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ABSTRACT

In response to SARS-CoV-2 infection, the immune system
physiologically upregulates to try to clear the virus from the
body; failure to compensate for this inflammatory response
with an anti-inflammatory response leads to dysregulation
of the immune system that ultimately leads to a situation of
uncontrolled hyperinflammation called cytokine storm. This
cytokine storm can cause ARDS or multi-organ failure leading
to patient death. This review exposes the different mechanisms
of the inflammatory response in COVID-19 infection and the
therapeutic options to treat this process.
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MECHANISMS OF HYPERINFLAMMATION IN
COVID-19 INFECTION

Theoretically, it has been proposed that COVID-19 infec-
tion can be divided into three phases: early infection phase in-
volving viral replication and mild symptoms; pulmonary phase
involving adaptive immunity stimulation and predominance of
respiratory symptoms; and hyperinflammation phase involving
hyperinflammatory conditions such as ARDS or multiorgan
failure (MOF) [1].

Infection is initiated when the spike glycoprotein of SARS-
CoV-2 binds to the human angiotensin-converting enzyme-2
(ACE-2) receptor on the cell surface in the epithelial cells of
the nasal cavity, respiratory tract and lungs. The virus is also
recognized by pattern-recognition receptors on immune cells,
which are responsible for the initiation of the host defence
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mechanisms. The subsequent production of immune mediators
is essential to fight the infection. However, these can be dele-
terious when produced in excess [2].

Briefly, low levels of the antiviral IFNs and high levels of
proinflammatory cytokines (IL-1B, IL-2R, IL-6, IL-7, IL-8, IL.-17
and TNF-a) and chemokines (CCL-2, CCL-3, CCL-5, CCL-7, CX-
CL-10) are produced by various immunological cells. These se-
cretions from pro-inflammatory cells lead to an uncontrolled
inflammatory response that plays a key role in the pathogene-
sis of COVID-19 and worsens the infection (Figure 1) [3].

IMMUNOMODULATORY DRUGS FOR THE
TREATMENT OF HYPERINFLAMMATION IN
COVID-19 INFECTION

Proinflammatory phase-specific therapeutics include gen-
eral inflammatory drugs, cytokine inhibitors, JAK-STAT signal-
ling inhibitors, complement pathway inhibitors, immunomod-
ulatory drugs, cell-based therapy, and convalescent plasma
therapy [4]. Below we will refer to those treatments that have
shown better results to date (Table 1 and Figure 2).

Steroids. Glucocorticoids strongly inhibit the immune
system. Glucocorticoids function as glucocorticoid receptor
agonists. Binding of the glucocorticoids to the GR activates
the receptor to exert anti-inflammatory effects, such as sup-
pressing the production of pro-inflammatory cytokines [5]

The indication for the use of steroids in patients with
COVID-19 infection is based on the RECOVERY study, which
showed a reduction in 28-day mortality in patients with COV-
ID-19 with mechanical ventilation or oxygen therapy but not
in patients without respiratory support [6].

Based on these results, the World Health Organization
(WHO) [7] has established two recommendations regarding the
use of corticosteroids in COVID-19 patients:
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Figure 1 Immune response generation in COVID-19 infection [3] . Reproduced from Mishra KP.

Hyperinflammation and Immune Response Generation in COVID-19. © 2020 Karger AG, Basel (https://
www.karger.com/Article/FullText/513198)

Table 1 Immunomodulatory drugs investigated in the treatment of COVID-19 (Adapted and
modified from Garcia-Lledo A et al [4])

Class Drugs Currently recommended drugs in Spain*

Dexamethasone
. . Methylprednisolone Dexamethasone

Corticosteroids . . . . . . .
Hydrocortisone Methylprednisolone, hydrocortisone and prednisone only if dexamethasone is not available
Prednisone

IL-6 inhibitors Tocilizumab Tocilizumab
Sarilumab Sarilumab only if tocilizumab is not available

IL-1 antagonists Anakinra Anakinra

g Canakinumab

Bruton's Tirosin Kinase (BTK) inhibitors Acalabrutinib
Baricitinib

Janus Kinase (JAK) inhibitors Tofacitinib Baricitinib
Ruxolitinib
Adalimumab
Certolizumab

TNF inhibitors Infliximab
Etanercept
Golimumab

Anti CD6 monoclonal antibodies Itolizumab

C5 complement inhibitors Ravulizumab

GM-CSF inhibitors Lemilumab

* At the time this document was written.
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Figure 2

Mechanisms of action of the main immunomodulatory drugs [14].

Reproduced from Hertanto DM. Immunomodulation as a Potent COVID-19
Pharmacotherapy: Past, Present and Future. 2021 (https://www.dovepress.
com/getfile.php?filelD=71836) http://creativecommons.org/licenses/

by-nc/3.0/

1. Administration of systemic corticosteroids in preference
to no administration for the treatment of severe and critically
ill patients (strong recommendation, based on moderate cer-
tainty evidence).

2. Refraining from the use of corticosteroids in the treat-
ment of non-critically ill COVID-19 patients (conditional rec-
ommendation, based on low certainty evidence).

Regarding the type of corticosteroid to be used, dexa-
methasone at a daily dose of 6 mg daily for 10 days or until
hospital discharge is the drug of choice. Comparison of higher
doses of the drug has shown no difference in the results re-
garding efficacy and safety [8]. If dexamethasone is not availa-
ble, other glucocorticoids at equivalent doses (total daily doses
of hydrocortisone 160 mg, methylprednisolone 32 mg or pred-
nisone 40 mg) may be considered, although the data support-
ing the use are limited.

IL-6 inhibitors. Tocilizumab, a recombinant humanized
monoclonal antibody for IL-6 receptor (IL-6R), exerts thera-
peutic effects by blocking the binding of IL-6 to IL-6R. Tocili-
zumab was previously found be effective against the cytokine
release syndrome resulting from chimeric antigen-receptor
T-cell therapy.

The possible benefit in terms of survival of the use of to-
cilizumab in patients with COVID-19 infection has been evalu-
ated in different clinical trials and observational studies. How-
ever, the indication of its use is based on two of them, the
studies RECOVERY and REMAP-CAP. In the RECOVERY study,
patients with oxygen saturation <92% or who required oxy-
gen therapy and who had inflammatory parameters defined as
C-reactive protein =75 mg/L were randomized to tocilizumab
versus standard of care. The mortality of both groups was 29%
versus 33% p=0.007, (Cl 0.77-0.96). In particular, the greatest
benefit in mortality was in those patients who concomitantly
received corticosteroids. Among patients not receiving invasive
mechanical ventilation at baseline, patients assigned to tocili-
zumab less frequently met the composite endpoint of invasive
mechanical ventilation or death (33% vs. 38%, (95% Cl: 0.78-
0, 93), p=0.0005) [9]. The REMAP-CAP study was focused on
patients in the first 24 hours after starting ventilatory support
in the ICU. 93% of the patients had received or received cor-
ticosteroids within 48h after tocilizumab. Mortality in the se-
lective IL-6 inhibition group was 27% and in the control group
36% [10].

Sarilumab is another IL-6 inhibitor that has been evalu-
ated in clinical trials. The number of patients treated does not
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allow conclusions to be drawn and, at this time, it is recom-
mended for use only in patients who for whatever reason can-
not receive tocilizumab [11].

Based on the clinical evidence available at the time of
writing, the use of tocilizumab concomitantly with dexameth-
asone is recommended in patients with Sat02 <92% (basal or
with low-flow 0,) and CRP >7.5 mg/dL or if the patient re-
quires high-flow O,, NIMV or MV. Its use is also recommended
in patients with worsening despite treatment with dexameth-
asone [7].

JAK inhibitors. JAK inhibitors suppress the kinase activi-
ty of JAKs by competitively binding to the ATP-binding site of
JAKs, thereby inhibiting signal transduction of a wide variety
of cytokines.In this group of drugs, baricitinib and tofacitinib
have obtained positive results in clinical trials. Both drugs have
shown a decrease in progression to mechanical ventilation and
mortality, independent of concomitant steroid use [12].

IL-1 inhibitors. An IL-1 inhibitor, anakinra, has also
shown beneficial effects on clinical progression and mortality
in patients with severe pneumonia [4]. In a double-blind clin-
ical trial, the drug demonstrated benefit especially in patients
who had elevated suPAR levels (>6 ng/mL), a marker of severi-
ty in patients with COVID-19 [13].

CONFLICT OF INTEREST

Authors declare no conflict of interest

REFERENCES

1. Lee C, Choi WJ. Overview of COVID-19 inflammatory pathogenesis
from the therapeutic perspective. Arch Pharm Res. 2021;44:99-116.
doi: 10.1007/s12272-020-01301-7.

2. van de Veerdonk FL, Giamarellos-Bourboulis E, Pickkers P, Derde L,
Leavis H, van Crevel R, et al. A guide to immunotherapy for COV-
ID-19. Nat Med. 2022 Jan;28(1):39-50. doi: 10.1038/s41591-021-
01643-9.

3. Mishra KP, Singh AK, Singh SB. Hyperinflammation and Immune
Response Generation in COVID-19. Neuroimmunomodulation.
2020;27(2):80-86. doi: 10.1159/000513198.

4. Garcia-Lledo A, Gomez-Pavon J, Gonzalez Del Castillo J, Hernan-
dez-Sampelayo T, Martin-Delgado MC, Martin Sanchez FJ, et al.
Pharmacological treatment of COVID-19: an opinion paper. Rev Esp
Quimioter. 2022;35:115-130. doi: 10.37201/req/158.2021.

5. Akter F, Araf Y, Hosen MJ. Corticosteroids for COVID-19: worth it
or not? Mol Biol Rep. 2022;49:567-576. doi: 10.1007/s11033-021-
06793-0.

6. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR,
Mafham M, Bell JL, Linsell L, et al. Dexamethasone in Hospitalized
Patients with Covid-19. N Engl J Med. 2021;384:693-704. doi:
10.1056/NEJM0a2021436.

7. WHO. WHO living guideline. Drugs to prevent COVID-19. March 2,
2021.  https://www.who.int/publications/i/item/WHOQ-2019-nCoV-

10.

11.

12.

13.

14.

prophylaxes-2021-1

Munch MW, Myatra SN, Vijayaraghavan BKT, Saseedharan S, Ben-
field T, Wahlin RR, et al. Effect of 12 mg vs 6 mg of Dexamethasone
on the Number of Days Alive Without Life Support in Adults With
COVID-19 and Severe Hypoxemia: The COVID STEROID 2 Rand-
omized Trial. Jama. 2021. doi:10.1001/jama.2021.18295.

RECOVERY Collaborative Group. Tocilizumab in patients admitted
to hospital with COVID-19 (RECOVERY): a randomised, controlled,
open-label, platform trial. Lancet. 2021;397(10285):1637-1645.
doi: 10.1016/S0140-6736(21)00676-0.

REMAP-CAP Investigators, Gordon AC, Mouncey PR, Al-Beidh
F, Rowan KM, Nichol AD, Arabi YM, et al. Interleukin-6 Receptor
Antagonists in Critically Ill Patients with Covid-19. N Engl J Med.
2021;384:1491-1502. doi: 10.1056/NEJM0a2100433.

Sivapalasingam S, Lederer DJ, Bhore R, Hajizadeh N, Criner G, Ho-
sain R, et al; Sarilumab-COVID-19 Study Team. Efficacy and Safety
of Sarilumab in Hospitalized Patients With COVID-19: A Rand-
omized Clinical Trial. Clin Infect Dis. 2022:ciac153. doi: 10.1093/
cid/ciac153.

Stebbing J, Phelan A, Griffin I, Tucker C, Oechsle O, Smith D, et
al. COVID-19: combining antiviral and anti-inflammatory treat-
ments. Lancet Infect Dis. 2020;20:400-2. doi:10.1016/s1473-
3099(20)30132-8.

Kyriazopoulou E, Poulakou G, Milionis H, Metallidis S, Adamis G,
Tsiakos K, et al. Early treatment of COVID-19 with anakinra guid-
ed by soluble urokinase plasminogen receptor plasma levels:
a double-blind, randomized controlled phase 3 trial. Nat Med.
2021;27(10):1752-60. doi:10.1038/s41591-021-01499-7.

Hertanto DM, Wiratama BS, Sutanto H, Wungu CDK. Immunomod-
ulation as a Potent COVID-19 Pharmacotherapy: Past, Present and
Future. J Inflamm Res. 2021 Jul 20;14:3419-3428.

Rev Esp Quimioter 2022; 35 (Suppl. 3): 6-9 9



