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KEYWORDS Summary Coronavirus disease 2019 (COVID-19), an infectious disease caused by severe acute
COVID-19 respiratory syndrome coronavirus (SARS-CoV-2), has emerged into a global health and economic
serotherapy; menace. Amidst the COVID-19 turmoil, recent failures/uncertain outcomes in clinical trials
COVID-19; involving the anti-malarial (hydroxychloroquine), anti-viral (remdesivir) or the combination
Immunotherapy; of anti-malarial/antibiotic (hydroxychloroquine/azithromycin) regimens have predisposed the
Monoclonal physicians to distrust these ‘*highly-touted’’ drugs for COVID-19. In this milieu, immunotherapy
antibodies; might be a credible modality to target or modify specific/non-specific immune responses that
Interferon type | interfere with the survival of intracellular pathogens. This scientific review throws light on the

epidemiology of COVID-19, its pathogenesis and the current clinical scenario of immunothera-
peutics including convalescent plasma (CP), type-1 interferons (IFN—I) and human monoclonal
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antibodies (mAbs) to combat COVID-19. The treatment outcomes underscore that immunother-
apy might be a reliable tool to assuage COVID-19-associated immunopathology. However, specific
patient pool studies are warranted to ascertain the precise (re)purposing of immunotherapeutics

for COVID-19.
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Abbreviations

ACE2  angiotensin converting enzyme 2
ARDs  acute respiratory distress syndrome
COVID-19 coronavirus disease 2019

CcpP convalescent plasma

FGF2  fibroblast growth factor

GGOs  ground glass opacities

G-CSF  granulocyte colony-stimulating factor

GM-CSF granulocyte macrophage colony-stimulating factor
HIS hyperinflammatory syndrome

IFN-1 type-1 interferons

IL interleukines

IRF3/7 IFN regulatory factor 3/7

ISGs interferon stimulated genes

ISRE interferon simulated response elements

JAK2  Janus kinase

mAbs  human monoclonal antibodies

MDA 5 melanoma differentiation associated protein 5
MHC major histocompatibility complex

NF-kB  nuclear factor kappa B
PAMPs  pathogen-associated molecular patterns
PRRs pattern-recognition receptors

RBD receptor binding domain
RIG-1  retinoic acid inducible gene 1
SARS-CoV-2 severe acute respiratory syndrome coronavirus

Introduction

The novel coronavirus strain, termed as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is noto-
riously known to cause the fatal coronavirus disease 2019
(COVID-19) [1]. The pathogenesis and signaling mechanisms
underpinning SARS-CoV-2 infection is not fully understood
and is under investigation. Despite the obscure information
regarding the human immunological response to SARS-CoV-2
infection, research findings and perspectives about SARS-
CoV and MERS-CoV infections throw light on the possible
pathological mechanisms underlying SARS-CoV-2 infection.

Viral entry and its recognition by host cell

The association of angiotensin-converting enzyme 2 (ACE2)
receptor expressed on the host cell and COVID-19 surface

spike receptor-binding domain (RBD) is the initial step fol-
lowed by fusion of viral particles within the cell membrane
[2]. Studies strongly suggested that angiotensin-converting
enzyme 2 (ACE2) receptor expressed on the lung epithelial
cells is the key entry port for viral invasion [2,3]. Struc-
tural re-organization of the viral surface S-protein facilitates
the fusion between viral membrane and the host cell mem-
brane, resulting in the release and replication of SARS-CoV-2
genomic RNA within the host cell. The viral genome or the
viral replication intermediates are the pathogen-associated
molecular patterns (PAMPs) sensed by the innate immune
system through an array of pattern-recognition receptors
(PRRs) including toll-like receptors (e.g., TLR3 and TLR7),
cytosolic/endosomal RNA sensors, retinoic-acid inducible
gene | (RIG-1) and melanoma differentiation-associated pro-
tein 5 (MDA5) [4,5].

The ‘‘cytokine burst’’ response

The PAMP-PPR interaction leads to the activation of down-
stream nuclear factor-kappa B (NF-kB) and IFN regulatory
factor 3/7 (IRF3/7) signaling pathway through their translo-
cation into host cell nucleus. NF-«B triggers the activation of
proinflammatory cytokines, such as TNF-a and interleukins
(IL-1B and IL-6), leading to IFN-y and IL-17 secretion. Fur-
ther, via, a heterodimeric receptor complex of interferon
alpha receptors (IFNAR1/IFNAR2), type | IFNs (IFN-a and IFN-
B) are activated by IRF3/7. IFNv, is an important lymphokine
is involved in the activation of the antigen-presenting cells
(APC), including dendritic cells and macrophages and induc-
tion of class Il major histocompatibility complex (MHC)
molecule expression. IL-17 promotes the secretion and acti-
vation of granulocyte colony-stimulating factors (G-CSF),
while IL-17 along with granulocyte-macrophage colony-
stimulating factor (GM-CSF) triggers inflammation through
Janus kinase 2 (JAK2) signaling [6]. Current clinical investi-
gations showed significantly increased in blood levels with
cytokines including TNF-«, interleukins (IL1-B, IL7, IL8, IL9,
IL10), IFNy, fibroblast growth factor (FGF2), G-CSF and GM-
CSF. Some of the cases with severity showed enhanced
levels of (IL-2, 7, 10) [1,7]. In a cascade of event-specific
signaling, type | IFN via IFNAR activates the JAK-STAT1/2
(STAT; signal transducer and activator of transcription pro-
teins) pathway and causes phosphorylation of STAT1 and
STAT2 through kinases (JAK1 and TYK2) [8]. Further phos-
phorylated STAT1/2 associated and forms a complex with
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IRF9 and translocates to host nuclei. This complex initi-
ate interferon-stimulated genes (ISGs) under the influence
of interferon stimulated response elements (ISRE) and sup-
presses viral replication and further infection in early stage
[7,9]. It is proposed that coronavirus infection enhances
influx of neutrophils and monocytes-macrophages which
lead to increased immunological responses in lung epithe-
lial and causes respiratory congestion and showed delayed
asymptomatic responses in individuals [10,11]. It was also
observed that the prevalence in children and young adults
were less due to prominent efficient inbuilt immunity. These
data strappingly indicate that innate immune response is
a critical factor for disease effect. On extensive literature
review, it is proposed that innate immunity plays a crucial
role and inhibiting important cytokines, enhancing IFN and
boosting immunity will be effective strategies in controlling
the COVID-19 infection and its propagations [12,13].

Current scenario of COVID-19 therapies

Hitherto, there is no FDA-approved disease modifying drug
to treat COVID-19. Recent failures/uncertain outcomes in
clinical trials involving the ‘‘highly touted’’ anti-malarial
(hydroxychloroquine), anti-malarial plus antibiotic combi-
nation (hydroxychloroquine plus azithromycin) and anti-viral
(remdesivir) drugs are creating distrust in the use of these
drugs for COVID-19 [14—16]. These reports accentuate that
there is a dire need for deployment of newer strategies like
immunotherapy to combat COVID-19.

Immunotherapy for COVID-19
Convalescent plasma

Activation of humoral immunity is possible with administra-
tion of convalescent plasma (CP), collected from humans
who have suffered from COVID-19 and got cured [17]. CP
contains SARS-CoV-2 specific antibodies and able to provide
short term immunization against infectious disease [17]. The
circulating pathogens are rapidly neutralized and eradicated
by administration of CP in initial course of infection [18,19].
Recent 5 clinical investigation in human beings with admin-
istration of CP showed promising treatment option as CP
reduced mortality rate in severe and clinically ill patients,
eradication of SARS-CoV-2 RNA by increasing neutralizing
antibody titers and improvement in clinical symptoms [20].
Shen C et. al. (2020) showed that CP has improved the
clinical outcome in the five critically ill patients with uncon-
trolled COVID-19 and acute respiratory distress syndrome
(ARDS) [21] (Table 1). Following CP transfusion, an apprecia-
ble reduction in viral load, increased neutralizing antibodies
and improvement in ARDS were observed. Three-out-of-five
patients were discharged after 52—55 days and two were
stable after 37 days of CP administration. Another clinical
finding of 10 critical adult patients showed improvement
in clinical symptoms and laboratory parameters, increased
in neutralizing antibody, increase of oxyhemoglobin satu-
ration and lymphocytes, decreased C-reactive protein and
lung lesions in radiological examination [22]. Rojas et al.
(2020) proposed that the ameliorative effect of CP against

COVID-19 involves direct viral neutralization, regulation of
immune-hyperactivity (in terms of cytokine burst, Th1/Th17
ratio, activation of complement system) and control of
hyper coagulopathy [23]. A recent clinical investigation car-
ried by Ye M et al. at Wuhan, China comprised the treatment
of six clinically ill (50—70 years) COVID-19 positive patients
with ABO-compatible convalescent plasma. The clinical and
radiological features after treatment of ABO-compatible
convalescent plasma showed significant improvement in
clinical symptoms. Serum analysis confirmed a remarkable
surge in anti-SARS-CoV-2 IgM and 1gG. CT scan of the chest
showed resolved focal pulmonary GGO’s (ground-glass opac-
ities) in all the 6 patients. Furthermore, the study advocated
no significant adverse effects upon ABO-compatible conva-
lescent plasma treatment [24]. In a phase 2 clinical trial in 86
severally ill adult patients, carried out at Columbia Univer-
sity medical center, USA, significant improvement in clinical
symptoms in severely ill patients. The clinical outcomes
were assessed based on the duration from randomization to
either discharge from the hospital or improvement by one
point on the following seven-point ordinal scale, whichever
occurs first [25].

Clinical investigation of convalescent plasma therapy in
two COVID-19 positive patients with acute respiratory dis-
tress syndrome was carried out in Yonsei University College
of Medicine, Seoul, Korea. The study displayed a strik-
ing increase in anti-SARS-CoV-2 IgG antibody, normalized
body temperature, subsided oxygen demand, decreased CRP
and IL-6. Clinical symptoms were abolished and Pa02/Fi02
was increased to 300, radiological examination indicated
resolution of both lung infiltrates. Both patients became
COVID-19 negative and survived without showing any signif-
icant adverse effect of convalescent plasma therapy [26].
Houston Methodist hospitals investigated the therapeutic
benefit of convalescent plasma therapy in 25 severally ill
patients. Clinical outcome and improvement in COVID-19
symptoms were assessed according to the modified WHO 6-
point ordinal scale and laboratory parameters [27]. Hospital
of Zhejiang University, China carried out a clinical investiga-
tion using convalescent plasma treatment in 19 patients (11
males and 8 females). Among them, 10 was severely ill and
9 were critically ill. The result indicated a progressive and
marked improvement in clinical outcomes. Patients treated
with convalescent plasma showed improved lymphocytope-
nia, an index of immunomodulation, as well as improved
C-reactive protein and Sa02 indicating recovery from lung
damage [28]. The first 2 cases tested COVID-19 positive were
treated with convalescent plasma and investigated for clini-
cal improvement at the National Institute of Hematology and
Infectious Diseases, Hungary. Results indicated that conva-
lescent plasma treatment improved oxygenation, decreased
inflammatory markers, increased lymphocyte counts, and
decreased IL-6 levels. Mechanical ventilator was removed
from both patients after 2 weeks of treatment [29] (Table 1).

Interferon-based therapy

Families of natural proteins secreted by immune system cells
(WBC’s, NK cells, epithelial cells etc.) like interferons are
another approach in the treatment of infectious diseases
[30]. Several classes of interferons have been identified for
clinical utility amongst them interferon-beta 1a is under
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Table 1 Immunotherapy-based clinical trials and outcomes in COVID-19 patients.
Immunotherapy  Name of Combination Therapy Patient type and Clinical outcome Percent References
bioactive agent number recovery
and country
CcP Convalescent Mechanical ventilation, 5 critically ill Decreased IL-6 and CRP, resolution 60 (2 patients Shen C et al.,
plasma infusion antiviral and patients of pulmonary lesions, normalised were not yet 2020 20
(China) prednisolone body temperature, viral loads also discharging)
decreased
Convalescent Arbidol monotherapy or 10 critically and Increased oxyhemoglobin 100 Duan K et al.,
plasma infusion combination therapy clinically ill saturation, relief from dyspnea, 2020 21
(China) with remde- decreased C-reactive protein,
sivir/antibiotics/methylprednisolone improved lung lesion and viremia,
improved laboratory parameters
ABO-compatible Arbidol and oxygen 6 clinically ill Ani-SARS-CoV-2 IgM and IgG. 100 Ye at al., 2020 23
convalescent treatment aged patients Resolved focal pulmonary GGO’s
plasma
(China)
Convalescent Intubation, mechanical 2 clinical ill Increased anti-SARS-CoV-2 IgG 100 Ahn et al., 2020
plasma ventilator (man-71, women-  antibody, no fever, decreased CRP, 25
(Korea) corticosteroid, 67) IL-6, oxygen demand, lung
lopinavir/ritonavir, infiltrates Pa0O2/Fi02
hydroxychloroquine
and empirical
antibiotics
Convalescent = 19 patients (11 Improved lymphocytopenia, 100 Chen et al., 2020
plasma males and 8 immunomodulation; C-reactive 27
(China) females; 10 protein and Sa0,
severely ill and 9
critically ill)
Convalescent - 2 Improved oxygenization, 100 Bobek et al.,
plasma lymphocyte counts decreased 2020 28
(Hungary) inflammatory markers, decreased
IL-6, level
Convalescent Favipiravir, isoniazid, 1 (54-year-old Improved oxygen saturation, 100 Cinar et al., 2020
plasma rifampin, male patient with  decrease in inflammatory markers [30]
(Turkey) pyrazinamide, systemic and IL-6, resolved GGO’s

ethambutol, oxygen
supplementation,
tocilizumab

tuberculosis and
kidney disease
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Table 1

(Continued)

Immunotherapy  Name of Combination Therapy Patient type and Clinical outcome Percent References
bioactive agent number recovery
and country
INF INF Antiviral, Kaletra, 135 clinically and Improved oxygen saturation, 99.30 Wan et al., 2020
(China) antibacterial and critically ill lymphocyte, CD4+ 34
corticosteroids, T, CD8+
mechanical ventilation, T, B cell, and NK, resolved GGO'’s
oxygen supply
INF beta-1b Lopinavir-ritonavir, and 127 (86 treated Decrease in viral load, cytokine 100 Hung et al., 2020
(Hong Kong) ribavirin and 41 control) response, resolved GGO’s and 35
shortening duration of
hospitalization
INF Remdesivir, 237 (158 treated Improvement in clinical symptoms, 100 Wang et al., 2020
(China) lopinavir-ritonavir, and and 79 placebo) oxygen saturation, reduced 36
corticosteroids. respiration rate, fever, suppressed
cough
INF-Alpha Lopinavir—ritonavir 36 children Improved clinical symptoms, 100 Qiu et al., 2020
(China) oxygen saturation, immune cell 37
count, resolved GGO’s.
INF-beta Dexamethasone and 105 critically ill Improvement clinical symptoms, ongoing Abdolabhi et al.,
(Iran) immunoglobulin Sp02 level, shorten hospitalisation 2020 38
of patients, no mechanical
ventilation.
Type 1 INF Hydroxychloroquine, 1 clinically ill No symptoms, normal respiration, 100 Gemcioglu et al.,
(Turkey) azithromycin and (multiple WBC, Hb, platelet count, CRP 2020 39
enoxaparin sodium sclerosis) level, liver and kidney function
tests, D-Dimer levels.
INF beta-1a Hydroxychloroquine, 20 Subsides symptoms resolved GGO’s, Dastan et al.,
(Iran) and lopinavir/ritonavir reduced ICU stay and mortality rate 2020 [41]
IFN-a2b Combination of arbidol, 77 hospitalized No signs or symptoms of end organ 100 Zhou Q et al.,
(China) prophylactic antibiotic patients dysfunction, respiratory distress, 2020 [42]
regimens, oxygen improved oxygen saturation,
supplementation decreased in viral load and IL-6,
CRP levels
Human mAbs Tocilizumab Intravenous ceftriaxone 1 patient with Improved oxygen saturation from 100% Bjornsson et al.,
(Iceland) and oral azithromycin 5  history of asthma 88% to 95%, reduced TNFa and IL-6, 2020 [47]

days of oral
hydroxychloroquine,
respiratory intubation

and hypertension

reduced fever, cough, weakness
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Table 1 (Continued)
Immunotherapy  Name of Combination Therapy Patient type and Clinical outcome Percent References
bioactive agent number recovery
and country
Tocilizumab Antiviral therapy of 20 patients (4 Temperature returned to normal, 100% Xu X et al., 2020
(China) lopinavir/ritonavir, Critically ill) improved oxygen saturation, [50]
IFN-a routine therapy significant change in CRP,
percentage lymphocytes, IL-6 and
lung lesions, reduction in viral load
Leronlimab — 10 terminally-ill, Reduction in plasma IL-6, viremia, 100% Patterson BK
(USA) critical restores CD4/CD8 ratio, improved et al., 2020 [52]
clinical outcomes
Mavrilimumab — 6 patients Improved oxygenation and reduced 100% Nold C. et al.,
fever 2020 [54]
Siltuximab 21 (9 critically ill)  Significant change in IL-6 and CRP 95% Gritti G 2020 [57]
(USA)
Tocilizumab Moxifloxacin, Arbidol, 1 (clinically ill Improved oxygen level, breathing, 100 Zhang et al.,
(China) methylprednisolone patient with absence of chest tightness, 2020 [57]
multiple decreased IL-6 level, normal
myeloma) lymphocyte count and resolved
GGO’s.
Tocilizumab - 100 clinically ill Improved acute respiratory failure, 76 Toniati et al.,
(Italy) (hyperinflamma- resolved diffuse bilateral opacities, 2020 [58]
tory and abolished symptoms
syndrom)
Tocilizumab Hydroxychloroquine 1 (with sickle cell  Improvement in general condition, 100 De Luna et al.,
(France) syndrome) radiological examination and 2020 [59]
observed Sp02 at 97%
Tocilizumab Hydroxychloroquine 1 (kidney No fever was absent, improved 100 Fontana et al.,
(Italy) transplant oxygen saturation, reduced 2020 [60]
recipient) respiration rate and normalised
WBC count
Tocilizumab Methylprednisolone 15 (2 moderately Decreased CRP, improved/stabilise 66 Luo et al., 2020
(China) ill, 6 seriously ill symptoms, reduced inflammatory [19]
and 6 critically activity and IL-6 levels
ill)
Tocilizumab Lopinavir/ritonavir 3 (clinically ill) Absence of fever, improved clinical 100 Di
(Italy) hydroxycholoroquine symptoms and oxygen saturation, Giambenedetto
reduction in CRP levels et al., 2020 [61]
Tocilizumab Lopinavir/ritonavir, 2 (acute hyper- Improved clinical symptoms 100 Morrison et al.,
(USA) ribavirin, and triglyceridemia) 2020 [62]

hydroxychloroquine.
with a propofol
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the clinical investigation for treatment of COVID-19. Type
1 interferons (IFN—I) is a class of cytokines secreted promi-
nently by plasmacytoid dendritic cells after recognition of
PAMPs [31] IFN-1 is one of the initial cytokines induced in viral
infection. These secreted INFs are recognized by the plasma
membrane receptor namely INFAR and induces phosphory-
lation and translocation of transcriptional factors such as
STAT1 into the nucleus. This leads to activation of interferon-
stimulated genes (ISG) which are primarily involved in most
of inflammatory signaling pathways and immunomodulatory
effect. ISG, through an array mechanism, hinder viral repli-
cation, interfere with cell metabolism and reduce cytokine
secretion and activate adaptive immune responses. Further-
more, the antiviral effect is produced through mitigation
of viral fusion and entry, by sensitizing the cells towards
pathogen and hence reduce membrane fluidity [32,33].
Recent Chinese guidelines recommended IFN«a in combi-
nation with antiviral drugs (ribavirin) for treatment of
COVID-19 [34]. Interferon therapy with Chinese traditional
medicines, antibacterial, antiviral, and corticosteroids was
found to enhance the clinical outcome in 135 COVID-19
patients. The recruited population had a median age of 47
years, no significant gender differences with clinically ill
to severely ill patients (cardiovascular diseases and malig-
nancy). The study revealed remarkable improvement in
patients and reported the death of one patient. The find-
ings showed improved oxygen saturation, lymphocyte, CD4+
T, CD8+ T, B cell, and NK cell counts; also, CT scan advocated
resolved GGOs inpatient after treatment with interferons
[35]. An open randomized phase 2 trial carried out in Hong
Kong involving triple combination therapy viz. interferon
beta-1b, lopinavir-ritonavir, and ribavirin were provided to
86 patients, who were tested positive to COVID-19. The
result showed that triple combination therapy significantly
reduced the viral load, subsided symptoms completely and
IL-6 levels within 4 days. In conclusion, it was stated that the
therapy appreciably reduces virus shedding duration, short-
ens hospitalization of patients, alleviates cytokine response
and resolves lung GGOs [36]. In another study, 158 ran-
domized and 79 placebo-controlled patients were enrolled
in the double-blind multicentre trial at ten hospitals in
National Clinical Research Center for Respiratory Diseases,
China. The patients received remdesivir and concomitant
lopinavir-ritonavir regimen, interferons, and corticosteroids
for the treatment of COVID-19. The findings depicted that
remdesivir with interferon regimen significantly improved
clinical symptoms, relieved fever, improved oxygen satu-
ration, reduced respiration rate and also suppressed cough
[37].

In an investigation conducted at the Ningbo Women
and Children’s Hospital, China, clinical outcome of INF-
alpha along with concomitant use of lopinavir-ritonavir was
assessed in 36 children with a mean age of 8.3 years.
The study displayed improved clinical manifestations in
terms of fever, cough, tachypnoea, congestion, sore throat,
vomiting, and diarrhea. Serum level of the immune cells
were significantly increased; CT scan showed resolved pul-
monary GGOs as well as improved oxygen saturation [38].
A phase two multi-center randomized controlled trial car-
ried out at Golestan University of Medical Sciences, Iran
involved 105 critically ill COVID-19 patients, who were
treated with a combination of interferon-beta, dexameth-

asone, and immunoglobulin. Main outcome of the trial
showed improvement in clinical symptoms, SpO2 level was
increased, further, the hospitalization of patients was short-
ened and the patient did not require mechanical ventilation
[39].

In a study, COVID-19 positive multiple sclerosis patient
was treated with interferon along with hydroxychloroquine,
azithromycin, and enoxaparin sodium at Ankara City Hospi-
tal, Ankara, Turkey. This single patient study showed that
the combined regimen successfully enables recovery from
SARS-2 infection. The patient did not show any symptoms;
also, normal respiration, normal levels of WBC, hemoglobin,
CRP, platelet count, liver/kidney function parameters were
observed [40].

A recent non-controlled trial investigation involved
20 COVID-19 positive patients, who were treated with
subcutaneous administration of IFN-B-1a every alter-
nate day along with conventional hydroxychloroquine,
and lopinavir/ritonavir treatment. The primary outcomes
achieved were subsided symptoms like fever, cough, chest
pain, headache, diarrhea, and sore throat. The secondary
outcomes were resolved GGOs, reduced ICU stay, and mor-
tality rate [41] Administration of IFN-a2b alone or along with
arbidol remarkably mitigated the viral load in the upper
respiratory tract (Table 1) [42].

Monoclonal antibodies (mAbs)

Immunopotentiation through active or passive immuniza-
tion strategies have proven beneficial against a gamut of
viral infections, as observed in our previous study and
the reports of other research groups [43—45]. Specifi-
cally, passive immunization with antibodies is a well-known
strategy in the treatment of infectious diseases. But, the
specific monoclonal antibodies (mAbs) are highly potent
in neutralization of circulating antigen/antigen toxins and
amelioration of microbial infection. These monoclonal anti-
bodies have shown effective prophylaxis against severe viral
infections like hepatitis, rabies, measles, smallpox, varicella
zoster and currently emerged SARS, etc. Many mAbs particu-
larly get associated with the receptor binding domain (RBD)
of the spike (S) protein and interferes with receptor binding.
While some of mAbs bind with N terminal of RBD epitopes
and neutralize the virus with or without inhibiting receptor
binding in SARS-CoV. MAb 201 was evaluated for its clinical
efficacy against SARS-CoV in golden Syrian hamsters. Results
showed that mAb 201, when administered prophylactically
prevents viral replication; also, the viral burden was reduced
by 10%4—103° and associated interstitial pneumonitis was
ameliorated [46]. A new monoclonal antibody tocilizumab
(IL-6 receptor inhibitor) was used for the treatment of
COVID-19 in Iceland in a patient with severe respiratory
symptoms and fatigue (Table 1). The study results showed
improvement in clinical symptoms, oxygen saturation levels
and minimum cytokine burst, and importantly the patient
did not require endotracheal intubation [47]. Another clin-
ical investigation of tocilizumab against COVID-19 in 20
patients at Anhui Provincial Hospital and Anhui Fuyang Sec-
ond People’s Hospital showed improvement in symptoms of
patients as fever was returned to normal, oxygen demand
was reduced in 75% patient. More than 90% of patients
showed reduction in lung lesion in the CT scan report.
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Besides, reduced lymphocyte level and elevated C-reactive
protein were also normalized in the tocilizumab-treated
patients. The data showed that tocilizumab, along with rou-
tine therapy with antiviral and broad-spectrum antibiotics,
improved clinical outcomes in severe COVID-19 patients
without any adverse effect [48]. Another study involving
fifteen patients (12 males and 3 females) with COVID-19
admitted at Zhongfaxincheng campus of Tongji Hospital
in Wuhan, China for clinical investigation of tocilizumab
treatment. Tocilizumab was administered with and without
prednisolone treatment and evaluated for C-reactive pro-
tein, IL-6 and clinical outcomes before and after treatment.
Results showed that treatment with Tocilizumab attenuated
*‘cytokine burst’’, reduced C-reactive protein and mitigated
the inflammatory responses. Unfortunately, ill and critical
patient death was occurred during the tocilizumab treat-
ment and needs further investigation in large number of
COVID-19 patients [49]. Leronlimab a product of CytoDyn
Inc. was investigated in 10 COVID-19 patients with severe
illness. Treatment with leronlimab showed rapid reduction
in IL-6 levels, restoration of CD4/CD8 ratio, reduction in
plasma viremia. This result underscores that treatment with
leronlimab restores immunological deficiencies and resolves
inflammatory responses [50]. The new ACE-MAB by Sor-
rento and Mabpharm is in pipeline and under clinical trial
against treatment of COVID-19. ACE-MAB is a bi-specific
fusion protein with two arms, one comprises human anti-
body targeting SARS-CoV-2 spike protein whereas another is
a truncated ACE2 protein that binds to the spike protein epi-
tope. This fusion selectively blocks the interaction between
RBD and CD147, and attenuates inflammation and cytokine
burst [51]. Gimsilumab, a product of Roivant Sciences and
Mavrilimumab of Kiniksa Pharmaceuticals are granulocyte-
monocyte colony-stimulating factor inhibitors and could be
effective in treating SARS-CoV-2 [52—54]. Siltuximab, an
interleukin (IL)-6 receptor antagonist found clinical sig-
nificance in COVID-19 patients [55]. CEL-SCI corporation’s
biotech product LEAPS (ligand antigen epitope presentation
system), a cell modulation peptide and an immunomodula-
tor administered via epitope delivery technology to activate
cell-mediated T-cell immune response against infection and
viral burden reduction [56]. Beyond Spring group has sub-
mitted a provisional U.S. patent application for BPI-002, a
novel oral small molecule and a T-cell co-stimulator against
COVID-19 [57]. mAbs including infliximab or adalimumab
are anti-TNF antibodies with remarkable efficacy, broad
spectrum of safety and wide availability [58]. A 60-year-
old clinically ill patient with multiple myeloma working
in Wuhan was admitted to the Hospital of USTC, Hefei,
China and treated with tocilizumab along with moxifloxacin
and arbidol. After following the treatment protocol signifi-
cant progress was reported viz. improved oxygen saturation
and breathing, chest tightness disappeared, decreased IL-6
level, normal lymphocyte count, and resolved ground-
glass opacities. The effect of tocilizumab was mediated
through antagonizing the IL-6 receptor and avoiding cytokine
storm. The patient found COVID-19 negative and was dis-
charged from the hospital [57]. 100 COVID-19 positive,
hyperinflammatory syndrome (HIS) patients were enrolled at
Spedali Civili University Hospital in Brescia (Italy). An intra-
venous infusion of tocilizumab (8 mg/kg) was administered
every 12hours for 11 days. The reported outcomes were

improvement in acute respiratory failure, resolved diffuse
bilateral opacities, and attenuated symptoms of COVID-19.
Unfortunately, 24% of patients died and 2 patients reported
adverse effects of tocilizumab viz. septic shock and gastroin-
testinal perforation [58].

A case study of COVID-19 positive patients with sickle
cell syndrome was successfully treated with tocilizumab.
The research report showed progressive improvement in
general condition, radiological examination, and SpO2 was
observed as 97%. [59]. Another case study of COVID-19
positive patient with a history of kidney transplant was suc-
cessfully treated with a combined regimen of tocilizumab
and hydroxychloroquine. The clinical outcomes underscored
that after treatment with tocilizumab, the fever was absent,
with oxygen saturation of 95%, reduced respiration rate, and
normalized WBC count. Radiological examination showed
normal lungs and patient was discharged [60].

The single-center study involved 15 COVID-19 positive
patients (2 moderately ill, 6 seriously ill and 7 were critically
ill) and treated with tocilizumab at Zhongfaxincheng campus
of Tongji Hospital in Wuhan, China. The laboratory findings
reported that CRP levels in all 15 patients were found normal
after treatment with tocilizumab and methylprednisolone.
Also, decreased inflammatory activity, and IL-6 level was
noted; besides, 6 patients displayed improved/stabilized
clinical symptoms. In 4 patients, disease aggravation was
observed and the death of 5 patients was reported [61].

Another recent investigation involved 3 clinically ill
patients, treated with tocilizumab in combination with
the conventional regimen (lopinavir/ritonavir plus hydrox-
ychloroquine) in an Italian Hospital. The clinical outcome
in the first hypertensive patient, reported an absence of
fever, improvement in the PaO2-to-Fio2 ratio, and CRP was
found normal. In the second patient progressive results were
obtained and reported as an improvement in the clinical
condition, absence of fever, and rapid reduction in CRP. The
third patient also showed similar results as an improved clin-
ical condition, oxygen saturation, and resolved fever [49].

Two COVID-19 positive patients with acute hyper-
triglyceridemia were treated with tocilizumab along with
lopinavir/ritonavir, ribavirin, hydroxychloroquine at Henry
Ford Hospital, Michigan, USA. The investigational outcome
reported that tocilizumab is a potential treatment option
in patients with severe COVID-19 (Table 1) [62]. In addition
to these interventions, IFN-k plus TFF2 with standard care
[63] and type 1 IFN [64] based strategies are proposed to be
effective in the management of COVID-19. However, large-
scale clinical trials are warranted to ascertain the efficacy
of these treatment options in various patient population in
terms of severity, ethnicity, genetic aberrations, and other
influential factors.

Conclusion

Considering the limitations of current pharmacotherapy
employing antivirals, antibiotics, anti-malarials, corticoste-
roids, and artificial oxygenation, it is imperative to tap
for another promising approach against COVID-19 treat-
ment. Extensive literature review and clinical investigations
advocated that modulation of immune response could be a
highly promising line of attack to combat viral infection like
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Figure 1.

Pathological signaling cascade of SARS-CoV-2 infection and mechanisms of action of various immunotherapeutics including

convalescent plasma, interferon gamma (IFNy) and human monoclonal antibodies.

COVID-19. Modulation of immune response with an infusion
of CP proffers appreciable effectiveness, as it contains viral-
specific antibodies to effectively eradicate and neutralize
circulating pathogens. Treatment with natural proteins like
INF, secreted by defense cells is also an interesting strat-
egy to thwart cytokine burst and associated organ damage,
which is very common in COVID-19 patients. Human mAbs
are more promising advanced approach in the picture to
fight against viral survival/replication in the host. Target
specific modulation and activation of immune cells like
CD4*/CD8" cells are demonstrated to be effective measures
in curtailing the symptoms of COVID-19 via eradication of
circulating pathogens as well as reduction of viremia. Collec-
tively, immunotherapeutic modalities act through multiple
pathways involving direct pathogen neutralization, inhi-
bition of viral fusion/replication, attenuation of cytokine
burst against SARS-CoV-2 infection (Fig. 1). In conclusion,
immunotherapy might be used as a stand-alone modal-
ity for treating COVID-19 patients. However, based on the
demographic and clinical profiles (e.g., disease severity,
comorbidities, etc.) of the patients, the physician need
to decide up on the use of specific immunotherapy: as a
stand-alone therapy or as a vital component in a multimodal
regimen. Nevertheless, future investigations are warranted
to address the precise (re)purposing of immunotherapeu-
tics for treating specific patient pool in the COVID-19
spectrum.
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