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Promising Immunotherapies against COVID-19
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Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has led to a severe pandemic and
deeply affected the livelihood of people worldwide. In response to the
pandemic, researchers have been rapidly studying different aspects of
COVID-19, such as virus detection, vaccinations, and epidemiological aspects
of the disease. It has been reported that SARS-CoV-2 can induce uncontrolled
inflammation and cause a lack of antiviral response, thereby aggravating the
disease. Therefore, recovery of immune functions is key to COVID-19
treatment. Many clinical trials are exploring suitable therapies, and some
progress has been made. Early administration of interferons may prevent
COVID-19 exacerbation and/or promotes recovery from the diseases.
Inhibitors of inflammation can prevent cytokine storms and multi-organ
damage. Convalescent plasma containing neutralizing antibodies has played
an important role in therapeutic options at the beginning of the pandemic

Furthermore, compared to SARS-CoV and
MERS-CoV, SARS-CoV-2 causes a more
pathogenic disorder, coronavirus disease
2019 (COVID-19).5] Globally, as of 20
April 2021, there have been 141 754 944
confirmed cases of COVID-19, including
30 25 835 deaths, according to the COVID-
19 Situation Dashboard of the World Health
Organization (WHO).[®]

The common clinical manifestations of
COVID-19 are cough, shortness of breath,
fever, and various other symptoms such
as headache, hemoptysis, and diarrhea.l”]
Lung infection is apparent, and ground-
glass-like opacity areas can be found bilat-
erally in the lungs in computed tomogra-
phy images of affected patients.®l More-

owing to the lack of other effective methods. To aid the development of
treatment options for COVID-19, this review focuses on immunotherapies,
including treatment with interferons, inhibition of pro-inflammatory

mechanisms, and the use of convalescent plasma.

1. Introduction

During the last two decades, two large-scale pandemics were
related to coronaviruses, namely severe acute respiratory syn-
drome (SARS, 2002) and Middle East respiratory syndrome
(MERS, 2012).I'2] A consensus was reached that severe acute res-
piratory syndrome related to coronaviruses (SARSr-CoV), most
of which use bats as their natural hosts, may result in fu-
ture disease outbreaks.'3] Similar to SARS-CoV and MERS-
CoV, SARS-CoV-2 caused severe and fatal diseases after break-
ing out in 2019. Genome sequencing and alignment of the re-
sults revealed that SARS-CoV-2 nucleic acid sequence is 96%
identical with the bat coronavirus RaTG13, 79% identical with
SARS-CoV, and 50% identical with MERS-CoV.['*] It can be in-
ferred that SARS-CoV-2 is a coronavirus of probable bat origin.
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over, low expression of type I/III interferons
(IFNs) and high levels of pro-inflammatory
cytokines and chemokines (such as in-
terleukin [IL]-6) are observed, which may
cause cytokine storms and uncontrolled in-
flammation. Excessive inflammation may
worsen the course of the disease.”!% In
severe cases, acute respiratory distress syndrome (ARDS), sys-
temic inflammatory response syndrome, cardiac dysfunction, ar-
rhythmias, viral sepsis, hypercoagulability, thrombotic complica-
tions, and multiple organ failure can be observed.[''-13]

According to the National Institutes of Health COVID-19 treat-
ment guidelines, standard treatment includes maintaining the
hemodynamics of patients in-balance and providing oxygenation
and ventilation treatment, such as the employment of high-flow
nasal cannula and extracorporeal membrane oxygenation.['*] Ex-
cept for these guidelines, no standard drug therapy is prescribed
due to the uncertainty and safety of existing drugs. Vaccination
is now the most effective way to prevent SARS-CoV-2 infection.
Currently, researchers are mainly focusing on the develop-
ment of vaccines against SARS-CoV-2 and its variants. Several
vaccines have been and/or are in development, such as inac-
tivated or live attenuated vaccines, subunit vaccines, vectored
vaccines, and nucleic acid vaccines.' Inactivated vaccines,
vector vaccines, and RNA-based vaccines have already been
approved and are available on the market.'*] Apart from
vaccines, immunotherapy treatments that induce a low or hy-
perimmune state in the body are also an effective method to
combat viral infections. Immunotherapy has been successfully
used against SARS-CoV and MERS-CoV; thus, it is suggested
that it can influence SARS-CoV-2 as well.l'7] In this review,
we mainly focus on IFN therapy, the inhibition of inflam-
matory responses, and convalescent plasma therapy against
COVID-19.
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Figure 1. Mechanism of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) invasion and principles of representative vaccines. Nucleocapsid
(N), spike (S), membrane (M), and envelope (E) glycoproteins constitute structural proteins of SARS-CoV-2 and are related to the envelope. The S protein
binds angiotensin-converting enzyme Il (ACE2) to promote viral entry. Inactivated vaccines: SARS-CoV-2 is raised in Vero cells, inactivated through
physical or chemical methods, and administered as a vaccine. Vectored vaccines: The full-length S gene is cloned into a replication-deficient adenovirus
vector. After intramuscular injection of the vectored vaccine, the S protein is produced. RNA vaccines: Lipid nanoparticles (LNPs) that contain mRNA
constitute RNA vaccines. Depending on the mRNA used, translation generates the S protein or the receptor-binding domain (RBD) of the S protein in
the recipient cell. Ultimately, the S protein or its RBD induce the production of NAbs.

2. SARS-CoV-2 and SARS-CoV-2 Vaccines
2.1. Structure of SARS-CoV-2

SARS-CoV-2 belongs to the coronavirus family, the Betacoron-
avirus genus; it is a positive-sense, single-stranded enveloped
RNA virus."™®1] The coronavirus genome encodes several struc-
tural and nonstructural proteins (NSPs).*”) The NSPs promote
viral transcription and replication by countering the host antivi-
ral response and immune regulation.[?*2!] Host infection, mem-
brane fusion, virus assembly, morphogenesis, and viral particle
release all rely on structural proteins.[*! Nucleocapsid (N), mem-
brane (M), envelope (E), and spike (S) glycoproteins constitute
structural proteins that are related to the viral envelope.?223] The
N protein binds to the viral RNA and mediates viral replication,
whereas the M, E, and S proteins mainly participate in envelope
formation. The S protein protrudes from the viral envelope and
plays a significant role in mediating the entry of the virus into
the host cell.2>2*] The invasion of SARS-CoV-2 depends on the S
protein binding to cellular receptors and its activation by host cell
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proteases, which are responsible for target cell adsorption and
membrane fusion.[?]

2.2. SARS-CoV-2 Vaccines Phase 4 Clinical Trials

Similar to SARS-CoV, SARS-CoV-2 uses the angiotensin-
converting enzyme II (ACE2) receptor to enter host cells.!!
Therefore, therapies effective against SARS-CoV might also be
effective against SARS-CoV-2. According to previous experience
in developing SARS-CoV vaccines, the S protein is a satisfac-
tory vaccine antigen candidate owing to its high immunogenicity
and its capability to induce neutralizing antibodies (NADs).[?] As
of March 2021, inactivated vaccines, vector vaccines, and RNA-
based SARS-CoV-2 vaccines containing S proteins have entered
phase 4 clinical trials which means these vaccines are being
administered worldwide at this time, beyond clinical trials and
while trials continue (Figure 1, Table 1).11%]

The use of inactivated viruses is the traditional method of vac-
cine development and has been proven to be safe and effective.l3!]
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Table 1. Development of vaccine candidates at the clinical stage in phase 4 trials.

Vaccine type Vaccine Developer No. of Timing of Results of clinical trials Ref.
doses doses [days]
Inactivated vaccines Inactivated Sinovac Research and 2 0and 14 The phase 3 trial showed that two doses of 3 or 127]
Development Co., Ltd. 6 ug/0.5 mL of the vaccine were safe and
well-tolerated in adults aged 60 years and
older. The seroconversion rates in those who
received 3 or 6 ug doses were >95% after a
two-dose vaccination.
Inactivated Sinopharm/China National 2 0and 21 Humoral responses against SARS-CoV-2?) were
Biotec Group Co./Beijing induced in all vaccine recipients on day 42.
Institute of Biological
Products
Non-replicating vector ChAdOx1 nCoV-19Y)  AstraZeneca/University of ~1-2 0 or0and 28 The pooled analysis of four randomized trials 128]
vaccines Oxford showed that the vaccine efficacy after a single
standard dose of the vaccine from day 22 to
day 90 after vaccination was 76%.
RNA vaccines mRNA-1273 Moderna/National Institute 2 0and 28 The phase 3 trial showed that mRNA-1273 had 129]
of Allergy and Infectious 94.1% efficacy for preventing COVID-19
Diseases (NIAID) illness, including severe disease.
BNT162 Pfizer/BioNTech/Fosun 2 0and 21 The phase 3 trial showed that a two-dose 130]

Pharma

regimen of BNT162b2 elicited 95% protection
against COVID-19 in persons 16 years of age
or older.

2 SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ® nCoV-19 or COVID-19, coronavirus disease 2019.

The advantages of inactivated vaccines are the ease of production
and stable expression of antigenic epitopes; however, production
requires biosafety level 3 growth of the pathogen.['>3%] Phase 3 tri-
als of the inactivated vaccine developed by Sinovac showed that
treatment was safe in healthy adults aged 60 years and older; se-
roconversion was observed in 96 of 98 (98%) participants in the
3 ug treatment group (Table 1).1?] Phase 1/2 trials of vaccines de-
veloped by Sinopharm showed that they were safe in adults aged
18-80 years old. Humoral responses against SARS-CoV-2 were
induced in all vaccine recipients on day 42. Two dose treatments
with 4 pg on days 0 and 21, or days 0 and 28, had better results
compared with the single 8 pg dose or 4 pg dose on days 0 and
14.033]

Vector vaccines contain a carrier virus construct, for exam-
ple, an adenovirus, that carries genes of the target virus, such
as the optimized full-length S gene in the case of SARS-CoV-2.
These vaccines express proteins in the host cells that can induce
NADs after vaccination. The advantages of vector vaccines are that
they infect with antigen presenting cells directly and are geneti-
cally and physically stable, but prior immunity to the vector may
be induced.[*>32] The pooled analysis of four randomized trials
showed a 76% vaccine efficacy after a single standard dose of the
Oxford SARS-CoV-2 vector vaccine from day 22 to day 90 post-
vaccination.[?®]

RNA-based vaccines are a relatively recent development
whereby antigen information is delivered through LNPs that
contain modified mRNA that produces the antigen by trans-
lation in the recipient cells.?* An advantage of RNA vaccines
is that they can be developed rapidly; however, to maintain
stability, they should be kept in frozen storage which often
requires high-quality preservation technology.'>3?] The phase
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3 trial showed a 94% efficacy for the Moderna mRNA-1273
vaccine,!?”! and the phase 3 trial of the Pfizer BNT162b2 vaccine
showed that a two-dose regimen was 95% effective in preventing
COVID-19.3]

3. Role of IFNs in COVID-19

3.1. IFN Signal Transduction Following RNA Virus Infection

Innate immunity is activated following the identification of
pathogen-associated molecular patterns by pattern recognition
receptors; this is the first line of defense against a virus.*! After
binding to the surface of the host cell, the uncoated viral particle
crosses through the cytomembrane and replicates as a double-
stranded RNA (dsRNA) intermediate. Subsequently, the viral par-
ticle is recognized by RNA pattern recognition receptors such
as melanoma differentiation-associated gene 5 (MDA-5) in the
cytoplasm and retinoic-acid-inducible gene I (RIG-1).3¢37] After
detecting the dsRNA, the antiviral signaling cascade is initiated
through the mitochondrial antiviral signaling (MAVS) protein,
which recruits tumor necrosis factor (INF) receptor-associated
factors (TRAFs) and activates TANK binding kinase 1 (ITBK1) and
IxB kinase e (IKKe). The TBK1/IKKe complex then activates,
through phosphorylation, the IFN regulatory transcription factor
(IRF)3 to induce the transcription of genes that encode IFNs.[38]

Type I and type III IFNs function via paracrine or autocrine
mechanisms and interact with their respective receptors, type I
IFN receptor (IFNAR) and type III IFN receptor (IFNLR), respec-
tively. The receptor-associated complex Janus-activated kinase
(JAK)1/tyrosine kinase (TYK)2 is activated, leading to the phos-
phorylation of signal transducer and activator of transcription
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Figure 2. Production, transduction, and inhibition of type I/III interferons (IFNs). The intermediates (double-stranded RNA, dsRNA) produced after
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are recognized by melanoma differentiation-associated gene 5 (MDA-5)
or retinoic-acid-inducible gene | (RIG-1). Subsequently, MDA-5 or RIG-I is activated and interacts with mitochondrial antiviral signaling (MAVS) protein.
MAVS recruits tumor necrosis factor (TNF) receptor-associated factors (TRAFs) and activates TANK binding kinase 1 (TBK1) and I« B kinase ¢ (IKKe). They
further activate IFN regulatory transcription factor 3 (IRF3) and trigger its nuclear entry to induce the expression of type I/IIl IFNs. Type | and type Il IFNs
function as autocrine or paracrine signaling molecules by binding to IFN receptors, which can activate tyrosine kinase 2 (TYK2) and Janus-activated kinase
1 (JAKT). Activated TYK2 and JAK1 phosphorylate signal transducer and activator of transcription (STAT)1 and STAT2. Phosphorylated STAT1/STAT2
heterodimers combine with IRF9 to form an IFN-stimulated gene factor 3 (ISGF3) complex. This complex translocates into the nucleus and interacts
with IFN-sensitive response elements (ISREs) to promote the transcription of IFN-stimulated genes (ISGs). The SARS-CoV-2 nonstructural proteins
(NSPs) can inhibit the production and function of IFNs. Nsp6é and nsp13 bind to TBK1 and inhibit its transduction and phosphorylation, respectively.
Open reading frame 6 (ORF6) inhibits IRF3 nuclear translocation, and nsp1induces the degradation of mMRNA and inhibits translation, thereby affecting
the production of IFNs. Phosphorylation of STATT is inhibited by ORF3a, ORF7b, nsp1, nsp6, nsp13, and M, whereas the phosphorylation of STAT2 is

ISGs

inhibited by ORF7a, ORF7b, nsp6, and nsp13. ORF6 prevents nuclear translocation of ISGF3.

(STAT)1 and STAT2.13] JAK2 participates in type 111 IFN-induced
STAT phosphorylation.?®! Phosphorylated STAT1/STAT2 het-
erodimers combine with IRF9 to form an IFN-stimulated gene
factor 3 (ISGF3) complex. This complex is transferred into the
nucleus and binds to IFN-stimulated response elements (ISREs),
which induce the expression of IFN-stimulated genes (ISGs) to
prompt an antiviral state.**] Type I and III IFNs can induce sim-
ilar ISG signatures and activate an antiviral state in infected and
neighboring cells.[?7#1]

3.2. SARS-CoV-2 Inhibits Innate Immune Responses

Recent research has demonstrated that IFN induced by SARS-
CoV-2 may lead to inflammation when it is not produced in
time.[*?] In addition, SARS-CoV-2 antagonizes the antiviral re-
sponse by inhibiting signal transduction and production of
IFNS.[21'42'43]

Different proteins antagonize the production of IFNs through
distinct mechanisms. The nsp6 can bind to TBK1 and inhibit its
transduction. Similarly, nsp13 binds TBK1 and inhibits its phos-
phorylation. Open reading frame 6 (ORF6) binds karyopherin
subunit @ 2 (KPNA2), inhibiting IRF3 nuclear translocation,?!]
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and nsp1 can induce the degradation of mRNA to affect the pro-
duction of IFNs.[2*2] In addition, nsp12, nsp14, ORF3, M, and
N proteins have been shown to suppress IFN production, al-
though the mechanism remains unclear.**** Furthermore, sig-
naling cascades downstream of IFN are inhibited. The phos-
phorylation of STAT1 is affected by nspl, nsp6, nsp13, ORF3a,
M, and ORF7b, whereas the phosphorylation of STAT2 is sup-
pressed by nsp6, nsp13, ORF7a, and ORF7b. ORF6 associates
with KPNA2 to prevent ISGF3 nuclear translocation.”!l ORF6
can also associate with Nup98-Rael through its C-terminal do-
main at the nuclear pore complex and directly impair ISGF3 nu-
clear translocation (Figure 2).1*]

3.3. Lessons from Other Coronaviruses

The function of IFNs in two related, highly pathogenic coron-
aviruses, SARS-CoV and MERS-CoV, is controversial in terms
of their protective effects on the host.’”] However, the experi-
ence gained from studying SARS-CoV and MERS-CoV is valu-
able for exploring potential IFN treatment strategies against
SARS-CoV-2. Recombinant therapy with IFN-a and ribavirin has
shown to improve the survival of patients with severe MERS-CoV
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infection.l**] However, patients diagnosed with multiple comor-
bidities at the terminal stage of their disease did not benefit from
this antiviral therapy.*’] In experiments with MERS-CoV, mice
treated with recombinant IFN-# before the peak of viral replica-
tion (1 day after infection) showed better viral control and protec-
tion against fatal infection, whereas mice treated after the peak of
viral replication (2—4 days after infection) showed increased infil-
tration and activation of inflammatory cells in the lungs and en-
hanced lethality, with no obvious change in virus replication.*!
From these results, it can be inferred that early IFN treatment
can effectively limit viral replication.

3.4. IFN Actions against SARS-CoV-2

Research has demonstrated that pretreatment with IFN-g in-
hibits the transcription and replication of SARS-CoV-2,/*?] and
that SARS-CoV-2 is sensitive to [FN.[*] Therefore, recombinant
IFNs can potentially be used for immunotherapy. In a retrospec-
tive study, 77 patients with COVID-19 received either nebulized
IFN-a2b, arbidol, or a combination of both. IFN-a2b therapy sig-
nificantly accelerated viral clearance and reduced the levels of C-
reactive protein and IL-6, which are inflammatory markers.>" In
another retrospective multicenter cohort study, the early use of
IFN significantly reduced mortality. Nevertheless, it was observed
that patients with moderate COVID-19 did not benefit from treat-
ment with IFNs and that slower recovery was associated with
delayed administration of IFN.5Y In addition, an investigator-
initiated open-label study showed that recombinant IFN-« nasal
drops protected susceptible people and prevented COVID-19 in-
cidence without adverse effects.’?! In a double-blind, placebo-
controlled trial, IFN-A accelerated viral decline. By day 7, 80%
of the participants in the IFN-4 group had an undetectable viral
load, indicating the potential of IFN-4 to avoid further deterio-
ration and promote virus removal.>3] All of these results support
the protective function of early treatment with IFNs in COVID-19
patients.

Paradoxically, it has also been shown that the SARS-CoV-2
receptor ACE2 is an ISG. SARS-CoV-2 can promote infection
through IFN-stimulated upregulation of ACE2 in human airway
epithelial cells.>*] Some of the inconsistent results in these re-
ports can be explained by the limited number of patients in retro-
spective studies, the combination of drugs, and importantly, the
timing of administration of these drugs. Additional results from
ongoing clinical studies will provide more informative answers
regarding IFN as a COVID-19 therapy.

The biological effects of I[FNs need to be thoroughly examined
to safely evaluate their clinical efficacy and implement sound
treatment strategies.[’’] Recombinant and pegylated IFN-a and
IFN-p have been authorized for use in the treatment of multi-
ple sclerosis and viral hepatitis, bringing hope for the develop-
ment of IFN treatment against COVID-19. Compared to type I
[FNs, IFN-4 has a higher or similar virological response rate and
fewer adverse events.”! In a study on influenza A virus, IFN-
a treatment restricted viral replication but increased pulmonary
secretion of pro-inflammatory cytokines, as well as epithelial cell
death. By contrast, IFN-4 treatment lowered the viral load and did
not drive immunopathological responses.>®! Thus, IFN-1 may be
a more attractive therapeutic strategy for COVID-19. Regrettably,
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recombinant IFN-As are currently only used in clinical trials and
have not yet been approved for any indication.*’! To date, type I
and type III IFNs are being evaluated in several clinical trials for
their potential as therapies for COVID-19.

4. The Role of Anti-Inflammation
4.1. Inflammatory Changes Caused by SARS-CoV-2

Infection and replication of SARS-CoV-2 can lead to pyrop-
tosis and vascular leakage, which can cause subsequent in-
flammatory responses.’l At the same time, SARS-CoV-2 can
infect alveolar macrophages and monocytes, cells that pro-
duce cytokines and chemokines.l’®*] Under the recruitment of
chemokines, inflammatory cells are attracted to the site of in-
flammation from the blood vessels, thereby driving persistent
alveolar inflammation.[®®} Uncontrolled inflammation induces
multi-organ damage (such as myocardial damage), leading to
multi-organ failure, especially in the renal, hepatic, and car-
diac systems.l”! In a cohort study, higher levels of IL-6, IL-18,
CCL8, CCL2, CXCL16, CXCL9, CXCLS8, and CXCL2 were ob-
served in patients with SARS-CoV-2 infection, compared to pa-
tients with other respiratory issues.!”) Another clinical study
demonstrated that intensive care unit (ICU) patients had higher
levels of chemokines and cytokines (TNF-a, IL-2, IL-10, GSCF,
and MCP1) than those of non-ICU patients.l”! The production of
a large number of pro-inflammatory chemokines and cytokines
may result in cytokine storms, which promote ARDS and sep-
sis symptoms (the causes of death in 69.5% and 28.0% of fatal
COVID-19 cases, respectively).5¢!l Therefore, it is important to
consider how to counter uncontrolled inflammation induced by
SARS-CoV-2.

4.2. Inhibition of Inflammation

Inhibition of inflammation may be a treatment option in COVID-
19. Several reports and ongoing clinical trials have explored the
therapeutic potential of targeting pro-inflammatory factors to
avoid cytokine storms in severe cases (Table 2, Figure 3).

Corticosteroid treatment slows down inflammation, but it is
a double-edged sword.l®?] The lessons from the previous SARS
outbreak do not favor this approach;®?! treatment of COVID-19
with corticosteroids may induce long-term complications, pro-
longed virus shedding, and secondary infections.[®*) In a multi-
center, single-blind, randomized controlled trial, the use of corti-
costeroids also prolonged the shedding of SARS-CoV-2 in mild
cases.[®l In addition, treatment with high-dose corticosteroids
potentially increases the mortality of patients with severe COVID-
19.19] Overall, no study supports that patients with COVID-19
benefit from corticosteroids; on the contrary, corticosteroids are
more likely to be harmful.[%¢]

Colchicine is another drug that controls inflammation and is
traditionally used for the treatment of rheumatic diseases. It can
inhibit the production of IL-1p, as well as neutrophil chemotaxis
and activity. In a randomized, multicenter clinical trial, patients
with COVID-19 treated with colchicine showed improved clinical
manifestations.[”]

© 2021 Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.advtherap.com

ADVANCED
SCIENCE NEWS

ADVANCED
THERAPEUTICS

www.advancedsciencenews.com www.advtherap.com
Table 2. Promising immunotherapy approaches.
Type Target Description Results of clinical trials Planned
clinical trials
Interferons
IFN-a2b? IFNAR Enhances ISGP) expression and induces A retrospective multicenter cohort study showed
an antiviral state that early administration (<5 days after
admission) of IFN-a2b was associated with
reduced in-hospital mortality
IFN-a IFNAR Enhances ISG expression and induces The 28-day incidence of COVID-19) was zero in NCT04320238
an antiviral state both high- and low-risk groups. IFN-a nasal
drops may prevent COVID-19 and enhance the
protection based on standard physical isolation
IFN-A IFNLR Enhances ISG expression and induces By day 7, 80% of the participants in the NCT04354259
an antiviral state peginterferon lambda group had an
undetectable viral load
Inhibition of inflammation
Colchicine IL-159, neu- Inhibits IL-18 production, as well as Colchicine significantly improved clinical NCT04326790
trophils neutrophil chemotaxis and activity manifestations
Tocilizumab IL-6R Blocks IL-6 transduction Shorter time to clinical improvement and lower NCT02735707
mortality were observed
Sarilumab IL-6R Blocks IL-6 transduction Prognosis was improved NCT02735707
Siltuximab IL-6 Blocks IL-6 transduction The 30-day mortality rate of persons treated with NCT04322188
siltuximab was significantly lower
Anakinra IL-TR Blocks IL-1 transduction Improved clinical features and higher survival NCT04318366
rates were observed
Canakinumab IL-18 Blocks IL-1 transduction Improvement of oxygen support category was NCT04348448
observed
Baricitinib AAKT9), JAKD Inhibits cell entry of SARS-CoV-28) and Recovery time was reduced and improvement in NCT04401579

the JAK/STAT" pathway

Convalescent plasma

Convalescent plasma Spike protein

inhibiting viral entry, limiting viral

amplification

Nabs!) bind to viral proteins, thereby

clinical status was accelerated among patients
with COVID-19

Clinical symptoms and paraclinical criteria rapidly
improved

3)|FN, interferon; ®1SG, IFN-stimulated gene; 9COVID-19, coronavirus disease 2019; d1L, interleukin; ® AAK1, adaptor-associated protein kinase 1; f)JAK, Janus-activated
kinase; & SARS-CoV, severe acute respiratory syndrome coronavirus; ") STAT, signal transducer and activator of transcription; ? NAbs, neutralizing antibodies.

Tocilizumab is a recombinant humanized anti-human IL-6
receptor monoclonal antibody that binds to both membrane-
bound interleukin-6 receptor (mIL-6R) and soluble interleukin-
6 receptor (sIL-6R), thereby blocking IL-6 transduction. Notably,
tocilizumab has been approved for rheumatoid arthritis and
cytokine storms caused by chimeric antigen receptor T-cell ther-
apy. In an ongoing international, multifactorial, adaptive plat-
form trial, critically ill patients were treated with tocilizumab. A
shorter time to clinical improvement and lower mortality rates
were observed.[®® Sarilumab, another antibody against IL-6R and
similar to tocilizumab, also improved the prognosis of patients
with COVID-19. Tocilizumab and sarilumab had similar 90 day
survival outcomes, time to ICU, hospital discharge, and improve-
ment based on the WHO ordinal scale at day 14. In addition,
adverse reactions were rarely observed.[®¥] Siltuximab, a mono-
clonal antibody targeting IL-6, was used in an observational co-
hort study. The 30-day mortality rate was significantly lower in
siltuximab-treated patients with COVID-19 than in matched con-
trol cohorts.[®]
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Anakinra is an IL-1R antagonist that binds to IL-1R and in-
hibits its signal transduction. Anakinra has also been approved
for the treatment of rheumatoid arthritis. In a retrospective co-
hort study, 29 patients received high-dose intravenous anakinra,
and improved clinical features and higher survival rates were
observed.”") In another study, improvements at the clinical and
laboratory levels were observed in eight of nine moderate-to-
severe COVID-19 cases.l”!! Canakinumab, an anti-IL-14 anti-
body, has also been explored; patients treated with canakinumab
showed improvement in oxygen support in a prospective obser-
vational study.”?!

JAK is an intracellular tyrosine kinase that mediates cytokine
signaling, for example, via the JAK/STAT pathway. Baricitinib,
a JAK inhibitor, has been used to treat rheumatic arthritis.[”?!
Baricitinib also blocks the cell entry of SARS-CoV-2 in the early
stage of infection by targeting adaptor-associated protein kinase
1 (AAK1), which is involved in mediating endocytosis and intra-
cellular transport through ACE2.747%] In a pilot study on safety
and clinical impact, the percentage of discharges at week 2 was
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Figure 3. Potential methods to inhibit inflammation in COVID-19 patients. Infection with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) activates cytokine signaling and induces inflammation and cytokine storms. Colchicine, tocilizumab, siltuximab, anakinra, canakinumab, and
baricitinib can inhibit the transduction of cytokine signaling in different ways. Colchicine inhibits the production of interleukin-18 (IL-18). Tocilizumab
binds to the interleukin 6 receptor (IL-6R) to prevent the function of IL-6. Siltuximab acts by targeting IL-6. Anakinra targets IL-1R to inhibit inflamma-
tion. Canakinumab is an anti-IL-18 antibody that can block transduction. Baricitinib inhibits the JAK/STAT pathway, which mediates cytokine signaling.
Furthermore, baricitinib interacts with adaptor-associated protein kinase 1 (AAK1) to inhibit the entry of SARS-CoV-2.

58% in baricitinib-treated patients compared with 8% in controls.
The evidence that most patients were discharged and none of the
patients required ICU support showed that treatment with baric-
itinib improved the clinical outcome.[”®!

Furthermore, antagonists against TNF-a
(ChiCTR2000030089), IFN-y (NCT04324021), and IL-17 have the
potential to be used in the therapy against COVID-19. Clinical
trials targeting some of these pro-inflammatory cytokines are
under way.(!!]

In addition to the abovementioned antagonists, continuous re-
nal replacement therapy (a type of hemofiltration or hemodiafil-
tration method) and therapeutic plasma exchange also have the
potential to inhibit inflammation by removing pro-inflammatory
molecules.”*) Similarly, the artificial liver blood purification sys-
tem is a promising treatment option that can quickly block cy-
tokine storms and remove pro-inflammatory mediators. This
method is also conducive to the balance of electrolytes, acid-base,
and body fluids, thereby improving the treatment effect in criti-
cally ill patients.'?] With the progress in technology and meth-
ods, there will be more ways to defend against the pandemic by
controlling inflammation.

5. Convalescent Plasma Therapy
5.1. History of Treatment with Convalescent Plasma
Convalescent plasma is a passive immunization strategy used for

the prevention and treatment of infectious diseases since the be-
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ginning of the 20th century.””] It refers to plasma collected from
individuals who have recovered from a disease and produced
NADs. Transfusion of convalescent plasma involves the passive
administration of substantial amounts of antibodies and offers
instant immunity to infected individuals. In many cases, con-
valescent plasma has been used successfully to prevent and/or
treat infectious diseases after exposure, such as SARS, MERS,
and HIN1.”®) In therapy against SARS, treatment with convales-
cent plasma resulted in shorter hospital stays and lower mortality
in affected patients. No immediate adverse effects were observed
after the infusion of this plasma.l’®] Patients treated with conva-
lescent plasma before 14 days of illness had a better prognosis.®!

5.2. Possible Mechanisms Involved in Convalescent Plasma
Therapy

A possible mechanism for the observed effects of convalescent
plasma therapy is that NADbs bind to spike proteins, thereby
inhibiting the entry and amplification of the virus. This has
been observed in both SARS and MERS.[2] Apart from NAbs,
other plasmatic components obtained from donors may also
be involved, such as anti-inflammatory cytokines, clotting fac-
tors, natural antibodies, defensins, and other yet undefined pro-
teins. Thus, transfusion of convalescent plasma may offer ad-
ditional benefits for infected patients, such as an improved im-
munological regulation via amelioration of a severe inflamma-
tory response.[8!]
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5.3. Clinical Trials Using Convalescent Plasma

Many clinical reports have demonstrated the efficacy of convales-
cent plasma. In a trial of five critically ill patients with COVID-
19 and ARDS, their clinical status improved after treatment
with convalescent plasma. ARDS was resolved in four of the
patients after 12 days, and three of the patients were weaned from
mechanical ventilation within 2 weeks. Three patients were dis-
charged from the hospital ~50 days after this treatment.[®?] An-
other trial involving 10 adults with severe COVID-19 showed
that convalescent plasma significantly increased and main-
tained NAD levels, terminating viremia within 7 days.®3] Within
3 days, rapid improvements in clinical symptoms and paraclin-
ical criteria were detected. In radiological examinations, vary-
ing degrees of absorption of lung lesions were observed over
7 days. Similar to IFNs, early treatment with convalescent plasma
within 14 days had a better outcome.®3] These results sug-
gest that convalescent plasma is a promising option for severe
COVID-19 patients. Notably, the timely treatment appears to be a
vital factor. The virus load often reaches its peak in the first
week; thus, treatment in the early stage would presumably be
better.®%!

5.4. Safety of Convalescent Plasma

Additional points need to be addressed relative to convales-
cent plasma treatment; the safety of this treatment in patients
with COVID-19 needs to be confirmed.®* Mild adverse ef-
fects, such as fever, skin erythema, and nausea, may be ob-
served after convalescent plasma infusion.®*) Antibody-mediated
pro-inflammatory or antibody-dependent enhancement of infec-
tion effects may also occur in the treatment with convalescent
plasma.®] Despite these reports, the administration of conva-
lescent plasma is generally considered safe for COVID-19 treat-
ment, and it is not associated with any major adverse events.
The first study with 5000 COVID-19 patients treated with conva-
lescent plasma showed that the incidence of all serious adverse
events was <1% within the first 4 h after transfusion (mortality
rate ~0.3%).[%]

6. Conclusions and Future Perspectives

Considerable progress has been made in our knowledge of
COVID-19. The pathogenesis of COVID-19 mainly involves two
processes: Initially, the disease is driven by the replication of
SARS-COV-2 and later in the process, the body’s hyperimmune
state induces tissue damage.l'”) Immunotherapies using IFNs,
inhibition of inflammation, and convalescent plasma function in
different ways and have a synergistic effect.

IFN therapy focuses on the early course of infection, and plays
an important role in antiviral host responses, inducing ISGs lead-
ing to an antiviral state.l*"] However, infection with SARS-CoV-2
and translation of its proteins can lead to low IFN levels.[1%l There-
fore, treatment with IFNs may be a promising therapeutic strat-
egy. Clinical trial results have shown that type I and type III IFNs
can contribute to the recovery from COVID-19, but the timing of
administration is an important factor.[>*>15253] Early treatment
with IFNs may play a protective role, whereas delayed treatment
may be correlated with worse progress.>!]
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Therapy targeting inhibition of inflammation focuses on the
later course of infection. One of the sequelae SARS-CoV-2 in-
fection is the subsequent inflammatory response, which can
result in cytokine storms. Therefore, it is important to assess
how inflammation induced by SARS-CoV-2 can be inhibited.
The mechanisms of this uncontrolled inflammation have been
extensively explored. Drugs such as tocilizumab and anakinra,
originally designed to treat other inflammatory diseases, can
be used to explore the treatment of uncontrolled inflamma-
tion in COVID-19. However, the experiences gained from treat-
ments with corticosteroids call attention to unwanted effects,
such as secondary infections.[%3] Therefore, treatment with im-
munomodulatory drugs requires more data from clinical trials.

Convalescent plasma played an important role at the begin-
ning of the pandemic when there were no effective vaccines or
treatments because of the novelty of SARS-COV-2. Convalescent
plasma containing NADs is an immediately available strategy to
prevent and treat COVID-19, although there may be associated
risks of mild adverse events.”®]

Many clinical immunotherapy trials are ongoing, and new
findings are shared via the WHO Solidarity Trial (Table 2).
Considering other potential and pathogenic SARSr-CoVs and
the lessons of SARS and MERS, it is of great significance
and potential to continue to explore immunotherapies against
SARS-CoV-2.

In summary, immunotherapy is an effective and promising
therapy for COVID-19; however, there are still many unresolved
issues that require further investigation. Most immunotherapies
against COVID-19 have been shown to induce mild adverse
effects in clinical trials. Thus, the safety of immunotherapies
requires further investigation. Moreover, the timing of admin-
istration is important. Early treatment with IFNs improves the
outcome, whereas delayed treatment aggravates the disease.
Therefore, the method of administration needs to be further
explored.
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