm-II) the fixed PBMCs
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TABLE 1 Immune cell subsets analyzed in COVID-19 cases and control subjects

No Major cell types Cell subsets

1 T cells (CD3+ cells) CD4 T cells (CD3+ CD4+)
Try (CD34+CD4+CXCR5+PD-1)
CDS8 T cells (CD3+CD8+)

2 B cells Memory B cells (CD3-CD19+ CD27+)

(CD3-CD19+)

Plasmablast cells (CD3-CD19+CD138+)

3 NK cells

4 Dendritic cells
+CD1c+)

Plasmacytoid Dendritic cells (pDC) (Lineage - HLADR +

CD11c -CD123+)

5 Monocytes CD3-CD14+

with the help of appropriate fluorochrome-labeled anti-
bodies (Supporting Information Table). Using forward and
side scatter, the lymphocyte and lympho-monocyte po-
pulations were gated while acquiring the samples, and
50,000 gated events were recorded. The cells and the
subpopulations studied are enlisted in Table 1. The gating
strategy is depicted in Figure 1.

2.2 | Determination of
SARS CoV-2 PRNTs,

For PRNTs, one day before infection, 1 X 10° Vero cells/ml
were seeded in 24-well plate using MEM containing 10%
FBS and antibiotics. 1:5 diluted serum samples were heat-
inactivated for 30 min at 56°C. Four-fold serial dilution
was performed and mixed with an equal volume of 20-40
pfu of SARS CoV-2. The serum-virus mixture was in-
cubated for 1 h at 37°C in a humidified incubator with 5%
CO,. After incubation, 100 uL of the mixture was added in
duplicate to 24-well plate and incubated for 1 h at 37°C in
humidified incubator with 5% CO,. After incubation, 1 ml
of 1% overlay media containing MEM, Aquacide-II
(Merck), 2% FBS and antibiotics was added to the Vero
cell monolayer. Plates were incubated for 5 days at 37°C in
a humidified incubator with 5% CO,. Five days postinfec-
tion, overlay media was discarded, cells were fixed using
3.7% formaldehyde and after washing with PBS, cells were
stained using 1% crystal violet. Plates were washed and
kept for air dry. Plaques were counted manually and
PRNTs, titer was determined using Karber's formula as

Total NK cells (CD3-CD16+CD56+)+(CD3-CD16-CD56+)

Myeloid dendritic cells (mDC) (Lineage - HLADR + CDl1c

Subpopulation

IL-24+CD4, and CD40L+CD4 T cells
ICOS+IL-21 +Tgy cells
CD38+HLA DR + CD8 T cells

Switched memory B cells (CD3-CD19+
CD27+IgD-)

Unswitched memory B cells (CD3-CD19+
CD27+IgD+)

IL-21 R+Memory B cells

BCMA+plasmablast cells

Only CD107a +Total NK cells
CD107a + IFN-y+Total NK cells
Only IFN-y+Total NK cells

CD80+CD86+ mDC

CD80+CD86+ pDC

CD3-CD14+CD16- and CD3-CD14+CD16+

described earlier."* Samples with PRNTS, titer >20 were
considered seropositive.

2.3 | Statistical analysis

Statistical analysis was performed using SPSS 20.0
software and Graph Pad Prism 5.0 software. Median and
interquartile range (IQR) were used to describe con-
tinuous variables. Mann-Whitney U test was used to
compare the median for continuous variables between
the study groups. For univariate and multivariate ana-
lysis, R programming was used.

3 | RESULTS

3.1 | Study population

The study included 60 COVID-19 patients and 10 ap-
parently healthy individuals negative for IgG-anti-SARS-
CoV2 antibodies. Patients admitted to intensive care
units for oxygen/ventilator support were designated as
suffering from a severe disease (SD, n = 25) while those
with mild (n =20) or no (n =15, asymptomatic) symp-
toms were classified as MD. Among the SD patients, four
succumbed to infection while 21 were discharged. Follow
up blood samples collected from SD (n=15) and MD
(n=75) patients were also studied. The demographic
characteristics of the study participants are shown in
Table 2. COVID-19 cases showed a marked lymphopenia
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FIGURE 1 Gating strategy for the enumeration of immune cells in different study groups. Gating strategy used to distinguish
different lymphocyte populations by polychromatic flow cytometry: The PBMCs from SARS CoV-2 infected cases were stained with given
number of panels of fluorochrome-labeled antibodies to assess the frequency and functional profile of T cells (CD4 and CD8 T cells),
follicular T helper cells (Tgy), B cells, Dendritic cells, and monocytes. List of the antibodies with their clones and fluorochrome dyes
is provided as Supporting Information Table. Flow cytometry data were analyzed by using Cytexpert Version 2.4. (A) CD4 and CD8

T cells-Lymphocyte populations were identified based on forward and side scatter properties of PBMCs. The CD3 positive population was
further discriminated to identify CD4 and CD8 T cells. Then CD8 T cells were analyzed for HLA DR & CD38 expression whereas the
CD4 T cell population was analyzed for CD40L and IL-2 expression. (B) Tgy cells-follicular T cells were identified based on PD-1

and CXCRS5 expression on CD4 T cells as mentioned above. The Try population was further inspected for ICOS and IL-21 expression.
(c) NK cells-Natural killer cells were identified as CD3-CD56+CD16+/— (total NK cell population comprised cytotoxic NK cells
(CD3-CD56+CD16+) and Regulatory NK cells (CD3-CD56+CD16-). (D) Dendritic cells-lymphomono gate was identified by using
forward and side scatter properties of the cells. The cells were checked for Lineage cocktail (CD3, CD19, CD14, CD56, and CD20)
positivity. Lineage cocktail negative cells were selected and checked for HLA DR expression. Thus, Lin- HLA DR+CD11c+CD1C+ cells
were considered as myeloid dendritic cells (mDC) whereas Lin- HLA DR+CD11c-CD123+ cells were considered as plasmacytoid
dendritic cells (pDC). (E) Monocytes-monocyte gate was recognized by FS & SS contour plot. Further, the CD3 negative cells from this
population were screened for CD14 expression to identify the monocyte population. The monocyte population was further analyzed for
CD16 expression to discriminate classical and nonclassical monocytes. (F) B cells and Plasmablast cells-B cells from lymphocytes were
identified with the help of CD19 expression. For further differentiation, expression of CD27 (memory B cells), IgD/IgM (class-switched
memory B cells [CSMB] and unswitched memory B cells [USMB]), and CD138 (plasmablast cells) was considered

as evidenced by lower lymphocyte percentage (median-
28.83%) as compared to the control subjects (median-
61.06%) (p < .0001).

To understand the contribution of major immune
cell subsets in the pathogenesis of SARS CoV-2
infection, we evaluated the frequencies of antigen-
presenting cells (dendritic cells and monocytes),
natural killer cells, T cells (CD4 T cells, CD8 T cells,
and follicular T helper cells [Trg]) and B cell subsets
(memory B cells and plasmablast cells). Cytokine
storm involving a major role of IL-6 is already docu-
mented and hence we analyzed Thl (IFN-y, TNF-a,

TABLE 2 Demographic characters of
SARS CoV-2 positive cases and control
subjects
Number

Age in years (median)
Sex ratio

Comorbidities (diabetes,

and IL-2) and Th2 (IL-4, IL-6, and IL-10) plasma
cytokine levels to delineate association with these
cells if any. Table 3 provides the median and IQR of
different immune cell subsets with associated markers
in different study groups.

3.2 | Mild symptomatic versus
asymptomatic COVID-19

Initially, we compared mild symptomatic and asympto-
matic individuals with respect to all the parameters

Mild

Symptomatic Asymptomatic Severe Control
20 15 25 10
38.5yrs 38 51 35
14M/6F 4M/11F 20M/5F 5M/5F
4/20 (20%) 3/15 (20%) 16/25 (64%) None

hypertension, cardiovascular
diseases, and obesity)
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examined. Except for TNF-a levels, the other parameters
were comparable among these patient groups. TNF-a
was detected in the asymptomatic patients (median-
0.125pg/ml [0-0.45]) while this cytokine was un-
detectable in the symptomatic cases (p = .027). Therefore,
the two groups were combined (MD) while comparing
with the patients with severe disease (SD).

3.3 | Compromised antigen
presentation in COVID-19 and
hyperactivation of NK cells

DC population was significantly affected by the virus
infection. The proportion of total mDCs was not different
among the two groups at p =.056 level. SD patients ex-
hibited a lower frequency of mDCs with the mature
phenotype (CD80 and CD86 mDCs) than recorded in the
MD group (p <.0001). CD86 expression density was sig-
nificantly lower in MD patients reducing further in the
SD category (p <.001 for both). Plasmacytoid DCs were
lower in both MD and SD patients, severe category ex-
hibiting further reduction (p <.005). In the SD patients,
pDCs showed lower expression of the maturation mar-
ker, CD80 (p =.047). Thus, the disease induced a strident
defect in the maturation of the dendritic cell population

that was aggravated in severe disease (Table 3;
Figure 2A).

Although monocyte frequencies were intact, a large
subset of monocytes was found to be CD16+, that is,
nonclassical monocytes (Table 3; Figure 2B). While the
total NK cell pool was unaffected, degranulation phe-
notype along with IFN-y was augmented in the SD pa-
tients as compared to MD cases (p=.001; Table 3;
Figure 2C,D)

3.4 | Hyperactivation of Ty and
CDS8 T cells

In contrast to the recent findings of significant depletion
of T cells in SARS Cov-2 infection,'” T cell frequencies
and CD4/CD8 ratio remained unchanged among both
the patient groups (Table 3; Figure 3A,B). Although the
CD8 T cell compartment was unchanged with respect to
quantity, activation of these cells was evident by higher
expression of HLA DR and CD38 expression in the SD
patients than the MD group(p=.0001) (Table 3;
Figure 3C).

In MD patients, CD4 T cells exhibited higher ex-
pression of CD40L (p =.009) that was further enhanced
in the SD category (p <.0001). The proportion of IL-2+
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FIGURE 3 Adaptive immune response in relation to COVID-19 disease severity (T cells): Vertical scatter plots denote the
comparisons of frequencies of adaptive immune cells and their subpopulation among different study groups: (A) CD4 and CD8
frequencies (B) CD4/CDS8 ratio. (C) CD8 T cell compartment with HLA DR and CD38 expression. (D) Frequency of CD40L positive
CD4 T cells. (E) Follicular T cells (Tgy) cells and Tgy cells with ICOS and IL-21 expression. (F) CXCR5+CD4+ T cells and
PD-14+CD4+T cells. (Mann-Whitney U test; Error bars, median and IQR). IQR, interquartile range

CD4 T cells was higher in the SD patients while the levels
among MD patients and controls were comparable
(Figure 3D). In SD patients, the proportion of Tgy
(CXCR5 + PD-14+ CD4+ T cells (p =.0001), CXCR5+
CD4+PD-1- T cells (p=.03), and PD-1+4CD4 T cells
(p =.009) was higher than in the MD group. However,
IL-21 and ICOS expression by these subsets remained
comparable between SD & MD patients (Table 3;
Figure 3E,F).

3.5 | Quantitative and qualitative loss of
B cell compartment

Although the total B cell frequency remained unchanged,
the SD patients exhibited a higher frequency of memory
B cells than the MD group (Table 3; Figure 4A,B). The
class switched and unswitched memory B cells percen-
tages were comparable among all the groups (Table 3;
Figure 4C). Even though the frequency of IL-21R positive
memory B cells was unchanged, the IL-21 receptor ex-
pression intensity (MFI) was lower in MD patients when
compared to the controls (p <.0001). No difference was
recorded among MD and SD groups. In addition, a sharp
rise in plasmablast cells was evident in the MD patients
(p <.0001) that remained comparable in the SD group.
(Table 3; Figure 4D)

3.6 | Plasma cytokine profile: An
indication of immune paralysis

In line with previous findings, plasma cytokine profiling
revealed the dominance of IL-6 secretion in COVID-19
patients (p = .001) which was more pronounced in severe
cases than in mild disease (p =.001). IL-10 levels were
also higher in severe disease (p =.0004). Only mild dis-
ease showed a significant rise in IL-4 (p =.01) as com-
pared to the controls (Table 3; Figure 5A,B).

In view of the observed decline in the frequency of
myeloid dendritic cells, we compared cytokine profiles of
MD and SD patients with or without mDC reduction.
Analyses revealed that in the mild patients, plasma IL-4
levels increased with rise in mDC frequency (p = .023).
No such difference was recorded in the SD patients.

3.6.1 | Neutralizing antibody titers in
relation to the parameters investigated

In accordance with our earlier observations, severe dis-
ease was characterized by higher neutralizing antibody
titers. During the first 2 weeks, PRNTs, titers were sig-
nificantly higher in the SD patients (median: 571.1) than
the MD group (median: 53.05, p= .010; Figure 4E).
Therefore, the proportions and effector functions of
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(F) Association of SARS CoV-2 PRNT; titers (15 days of disease onset) with PD-1+CD4 T cells. (G) Association of SARS CoV-2 PRNTs5, titers
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immune cells and cytokines were compared in relation to
neutralizing antibody titers in these groups. In univariate
analysis, CD86+ pDC (p=.017), PD-1CD4 (p=.0051;
Figure 4F) and memory B cells (p =.00982; Figure 4G)
correlated with PRNT;, titer. However, in multivariate
analysis, PD-1+CD4 emerged as the single variable in-
fluencing PRNT;, titers (p =.003, R*=0.421). As men-
tioned earlier, PD-1 expression on CD4 T cells was higher
in severe disease.

3.6.2 | Relationship of disease duration
and modulation of parameters examined
in the SD and MD patients

Next, we compared the proportion of immune cells and
cytokine concentrations in the MD and SD patients at
different time points after the onset of clinical symptoms
(Table 4). These comparisons revealed the following
patterns in the SD patients: (1) Lowering of activated
mDCs (CD80+ and CD86+) and increase in Tgy cells

Open Access,

that continued till the 3rd-week postonset; (2) lower
pDCs and a marginal reduction in B cells during the 2nd
week (p=.061) and higher IL-2+CD4 cells during the
first two weeks; (3) difference only in the first week;
increase in HLA DR & CD38+ CD8 and memory B cells
and decrease in BCMA + plasmablast cells; (4) modula-
tion during 2nd week, decrease in CD16+ Monocytes and
reduction in total NK cells.

3.7 | Immune cells/cytokines at the
time of first and last sampling in the
COVD19 patients

Follow up samples were available from 15SD and
5 MD patients. A significant decline in IL-21R positive
memory B cells (p=.021) and NK cell function in
terms of degranulation (p =.015) and IFN-y secretion
(p=.019) capacity of NK cells was noted in the
SD patients (Figure 6A,B,C). In the MD patients, ex-
cept for the rise in CD86 MFI on myeloid DCs
(p =.043), other immune cells and cytokines remained
unchanged (Figure 6D).

4 | DISCUSSION

This study reports alterations in the circulating immune
cells and cytokines associated with innate and adaptive
immune responses in COVID-19. We first compared all
the MD and SD patients irrespective of the duration of
disease onset (Table 3). However, when the same para-
meters were compared with respect to disease duration
and severity, differential modulations were obvious and
are discussed here.

4.1 | Innate immune response

So far, understanding of innate immune response to
SARS CoV-2 is limited.” We assessed the proportions and
effector functions of three important cell populations of
the innate immune system, that is, dendritic cells,
monocytes, and NK cells. Interestingly, a reduction in
dendritic cells was found in the SD patients (Table 4).
Comparison in relation to disease duration revealed an
association of early (first week) reduction of mDCs with
the mature phenotype (CD80 and CD86) and total pDCs
with severe disease that continued for at least 2 weeks
(Table 4). Interestingly, patients with lower frequency of
mDCs exhibited lower plasma IL-4 levels. Role of IL-4 in
the process of maturation of dendritic cells is well
documented.'® For the first time, we show that early
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\

Immune profiles in SD (A-C) and MD (D) patients at first and last sampling: Reduction in (A) Il-21R positive memory

B cells, (B] NK cell frequency, and (C) IFN-y positive NK cells. In the MD group (D) CD86 expression by myeloid DCs increased

(Wilcoxon signed-rank test).

modulation of dendritic cells is associated with disease
severity and could play a crucial role in COVID-19 pa-
thogenesis. In-depth evaluation in terms of utility as a
prognostic disease severity marker and treatment is
warranted.

Involvement of monocytes, a key cell of the innate
system, is documented in COVID-19."” Monocytes from
peripheral blood of healthy donors were shown to be
positive for ACE2 receptor and could be infected by
SARS-CoV-2."" In contrast to previous reports,’” the
proportion of monocytes were not different in MD and
SD patients. Nonetheless, nonclassical monocytes
(CD16+) did increase in both the patient categories.
During the second week of the disease, SD patients ex-
hibited significantly higher number of nonclassical
monocytes than the MD group that could have led to
further enhancement of proinflammatory cytokine se-
cretion and worsening of the disease.

NK cells are one of the first cells to protect the host
from viral infections. Lowering of these cells has been
reported in COVID patients."” In our patient series, NK
cell frequencies were generally lower in SD patients
reaching a significant difference during the second week.
Increased frequency of activated NK cells (CD107a and
IFN-y expression) in SD patients is noteworthy and may
be responsible for the aggravation of the infection by
providing an inflammatory milieu.

4.2 | T cell responses in
SARS CoV-2 infection

T cell activation remains an essential event in effective
cellular immune response against a variety of viral in-
fections. In COVID-19, reduction,”?**' as well as un-
changed”’ frequencies of CD4 and CD8 T cells, have been
reported. Our study did not find any alteration in CD4
and CD8 T cell frequencies in both patient categories
resulting in unaltered CD4/CD8 ratios. However, a sub-
stantial increase in the activated CD8 T cells (HLA-DR
and CD38+) in SD patients alone indicates the role of
hyperactivation of CD8 T cells in disease severity. Of
note, the difference was striking during the initial phase
(first week) suggestive of a crucial role in disease pa-
thogenesis. Prospective studies are needed to ascertain
the utility of HLA-DR/CD38 positive CD8 T cells as a
prognostic marker for disease severity. Following im-
munization with attenuated yellow fever and smallpox
vaccines as models for acute viral infection, Miller et al.*?
demonstrated that CD8 T cells with overexpression of
HLA-DR and CD38/Ki67 markers reflect virus-specific
CD8 T cells.

While confirming higher frequency of IL-2 + CD4 T
cells in severe disease,” our study revealed higher ex-
pression of IL-2 by CD4 T cells in SD patients during the
first week of illness (Table 4) suggestive of an important
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role in pathogenesis and possibility of being a prognostic
marker of disease severity. Association of elevated IL-2
levels with disease severity is known for other cor-
onaviruses such as SARS.**°

T cells of SD patients exhibited higher percentage of
PD-1+ CD4 T cells that are characterized by poor effector
function, sustained expression of inhibitory receptors,
and reduced TCR sensitivity.”” IL-10, an inhibitory cy-
tokine, not only prevents CD4 T cell proliferation but
also can induce T cell exhaustion.” Indeed, the SD pa-
tients showed higher plasma IL-10 levels which are
speculated to be responsible for functional exhaustion of
T cells.

Though we did not study virus-specific response, ex-
pression of CD40L on CD4+ T cells does indicate sensi-
tization of these cells in the SD patients that could be
linked to the secretion of proinflammatory cytokines.
Notably, hydroxychloroquine, one of the treatments for
COVID, can attenuate progression to severe disease by
repressing CD40L expression on activated T cells.””
Taken together, CD40L seems to be playing a critical role
in COVID-19 pathogenesis. We observed higher CD40L
expression by CD4 T cells in the SD patients. CD40L
plays an important role in the germinal center forma-
tion.”” In this context, higher PRNT50 titers in the
SD group are noteworthy. However, when MD and
SD patients were compared with respect to disease
duration, no significant difference emerged suggesting
the involvement of additional factors.

4.3 | Cellular factors responsible for
humoral response

Though long-term follow up data is not yet available, a
rapid decline of IgG-anti-SARS-CoV-2 antibodies along
with the possibility of reinfection is suggested.”’ On the
other hand, severe disease has been associated with
higher antibody titers (including neutralizing).” Taken
together, the dual role of antibodies in protection/pa-
thogenesis of SARS-CoV-2 is not clear and needs im-
mediate attention. As our own data identified the
association of early and higher neutralizing antibodies
with disease severity, we determined characteristics of
key cellular players of humoral responses, that is, B cell
and follicular T helper cell compartments in mild and
severe disease.

While confirming a significant decline in B cell po-
pulation in the SD patients’ and patients with longer
viral RNA shedding,'’ our data revealed that this differ-
ence was evident in the first week of disease. B cell se-
questration in secondary lymph nodes leading to an early
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enhanced humoral immune response in severe cases
seems a distinct possibility.

The germinal center formation is one of the major
steps in the generation of virus-specific antibodies.
Generally, Ty cells reside at lymph nodes or secondary
lymphoid organs, but, in severe SARS CoV-2 infection,
we observed an elevated frequency of Try in peripheral
blood suggestive of their hyperactivation. Moreover,
IL-21 secretion was also higher in severe cases. IL-21
exerts an array of its actions through IL-21R expressed
on B cells for the induction of affinity maturation and
somatic hypermutation.’” Though the frequency of total
memory B cell pool in SD cases was higher, these
cells were equipped with lower IL-21 R expression. Thus,
although IL-21 is expressed in abundant amount, due to
the lack of receptor availability, hampering processes like
affinity maturation and differentiation into antibody-
secreting cells seems likely. Moreover, unused IL-21 may
contribute to higher soluble plasma IL-21 levels and,
being a member of the Th-17 family may aggravate lung
injury in severe cases through cytokine storm mediated
immune paralysis.

Multiple regression analysis signified an association
of PD-1+4CD4 T cells with neutralizing antibody titers
that correlated with disease severity. Although PD-1 is an
exhaustion marker expressed on activated CD4 and CD8
T cells, it reduces TCR ligand sensitivity imposing a more
stringent selection threshold for competing B cells.” It
also promotes affinity maturation, improving the quality/
neutralization capacity of antibodies in secondary lymph
nodes. Thus, PD-1 expression by CD4 T cells seems to
have a dual influence in COVID-19 pathogenesis.

Memory B cells formed during primary infection can
induce long-lasting plasma cells to protect the host from
recurrent infection. B cell maturation antigen (BCMA)
expression is linked to the long lifespan of plasma cells.*
Activation of BCMA by BAFF (B cell-activating factor)
increases expression of the antiapoptotic molecule mye-
loid cell leukemia-1 (Mcl-1), pointing to the mechanistic
basis by which the BAFF/BCMA axis promotes long-
term survival of plasma cells.”> We observed an early,
higher frequency of memory B cells in the SD patients
along with a lower proportion of BCMA + plasmablast
cells. Memory B cells should be able to generate a pro-
tective immune response after reinfection while a low
number of BCMA + plasma cells in SD patients may lead
to rapid decline over time. Dynamics of antibodies over
at least one year in relation to disease severity along with
a simultaneous evaluation of relevant immunologic me-
chanisms will be able to address the most relevant public
health issue of protection from SARS-CoV-2 exposure/re-
exposure.
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After recognition of IL-6 as the prognostic marker for
severity in COVID-19,””° several groups including ours
(this study) confirmed this observation. In fact, anti-IL-6
antibodies are being used in the treatment of SD patients.
In accordance with acute inflammatory response, both
IL-6 and IL-10 levels increased in SD patients while IL-4,
an anti-inflammatory cytokine predominated in mild
disease helping prevention of progression to severe dis-
ease. Relation of IL-4 levels with frequency of mDCs is

SARS CoV-2

Innate Immune Arm

< Immu!system ‘

noteworthy. Importantly, IL-4 is observed to reduce the
expression of the ACE2 receptor and may partially con-
tribute to restraining viral entry.”’

Our study has a few limitations. The sample size was
limited and very few samples were available in the 4th
week of disease. Due to lymphopenia and restricted
sample volume, the study was limited to a few markers.
Nonetheless, the results form the basis for planning
in-depth analyses involving larger cohort and sequential

Adaptive Immune Arm

NKcells Monocytes Dendritic cells T cells B cells
Activdtion . Impaired maturation
Higher CD16 + Memo Plasmlblast
(IFN-y & CD107a) mgnocytes of myeloid DCs & cDaT : 8T Yy
Lower frequency of B cells
plasmacytoid DCs
Increased Higher Lower expression of
number of  cp154 (cD40L) 1L-21 receptor
folicular
T helper cells
High frequency of CD8 Low expression of B
T cells with CD38 & cell maturation
Compromised HLA DR coexpression antigen
Important for antigen presentation
vascular leading to impaired
homeostasis adaptive responses

Enhanced
Tissue injury

Impaired Humoral
response with probability
of absence of long term

immunity

Transient higher
antibody response in
acute phase of disease

FIGURE 7 Schematic presentation of the major findings: Multiparametric flow cytometry was used to enumerate immune cells from

innate (NK cells, DCs, and monocytes and adaptive (T cells and B cells) immunity arms in COVID-19 patients presenting with mild or severe

disease. The findings pointed out major defects in the maturation (CD80 and CD86 expression) of myeloid dendritic cells and reduction in
plasmacytoid dendritic cell frequency, emphasizing compromised antigen presentation. Enhanced frequency of nonclassical monocytes could be
an important event in maintaining vascular homeostasis in the inflammatory cytokine milieu formed due to the infection. Activated NK and CD8

T cell subsets observed in severe cases may enhance lung tissue injury and disease severity. Likewise, activation of Try, and CD4 T cell

compartments in these cases may lead to a transient higher humoral response observed during the acute phase of infection. However, whether

these antibodies are protective or aid in disease severity remains unclear. Lower IL-21 receptor expression on B cells may lead to impaired
proliferation and differentiation of B cells. Moreover, plasmablast cells showed a comparatively lower BCMA expression, a long term survival
marker for plasma cells. Collectively, long term immunity is likely to be hampered, another observation being reported recently. The role of
crucial immune cells identified in this study needs to be confirmed by functional assays.
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follow up. Our results warrant exploring the role of IL-
21/IL-21R expression ratio (memory B cells), CD40-
CD40L interaction (CD4 T cells & B cells), and kinetics of
BCMA expression on plasma cells in addressing crucial
involvement of humoral response in SARS CoV-2 pa-
thogenesis and protection.

In view of the involvement of multiple immune cell
subsets and numerous markers, major findings of the
study are outlined in Figure 7. In summary, while con-
firming previous findings, our study revealed that Indian
patients exhibited a different set of immunological
modulation in SARS CoV-2 infection and identified ad-
ditional prospective severity prognostic markers such as
dendritic cells, activated CD8 T cells, IL-2+ CD4 T cells,
and follicular T helper cells. Confirmation in larger co-
horts and in-depth functional assays to understand the
underlying mechanism(s) remains the way forward.
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