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Can complementary and alternative medicines A
be beneficial in the treatment of COVID-19
through improving immune system function?

Dear Editor

Emerging in China in late 2019, the coronavirus disease-2019
(COVID-19) infection epidemic is growing rapidly and new cases
are reported around the world [1]. The first cases were linked to
a wet market, and subsequently, the virus has spread rapidly in
China through human-to-human transmission, and the universal
impact of the COVID-19 virus is now spreading worldwide [2].
The disease originated from COVID19 is a type of viral pneumonia
that is caused by Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2). Currently, no clinically approved antiviral drugs
have been introduced for SARS-CoV-2 infection [3]. Identifying
the mechanism of action of the virus and its interaction with the
immune system will help prevent and treat the disease. In other
hand, according to Ref. [4], a specific adaptive immune response in
the incubation and non-severe stages is required to eliminate the
virus and to preclude disease progression to severe stages.

Protecting the body against infection, the immune system pre-
vents death by producing protein molecules called antibodies that
bind to the antigens of infectious agents [5,6]. Through frequently
interacting innate and adaptive mechanisms, the immune system
defends against bacterial infection. The immune system assesses
the amino acid sequence space of potential antibodies for identify-
ing invader pathogens. According to Ref. [5], a hierarchical strategy
is evolved by the immune system for recognizing the effective anti-
bodies in the infinite protein sequence space.The two components
of the innate immune system and the adaptive immune system
form the pervasive immune system [7]. The innate system con-
sists of exterior defenses (e.g. mucous membranes and the skin),
serum proteins, and nonspecific phagocytic leukocytes [7,8]. This
system is a more primitive one built formerly into cells that are
located on the front line of defense against bacterial invasions,
including epithelial cells in the lung, gut, skin, and periodontium
as well as neutrophils and macrophages [9]. However, the adap-
tive immune system, which develops in a longer time, responds
specifically. In fact, after evolvement, it provides a more specific
response against invader organisms. Several investigations have
shown that the virus has some effects on immune system oper-
ations [10-13]. According to the literature, different parameters
of immune function are influenced by viruses including antibody
generation, immunoglobulin levels, induction of immunological
tolerance, graft-versus-host reaction, graft rejection, delayed-type
skin reaction, lymphocyte transformation, and phagocytosis. In Ref.
[10], the authors have examined these parameters comprehen-
sively.

Recognizing the disease and its consequences on the immune
system will support its better management providing preferred

https://doi.org/10.1016/j.jiph.2020.05.009

treatment strategies and more effective prevention [14]. The com-
plexity of the disease becomes more apparent when it is revealed
that certain segments of the population are more susceptible to
severe infection and subsequently to death [14]. The responses
of innate and adaptive immune systems make the base of the
host anti-microbial defense. In order to quickly control and effec-
tively deal with the viral infection, the innate immune system
operates and simultaneously triggers the adaptive immune sys-
tem. The innate immune system distinguishes influenza viruses
through multiple mechanisms [15]. This system, which is pro-
grammed genetically for meeting the similar features of attacking
microbes, acts rapidly and protects the body against infection early.

Among phagocytic cells, macrophages, neutrophils, and Den-
dritic Cells (DCs) play a major role in the innate immune response
to influenza [14]. Influenza virus targets airway epithelial cells lin-
ing the respiratory mucosa. After infecting and lysing these cells,
the virus of influenza A can infect alveolar macrophages and DCs
residing in the airway [15]. As soon as sensing infection, DCs tak-
ing up viral antigens operate the main function in priming effector
T cell responses [15,16]. After activation, influenza virus-specified
CD4 and CD8 T cells operate together with antibody-generating B
cells to elevate viral release in the lung [15,17]. T cells are principal
moderators of the immune response and handle their performances
by modulating the functions of other immune cells and modifying
the behavior of parenchymal and endothelial cells [18]. In the case
of COVID-19, after entering cells, the virus’s antigen will be intro-
duced to the antigen presentation cells, which are among the main
parts of the body’s antiviral immunity [19].

More than 80% of the world’s population uses Complementary
and Alternative Medicines (CAMs). In the US health care system,
CAM is becoming an increasing component, with 70% of the pop-
ulation using that at least once and costing $34 billion annually
[20]. Since the establishment of the National CAM-Center, the num-
ber of basic science and treatment-based clinical trials about CAM
has increased significantly [20]. It is estimated that the worldwide
market for herbal remedies, including herbal products and raw
materials, will grow 5 and 15% annually. The worldwide herbal
drug market is estimated at $62 billion, which is estimated to
grow to $5 trillion by 2050. The global pharmaceutical market in
2004 was worth $550 billion and in 2008 it was up to $900 billion
[21]. Herbal sources of immune-boosting materials are consumed
in many countries to raise health, to promote the body’s normal
resistance against infectious agents and to prohibit as well as to
cure various diseases [22].

It is found that CAMs are effective in boosting immune response
vs. diseases. Several cases of CAMs proposed for prohibiting and
curing diseases are discussed in this section. It has been suggested
that as a CAM, curcumin, a polyphenolic compound extracted from
spice and common food colourant turmeric [23], can enhance the
antibody response even if it takes at low doses [24]. In fact, the
beneficial effects of curcumin in improving different diseases are
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attributed partly to its ability to modulate the immune system
[24]. Furthermore, several surveys demonstrate that curcumin is
able to modulate both the activation and the proliferation of T cells
[25,26]. It has also been shown that curcumin has the potential of
regulating the growth and response of different immune cells. It
affects NK cells, T cells, B cells, DCs, neutrophils, and macrophages
[24]. CAMs have also found to be effective in infectious diseases
[27,23]. In Ref. [23], the authors investigated the synergic effect
of curcumin and its structural analogue (Monoacetylcurcumin) on
anti-influenza virus infection. They found that, as with curcumin,
Monoacetylcurcumin effectively inhibited influenza virus infection
(IVA). The anti-influenza activity of curcumin was evaluated by
Ref. [28]. The results of this study demonstrated that treatment of
curcumin reduces influenza A viruses replication, affects an early
stage of virus infection, and blocks haemagglutinating activity of
[AV virus particles. Overall, they recommend that curcumin has
promising potential for using as an anti-influenza drug. Accord-
ing to the previous research on antiviral potential of curcumin, the
effectiveness of curcumin at very early stage of viral infection has
been proven in a non-enveloped virus, human norovirus (HuNoV)
[29]. The study by Ref. [30] demonstrated that antiviral mecha-
nisms such as viral entry, rather than RNA replication of HuNoV, can
be found by treatment of curcumin at various doses and durations.
In addition [31], found the effectiveness of curcumin on various
enveloped viruses such as vaccinia virus, IAV, and pseudorabies
virus.

Providing minerals, vitamins, amino acids, herbs, and nutri-
tional supplements are used to enrich the diet. These are mostly
accompanied with CAMs, which include a group of various medic
and health care orders, actions, and supplies not classified as a
part of conventional medicines. Nutritional supplements appear
to strengthen the immune system profiting transient immuno-
suppression that results from intense training [32]. It has been
demonstrated that vitamin C [33], vitamin D [34] and zinc [35]
boost the immune system versus viruses. Two assays executed in
South Africa have shown promising results about vitamin C sup-
plementation [32,36]. Vitamin D has also considerable effect on
immune system. It has been demonstrated that vitamin D mod-
ulates innate and adaptive immune systems [9,37]. Both immune
systems are adjusted by vitamin D, which suppresses the adaptive
immune system but potents the innate immune response [9]. In Ref.
[38],itis stated that vitamin D has reinforcing and inhibitory effects
for the innate and adaptive immune systems, respectively. In Ref.
[39], it is also stated that vitamin D, which has anti-inflammatory
properties and modulates immunity in different ways, is effective in
physiology and autoimmunity, and its deficiency is associated with
chronic inflammatory diseases. Epidemiological surveys have con-
firmed that poor vitamin D consumption adheres to the raised risk
of multiple diseases including autoimmune drawbacks. It seems
that the immune regulatory effect of vitamin D has a significant
role in this adherence. Adaptive immune cells are direct targets of
vitamin D metabolites [40]. In fact, as concluded in Ref. [41], vita-
min D is part of a complex set of factors that influence the immune
response. Therefore, it is necessary to evaluate the serum level of
vitamin D in children and the elderly and to maintain it at optimum
levels and micronutrients should be used for improving health and
fighting diseases.

The coronavirus disease 2019 (COVID-19) has been spread in
Asia and all over the world [42] and has created a universal health
emergency case [43]. As of 21 April 2010, this virus has infected
more than 2,397,216 people with 162,956 deaths worldwide [44].
The radiological, clinical, laboratory, and epidemiological features
as well as the clinical consequences and treatment of patients with
laboratory-confirmed COVID-19 pneumonia were discussed in the
recent study. This is not the first severe respiratory disease that has
been spread by the coronavirus type. During the past two decades,

different strains of this virus have created three epidemic diseases
including the Middle East Respiratory Syndrome (MERS), Severe
Acute Respiratory Syndrome (SARS), and COVID-19 [19,45].

The behavior of new coronavirus 2019 is similar to SARS-CoV so
that it called SARS-CoV-2. Continuing by Acute Respiratory Distress
Syndrome (ARDS) and septic shock, it eventually causes multiple
organs to fail by the virus-induced cytokine storm in the body
[46]. Similar to SARS-CoV and MERS-CoV, no clinically confirmed
antiviral drug has been introduced for SARS-CoV-2 infection yet
[19]. According to Ref. [47], down-regulation of gene expression
related to antigen presentation due to MERS-CoV infection demon-
strates that coronavirus can affect on the antigen presentation.
Therefore, in order to produce a drug and to treat SARS-CoV-2-
linked disease, it is necessary to block its evasion from the immune
system.

It is claimed that the coronavirus pandemic can be significantly
downed or ceased by urgent popular consumption of high amounts
of vitamin C and for treatment of people who become infected
with COVID-19, higher vitamin D3 doses might be useful. It seems
necessary to activate the body’s maximum antioxidant capacity
and natural immunity to minimize the symptoms of any virus
attack. Vitamin C can be administered concurrently with poten-
tial medications to treat the disease in acute conditions. The oral
administration of vitamin C up to the daily threshold of bowel
tolerance will be effective for most people. For serious cases, intra-
venous infusion of vitamin C is recommended. Besides, it is claimed
that the overactivity of immune cells results in lung injury follow-
ing COVID-19 pneumonia. Some published open-label studies also
recommend that intravenous injection of high-dose vitamin C can
be a safe and useful option for treatment COVID-19 in its early
stages.

Although antiviral activity of vitamin C has been recognized and
approved in some previous literature, but its impact has not been
widely broadcasted and, in particular, insufficient information has
been provided on its effect on coronavirus. In addition, although
vitamin C is important for the human body and helps reduce
inflammatory response, there is no firm evidence to support that
consumption of high amounts of vitamin C can be effective in pre-
vention or treatment of COVID-19. Further, as stated in Therapeutic
Goods Administration (TGA) [48], there is no clinical investiga-
tion and evidence to support intravenous high-dose vitamin C in
the management of COVID-19 and more research is needed before
any recommendation for the use of intravenous vitamin C in the
treatment of COVID-19 can be made. In addition, as recommended
by [49], randomized controlled trials and large population studies
should be conducted to find the effectiveness of higher vitamin D3
doses in the treatment of COVID-19.

From the above discussion, it is evident that understanding the
disease and its effect on the immune system will improve disease
management. According to the previous research, the immune sys-
tem has a fundamental protective function against most infectious
diseases such as SARS-CoV-2. The effectiveness of CAMs in boosting
immune response against infection diseases has been extensively
investigated. This study has also investigated the role of CAMs in
infectious diseases and COVID-19. Specifically, an attempt has been
made to clarify whether or not the use of vitamins has the potential
to help to prevent and/or treat COVID-19. This study according to
the previous research found that the use of CAMs can be an effec-
tive way in boosting immune response against the infections. In
addition, it was found that the use of vitamins, in general, is ben-
eficial in improving immune health and function. However, as a
few clinical investigations show the effectiveness of CAMs in the
prevention and treatment of infectious diseases, further studies
through clinical and consumers’ experience analysis on CAMs are
required to come to robust conclusions in the effectiveness of CAMs
for prevention and treatment of infectious diseases.
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Overall, it is worth to further assess the benefits of CAMs,
specially vitamins, for prevention and treatment of infectious dis-
eases in general and COVID-19 in particular in the early stage
of infection. The public should be assured that a lot of orga-
nized scientific studies on therapy for COVID-19, both locally
and internationally, are being quickly produced. Therefore, cred-
ible evidence accompanied and supported by appropriate research
is essential to ensuring public health in dealing with the cur-
rent COVID-19 pandemic and improving public awareness on
the undue promotion of fake medicine, especially in the current
context.

Funding

No funding sources.

Competing interests

None declared.

Ethical approval

Not required.

Acknowledgements

This research was funded by the Deanship of Scientific Research
at Princess Nourah bint Abdulrahman University through the Fast-
track Research Funding Program.

References

[1] Remuzzi A, Remuzzi G. COVID-19 and Italy: what next? Lancet
2020;395(10231):1225-8.
[2] Lai C-C, et al. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and corona virus disease-2019 (COVID-19): the epidemic and the challenges.
Int ] Antimicrob Agents 2020:105924.
[3] Zheng Y-Y, et al. COVID-19 and the cardiovascular system. Nat Rev Cardiol
2020;17(5):259-60.
[4] ShiY, etal. COVID-19 infection: the perspectives on immune responses. Nature
Publishing Group; 2020.
[5] Deem MW. Complexity in the immune system. Comput Chem Eng
2005;29(3):437-46.
[6] Perelson AS, Weisbuch G. Immunology for physicists. Rev Mod Phys
1997;69(4):1219.
[7] Simon HB. The immunology of exercise: a brief review. JAMA
1984;252(19):2735-8.
[8] Fitzgerald L. Exercise and the immune system. Immunol Today
1988;9(11):337-9.
[9] Bikle DD.Vitamin D and the immune system: role in protection against bacterial
infection. Curr Opin Nephrol Hypertens 2008;17(4):348-52.
[10] Notkins AL, Mergenhagen SE, Howard R. Effect of virus infections on the func-
tion of the immune system. Annu Rev Microbiol 1970;24(1):525-38.
[11] Peterson RD, Hendrickson R, Good RA. Reduced antibody forming capacity dur-
ing the incubation period of passage A leukemia in C3H mice. Proc Soc Exp Biol
Med 1963;114(2):517-20.
[12] Brenchley JM, Douek D. HIV infection and the gastrointestinal immune system.
Mucosal Immunol 2008;1(1):23-30.
[13] Romani L. Immunity to fungal infections. Nat Rev Immunol 2011;11(4):275-88.
[14] Raj RS, Bonney EA, Phillippe M. Influenza, immune system, and pregnancy.
Reprod Sci 2014;21(12):1434-51.
[15] PangIK, Iwasaki A. Inflammasomes as mediators of immunity against influenza
virus. Trends Immunol 2011;32(1):34-41.
[16] Ballesteros-Tato A, et al. Temporal changes in dendritic cell subsets, cross-
priming and costimulation via CD70 control CD8+ T cell responses to influenza.
Nat Immunol 2010;11(3):216.
[17] Kohlmeier JE, Woodland DL. Immunity to respiratory viruses. Annu Rev
Immunol 2009;27:61-82.
[18] Sudrez-Fueyo A, Crispin JC, Tsokos GC. T cells, in Dubois’ lupus erythematosus
and related syndromes. Elsevier; 2019. p. 116-24.
[19] LiX, etal. Molecular immune pathogenesis and diagnosis of COVID-19. ] Pharm
Anal 2020;10(2):102-8.
[20] Mainardi T, Kapoor S, Bielory L. Complementary and alternative medicine:
herbs, phytochemicals and vitamins and their immunologic effects. ] Allergy
Clin Immunol 2009;123(2), 283-294. e10.

[21] Maggon K. Best-selling human medicines 2002-2004. Drug Discov Today
2005;10(11):739-42.

[22] Devasagayam T, Sainis K. Immune system and antioxidants, especially those
derived from Indian medicinal plants; 2002.

[23] Richart SM, et al. Synergic effect of curcumin and its structural analogue
(Monoacetylcurcumin) on anti-influenza virus infection. J Food Drug Anal
2018;26(3):1015-23.

[24] Jagetia GC, Aggarwal BB. “Spicing up” of the immune system by curcumin. ] Clin
Immunol 2007;27(1):19-35.

[25] Ranjan D, et al. Curcumin inhibits mitogen stimulated lymphocyte pro-
liferation, NFkB activation, and IL-2 signaling. ] Surg Res 2004;121(2):
171-7.

[26] Ranjan D, et al. Curcumin blocks cyclosporine A-resistant CD28 costim-
ulatory pathway of human T-cell proliferation. J Surg Res 1998;77(2):
174-8.

[27] Dai], et al. Inhibition of curcumin on influenza A virus infection and influenzal
pneumonia via oxidative stress, TLR2/4, p38/JNK MAPK and NF-«kB pathways.
Int Immunopharmacol 2018;54:177-87.

[28] Chen D-Y, et al. Curcumin inhibits influenza virus infection and haemaggluti-
nation activity. Food Chem 2010;119(4):1346-51.

[29] Mathew D, Hsu W-L. Antiviral potential of curcumin. ] Funct Foods
2018;40:692-9.

[30] YangM, et al. Curcumin shows antiviral properties against norovirus. Molecules
2016;21(10):1401.

[31] Chen T-Y, et al. Inhibition of enveloped viruses infectivity by curcumin. PLoS
One 2013;8(5).

[32] Peters EM, et al. Vitamin C supplementation reduces the incidence of postrace
symptoms of upper-respiratory-tract infection in ultramarathon runners. Am
] Clin Nutr 1993;57(2):170-4.

[33] Hemild H. Vitamin C and infections. Nutrients 2017;9(4):339.

[34] Cannell J, et al. Epidemic influenza and vitamin D. Epidemiol Infect
2006;134(6):1129-40.

[35] Shankar AH, Prasad AS. Zinc and immune function: the biological basis of
altered resistance to infection. Am | Clin Nutr 1998;68(2):447S-63S.

[36] Peters E. Ultramarathon running and upper respiratory tract infections-an epi-
demiological survey. South Afr Med ] 1983;64(16):582-4.

[37] Kempinska-Podhorodecka A, et al. Decreased expression of vitamin D receptor
affects an immune response in primary biliary cholangitis via the VDR-
miRNA155-SOCS1 pathway. Int ] Mol Sci 2017;18(2):289.

[38] Hamzaoui K, Hamzaoui A. Immunological responses in patients with Behget’s
disease: advances in understanding. Expert Rev Ophthalmol 2012;7(3):261-70.

[39] Shirvani SS, et al. The molecular and clinical evidence of vitamin D signaling
as a modulator of the immune system: role in Behget’s disease. Immunol Lett
2019;210:10-9.

[40] PeelenE, et al. Effects of vitamin D on the peripheral adaptive immune system:
a review. Autoimmun Rev 2011;10(12):733-43.

[41] Gruber-Bzura BM. Vitamin d and influenza—prevention or therapy? Int ] Mol
Sci 2018;19(8):2419.

[42] Rodriguez-Morales AJ, et al. COVID-19 in Latin America: the implications of the
first confirmed case in Brazil. Travel Med Infect Dis 2020:101613.

[43] Ahani A, Nilashi M. Coronavirus outbreak and its impacts on global econ-
omy: the role of social network sites. ] Soft Comput Decis Support Syst
2020;7(2):19-22.

[44] (WHO), W.H.O. Coronavirus disease (COVID-2019) situation reports; 2020.
Retrieved Retrieved on 21 April, 2020 from https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.
pdf?sfvrsn=38e6b06d_4.

[45] de Wit E, et al. SARS and MERS: recent insights into emerging coronaviruses.
Nat Rev Microbiol 2016;14(8):523.

[46] Erol A. High-dose intravenous vitamin C treatment for COVID-19; 2020.

[47] Menachery VD, et al. MERS-CoV and H5NT1 influenza virus antagonize antigen
presentation by altering the epigenetic landscape. Proc Natl Acad Sci U S A
2018;115(5):E1012-21.

[48] Administration, T.G. No evidence to support intravenous high-dose vita-
min C in the management of COVID-19; 2020. Retrieved on 21 April,
2020 from https://www.tga.gov.au/alert/no-evidence-support-intravenous-
high-dose-vitamin-c-management-covid-19.

[49] Grant WB, et al. Vitamin D supplementation could prevent and treat influenza,
coronavirus, and pneumonia infections; 2020.

Mehrbakhsh Nilashi 2:P-*

a Informetrics Research Group, Ton Duc Thang
University, Ho Chi Minh City, Vietnam

b Faculty of Information Technology, Ton Duc Thang
University, Ho Chi Minh City, Vietnam

Sarminah Samad

Department of Business Administration, College of
Business and Administration, Princess Nourah bint
Abdulrahman University, Riyadh, Saudi Arabia

Salma Yasmin Mohd Yusuf


http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0005
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0010
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0015
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0020
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0025
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0030
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0035
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0040
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0045
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0050
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0055
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0060
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0065
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0070
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0075
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0080
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0085
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0090
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0095
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0100
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0105
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0110
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0115
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0120
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0125
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0130
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0135
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0140
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0145
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0150
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0155
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0160
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0165
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0170
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0175
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0180
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0185
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0190
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0195
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0200
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0205
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0210
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0215
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_4
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0225
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0230
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0235
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
https://www.tga.gov.au/alert/no-evidence-support-intravenous-high-dose-vitamin-c-management-covid-19
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245
http://refhub.elsevier.com/S1876-0341(20)30475-5/sbref0245

896

Primary Care Medicine Discipline, Faculty of
Medicine, Universiti Teknologi MARA, Sungai Buloh,
47000, Selangor, Malaysia

Elnaz Akbari -+

4 Institute of Research and Development, Duy Tan
University, Da Nang, 550000, Vietnam

b Faculty of Information Technology, Duy Tan
University, Da Nang, 550000, Vietnam

Letter to the Editor / Journal of Infection and Public Health 13 (2020) 893-896

*Corresponding author.

** Corresponding author.
E-mail addresses: nilashi@tdtu.edu.vn (M. Nilashi),
elnazakbari@duytan.edu.vn (E. Akbari).

22 April 2020


mailto:nilashi@tdtu.edu.vn
mailto:elnazakbari@duytan.edu.vn

