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Abstract
The recent outbreak of coronavirus disease (COVID 19), spreading from China all around

the world in early 2020, has led scientists to investigate the immuno-mediated mechanisms

underlying the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) infection.

Depending on the amount of cytokines released as the result of the immunological activa-

tion induced by SARS-CoV2, three major clinical phenotypes can be identified: “mild”,

symbolized as a “drizzle” of cytokines, severe as a “storm”, and critical as a “hurricane”.

In patients with mild symptoms, the release of pro-inflammatory cytokines is balanced to

obtain a defense response against the virus which is often self-limiting and overcomes

without tissue damage. In severe phenotype, resembling a “cytokine-release syndrome”,

SARS-CoV2 causes the lysis of the immune-mediators leading to a cytokine storm able to

induce lung epithelium damage and acute respiratory distress syndrome. In critical

patients, the immune response may become uncontrolled, thus the cytokine burst resem-

bles a form of secondary hemophagocytic lymphohistiocytosis which may result in a multi

organ failure. In addition to the standard of care, an immune-modulatory therapy tailored to each one of the different phenotypes

should be used in order to prevent or reduce the release of cytokines responsible for organ damage and disease progression.
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Introduction

Coronaviruses include a family of viruses able to cause a
variety of respiratory diseases in humans from common
cold to severe pneumonia.1 The case experienced from
the recent worldwide outbreak of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV2) devel-
oped fromWuhan, China, in early 2020, has led scientists to
explore the characteristics of SARS-CoV2 induced
immuno-mediated damage.

The clinical picture of patients with SARS-CoV2 is char-
acterized by fever, cough and fatigue at onset and quite
commonly loss of smell and taste2; other symptoms may
include sputum production with mild dyspnea, headache,
and diarrhea.3 As reported in several cases, the respiratory
condition may get worse in a medium estimated time of
fourdays4 and progress to a severe pneumonia which

presents with multiple peripheral ground-glass opacities
in sub-pleural regions of both lungs at chest computed-
tomography (CT) scan.5 Acute respiratory distress syn-
drome (ARDS) is the main cause of referral to intensive
care unit (ICU) where patients require high-flow oxygen
delivery and often invasive mechanical ventilation.6–8

Major laboratory abnormalities in patients with coronavi-
rus disease-19 (COVID-19) are lymphocytopenia (up to
80% of the cases), increase in C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), D-dimer, transami-
nases and ferritin8,9 with usually normal procalcitonin.

Lymphocytopenia is also a prominent feature of severely
affected patients with SARS-CoV and Middle East
Respiratory Syndrome Coronavirus (MERS) infections.
Lymphocytes express the angiotensin-converting enzyme
(ACE) 2 and a decrease in lymphocyte count can be
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attributed to the necrosis or apoptosis of cells caused by
invasive viral particle.10 Notably, the decrease in CD4þ
and CD8þ Tcells, and regulatory Tcells may be responsible
for a high inflammatory response resulting in a cytokine
storm and in an immune response leading to tissue
damage.11

The high increase in liver enzymes and ferritin may be
due to the hepatic injury and the hyper-inflammation status
as it is observed in many autoinflammatory conditions.12

Based on the severity of the immunological damage
induced by SARS-CoV2, three major phenotypes of
COVID-19 can be identified: “mild,” “severe,” and
“critical”. What is crucial in determining the disease sever-
ity is the amount of cytokines released following the host
immune response to SARS-CoV2 which could vary from a
“drizzle” of cytokines (mild-COVID-19), or a “storm”
(Cytokine Release Syndrome, CRS-severe-COVID-19), to a
“hurricane” (Hemophagocytic Lymphohistiocytosis/
Macrophage Activation Syndrome, HLH/MAS-critical-
COVID-19) (Figure 1).

The “mild” phenotype – The drizzle

Regarding SARS-CoV2 infection, there are anecdotal
reports in the literature delineating the variety of the symp-
toms in COVID-19 patients. The symptoms can range from
mild, such as fatigue and low fever, to critical manifesta-
tions such as ARDS.13 Beyond the exposure to low or high
viral load of SARS-CoV2, the symptoms heterogeneity in
individuals can partially be explained by the significant
changes occurring in the immune system during childhood

and adulthood; in young people, the immunological
memory is continuously evolving and the protection pro-
vided by the immune response increases overtime.
Conversely, in elderly people, the ability to form new
immunological memory is decreased, and are thus more
susceptible to infections due to an impaired and weak
immunological response.14 Moreover, COVID-19 elderly
patients may often have comorbidities such as cardiovas-
cular disorders, diabetes, or hypertension which can
worsen the course of the disease.15,16 Further studies are
required to assess why clinical features of COVID-19 are
different by age; however, it is known that children repre-
sent a small proportion of COVID-19 cases and their symp-
toms are often mild.17

It has been reported that men are more commonly and
severely affected by COVID-19 than female. One possible
explanation is that men are more frequently smokers than
female.18 However, whether or not smoking is a predispos-
ing factor for COVID-19 occurrence and severity is still con-
troversial.19 Notably, new emerging evidences suggest that
the modulation of Transmembrane Protease Serine
(TMPRSS) 2 exerted by androgens may increase the
entrance of virus in alveolar lung cells via ACE2, resulting
in a more severe infection in men.20 Hence, multiple factors
may influence the development of the immune response,
including differences in genotypes, hormonal setting, and
environmental factors.21,22

In an adult without particular comorbidities affected by
COVID-19, the development of the immune response
against the virus and the balance between pro- and anti-
inflammatory mediators can contribute in limiting the

Figure 1. The drizzle, the storm, and the hurricane: three different phenotypes of disease severity for COVID-19. The three main clinical phenotypes are represented.

(a) Normal immunological response against viral infection. The clinical picture is typical of mild and self-limiting SARS-CoV2 infection. (b) The cytokine release

syndrome (CRS) caused by the lysis of the immune cells may worse the clinical picture and lead to acute lung injury (ALI) or acute respiratory distress syndrome

(ARDS). This immunological condition is typical of severe COVID-19 patients. (c) Critical patients present with a phenotype similar to a secondary Hemophagocytic

Lymphohistyocitosis. The inflammasome is constantly triggered and produces large amounts of pro-inflammatory mediators which lead to life-threatening mani-

festations and multi organ failure (MOF). CRS: cytokine release syndrome; HLH: hemophagocyic lymphohistyocitosis; MAS: macrophage activation syndrome;

MOF: multi organ failure; NLR: nod-like receptor; TLR: toll-like receptor. (A color version of this figure is available in the online journal.)
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organ damage and in determining a proper viral clearance.
This leads to a milder disease, as it occurs with “low path-
ogenic” coronaviruses or other common viral infections.23

Normally, viral invasion causes the recruitment of dif-
ferent inflammatory cell such as macrophages, neutrophils,
and natural killer cells (NK cells) which are the main pro-
ducers of pro-inflammatory cytokines. These cytokines
include type I Interferons (IFN), INF-c, tumor necrosis
factor (TNF)-a, Interleukin (IL)-1, IL-6, IL-2 and represent
the first defense against pathogens. Pathogen-associated
molecular patterns (PAMPs) are recognized by different
pattern-recognition receptors, i.e. toll-like receptors
(TLRs), nod-like receptors (NLRs) and retinoic-acid induc-
ible gene 1receptors (RIGs-I), located on the immune host
cell surfaces. The adaptive immune cells are subsequently
activated and give their contribution directly attacking
virus-infected cells or by releasing other pro-
inflammatory cytokines, which in turn enhances the immu-
nological response.24 Usually, the response is self-limiting
and the infection resolves without tissue damage. This is
because the production of anti-inflammatory cytokines
such as IL-10 and transforming growth factor (TGF)-b con-
tributes in curbing the damage after viral invasion.25

Immuno-modulatory treatment in “mild” patients. For
subjects with mild symptoms, including COVID-19
patients who do not require hospitalization, antimalarials
drugs such as chloroquine (CQ) and hydroxychloroquine
(HCQ), have been suggested since they exert various
immunomodulatory and anti-inflammatory activities.26 In
vitro studies showed that CQ was able to block COVID-19
infection at low-micromolar concentrations. Other reports
demonstrated that CQ exerts antiviral activities by increas-
ing endosomal pH required for virus/cell fusion, as well as
interfering with the glycosylation of cellular receptors of
SARS-CoV2.27,28 Antimalarials are now recommended in
the current version of the Guidelines for the Prevention,
Diagnosis, and Treatment of Pneumonia Caused by
COVID-19 issued by the National Health Commission of
the People’s Republic of China and are currently adminis-
tered in association with antiviral drugs.29 However, it is
still debated if anti-malarials should be used in the preven-
tion of disease progression in patients with mild symptoms
or if they are indicated as prophylaxis for the healthcare
personnel.30,31 Colchicine has recently been proposed as
therapeutic option, based on its capability of inhibiting
inflammasome and hampering microtubule polymeriza-
tion in immune cells; however, further study is required
in order to prove the efficacy and safety of this drug in
COVID-19.32

COVID-19 patients hospitalized with mild or mild-to-
severe symptoms, requiring low flow oxygen and present-
ing with low levels of inflammatory biomarkers (especially
CRP, D-dimer and ferritin), could beneficiate from IL-1 and
IL-6 blockade with anakinra or tocilizumab, respectively,
administered subcutaneously, in order to prevent the fur-
ther release of cytokines that might worsen the clinical con-
dition. To date, at the best of our knowledge, there is only
one phase II randomized clinical trial (RCT) registered at

clinicaltrials.gov based on the use of anakinra in the preven-
tion or treatment of the severe side effects caused by
chimeric-antigen receptor 1 (CAR)T cell therapy.33 In this
trial, the first subgroup of patients is treated with the IL-1
receptor antagonist (IL-1ra) given subcutaneously every
12 h (starting on day 2 after T cell infusion or after two
consecutive documented fevers of �38.5�C) and continued
until day 10 in the absence of fever or until the resolution of
fever (defined as <38.5�C). The second subgroup receive
subcutaneous anakinra 100mg every 24 h from day 0
(CAR-T cell infusion) until day 6. If participants experience
fever or neurotoxicity between days 0 and 6, the dose of
subcutaneous anakinra is escalated to 100mg every 12h like-
wise the first subgroup. Therefore, a similar regimen should
be used in patients with mild COVID-19 who are at risk of
developing a CRS. Figure 1(a) summarizes the mechanisms
of viral invasion leading to the inflammatory process.

The “severe” phenotype – The storm

Severe COVID-19 patients are the immunological pheno-
type closely resembling a form of classical CRS. This syn-
drome can be observed as a result of CAR-T cell therapy or
when B and T cells are targeted by various monoclonal
antibodies in leukemia or lymphomas. This mechanism
provokes the lysis of the immune cells with a consequent
release of a great amount of pro-inflammatory cytokines.34

Similarly, the dysregulation of the immune response pro-
voked by SARS-CoV2may lead to the lysis of macrophages,
dendritic cells, B and T cells and to the development of a
“cytokine storm”.

Once macrophages are activated by INF-c, they dramat-
ically contribute in enhancing the massive release of IL-6,
IL-1, IL-18, IL-8, monocyte chemoattractant protein (MCP)-
1, macrophage inflammatory protein (MIP)-1b,
granulocyte-macrophage colony-stimulating factor (GM-
CSF), chemokine C-C motif ligand (CCL) 5, chemokine C-
X-C motif ligand (CXCL) 9, and CXCL10.34,35 It has been
shown that high levels of pro-inflammatory cytokines and
chemokines were correlated with poor COVID-19 out-
comes as reported after the 2003 SARS outbreak.36,37

When inflammatory cytokines-producing cells are activat-
ed, a virus-induced damage involving predominantly the
alveolar epithelium of the lungs occurs.38 In particular, INF-
c enhances the immune-mediated damage contributing to
the pathogenesis of acute lung injury (ALI).39,40 Studies car-
ried out in patients with ARDS identified different pheno-
types depending on the biomarkers found in the serum:
ARDS patients with high expression of angiopoietin, plas-
minogen activator inhibitor 1, INF-c and IL-6 had a poorer
outcome and a higher mortality compared to ARDS
subjects without inflammatory markers.41 Among pro-
inflammatory cytokines, IL-6 seems to be a pivotal media-
tor of CRS as it is able to activate directly Tcells and enhanc-
ing the cytokine storm. Therefore, IL-6 receptor (IL-6R)
blockade with tocilizumab has proved to be effective in
the rapid recovering of CRS symptoms, as recently
reported.42 A number of studies have been carried out on
the therapy of CRS to date.34 Beyond IL-6, also the above-
mentioned IL-1 plays a central role in CRS, as it seems to
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precede the IL-6 release by 24 h. The blockade of IL-1 recep-
tor at the time of CAR-T infusion was proved to prevent
CRS without affecting CAR-T expansion or leukemic clear-
ance.43 Thus, it was supposed that IL-1 inhibition could
prevent or delay the CRS burst. In addition, anakinra
administration was able to prevent the cytokines-induced
neurotoxicity, while tocilizumab administration did not
improve neurological symptoms.34,42,44–46

Immuno-modulatory treatment in “severe” patients.
Tocilizumab was approved by European Medicine
Agency (EMA) in June 2018 for severe CRS.47 In severe
patients affected with COVID-19, tocilizumab 8mg/kg
given intravenously seems to be effective in reducing the
consequences of CRS triggered by SARS-CoV2 and in
improving the clinical conditions already after 12 h from
the first administration. A retrospective study carried out
at the beginning of March 2020 in China in 21 COVID-19
patients, reported a clinical improvement in 18 out of 21
subjects within 5 days with resolution of fever, amelioration
of chest CT scan, and a dramatic decrease in flow oxygen
delivery.48 There are several clinical trials using tocilizumab
currently ongoing worldwide49–51 and on 3 March 2020,
antiIL-6R therapy was included in the New Guidelines
for the Prevention, Diagnosis, and Treatment of
Pneumonia Caused by COVID-19 issued by the National
Health Commission of the People’s Republic of China.29 On
19 March 2020 the National Cancer Institute of Naples
(Italy) promoted the TOCIVID-19 trial, a phase II multicen-
ter, single-arm, open-label study including 330 patients.
One-month mortality rate is the primary endpoint.52 Of
note, a phase II randomized clinical trial with sarilumab,
a fully human monoclonal antibody against the IL-6R
is ongoing in hospitalized patients with COVID-19.53

Figure 1(b) summarizes the mechanisms of CRS
development.

The “critical” phenotype – The hurricane

Occasionally, CRS may become severe and uncontrolled.
The clinical phenotype of a severe CRS closely resembles
a form of secondary HLH or MAS. This syndrome can
sometimes occur as a consequence of some autoinflamma-
tory and autoimmune diseases such as Adult-onset Still’s
Disease (AOSD), systemic Juvenile Idiopathic Arthritis
(sJIA), or Systemic Lupus Erythematosus (SLE).54,55 The
clinical features of severe CRS may overlap with HLH/
MAS (e.g. high fever, hyper-ferritinemia, increased cyto-
kines levels, elevated transaminases, D-dimer, triglycer-
ides, and lactate dehydrogenase) or become more severe,
suggesting the importance of macrophages in the patho-
genesis of both the diseases. In this context, it is worth
mentioning IL-18 as another pivotal mediator of the onset
of HLH/MAS.56 Interestingly, IL-18 is highly expressed in
alveolar macrophages, T-CD8 lymphocytes, and alveolar
epithelial cells of patients affected with chronic obstructive
pulmonary disease (COPD).57 In addition, mice exposed to
cigarette smoke developed a severe lung inflammation
with alveolar remodeling, fibrosis, and high levels of IL-
18 in specimens of alveolar macrophages. Notably, large

amounts of IL-18 were found in serum and lungs of
ARDS patients and were correlated with a poor disease
outcome.58,59 The activation of IL-18 from the NLRP3
(NOD-, LRR- and pyrin domain-containing protein 3)
inflammasome induced by seasonal influenza viruses
seems to be protective in early defense against the virus.
On the contrary, coronaviruses and avian influenza viruses
(H5N1 and H7N9) were proved to activate NLRP3 strongly
and persistently leading to the release of an excess of IL-18
and INF-c.60,61 In addition, the inflammasome activation in
response to various pathogens may induce pyroptosis, a
type of programmed cell death characterized by cell swell-
ing, blebs formation, and the final release of cellular con-
tents.62 Therefore, it seems that SARS-CoV2 might enhance
the cytokine release by inducing the pyroptosis process. In
addition, pyroptosis has been proposed as one of the mech-
anisms by which lymphopenia may occur in COVID-19
patients,63 despite the depletion of lymphocytes might be
the direct effect of the virus on lymphocytes or the effect of
various cytokines, mainly IL-6.64,65

Immuno-modulatory treatment in “critical” patients.
Therapy with intravenous (IV) tocilizumab is currently
undertaken also in critical COVID-19 patients. However,
IV anakinra should be considered in critical patients not
eligible to tocilizumab or if at high risk of sepsis, based
on the good safety profile and the relatively short half-life
of IL-1ra.66 Indeed, anakinra was investigated in a series of
clinical trials for the treatment of patients with severe sepsis
in the past.67,68 Since in these trials anakinra was effective in
the management of MAS, especially in patients at risk of
fatal multi organ failure (MOF), its administration in critical
COVID-19 patients at risk of sepsis seems to be appropriate.
In a randomized, placebo-controlled study from Shakoory
et al. carried out in 2016, patients were randomly assigned
to receive either placebo or anakinra, administered IVat the
dosage of 2mg/kg/h for 72 consecutive hours. The results
showed that the 28-day mortality was significantly lower in
MAS patients who received anakinra than in those who
received placebo (34.6% vs. 64.7%, P¼ 0.0006), correspond-
ing to a 47% decrease in mortality associated with anakinra
given continuously.67 This confirms the central role played
by IL-1 in the pathogenesis of MAS and suggests that a
similar treatment could be considered in critical COVID-
19 patients admitted to ICU.

Since a rapid worsening towards HLH/MAS may occur
in COVID-19, laboratory work up should be daily assessed
in critical patients. If MAS is suspected, a bone marrow
biopsy should be performed if feasible, in order to obtain
a histological confirmation of hemophagocytosis. Therapy
with the HLH-2004 protocol69 may be appropriate in these
subjects. However, etoposide may be responsible for severe
cytopenias70 and the treatment should be reserved to select-
ed cases, after excluding potential non-COVID-19 infec-
tions (bacterial/fungal). Considering the damage
provoked on the lung epithelium, neutralizing INF-c
might be useful in controlling severe lung inflammation.39

In November 2018, emapalumab, a fully human immuno-
globulin G1 monoclonal antibody directed against INF-c,
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received the first approval for the treatment of pediatric
and adult patients with primary HLH.71,72 In Italy, a
phase II/III randomized, open-label, multicenter study is
currently ongoing in which the efficacy and safety of ema-
palumab versus anakinra IV in COVID-19 are compared.73

Hence, this treatment should be taken into account as a
“rescue therapy” for refractory critical cases. However, a
particular attention must be paid to fungal and bacterial
infections.

Taking into consideration the above-mentioned path-
ways involved into the development of MAS, IL-18 admin-
istration might also find a rationale in critical COVID-19
management. In 2018, a phase II clinical trial with tadekinig
alpha, the IL-18 binding protein (BP) showed a favorable
safety profile and was associated with early signs of effica-
cy in patients with AOSD.74 Thus, despite the need of fur-
ther studies, IL-18 BP therapy should be considered
especially in COVID-19 patients with pulmonary comor-
bidities, such as COPD, who are at high risk of developing
ARDS. Finally, recent evidences in murine models sug-
gested the efficacy of Janus Kinases Inhibitors (JAKi) in
refractory and particularly aggressive forms of HLH.
Indeed, the JAK-STAT pathway inhibition may lead to a
prompt decrease in pro-inflammatory cytokines and a
reversal of the organ damage within few days.75 In this
regard, a recorded clinical trial with ruxolitinib on second-
ary HLH is currently ongoing.76 Thus, despite still not
available in current clinical practice, the above-mentioned
“rescue therapies” should be considered in COVID-19 crit-
ical patients admitted to ICU. Figure 1(c) summarizes the
mechanisms of HLH/MAS development.

In conclusion, we are still at the onset of understanding
which treatment is the best option in COVID-19 patients. It
is well established that SARS-CoV2 may provoke a massive
release of cytokines which determine an immunological
damage on lungs, especially in the severe forms; thus,
immuno-modulation including anti-cytokines drugs
should be considered as a treatment in association to the
standard of care in order to control the inflammation and
prevent a pulmonary clinical worsening. However, as dif-
ferent “degrees” of immunological activation may charac-
terize SARS-CoV2 infection, each patient should be
carefully assessed with the aim of properly tailoring the
treatment to the single case.
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