
 

 

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. 

 



Contents lists available at ScienceDirect

Blood Cells, Molecules and Diseases

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

Direct and indirect effects of the SARS-CoV-2 pandemic on Gaucher Disease
patients in Spain: Time to reconsider home-based therapies?

Marcio Andrade-Camposa,b,c, Beatriz Escuder-Azuarab, Laura López de Frutosb,c,d,
Irene Serrano-Gonzalob,d, Pilar Giraldob,c,⁎, , on behalf of GEEDL, FEETEG, withcollaboration of
AEEFEG
aHospital del Mar, Institut Hospital del Mar d’Investigacions Mèdiques, Barcelona, Spain.
b Fundación Española para el Estudio y Terapéutica de la Enfermedad de Gaucher y otras lisosomales (FEETEG), Zaragoza, Spain
cGrupo de Estudio en Enfermedades de Depósito Lisosomal, Sociedad Española de Hematología y Hemoterapia, Zaragoza, Spain
dGrupo de Investigación en enfermedades Metabólicas y Hematológicas raras (GIIS-012), Fundación Instituto de Investigación Sanitaria Aragón (IIS-Aragón), Zaragoza,
Spain

A R T I C L E I N F O

Editor: Narla Mohandas

Keywords:
COVID-19
SARS-CoV-2
Gaucher Disease
ERT
Home therapy

A B S T R A C T

Objective: An analysis of the SARS-CoV-2 pandemic impact in the Spanish Gaucher Disease (GD) community is
presented here.
Patients & methods: The Spanish GD foundation (FEETEF) surveyed 113 GD patients from March 30 to April 27;
all patients provided a verbal consent.
Results: 110 surveys were analyzed. The median age was 47 years old (y.o.), 31 patients were ≥ 60 y.o.; and
34% of patients reported comorbidities. 46% (51/110) of patients were treated by enzyme replacement therapy
(ERT), 48 of them at hospitals; 45.1% (45/110) were on substrate reduction therapy (SRT) and 9% (10/110)
receive no therapy. 25% (11/48) of ERT-hospital-based patients reported therapy interruptions, while SRT-
patients did not report missing doses. No bone crises were reported. However, 50% (55/110) of patients reported
being worried about their predisposition to a severe SARS-COV-2 infection and 29% (16/55) of them took
anxiolytics or antidepressants for this. While 6 patients reported to have contact with an infected person, another
two confirmed SARS-CoV-2 infections were reported in splenectomyzed patients, one of them (a 79-year-old
diabetic) died.
Conclusions: One quarter of the patients treated at hospitals reported dose interruptions. Home-based therapy
may need to be considered in order to minimize the impact of the COVID-19 pandemic.

1. Introduction

Gaucher disease (GD; MIM#23800, MIM#230900, MIM#231000),
is the most common lysosomal storage disorder worldwide. In Spain it
has an estimated incidence of 1 in 110,000 to 140,000 inhabitants [1]
[2]. The therapy for GD in Spain follows the guidelines provided by the
health department. There are 4 available therapies, 2 enzyme replace-
ment therapy (ERT) options in first-line indication: Velaglucerasa alfa
(Takeda Pharmaceutical) and Imiglucerase (Sanofi-Genzyme), one
substrate reduction therapy (SRT), also in first-line indication, Eliglu-
stat (Sanofi-Genzyme) and one SRT in second-line indication, Miglustat
(Johnson & Johnson). Patients receive ERT at hospitals' infusions center
(hospital-base-ERT) or at home (home-base-ERT), and both SRT drugs
are supplied by hospitals' pharmacies.

The 14th March 2020, the Spanish Government declared a State of
Alarm in Spain, in order to control the effects of the SARS-CoV-2 pan-
demic [3]. By May 31, more than 239,000 persons had been infected
and 27,127 had died. During the State of Alarm all hospitals in the
country were under the control of the Spanish Government, and sub-
stantial efforts were made to prioritize assistance for patients affected
by SARS-COV-2; isolation measures and a general lockdown were also
declared.

Concerning to analyze the impact of SARS-CoV-2 pandemic in GD
patients, the Spanish Gaucher Disease Foundation (FEETEG) and the
Spanish Association of patients and families affected by GD (AEEFEG)
collaborated in a survey project. The results are presented here.

https://doi.org/10.1016/j.bcmd.2020.102478
Received 14 June 2020; Received in revised form 8 July 2020; Accepted 10 July 2020

⁎ Corresponding author at: FEETEG, c/ José Ma Lacarra de Miguel 35, 2 Izda, Zaragoza 50008, Spain.
E-mail address: giraldocastellano@gmail.com (P. Giraldo).

Blood Cells, Molecules and Diseases 85 (2020) 102478

Available online 14 July 2020
1079-9796/ © 2020 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/10799796
https://www.elsevier.com/locate/bcmd
https://doi.org/10.1016/j.bcmd.2020.102478
http://omim.org/entry/230900
http://omim.org/entry/231000
https://doi.org/10.1016/j.bcmd.2020.102478
mailto:giraldocastellano@gmail.com
https://doi.org/10.1016/j.bcmd.2020.102478
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcmd.2020.102478&domain=pdf


2. Methods

2.1. Survey and statistical analysis

A customized survey available in supplemental material was cre-
ated. The survey was performed by phone call, from March 30 to April
27, 2020; all patients provided a verbal consent. General demographic
and clinical data at diagnosis were provided by the SGDR and a special
database included the baseline information and the survey information
created for this study. Descriptive analysis, frequency distribution of
variables and comparative test were performed.

3. Results

3.1. Patient characteristics

114 patients were contacted and 110 (97%) accepted to participate.
The majority were located in Andalucia (25/110, 23%), Aragón (13/
110, 12%), Madrid (12/110, 11%), Valencia (10/110, 9%) and Castilla
León (9/110, 8%) (Fig. 1). The median age of the surveyed cases was
47 years (range 3–84), and gender distribution was almost equal (56/
110; 51% males and 54/110; 49% females). Most of patients, 104/110
(95%) were type 1 (GD1) and only six cases (5%) were type 3 GD
(GD3). Regarding the GBA (MIM*606463) analysis, the most common
genotype in GD3 patients was NP_000148.2:
[p.Leu483Pro] + [p.Leu483Pro], while in GD1 the most common
genotype was NP_000148.2:[p.Asn409Ser] + [p.Leu483Pro] (43/104;
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Fig. 1. Distribution of the surveyed patients within Spanish Autonomous Communities.
From left to right and from top to down: Galicia: 5 cases; Asturias: 3 cases, Pais Vasco: 1 case; Castilla y León: 9 cases; La Rioja: 4 cases, Aragón 13 cases; Cataluña 7
cases; Madrid 12 cases; Castilla La Mancha 3 cases; Valencia 10 cases; Extremadura: 8 cases; Andalucía: 25 cases; Murcia: 6 cases; Islas Baleares: 1 cases, Islas
Canarias 3 cases.

Table 1
General characteristics and therapies.

General characteristics

Gender N (%)

Male/Female 55/54 (50.5%/49.5%)

Groups of age
> 60 years 31 (28.2%)
50–59 years 24 (21.8%)
40–49 years 18 (16.4%)
30–39 years 8 (7.3%)
20–29 years 11 (10%)
< 20 years 22 (20%)

Genotypes for GD1 (n = 104)
N370S/N370S: [p.Asn409Ser] + [p.Asn409Ser] 12 (11%)
N370S/L444P: [p.Asn409Ser] + [p.Leu483Pro] 45 (41%)
N370S/other [p.Asn409Ser] + [other] 40 (36%)
Other/other: [other] + [other] 13 (12%)

Therapies
Enzymatic Replacement Therapy (ERT) 51 (46%)
Home-based ERT 6 (12%)
Hospital-based ERT 44 (88%)
Substrate Reduction Therapy 49 (45%)
No therapy 10 (9%)

ERT: enzyme replacement therapy; SRT: substrate reduction therapy.
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41%), Table 1.
In regard to therapies, 51 (46.5%) patients received ERT; 6 in a

home-based ERT system and the rest at their hospitals. 49 (44.5%) cases
received SRT, the majority of them eliglustat (41, 37%). Finally, 10
(9%) currently receive no therapy. (Table 1).

3.2. Comorbidities and GD situation before COVID-19 pandemic

More than 45% of patients were older than 50; of all included pa-
tients, 38/110 (34%) suffer at least one comorbidity, of which arterial
hypertension is the most common (19/110; 17%); chronic obstructive
pulmonary disease (7/110, 6%), cancer (7/110, 6%) and diabetes
mellitus (5/110; 5%) were also reported. Concomitant treatments were
frequent, with medical prescription, and 56/110 (51%) of the cases
reported the intake of at least one medicine different from GD therapy.

Splenectomy was common in our series, affecting 21/110 (19%)
patients; 31 (28%) patients, of whom 7 were splenectomized, also re-
ported suffering skeletal pain in the last month; none of the surveyed
patients declared any diagnosis of pulmonary hypertension, but 15/110
(13%) of them were former or current smokers.

3.3. Impact of the SARS-CoV-2 pandemic

During the State of Alarm, no hospital has declared a shortage of GD
therapy. When asking the patients if they were in contact with anyone
confirmed to be COVID-19 positive, 6 patients respond in the affirma-
tive; they were located in Madrid, Aragón, Extremadura, Castilla-Leon,
Galicia and Castilla-La Mancha.

Two other positive SARS-CoV-2 cases were registered, both of them
patients previously splenectomized. One was a 79-year-old GD1 patient
who developed a severe SARS-CoV-2 infection; he did not receive
specific GD therapy. The patient reported being in contact with COVID-
19 affected patients and developed fever and dyspnea in mid-March; he
was admitted to a Hospital in Madrid but died due to bilateral pneu-
monia and multiorgan failure one week later. Among his comorbidities,
he had diabetes, hypertension, cured kidney cancer and was recently
diagnosed with Alzheimer's disease.

The second case was a 69yo GD1 female patient, who not reported
contact with any person known to be affected by COVID-19. She de-
veloped a mild SARS-CoV-2 infection with fever lasting 10 days, cough
and fatigue; the X-ray did not show pneumonia and she did not require
hospital admission.

From the rest of the patients, those receiving SRT reported that they
do not have problems with the treatment supply and confirmed a good
adherence to the therapy without missing doses. Two of the home-
based ERT patients reported a minimum change in their scheduled
doses, but no missing doses were registered. However, of the patients
receiving ERT at hospitals, 11/44 (25%) reported that they missed
several doses due to rescheduling and reorganization of their hospital
infusion center. Of these, 5/11 missed one dose, 5/11 two doses, and 1/
11 missed three doses of ERT. None of the surveyed cases reported to
have a bone crisis or acute bone pain during the reviewed period.

During this time, 55/110 (50%) patients reported anxiety and worry
about their predisposition toward infection and the possibility of de-
veloping more complications with SARS-CoV-2 infection than might
non-GD patients. Also, 16/55 (29%), reported the intake of anxiolytic
or antidepressant drugs for this reason.

From all the surveyed population, 86/110 (78%) were active
workers; of them 34 (40%) were continuing to work at their usual
workplaces, while 5 (6%) were working remotely.

4. Discussion

In the present study, an analysis of the impact of SARS-CoV-2 in the
Spanish Gaucher Disease community is presented; this is a collaboration
between FEETEG and AEEFEG, focused on assessing problems faced by

patients during these extraordinary times. More than a quarter of the
current GD cases included in the SGDR were surveyed, with re-
presentation of patients from 15 of the 17 autonomous communities in
Spain. From an analysis of this survey, we can confirm that this time of
pandemic is affecting the normal functioning of hospitals, impacting all
patients who need health assistance and not only those directly affected
by COVID19. All GD patients received their therapy from hospitals,
while patients receiving oral therapy continue to receive their treat-
ment even during the lockdown; patients receiving intravenous therapy
needed to change their schedule while 25% of the patients receiving the
ERT at hospitals missed doses. There was no bone crisis during this
short time; 2 patients developed a confirmed SARS-CoV-2 infection and,
unfortunately, one died. The impact of the COVID19 pandemic on so-
cial and psychological well-being was important among the surveyed
GD patients, with half of them reporting stress and anxiety with almost
one third of them needing anxiolytic or antidepressants for this reason.

In Spain, the SARS-COV-2 pandemic is having a huge impact; until
May 30, Spain is the country with the 5th-highest number of cases with
a confirmed infection and the 6th-highest number of deaths, with a
mortality rate of ~11%. To compare the incidence of confirmed cases of
COVID19 in Spain (data provided by Spanish Coordination Centre for
Health Alerts and Emergencies) at 31st May 2020 the cumulative in-
cidence per 100,000 inhabitants was 0.27%. The estimated prevalence
of IgG antibodies to SARS-CoV-2 in the Spanish population is 5.21%,
according to preliminary data from the second round of the ENE-
Covid19 study, promoted by the Ministry of Health, supported by the
Ministry of Science and Innovation and coordinated by the Carlos III
Health Institute [4].

In our cohort of GD patients, the incidence has been 1.81%, but in
all 110 GD patients the prevalence of IgG antibodies has not been de-
termined so this data should be considered with caution. According the
information from the Spanish Society of Hematology, the incidence of
SARS-CoV-2 in patients with chronic hematological malignancies is no
different from that of the general population and is estimated about
0.37%. [5]

The lessons learned from experiences in China [6] [7], Italy and
New York [8] mention that patients with comorbidities – especially
cardiovascular disease – are at a higher risk of complications. Regarding
GD, there are no data pertaining to their predisposition to SARS-CoV-2
infections; however, it can be noticed that untreated GD patients
usually showed a proinflammatory cytokine profile with a high level of
IL-4, IL-6 and IL-13, and also MIP1a [9] [10], and this improves with
therapy. In the infected cases reported here, both of them had under-
gone spleen removal, were over 65 y.o., and have comorbidities that
can play a role in the fatal outcome of our cases, according to previous
experiences [4] [11]. Patients with other chronic illnesses are also at
risk of worsening their condition due to the pandemic's collateral effects
such as the delay of therapy [12].

In 2009, a worldwide ERT shortage crisis occurred due to problems
in the enzyme production; that period lasted more than 6 months and
many patients experience a reduction on their infusions with some
cases receiving no therapy at all. In Spain, patients who reduced their
infusion up to 50% or suspended, experienced bone crisis, bone pain,
anaemia, thrombocytopenia with an increase in the biomarkers. The
actual situation [13], fortunately, has not exceeded 3 months and its
impact is less dramatic; however, the social impact and the fear of re-
currence hurry us to thing in strategies to avoid therapy interruptions
for our patients.

Recent guidelines published by Mistry P et al. in the USA for the
management of GD patients in SARS-CoV-2 infection emphasize that
there is insufficient information to ensure that these patients are at
increased risk of acquiring the infection, although the coronavirus ap-
pears to affect lysosomal function and the inflammatory status of the
GD could facilitate the autoinflammatory cascade. The need to perform
surveillance in patients with GD and to obtain epidemiological data in
different countries is prioritary in order to establish optimal
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management of the disease. In general, they recommend adherence to
the guidelines of the Center for Disease Control and to take into con-
sideration the individual characteristics in each patient [14].

Regarding lysosomal storage disorders (LSD), an Italian experience
of the impact of SARS-CoV-2 in assessing different LSD patients was
recently published; they included 44 treated GD patients. They also
found that patients receiving oral therapy did not suffer problems with
the medicine supply; one of the 16 LSD patients receiving ERT in a
home-based manner missed one dose and 49% of the patients receiving
therapy at hospitals experienced a treatment disruption [15]. All of this
was similar to our findings. It is necessary to remark that splenectomy
in GD patient needs to be avoided, and those patients who undergo it
need to receive appropriate vaccination and education about infections
in order to diminish their risk of infectious complications.

In conclusion, our findings support the idea that new ways to ensure
continued therapy for GD patients, during a time of social disruption,
such as the State of Alarm for COVID-19, need to be evaluated. It seems
that home-based therapies (such as oral or home-delivery ERT) need to
be reconsidered for these patients, of whom the majority usually re-
ceived the therapy at hospitals. At present, the data is too scanty to
make conclusions about whether GD patients are at higher risk for
SARS-CoV-2 infection and complications; nevertheless, consensus
guidelines will be desirable.

Conflict of interest

All the authors confirm there is no conflict of interest to declare.

Funding

This work was funded by FundaciónEspañola para el Estudio y
Terapéutica de la Enfermedad de Gaucher y otras Lisosomales
(FEETEG).

Disclosures

All authors declare that there are no conflicts of interests.
All authors have read and approved the manuscript.
This manuscript is not under consideration elsewhere.

CRediT authorship contribution statement

Marcio Andrade-Campos:Conceptualization, Formal analysis,
Writing - original draft, Writing - review & editing.Beatriz Escuder-
Azuara:Methodology, Data curation, Software.Laura López de
Frutos:Formal analysis.Irene Serrano-Gonzalo:Formal
analysis.Pilar Giraldo:Conceptualization, Methodology, Data cura-
tion, Formal analysis, Writing - original draft, Writing - review &
editing.

Acknowledgments

We are indebted to all the treating physicians and collaborators of
the Fundación Española para el Estudio y Terapéutica de la Enfermedad

de Gaucher (FEETEG), especially Concepción Pérez Valero for her ad-
ministrative work, and overall our GD patients; without them the
Spanish GD Registry (SGDR) would not be possible. We gratefully ac-
knowledge the collaboration of the Executive Committee of the
Asociacion Espanola de Enfermos y Familiares con Enfermedad de
Gaucher AEEFEG, and the support of FEETEG.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bcmd.2020.102478.

References

[1] M. Andrade-Campos, P. Alfonso, P. Irun, J. Armstrong, C. Calvo, J. Dalmau,
M.R. Domingo, J.L. Barbera, H. Cano, M.A. Fernandez-Galán, R. Franco, I. Gracia,
M. Gracia-Antequera, A. Ibañez, F. Lendinez, M. Madruga, E. Martin-Hernández,
M.D.M. O’Callaghan, A.P. Del Soto, Y.R. Del Prado, I. Sancho-Val, P. Sanjurjo,
M. Pocovi, P. Giraldo, Diagnosis features of pediatric Gaucher disease patients in
the era of enzymatic therapy, a national-base study from the Spanish registry of
Gaucher disease, Orphanet J Rare Dis 12 (2017) 84.

[2] P. Giraldo, M. Pocoví, J. Pérez-Calvo, D. Rubio-Félix, M. Giralt, Report of the
Spanish Gaucher’s disease registry: clinical and genetic characteristics,
Haematologica 85 (2000) 792–799.

[3] S. Government, Real Decreto 463/2020, de 14 de marzo, por el que se declara el
estado de alarma para la gestión de la situación de crisis sanitaria ocasionada por el
COVID-19, (2020).

[4] Ministry of Spanish Health, Supported by the Ministry of Science and Innovation
and coordinated by the Carlos III Health Institute https://github.com/datadista/
datasets/tree/master/COVID%2019. Last accessed 4th June 2020.

[5] https://www.sehh.es. Last accessed 18th June 2020.
[6] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, J. Xiang, Y. Wang, B. Song, X. Gu,

L. Guan, Y. Wei, H. Li, X. Wu, J. Xu, S. Tu, Y. Zhang, H. Chen, B. Cao, Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study, Lancet 395 (2020) 1054–1062.

[7] W.J. Guan, Z.Y. Ni, Y. Hu, W.H. Liang, C.Q. Ou, J.X. He, L. Liu, H. Shan, C.L. Lei,
D.S.C. Hui, B. Du, L.J. Li, G. Zeng, K.Y. Yuen, R.C. Chen, C.L. Tang, T. Wang,
P.Y. Chen, J. Xiang, S.Y. Li, J.L. Wang, Z.J. Liang, Y.X. Peng, L. Wei, Y. Liu, Y.H. Hu,
P. Peng, J.M. Wang, J.Y. Liu, Z. Chen, G. Li, Z.J. Zheng, S.Q. Qiu, J. Luo, C.J. Ye,
S.Y. Zhu, N.S. Zhong, M. T. E. G. F. C. China, Clinical characteristics of coronavirus
disease 2019 in China, N. Engl. J. Med. 382 (2020) 1708–1720.

[8] M.J. Cummings, M.R. Baldwin, D. Abrams, S.D. Jacobson, B.J. Meyer,
E.M. Balough, J.G. Aaron, J. Claassen, L.E. Rabbani, J. Hastie, B.R. Hochman,
J. Salazar-Schicchi, N.H. Yip, D. Brodie, M.R. O’Donnell, Epidemiology, clinical
course, and outcomes of critically ill adults with COVID-19 in New York City: a
prospective cohort study, Lancet 395 (10239) (2020) 1763–1770.

[9] P.K. Mistry, T. Taddei, S. vom Dahl, B.E. Rosenbloom, Gaucher disease and ma-
lignancy: a model for cancer pathogenesis in an inborn error of metabolism, Crit.
Rev. Oncog. 18 (2013) 235–246.

[10] A.P. Bussink, M. van Eijk, G.H. Renkema, J.M. Aerts, R.G. Boot, The biology of the
Gaucher cell: the cradle of human chitinases, Int. Rev. Cytol. 252 (2006) 71–128.

[11] M.R. Mehra, S.S. Desai, S. Kuy, T.D. Henry, A.N. Patel, Cardiovascular disease, drug
therapy, and mortality in Covid-19, N. Engl. J. Med. (2020), https://doi.org/10.
1056/NEJMoa200762.

[12] K. Palmer, A. Monaco, M. Kivipelto, G. Onder, S. Maggi, J.P. Michel, R. Prieto,
G. Sykara, S. Donde, The potential long-term impact of the COVID-19 outbreak on
patients with non-communicable diseases in Europe: consequences for healthy
ageing, Aging Clin Exp Res 2020 32 (7) (2020) 1189–1194.

[13] P. Giraldo, P. Irún, P. Alfonso, et al., Evaluation of Spanish Gaucher disease patients
after a 6-month imiglucerase shortage, Blood Cells Mol. Dis. 46 (2011) 115–118.

[14] P. Mistry, M. Balwani, D. Barbouth, et al., Gaucher disease and SARS-CoV-2 in-
fection emerging management challenges, Mol. Genet. Metab. 130 (2020) 164–169.

[15] Sechi, A, D. Macor, S. Valent, R. M. Da Riol, M. Zanatta, A. Spinelli, K. Bianchi, N.
Bertossi, A. Dardis, F. Valent, and M. Scarpa. 2020. Impact of COVID-19 related
healthcare crisis on treatments for patients with lysosomal storage disorders, the
first Italian experience. Mol. Genet. Metab. 2020 (Apr 29 doi: 10.1016/).

M. Andrade-Campos, et al. Blood Cells, Molecules and Diseases 85 (2020) 102478

4

https://doi.org/10.1016/j.bcmd.2020.102478
https://doi.org/10.1016/j.bcmd.2020.102478
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0005
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0010
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0010
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0010
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0015
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0015
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0015
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0020
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0020
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0020
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0020
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0025
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0030
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0030
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0030
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0030
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0030
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0035
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0035
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0035
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0040
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0040
https://doi.org/10.1056/NEJMoa200762
https://doi.org/10.1056/NEJMoa200762
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0050
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0050
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0050
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0050
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0055
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0055
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0060
http://refhub.elsevier.com/S1079-9796(20)30305-3/rf0060

