S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Autoimmunity Reviews 19 (2020) 102568

Contents lists available at ScienceDirect

Autoimmunity Reviews

journal homepage: www.elsevier.com/locate/autrev

L

AUTOIMMUNITY
REVIEWS

Tocilizumab for the treatment of severe COVID-19 pneumonia with
hyperinflammatory syndrome and acute respiratory failure: A single center
study of 100 patients in Brescia, Italy

Paola Toniati®', Simone Piva™“', Marco Cattalini®“', Emirena Garrafa®', Francesca Regola™,
Francesco Castelli®", Franco Franceschini®¢, Paolo Aird?, Chiara Bazzani?, Eva-Andrea Beindorf’,
Marialma Berlendis’, Michela Bezzi®, Nicola Bossini', Maurizio Castellano®™, Sergio Cattaneo”,
Ilaria Cavazzana®, Giovanni-Battista Contessi®, Massimo Crippa®”, Andrea Delbarba™,

Elena De Peri”, Angela Faletti?, Matteo Filippini®, Matteo Filippini®, Micol Frassi?,
Mario Gaggiottil, Roberto Gorla®, Michael Lanspa’, Silvia Lorenzotti”, Rosa Marino”,

Roberto Maroldi®®, Marco Metra®', Alberto Matteelli®", Denise Modina', Giovanni Moioli",
Giovanni Montani, Maria-Lorenza Muiesan®", Silvia Odolini", Elena Peli®, Silvia Pesenti®,
Maria-Chiara Pezzoli”, Ilenia Pirola™, Alessandro Pozzi°, Alessandro Proto®,
Francesco-Antonio Rasulo™, Giulia Renisi”, Chiara Ricci®°, Damiano Rizzoni®",

Giuseppe Romanelli®*, Mara Rossi", Massimo Salvetti®", Francesco Scolari®, Liana Signorini®,
Marco Taglietti’, Gabriele Tomasoni’, Lina-Rachele Tomasoni", Fabio Turla™, Alberto Valsecchi’,
Davide Zani®, Francesco Zuccald’, Fiammetta Zunica®®, Emanuele Foca®™!, Laura Andreoli®®’,
Nicola Latronico™®*!

2 Unit of Rheumatology and Clinical Immunology, ASST Spedali Civili, Brescia, Italy

b University Division of Anesthesiology and Critical Care Medicine, ASST Spedali Civili, Brescia, Italy

¢ Department of Medical and Surgical Specialties, Radiological Sciences and Public Health, University of Brescia, Brescia, Italy
9 pediatric Rheumatology, Children’s Hospital, ASST Spedali Civili, Brescia, Italy

¢ Department of Clinical and Experimental Sciences, University of Brescia, Brescia, Italy

f Department of Laboratory Diagnostics, ASST Spedali Civili, Brescia, Italy

& Department of Molecular and Translational Medicine, University of Brescia, Brescia, Italy

" University Division of Infectious and Tropical Diseases, ASST Spedali Civili, Brescia, Italy

! Division of Anesthesiology and Critical Care Medicine, Montichiari Hospital, ASST Spedali Civili, Brescia, Italy
I Division of Pneumology, ASST Spedali Civili, Brescia, Italy

K Division of Endoscopic Pneumology, ASST Spedali Civili, Brescia, Italy

! Division of Nephrology and Dialysis, ASST Spedali Civili, Brescia, Ttaly

™ University Division of Internal Medicine and Endocrinology, ASST Spedali Civili, Brescia, Italy

" Division of Cardio-Thoracic Intensive Care, ASST Spedali Civili, Brescia, Italy

° Division of Gastroenterology, ASST Spedali Civili, Brescia, Italy

P Division of Internal Medicine, Gardone Val Trompia Hospital, ASST Spedali Civili, Brescia, Italy

9 Division of Anesthesiology and Critical Care Medicine, Gardone Val Trompia Hospital, ASST Spedali Civili, Brescia, Italy
" Pulmonary Division, Department of Medicine, Intermountain Medical Center, Murray, UT, USA

® University Division of Diagnostic Radiology, ASST Spedali Civili, Brescia, Italy

* Division of Cardiology, ASST Spedali Civili, Brescia, Italy

" Third Division of Internal Medicine, ASST Spedali Civili, Brescia, Italy

V Division of Internal Medicine, ASST Spedali Civili, Brescia, Italy

Y University Division of Internal Medicine, Montichiari Hospital, ASST Spedali Civili, Brescia, Italy

* University Division of Geriatric Internal Medicine, Montichiari Hospital, ASST Spedali Civili, Brescia, Italy

Y First Division of Anesthesiology and Critical Care Medicine, ASST Spedali Civili, Brescia, Italy

Check for
updates

* Corresponding author at: Anesthesia and Critical Care Medicine, University of Brescia, Italy.
E-mail address: nicola.latronico@unibs.it (N. Latronico).
! Contributed equally.

https://doi.org/10.1016/j.autrev.2020.102568
Received 16 April 2020; Accepted 17 April 2020
Available online 03 May 2020

1568-9972/ © 2020 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/15689972
https://www.elsevier.com/locate/autrev
https://doi.org/10.1016/j.autrev.2020.102568
https://doi.org/10.1016/j.autrev.2020.102568
mailto:nicola.latronico@unibs.it
https://doi.org/10.1016/j.autrev.2020.102568
http://crossmark.crossref.org/dialog/?doi=10.1016/j.autrev.2020.102568&domain=pdf

P. Toniati, et al. Autoimmunity Reviews 19 (2020) 102568

ABSTRACT

A hyperinflammatory syndrome (HIS) may cause a life-threatening acute respiratory distress syndrome (ARDS) in patients with COVID-19 pneumonia.

A prospective series of 100 consecutive patients admitted to the Spedali Civili University Hospital in Brescia (Italy) between March 9th and March 20th with
confirmed COVID-19 pneumonia and ARDS requiring ventilatory support was analyzed to determine whether intravenous administration of tocilizumab (TCZ), a
monoclonal antibody that targets the interleukin 6 (IL-6) receptor, was associated with improved outcome. Tocilizumab was administered at a dosage of 8 mg/kg by
two consecutive intravenous infusions 12 h apart. A third infusion was optional based on clinical response.

The outcome measure was an improvement in acute respiratory failure assessed by means of the Brescia COVID Respiratory Severity Score (BCRSS O to 8, with
higher scores indicating higher severity) at 24-72 h and 10 days after tocilizumab administration.

Out of 100 treated patients (88 M, 12 F; median age: 62 years), 43 received TCZ in the intensive care unit (ICU), while 57 in the general ward as no ICU beds were
available. Of these 57 patients, 37 (65%) improved and suspended noninvasive ventilation (NIV) (median BCRSS: 1 [IQR 0-2]), 7 (12%) patients remained stable in
NIV, and 13 (23%) patients worsened (10 died, 3 were admitted to ICU). Of the 43 patients treated in the ICU, 32 (74%) improved (17 of them were taken off the
ventilator and were discharged to the ward), 1 (2%) remained stable (BCRSS: 5) and 10 (24%) died (all of them had BCRSS =7 before TCZ). Overall at 10 days, the
respiratory condition was improved or stabilized in 77 (77%) patients, of whom 61 showed a significant clearing of diffuse bilateral opacities on chest x-ray and 15
were discharged from the hospital. Respiratory condition worsened in 23 (23%) patients, of whom 20 (20%) died.

All the patients presented with lymphopenia and high levels of C-reactive protein (CRP), fibrinogen, ferritin and IL-6 indicating a HIS. During the 10-day follow-
up, three cases of severe adverse events were recorded: two patients developed septic shock and died, one had gastrointestinal perforation requiring urgent surgery
and was alive at day 10.

In conclusion, our series showed that COVID-19 pneumonia with ARDS was characterized by HIS. The response to TCZ was rapid, sustained, and associated with
significant clinical improvement.

1. Background hospital with 1570 beds serving an area of nearly one million people in
the east of Lombardy, is one of the 15 first-responder hub-hospitals
admitting COVID19 patients [3]. In the first 14 days of epidemic,
hospital admissions increased sharply and the hospital rapidly became
overloaded with patients with pneumonia and acute respiratory failure.

At the time of writing, after the first patient was admitted on February

After the first epidemic of Coronavirus associated disease
(COVID19) sustained by SARS-CoV-2 in Wuhan (China), the region of
Lombardy in Northern Italy has become the second most affected area
in the world [1,2]. The Spedali Civili of Brescia, a large university

BRESCIA COVID-19 RESPIRATORY SEVERITY SCALE - BCRSS
t AT

-COVID19 Pneumonia

or

-Symptoms forat least 7 days and

PCR for COVID19+ or waiting for
results and high suspicion

Criteria
Positive?

Testing Criteria

1. Patient has dyspnea or staccato speech (the
patient is unable to count rapidly up to 20 after a
deep breath) at rest or during minimal activity
(sitting up in bed, standing. talking, swallowing.
coughing)

2. Breathing rate > 22
3.Pa02 <65mmHg or SpO2 < 90%

4. Significant worsening of Chest XRay

‘ 0 criteria H 1 criteria 2 criteria

‘ >2 criteria

2 v 2

v

CPAP, HFNC
or NIV

!

>2
Criteria
Positive?

)

Pa0, Fi0,
<

150mmHg
2

Intubate
patient!

Prone
position?
iNO?
ECLS?

Fig. 1. Brescia COVID-19 Respiratory Severity Scale (BCRSS).
BCRSS is freely available at: https://www.mdcalc.com/brescia-covid-respiratory-severity-scale-berss-algorithm
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23rd there are more than 500 hospitalized patients with COVID-19, of
whom 55 are in the intensive care units (ICU).

The reason why a subgroup of COVID-19 patients with pneumonia
develops rapidly progressing respiratory failure remains unknown,
which makes the optimal therapeutic approach to these patients un-
certain. The scarcely available evidence suggests that a hyperin-
flammatory syndrome (HIS) that resembles secondary hemophagocytic
lymphohistiocytosis (sHLH) may have a pathogenetic role [4,5]. sHLH
may be triggered by viral infections, and some cases have been linked to
the Middle East respiratory syndrome due to coronavirus (MERS-CoV)
[6-8]. The laboratory hallmarks of sHLH are cytopenia, elevated levels
of ferritin, transaminases, triglycerides, lactate dehydrogenase (LDH)
and D-Dimer, and low fibrinogen [9]. In Chinese reports, lower levels of
lymphocyte count, higher levels of ferritin, LDH, transaminases and D-
dimer were associated with a worse prognosis [10,11]. Patients with
HIS may benefit from early identification and treatment with anti-cy-
tokine targeted therapies [12]. Preliminary reports show higher IL-6
levels in COVID-19 patients with worse prognosis and Tocilizumab
(TCZ), an anti-IL-6 receptor monoclonal antibody, has been used in 20
patients in China with encouraging results [13,14]. The aim of this
report is to describe our experience with a series of 100 consecutive
COVID-19 patients treated with TCZ in Brescia.

2. Methods

Between March 9th and March 20th one hundred consecutive pa-
tients with severe COVID-19 pneumonia were treated with TCZ.
Patients were treated “off-label” before the approval by the Italian
Regulatory Agency (AIFA) on March 19th of a multicenter study on the
efficacy and tolerability of TCZ in the treatment of patients with
COVID-19 pneumonia (TOCIVID-19) [15]. Research was approved by
the Ethics Committee of Brescia. Since the patients were unable to give
their informed consent, the Ethics Committees waived the requirement,

Table 1
Clinical characteristics of the patients.
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as in Italy relatives are not regarded as legal representatives of the
patient in the absence of a formal designation [16]. Written informed
consent was requested from all surviving patients as soon as they re-
gained their mental competency. All investigations were conducted
according to the principles expressed in the Declaration of Helsinki.

Selection of patients was based on disease severity and absence of
contraindication to TCZ, including a suspected or confirmed bacterial
infection, an active diverticulitis or gastrointestinal tract perforation,
neutropenia (0.500 X 10°3 cells/ul) and thrombocytopenia
(50 x 1073 cells/uL).

Respiratory disease severity was assessed by a locally developed
bedside respiratory severity scale, the Brescia COVID-19 Respiratory
Severity Scale (BCRSS), a 9-category ordinal severity scale ranging from
0 (asymptomatic patient) to 8 (a critically ill patient with tracheal in-
tubation, mechanical ventilation and advanced ICU management
(Fig. 1). The BCRSS has been developed through multiple interactions
by a multidisciplinary team of intensive care physicians, infectious
disease specialists, pneumologists, internists, rheumatologists and im-
munologists to rapidly assess the patients' respiratory condition. BCRSS
classifies the patients' severity based on the need for oxygen supple-
mentation and ventilatory support, offering a step-up therapeutic ap-
proach for the use of antiviral and anti-inflammatory drugs. The scale
was rapidly adopted at a regional level and used to define pragmatically
the patient's response to treatment [17].

All patients receiving intravenous TCZ were treated with a standard
pharmacological protocol, including antiviral drugs (lopinavir
400 mg + ritonavir 100 mg twice a day or remdesivir 100 mg/day),
antibiotic prophylaxis (azithromycin, ceftriaxone or piperacillin/tazo-
bactam), hydroxychloroquine 400 mg/day and dexamethasone 20 mg/
day [18] and were receiving non-invasive ventilation (NIV) or me-
chanical ventilation with tracheal intubation (BCRSS score =3). In-
dication for TCZ was based on rapidly progressive respiratory failure,
refractory to pharmacological therapy and ventilatory support.

Total Improved or stable Worsened or deceased
(n = 100) (n=77) (n = 23)
Demographics and clinical characteristics
Gender 88 M, 12 F 66 M, 11 F 22M,1F
Age 62 61 66
(57-71) (54-68) (63-74)
Any Comorbidity 66 (66%) 47 (61%) 18 (78%)
Arterial Hypertension 46 (46%) 33 (43%) 13 (57%)
Diabetes Mellitus 17 (17%) 13 (17%) 4 (17%)
Cardiovascular Disease 16 (16%) 10 (13%) 6 (26%)
Chronic kidney disease 11 (11%) 6 (8%) 5 (22%)
Chronic obstructive pulmonary disease 9 (9%) 6 (8%) 3 (13%)
Malignancy 6 (6%) 4 (5%) 2 (9%)
Obesity 31 (31%) 24 (31%) 7 (30%)
(BMI > 30)
Overweight 34 (34%) 27 (35%) 7 (30%)
(BMI 25-30)
Signs and symptoms
Fever (>37.5 °C) 85 (85%) 67 (87%) 18 (78%)
Cough 55 (55%) 43 (56%) 12 (52%)
Dyspnea 73 (73%) 53 (69%) 20 (87%)
Diarrhea 9 (9%) 8 (10%) 1 (4%)
Days between onset of symptoms and hospital admission 6 7 5
(4-8) (4-8) (4-7)
Days between hospital admission and TCZ infusion 5 5 5
(3-8) B-7) (3-8)
Days between the onset of symptoms and TCZ infusion 12 12 10
(9-14) (10-14) (8-13)
pre TCZ post TCZ pre TCZ post TCZ pre TCZ post TCZ
BCRSS score 3 2 3 2 3 7
3-7) -4 (3-6) (1-3) (3-7) (6-7)

Data are expressed as median (1st Quartile - 3rd Quartile) or n (%). TCZ: tocilizumab; BMIL: body mass index; BCRSS: Brescia COVID-19 Respiratory Severity Scale.
Pre TCZ indicates 1-12 h prior to tocilizumab administration. Post TCZ indicates 10 days after tocilizumab administration.
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TCZ was administered at a dosage of 8 mg/kg (max 800 mg) by two
consecutive intravenous infusions 12 h apart. A third infusion, 24 h
apart from the second was optional based on clinical response.

Clinical and laboratory data of all patients were collected at hospital
admission, shortly before TCZ administration and 10 days after.

3. Results

One hundred patients were treated with TCZ (Table 1). The median
age was 62 [IQR 57-71] and most patients were male (M/F: 88/12).
Comorbidities were present in more than half of patients with hy-
pertension being the most common one (46%), followed by obesity
(31%), diabetes (17%) and cardiovascular disease (16%).

On admission the most common symptoms were fever (85%), dys-
pnea (73%) and cough (55%) with a median time from illness onset and
hospital admission of 6 [IQR 4-8] days.

In all patients SARS-CoV-2 infection was confirmed by real time-
PCR on nasopharyngeal swab and pneumonia was documented by chest
x-ray or computed tomography. The most common radiological find-
ings were bilateral pulmonary infiltration, ground glass opacities and
consolidations.

All patients treated with TCZ had acute respiratory failure requiring
ventilatory support (BCRSS = 3). Fifty-seven patients were treated with
NIV (BCRSS = 3): notably, these patients were treated in the general
ward as no ICU beds and ventilators were available. Forty-three pa-
tients were treated in the ICU after tracheal intubation and mechanical
ventilation with a BCRSS before treatment of 7 [IQR 5-8]. Eighty-seven
patients (87%) received 2 infusions of TCZ, 13 patients (13%) 3 infu-
sions.

At 24-72 h after TCZ administration, 58 patients (58%) showed a
rapid improvement of clinical and respiratory condition, 37 (37%)
stabilized compared to the rapidly declining pre-TCZ condition, and 5
(5%) worsened (of whom 4 died) (Fig. 2).

At 10 days, the respiratory condition was improved or stabilized in
77 (77%) patients, of whom 61 showed a significant clearing of diffuse
bilateral opacities on chest x-ray and 15 were discharged from the
hospital. Respiratory condition worsened in 23 (23%) patients, of
whom 20 (20%) died.

Of the 57 patients treated outside the ICU, 37 (65%) improved and
suspended NIV (BCRSS 1 [IQR 0-2]), 7 (12%) patients remained stable

A
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in NIV, and 13 (23%) patients worsened (10 died, 3 were admitted to
ICU).

Of the 43 patients treated in the ICU, 32 (74%) improved (17 of
them were taken off the ventilator and were discharged to the ward), 1
(2%) remained stable (BCRSS class 5) and 10 (24%) died (all of them
had BCRSS =7 before TCZ).

At the time of TCZ administration, all patients presented lympho-
penia (below 1 x 1073 cells/ul) and high levels of inflammatory
markers, including CRP, fibrinogen, ferritin and IL-6. Ten days after, the
lymphocyte count increased, especially in improved patients. CRP, fi-
brinogen and ferritin levels decreased toward the range of normality,
while D-Dimer and IL-6 levels increased both in improved and wor-
sened patients (Table 2).

During the 10-day follow-up, we observed three cases of severe
adverse events: two patients developed septic shock and died, one had
gastrointestinal perforation requiring urgent surgery and was alive at
day 10.

4. Discussion

Trying to deal with an unprecedented sanitary emergency, a mul-
tidisciplinary team put efforts in the development of a standardized
approach to manage patients with severe COVID-19 pneumonia and
acute respiratory failure. We measured an extended panel of circulating
biomarkers and used a disease-specific scale (BCRSS) to quickly classify
respiratory severity, in order to provide a step-up approach for the use
of antiviral and anti-inflammatory drugs. Besides lymphopenia, which
has been consistently reported in patients with COVID-19, we found
extremely high levels of CRP, ferritin, D-Dimer and triglycerides in-
dicating that a HIS was present at the time when the respiratory con-
dition was rapidly deteriorating [10,11]. Laboratory parameters did not
fit completely with the definition of typical sHLH, which includes also
hypofibrinogenemia, high AST levels and low platelet count. Hence, it
remains uncertain whether the described biochemical pattern re-
presents an incomplete form of sHLH confined to the lung or a peculiar
hyperinflammatory and pro-coagulant state mediated by COVID-19 [5].
The COVID-19-associated HIS could be part of the spectrum of “hy-
perferritinemic syndromes”, which includes many secondary auto-in-
flammatory conditions [19,20], and may have a genetic predisposition,
like the majority of these diseases [21].

B

BCRSS
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Fig. 2. Brescia COVID-19 Respiratory Severity Scale (BCRSS) trend over time after Tocilizumab administration in patients treated in the ICU (panel A) and in the

general ward (panel B).
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We treated with TCZ a series of 100 consecutive patients, the largest
series until now, and found that the treatment was associated with a
clinical improvement in more than three quarters of patients. CRP,
ferritin and fibrinogen serum levels decreased toward the normal range
and lymphocyte count increased, especially in patients whose clinical
conditions improved. IL-6 serum levels increased, similarly to what was
reported after TCZ administration in patients with Rheumatoid Arthritis
and Castleman disease [22]. D-Dimer levels remained high, suggesting
that TCZ was able to act only partially on the inflammatory cascade and
might have had a minimal or no effect on down-modulating active
coagulation [23].

These preliminary results are encouraging, considering that the re-
sponse to TCZ was rapid, within 12 to 72 h, and sustained, as all pa-
tients with initial response continued to improve over the next ten days.
Several acutely ill patients could be extubated and discharged to the
ward or even discharged at home. It is worth emphasizing that, at the
time of TCZ administration, ICU beds and ventilators were not available
for many of these patients, leaving little time to save their lives [24].

In conclusion, our results should be considered preliminary, as they
stem from an uncontrolled series and a causal inference cannot be es-
tablished. TCZ efficacy needs to be validated in large clinical trials with
randomized allocation of treatment. Given the dramatic spreading of
the SARS-CoV-2 infection worldwide, we feel that our data would merit
attention by colleagues caring for severe COVID-19 pneumonia and
respiratory failure. Timely identification of the hyperinflammatory
state and its treatment may be crucial in interrupting the cascade
leading to irreversible lung damage and death. In these circumstances,
Tocilizumab may be considered as rescue therapy if other treatments
have failed or are not available.

Acknowledgements

The authors are grateful to the laboratory technicians of the Core-
Lab, Central Laboratory at ASST Spedali Civili of Brescia, Department of
Laboratory Diagnostics, for their valuable collaboration.

References

[1] Italian Ministry of Health. http://www.salute.gov.it/imgs/C_17_notizie 4370_1 file.
pdf; 2020.
[2] Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al. Baseline
characteristics and outcomes of 1591 patients infected with SARS-CoV-2 admitted
to ICUs of the Lombardy region, Italy. JAMA 2020. https://doi.org/10.1001/jama.
2020.5394.
Grasselli G, Pesenti A, Cecconi M. Critical care utilization for the COVID-19 out-
break in Lombardy, Italy: early experience and forecast during an emergency re-
sponse. JAMA - J Am Med Assoc 2020. https://doi.org/10.1001/jama.2020.4031.
Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19:
consider cytokine storm syndromes and immunosuppression. Lancet
2020;395:1033-4. https://doi.org/10.1016/50140-6736(20)30628-0.
McGonagle D, Sharif K, O’'Regan A, Bridgewood C. Interleukin-6 use in COVID-19
pneumonia related macrophage activation syndrome. Autoimmun Rev

[3

=

[4

=

[5

[6

=

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Autoimmunity Reviews 19 (2020) 102568

2020;102537. https://doi.org/10.1016/j.autrev.2020.102537.

Karakike E, Giamarellos-Bourboulis EJ. Macrophage activation-like syndrome: a
distinct entity leading to early death in sepsis. Front Immunol 2019;10. https://doi.
org/10.3389/fimmu.2019.00055.

Lau SKP, Lau CCY, Chan KH, Li CPY, Chen H, Jin DY, et al. Delayed induction of
proinflammatory cytokines and suppression of innate antiviral response by the
novel Middle East respiratory syndrome coronavirus: implications for pathogenesis
and treatment. J Gen Virol 2013;94:2679-90. https://doi.org/10.1099/vir.0.
055533-0.

Al-Ahmari A. Is secondary hemophagocytic lymphohistiocytosis behind the high
fatality rate in Middle East respiratory syndrome corona virus? J Appl Hematol
2015;6:1-5.

Ramos-Casals M, Brito-Zerén P, Lopez-Guillermo A, Khamashta MA, Bosch X. Adult
haemophagocytic syndrome. Lancet 2014;383:1503-16. https://doi.org/10.1016/
50140-6736(13)61048-X. Lancet Publishing Group.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective co-
hort study. Lancet 2020;395. https://doi.org/10.1016/50140-6736(20)30566-3.
Lippi G, Plebani M. Laboratory abnormalities in patients with COVID-2019 infec-
tion. Clin Chem Lab Med 2020. https://doi.org/10.1515/cclm-2020-0198.
Shoenfeld Y. Corona (COVID-19) time musings: our involvement in COVID-19 pa-
thogenesis, diagnosis, treatment and vaccine planning. Autoimmun Rev
2020;102538. https://doi.org/10.1016/j.autrev.2020.102538.

XuX, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective treatment of severe COVID-
19 patients with tocilizumab. ChinaXiv 2020:1-12.

Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, et al. Characteristics of lymphocyte
subsets and cytokines in peripheral blood of 123 hospitalized patients with 2019
novel coronavirus pneumonia (NCP). MedRxiv 2020;2020(2). https://doi.org/10.
1101/2020.02.10.20021832. 10.20021832.

ATFA. https://www.aifa.gov.it/sperimentazioni-cliniche-covid-19.

Zamperetti N, Latronico N. Clinical research in critically ill patients: the situation in
Italy. Intensive Care Med 2008;34:1330-2. https://doi.org/10.1007/s00134-008-
1096-6.

Piva S, Filippini M, Turla F, Cattaneo S, Margola A, De Fulviis S, et al. Clinical
presentation and initial management of critically ill patients with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection in Brescia, Italy. J Crit
Care 2020;58:29-33. https://doi.org/10.1016/j.jcrc.2020.04.004.

Villar J, Ferrando C, Martinez D, Ambrés A, Mufoz T, Soler JA, et al.
Dexamethasone treatment for the acute respiratory distress syndrome: a multi-
centre, randomised controlled trial. Lancet Respir Med 2020;8:267-76. https://doi.
org/10.1016/52213-2600(19)30417-5.

Rosério C, Zandman-Goddard G, Meyron-Holtz EG, D’Cruz DP, Shoenfeld Y. The
hyperferritinemic syndrome: macrophage activation syndrome, still’s disease, septic
shock and catastrophic antiphospholipid syndrome. BMC Med 2013;11. https://doi.
0rg/10.1186/1741-7015-11-185.

Ruscitti P, Berardicurti O, Cipriani P, Iagnocco A, Shoenfeld Y. Severe hyperferri-
tinemic COVID-19, another piece in the puzzle of the “hyperferritinemic syndrome”
Rheumatol Point View 2020. (In press).

Caso F, Costa L, Ruscitti P, Navarini L, Del Puente A, Giacomelli R, et al. Could Sars-
coronavirus-2 trigger autoimmune and/or autoinflammatory mechanisms in ge-
netically predisposed subjects? Autoimmun Rev 2020;102524. https://doi.org/10.
1016/j.autrev.2020.102524.

Nishimoto N, Terao K, Mima T, Nakahara H, Takagi N, Kakehi T. Mechanisms and
pathologic significances in increase in serum interleukin-6 (IL-6) and soluble IL-6
receptor after administration of an anti-IL-6 receptor antibody, tocilizumab, in
patients with rheumatoid arthritis and Castleman disease. Blood
2008;112:3959-64. https://doi.org/10.1182/blood-2008-05-155846.

Chen J, Wang X, Zhang S, Liu B, Wu X, Wang Y, et al. Findings of acute pulmonary
embolism in COVID-19 patients. SSRN Electron J 2020. https://doi.org/10.2139/
ssrn.3548771.

Truog RD, Mitchell C, Daley GQ. The toughest triage — allocating ventilators in a
pandemic. N Engl J Med 2020. https://doi.org/10.1056/NEJMp2005689.
NEJMp2005689.


http://www.salute.gov.it/imgs/C_17_notizie_4370_1_file.pdf
http://www.salute.gov.it/imgs/C_17_notizie_4370_1_file.pdf
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.4031
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.autrev.2020.102537
https://doi.org/10.3389/fimmu.2019.00055
https://doi.org/10.3389/fimmu.2019.00055
https://doi.org/10.1099/vir.0.055533-0
https://doi.org/10.1099/vir.0.055533-0
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0040
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0040
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0040
https://doi.org/10.1016/S0140-6736(13)61048-X
https://doi.org/10.1016/S0140-6736(13)61048-X
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1515/cclm-2020-0198
https://doi.org/10.1016/j.autrev.2020.102538
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0065
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0065
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.1101/2020.02.10.20021832
https://www.aifa.gov.it/sperimentazioni-cliniche-covid-19
https://doi.org/10.1007/s00134-008-1096-6
https://doi.org/10.1007/s00134-008-1096-6
https://doi.org/10.1016/j.jcrc.2020.04.004
https://doi.org/10.1016/S2213-2600(19)30417-5
https://doi.org/10.1016/S2213-2600(19)30417-5
https://doi.org/10.1186/1741-7015-11-185
https://doi.org/10.1186/1741-7015-11-185
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0100
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0100
http://refhub.elsevier.com/S1568-9972(20)30130-0/rf0100
https://doi.org/10.1016/j.autrev.2020.102524
https://doi.org/10.1016/j.autrev.2020.102524
https://doi.org/10.1182/blood-2008-05-155846
https://doi.org/10.2139/ssrn.3548771
https://doi.org/10.2139/ssrn.3548771
https://doi.org/10.1056/NEJMp2005689
https://doi.org/10.1056/NEJMp2005689

