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Innate/Adaptive 
Immune Activator

Bacillus Calmette–
Guérin (BCG) 

Vaccine

• Adjuvant with immunomodulatory properties 
• Enhances activation of the innate and adaptive immune system and has been shown to protect not only 

from M. tuberculosis, but also from a variety of unrelated pathogens

Observations in countries with universal BCG vaccination policy suggest that BCG may reduce COVID-19 
morbidity and mortality

Approved for prevention of 
tuberculosis (in persons not 
previously infected with M. 
tuberculosis who are at high risk for 
exposure)

Trial Progress (61, 62)

Inhibition of Viral 
Entry

(See also Figure 1)

Nafamostat

and

Camostat Mesylate

• Synthetic serine protease inhibitors of transmembrane protease serine 2 (TMPS2), a cell surface protease 
encoded by the gene TMPRSS2

The entry of host cells by SARS-CoV-2 implies the interaction and proteolysis of viral S-protein through the 
cellular receptor ACE2 and the cellular protease TMPS2, respectively. This is to ensure the fusion of SARS-CoV-2 
and host cell membranes. In vitro data using mammalian cell lines (including lung cell lines) suggest that these 
serine protease inhibitors impair S-protein-initiated membrane fusion by blocking TMPS2 activity

Not FDA Approved 

Approved in Japan as an 
anticoagulant therapy for patients 
undergoing continuous renal 
replacement therapy due to acute 
kidney injury

Trial Progress
(with 

Nafamostat)

Trial Progress
(with 

Camostat
Mesylate)

(26, 63)

Angiotensin Receptor 
Blockers (ARBs) 

and

Angiotensin Converting 
Enzyme Inhibitors 

(ACEIs) 

• Drugs targeting the renin-angiotensin system
• ARBs prevent angiotensin II from binding to its receptor  
• ARBs include recombinant ACE2, Ang 1-7 peptides, angiotensin II receptor inhibitors, and potentially 

aldosterone synthase inhibitors
• ACEIs prevent the conversion of angiotensin I into angiotensin II

Recombinant human soluble ACE2 showed inhibition of SARS-CoV-2 infection on engineered human organoids 
(capillary and kidney) in vitro. ARBs and ACEIs may have a beneficial potential in COVID-19 as they are used to 
treat comorbidities associated with the high risk of developing severe disease. The increase of ACE2 expression 
by these inhibitors has not been proved to facilitate viral infection

Approved for the treatment of 
hypertension, heart failure
or diabetic nephropathy

Trial Progress (64-67)

Hydroxychloroquine/
Chloroquine

• Antimalarial drugs with potential to increase endosomal pH and inhibit the entry of a broad spectrum of 
viruses into host cells

• Have anti-inflammatory properties

Inhibit SARS-CoV-2 infection in Vero cells (a monkey kidney epithelial cell line), possibly by altering the 
endosomal pH and affecting the interaction of viral S-protein with ACE2, as shown for SARS-CoV. Preliminary 
data from China seem to indicate that chloroquine may improve the outcome of COVID-19 patients. 
Chloroquine anti-inflammatory properties may prevent hyperinflammation leading to severe COVID-19

Approved for the 
prophylaxis/treatment of 
uncomplicated malaria, 
rheumatoid arthritis (RA), and 
systemic lupus

Trials Progress (68-72)

Meplazumab

• Humanized mAb against CD147, a transmembrane glycoprotein expressed in leukocytes, as well as epithelial 
and endothelial cells

Reduces SARS-CoV-2 replication in Vero cells, likely by blocking the interaction between S-protein on SARS-CoV-
2 and CD147. A preliminary clinical report showed that the use of meplazumab appeared to improve the 
outcome of COVID-19 patients

Not FDA Approved Trial Progress (37)
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Inhibition of Viral 
Replication

(See also Figure 1)

Cyclosporine

and

Tacrolimus

• Small molecules with anti-inflammatory properties
• Act as calcineurin inhibitors by binding to cyclophilins or 12-kD FK-binding protein, respectively, and blocking 

the activation of the calcineurin/NFAT pathway, which plays an essential role in the activation of immune 
cells, in particular T lymphocytes, through the induction of several pro-inflammatory cytokines

SARS-CoV NSP1 can enhance the activation of the calcineurin/NFAT pathway and the expression of IL-2 in vitro. 
Moreover, cyclosporine was shown to inhibit the in vitro replication of several coronaviruses including SARS-CoV
by blocking the calcineurin pathway. Therefore, calcineurin inhibitors could potentially limit viral replication 
and/or reduce disease complications due to hyperinflammation in COVID-19 patients

Approved for immunosuppression 
during organ transplantation. 
Cyclosporine is also approved for 
rheumatoid arthritis (RA), psoriasis, 
nephrotic syndrome due to 
glomerular disease

No registered 
trials to date 

with 
cyclosporine

Trial Progress
(with 

Tacrolimus)

(73-75)

Favipiravir

• Antiviral drug (modified pyrazine analogue)
• Acts as a RNA-dependent RNA polymerase (RdRp) viral enzyme inhibitor, with potential to block viral 

genome replication of a broad spectrum of RNA viruses

Reduces SARS-CoV-2 infection in vitro when administered at high concentrations to Vero E6 cells

Not FDA Approved

Approved for influenza in Japan and 
China

Trial Progress (68, 76)

Remdesivir

• Antiviral drug (adenosine triphosphate analogue), in clinical development as a potential treatment for Ebola 
infection

• Inhibits the viral RNA polymerase function of a broad spectrum of viruses. It incorporates into the viral RNA 
and induces its early termination during the replication of the viral genome

Efficiently controls SARS-CoV-2 infection in vitro when administered at low micromolar concentration to host 
cells, as observed for SARS-CoV and MERS-CoV. In vivo, showed a protective effect against SARS-CoV infection in 
mice. Compassionate use of remdesivir has shown improvements in the outcome of COVID-19 patients

Not FDA Approved Trials Progress (68, 77-81)

Sirolimus

• Inhibits viral replication, possibly at the transcriptional level, by targeting mammalian target of rapamycin 
(mTOR)

• Inhibits T lymphocyte activation/proliferation that occurs in response to antigenic and cytokine (IL-2, IL-4, 
and IL-15) stimulation, although this might not be the mechanism of action involved in impairing viral 
replication, at least for HCV

Inhibits replication of MERS-CoV in vitro in the human hepatocyte derived epithelial-like Huh7 cell line

Approved as an 
immunosuppressive agent for the 
prophylaxis of organ rejection in 
patients (age ≥ 13)

Trials Progress (82-84)

Nitazoxanide

• Antiviral/parasitic drug
• Suppresses viral replication by inhibiting the maturation of the viral hemagglutinin and the viral transcription 

factor immediate early 2 (IE2), as well as by activating the eukaryotic translation initiation factor 2α (an 
antiviral intracellular protein)

• Inhibits the replication of several RNA/DNA viruses

Inhibits replication of SARS-CoV-2 in vitro in Vero E6 cell line

Approved for treatment of diarrhea 
caused by Giardia lamblia or 
Cryptosporidium parvum
in non-immunosuppressed adults 
and children

Trials Progress (68, 85)

Ivermectin

• Antiparasitic drug shown to have antiviral activity in vitro
• Potentially inhibits IMP/1-mediated nuclear import of viral proteins, including those of SARS-CoV

Inhibits replication of SARS-CoV-2 in vitro in Vero/hSLAM cell line

Approved for the treatment of 
strongyloidiasis of the intestinal 
tract, and of Onchocerciasis

Trials Progress (86)

https://clinicaltrials.gov/ct2/show/NCT04341038?term=cyclosporin+A&cond=covid-19&draw=2&rank=1
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Favipiravir&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Remdesivir&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=Sirolimus&term=COVID-19&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=covid-19&term=Nitazoxanide&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=Ivermectin&term=COVID-19&cntry=&state=&city=&dist=


COVID-19 progression Drug name/Therapeutics Mechanism of action/Potential role in COVID-19 Drug status Clinical trials References

Mild COVID-19 phase
(pre-pulmonary 

damage)

(See also Figure 1)

Ciclesonide

• Glucocorticoid receptor agonist that can inhibit leukocyte infiltration at the inflammation site, interfere with 
inflammatory response mediators and suppress humoral immune responses

• Reduces the inflammatory reaction by limiting the capillary dilation and the permeability of the vascular 
structures 

The use of inhaled ciclesonide may improve the outcome of COVID-19 patients

Approved for the treatment of 
asthma in  patients 12 years of age 
or older

Trial Progress (87)

Type I Interferon (IFN)

• IFNα/β exert immunomodulatory antiviral effects by inhibiting viral protein synthesis, inactivating viral RNA 
and enhancing phagocytic and cytotoxic mechanisms against the virus

Type I IFN response evasion strategies have been described for SARS-CoV and MERS-CoV, and could be shared 
by SARS-CoV-2. Administration of type I IFNs may enhance antiviral immunity against SARS-CoV-2 if given early, 
but it may also promote hyperinflammation

Approved for:
• HCV and some HBV infections of 
patients with compensated liver 
disease
• Venereal or genital warts caused 
by HPV, or oral warts arising from 
HIV infection
• Hairy cell leukemia, malignant 
melanoma and AIDS-related 
Kaposi’s sarcoma
• External condylomata acuminata
• Relapsing forms of MS

Trial Progress (29, 88)

Moderate and Severe 
COVID-19 phases

(Hyperinflammation)

(See also Figure 2)

Convalescent Plasma 
Transfer

• Plasma-therapy consisting in a pool of antiviral polyclonal hyperimmune globulin from recovered donors
• May suppress viremia
• May increase anti-virus neutralizing antibodies

Appears to improve clinical parameters in severe COVID-19 patients, including oxyhemoglobin saturation, lung 
lesions, levels of C-reactive protein, viremia, and lymphocyte counts. Appears to reduce hospitalization time and 
mortality. Plasma transfer could be more beneficial when viral titers are low

Not FDA Approved Trial Progress (89-91)

Complement 
Inhibitors

• AMY-101 binds to complement component C3, inhibiting its cleavage into C3a and C3b
• Eculizumab is a humanized monoclonal antibody against complement C5. It prevents the cleavage of C5 into 

C5a and C5b, inhibiting deployment of the terminal complement system including the formation of the 
membrane attack complex

Blockage of complement components can prevent ARDS and reduce systemic inflammation. Therefore, 
treatments with complement inhibitors could prevent development of severe complications in COVID-19 

Eculizumab is approved for:
• Paroxysmal nocturnal 

hemoglobinuria
•Atypical hemolytic uremic 

syndrome
•Neuromyelitis optica spectrum 

disorder

No registered 
trials to date 

with AMY-101

Trial Progress
(with 

Eculizumab)

(48, 50, 92)

Canakinumab 

• Recombinant human anti-human IL-1β mAb
• Neutralizes the activity of the pro-inflammatory cytokine IL-1β by blocking its interaction with specific 

receptors

Since IL-1β has been found elevated in the plasma of severely ill, SARS-CoV-2 infected patients, administration of 
canakinumab could block IL-1-driven hyperinflammation and improve the outcome of COVID-19

Approved for autoinflammatory 
periodic fever syndromes, active 
systemic juvenile idiopathic arthritis 
and cryopyrin-associated periodic 
syndrome

Trial Progress (7, 17)

Anakinra 

• Recombinant non-glycosylated form of the human IL-1R antagonist that blocks the activity of IL-1

Administration of anakinra could block IL-1-driven hyperinflammation and improve the outcome of COVID-19

Approved for rheumatoid arthritis 
and cryopyrin-associated periodic 
syndrome

Trial Progress (7, 17)

https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Ciclesonide&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=interferon&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=convalescent+plasma&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=COVID&term=eculizumab&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=covid-19&term=Canakinumab&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Anakinra&cntry=&state=&city=&dist=&Search=Search


COVID-19 progression Drug name/Therapeutics Mechanism of action/Potential role in COVID-19 Drug status Clinical trials References

Moderate and Severe 
COVID-19 phases

(Hyperinflammation)

(See also Figure 2)

Colchicine 

• Disrupts microtubules by binding tubulin, interfering with intracellular trafficking, cytokine and chemokine 
secretion, cell migration, and regulation of ion channels and cell division

• Counteracts the assembly of the NLRP3 inflammasome, limiting the release of IL-1, and other cytokines like 
IL-6

SARS-CoV viroporins can activate the NLRP3 inflammasome by forming Ca2C-permeable ion channels. Potential 
interference with the secretion of IL-1 and other downstream cytokines by colchicine may limit 
hyperinflammation observed in severe COVID-19 patients due to cytokine release syndrome

Approved for gout and 
exacerbations of Familial 
Mediterranean Fever 

Trial Progress (7, 11, 93)

Tocilizumab 

• Recombinant humanized anti-human-IL-6 receptor mAb
• Binds to soluble/membrane-bound IL-6 receptors and inhibits IL-6-mediated signaling

Administration of tocilizumab may decrease SARS-CoV-2-driven hyperinflammation in COVID-19 patients with 
high levels of IL-6, by preventing macrophage and DC differentiation/activation, as well as T cell polarization 
towards Th2 and Th17 phenotypes. Of importance is the timing to apply the blocking therapy, considering the 
pleiotropic nature of IL-6

Approved for:
• Rheumatoid arthritis
• Giant cell arteritis
• Polyarticular and systemic juvenile 
idiopathic arthritis
• Cytokine release syndrome for 
patients undergoing CAR T cell 
therapy

Trial Progress (11, 94-97)

Sarilumab

• Recombinant fully human anti-IL-6 receptor mAb
• Binds to soluble/membrane-bound IL-6 receptors and inhibit IL-6-mediated signaling
• Has higher affinity for monomeric human and monkey IL-6, and a longer half-life than tocilizumab

Administration of sarilumab may decrease SARS-CoV-2 driven hyperinflammation in COVID-19 patients with high 
levels of IL-6, by preventing macrophage and DC differentiation/activation, as well as T cell polarization towards 
Th2 and Th17 phenotypes. Of importance is the timing to apply the blocking therapy, considering the pleiotropic 
nature of IL-6

Approved for moderately to 
severely active rheumatoid arthritis 
(RA)

Trial Progress (11, 95, 97, 
98)

Emapalumab

• Recombinant fully human anti-human-IFN- mAb
• Suppresses hyperinflammation by binding and neutralizing IFN- in patients with hemophagocytic 

lymphohistiocytosis (HLH)

Improves clinical symptoms and survival in murine models of primary and secondary HLH by decreasing IFN-
levels driven by virus infection or TLR activation, respectively. May decrease SARS-CoV-2-driven 
hyperinflammation in COVID-19 patients with high levels of IFN-, by blocking immune cell activation

Approved for adult and pediatric 
primary hemophagocytic 
lymphohistiocytosis (HLH)

Trial Progress (7, 99)

Ruxolitinib

• Acts as an immunomodulator by selectively inhibiting JAK1/2. JAK1 is involved in the signaling pathways of 
several pro-inflammatory cytokines including IL-2, IL-15, IL-6, IFN- and TNF

• Acts on cells of the innate and adaptive immune system, inhibiting NK cell function, macrophage cytokine 
release, and DC maturation, migration and function. In addition, decreases Treg counts and T helper cell 
cytokine secretion.  

Could reduce the hyperinflammation observed in COVID-19 patients and thus prevent damage to the lung and 
other organs

Approved for intermediate or high-
risk myelofibrosis

Trial Progress (7, 11, 100)

https://clinicaltrials.gov/ct2/results?cond=covid-19&term=colchicine&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Tocilizumab&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Sarilumab&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Emapalumab&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results?cond=covid-19&term=Ruxolitinib&cntry=&state=&city=&dist=
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Moderate and Severe 
COVID-19 phases

(Hyperinflammation)

(See also Figure 2)

Secukinumab

• Recombinant human anti-IL-17A mAb
• Selectively binds to IL-17A and inhibits its interaction with the IL-17 receptor

Anti-IL-17A mAb treatment reduced inflammation due to cytokine release and oxidative stress in acute lung 
injury mouse models. Elevated levels of IL-17 were detected in ARDS patients. Secukinumab could reduce 
hyperinflammation driven by Th17 cells in severe COVID-19 patients with ARDS

Approved for adults with moderate 
to severe plaque psoriasis, active 
psoriatic arthritis, and ankylosing 
spondylitis

No registered 
trials to date

(4, 101, 102)

Ixekizumab

• Recombinant humanized anti-IL-17A mAb
• Selectively binds to IL-17A and inhibits its interaction with the IL-17 receptor

Anti-IL-17A mAb treatment reduced inflammation due to cytokine release and oxidative stress in acute lung 
injury mouse models. Elevated levels of IL-17 were detected in ARDS patients. Ixekizumab could reduce 
hyperinflammation driven by Th17 cells in severe COVID-19 patients with ARDS

Approved for adults with moderate 
to severe plaque psoriasis, active 
psoriatic arthritis, and ankylosing 
spondylitis

No registered 
trials to date

(4, 101, 102)

Brodalumab

• Recombinant fully human anti-IL-17 receptor A (IL-17RA) mAb
• Selectively binds to IL-17RA and inhibits its interactions with cytokines IL-17A, IL-17F, IL-17C, IL-17A/F 

heterodimer and IL-25

Elevated levels of IL-17 were detected in ARDS patients. Brodalumab could reduce hyperinflammation driven by 
Th17 cells in severe COVID-19 patients with ARDS

Approved for adults with 
moderate-to-severe plaque 
psoriasis

No registered 
trials to date

(4, 102, 103)

Methylprednisolone

• Potent anti-inflammatory glucocorticoid

Although glucocorticoids are not recommended during the early stage of viral infection because they may impair 
antiviral immunity and delay virus clearance, methylprednisolone given in low doses may reduce 
hyperinflammation during the moderate to severe stage of COVID-19. Preliminary clinical data indicate that 
methylprednisolone may reduce the risk of death among severe COVID-19 patients with ARDS. 

Approved to treat:
• Endocrine disorders
• Rheumatic disorders
• Collagen diseases
• Dermatologic diseases
• Allergic states
• Ophthalmologic diseases
• Respiratory diseases
• Hematologic disorders
• Neoplastic disease
• Edematous states
• Gastrointestinal diseases
• Acute exacerbations of MS

Trials Progress
(11, 17)

Nitric Oxide

• When inhaled, nitric oxide (NO) selectively dilates the pulmonary vasculature, with minimal effect on the 
systemic vasculature

• Attenuates leukocyte activation and inflammatory responses, reduces platelet aggregation, has a 
bronchodilator effect, and facilitates the production of surfactant

NO inhibits viral replication of SARS-CoV in Vero E6 cell line

Approved for neonates with 
hypoxic respiratory failure 
(associated with clinical or 
echocardiographic evidence of 
pulmonary hypertension in 
conjunction with ventilatory 
support and other appropriate 
agents)

Trial Progress (104, 105)

https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Methylprednisolone&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?term=Nitric+oxide&cond=Covid-19
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Severe 
COVID-19 phase

(Hyperinflammation)

(See also Figure 2)

Mesenchymal stem cell 
(MSC)

• Stem cell therapy/Immunomodulator

Diminished hyperinflammation in COVID-19 patients by decreasing the levels of pro-
inflammatory cytokines and hyperreactive T and NK cells, increasing Treg cells, and restoring 
peripheral blood lymphocyte levels. Infused MSC did not expressed ACE2

Not FDA Approved Trial Progress (106, 107)

Hyaluronidase

• Enzyme that catalyzes the degradation of hyaluronan (HA)

Could decrease elevated HA, observed in the lungs of patients with ARDS, restoring lung 
function, as demonstrated in a mouse model of severe lung injury. May relieve pulmonary 
damage by decreasing fluid accumulation in the lungs of COVID-19 patients with ARDS

Approved as an adjuvant in subcutaneous fluid 
administration for achieving hydration and for 
increasing the absorption and dispersion of 
other injected drugs

No registered 
trials to date

(54, 108-
110)

Hymecromone

• Inhibits HA synthase by depleting the cell of its substrate, uridine-diphosphate-glucuronic 
acid and by downmodulating the expression of HAS2 and HAS3 mRNA

Reduced pulmonary hypertension and inflammation in mouse models of lung injury by 
decreasing the levels of HA. May relieve pulmonary damage in COVID-19 patients by decreasing 
HA accumulation in the lungs

Not FDA Approved

Approved in Europe and Asia to treat biliary 
spasm

https://clinicaltrials.gov/ct2/results?cond=Covid-19&term=Mesenchymal+Stem+Cell&cntry=&state=&city=&dist=&Search=Search
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