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Commentary
Nutraceuticals have potential for boosting the type 1 interferon response
to RNA viruses including influenza and coronavirus
Mark F. McCartya, James J. DiNicolantoniob,⁎
a Catalytic Longevity Foundation, United States of America
b Mid America Heart Institute, St. Luke's Hospital, United States of America
NOX2-dependent oxidant production inhibits TLR7 signaling reported to boost the type 1 interferon response to hepatitis C RNA
In light of worldwide concern regarding the recent outbreak of a
deadly novel strain of coronavirus in China, it is fortuitous that two re-
cent discoveries point the way to effective nutraceutical measures for
potentiating the type 1 interferon response to RNA viruses.

Activation of toll-like receptor 7 (TLR7) by single-stranded viral RNA
trapped within endosomes provides a key stimulus to type 1 interferon
induction byRNA viruses.1 Selemidis and colleagues have recently dem-
onstrated that, within the endosomes of human alveolar macrophages,
such viruses evoke superoxide production by NOX2-dependent
NADPH oxidase complexes; the presence of TLR7 is required for this
effect.2 This phenomenon was demonstrated with a wide range of
RNA viruses, including rhinovirus, respiratory syncytial virus, human
parainfluenza virus, human metapneumonia virus, Sendai virus, Den-
gue virus, and HIV. Furthermore, the subsequent generation of hydro-
gen peroxide within these endosomes leads to an oxidation of Cys98
on TLR7 that blocks the ability of this receptor to transmit a signal
boosting type 1 interferon production. In macrophages deficient in
NOX2 activity, either genetically or owing to administration of a
targeted NOX2 inhibitor (gp91ds-TAT), the production of type 1 inter-
feronwasmarkedly higher in response to RNAvirus infection.When ge-
netically normal or NOX2 knockout mice were exposed to an inactive
strain of influenza virus, the interferon-beta response and the antibody
response evoked by this virus were markedly higher in the NOX2
knockout mice.

These findings point to the possibility that nutraceuticals capable of
inhibiting NOX2, promoting clearance of hydrogen peroxide, or aiding
restoration of the native structure of Cys98 in TLR7, might be expected
to boost the TLR7-mediated induction of type 1 interferon and antiviral
antibodies. The low nanomolar intracellular concentrations of unconju-
gated bilirubin generated by activation of hemeoxygenase-1 (HO-1) are
known to inhibit NOX2-dependingNADPHoxidase activity; this likely is
a key homeostatic mission of HO-1.3,4 Moreover, biliverdin – the HO-1
product which is converted rapidly to bilirubin within cells – has been
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virus in hepatocyte cell lines.5 Furthermore, HO-1 induction is reported
to potentiate the type 1 interferon response to influenza virus.6 Phase 2-
inductive nutraceuticals – such as ferulic acid, lipoic acid, or sulforaph-
ane – are known to promote induction of HO-1, and hence may have
some utility for boosting type 1 interferon response.7–9 The ability of so-
dium ferulate to activate TLR7, stimulate type 1 interferon production,
and enhance survival in influenza A-infected mice, might be secondary
to HO-1 induction, and possibly reflects an additional effect of ferulate
per se (as TLR9 was also found to be activated).10

Moreover, the phycocyanobilin (PCB) chromophore of
cyanobacteria (such as spirulina) and many types of blue-green algae,
a biliverdin metabolite, has been shown to mimic the NAPDH oxidase
inhibiting activity of unconjugated bilirubin, likely because it is rapidly
converted within cells to phycocyanorubin, a compound very similar
in structure to bilirubin.11,12 This phenomenon likely explains many of
the profound antioxidant and anti-inflammatory effects observed
when spirulina, phycocyanin (the prominent spirulina protein incorpo-
rating PCB as a chromophore), or PCB itself are administered in rodent
models of human pathology.11,13 Hence, ingestion of spirulina or of spi-
rulina extracts enriched in PCB may have potential for boosting type 1
interferon response in the context of RNA virus infection. Oral adminis-
tration of a cold-water spirulina extract rich in phycocyanin has been
found to decrease mortality in influenza-infected mice.14

The downstream consequences of hydrogen peroxide production
might also be addressed by phase 2-inductive nutraceuticals, as these
induce various peroxidase enzymes and promote the synthesis of gluta-
thione, a cofactor for certain peroxidases and a catalyst in reactions that
reconvert oxidized cysteine groups to their native form.15 Glutathione
production can also be promoted by administration of N-
acetylcysteine (NAC), which has been shown to be protective in rodents
infected with influenza.16–18 In a little-noticed 6-month controlled clin-
ical study enrolling 262 primarily elderly subjects, those receiving
600mg NAC twice daily, as opposed to those receiving placebo, experi-
enced significantly fewer influenza-like episodes and days of bed
confinement.19 Although the rate of seroconversion to influenza A was
comparable in the two groups – indicating that they were exposed at
the same frequency – only 25% of the virus-infected subjects in the
NAC group developed symptoms, as contrasted to 79% of those of
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Table 1
Provisional daily dosage suggestions for nutraceuticals that might aid control of RNA vi-
ruses including influenza and coronavirus

Ferulic acid 500-1,000 mg
Lipoic acid 1,200-1,800 mg (in place of ferulic acid)
Spirulina 15 g (or 100 mg PCB)
N-Acetylcysteine 1,200–1,800 mg
Selenium 50-100 mcg
Glucosamine 3,000 mg or more
Zinc 30-50 mg
Yeast Beta-Glucan 250-500 mg
Elderberry 600–1,500 mg
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placebo. (Given the carnage that influenza wreaks among the elderly, it
is most regrettable that no effort has been made to replicate this study,
conducted over 20 years ago.) The particular utility of NAC in the elderly
might reflect the fact that plasma cysteine levels and cellular glutathi-
one levels tend to decline with advancing age.20

Since selenium is an essential cofactor for certain peroxidases, and
selenium deficiency has been endemic in certain regions of China and
other parts of the world, insuring adequacy of selenium nutrition
might also be appropriate in this context.21 Not surprisingly, influenza
is more pathogenic in selenium-deficientmice, and seleniumdeficiency
also increases the rate at which viruses can mutate, promoting the evo-
lution of strains that are more pathogenic and capable of evading im-
mune surveillance.22
Antioxidants can also protect by quelling excessive lung
inflammation

Importantly, the anti-inflammatory impact of such antioxidant
nutraceuticals might also be expected to quell the excessive inflamma-
tory reaction within lung parenchyma evoked by viral infections whose
lethality is mediated by an acute respiratory distress syndrome.23,24

These nutraceuticals could decrease such as response both by suppress-
ing viral spread, and by dampening pro-inflammatory signaling in en-
dothelial cells that promotes influx of inflammatory cells.
Glucosamine administration may up-regulate MAVS activation

Another key mediator of type 1 interferon response is the mito-
chondrial antiviral-signaling protein (MAVS), which oligomerizes
in response to activation of cytosolic RNA virus detectors RIG-1
and MDA5, and subsequently participates in the activation of the
transcription factor interferon regulatory factor 3 (IRF3).25 (TLR7
signaling likewise contributes to activation of this factor; both
pathways promote the K63-linked polyubiquitination and activa-
tion of the tank-binding kinase-1 – TBK1 – which in turn activates
IRF3 via phosphorylation.26–28) Duan and colleagues have recently
shown that RNA virus infection promotes O-GlcNacylation of MAVS
on multiple sites, and that this renders MAVS susceptible to the
K63-linked ubiquitination that enables it to activate IRF3.29 More-
over, they show that, the more extensive this O-GlcNacylation is,
the more effectively MAVS is activated. Hence, they are able to
demonstrate that measures which suppress or amplify the cellular
pool of UDP-N-acetylglucosamine – the substrate for O-
GlcNacylation – correspondingly suppress or amplify the activation
of MAVS. They then proceed to demonstrate that feeding mice a
glucosamine-enriched diet (2.5% by weight) markedly enhances
the survival of wild-type mice infected with influenza virus,
whereas this provided no protection in mice in which MAVS, type
1 interferons, or O-GlcNac transferase (the mediator of O-
GlcNacylation) were genetically absent.

This striking new finding points to the possibility that high-dose
glucosamine supplementation might aid prevention and control of
RNA virus infections. Whereas the hexosamine biosynthesis path-
way is capable of generating UDP-N-acetylglucosamine in the ab-
sence of exogenous glucosamine, glucosamine administration can
further enhance the intracellular pool of this compound, thereby
boosting the extent of O-GlcNacylation evoked by viral infection.30

The dietary dose employed in this study is quite high in the context
of previous clinical experience – 2.5% of a human diet providing
400 g dry weight daily would correspond to 10 g glucosamine – but
an intake of 3 g daily would be practical and is within the range of
previous clinical experience.31 Rather high intakes may be required
for significant clinical benefit, inasmuch as this compound is rather
inefficiently absorbed after oral administration.32
Toward a practical nutraceutical strategy for coping with RNA virus
infections

In light of the foregoing, administration of spirulina (or a spirulina
extract enriched in PCB), a phase 2 inducer (such as ferulic acid, lipoic
acid, or sulforaphane), N-acetylcysteine, selenium, and high-dose glu-
cosamine, in adequate doses, might be expected to help prevent and
control RNA virus infections by amplifying the signaling functions of
TLR7 and MAVS in evoking type 1 interferon production.

With respect to practical efforts to prevent and control RNA virus in-
fections, nutraceutical preparations intended to provide protection in
this respect might reasonably also include brewer's yeast beta-
glucan — which can amplify dendritic cell activation via dectin-1 and
CR3 receptors; this agent has clinically documented immunostimulant
effects, and has been shown to protect mice challenged with influenza
virus.33,34 (Polysaccharide cell wall preparations from certain mush-
rooms and sea weeds have comparable activity). Insurance of good
zinc status, particularly in the very young and the elderly, would like-
wise seem to be prudent, as zinc supports the effective function and
proliferation of various immune cells.23,35 This effectmight be pertinent
to the significant 27% reduction in total mortality observed in elderly
subjects who received high-dose zinc in the AREDS1 multicenter
trial.36 And it should be acknowledged that certain herbal preparations
have shown potential for controlling or mitigating the symptoms of in-
fections with influenza and other RNA viruses, for reasons that remain
obscure37; extracts of elderberry, in particular, have received consider-
able clinical evaluation, and have been found to be symptomatically
beneficial in influenza and the common cold.38 Given that elderberry
is a very rich source of anthocyanins, there is reason to suspect that its
impact on viruses might be mediated, at least in part, by ferulic acid, a
prominent metabolite that appears in plasma following anthocyanin
ingestion.39 Careful research evaluation of the most promising of these
preparations may reveal specific phytochemicals which can influence
the pathogenicity of viruses by addressing novel targets.

Table 1 offers some preliminary suggestions for the dosage levels of
the agents discussed above thatmight be expected to beworthwhile for
controlling RNA viruses.
References

1. Diebold SS, Kaisho T, Hemmi H, Akira S, Reis e Sousa C. Innate antiviral responses by
means of TLR7-mediated recognition of single-stranded RNA. Science 2004 March
5;303(5663):1529-1531.

2. To EE, Vlahos R, Luong R, et al. Endosomal NOX2 oxidase exacerbates virus pathoge-
nicity and is a target for antiviral therapy. Nat Commun 2017 July 12;8(1):69.

3. Lanone S, Bloc S, Foresti R, et al. Bilirubin decreases nos2 expression via inhibition of
NAD(P)H oxidase: implications for protection against endotoxic shock in rats. FASEB
J 2005 November;19(13):1890-1892.

4. Datla SR, Dusting GJ, Mori TA, Taylor CJ, Croft KD, Jiang F. Induction of heme
oxygenase-1 in vivo suppresses NADPH oxidase derived oxidative stress. Hyperten-
sion 2007 October;50(4):636-642.

5. Lehmann E, El-Tantawy WH, Ocker M, et al. The heme oxygenase 1 product biliver-
din interferes with hepatitis C virus replication by increasing antiviral interferon re-
sponse. Hepatology 2010 February;51(2):398-404.

6. Ma LL, Zhang P, Wang HQ, et al. Heme oxygenase-1 agonist CoPP suppresses influ-
enza virus replication through IRF3-mediated generation of IFN-alpha/beta. Virology
2019 February;528:80-88.

http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0005
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0005
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0005
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0010
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0010
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0015
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0015
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0015
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0020
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0020
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0020
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0025
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0025
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0025
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0030
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0030
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0030


385M.F. McCarty, J.J. DiNicolantonio / Progress in Cardiovascular Diseases 63 (2020) 383–385
7. Ma ZC, Hong Q,Wang YG, et al. Ferulic acid induces heme oxygenase-1 via activation
of ERK and Nrf2. Drug Discov Ther 2011 December;5(6):299-305.

8. Ogborne RM, Rushworth SA, O'Connell MA. Alpha-lipoic acid-induced heme
oxygenase-1 expression is mediated by nuclear factor erythroid 2-related factor 2
and p38 mitogen-activated protein kinase in human monocytic cells. Arterioscler
Thromb Vasc Biol 2005 October;25(10):2100-2105.

9. Yu JS, ChenWC, Tseng CK, et al. Sulforaphane suppresses hepatitis C virus replication
by up-regulating heme oxygenase-1 expression through PI3K/Nrf2 pathway. PLoS
One 2016;11(3), e0152236.

10. Zhu Y, Shao Y, Qu X, et al. Sodium ferulate protects against influenza virus infection
by activation of the TLR7/9-MyD88-IRF7 signaling pathway and inhibition of the
NF-kappaB signaling pathway. Biochem Biophys Res Commun 2019 May 14;512
(4):793-798.

11. McCarty MF. Clinical potential of Spirulina as a source of phycocyanobilin. J Med Food
2007 December;10(4):566-570.

12. Zheng J, Inoguchi T, Sasaki S, et al. Phycocyanin and phycocyanobilin from Spirulina
platensis protect against diabetic nephropathy by inhibiting oxidative stress. Am J
Physiol Regul Integr Comp Physiol 2013 January 15;304(2):R110-R120.

13. Romay C, Gonzalez R, Ledon N, Remirez D, Rimbau V. C-phycocyanin: a biliprotein
with antioxidant, anti-inflammatory and neuroprotective effects. Curr Protein Pept
Sci 2003 June;4(3):207-216.

14. Chen YH, Chang GK, Kuo SM, et al. Well-tolerated Spirulina extract inhibits influenza
virus replication and reduces virus-induced mortality. Sci Rep 2016 April 12;6,
24253.

15. Surh YJ, Kundu JK, Na HK. Nrf2 as amaster redox switch in turning on the cellular sig-
naling involved in the induction of cytoprotective genes by some chemopreventive
phytochemicals. Planta Med 2008 October;74(13):1526-1539.

16. Ungheri D, Pisani C, Sanson G, et al. Protective effect of n-acetylcysteine in a model of
influenza infection in mice. Int J Immunopathol Pharmacol 2000 September;13(3):
123-128.

17. Ghezzi P, Ungheri D. Synergistic combination of N-acetylcysteine and ribavirin to
protect from lethal influenza viral infection in a mouse model. Int J Immunopathol
Pharmacol 2004 January;17(1):99-102.

18. Garozzo A, Tempera G, Ungheri D, Timpanaro R, Castro A. N-acetylcysteine synergizes
with oseltamivir in protecting mice from lethal influenza infection. Int J
Immunopathol Pharmacol 2007 April;20(2):349-354.

19. De FS, Grassi C, Carati L. Attenuation of influenza-like symptomatology and improve-
ment of cell-mediated immunity with long-term N-acetylcysteine treatment. Eur
Respir J 1997 July;10(7):1535-1541.

20. McCarty MF, DiNicolantonio JJ. An increased need for dietary cysteine in support of
glutathione synthesis may underlie the increased risk for mortality associated with
low protein intake in the elderly. Age (Dordr) 2015 October;37(5):96.

21. Luo XM, Wei HJ, Yang CL, et al. Selenium intake and metabolic balance of 10 men
from a low selenium area of China. Am J Clin Nutr 1985 July;42(1):31-37.

22. Nelson HK, Shi Q, Van DP, et al. Host nutritional selenium status as a driving force for
influenza virus mutations. FASEB J 2001 August;15(10):1846-1848.
23. Prasad AS, Beck FW, Bao B, et al. Zinc supplementation decreases incidence of infec-
tions in the elderly: effect of zinc on generation of cytokines and oxidative stress. Am
J Clin Nutr 2007 March;85(3):837-844.

24. To EE, Luong R, Diao J, et al. Novel endosomal NOX2 oxidase inhibitor ameliorates
pandemic influenza A virus-induced lung inflammation in mice. Respirology 2019
October;24(10):1011-1017.

25. Huang B, Li J, Zhang X, Zhao Q, Lu M, Lv Y. RIG-1 andMDA-5 signaling pathways con-
tribute to IFN-beta production and viral replication in porcine circovirus virus type 2-
infected PK-15 cells in vitro. Vet Microbiol 2017 November;211:36-42.

26. Kawai T, Sato S, Ishii KJ, et al. Interferon-alpha induction through Toll-like receptors
involves a direct interaction of IRF7 with MyD88 and TRAF6. Nat Immunol 2004 Oc-
tober;5(10):1061-1068.

27. Ye JS, Kim N, Lee KJ, Nam YR, Lee U, Joo CH. Lysine 63-linked TANK-binding kinase 1
ubiquitination by mindbomb E3 ubiquitin protein ligase 2 is mediated by the mito-
chondrial antiviral signaling protein. J Virol 2014 November;88(21):12765-12776.

28. Zhu W, Li J, Zhang R, et al. TRAF3IP3 mediates the recruitment of TRAF3 to MAVS for
antiviral innate immunity. EMBO J 2019 September 16;38(18), e102075.

29. Song N, Qi Q, Cao R, et al. MAVS O-GlcNAcylation is essential for host antiviral immu-
nity against lethal RNA viruses. Cell Rep 2019 August 27;28(9):2386-2396.

30. McCarty MF, O'Keefe JH, DiNicolantonio JJ. Glucosamine for the treatment of osteoar-
thritis: the time has come for higher-dose trials. J Diet Suppl 2019;16(2):179-192.

31. Katoh A, Kai H, Harada H, Niiyama H, Ikeda H. Oral administration of glucosamine im-
proves vascular endothelial function by modulating intracellular redox state. Int
Heart J 2017 December 12;58(6):926-932.

32. McCarty MF, O'Keefe JH, DiNicolantonio JJ. Glucosamine for the treatment of osteoar-
thritis: the time has come for higher-dose trials. J Diet Suppl 2019;16(2):179-192.

33. Vetvicka V, Vannucci L, Sima P, Richter J. Beta glucan: supplement or drug? From lab-
oratory to clinical trials. Molecules 2019 March;30:24(7).

34. Vetvicka V, Vetvickova J. Glucan supplementation enhances the immune response
against an influenza challenge in mice. Ann Transl Med 2015 February;3(2):22.

35. Bao B, Prasad AS, Beck FW, et al. Zinc decreases C-reactive protein, lipid peroxidation,
and inflammatory cytokines in elderly subjects: a potential implication of zinc as an
atheroprotective agent. Am J Clin Nutr 2010 June;91(6):1634-1641.

36. Clemons TE, Kurinij N, Sperduto RD. Associations of mortality with ocular dis-
orders and an intervention of high-dose antioxidants and zinc in the Age-
Related Eye Disease Study: AREDS Report No. 13. Arch Ophthalmol 2004
May;122(5):716-726.

37. Leung PC. The efficacy of Chinesemedicine for SARS: a review of Chinese publications
after the crisis. Am J Chin Med 2007;35(4):575-581.

38. Hawkins J, Baker C, Cherry L, Dunne E. Black elderberry (Sambucus nigra) supple-
mentation effectively treats upper respiratory symptoms: a meta-analysis of ran-
domized, controlled clinical trials. Complement Ther Med 2019 February;42:361-
365.

39. McCarty MF, Assanga SBI. Ferulic acid may target MyD88-mediated pro-
inflammatory signaling — implications for the health protection afforded by whole
grains, anthocyanins, and coffee. Med Hypotheses 2018 September;118:114-120.

http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0035
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0035
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0040
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0040
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0040
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0040
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0045
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0045
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0045
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0050
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0050
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0050
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0050
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0055
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0055
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0060
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0060
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0060
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0065
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0065
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0065
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0070
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0070
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0070
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0075
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0075
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0075
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0080
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0080
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0080
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0085
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0085
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0085
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0090
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0090
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0090
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0095
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0095
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0095
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0100
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0100
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0100
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0105
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0105
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0110
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0110
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0115
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0115
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0115
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0120
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0120
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0120
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0125
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0125
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0125
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0130
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0130
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0130
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0135
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0135
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0135
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0140
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0140
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0145
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0145
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0150
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0150
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0155
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0155
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0155
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0160
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0160
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0165
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0165
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0170
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0170
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0175
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0175
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0175
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0180
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0180
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0180
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0180
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0185
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0185
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0190
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0190
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0190
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0190
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0195
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0195
http://refhub.elsevier.com/S0033-0620(20)30037-2/rf0195

