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Abstract

In the first year of its appearance, the 2019 coronavirus disease (COVID-19) has affected
more than 150 million individuals and killed 3 million people worldwide. The pandemic
has also triggered numerous global initiatives to tackle the newly emerging disease,
including the development of SARS-CoV-2 vaccines and the attempt to discover potential
pharmacological therapies. Nonetheless, despite the success of SARS-CoV-2 vaccines
development, COVID-19 therapy remains challenging. Several repurposed drugs that
were documented to be useful in small clinical trials have been shown to be ineffective in
larger studies. Additionally, the pathophysiology of SARS-CoV-2 infection displayed the
predominance of hyperinflammation and immune dysregulation in inducing multiorgan
damage. Therefore, the potential benefits of both immune modulation and suppression in
COVID-19 have been extensively discussed. Here, we reviewed the roles of
immunomodulation as potential COVID-19 pharmacological modalities based on the
existing data and proposed several new immunologic targets to be tested in the

foreseeable future.
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Introduction

The 2019 coronavirus disease (COVID-19) is caused by severe acute respiratory
syndrome-associated coronavirus type-2 (SARS-CoV-2) infection. In the first year of its
appearance, COVID-19 has affected more than 150 million individuals and killed 3 million
people worldwide. In some countries, the numbers are still soaring, while in some of the
others, the cases are resurging, entering the second and third waves. Such increase
could be attributed to several determinants, including the emergence of novel SARS-CoV-
2 variants (e.g., N501Y, E484K, B1.1.7), psychological exhaustions (pandemic fatigue)
altering the adherence to health protocols, viral reinfection, vaccination delay and the non-
existence of potent pharmacological treatments for COVID-19. In most of the contracted
patients, COVID-19 is asymptomatic or only causes mild to moderate non-life-threatening
symptoms. However, in high-risk individuals, it can cause serious conditions, leading to
severe acute respiratory failure, multiorgan dysfunction and death. Therefore, having safe
and effective pharmacological agents for COVID-19 is essential to prevent mortality and
COVID-19-associated complications (e.g., long COVID).

The recently emerged disease has triggered numerous global initiatives, including the
development of SARS-CoV-2 vaccines and the attempt to discover potential
pharmacological therapies. Nonetheless, despite the success of SARS-CoV-2 vaccines
development, COVID-19 therapy remains challenging. Several repurposed drugs that
were documented to be useful in small clinical trials were ineffective in larger studies. For
example, the antimalarial drug chloroquine and antimicrobial azithromycin were effective
in reducing COVID-19-associated mortality in a non-randomized, retrospective,
multicenter study involving 2541 patients.! However, in a meta-analysis, the chloroquine
and azithromycin-treated group displayed no significant difference in mortality compared
to standard care.? Moreover, several randomized control trials (RCTs) indicated that
chloroquine with/without azithromycin was not effective in improving clinical outcomes?-°
or as post-exposure prophylaxis®. Moreover, those drugs were associated with greater
adverse effects, including the occurrence of malignant arrhythmias.” Similarly, the use of
human immunodeficiency virus protease inhibitors ritonavir/lopinavir was no longer
recommended following studies reporting no benefit compared to standard care.? °

Meanwhile, for months, no large RCTs reported the benefits of antiparasitic ivermectin
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and antiviral favipiravir in COVID-19, although some small studies reported conflicting
results for ivermectin'® ' and favipiravir'? 3. For example, in an RCT involving 400 adult
patients with mild COVID-19, no clinical improvement was observed in patient receiving
ivermectin compared to placebo.’ To date, only antiviral remdesivir was shown to
facilitate significant clinical improvements and has been authorized for COVID-19 by
major drug safety regulators.* 15

Likewise, the pathophysiology and key determinants of the disease have not been fully
elucidated. Several data pointed toward the strong involvement of proinflammatory
mediators (Figure 1), with evidences of cytokine release syndrome (i.e., life-threatening
systemic hyperinflammation and immune dysregulation) which are essential to induce
multiorgan dysfunction and failure, worsening the prognosis of COVID-19.6. 17 Therefore,
immunosuppression could potentially be beneficial in the COVID-19 management.'8
However, previous systematic review reported that immunocompromised patients with
COVID-19 had higher comorbidities, rates of intensive care and hospital mortality'®,
indicating the potential risk of immunosuppression in COVID-19. Thus, in this narrative
review, we explore the documented effects of immunosuppressive medications (e.g.,
corticosteroids, interleukin (IL)-1 inhibitors, IL-6 inhibitors and kinase inhibitors) and
immunomodulators (e.g., interferon alpha (IFNa), interferon beta (IFNB), non-SARS-CoV-
2 specificimmunoglobulin and convalescent plasma) in COVID-19 (Table 1) and propose

some potential immunologic targets to test in the foreseeable future.

Table 1. A summary of landmark RCTs reporting the effects of immunomodulation
in COVID-19 management

Sample size and

characteristics Results

Investigators

Corticosteroids

Dexamethasone lowered 28-day mortality
in patients receiving either invasive
mechanical ventilation or oxygen alone at
randomization, but not among those
without respiratory support.

2104 hospitalized COVID-19
patients receiving
dexamethasone and 4321
patients with usual care

RECOVERY
(dexamethasone)
Horby et al.?2

299 COVID-19 patients with
CoDEX moderate/severe ARDS were

Tomagzini et al.?® randomized (151 received

dexamethasone with standard

Dexamethasone plus standard care
compared with standard care alone
increased the number of ventilator-free
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care and 148 with standard
care only)

days over 28 days in COVID-19 patients
with moderate/severe ARDS.

REMAP-CAP
Angus et al.?”

403 suspected or confirmed

severe COVID-19 patients in

the intensive care unit (ICU)
(randomly assigned to the

fixed-dose (n=143), shock-

dependent (n=152), and no
(n=108) hydrocortisone

groups

A 7-day fixed-dose hydrocortisone or
shock-dependent hydrocortisone,
compared with no hydrocortisone, were
superior in improving organ support—free
days within 21 days in severe COVID-19
patients.

CAPE COVID
Dequin et al.?6

149 critically ill patients with

SARS-CoV-2 infection and

acute respiratory failure (76

with hydrocortisone and 73
with placebo)

Low-dose hydrocortisone, compared with
placebo, did not significantly reduce death
or persistent respiratory support at day 21
in critically ill patients with SARS-CoV-2
infection and acute respiratory failure.
[Early terminated]

Interleukin inhibitors

REMAP-CAP
Gordon et al.32

353 adult patients with COVID-
19, within 24 hours after
starting organ support in the
ICU assigned to tocilizumab,
48 to sarilumab, and 402 to
control.

IL-6 receptor antagonists improved
outcomes, including survival in critically-ill
COVID-19 patients receiving organ
support in ICUs.

RECOVERY
(tocilizumab)
Abani et al.®3

Hospitalized COVID-19
patients with hypoxia and
systemic inflammation were
randomly allocated to
tocilizumab (n = 2022) and to
usual care (n = 2094).

Tocilizumab improved survival and other
clinical outcomes in hospitalized COVID-
19 patients with hypoxia and systemic
inflammation.

COVACTA
Rosas et al.36

438 hospitalized patients with
severe COVID-19 pneumonia
(294 in the tocilizumab group
and 144 in the placebo group)

Tocilizumab did not significantly improve
clinical status or lower mortality than
placebo at 28 days in hospitalized
patients with severe COVID-19
pneumonia.

Boston Area COVID-
19 Consortium
(BACC) Bay
Tocilizumab Trial
Stone et al.37

243 patients with confirmed
SARS-CoV-2 infection,
hyperinflammatory states, and
at least two of the following
signs: fever, pulmonary
infiltrates, or the need for
supplemental oxygen (161
received tocilizumab and 81
received placebo)

Tocilizumab was not effective for
preventing intubation or death in
moderately-ill hospitalized patients with
COVID-19.

EMPACTA
Salama et al.38

389 hospitalized patients with
COVID-19 pneumonia who
were not receiving mechanical
ventilation (249 with
tocilizumab and 128 with
placebo)

Tocilizumab reduced the likelihood of
progression to the composite outcome of
mechanical ventilation or death, but it did

not improve survival in hospitalized
patients with COVID-19 pneumonia who
were not receiving mechanical ventilation.

Kinase inhibitors
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Baricitinib/remdesivir was superior than
remdesivir alone in facilitating recovery
and accelerating improvement in clinical
status among COVID-19 patients,

1033 hospitalized COVID-19
patients underwent

ACTT-1 randomization (with 515
(baricitinib/remdesivir) . d binati iy with high-fi
Kalil et al 42 assigned to combination gspec!a yW|t_ |_g -flow oxyger_1 or_
’ treatment and 518 to noninvasive ventilation. The combination

was also associated with fewer major

remdesivir alone)
adverse events.

Interferons

42 severe COVID-19 patients

received IFN 3-1a in addition to

the national protocol
medications

IFN significantly increased discharge rate
at day 14 and decreased 28-day mortality
in severe COVID-19 patients but did not

Davoudi-Monfared et
al.4®

(hydroxychloroquine plus

lopinavir-ritonavir or
atazanavir-ritonavir) and 39
patients received only the
national protocol medications
(control)

change the time to reach the clinical
response.

WHO SOLIDARITY
Pan et al.46

11330 hospitalized COVID-19
adults underwent
randomization; 2750 received
remdesivir, 954 with
hydroxychloroquine, 1411 with
lopinavir (without IFN), 2063
with IFN (including 651 IFN
plus lopinavir), and 4088 with
no trial drug

IFN had no effect on hospitalized patients
with COVID-19, as indicated by overall

mortality, initiation of ventilation, and
duration of hospital stay.

Hyperimmune globulin and convalescent plasma

RECOVERY
(convalescent plasma)
Abani et al.5!

Of 11558 hospitalized COVID-
19 patients, 5795 were
randomly assigned to the
convalescent plasma and 5763
to the usual care groups

clinical outcomes in hospitalized COVID-

High-titer convalescent plasma did not
improve survival or other pre-specified

19 patients.

PLACID
Agarwal et al.??

464 moderate COVID-19
adults (235 with convalescent
plasma and best standard of
care and 229 with best
standard of care only)

Convalescent plasma was not associated

with a reduction in progression to severe
COVID-19 or all-cause mortality.

PlasmAr
Simonovich et al.53

Hospitalized adult patients with

severe COVID-19 pneumonia

(228 received convalescent

plasma and 105 received
placebo)

No significant differences were observed
in clinical status or overall mortality
between patients treated with
convalescent plasma and those who
received placebo.

Non-SARS-CoV-2 specific intravenous immunoglobulin

Gharebaghi et al.5°

Severe COVID-19 patients who
did not respond to initial
treatments (30 received IVIg
and 29 patients received

placebo)

IVIg improved clinical outcome and
significantly reduced mortality rate in
severe COVID-19 patients who did not
respond to initial treatment.
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Figure 1. The entry process of SARS-CoV-2 into alveolar epithelial cells, immune response
activation and druggable immunologic targets in COVID-19. The SARS-CoV-2 enters the infected
person via the respiratory tract and attaches to the ACE2 receptors in type-2 alveolar cells of the lungs. It
subsequently activates the retinoic acid inducible gene-(RIG) I-like receptors (RLRs), which play an
essential role in the activation of antiviral immune responses. Together with the intrinsic response to the
viral particles, they induce hyperactive inflammatory response, marked by the activation of proinflammatory
cytokines-releasing cells. Several immunologic targets were identified to have an important role in the
COVID-19-mediated immune dysregulation, therefore some pharmacological agents are repurposed to
reduce the COVID-19-induced hyperinflammation and to prevent the viral entry and replications. (ACE2 =
angiotensin converting enzyme type-2; CoV = coronavirus; IL = interleukin; SARS = severe acute

respiratory syndrome; NK = natural killer; TNF = tumour necrosis factor)

Immunosuppression in COVID-19
Hyperactivation of immune system is a hallmark of COVID-19 severity. Ample evidences
have reported higher number of leukocytes, increased levels of procalcitonin, C-reactive
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protein (CRP), and other proinflammatory cytokines (e.g., IL-1 and IL-6) / chemokines
(e.g., CXCL10 and CCL2) in COVID-19 patients requiring intensive care. Such
hyperactive inflammatory response initiates cytokine release syndrome and may
contribute to the uncontrolled apoptosis, vascular leakage, thromboembolism, multiorgan
damage and death.'® Therefore, immunosuppression has been proposed as a potential
therapeutic strategy in COVID-19.

Corticosteroids have a potent anti-inflammatory effect and are currently being used to
treat dysregulated inflammatory response in autoimmune diseases. In COVID-19, inhaled
corticosteroid ciclesonide inhibited SARS-CoV-2 ribonucleic acid (RNA) replication by
targeting viral replication-transcription complex.2® Despite the failure of corticosteroids to
show significant benefits and their association with delayed viral clearance in previous
coronavirus (SARS-CoV-1 and MERS-CoV) diseases, studies investigating the effects of
corticosteroids in COVID-19 showed several promising results.?’ For example,
methylprednisolone lowered COVID-19-associated mortality in patients with acute
respiratory distress syndrome and reduced the duration of supplemental oxygen in
COVID-19 patients.?' More recently, Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial, a randomized controlled open-label trial, reported that
dexamethasone lowered the 28-day mortality among patients receiving invasive
mechanical ventilation (RR 0.65; [95% CI = 0.48-0.88]; p=0.0003) and among those
receiving oxygen without invasive mechanical ventilation (0.80; [0.67-0.96]; p=0.0021),
but not among those who received no respiratory support (1.22; [0.86 to 1.75]; p=0.14).
The study was performed on 2104 patients who were randomized and given
dexamethasone 6 mg once daily for ten days, either orally or by intravenous injection,
and compared with 4321 patients receiving standard therapy. The study also showed that
dexamethasone lowered 28-day mortality by 17% (0.83; [0.74-0.92]; P=0.0007).22
Consistently, a meta-analysis of 7 RCTs, such as the ongoing DEXA-COVID19,%% ongoing
COVID STEROID,* CoDEX,?® RECOVERY,?? CAPE COVID,? REMAP-CAP?’ and
unpublished Steroids-SARI, concluded that corticosteroids compared with usual care or
placebo lowered the 28-day all-cause mortality.?® However, in adults with non-severe
COVID-19, corticosteroids therapy was associated with worse clinical outcomes,?® a

higher risk of progression of severity and prolonged hospital stay,?' highlighting the
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potential benefits of corticosteroids in the treatment of moderate/severe COVID-19
patients. Additionally, a recent retrospective study reported that delayed SARS-CoV-2
clearance observed in moderate/severe COVID-19 was not associated with an early use

of corticosteroids.3°

Interleukin inhibitors are commonly prescribed in autoimmune diseases and other
hyperinflammatory states. Several interleukins are responsible for COVID-19-mediated
cytokine releases (e.g., IL-1B3, IL-6 and IL-18) and their inhibition could be beneficial. A
cohort of 117 patients with respiratory insufficiency and hyperinflammation receiving
either IL-1 or IL-6 inhibitors reported that IL-1 inhibition (with anakinra) significantly
reduced mortality in COVID-19 patients with respiratory insufficiency and
hyperinflammation. Meanwhile, IL-6 inhibition (with tocilizumab or sarilumab) was only
effective in a subgroup of patients with high CRP or low lactate dehydrogenase.?’
Additionally, in the Randomized, Embedded, Multifactorial Adaptive Platform Trial for
Community-Acquired Pneumonia (REMAPCAP), IL-6 inhibitors also improved survivals
in critically ill COVID-19 patients receiving intensive organ support.®> The RECOVERY
trial, a large randomized, controlled, open-label, platform trial which enrolled 4116
patients reported that tocilizumab could increase the probability of patients discharged
alive from hospital within 28 days (57% vs 50%; 1.22; 95% CI = 1.12-1.33; p<0.0001).
Tocilizumab also reduced the 28-days mortality in severe COVID-19 patients as
compared to standard therapy alone (0.86; 95% Cl = 0.77-0.96; p=0.007).33 Moreover, in
a meta-analysis of 71 (heterogenous) studies, tocilizumab was consistently associated
with a lower relative risk of mortality in prospective studies, but effects were inconclusive
for other outcomes.3* Another meta-analysis involving large-scale studies showed that
tocilizumab may have substantial effectiveness in reducing mortality among COVID-19
patients, especially among critical cases;*® underlining the prospective benefits of IL
inhibition in COVID-19. Nevertheless, in the COVACTA trial, an RCT involving 452
hospitalized patients with severe COVID-19-associated pneumonia, the use of
tocilizumab did not significantly improve clinical status or lower mortality than placebo at
28 days.*® Another randomized double blind, placebo-controlled trial (Boston Area
COVID-19 Consortium Bay Tocilizumab Trial) showed that tocilizumab was not effective

in preventing intubation or mortality in moderately ill hospitalized COVID-19 patients.3’
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Meanwhile, the EMPACTA (Evaluating Minority Patients with Actemra) study, a global,
phase 3 clinical trial, reported that in 249 hospitalized patients with COVID-19-associated
pneumonia without mechanical ventilation, tocilizumab did not improve survival, although
it reduced the likelihood of progression to the composite outcome of mechanical
ventilation or death.3® These studies suggested that tocilizumab may exhibit different
clinical outcome depending on the severity of COVID-19 and the need for mechanical

ventilation.

Kinase inhibitors inhibit numerous kinases that are important for viral infection (e.g., ABL,
numb-associated kinase, cyclin dependent kinase, phosphoinositide 3 kinase/protein
kinase B/mechanistic target of rapamycin [mTOR], extracellular signal-regulated
kinase/mitogen-activated protein kinase and janus kinase [JAK]) and predicted to be
involved in mediating infection by SARS-CoV-2.%° They play important roles in viral entry,
intracellular membrane trafficking, viral replication and viral life cycle, and possess an
immunomodulatory effect that could be useful against COVID-19-mediated hyperactive
immune response. However, a recent in-vitro study showed that imatinib, an ABL inhibitor,
did not inhibit SARS-CoV-2 entry/infection and replication.*? Meanwhile, baricitinib, a JAK
inhibitor, prevented phosphorylation of key proteins involved in the signal transduction
that leads to immune activation and inflammation (e.g., the cellular response to IL-6).4" In
a double-blind, randomized, placebo-controlled trial of 1033 patients,
baricitinib/remdesivir was superior to remdesivir alone in reducing recovery time and
accelerating clinical improvement, and associated with fewer serious adverse events in

COVID-19 patients receiving high-flow oxygen or non-invasive ventilation.#?

Immune system modulation in COVID-19
In addition to immunosuppression, several immunomodulators are proposed in COVID-
19 management and expected to restore the immunologic homeostasis in COVID-19

patients.'®

Interferons are cytokines-made and released by host cells in response to viral pathogens.
SARS-CoV-2 could escape innate immunity early during the infection by altering intrinsic

IFN effect in limiting viral replication and spread.*? In a retrospective cohort of 77 adults
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with moderate COVID-19, treatments using nebulized IFNa-2b yielded a shorter time to
viral clearance from the upper respiratory tract and a reduction in systemic inflammation.*4
In a randomized controlled trial of 42 patients receiving subcutaneous IFNB-1a on top of
hydroxychloroquine/lopinavir/ritonavir or atazanavir/ritonavir therapies, IFNB-1a
significantly increased discharge rate at day-14 and reduced 28-day mortality.4®> However,
the interim results of the World Health Organization (WHO) Solidarity trial displayed no
difference in mortality rate between patients administered with IFNB-1a and standard care
(1.16; 95% CI = 0.96-1.39; P=0.11).46 More data investigating the effects of IFN are
required due to an increasing evidence that patients with severe COVID-19 have a robust
type-I IFN response, in contrasts with the delayed, possibly suppressed, IFN response in
the early phase of SARS-CoV-2 infection.*’

Hyperimmune globulin and convalescent plasma are derived from individuals with high
antibody titers to specific pathogens and can provide passive immunity (i.e., neutralizing
antibodies) against particular infectious agents. It was effective in treating SARS-CoV-1
and MERS-CoV infections by increasing the discharge rate and lowering mortality.*® In a
retrospective, propensity score-matched case-control study in 39 patients with severe or
life-threatening COVID-19, convalescent plasma reduced the oxygen requirements at
day-14 after transfusion and improved survivals.*®* Another retrospective multicenter
observational study also showed that patients who had an early initiation of plasma
therapy displayed a shorter duration of hospitalization (12.7 vs 24.3 days, p = 0.000).%°
Interestingly, such observation was not documented in RCTs, including the RECOVERY
trial, in which high-titer convalescent plasma did not improve survival or other pre-
specified clinical outcomes.®" A meta-analysis of 10 RCTs, including PLACID®? and
PlasmAr®3 trials also reported that the treatment with convalescent plasma compared to
placebo or standard care was not significantly associated with a decrease in all-cause
mortality or with any benefit for other clinical outcomes.%* Since the majority of the RCTs
also involved moderate to severe COVID-19 patients, this finding discrepancy might not
be due to the difference on disease severity. Nonetheless, convalescent plasma may still
be an alternative in COVID-19 patients with specific comorbidities. For example, in a
cohort study, an early administration of convalescent plasma improved survival in COVID-

19 patients with hematological malignancies.®® Additionally, in a nationwide observational
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multicenter study, the administration of convalescent plasma improved clinical outcomes
in B-cell-depleted patients with protracted COVID-19.% Overall, these data suggested

that application of convalescent plasma in COVID-19 might be limited.

Non-SARS-CoV-2 specific intravenous immunoglobulin (IVIg) is a product derived from
the pooled plasma of donors that provides passive immunity against a broad range of
pathogens and commonly used for treatment of primary and secondary
immunodeficiencies, autoimmune/inflammatory conditions, neuro-immunologic disorders,
and infection-related sequelae.*® In autoimmune diseases, 1VIg modulates the activation
and effector functions of B and T lymphocytes, neutralizes pathogenic autoantibodies,
interferes with antigen presentation and therefore, has a strong anti-inflammatory effect.%’
In COVID-19, although the exact mechanism of action is unclear, it is hypothesized that
IVIg exerts its beneficial effect through the modulation of inflammation, including the
presence of anti-idiotypic antibodies and IgG dimers blocking the FcyR activation on
innate immune effector cells,*® complement scavenging, and reciprocal regulation of
effector Th1, Th17 and regulatory T-cells. Moreover, IVIg also decreased plasma IL-6 and
CRP levels.%® A double-blind randomized placebo-controlled trial involving 59 patients
with severe COVID-19 who did not respond to initial treatments reported an improvement
of clinical outcome and a reduction in mortality following the administration of 1VIg.%°
Similarly, several retrospective studies also reported the benefits of early IVIg in reducing
the 28-day and 60-day mortality, hospital stay, inflammatory response, and improving
multiorgan physiology and clinical outcome of severe COVID-19 patients,% which effects

are more prominent in those having no comorbidities or being treated at an earlier stage.®°

Phase identification is the key to a prompt immune modulation

The maijority of previous clinical trials indicated that both immunosuppression and
immunomodulation were effective in severe/critical COVID-19 conditions requiring
respiratory support and ventilation, while in non-severe disease, immunologic treatments
might elicit worse outcome (e.g., corticosteroid) or no significant improvements of clinical
outcome or mortality (Table 1). WHO guideline also strongly recommends systemic
corticosteroid administration (i.e. dexamethasone, hydrocortisone or prednisone) in

patients with severe and critical COVID-19 either orally or intravenously, while in non-
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severe COVID-19 patients, WHO advises against the use of corticosteroids unless the
patient is already taking this medication for pre-existing conditions.®' This fits well with
the identified disease pathophysiology (Figure 2) implying the hyperinflammatory state
with cytokine release syndrome in severe COVID-19. In such conditions, inhibition of
proinflammatory cytokines with immunosuppressive agents could reduce the damaging
consequences of rogue inflammation and immunomodulation might restore the host
immune regulation. On the other hand, in the early phase, immunologic treatments tend
to disrupt the activation of immune response against viruses and therefore, could be
detrimental. Tailoring treatments in line with the phase of COVID-19 disease course is
critically important and supported by data from major clinical trials. For example, in the
Adaptive COVID-19 Treatment Trial (ACTT-1), remdesivir was shown to work best in the
early phase of the disease, while the RECOVERY trial indicated that dexamethasone was
best administered in the late phase.'* 22 Nonetheless, the roles of immune system
modulation in COVID-19 caused by recently emerged SARS-CoV-2 variants (B1.1.7,
B.1.1.7/E484K, B.1.351 and P.1) remain unknown. Those variants resulted in a higher
mortality than the original SARS-CoV-2%2 and could possess distinct responses to

immune-based therapy, although further research are warranted.
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Figure 2. The phases of COVID-19. The COVID-19 can be divided into 3 stadiums: the early infection, the
pulmonary and the hyperinflammation stages. In the early infection, the viral load (purple line in the blue
zone) starts to increase and at some points, it begins to activate the host immune response (red zone).
While the disease progresses into a more severe state, the proinflammatory cytokines build up and start to
form antibody against the virus. When the disease is not promptly treated, COVID-19 may fall into the
hyperinflammation stage, multiorgan failure and death. (ARDS = acute respiratory distress syndrome;

MODS = multiorgan dysfunction syndrome)

Future immunologic targets for COVID-19

In the future, several novel immunologic targets, such as tumor necrosis factor (TNF)-a
inhibitors, retinoic acid inducible gene I-like receptor (RLR) and mTOR inhibitors, NLRP3
inflammasome inhibitors, complement inhibitors, toll-like receptor modulators, IL-18
inhibitors and possibly mesenchymal stem-cell secretome may be tested due to their
reported significance in COVID-19 pathogenesis.
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A few studies have shown that TNF-a inhibition reduced mortality and hospital admission
in COVID-19 patients.®® In a group of patients with inflammatory bowel disease and
COVID-19, TNF-a inhibition was inversely associated with the composite outcome of
death or hospital admission for COVID-19.%* Moreover, among others, data from 600
rheumatic patients with COVID-19 showed that TNF-a inhibitor, either alone or in
combination with other immunomodulatory drugs, was associated with a lower rate of
hospital admission for COVID-19.63. 65 However, those studies were conducted in patients
with immunologic disorders who perhaps already developed chronic immune system
remodeling, thus might provide distinct immune response against SARS-CoV-2 infection.
Hence, further clinical study on the efficacy of TNF-a inhibitors in COVID-19 patients

without immune-related comorbidities is warranted.

Complement system inhibition is also a potential therapeutic target for COVID-19. A
preliminary data by Gao et al. (2020) demonstrated the presence of complement
hyperactivation (e.g., widespread C3 and C5 complements deposition) in COVID-19%¢
and the activation, either through classical or alternative routes, can contribute to the
maladaptive inflammatory response, escalating the infection severity®’. Therefore,
several clinical trials have been initiated to investigate the potential role of complement
inhibitors in COVID-19.%8 For example, the combination of C5 inhibitor ravulizumab and

JAK inhibitor baricitinib, which is now entering the phase IV clinical trial.5°

Meanwhile, RLR is activated following the identification of viral RNAs in the cytoplasm of
infected cells, initiating the production of type | and Ill IFNs and inflammatory cytokines.”
Therefore, the inhibition of RLR could alter the interactions between host and viral factors,
which potentially prevent the activation of excessive inflammatory response in COVID-19.
Previous studies also reported the activation of NLRP3 inflammasome in COVID-19,7". 72
which facilitates the initiation of major proinflammatory cytokines, such as IL-18 and IL-
18. Therefore, inhibitions of NLRP3 inflammasome and its downstream mediators (e.g.,
IL-18 and IL-18) could potentially reduce COVID-19-associated morbidity and mortality
by minimizing the hyperinflammatory state. Lastly, although is still in the early phase, the
possible contributions of mesenchymal stem cells and their secretome in COVID-19
management are being investigated.”® Nonetheless, at present, those potential targets
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remain at the investigational stage and further extensive experimental and clinical studies

are required to evaluate their effectivity in COVID-19.

Conclusions

Both immunosuppression and immunomodulation could serve as potent COVID-19
pharmacotherapies when they are administered in an appropriate disease stage / severity
(Figure 2). Patients’ characteristics and comorbidities have to be considered to minimize
adverse effects and complications of immunotherapies. At present, several new
pharmacological targets are being investigated and in the near future, they are expected
to contribute to the COVID-19 management.

Funding

None

Author contribution

All authors made substantial contributions to conception and design, acquisition of data,
or analysis and interpretation of data; took part in drafting the article or revising it critically
for important intellectual content; agreed to submit to the current journal; gave final
approval of the version to be published; and agree to be accountable for all aspects of

the work.

Conflict of interest

None

16


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021

REFERENCES

1.

Arshad S, Kilgore P, Chaudhry ZS, Jacobsen G, Wang DD, Huitsing K, Brar |,
Alangaden GJ, Ramesh MS, McKinnon JE, O'Neill W, Zervos M, Henry Ford C-
TF. Treatment with hydroxychloroquine, azithromycin, and combination in patients
hospitalized with COVID-19. Int J Infect Dis 2020;97:396-403.

Ghazy RM, Almaghraby A, Shaaban R, Kamal A, Beshir H, Moursi A, Ramadan A,
Taha SHN. A systematic review and meta-analysis on chloroquine and
hydroxychloroquine as monotherapy or combined with azithromycin in COVID-19
treatment. Sci Rep 2020;10:22139.

Self WH, Semler MW, Leither LM, Casey JD, Angus DC, Brower RG, Chang SY,
Collins SP, Eppensteiner JC, Filbin MR, Files DC, Gibbs KW, Ginde AA, Gong MN,
Harrell FE, Jr., Hayden DL, Hough CL, Johnson NJ, Khan A, Lindsell CJ, Matthay
MA, Moss M, Park PK, Rice TW, Robinson BRH, Schoenfeld DA, Shapiro NI,
Steingrub JS, Ulysse CA, Weissman A, Yealy DM, Thompson BT, Brown SM,
National Heart L, Blood Institute PCTN, Steingrub J, Smithline H, Tiru B, Tidswell
M, Kozikowski L, Thornton-Thompson S, De Souza L, Hou P, Baron R, Massaro
A, Aisiku |, Fredenburgh L, Seethala R, Johnsky L, Riker R, Seder D, May T,
Baumann M, Eldridge A, Lord C, Shapiro N, Talmor D, O'Mara T, Kirk C, Harrison
K, Kurt L, Schermerhorn M, Banner-Goodspeed V, Boyle K, Dubosh N, Filbin M,
Hibbert K, Parry B, Lavin-Parsons K, Pulido N, Lilley B, Lodenstein C, Margolin J,
Brait K, Jones A, Galbraith J, Peacock R, Nandi U, Wachs T, Matthay M, Liu K,
Kangelaris K, Wang R, Calfee C, Yee K, Hendey G, Chang S, Lim G, Qadir N,
Tam A, Beutler R, Levitt J, Wilson J, Rogers A, Vojnik R, Roque J, Albertson T,
Chenoweth J, Adams J, Pearson S, Juarez M, Almasri E, Fayed M, Hughes A,
Hillard S, Huebinger R, Wang H, Vidales E, Patel B, Ginde A, Moss M, Baduashvili
A, McKeehan J, Finck L, Higgins C, Howell M, Douglas |, Haukoos J, Hiller T, Lyle
C, Cupelo A, Caruso E, Camacho C, Gravitz S, Finigan J, Griesmer C, Park P,
Hyzy R, Nelson K, McDonough K, Olbrich N, Williams M, Kapoor R, Nash J, Willig
M, Ford H, Gardner-Gray J, Ramesh M, Moses M, Ng Gong M, Aboodi M, Asghar
A, Amosu O, Torres M, Kaur S, Chen JT, Hope A, Lopez B, Rosales K, Young You
J, Mosier J, Hypes C, Natt B, Borg B, Salvagio Campbell E, Hite RD, Hudock K,
Cresie A, Alhasan F, Gomez-Arroyo J, Duggal A, Mehkri O, Hastings A, Sahoo D,
Abi Fadel F, Gole S, Shaner V, Wimer A, Meli Y, King A, Terndrup T, Exline M,
Pannu S, Robart E, Karow S, Hough C, Robinson B, Johnson N, Henning D,
Campo M, Gundel S, Seghal S, Katsandres S, Dean S, Khan A, Krol O, Jouzestani
M, Huynh P, Weissman A, Yealy D, Scholl D, Adams P, McVerry B, Huang D,
Angus D, Schooler J, Moore S, Files C, Miller C, Gibbs K, LaRose M, Flores L,
Koehler L, Morse C, Sanders J, Langford C, Nanney K, MdalaGausi M, Yeboah P,
Morris P, Sturgill J, Seif S, Cassity E, Dhar S, de Wit M, Mason J, Goodwin A, Hall
G, Grady A, Chamberlain A, Brown S, Bledsoe J, Leither L, Peltan |, Starr N,
Fergus M, Aston V, Montgomery Q, Smith R, Merrill M, Brown K, Armbruster B,
Harris E, Middleton E, Paine R, Johnson S, Barrios M, Eppensteiner J, Limkakeng
A, McGowan L, Porter T, Bouffler A, Leahy JC, deBoisblanc B, Lammi M, Happel
K, Lauto P, Self W, Casey J, Semler M, Collins S, Harrell F, Lindsell C, Rice T,

17

d0i:10.20944/preprints202104.0022.v2


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

Stubblefield W, Gray C, Johnson J, Roth M, Hays M, Torr D, Zakaria A, Schoenfeld
D, Thompson T, Hayden D, Ringwood N, Oldmixon C, Ulysse C, Morse R,
Muzikansky A, Fitzgerald L, Whitaker S, Lagakos A, Brower R, Reineck L,
Aggarwal N, Bienstock K, Freemer M, Maclawiw M, Weinmann G, Morrison L,
Gillespie M, Kryscio R, Brodie D, Zareba W, Rompalo A, Boeckh M, Parsons P,
Christie J, Hall J, Horton N, Zoloth L, Dickert N, Diercks D. Effect of
Hydroxychloroquine on Clinical Status at 14 Days in Hospitalized Patients With
COVID-19: A Randomized Clinical Trial. JAMA 2020;324:2165-2176.

4. Reis G, Moreira Silva E, Medeiros Silva DC, Thabane L, Singh G, Park JJH,
Forrest JI, Harari O, Quirino Dos Santos CV, Guimaraes de Almeida APF,
Figueiredo Neto AD, Savassi LCM, Milagres AC, Teixeira MM, Simplicio MIC,
Ribeiro LB, Oliveira R, Mills EJ, Investigators T. Effect of Early Treatment With
Hydroxychloroquine or Lopinavir and Ritonavir on Risk of Hospitalization Among
Patients With COVID-19: The TOGETHER Randomized Clinical Trial. JAMA Netw
Open 2021;4:€216468.

5. Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, Wiselka M,
Ustianowski A, ElImahi E, Prudon B, Whitehouse T, Felton T, Williams J, Faccenda
J, Underwood J, Baillie JK, Chappell LC, Faust SN, Jaki T, Jeffery K, Lim WS,
Montgomery A, Rowan K, Tarning J, Watson JA, White NJ, Juszczak E, Haynes
R, Landray MJ. Effect of Hydroxychloroquine in Hospitalized Patients with Covid-
19. N Engl J Med 2020;383:2030-2040.

6. Boulware DR, Pullen MF, Bangdiwala AS, Pastick KA, Lofgren SM, Okafor EC,
Skipper CP, Nascene AA, Nicol MR, Abassi M, Engen NW, Cheng MP, LaBar D,
Lother SA, MacKenzie LJ, Drobot G, Marten N, Zarychanski R, Kelly LE, Schwartz
IS, McDonald EG, Rajasingham R, Lee TC, Hullsiek KH. A Randomized Trial of
Hydroxychloroquine as Postexposure Prophylaxis for Covid-19. N Engl J Med
2020;383:517-525.

7. Sutanto H, Heijman J. Beta-Adrenergic Receptor Stimulation Modulates the
Cellular Proarrhythmic Effects of Chloroquine and Azithromycin. Front Physiol
2020;11:5877009.

8. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, Ruan L, Song B, Cai Y, Wei M, Li
X, Xia J, Chen N, Xiang J, Yu T, Bai T, Xie X, Zhang L, Li C, Yuan Y, Chen H, Li
H, Huang H, Tu S, Gong F, Liu Y, Wei Y, Dong C, Zhou F, Gu X, Xu J, Liu Z, Zhang
Y, Li H, Shang L, Wang K, Li K, Zhou X, Dong X, Qu Z, Lu S, Hu X, Ruan S, Luo
S, Wu J, Peng L, Cheng F, Pan L, Zou J, Jia C, Wang J, Liu X, Wang S, Wu X, Ge
Q, He J, Zhan H, Qiu F, Guo L, Huang C, Jaki T, Hayden FG, Horby PW, Zhang
D, Wang C. A Trial of Lopinavir-Ritonavir in Adults Hospitalized with Severe Covid-
19. N Engl J Med 2020;382:1787-1799.

9. Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, Group RC.
Lopinavir-ritonavir in patients admitted to hospital with COVID-19 (RECOVERY):
a randomised, controlled, open-label, platform trial. Lancet 2020.

18


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

10.

11.

12.

13.

14.

15.

16.

17.

Lopez-Medina E, Lopez P, Hurtado IC, Davalos DM, Ramirez O, Martinez E,
Diazgranados JA, Onate JM, Chavarriaga H, Herrera S, Parra B, Libreros G,
Jaramillo R, Avendano AC, Toro DF, Torres M, Lesmes MC, Rios CA, Caicedo |.
Effect of Ivermectin on Time to Resolution of Symptoms Among Adults With Mild
COVID-19: A Randomized Clinical Trial. JAMA 2021.

Rajter JC, Sherman MS, Fatteh N, Vogel F, Sacks J, Rajter JJ. Use of lvermectin
Is Associated With Lower Mortality in Hospitalized Patients With Coronavirus
Disease 2019: The Ivermectin in COVID Nineteen Study. Chest 2021;159:85-92.

Solaymani-Dodaran M, Ghanei M, Bagheri M, Qazvini A, Vahedi E, Hassan
Saadat S, Amin Setarehdan S, Ansarifar A, Biganeh H, Mohazzab A, Khalili D,
Hosein Ghazale A, Reza Heidari M, Taheri A, Khoramdad M, Mahdi Asadi M,
Nazemieh M, Varshochi M, Abbasian S, Bakhtiari A, Mosaed R, Hosseini-Shokouh
SJ, Shahrokhi M, Yassin Z, Ali Zohal M, Qaraati M, Rastgoo N, Sami R, Javad
Eslami M, Asghari A, Namazi M, Ziaie S, Jafari-Moghaddam R, Kalantari S,
Memarian M, Khodadadi J, Hossein Afshari M, Momen-Heravi M, Behzadseresht
N, Reza Mobayen A, Mozafari A, Movasaghi F, Haddadzadeh Shoushtari M,
Moazen J. Safety and efficacy of Favipiravir in moderate to severe SARS-CoV-2
pneumonia. Int Immunopharmacol 2021;95:107522.

Cai Q, Yang M, Liu D, Chen J, Shu D, Xia J, Liao X, Gu Y, Cai Q, Yang Y, Shen
C, Li X, Peng L, Huang D, Zhang J, Zhang S, Wang F, Liu J, Chen L, Chen S,
Wang Z, Zhang Z, Cao R, Zhong W, Liu Y, Liu L. Experimental Treatment with
Favipiravir for COVID-19: An Open-Label Control Study. Engineering (Beijing)
2020;6:1192-1198.

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, Hohmann
E, Chu HY, Luetkemeyer A, Kline S, Lopez de Castilla D, Finberg RW, Dierberg K,
Tapson V, Hsieh L, Patterson TF, Paredes R, Sweeney DA, Short WR, Touloumi
G, Lye DC, Ohmagari N, Oh MD, Ruiz-Palacios GM, Benfield T, Fatkenheuer G,
Kortepeter MG, Atmar RL, Creech CB, Lundgren J, Babiker AG, Pett S, Neaton
JD, Burgess TH, Bonnett T, Green M, Makowski M, Osinusi A, Nayak S, Lane HC,
Members A-SG. Remdesivir for the Treatment of Covid-19 - Final Report. N Engl
J Med 2020;383:1813-1826.

Garibaldi BT, Wang K, Robinson ML, Zeger SL, Bandeen-Roche K, Wang MC,
Alexander GC, Gupta A, Bollinger R, Xu Y. Comparison of Time to Clinical
Improvement With vs Without Remdesivir Treatment in Hospitalized Patients With
COVID-19. JAMA Netw Open 2021;4:€213071.

Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. Cytokine Storm in COVID-19: The
Current Evidence and Treatment Strategies. Front Immunol 2020;11:1708.

Fajgenbaum DC, June CH. Cytokine Storm. N Engl J Med 2020;383:2255-2273.

19


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

18.

19.

20.

21.

22.

23.

24.

25.

Bonam SR, Kaveri SV, Sakuntabhai A, Gilardin L, Bayry J. Adjunct
Immunotherapies for the Management of Severely Il COVID-19 Patients. Cell Rep
Med 2020;1:100016.

Belsky JA, Tullius BP, Lamb MG, Sayegh R, Stanek JR, Auletta JJ. COVID-19 in
immunocompromised patients: A systematic review of cancer, hematopoietic cell
and solid organ transplant patients. J Infect 2021;82:329-338.

Matsuyama S, Kawase M, Nao N, Shirato K, Ujike M, Kamitani W, Shimojima M,
Fukushi S. The Inhaled Steroid Ciclesonide Blocks SARS-CoV-2 RNA Replication
by Targeting the Viral Replication-Transcription Complex in Cultured Cells. J Virol
2020;95.

Chatterjee K, Wu CP, Bhardwaj A, Siuba M. Steroids in COVID-19: An overview.
Cleve Clin J Med 2020.

Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, Staplin N, Brightling
C, Ustianowski A, EImahi E, Prudon B, Green C, Felton T, Chadwick D, Rege K,
Fegan C, Chappell LC, Faust SN, Jaki T, Jeffery K, Montgomery A, Rowan K,
Juszczak E, Baillie JK, Haynes R, Landray MJ. Dexamethasone in Hospitalized
Patients with Covid-19. N Engl J Med 2021;384:693-704.

Villar J, Anon JM, Ferrando C, Aguilar G, Munoz T, Ferreres J, Ambros A, Aldecoa
C, Suarez-Sipmann F, Thorpe KE, Juni P, Slutsky AS, Network D-C. Efficacy of
dexamethasone treatment for patients with the acute respiratory distress
syndrome caused by COVID-19: study protocol for a randomized controlled
superiority trial. Trials 2020;21:717.

Petersen MW, Meyhoff TS, Helleberg M, Kjaer MN, Granholm A, Hjortso CJS,
Jensen TS, Moller MH, Hjortrup PB, Wetterslev M, Vesterlund GK, Russell L,
Jorgensen VL, Tjelle K, Benfield T, Ulrik CS, Andreasen AS, Mohr T, Bestle MH,
Poulsen LM, Hitz MF, Hildebrandt T, Knudsen LS, Moller A, Solling CG, Brochner
AC, Rasmussen BS, Nielsen H, Christensen S, Strom T, Cronhjort M, Wahlin RR,
Jakob S, Cioccari L, Venkatesh B, Hammond N, Jha V, Myatra SN, Gluud C, Lange
T, Perner A. Low-dose hydrocortisone in patients with COVID-19 and severe
hypoxia (COVID STEROID) trial-Protocol and statistical analysis plan. Acta
Anaesthesiol Scand 2020;64:1365-1375.

Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga VC, Avezum
A, Lopes RD, Bueno FR, Silva M, Baldassare FP, Costa ELV, Moura RAB,
Honorato MO, Costa AN, Damiani LP, Lisboa T, Kawano-Dourado L, Zampieri FG,
Olivato GB, Righy C, Amendola CP, Roepke RML, Freitas DHM, Forte DN, Freitas
FGR, Fernandes CCF, Melro LMG, Junior GFS, Morais DC, Zung S, Machado FR,
Azevedo LCP, Investigators CC-Bl. Effect of Dexamethasone on Days Alive and
Ventilator-Free in Patients With Moderate or Severe Acute Respiratory Distress
Syndrome and COVID-19: The CoDEX Randomized Clinical Trial. JAMA
2020;324:1307-1316.

20


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021

26.

27.

Dequin PF, Heming N, Meziani F, Plantefeve G, Voiriot G, Badie J, Francois B,
Aubron C, Ricard JD, Ehrmann S, Jouan Y, Guillon A, Leclerc M, Coffre C,
Bourgoin H, Lengelle C, Caille-Fenerol C, Tavernier E, Zohar S, Giraudeau B,
Annane D, Le Gouge A, Group CCT, the C-TN. Effect of Hydrocortisone on 21-
Day Mortality or Respiratory Support Among Critically Il Patients With COVID-19:
A Randomized Clinical Trial. JAMA 2020;324:1298-1306.

Angus DC, Derde L, Al-Beidh F, Annane D, Arabi Y, Beane A, van Bentum-Puijk
W, Berry L, Bhimani Z, Bonten M, Bradbury C, Brunkhorst F, Buxton M, Buzgau A,
Cheng AC, de Jong M, Detry M, Estcourt L, Fitzgerald M, Goossens H, Green C,
Haniffa R, Higgins AM, Horvat C, Hullegie SJ, Kruger P, Lamontagne F, Lawler
PR, Linstrum K, Litton E, Lorenzi E, Marshall J, McAuley D, McGlothin A,
McGuinness S, McVerry B, Montgomery S, Mouncey P, Murthy S, Nichol A, Parke
R, Parker J, Rowan K, Sanil A, Santos M, Saunders C, Seymour C, Turner A, van
de Veerdonk F, Venkatesh B, Zarychanski R, Berry S, Lewis RJ, McArthur C,
Webb SA, Gordon AC, Writing Committee for the R-CAPI, Al-Beidh F, Angus D,
Annane D, Arabi Y, van Bentum-Puijk W, Berry S, Beane A, Bhimani Z, Bonten M,
Bradbury C, Brunkhorst F, Buxton M, Cheng A, De Jong M, Derde L, Estcourt L,
Goossens H, Gordon A, Green C, Haniffa R, Lamontagne F, Lawler P, Litton E,
Marshall J, McArthur C, McAuley D, McGuinness S, McVerry B, Montgomery S,
Mouncey P, Murthy S, Nichol A, Parke R, Rowan K, Seymour C, Turner A, van de
Veerdonk F, Webb S, Zarychanski R, Campbell L, Forbes A, Gattas D, Heritier S,
Higgins L, Kruger P, Peake S, Presneill J, Seppelt |, Trapani T, Young P, Bagshaw
S, Daneman N, Ferguson N, Misak C, Santos M, Hullegie S, Pletz M, Rohde G,
Rowan K, Alexander B, Basile K, Girard T, Horvat C, Huang D, Linstrum K, Vates
J, Beasley R, Fowler R, McGloughlin S, Morpeth S, Paterson D, Venkatesh B,
Uyeki T, Baillie K, Duffy E, Fowler R, Hills T, Orr K, Patanwala A, Tong S, Netea
M, Bihari S, Carrier M, Fergusson D, Goligher E, Haidar G, Hunt B, Kumar A,
Laffan M, Lawless P, Lother S, McCallum P, Middeldopr S, McQuilten Z, Neal M,
Pasi J, Schutgens R, Stanworth S, Turgeon A, Weissman A, Adhikari N, Anstey M,
Brant E, de Man A, Lamonagne F, Masse MH, Udy A, Arnold D, Begin P,
Charlewood R, Chasse M, Coyne M, Cooper J, Daly J, Gosbell I, Harvala-
Simmonds H, Hills T, MacLennan S, Menon D, McDyer J, Pridee N, Roberts D,
Shankar-Hari M, Thomas H, Tinmouth A, Triulzi D, Walsh T, Wood E, Calfee C,
O'Kane C, Shyamsundar M, Sinha P, Thompson T, Young |, Bihari S, Hodgson C,
Laffey J, McAuley D, Orford N, Neto A, Detry M, Fitzgerald M, Lewis R, McGlothlin
A, Sanil A, Saunders C, Berry L, Lorenzi E, Miller E, Singh V, Zammit C, van
Bentum Puijk W, Bouwman W, Mangindaan Y, Parker L, Peters S, Rietveld I,
Raymakers K, Ganpat R, Brillinger N, Markgraf R, Ainscough K, Brickell K, Anjum
A, Lane JB, Richards-Belle A, Saull M, Wiley D, Bion J, Connor J, Gates S, Manax
V, van der Poll T, Reynolds J, van Beurden M, Effelaar E, Schotsman J, Boyd C,
Harland C, Shearer A, Wren J, Clermont G, Garrard W, Kalchthaler K, King A,
Ricketts D, Malakoutis S, Marroquin O, Music E, Quinn K, Cate H, Pearson K,
Collins J, Hanson J, Williams P, Jackson S, Asghar A, Dyas S, Sutu M, Murphy S,
Williamson D, Mguni N, Potter A, Porter D, Goodwin J, Rook C, Harrison S,
Williams H, Campbell H, Lomme K, Williamson J, Sheffield J, van't Hoff W,
McCracken P, Young M, Board J, Mart E, Knott C, Smith J, Boschert C, Affleck J,

21

d0i:10.20944/preprints202104.0022.v2


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

Ramanan M, D'Souza R, Pateman K, Shakih A, Cheung W, Kol M, Wong H, Shah
A, Wagh A, Simpson J, Duke G, Chan P, Cartner B, Hunter S, Laver R, Shrestha
T, Regli A, Pellicano A, McCullough J, Tallott M, Kumar N, Panwar R, Brinkerhoff
G, Koppen C, Cazzola F, Brain M, Mineall S, Fischer R, Biradar V, Soar N, White
H, Estensen K, Morrison L, Smith J, Cooper M, Health M, Shehabi Y, Al-Bassam
W, Hulley A, Whitehead C, Lowrey J, Gresha R, Walsham J, Meyer J, Harward M,
Venz E, Williams P, Kurenda C, Smith K, Smith M, Garcia R, Barge D, Byrne D,
Byrne K, Driscoll A, Fortune L, Janin P, Yarad E, Hammond N, Bass F, Ashelford
A, Waterson S, Wedd S, McNamara R, Buhr H, Coles J, Schweikert S, Wibrow B,
Rauniyar R, Myers E, Fysh E, Dawda A, Mevavala B, Litton E, Ferrier J, Nair P,
Buscher H, Reynolds C, Santamaria J, Barbazza L, Homes J, Smith R, Murray L,
Brailsford J, Forbes L, Maguire T, Mariappa V, Smith J, Simpson S, Maiden M,
Bone A, Horton M, Salerno T, Sterba M, Geng W, Depuydt P, De Waele J, De Bus
L, Fierens J, Bracke S, Reeve B, Dechert W, Chasse M, Carrier FM, Boumahni D,
Benettaib F, Ghamraoui A, Bellemare D, Cloutier E, Francoeur C, Lamontagne F,
D'Aragon F, Carbonneau E, Leblond J, Vazquez-Grande G, Marten N, Wilson M,
Albert M, Serri K, Cavayas A, Duplaix M, Williams V, Rochwerg B, Karachi T,
Oczkowski S, Centofanti J, Millen T, Duan E, Tsang J, Patterson L, English S,
Watpool |, Porteous R, Miezitis S, MclIntyre L, Brochard L, Burns K, Sandhu G,
Khalid I, Binnie A, Powell E, McMillan A, Luk T, Aref N, Andric Z, Cviljevic S, Dimoti
R, Zapalac M, Mirkovic G, Barsic B, Kutlesa M, Kotarski V, Vujaklija Brajkovic A,
Babel J, Sever H, Dragija L, Kusan |, Vaara S, Pettila L, Heinonen J, Kuitunen A,
Karlsson S, Vahtera A, Kiiski H, Ristimaki S, Azaiz A, Charron C, Godement M,
Geri G, Vieillard-Baron A, Pourcine F, Monchi M, Luis D, Mercier R, Sagnier A,
Verrier N, Caplin C, Siami S, Aparicio C, Vautier S, Jeblaoui A, Fartoukh M, Courtin
L, Labbe V, Leparco C, Muller G, Nay MA, Kamel T, Benzekri D, Jacquier S,
Mercier E, Chartier D, Salmon C, Dequin P, Schneider F, Morel G, L'Hotellier S,
Badie J, Berdaguer FD, Malfroy S, Mezher C, Bourgoin C, Megarbane B, Voicu S,
Deye N, Malissin |, Sutterlin L, Guitton C, Darreau C, Landais M, Chudeau N,
Robert A, Moine P, Heming N, Maxime V, Bossard I, Nicholier TB, Colin G, Zinzoni
V, Maquigneau N, Finn A, Kress G, Hoff U, Friedrich Hinrichs C, Nee J, Pletz M,
Hagel S, Ankert J, Kolanos S, Bloos F, Petros S, Pasieka B, Kunz K, Appelt P,
Schutze B, Kluge S, Nierhaus A, Jarczak D, Roedl K, Weismann D, Frey A,
Klinikum Neukolln V, Reill L, Distler M, Maselli A, Belteczki J, Magyar |, Fazekas
A, Kovacs S, Szoke V, Szigligeti G, Leszkoven J, Collins D, Breen P, Frohlich S,
Whelan R, McNicholas B, Scully M, Casey S, Kernan M, Doran P, O'Dywer M,
Smyth M, Hayes L, Hoiting O, Peters M, Rengers E, Evers M, Prinssen A, Bosch
Ziekenhuis J, Simons K, Rozendaal W, Polderman F, de Jager P, Moviat M, Paling
A, Salet A, Rademaker E, Peters AL, de Jonge E, Wigbers J, Guilder E, Butler M,
Cowdrey KA, Newby L, Chen Y, Simmonds C, McConnochie R, Ritzema Carter J,
Henderson S, Van Der Heyden K, Mehrtens J, Williams T, Kazemi A, Song R, Lai
V, Girijadevi D, Everitt R, Russell R, Hacking D, Buehner U, Williams E, Browne T,
Grimwade K, Goodson J, Keet O, Callender O, Martynoga R, Trask K, Butler A,
Schischka L, Young C, Lesona E, Olatunji S, Robertson Y, Jose N, Amaro dos
Santos Catorze T, de Lima Pereira TNA, Neves Pessoa LM, Castro Ferreira RM,
Pereira Sousa Bastos JM, Aysel Florescu S, Stanciu D, Zaharia MF, Kosa AG,

22


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021

Codreanu D, Marabi Y, Al Qasim E, Moneer Hagazy M, Al Swaidan L, Arishi H,
Munoz-Bermudez R, Marin-Corral J, Salazar Degracia A, Parrilla Gomez F, Mateo
Lopez MI, Rodriguez Fernandez J, Carcel Fernandez S, Carmona Flores R, Leon
Lopez R, de la Fuente Martos C, Allan A, Polgarova P, Farahi N, McWilliam S,
Hawcutt D, Rad L, O'Malley L, Whitbread J, Kelsall O, Wild L, Thrush J, Wood H,
Austin K, Donnelly A, Kelly M, O'Kane S, McClintock D, Warnock M, Johnston P,
Gallagher LJ, Mc Goldrick C, Mc Master M, Strzelecka A, Jha R, Kalogirou M, Ellis
C, Krishnamurthy V, Deelchand V, Silversides J, McGuigan P, Ward K, O'Neill A,
Finn S, Phillips B, Mullan D, Oritz-Ruiz de Gordoa L, Thomas M, Sweet K, Grimmer
L, Johnson R, Pinnell J, Robinson M, Gledhill L, Wood T, Morgan M, Cole J, Hill
H, Davies M, Antcliffe D, Templeton M, Rojo R, Coghlan P, Smee J, Mackay E,
Cort J, Whileman A, Spencer T, Spittle N, Kasipandian V, Patel A, Allibone S,
Genetu RM, Ramali M, Ghosh A, Bamford P, London E, Cawley K, Faulkner M,
Jeffrey H, Smith T, Brewer C, Gregory J, Limb J, Cowton A, O'Brien J, Nikitas N,
Wells C, Lankester L, Pulletz M, Williams P, Birch J, Wiseman S, Horton S, Alegria
A, Turki S, Elsefi T, Crisp N, Allen L, McCullagh |, Robinson P, Hays C, Babio-
Galan M, Stevenson H, Khare D, Pinder M, Selvamoni S, Gopinath A, Pugh R,
Menzies D, Mackay C, Allan E, Davies G, Puxty K, McCue C, Cathcart S, Hickey
N, Ireland J, Yusuff H, Isgro G, Brightling C, Bourne M, Craner M, Watters M, Prout
R, Davies L, Pegler S, Kyeremeh L, Arbane G, Wilson K, Gomm L, Francia F, Brett
S, Sousa Arias S, Elin Hall R, Budd J, Small C, Birch J, Collins E, Henning J,
Bonner S, Hugill K, Cirstea E, Wilkinson D, Karlikowski M, Sutherland H,
Wilhelmsen E, Woods J, North J, Sundaran D, Hollos L, Coburn S, Walsh J, Turns
M, Hopkins P, Smith J, Noble H, Depante MT, Clarey E, Laha S, Verlander M,
Williams A, Huckle A, Hall A, Cooke J, Gardiner-Hill C, Maloney C, Qureshi H, Flint
N, Nicholson S, Southin S, Nicholson A, Borgatta B, Turner-Bone |, Reddy A,
Wilding L, Chamara Warnapura L, Agno Sathianathan R, Golden D, Hart C, Jones
J, Bannard-Smith J, Henry J, Birchall K, Pomeroy F, Quayle R, Makowski A,
Misztal B, Ahmed |, KyereDiabour T, Naiker K, Stewart R, Mwaura E, Mew L, Wren
L, Willams F, Innes R, Doble P, Hutter J, Shovelton C, Plumb B, Szakmany T,
Hamlyn V, Hawkins N, Lewis S, Dell A, Gopal S, Ganguly S, Smallwood A, Harris
N, Metherell S, Lazaro JM, Newman T, Fletcher S, Nortje J, Fottrell-Gould D,
Randell G, Zaman M, Elmahi E, Jones A, Hall K, Mills G, Ryalls K, Bowler H, Sall
J, Bourne R, Borrill Z, Duncan T, Lamb T, Shaw J, Fox C, Moreno Cuesta J, Xavier
K, Purohit D, Elhassan M, Bakthavatsalam D, Rowland M, Hutton P, Bashyal A,
Davidson N, Hird C, Chhablani M, Phalod G, Kirkby A, Archer S, Netherton K,
Reschreiter H, Camsooksai J, Patch S, Jenkins S, Pogson D, Rose S, Daly Z,
Brimfield L, Claridge H, Parekh D, Bergin C, Bates M, Dasgin J, McGhee C, Sim
M, Hay SK, Henderson S, Phull MK, Zaidi A, Pogreban T, Rosaroso LP, Harvey D,
Lowe B, Meredith M, Ryan L, Hormis A, Walker R, Collier D, Kimpton S, Oakley S,
Rooney K, Rodden N, Hughes E, Thomson N, McGlynn D, Walden A, Jacques N,
Coles H, Tilney E, Vowell E, Schuster-Bruce M, Pitts S, Miln R, Purandare L,
Vamplew L, Spivey M, Bean S, Burt K, Moore L, Day C, Gibson C, Gordon E, Zitter
L, Keenan S, Baker E, Cherian S, Cutler S, Roynon-Reed A, Harrington K,
Raithatha A, Bauchmuller K, Ahmad N, Grecu |, Trodd D, Martin J, Wrey Brown C,
Arias AM, Craven T, Hope D, Singleton J, Clark S, Rae N, Welters |, Hamilton DO,

23

d0i:10.20944/preprints202104.0022.v2


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

28.

29.

30.

31.

Williams K, Waugh V, Shaw D, Puthucheary Z, Martin T, Santos F, Uddin R,
Somerville A, Tatham KC, Jhanji S, Black E, Dela Rosa A, Howle R, Tully R,
Drummond A, Dearden J, Philbin J, Munt S, Vuylsteke A, Chan C, Victor S, Matsa
R, Gellamucho M, Creagh-Brown B, Tooley J, Montague L, De Beaux F, Bullman
L, Kersiake |, Demetriou C, Mitchard S, Ramos L, White K, Donnison P, Johns M,
Casey R, Mattocks L, Salisbury S, Dark P, Claxton A, McLachlan D, Slevin K, Lee
S, Hulme J, Joseph S, Kinney F, Senya HJ, Oborska A, Kayani A, Hadebe B, Orath
Prabakaran R, Nichols L, Thomas M, Worner R, Faulkner B, Gendall E, Hayes K,
Hamilton-Davies C, Chan C, Mfuko C, Abbass H, Mandadapu V, Leaver S, Forton
D, Patel K, Paramasivam E, Powell M, Gould R, Wilby E, Howcroft C, Banach D,
Fernandez de Pinedo Artaraz Z, Cabreros L, White I, Croft M, Holland N, Pereira
R, Zaki A, Johnson D, Jackson M, Garrard H, Juhaz V, Roy A, Rostron A, Woods
L, Cornell S, Pillai S, Harford R, Rees T, Ivatt H, Sundara Raman A, Davey M, Lee
K, Barber R, Chablani M, Brohi F, Jagannathan V, Clark M, Purvis S, Wetherill B,
Dushianthan A, Cusack R, de Courcy-Golder K, Smith S, Jackson S, Attwood B,
Parsons P, Page V, Zhao XB, Oza D, Rhodes J, Anderson T, Morris S, Xia Le Tai
C, Thomas A, Keen A, Digby S, Cowley N, Wild L, Southern D, Reddy H, Campbell
A, Watkins C, Smuts S, Touma O, Barnes N, Alexander P, Felton T, Ferguson S,
Sellers K, Bradley-Potts J, Yates D, Birkinshaw I, Kell K, Marshall N, Carr-Knott L,
Summers C. Effect of Hydrocortisone on Mortality and Organ Support in Patients
With Severe COVID-19: The REMAP-CAP COVID-19 Corticosteroid Domain
Randomized Clinical Trial. JAMA 2020;324:1317-1329.

Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, Angus DC, Annane D,
Azevedo LCP, Berwanger O, Cavalcanti AB, Dequin PF, Du B, Emberson J, Fisher
D, Giraudeau B, Gordon AC, Granholm A, Green C, Haynes R, Heming N, Higgins
JPT, Horby P, Juni P, Landray MJ, Le Gouge A, Leclerc M, Lim WS, Machado FR,
McArthur C, Meziani F, Moller MH, Perner A, Petersen MW, Savovic J, Tomazini
B, Veiga VC, Webb S, Marshall JC, Group WHOREAfC-TW. Association Between
Administration of Systemic Corticosteroids and Mortality Among Critically Il
Patients With COVID-19: A Meta-analysis. JAMA 2020;324:1330-1341.

LiQ, LiW,JinY, Xu W, Huang C, LiL, Huang Y, Fu Q, Chen L. Efficacy Evaluation
of Early, Low-Dose, Short-Term Corticosteroids in Adults Hospitalized with Non-
Severe COVID-19 Pneumonia: A Retrospective Cohort Study. Infect Dis Ther
2020;9:823-836.

Spagnuolo V, Guffanti M, Galli L, Poli A, Querini PR, Ripa M, Clementi M,
Scarpellini P, Lazzarin A, Tresoldi M, Dagna L, Zangrillo A, Ciceri F, Castagna A,
group CO-Bs. Viral clearance after early corticosteroid treatment in patients with
moderate or severe covid-19. Sci Rep 2020;10:21291.

Cavalli G, Larcher A, Tomelleri A, Campochiaro C, Della-Torre E, De Luca G,
Farina N, Boffini N, Ruggeri A, Poli A, Scarpellini P, Rovere-Querini P, Tresoldi M,
Salonia A, Montorsi F, Landoni G, Castagna A, Ciceri F, Zangrillo A, Dagna L.
Interleukin-1 and interleukin-6 inhibition compared with standard management in

24


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

32.

33.

34.

35.

36.

37.

38.

patients with COVID-19 and hyperinflammation: a cohort study. Lancet Rheumatol
2021;3:€253-e261.

Gordon AC, Mouncey PR, Al-Beidh F, Rowan KM, Nichol AD, Arabi YM, Annane
D, Beane A, van Bentum-Puijk W, Berry LR, Bhimani Z, Bonten MJM, Bradbury
CA, Brunkhorst FM, Buzgau A, Cheng AC, Detry MA, Duffy EJ, Estcourt LJ,
Fitzgerald M, Goossens H, Haniffa R, Higgins AM, Hills TE, Horvat CM,
Lamontagne F, Lawler PR, Leavis HL, Linstrum KM, Litton E, Lorenzi E, Marshall
JC, Mayr FB, McAuley DF, McGlothlin A, McGuinness SP, McVerry BJ,
Montgomery SK, Morpeth SC, Murthy S, Orr K, Parke RL, Parker JC, Patanwala
AE, Pettila V, Rademaker E, Santos MS, Saunders CT, Seymour CW, Shankar-
Hari M, Sligl WI, Turgeon AF, Turner AM, van de Veerdonk FL, Zarychanski R,
Green C, Lewis RJ, Angus DC, McArthur CJ, Berry S, Webb SA, Derde LPG.
Interleukin-6 Receptor Antagonists in Critically Il Patients with Covid-19. N Engl J
Med 2021.

Abani O, Abbas A, Abbas F, Abbas M, Abbasi S, Zuriaga-Alvaro A, Group RC.
Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a
randomised, controlled, open-label, platform trial. Lancet 2021;397:1637-1645.

Khan FA, Stewart |, Fabbri L, Moss S, Robinson K, Smyth AR, Jenkins G.
Systematic review and meta-analysis of anakinra, sarilumab, siltuximab and
tocilizumab for COVID-19. Thorax 2021.

Wei Q, Lin H, Wei RG, Chen N, He F, Zou DH, Wei JR. Tocilizumab treatment for
COVID-19 patients: a systematic review and meta-analysis. Infect Dis Poverty
2021;10:71.

Rosas 10, Brau N, Waters M, Go RC, Hunter BD, Bhagani S, Skiest D, Aziz MS,
Cooper N, Douglas IS, Savic S, Youngstein T, Del Sorbo L, Cubillo Gracian A, De
La Zerda DJ, Ustianowski A, Bao M, Dimonaco S, Graham E, Matharu B,
Spotswood H, Tsai L, Malhotra A. Tocilizumab in Hospitalized Patients with Severe
Covid-19 Pneumonia. N Engl J Med 2021;384:1503-1516.

Stone JH, Frigault MJ, Serling-Boyd NJ, Fernandes AD, Harvey L, Foulkes AS,
Horick NK, Healy BC, Shah R, Bensaci AM, Woolley AE, Nikiforow S, Lin N, Sagar
M, Schrager H, Huckins DS, Axelrod M, Pincus MD, Fleisher J, Sacks CA, Dougan
M, North CM, Halvorsen YD, Thurber TK, Dagher Z, Scherer A, Wallwork RS, Kim
AY, Schoenfeld S, Sen P, Neilan TG, Perugino CA, Unizony SH, Collier DS, Matza
MA, Yinh JM, Bowman KA, Meyerowitz E, Zafar A, Drobni ZD, Bolster MB, Kohler
M, D'Silva KM, Dau J, Lockwood MM, Cubbison C, Weber BN, Mansour MK,
Investigators BBTT. Efficacy of Tocilizumab in Patients Hospitalized with Covid-19.
N Engl J Med 2020;383:2333-2344.

Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD, Criner GJ, Kaplan-

Lewis E, Baden R, Pandit L, Cameron ML, Garcia-Diaz J, Chavez V, Mekebeb-
Reuter M, Lima de Menezes F, Shah R, Gonzalez-Lara MF, Assman B, Freedman

25


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021

39.

40.

41.

42.

43.

44.

45.

46.

J, Mohan SV. Tocilizumab in Patients Hospitalized with Covid-19 Pneumonia. N
Engl J Med 2021;384:20-30.

Weisberg E, Parent A, Yang PL, Sattler M, Liu Q, Liu Q, Wang J, Meng C, Buhrlage
SJ, Gray N, Griffin JD. Repurposing of Kinase Inhibitors for Treatment of COVID-
19. Pharm Res 2020;37:167.

Zhao H, Mendenhall M, Deininger MW. Imatinib is not a potent anti-SARS-CoV-2
drug. Leukemia 2020;34:3085-3087.

Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, Wang J, Qin Y, Zhang X, Yan X,
Zeng X, Zhang S. The use of anti-inflammatory drugs in the treatment of people
with severe coronavirus disease 2019 (COVID-19): The Perspectives of clinical
immunologists from China. Clin Immunol 2020;214:108393.

Kalil AC, Patterson TF, Mehta AK, Tomashek KM, Wolfe CR, Ghazaryan V,
Marconi VC, Ruiz-Palacios GM, Hsieh L, Kline S, Tapson V, lovine NM, Jain MK,
Sweeney DA, El Sahly HM, Branche AR, Regalado Pineda J, Lye DC, Sandkovsky
U, Luetkemeyer AF, Cohen SH, Finberg RW, Jackson PEH, Taiwo B, Paules Cl,
Arguinchona H, Erdmann N, Ahuja N, Frank M, Oh MD, Kim ES, Tan SY, Mularski
RA, Nielsen H, Ponce PO, Taylor BS, Larson L, Rouphael NG, Saklawi Y, Cantos
VD, Ko ER, Engemann JJ, Amin AN, Watanabe M, Billings J, Elie MC, Davey RT,
Burgess TH, Ferreira J, Green M, Makowski M, Cardoso A, de Bono S, Bonnett T,
Proschan M, Deye GA, Dempsey W, Nayak SU, Dodd LE, Beigel JH, Members A-
SG. Baricitinib plus Remdesivir for Hospitalized Adults with Covid-19. N Engl J
Med 2021;384:795-807.

Calabrese LH, Lenfant T, Calabrese C. Interferon therapy for COVID-19 and
emerging infections: Prospects and concerns. Cleve Clin J Med 2020.

Zhou Q, Chen V, Shannon CP, Wei XS, Xiang X, Wang X, Wang ZH, Tebbutt SJ,
Kollmann TR, Fish EN. Interferon-alpha2b Treatment for COVID-19. Front
Immunol 2020;11:1061.

Davoudi-Monfared E, Rahmani H, Khalili H, Hajiabdolbaghi M, Salehi M, Abbasian
L, Kazemzadeh H, Yekaninejad MS. A Randomized Clinical Trial of the Efficacy
and Safety of Interferon beta-1a in Treatment of Severe COVID-19. Antimicrob
Agents Chemother 2020;64.

Pan H, Peto R, Henao-Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool
Karim Q, Alejandria MM, Hernandez Garcia C, Kieny MP, Malekzadeh R, Murthy
S, Reddy KS, Roses Periago M, Abi Hanna P, Ader F, Al-Bader AM, Alhasawi A,
Allum E, Alotaibi A, Alvarez-Moreno CA, Appadoo S, Asiri A, Aukrust P, Barratt-
Due A, Bellani S, Branca M, Cappel-Porter HBC, Cerrato N, Chow TS, Como N,
Eustace J, Garcia PJ, Godbole S, Gotuzzo E, Griskevicius L, Hamra R, Hassan M,
Hassany M, Hutton D, Irmansyah |, Jancoriene L, Kirwan J, Kumar S, Lennon P,
Lopardo G, Lydon P, Magrini N, Maguire T, Manevska S, Manuel O, McGinty S,
Medina MT, Mesa Rubio ML, Miranda-Montoya MC, Nel J, Nunes EP, Perola M,

26

d0i:10.20944/preprints202104.0022.v2


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

47.

48.

49.

50.

51.

52.

53.

54.

Portoles A, Rasmin MR, Raza A, Rees H, Reges PPS, Rogers CA, Salami K,
Salvadori MI, Sinani N, Sterne JAC, Stevanovikj M, Tacconelli E, Tikkinen KAO,
Trelle S, Zaid H, Rottingen JA, Swaminathan S. Repurposed Antiviral Drugs for
Covid-19 - Interim WHO Solidarity Trial Results. N Engl J Med 2021;384:497-511.

Lee JS, Shin EC. The type | interferon response in COVID-19: implications for
treatment. Nat Rev Immunol 2020;20:585-586.

Nguyen AA, Habiballah SB, Platt CD, Geha RS, Chou JS, McDonald DR.
Immunoglobulins in the treatment of COVID-19 infection: Proceed with caution!
Clin Immunol 2020;216:108459.

Liu STH, Lin HM, Baine |, Wajnberg A, Gumprecht JP, Rahman F, Rodriguez D,
Tandon P, Bassily-Marcus A, Bander J, Sanky C, Dupper A, Zheng A, Nguyen FT,
Amanat F, Stadlbauer D, Altman DR, Chen BK, Krammer F, Mendu DR, Firpo-
Betancourt A, Levin MA, Bagiella E, Casadevall A, Cordon-Cardo C, Jhang JS,
Arinsburg SA, Reich DL, Aberg JA, Bouvier NM. Convalescent plasma treatment
of severe COVID-19: a propensity score-matched control study. Nat Med
2020;26:1708-1713.

Jeyaraman P, Agrawal N, Bhargava R, Bansal D, Ahmed R, Bhurani D, Bansal S,
Rastogi N, Borah P, Naithani R, Delhi Hematology G. Convalescent plasma
therapy for severe Covid-19 in patients with hematological malignancies. Transfus
Apher Sci 2021:103075.

Abani O, Abbas A, Abbas F, Abbas M, Abbasi S, Zuriaga-Alvaro A, Group RC.
Convalescent plasma in patients admitted to hospital with COVID-19
(RECOVERY): a randomised controlled, open-label, platform trial. Lancet
2021;397:2049-2059.

Agarwal A, Mukherjee A, Kumar G, Chatterjee P, Bhatnagar T, Malhotra P,
Collaborators PT. Convalescent plasma in the management of moderate covid-19
in adults in India: open label phase Il multicentre randomised controlled trial
(PLACID Trial). BMJ 2020;371:m3939.

Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG, Vazquez
C, Savoy N, Giunta DH, Perez LG, Sanchez MDL, Gamarnik AV, Ojeda DS,
Santoro DM, Camino PJ, Antelo S, Rainero K, Vidiella GP, Miyazaki EA, Cornistein
W, Trabadelo OA, Ross FM, Spotti M, Funtowicz G, Scordo WE, Losso MH,
Ferniot |, Pardo PE, Rodriguez E, Rucci P, Pasquali J, Fuentes NA, Esperatti M,
Speroni GA, Nannini EC, Matteaccio A, Michelangelo HG, Follmann D, Lane HC,
Belloso WH, PlasmAr Study G. A Randomized Trial of Convalescent Plasma in
Covid-19 Severe Pneumonia. N Engl J Med 2021;384:619-629.

Janiaud P, Axfors C, Schmitt AM, Gloy V, Ebrahimi F, Hepprich M, Smith ER,
Haber NA, Khanna N, Moher D, Goodman SN, loannidis JPA, Hemkens LG.
Association of Convalescent Plasma Treatment With Clinical Outcomes in Patients

27


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

With COVID-19: A Systematic Review and Meta-analysis. JAMA 2021;325:1185-
1195.

Biernat MM, Kolasinska A, Kwiatkowski J, Urbaniak-Kujda D, Biernat P, Janocha-
Litwin J, Szymczyk-Nuzka M, Bursy D, Kalicinska E, Simon K, Mazur G, Wrobel T.
Early Administration of Convalescent Plasma Improves Survival in Patients with
Hematological Malignancies and COVID-19. Viruses 2021;13.

Hueso T, Pouderoux C, Pere H, Beaumont AL, Raillon LA, Ader F, Chatenoud L,
Eshagh D, Szwebel TA, Martinot M, Camou F, Crickx E, Michel M, Mahevas M,
Boutboul D, Azoulay E, Joseph A, Hermine O, Rouzaud C, Faguer S, Petua P,
Pommeret F, Clerc S, Planquette B, Merabet F, London J, Zeller V, Ghez D, Veyer
D, Ouedrani A, Gallian P, Pacanowski J, Mekinian A, Garnier M, Pirenne F,
Tiberghien P, Lacombe K. Convalescent plasma therapy for B-cell-depleted
patients with protracted COVID-19. Blood 2020;136:2290-2295.

Bayry J, Misra N, Latry V, Prost F, Delignat S, Lacroix-Desmazes S, Kazatchkine
MD, Kaveri SV. Mechanisms of action of intravenous immunoglobulin in
autoimmune and inflammatory diseases. Transfus Clin Biol 2003;10:165-169.

Galeotti C, Kaveri SV, Bayry J. Intravenous immunoglobulin immunotherapy for
coronavirus disease-19 (COVID-19). Clin Transl Immunology 2020;9:e1198.

Gharebaghi N, Nejadrahim R, Mousavi SJ, Sadat-Ebrahimi SR, Hajizadeh R. The
use of intravenous immunoglobulin gamma for the treatment of severe coronavirus
disease 2019: a randomized placebo-controlled double-blind clinical trial. BMC
Infect Dis 2020;20:786.

Cao W, Liu X, Hong K, Ma Z, Zhang Y, Lin L, Han Y, Xiong Y, Liu Z, Ruan L, Li T.
High-Dose Intravenous Immunoglobulin in Severe Coronavirus Disease 2019: A
Multicenter Retrospective Study in China. Front Immunol 2021;12:627844.

WHO. COVID-19 Clinical management: Living guidance. World Health
Organization, 2021.

Challen R, Brooks-Pollock E, Read JM, Dyson L, Tsaneva-Atanasova K, Danon L.
Risk of mortality in patients infected with SARS-CoV-2 variant of concern
202012/1: matched cohort study. BMJ 2021;372:n579.

Robinson PC, Richards D, Tanner HL, Feldmann M. Accumulating evidence
suggests anti-TNF therapy needs to be given trial priority in COVID-19 treatment.
Lancet Rheumatol 2020;2:€653-e655.

Brenner EJ, Ungaro RC, Gearry RB, Kaplan GG, Kissous-Hunt M, Lewis JD, Ng
SC, Rahier JF, Reinisch W, Ruemmele FM, Steinwurz F, Underwood FE, Zhang
X, Colombel JF, Kappelman MD. Corticosteroids, But Not TNF Antagonists, Are
Associated With Adverse COVID-19 Outcomes in Patients With Inflammatory

28


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021 d0i:10.20944/preprints202104.0022.v2

65.

66.

67.

68.

69.

70.

71.

Bowel Diseases: Results From an International Registry. Gastroenterology
2020;159:481-491 e483.

Gianfrancesco M, Hyrich KL, Al-Adely S, Carmona L, Danila MI, Gossec L, |zadi
Z, Jacobsohn L, Katz P, Lawson-Tovey S, Mateus EF, Rush S, Schmajuk G,
Simard J, Strangfeld A, Trupin L, Wysham KD, Bhana S, Costello W, Grainger R,
Hausmann JS, Liew JW, Sirotich E, Sufka P, Wallace ZS, Yazdany J, Machado
PM, Robinson PC, Alliance C-GR. Characteristics associated with hospitalisation
for COVID-19 in people with rheumatic disease: data from the COVID-19 Global
Rheumatology Alliance physician-reported registry. Ann Rheum Dis 2020;79:859-
866.

Gao T, Hu M, Zhang X, Li H, Zhu L, Liu H, Dong Q, Zhang Z, Wang Z, Hu Y, Fu Y,
JinY, Li K, Zhao S, Xiao Y, Luo S, Li L, Zhao L, Liu J, Zhao H, Liu Y, Yang W,
Peng J, Chen X, Li P, Liu Y, Xie Y, Song J, Zhang L, Ma Q, Bian X, Chen W, Liu
X, Mao Q, Cao C. Highly pathogenic coronavirus N protein aggravates lung injury
by MASP-2-mediated complement over-activation. medRxiv
2020:2020.2003.2029.20041962.

Risitano AM, Mastellos DC, Huber-Lang M, Yancopoulou D, Garlanda C, Ciceri F,
Lambris JD. Complement as a target in COVID-19? Nat Rev Immunol
2020;20:343-344.

Esmaeilzadeh A, Elahi R. Immunobiology and immunotherapy of COVID-19: A
clinically updated overview. J Cell Physiol 2021;236:2519-2543.

Kulkarni S, Fisk M, Kostapanos M, Banham-Hall E, Bond S, Hernan-Sancho E,
Norton S, Cheriyan J, Cope A, Galloway J, Hall F, Jayne D, Wilkinson IB.
Repurposed immunomodulatory drugs for Covid-19 in pre-ICu patients - mulTi-
Arm Therapeutic study in pre-ICu patients admitted with Covid-19 - Repurposed
Drugs (TACTIC-R): A structured summary of a study protocol for a randomised
controlled trial. Trials 2020;21:626.

Onomoto K, Onoguchi K, Yoneyama M. Regulation of RIG-I-like receptor-
mediated signaling: interaction between host and viral factors. Cell Mol Immunol
2021;18:539-555.

Rodrigues TS, de Sa KSG, Ishimoto AY, Becerra A, Oliveira S, Almeida L,
Goncalves AV, Perucello DB, Andrade WA, Castro R, Veras FP, Toller-Kawahisa
JE, Nascimento DC, de Lima MHF, Silva CMS, Caetite DB, Martins RB, Castro IA,
Pontelli MC, de Barros FC, do Amaral NB, Giannini MC, Bonjorno LP, Lopes MIF,
Santana RC, Vilar FC, Auxiliadora-Martins M, Luppino-Assad R, de Almeida SCL,
de Oliveira FR, Batah SS, Siyuan L, Benatti MN, Cunha TM, Alves-Filho JC, Cunha
FQ, Cunha LD, Frantz FG, Kohlsdorf T, Fabro AT, Arruda E, de Oliveira RDR,
Louzada-Junior P, Zamboni DS. Inflammasomes are activated in response to
SARS-CoV-2 infection and are associated with COVID-19 severity in patients. J
Exp Med 2021;218.

29


https://doi.org/10.20944/preprints202104.0022.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2021

d0i:10.20944/preprints202104.0022.v2

72. Toldo S, Bussani R, Nuzzi V, Bonaventura A, Mauro AG, Cannata A, Pillappa R,
Sinagra G, Nana-Sinkam P, Sime P, Abbate A. Inflammasome formation in the
lungs of patients with fatal COVID-19. Inflamm Res 2021;70:7-10.

73. Harrell CR, Jovicic BP, Djonov V, Volarevic V. Therapeutic Potential of
Mesenchymal Stem Cells and Their Secretome in the Treatment of SARS-CoV-2-

Induced Acute Respiratory Distress Syndrome. Anal Cell Pathol (Amst)
2020;2020:1939768.

30


https://doi.org/10.20944/preprints202104.0022.v2

