
 

 

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. 

 



Archivos de Bronconeumología 58 (2022) 466–468

www.archbronconeumol .org

Editorial
The  Impact  of  COVID-19  in  Cystic  Fibrosis
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From the moment the COVID-19 pandemic was  declared in
March 2020, there was palpable fear of the potential impact on the
cystic fibrosis (CF) population. Not only were there reports of worse
outcomes in more vulnerable persons (e.g., the elderly and those
with comorbidities), but CF has a long history of adverse outcomes
tied to viruses. Respiratory viral infections are often implicated as
a cause of pulmonary exacerbations1,2 and persons with CF (pwCF)
had suffered during the 2009 H1N1 Influenza A pandemic.3 Yet
the early COVID-19 pandemic experience reported was much bet-
ter than anticipated. Regional and pooled datasets revealed two
important observations: first, remarkably few pwCF were identi-
fied with COVID-19 (Fig. 1), perhaps because they were not infected
or not identified (e.g., asymptomatic or had mild illness) and sec-
ond, those who were infected rarely suffered severe outcomes.4–11

Hypotheses arose to account for these better-than-expected out-
comes including (1) fewer associated comorbidities (e.g., pwCF are
younger and have a lower prevalence of obesity), (2) pwCF are
accustomed to infection preventive measures, (3) protective effects
of CF cellular processes (e.g., dysregulated autophagy may  counter-
act viral infection), and (4) protective effects of CF therapies (e.g.,
CFTR modulators or azithromycin).12–15

During times of great apprehension, it is understandable that we
express conjecture even with limited supporting data. However, as
the COVID-19 pandemic has continued, we have gained additional
knowledge about the epidemiology and impact of SARS-CoV-2 in
the CF population.16 The general findings of our accumulated data
reveal that pwCF are as vulnerable to infection with SARS-CoV-2
as the general population; a surge in cases in pwCF mirrored that
of the overall U.S. population (Figure). Also, there are some who
are at risk for severe adverse outcomes of COVID-19, especially
those who have undergone lung transplantation and on immuno-
suppressant drugs.17 There do not appear to be any protective
benefits from having CF nor from CF therapies. However, those
pwCF able to enjoy the benefits of CFTR modulators are in better
overall health, and there were fewer children on CFTR modulators
were hospitalized.11 There had been a reduction in hospitalizations
for CF pulmonary exacerbations associated with the approval of
elexacaftor-tezacaftor-ivacaftor (ETI) in the U.S. that preceded the

onset of the pandemic with a further reduction in events after its
onset18; although this could be attributed to the ETI therapy, there
was also a reduction in hospitalizations in children under 12 years
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f age, who were not eligible for ETI, after the onset of the pandemic.
herefore, it seems most likely that the lower numbers of infected
wCF in the early part of the pandemic were related to better infec-
ion control measures and school closures. This is similar to what
as been seen in other respiratory conditions, where there was a
ubstantial reduction in COPD exacerbations during 202019 likely
ecause of infection control measures and less exposure to other
espiratory viruses.20 The best protection available to us all are pre-
entive measures such as distancing and wearing of masks, and
ighly-effective COVID vaccines, and so we must strongly encour-
ge our patients and their families to adhere to these measures.

Yet even if not infected with SARS-CoV-2, pwCF were still
dversely affected by the pandemic. The economy suffered consid-
rable disruption with furloughs and closures of businesses. The
ffect on employment affected some pwCF directly because of loss
f jobs21 or indirectly due to loss of CF team members.22,23 In addi-
ion, there were high rates of concern for food security among
wCF.21

The pandemic has also impacted on how care for pwCF is
elivered. When most of the world implemented extreme mea-
ures to reduce the spread of infection, this included the closure
f medical clinics, and, in some cases, a redeployment of staff
o areas in need such as intensive care units. Fortunately, the
echnology had improved sufficiently to allow for a conversion
f CF clinics into a telemedicine model of care. Early experi-
nce in CF clinics has demonstrated that multidisciplinary clinics
ould be conducted in this manner24; clinical encounters have
ince evolved into hybrid models in which patients may  be
een either in person or virtually.25 Clinics implemented typi-
al aspects of CF care remotely (e.g., spirometry and obtaining
espiratory cultures26), and found ways to incorporate diabetes
anagement,27 mental health assessment,28,29 physiotherapy

ncluding exercise programs,30 and other aspects of CF care. To
ate, success has been defined by the ability to deliver, to vary-

ng degrees, these parts of CF care, and there is expressed desire
y pwCF, their families, and the CF multidisciplinary team, in part
elated to the convenience that telemedicine offers.26

Remote care is expected to remain an important component

f CF care31; however, it does not allow for some critical aspects
f care (e.g., physical examination and observation of interactions
etween parent and child with CF) and may  adversely compromise
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30. Dixon E, Dick K, Ollosson S, Jones D, Mattock H, Bentley S, et al. Telemedicine and
Fig. 1. COVID-19 cases among people with CF over time: The chart shows the num
were  otherwise diagnosed with, COVID-19 monthly since Jan. 2020. As with the ge
(10/31/2021) reflects incomplete data.

the important relationship the multidisciplinary team has with the
pwCF and family. It may  also result in greater disparities as there
are families who do not have the internet access necessary for
telehealth.32,33 The hard work must now begin to establish how
remote care can best contribute to optimal care for pwCF without
losing the clear value of the pre-pandemic care model that has con-
tributed to marked improvement in medical outcomes over the last
several decades.34

References

1. Flight WG,  Bright-Thomas RJ, Tilston P, Mutton KJ, Guiver M, Morris J, et al.
Incidence and clinical impact of respiratory viruses in adults with cystic fibrosis.
Thorax. 2014;69:247–53.

2. Etherington C, Naseer R, Conway SP, Whitaker P, Denton M,  Peckham DG. The
role of respiratory viruses in adult patients with cystic fibrosis receiving intra-
venous antibiotics for a pulmonary exacerbation. J Cyst Fibros. 2014;13:49–55.

3. Viviani L, Assael BM,  Kerem E. Impact of the A (H1N1) pandemic influenza (sea-
son 2009-2010) on patients with cystic fibrosis. J Cyst Fibros. 2011;10:370–6.

4. Naehrlich L, Orenti A, Dunlevy F, Kasmi I, Harutyunyan S, Pfleger A, et al. Inci-
dence of SARS-CoV-2 in people with cystic fibrosis in Europe between February
and June 2020. J Cyst Fibros. 2021;20:566–77.

5. Corvol H, de Miranda S, Lemonnier L, Kemgang A, Gaubert MR,  Chiron R, et al.
First wave of COVID-19 in French patients with cystic fibrosis. J Clin Med.
2020;9:3624.

6. Berardis S, Verroken A, Vetillart A, Struyf C, Gilbert M,  Gruson D, et al. SARS-
CoV-2 seroprevalence in a Belgian cohort of patients with cystic fibrosis. J Cyst
Fibros. 2020;19:872–4.

7. De Vito C, Midulla F, Cimino G, Peirangeli A, Antonellie G. No detection of SARS-
CoV-2 in cystic fibrosis patients at the Regional (Lazio) Reference Center for CF
in  Italy. J Cyst Fibros. 2020;19:837–8.

8. Cosgriff R, Ahern S, Bell SC, Brownlee K, Burgel PR, Byrnes C, et al. A multinational
report to characterise SARS-CoV-2 infection in people with cystic fibrosis. J Cyst
Fibros. 2020;19:355–8.

9. McClenaghan E, Cosgriff R, Brownlee K, Ahern S, Burgel PR, Byrnes CA, et al. The
global impact of SARS-CoV-2 in 181 people with cystic fibrosis. J Cyst Fibros.
2020;19:868–71.

0. Colombo C, Burgel PR, Gartner S, van Koningsbruggen-Reitschel S, Naehrlich
L,  Sermet-Gaudelus I, et al. Impact of COVID-19 on people with cystic fibrosis.
Lancet Resp Med. 2020;8:e34–36.

1. Bain R, Cosgriff R, Zampoli M,  Elbert A, Burgel PR, Carr SB, et al. Clinical character-
istics of SARS-CoV-2 infection in children with cystic fibrosis: An international
observational study. J Cyst Fibros. 2021;20:25–30.
2. Peckham D, McDermott MF,  Savic S, Mehta A. COVID-19 meets cystic fibrosis:
for better or worse? Genes Immun. 2020;21:260–2.

3. Abraham EH, Guidotti G, Rapaport E, Bower D, Brown J, Griffin RJ, et al. Cystic
fibrosis improves COVID-19 survival and provides clues for treatment of SARS-
CoV-2. Puriner Signal. 2021, http://dx.doi.org/10.1007/s11302-021-09771-0.

3

467
f people with CF in the Cystic Fibrosis Patient Registry who tested positive for, or
 U.S. population, cases have increased during surges. Note the last bar to the right

4. Bezzerri V, Lucca F, Volpi S, Cipolli M.  Does cystic fibrosis constitute an advantage
in  COVID-19 infection? Ital J Pediatr. 2020;46:143.

5. Stanton BA, Hampton TH, Ashare A. SARS-CoV-2 (COVID-19) and cystic fibrosis.
Am  J Physiol Lung Cell Mol  Physiol. 2020;319:L408–15.

6. Matthew HR, Choi MY,  Parkins MD,  Fritzler MJ.  Systematic review: cystic
fibrosis in the SARS-CoV-2/COVID-19 pandemic. BMC  Pulm Med. 2021;21:
173.

7. Farfour E, Picard C, Lesprit P, Lesprit P, Ballester MC,  Akermann F et al. COVID-
19  in lung-transplanted and cystic fibrosis patient: be careful. J Cyst Fibros.
2020;19:316–7.

8. Dwight M,  Marshall B. CFTR modulators: transformative therapies for cystic
fibrosis. J Manag Care Spec Pharm. 2021;27:281–4.

9. Alqahtani JS, Oyelade T, Aldhahir AM,  Mendes RG, Alghamdi SM,  Miravitiles M.
Reduction in hospitalized COPD exacerbation during COVID-19: a systematic
review and meta-analysis. PLoS ONE. 2021;16, e0255659.

0. Centers for Disease Control. 2020–2021 Flu season summary.
https://www.cdc.gov/flu/season/faq-flu-season-2020-2021.htm.

1. Albon D, Bruschwein H, Soper M,  List R, Jennings D, Gettle L, et al. Impact of
COVID-19 on social determinants of health for adults with cystic fibrosis. Ther
Adv  Respir Dis. 2021;15:1–10.

2. Sawicki GS, Van Citters AD, Dieni O, Sabadosa KA, Willis A, Benitez D, et al.
Financial impacts of the COVID-19 pandemic on cystic fibrosis care: lessons for
the  future. J Cyst Fibros. 2021;20:S16-S20.

3. Pearson K, Mayer-Hamblett N, Goss CH, Retsch-Bogart GZ, VanDalfsen JM,  Burks
P,  et al. The impact of SARS-CoV-2 on the Cystic Fibrosis Foundation therapeutics
development network. J Cyst Fibros. 2021;20:195–7.

4. Compton M,  Soper M,  Reilly B, Gettle L, List R, Bailey M,  et al. A feasibility study
of  urgent implementation of cystic fibrosis multidisciplinary telemedicine clinic
in  the face of COVID-19 pandemic: single-center experience. Telemed eHealth.
2020;26:978–84.

5. Dowd CG, Van Citters AD, Dieni O, Willis A, Powell L, Sabadosa K. Design and
methods for understanding the state of cystic fibrosis care amid the COVID-19
pandemic. J Cyst Fibros. 2021;20:S3-S8.

6. Davis J, Nesmith A, Perkins R, Bailey J, Siracusa C, Chaudary N, et al. Patient and
family perceptions of telehealth as part of the cystic fibrosis care model during
COVID-19. J Cyst Fibros. 2021;20:e23–8.

7. Hasan S, Lansang MC,  Khan MS,  Dasenbrook E. Managing cystic fibrosis
related diabetes via telehealth during COVID-19 pandemic. J Clin Translation
Endocrinol. 2021;23:100253.

8. Smith BA, Georgiopoulos AM,  Mueller A, Abbott J, Lomas P, Aliaj E, et al. Impact
of  COVID-19 on mental health: effects on screening, care delivery, and people
with cystic fibrosis. J Cyst Fibros. 2021;20:S31-S38.

9. Havermans T. Impact of Covid-19 on mental health: effects on screening,
care delivery, and people with cystic fibrosis: Commentary. J Cyst Fibros.
2021;20:S39-S40.
cystic fibrosis: do we still need face-to-face clinics? Paediatr Respir Rev 2021 [in
press]. doi:10.1016/j.prrv.2021.05.002.

1. Davies JC. The life rafts sailed; now let’s take stock and set the course ahead. J
Cyst Fibros. 2021;20:S29-S30.

http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0185
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0190
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0195
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0200
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0205
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0210
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0215
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0220
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0225
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0230
dx.doi.org/10.1007/s11302-021-09771-0
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0240
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0245
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0250
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0255
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0260
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0265
https://www.cdc.gov/flu/season/faq-flu-season-2020-2021.htm
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0275
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0285
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0290
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0300
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://refhub.elsevier.com/S0300-2896(21)00397-5/sbref0305
http://dx.doi.org/10.1016/j.prrv.2021.05.002


3

3

3

P.A. Flume, L. Saiman and B. Marshall 

2. Albon D, Van Citters AD, Ong T, Dieni O, Dowd C, Willis A, et al. Telehealth
use  in cystic fibrosis during COVID-19: association with race, ethnicity, and
socioeconomic factors. J Cyst Fibros. 2021:20:S49-S54.
3. Gifford AH, Ong T, Dowd C, Van Critters AD, Scalia P, Sabadosa K, et al. Evaluating
barriers to and promoters of telehealth during the COVID-19 pandemic at U.S.
cystic fibrosis programs. J Cyst Fibros. 2021;20:S9-S13.

4. Elborn J. Digital healthcare in cystic fibrosis. Learning from the pandemic to
innovate future care. J Cyst Fibros. 2021;20:S64-S66.

468
Archivos de Bronconeumología 58 (2022) 466–468

Patrick A. Flume a,∗, Lisa Saiman b, Bruce Marshall c

a Medical University of South Carolina, Charleston, SC, USA
b Columbia University Irving Medical Center, New York, NY, USA

c Cystic Fibrosis Foundation, Bethesda, MD,  USA
Corresponding author.
E-mail address: flumepa@musc.edu (P.A. Flume).

mailto:flumepa@musc.edu

