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Covid-19 in context
We will probably never be without COVID-19; indeed we are still living with two
of the respiratory viruses from the three pandemics which have occurred in the
previous 17 years (SARS, MERS and swine flu) [1]. Furthermore, we may never
develop herd immunity or develop a safe and effective vaccine or drug for
COVID-19 in time for winter; no drug or vaccine from the previous 3 pandemics
has proved safe and effective or we would be using it now. With the winter
COVID-19 second wave almost certainly on the way, not to mention the
likelihood of future pandemics [2,3], it is imperative that we find a better way to
protect ourselves.
How COVID-19 affects the body
COVID-19 (or SARS CoV-2) is a multi-system inflammatory disease affecting
principally the lungs, but can also target other organs. One of its main effects is
to prevent red blood cells from carrying oxygen around the body, leading to
dangerously low levels of oxygen, which cannot be resolved by ventilators, and
the formation of blood clots. This leads on to lung tissue inflammation and
pneumonia with acute respiratory distress syndrome (ARDS), while the blood
clots damage the cardiovascular system. Death can occur not just from
respiratory failure but also from sepsis and the excessive and uncontrolled
inflammation, known as the ‘cytokine storm’. [4-9]
Following COVID-19 infection, a person is most infectious/contagious during the
first five days but symptoms, if any, tend to strike around the 10th day and
sometimes as late as the 14th day [10]. This means that it is crucial to implement
any protective measures well before we become symptomatic, when the disease
is well entrenched in our body and we are likely to have already passed it on.
Risk factors for severe COVID-19
The majority of cases of hospitalised COVID-19 are among the elderly; adults
over 65 years of age represent 80% of hospitalisations and have a 23-fold
greater risk of death than those under 65. Immune function declines with age, a
condition known as immune senescence; for the same reason, vaccine responses
are impaired in the elderly. Ageing also increases systemic inflammation, known
as ‘inflammaging’. [10-14]
The immune system is also impaired by the presence of other chronic diseases,
particularly cardiovascular disease, obesity, type 2 diabetes, asthma, pulmonary
disease, kidney disease and cancer, regardless of age [10,15-17]. These
conditions are associated with a higher risk of severe COVID-19 and mortality
and all are associated with increased inflammation, predisposing sufferers to the
‘cytokine storm [18-22]. Researchers from Washington University School of
Medicine, however, are finding that COVID-19 patients become seriously ill
because their immune systems are under-functioning, while a joint US/Belgian
study found that an immune-boosting drug restored inflammatory cells to a
healthy level [23,24].
The BAME community and COVID-19
Among ethnicities, the black, Asian and minority ethnic (BAME) communities
suffer disproportionately from COVID-19 complications and mortality [25]. Many
in this community are more prone to obesity, type 2 diabetes and cardiovascular
disease, all risk factors for severe COVID-19. One explanation gaining traction is
that the BAME community in the UK have much lower vitamin D levels, because

the screening effect of melanin pigment in darker skin means far stronger
sunlight is required to make vitamin D from sun exposure [26,27].The Public
Health England review into the reasons why the BAME community are
disproportionately affected did not specifically review the role of diet and vitamin
D, saying there was not enough evidence to support this. Similarly, the National
Institute for Health and Care Excellence (NICE) recently published a review of
vitamin D and COVID-19 and concluded that there was no evidence to support
taking vitamin D supplements specifically to prevent or treat COVID-19. Although
they recommend that the BAME community take 400IU/day vitamin D, this is for
bone health and not for COVID-19 [28]. Several experts have taken issue with
this approach, suggesting that boosting vitamin D levels is an obvious place to
start [29,30]. Yet it now appears that ‘UK scientists are to receive millions of
pounds’ to discover why the BAME community is at greater risk [31].
The science so far ignored
The Government, scientists and Public Health England have failed to mention
that we have an immune system. Our immune systems have evolved highly
effective mechanisms which, in a healthy state, can protect us from all viruses so
far encountered; if this were not the case, the human race would now be extinct.
Our immune system comprises the innate immune system, which carries out
immune surveillance for pathogens and eliminates them using circulating
macrophages, inflammatory cytokines and natural killer (NK) cells, and the
adaptive immune system, which generates an immunological memory in the
form of antibodies (immunoglobulins produced by B cells), memory T cells and
NK cells [20,22,32].
Poor diet and lifestyle choices and lack of any effective advice or action from
official sources have caused our immune systems to function sub-optimally, with
increased susceptibility to all infections, particularly in those with COVID-19 risk
factors. Other than to exercise and lose weight, there has been no
recommendation on immune system support and no specific nutritional advice for
those at risk. Yet there is evidence that patients with severe COVID-19 have
depleted numbers of NK cells and other virus-attacking cells and their function is
exhausted [33]. While a healthy diet and lifestyle might adequately support the
immune system under normal conditions, it will be insufficient with the COVID-19
threat; supplementation will be required to increase blood levels of vital immune
system micronutrients, particularly in the BAME community and those with
COVID-19 risk factors. [10,20-22]
What the science actually says
There is a considerable volume of science showing how certain micronutrients, as
well as dietary/lifestyle choices, can support the immune system and protect us
from respiratory viruses in general [10,20]. The most essential of these
micronutrients comprise vitamin C, vitamin D and zinc [34]; the first studies are
now being published which suggest that these micronutrients could also protect
us from COVID-19 or at least ensure that disease development does not progress
to ARDS and the often fatal ‘cytokine storm’. The European Food Safety Authority
acknowledges these micronutrients are necessary for ‘maintenance of functions
of the immune system’ [35]. The evidence for their protection against COVID-19
is set out in Annex A.
Recommendations for the Government
With no sign of a vaccine or drug solution in time for winter, I would propose:

1. That official guidance on personal immune system support is provided to the
whole UK population, comprising, as a minimum, adequate supplementation
with vitamins C and D and zinc.
2. To protect those at risk, including the BAME community and all healthcare
workers, these key supplements are provided free of charge.
The organisation Frontline Immune Support for NHS Staff has crowdfunded the
provision of key micronutrients, including liposomal vitamin C, vitamin D and
zinc, to frontline NHS staff [36]. This level of support should be provided by
government, not citizens’ initiatives.
Cost/benefit
These micronutrients are very cheap. The cost of supplying them would be
significantly lower than the cost of hospitalisation of further COVID-19 cases,
particularly in intensive care. And it is impossible to put a price on the value of
lives saved. The financial cost of the UK’s vitamin D deficiency alone has been
estimated at around £20 billion per annum, even prior to COVID-19.
At present, much of the UK population is in a state of fear and helplessness.
These measures would foster a greater sense of safety and personal control
among many, reducing mental health issues and giving people the confidence to
venture out to resume normal life with the sense of optimism and positivity
which is so badly needed to rebuild our economy.

ANNEX A: Studies of micronutrients which can protect against COVID-19
Vitamin C:
General immune protection:
Vitamin C has 11 antiviral mechanisms and should be the first line of defence
against any viral disease, including COVID-19. Vitamin C enhances the immune
system by stimulating leukocyte function, antimicrobial and natural killer cell
activities and lymphocyte proliferation, thereby reducing replication of viruses
and destroying them through generation of oxidative stress. Some trials show no
effect on the cold virus but these findings can generally be explained by the low
dose. Vitamin C deficiency is associated with increased susceptibility to infection
but supplementation can reduce the severity of respiratory infections and help
prevent ARDS and sepsis. Those with the highest vitamin C levels had a >40%
lower risk of dying from respiratory disease, including pneumonia. However, the
dose and delivery are important. The evidence for efficacy is greater and more
consistent with an intake of at least 2g/day (the RDA is 400 mg/day, just enough
to prevent scurvy). Prevention for COVID-19 will require a much higher dose,
possibly up to 10g/day, which can enhance resistance to and improve recovery
from more severe infectious diseases. [10,37-46]
COVID-19 protection and treatment:
Studies have shown that oral vitamin C can be used specifically in the prevention
and treatment of COVID-19 [47,48]. Meta-analyses showed that oral vitamin C
reduced the length of ICU stay and the duration on mechanical ventilation; the
authors commented that given the insignificant cost of vitamin C, even a small
reduction in ICU stay is worth exploring [49,50]. Oral liposomal vitamin C is best
absorbed and should be taken in doses of at least 6g/day. The use of intravenous
vitamin C has proved to be so effective against COVID-19 in China and US

hospitals that clinical trials are now underway [51,52]. For patients in critical
care, the US Frontline COVID-19 Critical Care Alliance (FLCCC), designed the
MATH+ Hospital Treatment Program, to treat COVID-19 patients in a state of
hyperinflammation. They give 3g of intravenous vitamin C every 6 hours for up
to 7 days, together with corticosteroids and anti-coagulants; they have reported
zero COVID-19 deaths in their ICUs in those without end-stage co-morbidities
[53-55].
Vitamin D:
General immune protection
Vitamin D can regulate both innate and adaptive immunity by stimulating
dendritic cells (which detect the presence of viruses) and macrophages (which
destroy pathogens) and aiding immune memory. It also regulates and
suppresses the inflammatory cytokine response; this is particularly important for
COVID-19, as the cytokine storm is a primary cause of death. A systematic
review found that low vitamin D status was associated with increased risk of both
upper and lower respiratory tract viral infections (COVID-19 is a lower
respiratory tract infection), while a UK study found that Vitamin D deficiency is
common in people who develop ARDS and appears to contribute to ARDS
development. A 2019 meta-analysis of observational studies involving 20,966
patients found that those with vitamin D levels <50 nmol/l experienced a
significantly increased risk of pneumonia and two further meta-analyses, the
latest in 2017 comprising 25 trials and involving 11,321 subjects, found that
vitamin D supplementation reduced the risk of acute respiratory tract infection,
with improved results in those receiving daily or weekly oral vitamin D but not in
those receiving infrequent very high doses. [10, 56-67]
COVID-19 protection and treatment
Several reports show that vitamin D deficiency is related to COVID-19 incidence,
as well as mortality and severe disease. US, Belgian, Italian and Irish studies all
found that testing positive for COVID-19, or developing ARDS, were
independently associated with lower vitamin D levels [68-71]. A recent study of
20 European countries by Queen Elizabeth Hospital Foundation Trust found a
correlation between level of vitamin D deficiency and COVID-19 related deaths
and cases; the UK was among those countries with the greatest mean vitamin D
deficiency [72]. Similarly, Israeli, US and Indonesian studies found that vitamin
D status was strongly inversely associated with COVID-19 incidence,
hospitalisation, prevalence in intensive care and mortality, respectively [73-76].
A US study found that vitamin D insufficiency prevalence in intensive care
patients was 84.6%, vs. 57.1% in ward patients [74], while a UK study found
that only 19% of intensive care patients had 25(OH)D levels greater than 50
nmol/L, compared to >39% in ward patients [77]. A joint US/Egyptian study
found that mean serum vitamin D levels among COVID-19 patients was 22.9
nmol/L, well below the level required to avoid rickets, with lower levels
correlating with a worse outcome [78], while a study from the Philippines showed
that for each standard deviation increase in serum vitamin D levels, the odds of
experiencing only mild COVID-19 rather than severe illness was 7.94 times
greater and the odds of having a mild clinical outcome rather than a critical
outcome was as high as 19.61 times greater [79]. Two reviews reported that
vitamin D deficiency had been found to contribute to ARDS and was inversely
correlated with CRP, the surrogate marker for the cytokine storm [80,81]; the
authors recommended that at-risk individuals took 10,000 IU/day for a few
weeks to raise vitamin D levels rapidly, followed by 5,000 IU/day, with the
objective of raising vitamin D concentrations above 100-150 nmol/L. Two further

reviews confirmed that poor vitamin D status is also related to COVID-19 risk
factors and complications [82] and recommend supplementation, principally to
reduce the inflammatory reaction [83].
As at 3 August 2020, there were 23 vitamin D and COVID-19 studies registered
on the US Clinical Trials website [84] and >10 Chinese clinical trials in progress
on the use of vitamin D in COVID-19 [85]. One trial from Singapore, gave 1000
IU/day oral vitamin D3, 150mg/day magnesium and 500μg/day vitamin B12 to
COVID-19 patients aged ≥50 who did not require oxygen on admission; in
multivariate analysis, supplementation was associated with a significant
reduction in the proportion of patients with clinical deterioration requiring oxygen
support and/or intensive care support (17.6% versus 61.5%) [86]. Similarly, US
researchers have successfully used several micronutrients for treatment,
including vitamins C and D [87], while the MATH+ protocol, used in several US
hospitals, includes 4000 IU/day vitamin D for both prevention and treatment
[88,89].
A Dutch study [90] showed that UK serum levels average only 50nmol/l; since
this is the average level, roughly 50% of the population will be below 50nmol/l.
Although 50nmol/l is a level necessary to prevent rickets and osteomalacia, it is
inadequate for immune system support; for this, experts believe that a level of
100-150nmol/l is necessary. It is hardly surprising that rickets has re-appeared
in the UK [91]. Furthermore, the majority of those of South Asian or black
ethnicity in the UK are either deficient or severely deficient [25,92]. The Dutch
findings were confirmed by the Royal Society, which recommended that since
vitamin D has an important regulatory role in the human immune system, the
government provide a stronger public message about the importance of
preventing Vitamin D deficiency and that hospitals consider assaying serum
vitamin D levels in COVID-19 patients [93].
Current UK guidelines recommend supplementing 400 IU/day of vitamin D,
whereas Europe and the US recommend 600 IU/day, with 800 IU/day for those
aged >70 years, to achieve a 25(OH)D level of 50 nmol/l. There is a persuasive
argument that the US recommendation of 600 IU/day came about as a result of
a statistical error and should in fact be closer to 9000 IU/day [94]. Since many
experts believe that 75 nmol/l is the minimum level for immune support, this
makes the UK recommendation of 400 IU/day all the more inadequate,
particularly for the BAME community. The recommendation for optimum immune
support is 4,000 IU/day for adults to achieve a 75 nmol/l level, with the BAME
community needing twice as much [95,96]. Daily doses of 10,000 IU and even
30,000 IU have been demonstrated to be perfectly safe by the European Food
Safety Authority Panel [97]; infrequent very high doses are much less effective.
Zinc:
General immune protection
Zinc plays a crucial role in the function of all immune cells, with even a mild
deficiency inducing cell-mediated immune dysfunction, decreasing immune
response and increasing susceptibility to many infections. It has a strong antiviral role and can impair viral replication, prevents the virus binding to mucosal
cells and acts as an antioxidant and anti-inflammatory agent; it was effective
against the 2003 SARS coronavirus [98]. Furthermore, the loss of taste and
smell, commonly reported in COVID-19 patients, is a common symptom of zinc
deficiency. Low dietary consumption of zinc has been found in almost half the
older population. [10,98-101]

COVID-19 protection and treatment
One of the reasons for the potential success of hydroxychloroquine in treating
COVID-19 is the fact that it is a zinc ionophore, i.e. a zinc transport molecule
that helps zinc enter immune cells [102,103]. A trial of zinc, low dose
hydroxychloroquine and azithromycin found that significantly fewer COVID-19
patients were hospitalised or died compared to an untreated group [104], while
the addition of zinc to hydroxychloroquine and azithromycin resulted in increased
frequency of being discharged home and reduction in mortality or transfer to
hospice compared to no zinc [105]. The MATH+ protocol includes up to 100
mg/day of zinc for prevention and treatment [88,89].
12 August 2020
References
[1] Data extracted from the US CDC website https://www.cdc.gov/flu/pandemicresources/basics/past-pandemics.html
[2] Sun H, Xiao Y, Liu J, et al. Prevalent Eurasian avian-like H1N1 swine influenza virus
with 2009 pandemic viral genes facilitating human infection. Proc Natl Acad Sci U S A.
2020 Jul 21;117(29):17204-17210. doi: 10.1073/pnas.1921186117. Epub 2020 Jun 29.
[3] ‘Flu virus with 'pandemic potential' found in China’ BBC News 30 June 2020
https://www.bbc.co.uk/news/health-53218704
[4] Li H, Liu L, Zhang D, et al. SARS-CoV-2 and viral sepsis: observations and
hypotheses. Lancet. 2020 May 9;395(10235):1517-1520. doi: 10.1016/S01406736(20)30920-X. Epub 2020 Apr 17
[5] Conti P, Caraffa A, Gallenga CE et al, IL-1 induces throboxane-A2 (TxA2) in COVID19 causing inflammation and micro-thrombi: inhibitory effect of the IL-1 receptor
antagonist (IL-1Ra). J Biol Regul Homeost Agents. 2020 Aug 3;34(4). doi: 10.23812/2034-4EDIT-65. [Epub ahead of print]
[6] Bellinvia S, Edwards CJ, Schisano M, et al. The unleashing of the immune system in
COVID-19 and sepsis: the calm before the storm? Inflamm Res. 2020 Aug;69(8):757763. doi: 10.1007/s00011-020-01366-6. Epub 2020 May 28.
[7] Ragab D, Salah Eldin H, Taeimah M, et al. The COVID-19 Cytokine Storm; What We
Know So Far. Front Immunol. 2020 Jun 16;11:1446. doi: 10.3389/fimmu.2020.01446.
eCollection 2020.
[8] Cavezzi A1, Troiani E2, Corrao S3. COVID-19: hemoglobin, iron, and hypoxia beyond
inflammation. A narrative review. Clin Pract. 2020 May 28;10(2):1271. doi:
10.4081/cp.2020.1271. eCollection 2020 May 19.
[9] Aygun H, Vitamin D can prevent COVID-19 infection-induced multiple organ damage.
Naunyn Schmiedebergs Arch Pharmacol. 2020 May 25:1-4.
https://pubmed.ncbi.nlm.nih.gov/32451597
[10] Yannuck SF, Pizzorno J, Messier H, Fitzgerald KN. Evidence Supporting a Phased
Immuno-physiological Approach to COVID-19 From Prevention Through Recovery. Integr
Med (Encinitas). 2020;19(Suppl 1):8-35.
[11] Weyand CM, Goronzy JJ. Aging of the Immune System. Mechanisms and
Therapeutic Targets. Ann Am Thorac Soc. 2016 Dec;13 Suppl 5:S422-S428. doi:
10.1513/AnnalsATS.201602-095AW.
[12] Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 disproportionately
affect older people? Aging (Albany NY). 2020 May 29;12(10):9959-9981. doi:
10.18632/aging.103344. Epub 2020 May 29.
[13] https://data.cdc.gov/NCHS/Provisional-COVID-19-Death-Counts-by-Sex-Age-andS/9bhg-hcku
[14] https://ourworldindata.org/mortality-risk-covid
15] Richardson S, Presenting Characteristics, Comorbidities, and Outcomes Among 5700
Patients Hospitalized With COVID-19 in the New York City Area, JAMA, 2020
[16] Bhasin A, Nam H, Yeh C, et al. Is BMI higher in younger patients with COVID-19?
Association between BMI and COVID-19 hospitalization by age. Obesity (Silver Spring).
2020 Jul 1. doi: 10.1002/oby.22947. [Epub ahead of print]

[17] Deng M, Qi Y, Deng L, et al. Obesity as a Potential Predictor of Disease Severity in
Young COVID-19 Patients: A Retrospective Study. Obesity (Silver Spring). 2020 Jun 29.
doi: 10.1002/oby.22943. [Epub ahead of print]
[18] https://www.twincities.com/2020/05/31/most-of-minnesotas-coronavirus-covid-19fatalities-also-fought-other-chronic-illnesses/
[19] https://ourworldindata.org/mortality-risk-covid
[20] Calder P, BMJ Nutrition, Prevention & Health, 2020.
https://nutrition.bmj.com/content/bmjnph/early/2020/05/20/bmjnph-2020000085.full.pdf
[21] Christ A, Lauterbach M, Latz E. Western Diet and the Immune System: An
Inflammatory Connection. Immunity. 2019 Nov 19;51(5):794-811. doi:
10.1016/j.immuni.2019.09.020. Review.
[22] Childs CE, Calder PC, Miles EA. Diet and Immune Function. Nutrients. 2019 Aug
16;11(8). pii: E1933. doi: 10.3390/nu11081933.
[23] Remy KE, Mazer M, Striker DA, et al. Severe immunosuppression and not a cytokine
storm characterize COVID-19 infections. JCI insight, July 20, 2020.
[24] Laterre PF, Francois B, Collienne C, et al. Association of interleukin 7
immunotherapy with lymphocyte counts among patients with severe coronavirus disease
(COVID-19). JAMA Network Open, July 22, 2020.
[25] Malhotra A, Kamepalli RK, Bamrah JS. The Physician, 2020; Vol 6, No, 2.
https://physicianjnl.net/index.php/phy/article/view/38
[26] Grant WB, Boucher BJ. (2020) Vitamin D deficiency due to skin pigmentation and
diet may explain much of the higher rates of COVID-19 among BAME in England. BMJ
comments, June 6, 2020. https://www.bmj.com/content/369/bmj.m1548/rr-22
[27] Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune
diseases, cancers, and cardiovascular disease. Am J Clin Nutr. 2004 Dec;80(6
Suppl):1678S-88S. doi: 10.1093/ajcn/80.6.1678S.
[28] https://www.nice.org.uk/advice/es28/evidence/evidence-review-pdf-8777674477
[29] Brown RA, BMJ Rapid Response.
https://www.bmj.com/content/369/bmj.m2475/rapid-responses
[30] Downing D, BMJ Rapid Response.
https://www.bmj.com/content/369/bmj.m2475/rr-11
[31] https://www.bbc.co.uk/news/health-53565655
[32] Ratajczak W, Niedźwiedzka-Rystwej P, Tokarz-Deptuła B, Deptuła W. Immunological
memory cells. Cent Eur J Immunol, 2018
[33] Zheng M, Gao Y, Wang G, et al. Functional exhaustion of antiviral lymphocytes in
COVID-19 patients. Cell Mol Immunol. 2020 May;17(5):533-535. doi: 10.1038/s41423020-0402-2. Epub 2020 Mar 19.
[34] Gombart AF, Pierre A, Maggini S. A Review of Micronutrients and the Immune
System-Working in Harmony to Reduce the Risk of Infection. Nutrients. 2020 Jan
16;12(1). pii: E236. doi: 10.3390/nu12010236.
[35] EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), Guidance on the
scientific requirements for health claims related to the immune system, the
gastrointestinal tract and defence against pathogenic microorganisms. Efsa J, 2016
[36] https://www.crowdfunder.co.uk/nhs-frontline-immune-support
[37] Hemila H, Vitamin C and Infections. Nutrients, 2017 Mar 29;9(4). pii: E339. doi:
10.3390/nu9040339.
[38] Van Straten M, Josling P. Preventing the common cold with a vitamin C supplement:
a double-blind, placebo-controlled survey. Adv Ther. 2002 May-Jun;19(3):151-9.
[39] Ran L, Zhao W, Wang J, Wang H, Zhao Y, Tseng Y, Bu H. Extra Dose of Vitamin C
Based on a Daily Supplementation Shortens the Common Cold: A Meta-Analysis of 9
Randomized Controlled Trials. Biomed Res Int. 2018 Jul 5;2018:1837634. doi:
10.1155/2018/1837634. eCollection 2018.
[40] Myint PK, Wilson AM, Clark AB, Luben RN, Wareham NJ, Khaw KT. Plasma vitamin C
concentrations and risk of incident respiratory diseases and mortality in the European
Prospective Investigation into Cancer-Norfolk population-based cohort study. Eur J Clin
Nutr. 2019 Nov;73(11):1492-1500. doi: 10.1038/s41430-019-0393-1. Epub 2019 Jan
31.

[41] Deruelle F, Baron B. Vitamin C: is supplementation necessary for optimal health?
The Journal of Alternative and Complementary Medicine, 2008 J Altern Complement Med.
2008 Dec;14(10):1291-8. doi: 10.1089/acm.2008.0165.
[42] http://orthomolecular.org/resources/omns/
[43] Fujii T, Luethi N, Young PJ, et al. Effect of Vitamin C, Hydrocortisone, and Thiamine
vs Hydrocortisone Alone on Time Alive and Free of Vasopressor Support Among Patients
With Septic Shock: The VITAMINS Randomized Clinical Trial. JAMA. 2020 Jan 17.
[44] Fowler AA 3rd, Truwit JD, Hite RD et al. Effect of Vitamin C Infusion on Organ
Failure and Biomarkers of Inflammation and Vascular Injury in Patients With Sepsis and
Severe Acute Respiratory Failure: The CITRIS-ALI Randomized Clinical Trial. JAMA. 2019
Oct 1;322(13):1261-1270. doi: 10.1001/jama.2019.11825.
[45] Kashiouris MG, L'Heureux M, Cable CA et al. The Emerging Role of Vitamin C as a
Treatment for Sepsis. Nutrients. 2020 Jan 22;12(2). pii: E292. doi:
10.3390/nu12020292.
[46] Carr AC, Maggini S. Vitamin C and Immune Function. Nutrients. 2017 Nov 3;9(11).
pii: E1211. doi: 10.3390/nu9111211.
[47] Li R, Wu K, Li Y, Liang X, Lai KP, Chen J. Integrative pharmacological mechanism of
vitamin C combined with glycyrrhizic acid against COVID-19: findings of bioinformatics
analyses. Brief Bioinform. 2020 Jul 14. pii: bbaa141. doi: 10.1093/bib/bbaa141. [Epub
ahead of print]
[48] Colunga Biancatelli RML, Berrill M, Catravas JD, Marik PE. Quercetin and Vitamin C:
An Experimental, Synergistic Therapy for the Prevention and Treatment of SARS-CoV-2
Related Disease (COVID-19). Front Immunol. 2020 Jun 19;11:1451. doi:
10.3389/fimmu.2020.01451. eCollection 2020..
[49] Hemilä H, Chalker E. Vitamin C Can Shorten the Length of Stay in the ICU: A MetaAnalysis. Nutrients. 2019 Mar 27;11(4). pii: E708. doi: 10.3390/nu11040708.
[50] Hemilä H, Chalker E. Vitamin C may reduce the duration of mechanical ventilation in
critically ill patients: a meta-regression analysis. J Intensive Care. 2020 Feb 7;8:15. doi:
10.1186/s40560-020-0432-y. eCollection 2020
[51] Liu F, Zhu Y, Zhang J, Li Y, Peng Z. Intravenous high-dose vitamin C for the
treatment of severe COVID-19: study protocol for a multicentre randomised controlled
trial. BMJ Open. 2020 Jul 8;10(7):e039519. doi: 10.1136/bmjopen-2020-039519.
[52] https://clinicaltrials.gov/ct2/show/NCT04264533
[53] https://flccc.net/
[54] https://www.evms.edu/covid-19/covid_care_for_clinicians/
[55] https://www.evms.edu/media/evms_public/departments/internal_medicine/MarikCovid-Protocol-Summary.pdf
[56] Zhou YF, Luo BA, Qin LL. The association between vitamin D deficiency and
community-acquired pneumonia: A meta-analysis of observational studies. Medicine
(Baltimore). 2019 Sep;98(38):e17252. doi: 10.1097/MD.0000000000017252.9
[57] Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the prevention of acute
respiratory infection: systematic review of clinical studies. J Steroid Biochem Mol Biol.
2013 Jul;136:321-9. doi: 10.1016/j.jsbmb.2012.11.017. Epub 2012 Dec 7.
[58] Wei R, Christakos S, Mechanisms Underlying the Regulation of Innate and Adaptive
Immunity by Vitamin D. Nutrients. 2015 Sep 24;7(10):8251-60. doi:
10.3390/nu7105392.
[59] Martineau AR, Jolliffe DA, Hooper RL, Vitamin D supplementation to prevent acute
respiratory tract infections: systematic review and meta-analysis of individual participant
data. BMJ. 2017 Feb 15;356:i6583. doi: 10.1136/bmj.i6583
[60] Chang SH, Chung Y, Dong C. Vitamin D suppresses Th17 cytokine production by
inducing C/EBP homologous protein (CHOP) expression. J Biol Chem. 2010 Dec
10;285(50):38751-5. doi: 10.1074/jbc.C110.185777. Epub 2010 Oct 25.
[61] Sassi F, Tamone C, D'Amelio P. Vitamin D: Nutrient, Hormone, and
Immunomodulator. Nutrients. 2018 Nov 3;10(11). pii: E1656. doi:
10.3390/nu10111656.
[62] Bergman P, Lindh AU, Björkhem-Bergman L, Lindh JD. Vitamin D and Respiratory
Tract Infections: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. PLoS One. 2013 Jun 19;8(6):e65835. doi: 10.1371/journal.pone.0065835. Print
2013.

[63] Dancer RC, Parekh D, Lax S et al. Vitamin D deficiency contributes directly to the
acute respiratory distress syndrome (ARDS). Thorax. 2015 Jul;70(7):617-24. doi:
10.1136/thoraxjnl-2014-206680. Epub 2015 Apr 22
[64] Wang TT, Nestel FP, Bourdeau V, et al. Cutting edge: 1,25-dihydroxyvitamin D3 is a
direct inducer of antimicrobial peptide gene expression. J Immunol. 2004 Sep
1;173(5):2909-12.
[65] Baeke F, Takiishi T, Korf H, et al. Vitamin D: modulator of the immune system. Curr
Opin Pharmacol. 2010 Aug;10(4):482-96. doi: 10.1016/j.coph.2010.04.001. Epub 2010
Apr 27.
[66] Grant WB, Lahore H, McDonnell SL, et al., (2020) Vitamin D Supplementation Could
Prevent and Treat Influenza, Coronavirus, and Pneumonia Infections" Nutrients preprint,
March 14, 2020 https://www.preprints.org/manuscript/202003.0235/v1
[67] Aygun H, Vitamin D can prevent COVID-19 infection-induced multiple organ
damage. Naunyn Schmiedebergs Arch Pharmacol. 2020 May 25:1-4.
https://pubmed.ncbi.nlm.nih.gov/32451597
[68] Meltzer DO, Best TJ, Zhang H et al, Association of Vitamin D Deficiency and
Treatment with COVID-19 Incidence.
https://www.medrxiv.org/content/10.1101/2020.05.08.20095893v1
[69] D'Avolio A, Avataneo V, Manca A, et al. (2020) 25-Hydroxyvitamin D Concentrations
Are Lower in Patients with Positive PCR for SARS-CoV-2. Nutrients. 2020 May
9;12(5):E1359. https://pubmed.ncbi.nlm.nih.gov/32397511
[70] De Smet D, De Smet K, Herroelen P, et al. (2020) (2020) Vitamin D deficiency as
risk factor for severe COVID-19: a convergence of two pandemics, May 5, 2020.
https://www.medrxiv.org/content/10.1101/2020.05.01.20079376v2
[71] Faul JL, Kerley CP, Love B. Vitamin D Deficiency and ARDS after SARS-CoV-2
Infection. Ir Med J. 2020 May 7;113(5):84.
[72] Ilie PC, Stefanescu S, Smith L. The role of vitamin D in the prevention of
coronavirus disease 2019 infection and mortality. Aging Clin Exp Res 32, 1195–1198
(2020). https://doi.org/10.1007/s40520-020-01570-8
[73] Merzon E, Tworowski D, Gorohovski A et al. Low plasma 25(OH) vitamin D level is
associated with increased risk of COVID-19 infection: an Israeli population-based study.
FEBS J. 2020 Jul 23. doi: 10.1111/febs.15495.
[74] Lau FH, Majumder R, Torabi R et al. Vitamin D Insufficiency is Prevalent in Severe
COVID-19. https://www.medrxiv.org/content/10.1101/2020.04.24.20075838v1
[75] Raharusun P, Priambada S, Budiarti C et al. Patterns of COVID-19 Mortality and
Vitamin D: An Indonesian Study. https://emerginnova.com/patterns-of-covid19mortality-and-vitamin-d-an-indonesian-study/
[76] Davies G, et al. Evidence Supports a Causal Model for Vitamin D in COVID-19
Outcomes https://www.medrxiv.org/content/10.1101/2020.05.01.20087965v2.full.pdf
[77] Panagiotou G, Tee SA, Ihsan Y, et al. Low serum 25-hydroxyvitamin D (25[OH]D)
levels in patients hospitalised with COVID-19 are associated with greater disease
severity. Clin Endocrinol (Oxf). 2020 Jul 3. doi: 10.1111/cen.14276. [Epub ahead of
print]
[78] Munshi R, Hussein MH, Toraih EA, et al. Vitamin D insufficiency as a potential culprit
in critical COVID-19 patients. J Med Virol. 2020 Jul 27. doi: 10.1002/jmv.26360. [Epub
ahead of print].
[79] Alipio M, Vitamin D Supplementation Could Possibly Improve Clinical Outcomes of
Patients Infected with Coronavirus-2019 (COVID-19).
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3571484
[80] Grant WB, Lahore H, McDonell SL et al. Evidence that Vitamin D Supplementation
Could Reduce Risk of Influenza and COVID-19 Infections and Deaths. Nutrients. 2020,12,
988; doi:10.3390/nu12040988
[81] Daneshkhah A, Agrawal V, Eshein A. The Possible Role of Vitamin D in Suppressing
Cytokine Storm and Associated Mortality in COVID-19 Patients.
https://www.medrxiv.org/content/10.1101/2020.04.08.20058578v4
[82] Biesalski HK, Vitamin D deficiency and co-morbidities in COVID-19 patients – A fatal
relationship? https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7276229/
[83] Arboleda JF, Urcuqui-Inchima S. Vitamin D Supplementation: A Potential Approach
for Coronavirus/COVID-19 Therapeutics? Front Immunol. 2020 Jun 23;11:1523. doi:
10.3389/fimmu.2020.01523. eCollection 2020.

[84] https://clinicaltrials.gov/ct2/results?cond=vitamin+D+and+Covid-19
[85] http://www.chictr.org.cn/showprojen.aspx?proj=51390
[86] Wen Tan C, Pock Ho L, Kalimuddin S et al, A cohort study to evaluate the effect of
combination Vitamin D, Magnesium and Vitamin B12 (DMB) on progression to severe
outcome in older COVID-19 patients.
https://www.medrxiv.org/content/10.1101/2020.06.01.20112334v2
[87] Brownstein D, Ng R, Rowen R, et al. A Novel Approach to Treating COVID-19 Using
Nutritional and Oxidative Therapies. https://www.cf5e727d-d02d-4d71-89ff9fe2d3ad957f.filesusr.com/ugd/adf864_cc5004cfa84a46d3b1a0338d4308c42c.pdf
[88] https://www.evms.edu/covid-19/covid_care_for_clinicians/
[89] https://www.evms.edu/media/evms_public/departments/internal_medicine/MarikCovid-Protocol-Summary.pdf
[90] Lips P, Cashman KD, Lamberg-Allardt C. Current vitamin D status in European and
Middle East countries and strategies to prevent vitamin D deficiency: a position
statement of the European Calcified Tissue Society. Eur J Endocrinol. 2019
Apr;180(4):P23-P54. doi: 10.1530/EJE-18-0736.
[91] https://www.nhs.uk/conditions/rickets-and-osteomalacia/
[92] Patel JV, Chackathayil J, Hughes EA, et al. Vitamin D deficiency amongst minority
ethnic groups in the UK: a cross sectional study. Int J Cardiol. 167(5); 2172-2176
[93] https://royalsociety.org/topics-policy/projects/set-c-science-in-emergenciestasking-covid/
[94] Veugelers PJ, Ekwaru JP. A statistical error in the estimation of the recommended
dietary allowance for vitamin D. Nutrients. 2014 Oct 20;6(10):4472-5. doi:
10.3390/nu6104472.
[95] Vieth R, Chan PC, MacFarlane GD. Efficacy and safety of vitamin D3 intake
exceeding the lowest observed adverse effect level. Am J Clin Nutr. 2001 Feb;73(2):28894.
[96] Cashman KD, Ritz C, Adebayo FA, et al. Differences in the dietary requirement for
vitamin D among Caucasian and East African women at Northern latitude. Eur J Nutr.
2019 Sep;58(6):2281-2291. doi: 10.1007/s00394-018-1775-1. Epub 2018 Jul 18.
[97] European Food Safety Authority Panel, Scientific Opinion on the Tolerable Upper
Level Intake Level of Vitamin D; EFSA J, 2012
[98] te Velthuis AJ1, van den Worm SH, Sims AC, Baric RS, Snijder EJ, van Hemert MJ.
Zn(2+) inhibits coronavirus and arterivirus RNA polymerase activity in vitro and zinc
ionophores block the replication of these viruses in cell culture. PLoS Pathog. 2010 Nov
4;6(11):e1001176. doi: 10.1371/journal.ppat.1001176.
[99] https://ods.od.nih.gov/factsheets/Zinc-HealthProfessional
[100] Prasad AS. Discovery of human zinc deficiency: its impact on human health and
disease. Adv Nutr. 2013 Mar 1;4(2):176-90. doi: 10.3945/an.112.003210.
[101] Ibs KH, Rink L, Zinc-altered immune function. J Nutr. 2003 May;133(5 Suppl
1):1452S-6S. doi: 10.1093/jn/133.5.1452S.
[102] Xue J, Moyer A, Peng B et al. Chloroquine is a zinc ionophore. PLoS One. 2014 Oct
1;9(10):e109180. doi: 10.1371/journal.pone.0109180. eCollection 2014.
[103] Derwand R, Scholz M. Does zinc supplementation enhance the clinical efficacy of
chloroquine/hydroxychloroquine to win today's battle against COVID-19? Med Hypoth.
Volume 142, September 2020, 109815
https://www.sciencedirect.com/science/article/pii/S0306987720306435
[104] Scholz M, Derwand R, Zelenko V. COVID-19 Outpatients – Early Risk-Stratified
Treatment with Zinc Plus Low Dose Hydroxychloroquine and Azithromycin: A
Retrospective Case Series Study. https://www.preprints.org/manuscript/202007.0025/v1
[105] Carlucci P, Ahuja T, Petrilli CM, et al. Hydroxychloroquine and azithromycin plus
zinc vs hydroxychloroquine and azithromycin alone: outcomes in hospitalized COVID-19
patients. https://www.medrxiv.org/content/10.1101/2020.05.02.20080036v1

