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The novel coronavirus called “Severe Acute Respiratory Syndrome Coronavirus 2”” (SARS-CoV-2) caused an outbreak
in December 2019, starting from the Chinese city of Wuhan, in the Hubei province, and rapidly spreading to the rest
of the world. Consequently, the World Health Organization (WHO) declared that the coronavirus disease of 2019
(COVID-19) can be characterized as a pandemic. During COVID-19 several immunological alterations have been
observed: in plasma of severe patients, inflammatory cytokines are at a much higher concentration (“cytokine storm”).
These aspects are associated with pulmonary inflammation and parenchymal infiltrates with an extensive lung tissue
damage in COVID-19 patients. To date, clinical evidence and guidelines based on reliable data and randomized clin-
ical trials (RCTs) for the treatment of COVID-19 are lacking. In the absence of definitive management protocols, many
treatments are currently being evaluated worldwide. Some of these options were soon abandoned due to ineffective-
ness, while others showed promising results. As for ventilatory strategies, at the moment there are still no consistent
data published about the different approaches and how they may influence disease progression. What will probably
represent the real solution to this pandemic is the identification of a safe and effective vaccine, for which enormous
efforts and investments are being put in place. This review will summarize the state-of-the-art of COVID-19 current
treatment options and those potentially available in the future, as well as high flow oxygen therapy and non-invasive
mechanical ventilation approaches.

ABSTRACT

Key words: Coronavirus; COVID-19; pneumonia; severe acute respiratory syndrome; pharmacologic treatment; res-
piratory failure; non-invasive ventilation.

Correspondence: Francesco Menzella, Department of Medical Specialties, Pneumology Unit, Azienda USL di Reggio Emilia-
IRCCS, Viale Amendola 2, 42122 Reggio Emilia, Italy. E-mail: francesco.menzella@ausl.re.it

Contributions: FM, conceptualization, writing, original draft preparation, supervision; AM, CB, CS, writing, editing; AV, writ-
ing, original draft preparation; MB, literature search, editing, writing; MF, writing, reviewing and editing; NCF, supervision,
coordination and editing.

Conflict of interest: The authors have no competing interests.

Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Availability of data and materials: Available from the corresponding author on reasonable request.

Ethics approval and consent to participate: Not applicable.

Consent for publication: Not applicable.



Multidisciplinary Respiratory Medicine 2020; 15:708 - F. Menzella, et al.

Introduction

Many of the viruses belonging to the coronaviridae family pri-
marily cause zoonotic infections in birds and mammals; however,
in the past year, coronaviruses have shown the ability to infect
humans, primarily targeting the respiratory system [1]. CoVs (fam-
ily Coronaviridae) are enveloped viruses with a positive sense, sin-
gle-stranded RNA genome. They have been divided into three
groups: 0-CoVs, B-CoVs, and y-CoVs [2-4]. The novel coron-
avirus called “severe acute respiratory syndrome coronavirus 2”
(SARS-CoV-2) belongs to the -CoVs group and is the causative
agent of the outbreak started in December 2019, from the Chinese
city of Wuhan, in the Hubei province, and rapidly spreading to the
rest of the world. Consequently, the World Health Organization
(WHO) declared that the coronavirus disease of 2019 (COVID-19)
has become a pandemic. This is the first ever caused by a coron-
avirus [5]. Focusing on current recommendations for the treatment
of mild and severe COVID-19 cases, a cocktail of therapies with
questionable evidence of efficacy is suggested, whereas others are
more promising [6]. In patients with severe respiratory failure, the
use of non-invasive mechanical ventilation is still under debate,
but the timing and criteria need to be better defined.

The aim of this review is to analyze the different approaches in
treating COVID-19, with an overview of the therapeutic options,
the non-invasive mechanical ventilation, and describe the potential
benefits or harms of their use with a special focus on severe cases.
To our knowledge, this is the first review that gives a general
overview of the many aspects to be taken into consideration on
both the therapeutical and ventilatory management of COVID-19
patients, as well as imaging features.

Methods

A search in the literature using validated keywords filters to
select articles regarding SARS-CoV-2, COVID-19 and related
treatments was conducted. A literature research on biomedical bib-
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liographic databases (PubMed and Embase) was carried out up to
August 9", 2020, and research papers, international guidelines, and
meta-analyses were considered as well as articles published “ahead
of print”. In view of the lack of randomized clinical trials (RCTs),
reviews, case reports and case series were also included. The fol-
lowing keywords were used: coronavirus, SARS-CoV-2 pneumo-
nia, COVID-19, severe acute respiratory syndrome, inflammation,
respiratory failure, antivirals, corticosteroids, biologics, anticoagu-
lants, mechanical ventilation. Ongoing clinical trials were selected
using the coronavirus infection disease search term on
ClinicalTrials.gov and the new coronavirus pneumonia study index
in the Chinese clinical trial registry [7].

Pathogenesis and immunological features

SARS-CoV-2 belongs to the coronaviridae family and two
possible hypothesis could explain its origin: natural selection in an
animal host before zoonotic transfer; and natural selection in
humans following zoonotic transfer [8].

SARS-CoV-2 is characterized by the typical coronavirus struc-
ture with spike protein and other polyproteins (Figure 1) [9,10].
Thus, SARS-CoV-2 uses the same ACE2 (angiotensin-converting
enzyme 2) cell receptor as SARS-CoV for the entry into the host
cell [11].

The extracellular domain of ACE2, expressed on alveolar type
2 cells other than heart, kidney, gut and endothelial cells, has been
identified as the receptor for the spike (s) protein of the SARS-
CoV-2 [12,13]. Viral entry leads in COVID-19 patients to diffuse
alveolar damage with the formation of hyaline membranes, in
addition to monocyte infiltration of air spaces and thickening of
the alveolar wall (Figure 2). These alterations can be observed both
in early and late phase of SARS-CoV-2 infection [14,15]. An evi-
dence of endothelial damage and inflammation alterations mimicry
of vasculitis has been found in critically ill patients with negative
clinical outcome. Pathology examination showed moderate infil-
tration sustained by monocytes and lymphocytes within and
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Figure 1. SARS-CoV-2 genome organization and structure. The SARS-CoV-2 genome comprises the 5’-untranslated region (5’- UTR),

open reading frame (or

) 1la/b (orange box) encoding non-structural proteins (nsp) for replication, structural proteins including spike

(green box), envelop (red box), membrane (yellow box), and nucleocapsid (grey box) proteins, accessory proteins (blue boxes) such as
orf 3, 6, 7a, 7b, 8 and 9b in the SARS-CoV-2 genome, and the 3’- untranslated region (3’-UTR). The 3’ one-third of the genome

encodes the structural proteins (S, E, M and N), which are essential for virus—cell-receptor binding and virion assembly.
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around walls of alveolar vessels that leads to occlusion and necro-
sis [14]. Endothelial cell involvement has been demonstrated in
different organ (kidney, heart and nervous central system) [16].
The immune response to SARS-CoV-2, involving both innate and
adaptive arms, is a key step during the infection. Several immuno-
logical hallmarks have been observed in patients during previous
SARS-CoV infection such as a reduced antiviral response, charac-
terized by low type I interferons (IFNs) production [17]. Among
innate immune cells, natural killer (NK) cells exert a fundamental
role in controlling acute viral infection mediated by direct cytotox-
icity on infected cells [18]. Macrophages, that express ACE2, are
important not only in the initial innate immune response towards
SARS-CoV-2, but have also a crucial role as antigen-presenting
cells (APCs) by interacting with T cells in the adaptive response
[19,20]. Moreover, a specific antibody response induced by the
virus and the production of specific anti-viral IgM, IgA, IgG anti-
bodies has been demonstrated [21-23]. Secondary lymphoid
organs appear atrophic, with necrosis area [24]. Accordingly, lym-
phocytopenia is one of the most prominent markers, including B
and T cell populations and, among the latter, both helper and reg-
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ulatory T cells are affected [25]. Even though the immune response
is crucial for controlling SARS-CoV-2 infection, dysregulated and
excessive immune responses may cause immunopathology. In fact,
inflammatory cytokines (IL-6, TNF-a, IL-10, IL-2, IL-7, CXCLI10,
CCL2, CCL3) are higher in plasma of severe cases (“cytokine
storm”), and are associated with pulmonary inflammation and
extensive lung tissue damage in COVID-19 patients [26,27].

Clinical and radiological characteristics

The exact viral incubation period is not known. It is assumed
to be between 2 and 14 days after exposure (median incubation
period was 4 days after exposure). Most of those affected were
aged between 35 and 58, with a predominance in men [28]. At the
very early presentation, the more frequent symptoms are fever (at
least 37.3°C), fatigue, dry cough, myalgias, dyspnea [17], and
other less common symptoms are headache, sore throat, rhinor-
rhea, conjunctivitis and gastrointestinal symptoms. Another char-
acteristic symptom is anosmia, whose causes have recently been
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Figure 2. Pathogenic mechanisms of acute SARS-CoV-2 infection and hyperimmune activation (“cytokine storm”). SARS-CoV-2 virus
uses angiotensin-converting enzyme-2 (ACE2) as its cellular receptor highly expressed by type II pneumocytes. A rapid innate immune
response mediated by natural killer (NK) cells cytotoxic activity represents a first line of defence towards the virus. Infected dendritic
cells (DCs) and macrophages (M) initiate the adaptive immune response (Thl cells differentiation) with a subsequent activation of
CD8+ cytotoxic T lymphocytes (CTL) and recruitment of antibody secreting cells by follicular T helper cells (Tth) leading to the pro-
duction of IgM, IgA and IgG against viral nucleoprotein (NP) and surface spike protein receptor binding domain (RBD). SARS-CoV-
2 binding antibodies may participate in tissue damage by macrophage activation via FcyRI (on the leg). Deregulated and excessive
immune response with secretion of large amount of cytokines (Z.e. IL-1, IL-6, IL-8, TNF-0), may cause inflammation and extensive
lung tissue damage in COVID-19 patients. Thrombotic microangiopathy is favored by both endothelial activation and deregulation of
immune response (production of pro-coagulant antibodies) (on the right). IL, interleukin; TNE tumor necrosis factor.
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elucidated [18]. The virus infiltrates the brain, perhaps from the
nose, and affects the olfactory centers (olfactory bulb and cortex),
thereby reducing olfactory sensations. Another scenario is repre-
sented by the virus that infects the neurons of the olfactory recep-
tors, leading them to death, and by the damage of the olfactory cen-
ters, thus reducing the olfactory sensations [29].

The spectrum of clinical manifestations seems to be wide,
including asymptomatic infection, mild upper respiratory tract
symptoms, mild and severe pneumonia with severe lower respira-
tory tract involvement, acute respiratory distress syndrome, sepsis
and septic shock [30].

The severity of presentation appeared strictly related to age
and the presence of coexisting illness (among the overall popula-
tion, 24% have at least one comorbidity, e.g. hypertension, dia-
betes mellitus and obesity) [17]. According to the Diagnosis and
Treatment Plan of COVID-19 suggested by National Health
Commission of China [30], among Chinese cohorts of patients
with confirmed infection most had mild illness (81%), 14% had
severe illness, and only 5% had a critical disease (respiratory fail-
ure, shock, multi-organ dysfunction syndrome) [31,32].

COVID-19 patients could also develop neurologic complica-
tions (e.g. macrovascular stroke, Guillain-Barr¢ syndrome), skin
lesions (e.g. rashes, “covid toes”), acute kidney injury requiring
dialysis. Severe illness is characterized by hypoxemia (arterial
oxygen saturation <93% or respiratory rate >30 breaths/min or the
ratio of arterial oxygen partial pressure to fractional inspired oxy-
gen (Pa0, /Fi0O,) <300 mmHg), >50% lung involvement on chest
tomography. Overall fatality rate was between 2.3 to 5%, with no
deaths occurring in the population aged 9 or younger, nor mild or
severe cases.

In clinical practice, the increase of C-reactive Protein (CRP),
D-dimer, lactate dehydrogenase (LDH), liver enzymes, creatine
phosphokinase (CPK), normal level of procalcitonin (PCT), blood
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glucose abnormalities associated with typical laboratory findings
such as low white blood cell count (lymphopenia in 80%, in par-
ticular CD4) and mild thrombocytopenia are often present [17].
The white blood cell count could be normal or high if there is a
coexisting secondary infection (bacteremia or positive culture).
The high PCR level and lymphopenia are associated with poor
prognosis [17]. The presence of coagulation disorders has recently
emerged as responsible for a large majority of deaths from
COVID-19, due to disseminated intravascular coagulation (DIC)
[33]. The risk of venous thromboembolism (VTE) in severe
COVID-19 is increased and for these reasons some expert consen-
sus in China recommended the use of anticoagulants (such as hep-
arin) for the treatment for severe COVID-19 infections [32-34]. It
has been demonstrated from lung organ dissections the presence of
occlusion and microthrombosis formation in pulmonary small ves-
sels of COVID-19 critical patients [35]. Another interesting poten-
tial risk factor recently described is the presence of antiphospho-
lipid antibodies [27]. Radiological findings are crucial for suspect-
ing SARS-CoV-2 infection. Chest X ray are not characteristic and
usually could be normal at the initial phases of the disease. The
most common features are mono or bilateral peripheral opacities
[36]. The typical chest computed tomography (CT) features are:
ground glass opacities (GGO), “paving stone-like”, thickening of
interlobular septa with small honeycomb-like with fuzzy edge,
multiple or patchy opacities in both lungs and consolidations.
Atypical manifestation includes several consolidations with pleu-
ral effusion or enlargement of mediastinal lymph nodes, nodules,
extensive thickening of the bronchial wall or interlobular septa.
The findings obtained on the chest tomography have a good corre-
lation with the natural history of the disease. It is of notice that the
GGO are usually due to thickening of the septa or exudation of
fluid in alveolar cavity, due to acute lung injury which leads to dif-
fuse alveolar damage.

Figure 3. Ultra early and early stage of chest CT findings. Ultra early stage: A) Bilateral diffuse GGO; B) Small confined area of GGO.
Early stage: C) GGO opacities, sometimes with round shape; 3D) GGO agglomerated or scattered patchy associated with thickening
of interlobular septa. GGO, ground-glass opacity.
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In the “ultra-early stage” when patient is asymptomatic, the
main imaging manifestations are often single or multiple GGO
over consolidation and milder extension of disease on chest CT,
like in the cohort of patients from the Cruise Ship “Diamond
Princess” (Figure 3 IIA - I1IB) [37]. In this phase, it is difficult to
have consolidation. In the “early stage” (1-3 days after clinical
manifestations), the most frequent features are single or multiple
ground glass opacities agglomerated or scattered patchy associated
with thickening of interlobular septa grid-like or honeycomb-like
(Figure 3 IIIC — I1ID). In this stage, the vascular enlargement due
to inflammation and congestion of alveolar septal capillary and/or
microthrombosis is a typical aspect to be taken into consideration
[37]. In the “progressive stage” (3-8 days after initial clinical man-
ifestations), the findings usually include a rapidly involvement of
the lungs with multi-lobe distribution and perilobular pattern at the
upper lobes. Radiological features are GGO, crazy-paving and
consolidation with air-bronchogram inside, due to vascular expan-
sion and exudation in the interstitium and in the alveolar cavity.
Moreover, the chest CT images could also mimic an organizing
pneumonia (OP) and it’s possible to identify the atoll sign or the
reverse halo sign (Figure 4 IVA - IVB) [38,39]. In the “consolida-
tion stage” (8-14 days after clinical manifestations), patchy consol-
idation becomes denser and the capillary congestion in the alveolar
wall give the way to fibrous exudation of the alveolar cavity
(Figure IVC — IVD). The consolidation appears more evident in
the lower lobes. In the “dissipation stage” (2-3 weeks after the
onset of clinical manifestation), chest CT images showed patchy
consolidation, thickening of interlobular septa and distortion of
bronchial wall. It may be possible to note a timing discrepancy
between the clinical features and the chest CT in the case of a too
early radiological follow up. Moreover, the differential diagnosis
with other lung diseases may not be easy [39,40].
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Pharmacological treatment

There are scarce evidences about the treatment of COVID-19
and guidelines are not based on reliable data and RCTs. Given that
situation, there are many treatments for COVID-19 currently being
evaluated and tested worldwide. Some of them were soon aban-
doned due to lack of results [41], while others showed encouraging
data [42], although it is still difficult to draw conclusions, especial-
ly from rigorous RCTs. Many drug classes have been used, produc-
ing numerous and often contradictory data. Considering the pan-
demic, it is difficult to evaluate the results of clinical studies. For
this reason, there is no therapy proved to be effective for the treat-
ment of severe SARS-CoV-2 infection [43].

Antivirals

Clinical trials involving experimental drugs are fundamental to
identify the treatment of viral infections with antiviral drugs
[44,45]. In this perspective, favipiravir may represent an effective
treatment for COVID-19, but its in vitro efficacy on SARS-CoV-2
has not been proved yet [45]. In particular, favipiravir is currently
being used in RCTs recruiting patients with COVID-19, combined
with interferon-a or baloxavir marboxil (approved influenza virus
inhibitor) (ChiCTR2000029548). Remdesivir, a nucleotide ana-
logue inhibitor of RNA-dependent RNA polymerase, could be an
effective antiviral for the treatment of COVID-19. It has been
proved that this antiviral has a comprehensive antiviral efficacy
against hepatitis B virus and human immunodeficiency virus
(HIV), MERS-Cov and SARS-CoV, both in vivo and in vitro
[46,47]. Even the safety profile of this drug is satisfactory.

Figure 3. Progressive and consolidations stage of chest CT findings. Progressive stage: A) Multiple GGO and initial consolidation com-
bined in varying proportions; B) Simultaneous finding of bronchial involvement (bronchial wall thickening, bronchiectasis) and ill-
defined centrilobular nodules due to alveolar filling. Consolidations stage: C,D) Multiple opacities tend to be distributed peripherally
without craniocaudal predilection, but usually the lower lobes (costophrenic recesses, vertebral areas).
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Currently, remdesivir is experimented in China on mild to moder-
ate (NCT04252664) and severe (NCT04257656) COVID-19
patients in order to test the real efficacy of this treatment. Under
this point of view, it has been recently demonstrated that remde-
sivir’s antiviral activity is rapidly effective when the virus enters
Vero E6 cells, carrying out its antiviral mechanism as a nucleotide
analogue [42,49]. At the moment, studies on remdesivir are regis-
tered, but only some of them are double-blind RCTs, whereas oth-
ers are uncontrolled observational studies [49,50]. Specifically,
preliminary trials on remdesivir carried out by the US National
Institute of Allergy and Infectious Diseases (NIAID) showed a
positive effect in reducing the time to recovery and decreasing
mortality rate, even if this data was not statistically significant
[51]. On the other hand, positive results were obtained by the most
recent double-blind, randomized, placebo-controlled trial of intra-
venous remdesivir in adults who were hospitalized with Covid-19
and had evidence of lower respiratory tract infection. Patients were
randomly assigned to receive either remdesivir (200 mg loading
dose on day 1, followed by 100 mg daily for up to 9 additional
days) or placebo for up to 10 days. Results showed that remdesivir
was superior to placebo in shortening the time to recovery (medi-
an, 10 days, as compared with 15 days; rate ratio for recovery,
1.29; 95% confidence interval [CI], 1.12 to 1.49; p<0.001) [52].

Notably, on opposite results lays the study coordinated by the
WHO, which indicated that remdesivir, along with three other
potential drug treatments for COVID-19, has “little or no effect”
on death rates among hospitalized patients, as indicated by overall
mortality, initiation of ventilation and duration of hospital stay
[53]. The article is a preprint and has not been certified by peer
review, the results should be further analyzed and discussed.

Even if the activity on SARS-CoV-2 is still to be proved, HIV
protease inhibitor, such as lopinavir/ritonavir, were initially found
to act on MERS-CoV and SARS-CoV and showed efficacy for
SARS [54,55]; consequently, the combination was initially widely
used for the treatment of SARS-CoV-2 infection, but it has showed
uncertain results. The first randomized, open-label, controlled trial
involving 199 hospitalized adult patients with SARS-CoV-2 infec-
tion and respiratory failure unfortunately showed no benefit with
lopinavir / ritonavir compared to standard of care [56].

At the moment, data regarding oseltamivir efficacy in COVID-
19 are not available, even if this treatment has been applied for
SARS-CoV-2 suspected and confirmed patients in China [57,58].

Chloroquine and hydroxychloroquine

The chloroquine sulphate and phosphate salts are known as
antimalarial drugs. Hydroxychloroquine has been applied as an
antimalarial and also for the treatment of autoimmune diseases,
such as lupus and rheumatoid arthritis. These drugs show a satis-
factory safety profile with mild and transient side effects, if cor-
rectly dosed. Under this point of view, it should be noted that over-
dose or prolonged treatments may cause cardiomyopathies and QT
prolongation [59]. Chloroquine has also been used for the treat-
ment of chronic viral diseases [60,61]. Wang and colleagues
assessed its efficacy in vitro and evaluated it as highly effective in
controlling SARS-CoV-2 replication [42]. It has been noted that
chloroquine interferes with the ability of SARS-CoV-2 to acidify
lysosomes and inhibits cathepsins, allowing the cleavage of the
spike protein of SARS-CoV-2 [62]. According to a recent study,
chloroquine phosphate can be superior to control in the treatment
of COVID-19 pneumonia, acting on clinical and imaging aspects
and reducing shortening the course of the disease [63].

A non-randomized clinical trial based on a small group of
patients showed a significant improvement in viral clearance. It
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has also been proved that this drug combined with azithromycin
can reduce the viral load more than hydroxychloroquine monother-
apy [64]. Another study with few patients hospitalized for severe
SARS-CoV-2 infection did not show strong antiviral activity or
clinical efficacy of the combination of hydroxychloroquine and
azithromycin [65]. This difference between the outcome of the two
said studies underlines the importance to carry out RCTs to assess
the efficacy of these drugs in the treatment of COVID-19. An
open-label non-randomized clinical trial showed high efficacy of
hydroxychloroquine against COVID-19 [66], while another study
showed no evidence of rapid antiviral clearance or clinical benefit
with the combination of hydroxychloroquine and azithromycin in
severely infected patients from COVID-19 [67]. Furthermore,
from a multicenter study based on hydroxychloroquine with or
without macrolides not only did not emerge the efficacy of this
molecule but a higher risk of de novo ventricular arrhythmia dur-
ing hospitalization. Anyway, this heavily-criticized study was not
found reliable in the view of its accuracy on the analysis of data
and the results were therefore retracted [68]. To conclude, it
emerged from the published data that currently there is no evidence
about the efficacy of chloroquine on COVID-19. Confirming this
statement are the results of the RECOVERY (Randomised
Evaluation of COVid-19 thERapY) trial, which enrolled over
11,000 patients from 175 hospitals in the UK. Preliminary data
from this large RCT unfortunately highlighted a lack of benefits of
hydroxychloroquine in hospitalized patients with COVID-19.
Considering these negative results, it was decided to stop patients’
enrollment [69].

Corticosteroids

Corticosteroids showed conflicting data of efficacy, and the
setting of application is not well defined. In the lack of unambigu-
ous data, their use is not recommended by the WHO interim guid-
ance on COVID-19 management [30]. Moreover, version 7 of the
National Health Commission of China guidelines pointed out that
corticosteroids should be used carefully in the case of SARS-CoV-
2 patients [32]. Recently, a study involving patients with acute res-
piratory distress syndrome (ARDS) due to COVID-19 showed sig-
nificant results in increasing survival rate in patients treated with
methylprednisolone (p=0.003) [70].

A study based on critically ill patients affected by SARS-CoV-
1 showed that the correct treatment with corticosteroids signifi-
cantly reduces hospitalization mortality and duration [71], without
increasing superinfections and important complications. Another
study involving ICU patients treated with corticosteroids did not
reach significant conclusions because of the sample size [26]. It
can be argued that corticosteroids combined with both invasive and
non-invasive mechanical ventilation can help preventing progres-
sion to ARDS, with particular impact on critically ill patients [14].
The Chinese Thoracic Society released an expert consensus state-
ment on the use of corticosteroids for the treatment of COVID-19
pneumonia [72]. This document pointed out that corticosteroids
should be used carefully in severe patients and that the dosage
should be low to moderate (<0-5-1 mg / kg per day of methylpred-
nisolone or equivalent) and limited to a short period (<7 days). A
very recent study has shown that corticosteroid therapy does not
appear to reduce hospital mortality and is not associated with
delayed viral clearance. At the same time, it could alleviate the
inflammatory aspect and improve symptoms [73]. According to
other authors RCTs are necessary to get more details about the
treatment with these important drugs [74]. The preliminary results
of the RECOVERY study are very interesting. In this RCT a total
of 2,104 patients were randomized to dexamethasone 6 mg once
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daily (orally or intravenously) for ten days and compared with
4,321 patients randomized to usual care alone [75]. The data show
a one-third reduction in deaths in ventilated patients (p = 0.0003)
and one-fifth in patients on oxygen therapy (p=0.0021), while no
benefit was found for less severe patients among those patients
which did not require respiratory support (p=0.14) [75].

Biologics

Tocilizumab (TCZ), or atlizumab, is a humanised IgG1k mon-
oclonal antibody (mAb) that targets the soluble or membrane inter-
leukin (IL)-6 receptors (Sil-6R and Mil-6R). This treatment has
been applied to autoimmune diseases such as rheumatoid arthritis
(RA) or large vessels vasculitis [76]. Also in this case, similar to
SARS-CoV-2 infection, the serum levels of inflammatory media-
tors are proportional to the severity of the disease in the specific
context [26]. In severe patients, strong immunological responses
can cause cytokine storms and be the origin of several damages to
multiple organs. Higher IL-6 levels can also be an evidence of clin-
ical worsening and other severe damages. In this framework TCZ
can act on two inflammatory factors, IL-6 and GM-CSF and there-
fore can have a role in decreasing the inflammation. Recently was
made a multicenter RCT aiming at assessing the efficacy and safe-
ty of TCZ with regard to moderate patients at high risk of evolution
towards serious and critical illness (ChiCTR2000029765).
Relevant results are not available yet, but they are expected to be
positive in patients with high IL-6 levels. In a retrospective study
of 100 patients with severe respiratory failure due to COVID-19
pneumonia and treated with TCZ, 77% of cases showed a favor-
able clinical response, associated with significant clinical improve-
ment [77]. Another recent retrospective study showed that TCZ
treatment may be effective in COVID-19 patients with severe res-
piratory impairment receiving non-invasive ventilation (NIV) [78].

Sarilumab is a fully human IgG1 mAb targeting soluble and
membrane IL-6 receptors, inhibiting IL-6-mediated signal trans-
duction mediated by these receptors [79,80]. Similarly to TCZ, the
use of sarilumab has recently been applied to treat patients with
severe forms of COVID-19. The results of five ongoing RCT
(ClinicalTrials.gov Identifiers: NCT04315298, NCT04327388,
NCT04324073, NCT04322773, NCT04321993) will be especially
important.

Canakinumab is a fully human anti-IL-1p IgG1 mAb approved
for the treatment of periodic autoinflammatory fever, Still’s dis-
case, and gouty arthritis [81]. A phase III RCT has recently started
to study canakinumab in patients with COVID-19 pneumonia. The
CAN-COVID study will evaluate the effectiveness of using
canakinumab to counteract the cytokine storm (ClinicalTrials.gov
Identifier: NCT04362813).

Convalescent plasma

In other severe viral infections, the plasma of recovered
patients was found useful in treating patients, thanks to its high
content of neutralizing antibodies [82]. Thus, based on the increas-
ing knowledge of antibody response in viral infections and in the
current pandemic, the FDA has recently given approval for the ini-
tiation of clinical trials for the evaluation of the efficacy of conva-
lescent plasma treatment in COVID-19 patients. Unfortunately, the
recently published RCT in critically ill COVID-19 patients result-
ed in little or no improvement and the duration of disease was not
affected by its addition in standard treatment of COVID-19 [83]. A
proof of concept multicenter single-arm study on 46 severe
COVID-19 patients treated with hyperimmune plasma showed
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promising benefits in terms of mortality, reduction in inflammatory
indices and respiratory failure. Unfortunately, serious adverse
events occurred in 4 patients, one of which was a “transfusion-
related acute lung injury” (TRALI) [84].

Therefore, while promising, convalescent plasma remains
experimental and has not proven effective yet. Moreover, many
questions remain regarding the accuracy and predictive value of
antibody testing of donors and patients, optimal donor selection,
and optimal timing and selection of patient most likely to benefit.
Until these questions are answered, convalescent plasma should
ideally be used in the context of well-designed randomized clinical
trials [85].

Invasive and non-invasive ventilation

Despite the severity of respiratory failure and the massive need
for mechanical ventilation in COVID-19 patients, there are not
consistent data published about key ventilation items, as the role of
invasive and non-invasive ventilation, positive end-expiratory
pressure (PEEP) titration, prone positioning and in choosing tidal
volumes.

The few data available suggest that the pathophysiology of
COVID-19 patients might be very different and this may lead to a
different ventilatory management. For example, a recent report
suggested that median compliance of these patients is significantly
higher than in ARDS classical patients, given the same level of
respiratory failure [86]. This could explain the large mismatch
observed between oxygenation level and dyspnea; despite the low
oxygen level, the work of breathing in these patients is not so
dramatically increased. This may be linked to a relatively conserved
lung compliance, at least in some patients.

In a recent article, the authors hypothesized existence of two
major phenotypes of COVID-19 pneumonia [87]. The first one
(called “type L, due to low lung elastance), that is present at the
time of diagnosis, has quite normal compliance, low ventilation-to-
perfusion (VA/Q) ratio, only GGO at CT scan and low amount of
non-aerated lung.

Afterwards, some patients may worsen, showing another
phenotype (called “type H”, due to high lung elastance), much more
similar to classical ARDS, showing decreased lung compliance (due
to increased edema), high right-to-left shunt, high lung weight, and
increased amount of non-aerated tissue (associated, as in severe
ARDS, with increased recruitability).

The type H pattern, 20-30% of patients in their series, fully fits
the classical severe ARDS criteria: hypoxemia, bilateral infiltrates,
decreased the respiratory system compliance, increased lung weight
and potential for recruitment, due to high amount of non-aerated
lung [83]. In a very recent retrospective study, the authors
demonstrated that compliance and lung weight estimation are not
correlated in patients with COVID-19-related ARDS. Most patients
cannot be classified as “H” or “L” subphenotype as postulated by
the authors, rather presenting mixed characteristics [88]. These
considerations open up a wide number of very interesting and
unanswered questions, as the role of non-invasive positive pressure
ventilation (NPPV) and continuous positive airway pressure
(CPAP). These methods emerged because they allow the treatment
of a large number of patients at the same time and can also be
applied outside of the intensive care unit (ICU). No data is available
showing if there is any difference between CPAP and NPPV in
survival or intubation rate. Patients undergoing CPAP or NPPV must
be carefully monitored to understand if they are worsening. In
addition to obvious clinical parameters, one very interesting and
useful tool would be monitoring esophageal pressure (that is an
indirect measure for pleural pressure). This has shown to be a
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predictor for NIV failure in non-COVID patients with de novo
respiratory failure [89]. The magnitude of inspiratory pleural
pressures swings may determine the transition from L phenotype to
H phenotype. Managing NPPV in COVID-19 patients requires
careful monitoring and close attention also to supportive therapy.
Nutritional support is a key strategy to avoid NPPV interruption and
to provide adequate energy and protein requirements. Early enteral
nutrition has been shown to decrease complications and hospital
length of stay and improve the prognosis at discharge in non-
COVID critically ill patients [90].

Sedation or algosedation in NPPV, very useful to guarantee
tolerance to a long-lasting ventilation, is under debate, with low
quality of evidence for drugs [91] (opioids, benzodiazepines,
dexmedetomidine); despite this, many centres applied some kind of
sedation in NPPV patients [92,93]. Another open question is
whether the delay of intubation affects the prognosis. It seems to be
reasonable; however, no data are available. Even JAMA’s guideline
points out that early intubation in this setting is a ‘best practice
statement’. Given the wide number of patients that need ventilation
in these days, quite every patient underwent a NPPV trial before
intubation. When data will be available, it will be very interesting
to look at the duration of NPPV in patients that were intubated and
to check whether there is a correlation between longer NPPV
duration before intubation and survival or duration of invasive
ventilation. In addition, there are no data about the burden of self-
induced lung injury (SILI) in these patients, when in spontaneous
breathing or in NPPV. When esophageal pressure swings increase
from 5 to 10 cmH,0O—which are generally well tolerated—to above
15 cmH,O0, the risk of lung injury increases and therefore intubation
should be performed as soon as possible [85]. Unluckily, there are
no data about the swings of esophageal pressure in these patients,
due to the many problems connected to asses a huge number of
patients from a pathophysiological point of view in this pandemic
context.

Regarding the role of the prone positioning, empirical
experiences suggest that this method can increase dramatically
oxygen saturation, even in standard oxygen or NPPV patient. The
rapidity of oxygenation increase can suggest that the positioning of
the patient may improve oxygenation by a redistribution of blood
flow into the lung, reducing V/Q mismatch. In a single centre
Chinese study, 12 patients showed an increased lung recruitability
and increase of the ratio of arterial oxygen partial pressure to
fractional inspired oxygen (PaO, /FiO,), when receiving prone
positioning [52]. Based on the limited data available it is reasonable
to assume that the prone position in ventilated and non-ventilated
conscious patients with COVID-19 infection may improve short-
term oxygenation and postpone or prevent the need for endotracheal
intubation [94]. It is not yet clear what it is the best PEEP for these
patients. The massive presence of GGO in chest CT scans of
COVID-19 patients might mean that there is a lot of recoverable
lung, even if no conclusive information is available. In addition,
during NPPV, there is no direct measure for choosing best PEEP.
There may be some information by lung ultrasonography, useful to
detect the endpoint of lung recruitment and the best PEEP levels
[95]. On the contrary, during invasive ventilation, the best PEEP
can be chosen by measuring compliance at different PEEP levels.

Regarding protective ventilation, even though there is no
specific data available on COVID-19 patients, JAMA guidelines
suggest the use of low tidal volume ventilation (4-8 ml/kg of
predicted body weight) over higher tidal volumes (>8 ml/kg)
[6].Targeting plateau pressures of <30 cm H,O (strong
recommendation, moderate quality of evidence) is recommended;
for selected patients, if it is not possible to maintain a protective
ventilation, extra-corporeal membrane oxygenation (ECMO)
support should be considered [95]. As for now, anecdotal efficacy
data exist in this regard, but prospective studies are currently lacking
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[97]. A recent large observational study involving 670 patients
admitted to Pulmonology Units confirmed that the application of
NIV outside the ICUs is feasible and associated with favourable
outcomes [98]. However, it was associated with a risk of healthcare
professionals’ contamination, which must therefore be taken into
great consideration.

High-flow oxygen

High flow nasal cannula (HFNC) systems were widely used
during the COVID-19 pandemic. These are also able to provide
heating and humidification, improving patient tolerance and
comfort. The high flow rates above all have the advantage of
increasing the delivered FiO, and are able to at least partially
eliminate carbon dioxide in the dead space, improving the efficiency
of oxygen delivery. The higher flow translates into PEEP, the
quantity of which varies between 0.35-0.69 cm of water for every
10 I/min of increased flow [99].

A meta-analysis that included 9 RCTs and 2,093 patients found
that HFNC in patients with acute hypoxemic respiratory failure
(ARF) can reduce the need for tracheal intubation without affecting
mortality [100].

There are currently no RCTs available on the efficacy of HFNC
in patients with COVID-19 ARF or ARDS. Observational studies
or case reports have been published that support the possible
application of HFNC also in this area, but prospective trials and
studies with much wider cases are needed [100,101].

Summing up, no data on the best ventilation strategy in COVID-
19 is available. RCTs will provide important knowledge, but it will
take time. At the moment, the best of our current clinical practice is
probably the optimal solution. In this dramatic context, information
sharing is also fundamental.

Future directions

The research to identify one or more drugs that are truly
effective in treating COVID-19 is massive and supported by huge
investments. Numerous studies are underway on more or less
promising drugs with different molecular targets. It would be
impossible to report all the studies in progress, therefore we will
only refer to those with the most interesting implications.

Natural Killer cells

NK cells are important immune cells needed for defence against
cells infected with microbes or in defence against cancer [102]. A
trial has recently been announced to extend the use of CYNK-001,
a ready-to-use allogeneic NK cell therapy, derived from umbilical
cord blood, to the treatment of new SARS-CoV-2 infections [103].
NK cell therapy enhancing host immunity could prove to be a very
promising strategy for treating COVID-19 pneumonia.

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are known to have strong anti-
inflammatory and immunomodulatory effects. In the past, some
authors have shown that MSC treatment can improve acute / chronic
lung injury and ARDS by suppressing the infiltration of immune
cells into lung tissues and the secretion of pro-inflammatory
cytokines, while reducing pulmonary fibrosis and improving tissue
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repair [104-108]. Consequently, MSCs could be a promising
therapeutic option in the treatment of cytokine storm, ARDS, and
acute lung injury in patients with severe COVID-19.

Nanomedicines

The RECOVERY study demonstrated the efficacy of
dexamethasone in critically ill patients with COVID-19 [75]. At the
preclinical level, some diseases have been successfully already
treated with dexamethasone nanomedicine, including rheumatoid
arthritis, inflammatory bowel disease, multiple sclerosis, liver
fibrosis and cancer [109-112]. The hypothesis that dexamethasone
nanomedicines are a potential treatment option for COVID-19 is
based on known evidence that nanoparticles selectively accumulate
in macrophages, upon intravenous administration as well as upon
inhalation. Dexamethasone-based nanomedicines do have though a
high level of complexity also in terms of composition and
manufacture, and will need to be clinically tested prior to
availability. In some studies dexamethasone nanomedicines have
allowed greater efficacy of the drug in terms of improved survival
of critical patients, so they could prove to be an important weapon
in the fight against COVID-19 [113].

Conclusions

Unfortunately, at the present time the management of COVID-
19 has more doubts than certainties. The standard of care was ini-
tially represented by antiviral drugs such as remdesivir, chloro-
quine or lopinavir / ritonavir, even if the evidence is not satisfacto-
ry. Remdesivir was the most promising antiviral drug. However,
the two recent RCTs with opposite results pose a huge uncertainty
on its efficacy and careful examination of RCTs results should be
undertaken. Nevertheless, there are still many open questions we
have to answer about pathogenesis, the molecular mechanism of
input, viral replication and immunological pathways, before the
successful identification of targeted therapies. Although some
drugs, such as corticosteroids and tocilizumab, seem to have a ben-
eficial effect, the selection of the patient, the timing of administra-
tion and the most appropriate therapeutic schemes are the key
points that need to be clarified. Other drugs are used in combina-
tion and in variable ways with uncertain efficacy and without
definitive guidelines. In addition to the scarcity of evidence on the
effectiveness of the various therapeutic options, the rush to publish
the data as soon as possible has created confusion and embarrass-
ment, as happened in the case of the study on hydroxychloroquine,
which was later withdrawn.

Regarding mechanical ventilation and HFNC, to date no data
about which is the best strategy in COVID-19 is available. At the
moment, the best approach may be to ventilate at the best of the
clinicians’ knowledge and possibilities, also in relation with avail-
able resources. Using NIV or HFNC, in combination with drugs
with evidence of efficacy such as dexamethasone or TCZ, may cur-
rently be the best strategy, pending the arrival of better options.

What will represent the real solution to the enormous problem
that is occurring in the world is the identification of a safe vaccine,
and in this regard preliminary report of the great effort put in place
seem reassuring about efficacy and safety [114,115]. To date phase
3 clinical trials are still ongoing, future results will give us the abil-
ity to draw conclusion as to whether the developed vaccine will
give prolonged protection to SARS-CoV-2 infection.
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Abbreviations

SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2;

COVID-19:  Coronavirus Disease of 2019;

RCTs: randomized clinical trials;

ACE2: angiotensin-converting enzyme 2;

IFNs: interferons;

NK cells: natural killer cells;

APCs: antigen-presenting cells;

PaO, /FiO,:  Ratio of arterial oxygen partial pressure to fractional
inspired oxygen;

CRP: C-reactive protein;

LDH: lactate dehydrogenase;

CPK: creatine phosphokinase;

PCT: procalcitonin;

DIC: disseminated intravascular coagulation;

VTE: venous thromboembolism;

CT: computed tomography;

GGO: ground glass opacities;

OP: organizing pneumonia;

HIV: Human immunodeficiency virus;

NIAID: US National Institute of Allergy and Infectious
Diseases;

ARDS: acute respiratory distress syndrome;

TCZ: tocilizumab;

mAD: monoclonal antibody;

(IL)- 6: Interleukin 6;

RA: rheumatoid arthritis;

TRALI: transfusion-related acute lung injury;

PEEP: positive end-expiratory pressure;

VA/Q: ventilation-to-perfusion ratio;

NPPV: non-invasive positive pressure ventilation;

CPAP: continuous positive airway pressure;

ICU: intensive care unit;

NIV: non-invasive ventilation;

SILI: self-induced lung injury;

ECMO: extra-corporeal membrane oxygenation,

HFNC: high flow nasal cannula;

ARF: acute respiratory failure;

MSCs: mesenchymal stem cells.
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