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Abstract: COVID-19 pandemic has caused more than 3 million deaths globally during the
past year. The direct attack from SARS-CoV-2 and hyperactivated immune response con-
tribute to the progress and deterioration of COVID-19. After the virus invades, the activation
and release of cytokines/chemokines cause “cytokine storm”, leading to acute respiratory
distress syndrome (ARDS) and multiple organs dysfunction syndrome (MODS). Eliminating
virus and blocking cytokines are important checkpoints of COVID-19 therapy, and several
agents targeting immunopathology, including interferons, thymosin, glucocorticoids and
immunoglobulin, have shown therapeutic effects in severe patients with COVID-19.
Herein, we reviewed the practice evidences and concluded that several agents rounding up
the immunopathology of COVID-19 may be the alternative approaches under the scenario of
the lacking of effective antiviral drugs.

COVID-19,
monoclonal antibodies
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Importance

The review provides a summary of the potential drugs related to immunopathology
and the practice evidences. Strategies and theoretical bases for the immunological
therapy of COVID-19 should be emphasized.

Introduction

The novel coronavirus disease 2019 (COVID-19), caused by acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been rapidly spreading across the globe despite drastic
public health measures in 2020. Siddigi and Mehra proposed 3 escalating phases of
COVID-19 disease progression.' During the initial stage, SARS-CoV-2 multiplies and
establishes residence in the host, primarily focusing on the respiratory system. Complete
blood count may be characterized by lymphopenia and neutrophilia. In the second stage of
established pulmonary disease, viral multiplication and localized inflammation in the lung
are the norm. A minority of COVID-19 patients will transition into the third and most
severe stage of the illness, which manifests as an extrapulmonary systemic hyperinflam-
mation syndrome. In this stage, systemic inflammation markers seem to be elevated. The
hyper-inflammation and immune response deregulation contribute to the progress and
deterioration of COVID-19 (Figure 1).>* The lymphopenia is related to delay and
decrease of the elimination of virus, and increases the mortality.* ’ The cytokine storm
results from a sudden increase of several pro-inflammatory cytokines including IL-6, and
IL-1B, as well as IL-2, IL-8, IL-17, G-CSF, GM-CSF, 1P10, MCP1, IFN-y, TNF-o and
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MIP1a, etc.® IL-6 is a crucial protagonist for the development
of cytokine storm with increased level and lasted for longer
duration in severe patients.*>'® IL-6 further promotes
a  waterfall-like of other
cytokines.*®!" Besides, monocytes and neutrophils also

involve in the cytokine releasing in the severe patients.'> '

release pro-inflammatory

Eventually, the cytokine storm leads to multiple organs dys-
function syndrome (MODS) and the death (Figure 1)."* Thus,
halting the cytokine storm will be an alternative strategy to
improve the outcome for COVID-19. Therefore, we summar-
ized current opinion on the use of several drugs targeting
immunopathology in COVID-19 by reviewing the practice
evidences available (Table 1), including interferons, thymosin,
glucocorticoids (GCs), tocilizumab, and anakinra, etc.'® In
addition, commercial intravenous y-Immunoglobulin (IVIG),
convalescent plasma, and monoclonal antibodies are also

investigated for their function in the elimination of virus.'”'®

1.SARS-CoV-2 infection . =

Methods of Selecting Studies for

This Review

We conducted a comprehensive literature search in PubMed
and EMBASE for English-language articles with available full
text that had been published through March 5, 2021. The
search terms were combinations of “COVID-19” OR
disease 2019”7 OR “SARS-CoV-2” AND
“Thymosin”, “COVID-197, OR “SARS-CoV-2” AND
“IFN” or “interferon”, “COVID-19” OR “Coronavirus disease
2019”7 OR “SARS-CoV-2” AND
“Methylprednisolone” or “Dexamethasone” or “steroid”,
“COVID-19” OR “Coronavirus disease 2019” OR “SARS-
CoV-2” AND “Tocilizumab” or “TCZ” or “IL-6 receptor
Antagonist” or “IL-6 receptor blockade”, “COVID-19” OR
“Coronavirus disease 2019”7 OR “SARS-CoV-2” AND
“Anakinra” or “IL-1 receptor blockade” or “IL-1 receptor
“COVID-19” OR

“Coronavirus

“Glucocorticoids” or

Antagonist” or  “Canakinumab”,

Monoclonal antibodies

Convalescent plasma
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Figure | Underlining mechanisms of pathogenesis and potential treatment agents in different steps (numbered) rounding up the immunopathology of COVID-19. I.
Elimination of virus: monoclonal antibodies, inhaling IFN, convalescent plasma and IVIG. 2. Halting hyperreaction and T cell destruction: thymosin (effect of immune
regulation and immunosuppression), IVIG and IFN. 3. GC and IL antibodies: inhibiting the cytokines storms.

Abbreviations: IL-6, interleukin-6; IL- 1B, interleukin-1p; TNF-0, tumor necrosis factor-a; MCPI, monocyte chemotactic protein .
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Table | Clinical Evidence for the Use of Agents Rounding Up the Immunopathology of COVID-19

Agents Author, Country | Study Design Treatment Primary Endpoint Outcomes
Year, (Follow-Up), Regimens
Reference Number
IFN-a-2b Zhou Q et al, China Uncontrolled, 5 mU b.i.d. Mean days of detectable IFN-a-2b: 21.21d
2020,%° exploratory study virus in the upper ARB+IFN-¢-2b: 20.3d
(Jan. 16 to Feb. 20, respiratory tract ARB: 27.9d
2020), n=77
IFN-B-1b+ Hung IF etal, | China RCT, prospective 8 million 1U (three The time to providing IFN-B- 1 b+Ribavirin: 7d
Ribavirin 2020, (Feb. 10 to Mar. 20, doses on alternate a nasopharyngeal swab Control: 12d
2020), n=127 days over a period of | negative for SARS-CoV-2
14 days) RT-PCR
Ribavirin: 400 mg
ql2h
IFN-B-1a WHO 30 RCT (Mar. 22 to 44 ng (three doses In-hospital mortality IFNB-la: 243 of 2050 vs
Solidarity Trial | countries | Oct. 4, 2020), over a period of 6 Control: 216 of 2050
Consortium, n=4127 (651: IFNB- days, mainly (Rate ratio, 1.16; 95% ClI, 0.96 to
2021, la plus lopinavir) subcutaneous) 1.39; P=0.11)
Peg-IFNA- | Feld JJ et al, Canada RCT (May. 18 to 180 pg (a single SARS-CoV-2 RNA Peg-IFNX-1: 24 (80%) vs
2021,% Sept. 4, 2020), subcutaneous negative proportion Control: 19 (63%) (p=0.15)
injection) on day 7 after the
injection
Thymosin Wu M et al, China Retrospective 1.6 mg qd, or ql2 28-day and 60-day 28-day mortality
2020,* cohort study h for >5 days mortality Thymosin: 8 of 102 (7.8%) vs
(Dec. 2019 to Mar., Control: 34 of 232 (14.7%)
2020), n=334 (p=0.016)
60-day mortality
Thymosin: 20 of 102 (19.6%) vs
Control: 35 of 232 (15.1%)
(p=1.000)
Thymosin Li X et al, China Retrospective study 1.6 mg Tal (a Gender differences in Female: the levels of CRP and IL-
2020,36 (Jan.30 to Apr.2, subcutaneous CRP, PCT and IL-6 levels 6 decreased
2020), n=127 injection) Males: the decrease of CRP was
not significant, and the level of IL-
6 was significantly higher than
that in females.
Thymosin Sun Q et al, China Retrospective study Not available 28-day mortality Thymosin: 8 of 102 (51%) vs
2020, (Jan.| to Feb.29, Control: 34 of 232 (52.9%)
2020), n=771 (p>0.05)
Methylprednisolone | Xiang Z et al, | China Retrospective study, | Body weight < 80 kg | Clinical parameters: Significant improvement: 7 of 9
2020,2 n=9 first 3—4 days: 40 mg/ | lymphocyte ratio; CRP;
d IL-6 cytokine levels;
next 3 days: 20 mg/d | chest CT images
Body weight 2 80 kg
first 3—4 days: 80 mg/
d
next 3 days: 40 mg/d
Dexamethasone RECOVERY United RCT (Mar. 19 to 6 mg (oral or 28-day mortality Dexamethasone: 482 of 2104
Collaborative Kingdom | Jun. 8, 2020), intravenous once (22.9%) vs
Group et al, n=6425 daily) Control: 1110 of 4321 (25.7%)
2020,* (p<0.001)
(Continued)
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Table | (Continued).

Agents Author, Country | Study Design Treatment Primary Endpoint Outcomes
Year, (Follow-Up), Regimens
Reference Number
Methylprednisolone | Ko JJ et al, USA Cohort study Methylprednisolone Mortality within 50 days Methylprednisolone: 16.4%
Dexamethasone 2021,% (Mar. | to Jul. 31), Img/kg/day for = Dexamethasone: 26.5% vs
n=262 3days Control: 41.3% (p<0.001)
Dexamethasone
6 mg/day for 27 days
Tocilizumab Luo P et al, China Retrospective study 80 to 600 mg per CRP 126.9 (10.7-257.9) to 11.2 (0.02-
2020, (Jan. 27 to Mar. 5, time IL-6 level 113.7) mg/L (p<0.01)
2020), n=15 In 10 (66.7%) patients decreased
Tocilizumab Toniati P etal, | Italy Prospective study 8 mg/kg (max Lymphocyte count; levels Increased
2020°? (Mar. 9 to Mar. 20), 800 mg) by two of CRP, fibrinogen, ferritin | Decreased
n=100 consecutive and IL-6; improved or stabilized in 77
intravenous infusions respiratory condition (77%) patients
12 h apart.
Tocilizumab REMAP-CAP NA RCT (Mar.9 to 8 mg/kg Respiratory and Tocilizumab: 10 (-1 to 16) vs
Investigators Jun. 17), n=803 cardiovascular organ Control: 0 (-1 to I5)
etal, 2021%* support-free days
Tocilizumab Perrone Italy Single-arm 8 mg/kg to Lethality rates at 14 and Phase 2:
Fetal, hypothesis -driven a maximum of 30 days (expected 14-day: 55 of 299 (18.4%)
2020,%° phase 2 study 800 mg per dose lethality rates at 14 and 30-day: 67 of 299 (22.4%)
(Mar. 19 to 20, 30 days: 2% and 35%) Validation
2020), n=301 14-day: 101 of 884 (I1.4%)
Validation cohort 30-day: 158 of 858 (18.4%)
(Mar. 20 to 24,
2020), n=920
Tocilizumab Stone JH etal, | USA RCT (Apr. 20 to 8 mg/kg to Intubation or 28-day Tocilizumab: 17 of 161 (10.6%) vs
2020%7 Jun. 15), n=243 a maximum of mortality Placebo: 10 of 81 (12.5%)
800 mg
Tocilizumab Veiga VC etal, | Brazil RCT (May. 8 to 8 mg/kg (single Death or mechanical Tocilizumab: 18 of 65 (28%) vs
2021, Jul. 17, 2020), n=129 | intravenous infusion) ventilation at 15 days Control: |3 of 64 (20%)
Anakinra CORIMUNO- | France Bayesian RCT 200 mg twice a day A score of >5 on the A score of >5 on the WHO-
19 (Apr. 8 to Apr. 26, on days 1-3, WHO-CPS at day 4 CPS at day 4
Collaborative 2020), n=116 100 mg twice on day | Need ventilation or died Anakinra: 21 of 59 (36%)
group et al, 4, at day 14 Control: 21 of 55 (38%)
2021,%° 100 mg once on day Need ventilation or died at day
5 14
Anakinra: 28 of 59 (47%)
IL-6 inhibicors Control: 28 of 55 (51%)
(Tocilizumab/
Sarilumab): a single
dose of 400 mg
IL receptor Cavalli G etal, | Italy Cohort study Anakinra: 5 mg/kg Survival Anakinra vs Control
blockade 2021,%' (Feb. 25 to May. 20, | twice daily 74 of 100 (86%) vs.61 of 75
2020), n=392 Tocilizumab/ (68%) (p=0.047)
Sarilumab: a single IL-6 inhibitors vs Control
dose of 400 mg 69 of 97 (82%) vs.61 of 75 (68%)
(p=0.79)
(Continued)
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Table | (Continued).

2020), n=10

fever, cough, shortness of
breath, and chest pain;
Reduction of pulmonary
lesions on chest CT

examinations

Agents Author, Country | Study Design Treatment Primary Endpoint Outcomes
Year, (Follow-Up), Regimens
Reference Number
Anakinra Cauchois France Retrospective study A single dose of NEWS score (severity) at | Anakinra vs Control
R et al, (20d), n=22 300 mg/d for 5 d; D5 4.5 vs.8 (p<0.01)
2020, 200 mg/d for 2 d; Days with O2 < 3L/min 15.5 vs.8 (p<0.05)
100 mg/d for | d ICU free days 17.5 vs.14
Invasive ventilation free 20 vs.17
days 0 (0%) vs.1 (10%)
Death, n (%)
Anakinra Cavalli Getal, | ltaly Retrospective High-dose: 5 mg/kg Survival Anakinra(n=29) vs Control
2020, cohort study (21d), twice daily MV-free survival (n=16)
n=52 Respiratory function 90% vs.56% (p=0.009)
improvement 72% vs.50% (p=0.15)
21 (72%) vs.8 (50%)
Anakinra Huet Tet al, France Cohort study 100 mg twice a day Admission to the ICU for | Anakinra group: |3 of 52 (25%)
2020, (Mar. 24 to Apr. 6, for 3d IMV or death Historical group: 32 of 44 (73%)
2020), n=96 100 mg daily for 7
days
Canakinumab Landi L et al, Italy Prospective cohort 300 mg sc Median PaO2/FiO2 From 160 at baseline to 237
2020,%° study (30d), n=88 Median duration of 6d
hospitalization 12 of 88 (13.6%)
Death at 7 days 79.5%
Overall survival at |
month
Canakinumab Generali Italy Prospective case- 150mg on day | Survival rate at 60 days Canakinumab: 90.0%
D etal, control study (01-25 | and day 7 Control: 73.3%
2020, Apr. 2020), n=48
IVIG Xie Yetal, China Retrospective study 20 g/day 28-day mortality <48 h group
2020, (Jan. to Feb. 2020), 7 of 30 (23.3%)
n=58 >48 h group
16 of 28 (57.1%) (p = 0.009)
IVIG Infliximab Farrokhpour Iran Cohort study (Mar, IVIG: 400mg/kg/d for | Death IVIG: 6 of 23(26.1%)
Metal, 2020), n=104 3 to 5 days Infliximab: 10 of 27(37%)
2021, Infliximab: a single Combination Therapy: 5 of 11
dose of 5 mg/kg (45.5%) vs
Control: 27 of 43(62.8%) (all P <
0.05)
IVIG RSRetal, India Phase-Il RCT (Jul. to | 0.4g/kg/d for 5 days Number of days of IVIG: 7.72 vs
2021,7° Sept., 2020), n=100 hospitalization Control: 17.5 (p < 0.01)
IVIG Huang C etal, | China Retrospective 10 g/day for 3/5 days, | Severity rate IVIG: 3 of 45 (6.6%) vs
2021,”! Cohort Study 20 g/day for 3/5 days, | Mortality rate Control: 3 of 90 (3.3%) (p>0.05)
(Jan.20 to Jun.10, IVIG: | of 45 (2.2%) vs
2020), n=639 Control: 0 of 90 (p>0.05)
Convalescent Duan K et al, China Retrospective study Improvement of clinical 10 patients
plasma 2020, (Jan. 23 to Feb. 19, symptoms: different degrees of absorption in

10 patients

Abbreviations: RCT, randomized controlled trial; IL-6, interleukin-6; ICU, intensive care unit; CRP, C-reactive protein; IVIG, intravenous y-immunoglobulin.
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OR “SARS-CoV-2” AND
“Intravenous y-Immunoglobulin” or “IVIG”, as well as com-
binations of “COVID-19” OR “Coronavirus disease 2019”
OR “SARS-CoV-2” AND “convalescent plasma”. Meta-
analyses, case report and review articles were not included

“Coronavirus disease 2019”

but were screened for additional studies that were not found in
the initial electronic search. Titles and abstracts were evaluated
in order to determine the applicability of each individual study.
Finally, 28 papers were retained for this review.

Target Therapeutic Agents
Rounding Up the Immunopathology

Interferons

Type I interferons (IFNs), including IFN-o and IFN-f, are
highly active and multifunctional secreted glycoproteins with
antiviral, antitumor, and immunomodulatory functions,19
which regulate the expression of a series of genes, through
binding of IFNs to specific receptors located on the cell
membrane. IFNs exert antiviral effect by inhibiting virus
replication and regulating immune function.”® McNab has
found the deficiency of type-I IFNs might be an indicator of
severe COVID-19,”' for no IFN-p and low IFN-o production
and activity were found in the severe and critical patients,
which were associated with a persistent blood viral load and
an exacerbated inflammatory response. IFNs help to eliminate
the SARS-CoV-2 by improving the phagocytic function of
macrophages and the activity of T lymphocytes, or by indu-
cing the synthesis of antiviral protein (AVP) of host cells.
Thus, type I IFNs have emerged as potential drugs against
SARS-CoV-2.?? Zhou et al found that IFN-02b, with or with-
out oral umifenovir hydrochloride, reduced the duration of
detectable virus in the upper airway significantly in 53 mod-
erate COVID-19 patients than those who used umifenovir
hydrochloride only (21.1 days vs 27.9 days).>* Over the time
period from day 12 (the onset of symptoms) to day 42, patients
treated with IFN-a2b had lower IL-6 levels (33.5 pg/mL) and
higher CRP levels (25.7 mg/L) than those without IFN-02b
treatment. A multicenter study reported that the antivirus
therapy combined with IFN-B-1b (8 million IU on alternate
days, iH) had a significantly shorter median time from start of
treatment to negative nasopharyngeal swab virus test [7 days
(IQR 5-11)] than the control group [12 days (8—15); HR 4-37
(95% CI 1.86-10.24), p=0-0010], and days of hospital stay in
86 patients with mild to moderate COVID-19 [9.0 days (7.0—
13.0) vs 14.5 days (9.3-16.0); HR 2.72 (1.2-6.13), p =
0-016].** As for the mortality, unfortunately, an interim
WHO solidarity trial results did not show that IFN-B-1

definitely reduced initiation of ventilation or hospitalization
duration, and the mortality either (Death occurred in 243/2050
with interferon vs 216/2050 in control, P=0.11).%

IFN III (IFN-X) imposes the antivirus effects via binding
and inducing signaling through the heterodimeric IFN-A
receptor (IFNLR). A recent Phase 2, placebo-controlled ran-
domized trial reported that Peg-IFNA-1 has potential to pre-
vent clinical deterioration and shorten duration of viral
shedding. Peg-IFNA-1 accelerated viral decline in outpatients
with COVID-19, increasing the proportion of patients with
viral clearance by day 7, particularly in those with high
baseline viral load.?® However, it should be mentioned that
IFN-X has been shown to increase susceptibility to pneumo-
nia caused by methicillin-resistant staphylococcus aureus in
response to influenza virus infection in mice.>” Broggi et al
also found that IFN-A induced barrier damage of airway
epithelium in mice.”® The amounts of IFN-A mRNA in
bronchoalveolar lavage fluid and naso-oropharyngeal sam-
ples were correlated with the morbidity of SARS-CoV-2—
positive patients. Thus, it is cautious to use the IFN-A.

Being different with IFN I and IFN III, IFN II (IFN-y)
is an independent risk factor associated with mortality in
patients with moderate and severe COVID-19, as the
higher level of IFN-y was found in the death than the
that of survivals (median of 323 pg/mL vs 208 pg/mL,
p=0.017).%

Thymosin

Thymosin, a small molecular peptide with physiological
activity is extracted from thymus of animals and human.*°
Thymosin alpha 1 is produced as synthetic peptide and the
most used form as drug. Thymosin preparations play
a major role in maintaining the immune response of
patients with primary immunodeficiency, autoimmune dis-
eases and cancer, by stimulating the activity of specific
lymphocytes.*’ Acting as an immune potentiator, thymosin
promotes the differentiation and maturation of thymocytes,
increases the number and activity of T cells.>* Thymosin
produce various cytokines such as IFN-y, IL-2 and IL-3
through Thl, and increase the expression of IL-2 receptor
through the activation of mitogen or antigen.** It can also
promote the recruitment of precursor NK cells, and the
differentiation and function enhancement of bone marrow-
derived dendritic cells (DC).** Activated macrophages or
DC secrete 1L-12, which strongly induces the differentia-
tion of CD4+ T cells into Thl cells. Thl response is
accompanied by a significant antiviral response, while
Th2 response is accompanied by the continuation of viral
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infection and immune escape. In addition, because of its
ability to increase the production of macrophage migration
inhibitory factor and IFN-y, it has been widely used for
antiviral treatment of hepatitis B and HIV.*

As for the COVID-19, thymosin might restrict the
progression of COVID-19 by stimulating the production
and activity of lymphocytes, especially for the patients
with lymphopenia. A multicenter retrospective cohort
study (334 cases of COVID-19 enrolled) showed that the
administration of thymosin-a (1.6 mg qd or q12 h for >5
days) significantly reduced the 28-day mortality (HR, 0.11,
P=0.013) of the critical patients with lymphocyte < 0.73 x
10°/L, PaO,/FiO, < 196, SOFA > 3, and acute physiology
and chronic health evaluation (APACHE) II > 7.*° Gender
differences may be a factor in sustaining COVID-19
immunity responded to thymosin al. It was found that
the levels of CRP and IL-6 were higher in Tal-treated
male than Tal-treated female, while the level of PCT was
significantly lower in Tal-treated male group.*® Another
study demonstrated that Tal mitigates peripheral blood
cytokine expression and inhibits lymphocyte activation
specifically in a CD8" T-cell subset from patients with
COVID-19 in vitro, suggesting the potential to modulate
immune response homeostasis and the cytokine storm in -
vivo.’” However, another multicenter retrospective study
(771 cases) did not find the association between the use of
thymosin-al and the decreased mortality in critically ill
COVID-19 patients.*® The inconsistence may attribute to
the difference of study subjects, severity of the COVID-
19, proportion of the genders, and the dose and timepoint
of administration, etc. Nevertheless, the use of thymosin-
al is still controversial.

Glucocorticoids (GCs)

Glucocorticoids (GCs) potently suppress the levels of pro-
inflammatory cytokines.** GCs can inhibit the phospholipase
A2, affect a cascading group of reactions of arachidonic acid,
stabilize the lysosomal membrane and reduce tissue and cell
damage. GCs suppress the binding of NF-kB to GCs
response elements on DNA directly, reducing the expression
of cytokines like IL-6, TNF-a, and IL-1B, etc. It can also
activate the inhibitory nuclear factor IkBa, initiating the
transcription of anti-inflammatory factor IL-10.*° GCs
reduce the permeability of capillaries and improve the sensi-
tivity of blood vessels to catecholamines to constrict blood
vessels and reduce inflammation,*' inhibit the inflammation
process of ARDS.* Medium-to-low-dose glucocorticoids
(Methylprednisolone 20—40mg/d, less than 8 days) plays

a protective role in the respiratory and digestive systems by
activating ACE2 and decreasing the level and IL-6 in 9
severe to critical patients with COVID-19.* A recent rando-
mized clinical trial showed that the dexamethasone reduced
28-day mortality among the patients with COVID-19, who
were treated by invasive mechanical ventilation (IMV) or
oxygen at randomization.** In this study, 2104 patients
received dexamethasone (6 mg, once daily, oral or intrave-
nous for up to 10 days) reduced deaths by one-third in
patients receiving IMV (29.0% vs 40.7%), by one-fifth in
patients receiving oxygen without IMV (21.5% vs 25.0%),
but did not reduce the mortality of patients without respira-
tory support at randomization (17.0% vs.13.2%, p=0.14),
compared with 4321 patients concurrently allocated to
usual care. Another study retrospectively compared the
effectiveness of methylprednisolone to dexamethasone in
patients with COVID-19 requiring intensive care in urban
Los Angeles. In this study, all-cause mortalities in the usual
care, methylprednisolone, and dexamethasone groups were
41.3%, 164% and 26.5% at 50 days (P < 0.01)
respectively.* It was found that in patients requiring
mechanical ventilation, mortality was 42% lower in the
methylprednisolone group than in the dexamethasone group
(hazard ratio 0.48, 95% CI: 0.235-0.956, P = 0.0385).
However, the immunosuppressed effect of GCs should
be considered, for the risk of delaying virus clearance and
increasing the secondary infection. Thus, the optimal GCs
administration juncture timepoint, dosage, and duration
might be subjected to further exploration to prevent the
progression of ARDS. GCs used in the early stage of the
disease did not show significant efficacy, but several studies
have confirmed the efficacy of GCs in severe patients.'® The
useness of GCs is recommended when the following clin-
ical indicators occur, increased resting respiratory rate (>30
breaths/minute), ongoing deterioration in oxygenation
index, multi-lobular progression (>50%) on imaging within

48 h, consistent lymphopenia, etc.***’

IL-6 Receptor Antagonist

Tocilizumab (TCZ), a humanized IgGlk monoclonal anti-
body, binds soluble or membrane-type IL-6 receptors (sIL-
6R and mIL-6R) specifically, and inhibit the signal transduc-
tion mediated by sIL-6R and mIL-6R. In the process of
inflammation response, IL-6 regulates innate immunity via
interacting with innate immune cells directly or indirectly
activating stromal cells on inflammatory sites.*® These actions
affect the recruitment, functional activation and differentiation
of leukocytes, as well as the development of cytokine storm.*’
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TCZ has been widely used in the treatment of autoimmune
diseases such as rheumatoid. It was found to reduce the 28-day
mortality of patients with sepsis (IL-6 > 1000 pg/mL).>°
Excessive inflammation response can trigger cytokine
storms and cause damage to multiple target organs in
COVID-19." IL-6 played a major role in the development
of cytokine storm and indicated the poor outcome of severe
patients with COVID-19. TCZ was recommended to the
patients of COVID-19 with elevated IL-6 levels to suppress
the cytokine storm.'® A case report showed that in a 42-year
-old male suffering from respiratory failure due to SARS-
CoV-2 infection, after 4 days of TCZ treatment, the CRP
decreased from 225 to 33 mg/L and ultimately clinically
fully recovered.’’ A retrospective study analyzing 15 cases
of COVID-19 by Luo et al found that TCZ deceased the
plasma level of CRP and IL-6 in 10 patients.’* A single
center study of 100 COVID-19 patients with hyperinflam-
matory syndrome and ARDS demonstrates that ten-day
treatment with TCZ increases lymphocyte count, decrease
the levels of CRP, fibrinogen, ferritin and IL-6. The study
also showed that the respiratory condition was improved or
stabilized in 77 (77%) patients.®> An analysis of 90-day
survival showed improved survival in the pooled interleu-
kin-6 receptor antagonist groups, yielding a hazard ratio for
the comparison with the control group of 1.61 (95% cred-
ible interval, 1.25 to 2.08) and a posterior probability of
superiority of more than 99.9% for the critically Il
Patients.>® A multicenter, single-arm, hypothesis-driven
trial found that TCZ reduced lethality rate at 14 and 30
days (18.4% vs 20%, P = 0.52; and 22.4% vs 35%, P <
0.001).> Therefore, the efficacy of TCZ could be expected
in severe and critical patients. However, a cautionary case
report by Radbel et al demonstrated that two patients with
COVID-19 complicated by cytokines release syndrome
(CRS) and treated with TCZ, but unfortunately, both
patients progressed to severe hemophagocytic histiocytosis
(HLH), and one developed to viral myocarditis.’® The
hazard ratio for intubation or death in the tocilizumab
group as compared with the placebo group was 0.83 (95%
confidence interval [CI], 0.38 to 1.81; P = 0.64), and the
hazard ratio for disease worsening was 1.11 (95% CI, 0.59
to 2.10; P = 0.73).5 " In addition, a randomized, open label
trial in Brazil found TCZ plus standard care was not super-
ior to standard care alone in improving clinical outcomes at
15 days, and it might increase mortality in patients with
severe or critical COVID-19.°® Furthermore, a meta-
analysis showed that the TCZ did not reduce short-term
mortality.sg The effect of single anticytokine approach

such as IL-6 receptor antagonist may be limited, possibly
because it cannot overcome the complicated inflammatory
response in COVID-19.

IL-1 Receptor Antagonist

IL-1B is also a pro-inflammatory cytokine involved in the
inflammatory response to COVID-19, which mediates
immune responses and maintains the acute and chronic
inflammatory. Early blockade of the IL-1 receptor is ther-
apeutic in acute hyperinflammatory respiratory failure in
COVID-19 patients.

Anakinra is an IL-1 receptor antagonist that blocks the
activity of IL-1a and IL-1B. Recently, a multicenter, open-
label, Bayesian randomized clinical trial reported that 21
(36%) of 59 patients in the anakinra group had a WHO-CPS
score of more than 5 at day 4 versus 21 (38%) of 55 in the
usual care group. At day 14, 28 (47%; 95% CI 33 to 59)
patients in the anakinra group and 28 (51%; 95% CI 36 to
62) in the usual care group needed ventilation or died.®
These data suggested anakinra did not improve outcomes in
patients with mild-to-moderate COVID-19. A cohort study
was conducted in Italy to compare the inhibitory effects of
IL-1 and IL-6 in patients with COVID-19, respiratory insuf-
ficiency, and hyperinflammation. In the multivariable ana-
lysis, compared with patients who did not receive IL
inhibition had
a significantly reduced mortality risk (hazard ratio [HR]
0.450, 95% CI 0.204-0.990, p=0.047).°" A retrospective
study found that all of the patients treated with anakinra

inhibitors, patients treated with IL-1

improved clinically (P < 0.01), with no deaths, significant
decreases in oxygen requirements (P < 0.05), and more days
without invasive mechanical ventilation (P < 0.06).%% After
21 days treatment with high-dose intravenous anakinra, 21
(72%) of 29 patients with COVID-19, ARDS and hyperin-
flammation showed reductions in serum C-reactive protein
and progressive improvements in respiratory function.®®
Thomas et al observed a significant reduction of mortality,
along with a significant decrease in the need of mechanical
invasive ventilation with no obvious adverse events in
of COVID-19 patients

anakinra.®* These data suggested that administration of

severe forms treated with
anakinra in patients with an exacerbating form of COVID-
19 resulting from cytokine storm has a positive effect.
Canakinumab is a fully human IgG monoclonal anti-
body that specifically targets IL-1p. In the US and EU, it is
approved for a variety of autoinflammatory syndromes.®
An observational, cohort, prospective study showed that
patients hospitalized treated with canakinumab, oxygen-
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support requirements improved and overall mortality
decreased to 13.6%.°> A prospective case—control study
showed that patients treated with canakinumab experi-
enced a significant increase in PaO2:FiO2 (p < 0.001)
and reduction in lung damage by CT (p = 0.01), along
with significant decreases in immune/inflammation mar-
kers. Thus, canakinumab reduces the need for invasive
mechanical ventilation and improve clinical symptoms in
patients with moderate COVID-19.%°

Intravenous y-Immunoglobulin (IVIG)

The commercial intravenous y-immunoglobulin (IVIG) is
a plasma product extracted from a large amount of healthy
human blood. It usually contains main IgG, with little IgA
and IgM. IVIG exerts a non-specific antiviral effect and been
used as an adjunctive treatment of severe pneumonia related
to influenza.®’ In critically ill patients with COVID-19, the
innate immunity is insufficient to limit the virus, and the
adaptive immune does not establish usually until 10 days
after the onset. Thus, injection of IVIG helps to eliminate the
virus partially. Xie et al investigated 58 cases of severe to
critical COVID-19 with lymphocyte less than 0.5x10%/L,
who received IVIG at 20 g/day.®® The results showed that
IVIG injection within 48 h of admission reduced the propor-
tion of patients requiring mechanical ventilation (6.67% vs
32.14%, p = 0.016), length of stay in the hospital (11.50 =+
1.030 vs.16.96 + 1.620 days, p = 0.0055) and ICU stay (11.50
+ 1.030 vs 16.96 £+ 1.620 days, p = 0.0055), and ultimately
decrease the 28-day mortality (23.3% vs 57.1%, p = 0.009),
comparing with the control. Recently, an observational
research investigated the therapeutic effects of infliximab,
IVIG, or combination therapy in patients with severe
COVID-19 disease admitted to the ICU. According to the
findings of this study, the expired rate was 37% in the
infliximab group, 26.1% in IVIg, 45.5% in combination
therapy, and 62.8% in the control group, respectively (all
P < 0.05). Hazard ratios of death were 0.31 in IVIG (95%
CL: 0.12-0.76, P = 0.01), 0.30 in infliximab (95% CI: 0.13—
0.67, P =0.004), 0.39 in combination therapy (95% CI: 0.12—
1.09, P = 0.071).%° It seems that infliximab and IVIG, alone
or together, in patients with severe COVID-19 disease can be
considered an effective treatment. An open-label, multicen-
ter, comparative, randomized study found that duration of
hospital stay was significantly shorter in IVIG group than
that of standard care alone (7.7 vs.17.5 days).”® Duration for
normalization of body temperature, oxygen saturation and
mechanical ventilation were significantly shorter in IVIG
compared to standard care. However, a retrospective study

for non-severe patients with COVID-19 reported that no
statistically significant differences were found between
IVIG group and control group in the duration of fever (med-
ian, 3 vs 3 days, p=0.667), virus clearance time (median, 11
vs.10 days, p=0.288), length of hospital stay (median, 14 vs
13 days, p = 0.469), and the use of antibiotics (40% vs 38.9%,
p=0.901).”" Thus, IVIG can be considered for use in severe
and critically ill patients, although it may not be suitable for
non-severe ones. In summary, IVIG acts as a safe and effi-
cacious combination therapy with other antiviral drugs for
severe patients with COVID-19.

Convalescent Plasma and Monoclonal
Antibody of SARS-CoV-2

The convalescent plasma, containing number of neutraliz-
ing antibodies, reduces the mortality of the severe patients
with influenza A, MERS-CoV, and SARS-CoV.'® The
immunotherapeutic potential of convalescent plasma for
COVID-19 is also reasonable for the comparable virology
and pathology with SARS and MERS.**"? It has been
shown that the improvement in 5 critically ill patients
with COVID-19 who received 400 mL of convalescent
plasma. After the plasma transfusion, the body tempera-
ture normalized within 3 days in 4 of 5 patients, PaO,
/Fi0O, increased (from 172-276 pre- to 284-366 post-
treatment) within 12 days. 3 patients were weaned from
mechanical ventilation within 2 weeks of treatment.”?
Duan et al reported that 200mL of convalescent plasma
brought improvement of oxygen saturation (median: 93%
vs 96%), lymphopenia (0.65 x 10°/L vs 0.76 x 10°/L),
C-reactive protein (55.98 mg/L vs 18.13 mg/L), and CT
scan in 10 patients with severe COVID-19.7*

Monoclonal antibodies (mAbs) are produced by B cells
under the stimulation of specific target antigens.”> Most of
the antiviral mAbs studied so far are IgG. The viruses or
infected cells combine with IgG to form antigen antibody
complexes, which bind the FCy receptors on the surface of
killer cells (NK cells, macrophages, etc.). The virus is
eliminated by antibody dependent cell-mediated cytotoxi-
city (ADCC).”® Thus, the monoclonal antibodies for the
SARS-CoV-2 are effective in elimination of virus. As the
relatively high identity of receptor-binding domain (RBD)
in SARS-CoV-2 and SARS-CoV, Tian and Yuan found
that the SARS-CoV-specific human monoclonal antibody,
CR3022, could bind potently with SARS-CoV-2 RBD in -
vitro.”””® However, potent SARS-CoV-specific neutraliz-
ing antibodies of m396 and CR3014 that target the ACE2
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binding site failed to bind SARS-CoV-2 spike protein.”’
Due to its relatively fast approval route and generally

favorable

safety profiles, mAb therapy should be

a promising alternative to the treatment and prevention

of emerging viral threats.”®

Limitations
Although several agents rounding up the immunopathol-

ogy of COVID-19 have been used clinically, and showed

benefits for the patients, such as IFNs, thymosin, gluco-

corticoids, and IVIG, etc. It is worth mentioning that some

drugs which are already granted by Emergency Use

Authorization (EUA) have not been involved in our

review,

including monoclonal antibodies such as

Bamlanivimab, Casirivimab, and Imdevimab.%°

Conclusions
In summary, immune dysregulation, dysfunction and

immunopathological injury are crucial to the elimination

of virus and the progression of COVID-19. The agents to

restore the unbalance of the immune response could be the

alternative treatment approach under the scenario of the

lacking of effective antiviral drugs.
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