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Boosting immunity with vitamin D for preventing complications and 
deaths from COVID-19
Wimalawansa S.J.1,*, Polonowita A.2 

1  Cardiometabolic & Endocrine Institute, New Jersey, USA
2  Mednet Australia, Melbourne, Australia 

ABSTRACT

The severity and deaths from COVID-19 differed between countries. Northern and southern 
countries were most affected by the first and the second wave of COVID-19. In contrast, the third 
wave affects geographically restricted regions: certain south-east Asian countries, Brazil, etc. China, 
Singapore, South Korea, Vietnam, and Hong Kong, countries that previously experienced SARS, 
met the challenges effectively with better public cooperation and coordinated public health actions. 
There was a lack of firm policies in the west, ambiguous and politically motivated guidance from 
health organisations such as WHO and CDC and some governments that eroded trust. Due to 
the year-long sunlight, countries proximate to the equator reported low prevalence and death 
rates from COVID-19. Low reported deaths were unrelated to curfew but due to a combination of 
reasonable vitamin D levels secondary to passive exposure to sunlight, greater use of ivermectin 
and hydroxychloroquine, and conducting very low (5% of the needed) number of PCT testing. 
These led to detecting a few PCR positive cases and related deaths. We examined the published data 
on the impact of vitamin D on immune functions, differences in reported deaths, and cost-effective 
ways to prevent complications and deaths from COVID-19. Data suggests that sufficient vitamin 
D is the most crucial factor protecting against infection, reducing complications and deaths from 
COVID-19. Despite the rhetoric, considering current inequitable immunisations, relatively short-
lived immunity, and high mutation rates, global herd immunity is unlikely to be achieved. Based 
on recent clinical studies, including RCTs, the combination of population-wide supplementation 
of vitamin D and safe sun exposure, wearing facemasks, and vaccination is the most effective way 
to keep COVID under control. Boosting and maintaining innate immunity with nutrients (e.g., 
vitamin D sufficiency) and acquire immunity through vaccination will facilitate having overall, 
strong immunity. This combined approach would be the most effective and economical way to 
control the pandemic. Data are pointing that just antibody-based adaptive immune responses 
primed by prior infection or vaccination are insufficient to prevent SARS.CoV-2 outbreaks. In the 
absence of such priming, the robust innate and adaptive immune systems ensure rapid recovery and 
a low risk of complications. This is most effective when the serum 25-hydroxyvitamin D [25(OH)
D] concentration maintained over 50 ng/mL optimal immune systems function.

Key words: Coronavirus, Viral infection, Inflammation, Innate immune system, 25-hydroxyvitamin 
D [25(OH)D], Pandemic; SARS-CoV-2
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1. INTRODUCTION
There is a robust negative relationship 

between serum 25(OH)D (25-hydroxyvitamin 
D) concentration and clinical outcome from 
COVID-19 infections.  In addition, clinical 
studies confirmed that the majority who 
died from COVID-19 had serum 25(OH)D 
concentration less than 12 ng/mL.  

1.1. How much is vitamin D necessary 
for robust immune responses?
Scientists previously believed that the 

optimal immune stimulation occurs when 
the serum 25-hydroxyvitamin D [25(OH)
D] concentration above 30 ng/mL.  On the 
contrary, recent data confirmed that 25(OH)D 
concentrations higher than 50 ng/mL needed 
for full immune functions and protection from 
pathogenic microbes (Quraishi et al., 2014).  
This 50 ng/mL or more (at least above 40 ng/
mL) serum concentration can reliably attain 
daily or weekly vitamin D3 supplementation 
(but not more infrequently than once a month).  

Most people are not getting adequate UVB 
rays from sunlight, either due to sun avoidance 
behaviour or lack of sufficient sunlight.  
Therefore, supplementation with the proper 
doses or food fortification with natural vitamin 
D is the way forward.   These include exclusively 
breastfed infants, pregnant mothers, and those 
who are breastfeeding.  However, because of 
too conservative doses used food fortification 
on its own, unable to provide adequate vitamin 
D supplements to achieve required levels.

Vitamin D supplementation is essential 
for those who live in higher and lower latitudes 
(42nd parallel).  A few UV-B rays are reaching 
from sunlight for approximately six months-
winter periods.  Therefore, it is safer for them 
to consuming about 5,000 IU per day or 10,000 
IU every other day without any adverse effect.  
However, these doses take several months to 
provide the required 25(OH)D blood levels.  
Alternatively, one can take or 50,000 IU once or 
twice a week, which will raise the blood levels 
within six weeks.  

Safe sun exposure: For people with light 
coloured skin, one-hour daily exposure to 
summerlike sunlight between 10.30 AM and 
1.30 PM with one-third of the skin exposed.  
Wearing a brimmed hat and sunglasses are 
strongly recommend for protecting the face 
and eyes.  Those with melanin-rich skin require 
prolonged UV-B exposure daily, generally not 
compatible with modern lifestyles for many.  

Especially during the pandemic era, the 
recommended daily dose is between 4,000 
and 7,000 IU (average of 5,000 IU =0.125 
mg) per day or 50,000 once a week for 70 kg, 
non-obese adult.  Those who are overweight 
or obese require a higher intake: increase the 
ratio of D3 to bodyweight.  It is important to 
note that D3 supplemented using these doses 
takes few months to build serum 25(OH)
D levels.  In clinical emergencies, due to 
immune dysfunctions, such as COVID-19, 
sepsis, Kawasaki disease, and Multisystem 
Inflammatory Syndrome, the use of such doses 
is not practical and ineffective.  

In part, this can be overcome by upfront 
bolus doses of D3, but still, it takes one to 
three days to convert vitamin D to 25(OH)D 
in the liver (a rate-limiting step).  Therefore, 
the administration of D3 alone is insufficient in 
emergencies.  However, recent data confirmed 
that for 70 kg adults, a single oral dose of 
partially activated vitamin D, calcifediol 
(25-hydroxyvitamin D), is adequate to raise 
serum 25(OH)D to therapeutic level within 
four hours.  This should be followed up with 
200,000 IU vitamin D3 (single or in divided 
doses over four days), provides the desired 
blood levels within four hours and maintain it 
for several weeks (Castillo, 2020).  

Mentioned single-dose quantity is 
minimal: between 0.5 to 1.0 mg calcifediol, 
administered at the earliest opportunity.  It 
rapidly boosts all immune functions and 
allows people to maintain serum 25(OH)
D concentration.  This allows to overcome 
microbial invasions and prevent severe 
complications from COVID-19.  Recent 
clinical studies using calcifediol confirmed 
that this protocol reduces the complications 



173

COVID vitamin D and natural immunity

and deaths from COVID by ~75% (see clinical 
study section) (Castillo, 2020; Nogués, 2021). 

1.2. Significant causes of vitamin D 
deficiency
The three most common causes of vitamin 

D deficiency are unavailability of UVB rays 
(e.g., winter months, air pollution), sun 
avoiding behaviour, and ageing-associated 
reduction of vitamin D synthesis in the skin.  
Typically, hypovitaminosis D occurs following 
insufficient exposure to sunlight.  Examples 
include living in higher or lower latitudes 
or regions with significant air pollution, sun 
avoidance behaviour (Conticini et al., 2020; 
Ebadi & Montano-Loza, 2020; Grant et al., 
2020; Martelletti & Martelletti, 2020; Zhu et al., 
2020), persons with darker skin living in cooler 
environments, and gastrointestinal absorption 
difficulties.  In addition, taking medications that 
up-regulate hepatic cytochrome P450 increases 
the catabolism of vitamin D: examples are anti-
epileptic and anti-retroviral therapies.  

Diets contain only small amounts of 
vitamin D.  Humans are dependent on 
exposure to sunlight (UV-B rays) or vitamin 
D supplements to obtain sufficient vitamin D.  
Vitamin D undergoes its first 25-hydroxylation 
in the liver, forming calcifediol (calcidiol): 

[25-hydroxyvitamin D; 25(OH)D].  Hepatic 
25-hydroxylation catalysed by enzyme CYP2R1 
enzymes (2–4).  The steps of activating vitamin 
D illustrated in Figure 1.  

25(OH)D is the main form of vitamin 
D in circulation and storage.  It has a half-
life of approximately three weeks at healthy 
levels, such as 50 ng/mL.  Vitamin D blood 
tests measure the concentration of 25(OH)D 
circulating in the bloodstream.  

25(OH)D is the proper measure of vitamin 
D sufficiency.  Blood 1,25(OH)2D concentration 
should not be measured to assess the vitamin 
D status.  . There is no known function of 
25(OH)D, apart from being the precursor 
for forming the hormonal and intracellular 
form of calcitriol.  Circulating 25(OH)D 
concentration determines the amount and 
how this precursor enters into targets cells to 
produce intracellular calcitriol, which is crucial 
for immune functions.  

1.3. Formation of active 1,25(OH)2D 
(calcitriol)
The best-known system is the kidneys, 

converting 25(OH)D into feedback-controlled, 
low concentrations of circulating calcitriol 
that diffuses back into the circulation: after 

Figure 1.  
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here called 1,25(OH)2D.  This circulating 
1,25(OH)2D acts as a hormone (an endocrine 
signalling agent).  The circulatory calcitriol (the 
hormonal form) concentration is control by the 
kidneys.  Its primary functions are intestinal 
and renal tubular calcium absorption: together 
with parathyroid hormone, it modulates bone 
metabolism and skeletal/cartilage calcification.  

The second system, which is not widely 
known, is the distant actions generated via 
target cell generated intracellular calcitriol.  
Here, we only concentrate on the step by 
immune cells.  Circulatory 25(OH)D enters 
into the cytosol of immune cells through 
diffusion from the circulation.  In extra-renal 
tissues, as in immune cells, a cytochrome P450 
enzyme CYP27B1 (1α-hydroxylase) converts 
25(OH)D into 1,25(OH)2D (5).  

Active vitamin D, 1,25(OH)2D binds to 
vitamin D receptor (VDR), a nuclear receptor 
family of ligand-regulated transcription factor 
(Bishop, Ismailova, Dimeloe, Hewison, & 
White, 2020).  This interaction leads to most 
physiological effects of calcitriol through 
selectively regulating gene transcription 
(Christakos et al., 2016).  In addition, target 
tissues such as immune cells also contain 
CYP24A1 enzyme that catabolise 25(OH)D 
and 1,25(OH)2D into inactive compounds; 
a built-in negative feedback loop to prevent 
the excess generation of calcitriol (Bishop 
et al., 2020).  Important to note a significant 
biological difference between the hormonal 
calcitriol and that generated within the target 
tissue cells.  

1.4. Autocrine and paracrine functions of 
calcitriol
Intracrine/autocrine synthesis of 

1,25(OH)2D by macrophages and dendritic 
cells increase the expression of anti-microbial 
proteins, such as cathelicidin (LL37), 
and suppression of hepcidin enhances 
autophagy.  Besides, calcitriol mediates several 
T-cell responses, including suppressing 
inflammatory T helper (Th)1 and Th17 cells 
and stimulating T-regulatory responses that 

enhance immunotolerance while preventing 
autoimmunity (Bishop et al., 2020).  

As an autocrine signalling agent, it 
interacts with the intracellular VDR molecules: 
1,25(OH)2D-VDR complexes enter the nucleus, 
binds to DNA strands, and up-or down-
regulate dozens of genes, thus altering the cell’s 
behaviour.  The type of genes modulated by 
calcitriol varies between the type of cells.  For 
optimum autocrine actions, cells need a higher 
concentration of 25(OH)D concentration (50 
ng/mL).  Insufficient production of calcitriol 
within immune cells rapidly weakens immune 
functions that increase the risks for infections.  
As a result, some with severe vitamin D 
deficiency develop the disseminated infections, 
hyper-immune syndromes like cytochrome 
storm, autoimmunity and autoimmune 
diseases (Cao et al., 2020; Grant et al., 2020).  

Epidemiological and observational studies 
strongly support a protective role of vitamin D 
in persons with COVID-19.  Until the end of 
2020, most published studies were retrospective 
or based on small samples (Castillo, 2020; 
Kaufman et al., 2020; Maghbooli et al., 2020; 
Meltzer et al., 2020; Panagiotou et al., 2020; 
Zemb et al., 2020).  However, many valuable 
clinical studies have published in recent 
months.  These include several randomised 
controlled clinical studies (RCTs) using 
vitamin D as the intervention in persons with 
COVID-19.  Currently, there are more than 
60 adequately powered, and large RCTs are 
underway in multiple countries. 

1.5. Prolonged and weekend curfews are 
ineffective in controlling COVID-19
There is no scientific rationale for 

intermittent curfews, including weekends, 
to controlling COVID-19.  Such is not only 
ineffective in preventing community spread 
of SARS.CoV-2 but also increase outbreaks.  
Moreover, lockdowns in 2020 significantly 
harmed people and livelihoods and the 
economy.  Besides, such actions increased 
social disharmony, unemployment, loss of 
livelihood, alcoholism, addiction, domestic 
violence, child abuse, alcoholism, robberies, 
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and the community spread of COVID-19 and 
deaths.  

Another unintended consequence of 
curfew was restricting people to their homes 
that further prevented sun exposure.  Therefore, 
lockdowns worsened the vitamin D deficiency 
and further increased the vulnerability to 
COVID-19 and developing complications.  
A similar thing happened when patients 
hospitalised for an extended period without 
providing nutrient supplements.

1.6. Types of lockdown that are 
acceptable to control COVID-19
During a pandemic or an epidemic, it is 

necessary to carry out extensive community 
surveillance and screening or diagnostic 
testing to identify and understand the extent 
and pattern of the spread of the disease.  These 
real-time data are beneficial to make firm 
decisions to control the spread.  Despite harm, 
there are occasions lockdowns are justifiable 
in pandemics.  First, with a few cases or 
clusters in a limited area (smaller outbreaks), 
implementing geographically limited village or 
city limit-based lockdowns not exceeding 14 
days. 

Second, when there is a nationwide 
community spread (as happened in October 
2020 and early April 2021), confining to houses 
and the country-wide strict travel restriction is 
necessary without exceptions, for not exceeding 
21 days.  In either case, the government must 
pre-arrange and ensure the availability of 
essential supplies, especially food, while giving 
a few day notices before imposing lockdowns. 

When surveillance data indicate rapid 
community outbreaks spreading across 
districts suggests the need for a country-wide 
lockdown, but it must be done promptly.  For 
example, in April 2021, a critical five-week 
delay before implementing the lockdown 
in Sri Lanka.  That error led to a significant 
community spread across the entire country.  
Similar community spread occurred a few days 
after specific events.  Examples include the USA, 
following the Memorial and Independence Day 

celebrations); April 2021 new-year celebration 
in Sri Lanka, and allowing large-scale religious 
festivals in India amid community outbreaks.  

Following mentioned significant 
outbreaks, it may be necessary a country-wide 
lockdown for between 14 to 21 days.  When 
data, however, indicate a lockdown, it must be 
implemented fully and promptly: doing so at 
the right time is essential.  In these situations, 
shorter duration lockdowns are inappropriate 
and only increase the community spread of 
COVID-19.  

Lockdowns drastically affect small 
businesses and self-employed and daily wage-
earners, accounting for two-thirds of adults.  
It also markedly disrupted supply chains, 
tourism-related industries, and the national 
economy.  The curfew also interrupted air 
travel, the hotel industry, and import and 
export trade, increasing food insecurity and 
imposed a significant financial burden on over 
80% of the population.  Therefore, the decision 
to lockdowns should not be taken lightly.  

2. VITAMIN D DEFICIENCY, 
COMPLICATIONS AND 
PROGNOSIS OF COVID-19

2.1. Association between vitamin D 
intake and COVID-19 severity and 
deaths
Residents of nursing homes and disability 

centres have the worst combination of having the 
highest prevalence of vitamin D deficiency and 
multiple chronic disorders (i.e., comorbidities).  
Besides, they have weaker immune systems,  
hence, vulnerable to infections.  Moreover, 
residents in these institutions (so as prisoners), 
rarely get exposed to sunlight.  Consequently, 
this group of people are highly vulnerable to 
contract COVID-19 and dying from it (Bäcker 
A, 2020): in 2020, the mortality rate exceeded 
25% in some of these centres.  

Additional evidence includes that the 
COVID-19 fatality rates were more than 
double in countries (A) with a high prevalence 
of vitamin D deficiency, (B) located in northern 
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and southern latitudes, (C) have a higher 
percentage of elderly, and (D) among the black 
and ethnic minorities living in temperate 
regions (Bäcker A, 2020).  These data strongly 
support hypovitaminosis D as a critical risk 
factor for COVID-19 infection, developing 
complications and death. 

2.2. Ethnic minorities are at a higher risk
The intensive care (ICU) admissions and 

the death rates of Black, Asian, and Minority 
Ethnic (BAME) population living in temperate 
countries, such as the northern part of the 
USA, the UK, is over four-fold than for whites 
(Aldridge et al., 2020; Raisi-Estabragh et 
al., 2020; Trivedy et al., 2020).  In addition, 
advanced age, chronic comorbid conditions 
(e.g., asthma, COPD, ischemic heart diseases, 
renal failure, obesity, diabetes, hypertension), 
and the male gender also have higher risks 
for developing complications and dying 
from COVID-19 (Ebadi & Montano-Loza, 
2020; Hastie et al., 2020; Meschia et al., 2020; 
Temgoua et al., 2020).  

Therefore, the groups mentioned above 
must be prioritised for treatment, including 
vaccination (Aldridge et al., 2020; Holmes 
et al., 2020).  Violations of these, whether 
by politicians, law-enforcement officers, or 
administrators, must not be tolerated.  In 
addition, the current policy and the approach 
by physicians not to intervene to boost patient’s 
immunity by D3 supplementation to achieve at 
least 50 ng/mL 25(OH)D is a grave mistake. 

2.3. Ethnic, regional, and 
psychosocial differences related to 
hypovitaminosis D and increased 
mortality rates-racial disparities
Because of the routine intake of vitamin 

D supplementation and diets containing fatty 
fish, people in Scandinavian countries have a 
higher population average of 25(OH)D levels.  
Consequently, irrespective of other measures 
taken, the death rate is lower from COVID-19 
in these countries, even though they located 
in northern latitudes (Bäcker, 2020).  On the 
other hand, European countries with more 

significant ethnic minorities-those with 
melanin-rich skin (BAME groups) in the UK, 
Germany, and Italy, had disproportionately 
higher fatalities rate from COVID-19 in 2020.  

There are examples of significant 
differences in death rates in ethnic minorities 
within a country.  For instance, in Sweden, 
Somalian nationals comprise less than 1% of 
the total population but had 40% of deaths 
from COVID-19 (Brown, 2020; Osmancevic et 
al., 2016; Saaf et al., 2011).  So, as in Muslim 
countries, as in Iran, Indonesia, and Middle 
Eastern countries (due to customs and harsh 
climatic conditions), women, in particular, 
minimise skin exposure to sunlight.  This 
also happens in China, India, and Sri Lanka; 
people avoid the sun to prevent skin darkening, 
thus having relatively low serum 25(OH)D 
concentrations (Braiman, 2020). 

For example, approximately 75% of 
suburban Indians and Chinese have low 
vitamin D.  Hypovitaminosis D is common and 
is due to multiple reasons.  As in India, despite 
plenty of sunlight, it can happen due to severe 
air pollution that filters out ultraviolet B (UV-B) 
rays.  Another example is the African American 
population in the USA.  Darker skin colour, 
impoverishment, and healthcare disparities 
have led to disproportionately high morbidity 
and mortality from COVID-19 (Bäcker, 2020).  
The underlying commonality, however, is the 
high prevalence of hypovitaminosis D.  

Figure 2 illustrates (A) age-specific, 
racial disparity of infections and deaths from 
COVID-19 and (B) comparative hospitalisation 
due to COVID-19 among White, Asian and 
Black people in the UK and Blacks and Latinos 
in the USA (from, https://vitamindwiki.com). 

2.4. Plausible reasons why the reported 
incidences and death rates were low 
in tropical countries
The reported deaths from SARS.CoV-

2 in 2020 was unexpectedly low in tropical 
countries due to relatively higher population 
vitamin D due to inevitable sunlight exposure.  
Higher temperature and higher humidity 
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are likely to reduce the community spread 
(Mecenas et al., 2020; Wang J, 2020), but some 
reports contradicted this (Auler et al., 2020).  
Low humidity enables exhaled droplets to dry 
into free-floating SARS-CoV-2 viruses, rather 
than the droplet and its viruses dropping to the 
ground quickly.  

In 2020, a fewer number of PCR patients 
and deaths reported in south-east Ascian 
counties.  Except for Singapore, other south-
east Asian countries carried out less than 5% 
of PCR tests per million population than 
indicated.  Because of the low number of testing, 
only a few patients detected.  This erroneous 
policy continued till late October 2020, when 
they increased PCR testing to the current level.  
Because of the mentioned errors, Sri Lankan 
authorities continued falsely denying having 
the community spread of COVID-19.  Even 
though data demonstrated that it had broad 
community spread since May 2020.  

In addition to significantly low PCR 
testing, politically motivated coverups and 
statistical manipulations allowed country-
wide dissemination of COVID-19 by the end 
of October 2020.  Due to sunlight exposure, 
persons with severe vitamin D deficiency are 
few in most tropical countries.  However, this 
is not the case in Gulf counties due to harsh 
climatic conditions.  In these countries, severe 
hypovitaminosis D increased the number of 
people with symptomatic COVID syndrome 
needing ICU care, complications and deaths 
from SARS.CoV-2 virus (Neher et al., 2020; 
Wang, 2020).  

Apart from Africa, most low and 
middle-income countries (LMICs-emerging 
economies and developing countries) located 
in the tropics.  In contrast to the western-
industrialised countries, LMICs have less 
international travel and large gatherings in 
confined spaces (e.g., arenas, stadiums, etc.).  
Moreover, percentage of younger people are 
higher than older people (Chung et al., 2020).  

Figure 2.  
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For the mentioned reasons, generally, there is a 
lower prevalence of COVID-19 and deaths in 
tropical LMICs. 

2.5. Specific issues related to India and 
China-vulnerability to COVID-19:
Neither India nor China is considered 

wholly tropical countries, although both have 
some states and provinces deemed tropical.  
In these two countries, the states with higher 
average sunlight had lower complications and 
mortality rates from COVID-19 but higher 
mortality reported in the northern states. 

In India and Sri Lanka, the third wave of 
COVID-19 could have mitigated if they had 
the right policies and taken affirmative actions 
timely.  In contrast to Sri Lanka, air pollution 
is very high in cities and suburbs in India and 
China, which filter the UVB rays reaching the 
earth surface.  Besides, in both countries, the 
prevalence of vitamin D deficiency exceeds 70% 
when measured by conventional standards, 
either with  20 ng/mL or 30 ng/mL thresholds.  

No country has more than a fraction 
of its population with serum 25(OH)D 
concentrations 50 ng/mL or more, all year 
round: regarding the immune system, the 
true measure of vitamin D repletion. Unlike 
India, despite China has widespread vitamin 
D deficiency, the government has managed to 
control COVID-19 through strict quarantine 
and compulsory public health measures, and 
most recently with vaccination.  However, 
the local vaccines likely to fail to control 
the emerging new variants of SARS.CoV-2, 
China is expected to see a delayed third wave 
spreading across the country due to mutated 
viruses.

India and China both have a high incidence 
of air pollution in suburban regions and 
poverty in rural areas, and a high prevalence 
of vitamin D deficiency.  Consequently, both 
countries have an increased risk of getting 
an uncontrollable third wave of COVID-19 
extending to the winter period driven by new 
variants [such as Beta (South African variant), 

Gamma (Brazilian variant), Delta (Indian 
variant), and future virulent strains).  

In addition to being more infectious, 
some new mutants are less vulnerable to the 
antibody-mediated immunity induced by 
prior infection and/or by AstraZeneca and 
Sinopharm (or other two Chinese) vaccines.  
Thus, vulnerability to develop complications 
and deaths will be significantly high in those 
with vitamin D deficiency.  Neither country, 
however, are proactively addressing this issue. 

2.6. Reasons for fewer deaths in homeless 
people
Despite rampant malnutrition and 

major socioeconomic disadvantages, in many 
countries, such as northern parts of the USA 
and the UK, homeless people and farmers had 
significantly less symptomatic COVID-19 and 
deaths than those who live in the suburbs.  This 
unexpected significant trend explained by their 
daily routine exposure to sunlight.  A similar 
phenomenon observed among slum-dwellers 
in India and Brazil: some groups had over 50% 
antibodies against SARS.CoV-2, but the death 
rate was less than 0.2% (Yadaver, 2020). 

The above-unexpected phenomena most 
likely due to the robust vitamin D status of 
mentioned groups through their outdoor 
lifestyles.  As a result, they have a higher 
average serum 25(OH)D concentrations 
than suburban populations and better innate 
immunity to fight against coronaviruses.  
Besides high fertility rates (larger family size) 
and lower life expectancy, these groups have 
fewer elderly.  Moreover, most homeless people 
in the USA and UK consist of African and 
Hispanic origin and Asians (i.e., darker skin, 
non-white ethnic groups).  The melanin-rich 
skinned people who live in suburban areas in 
northernly located countries had a high death 
rate due to COVID-19.  In contrast, despite 
having darker skin, fewer homeless people died 
from COVID. 
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2.7. Link between hypovitaminosis 
D and severe complications from 
COVID-19
In the USA, UK, and a few other countries, 

melanin-rich skin population racial/ ethnic 
groups had a significantly higher mortality rate 
from COVID-19 than whites (Raisi-Estabragh 
et al., 2020; Trivedy et al., 2020).  These data 
should have prompted immediate public 
health actions to alleviate hypovitaminosis D.  
Instead, uninformed authorities and conflicted 
scientists continue to refute these data than 
accept them readily and take steps to rectify 
the root cause leading to prevent unnecessary 
deaths.  Strengthening the population 
immunity through natural means significantly 
reduce the incidence, severity, and deaths and 
the need for ICU admissions(Wimalawansa, 
2020c, 2020f, 2020c).  

The example in Figure 3 illustrates the 
unique beneficial effects of exposure to UV-B 
rays during the summertime in the UK.  So as 
in the USA, the rate of infection and deaths 
were significantly lower during the summer 

months of 2020: a similar effect will occur in 
2021, with potential outbreaks of COVID-19 
from November 2021.  The reported decline 
of COVID-19 incidence and deaths in 2021 
in the USA and UK is due to the summer 
effect and vaccination.  Nevertheless, both 
administrations entirely rely on vaccines to 
eliminate COVID-19, which is highly unlikely 
to happen.

2.8. Importance of strengthening the 
immune system to overcome viral 
infections
Human immune systems depend 

on a balanced diet rich in vitamins (D in 
particular), minerals (zinc and selenium) and 
other essential components, such as omega-3 
fatty acids (ratio), quercetin, magnesium, 
etc.  Vitamin D deficiency weakens the innate 
immune system, as its driver most immune 
functions.  It increases the vulnerability to 
contracting microbial infections, including 
viruses and developing complications. 

Figure 3.  
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Vitamin D3 is arguably not a vitamin since 
people can synthesise it themselves.  However, 
as noted above, foods, including fortified 
foods, do not provide adequate quantities of 
vitamin D.  The situation aggravated due to 
sun avoiding behaviour and inadequate UVB 
exposure year-round.  Thus, even a “balanced 
diet” does not provide vitamin D to support 
the immune system for most people unless 
supplemented with vitamin D.

The 5,000 IU per day D3 is generally 
sufficient for 70 kg non-obese adult to attain 
these levels, yet some viewed it as a large dose 
due to misunderstanding.  However, one IU is 
1/40th of a microgram-the amount a six-gram 
baby rat requires per day to avoid rickets.  5,000 
IU/day or a single 50,000 IU capsule every ten 
days equals 0.125 mg of vitamin D a day (this 
equal to one gram administered, once every 22 
years).  Pharma grade D3 costs $2.50 per gram, 
ex-factory, in 1 kg lots: so, it is not an expensive 
compound. 

2.9. The role of vitamin D in the immune 
system
Innate and adaptive immunity from 

Immune cells, anti-inflammatory and anti-
oxidative regulatory functions rely on 
having over 50 ng/mL circulating 25(OH)D 
concentration (physiological levels needed for 
cells).  This applies to the modulatory effects 
of all immune cells and autocrine (within) 
and paracrine (adjacent) signalling systems.  
Therefore, serum 25(OH)D concentration is an 
easily monitored, excellent indicator of overall 
immune status.  

Vitamin D dependent release of products 
and actions from immune cells include 
antibodies and anti-microbial peptides, 
macrophage-, dendritic cells, WBC-mediated 
removals of pathogens, overcoming excessive 
inflammation and oxidative stress.  Conversely, 
hypovitaminosis-induced weakened immune 
systems (the frontline defence system) make 
people vulnerable to viruses, such as SARS-
CoV-2 and increases the risks for developing 
complications and deaths. 

The successful autocrine and paracrine 
immune signalling occurs when the serum 
25(OH)D concentrations are above 50 ng/
mL.  Such levels not only provide the most 
robust and fastest possible innate and adaptive 
defences against pathogens.  In addition, it 
enables Th1 lymphocytes and other types of 
regulatory immune cell to function correctly. In 
contrast, when autocrine/paracrine signalling 
systems fail, Th1 lymphocytes remain stuck in 
their initial pro-inflammatory program long 
after they should have switched to their anti-
inflammatory shutdown program.  

This failure in Th1 lymphocytes from the 
lungs of hospitalised COVID-19 patients - and 
other similar failures is arguably the cause 
of severe COVID-19, as the dysregulated 
inflammatory attack damages the pulmonary 
endothelium.  This gives rise to hyper-
coagulative blood and micro-embolism, which 
causes hypoxia and lead to the formation 
of larger clots that damage the lungs, heart, 
central nervous system, and kidneys.  The 
exact molecular processes by which these Th1 
lymphocytes fail, elucidated by McGregor et al. 
in July 2020 (McGregor, 2020).   

Properly functioning immune cells 
also control oxidative stress by improving 
mitochondrial functions, suppressing the 
expression of inflammatory cytokines, and 
subduing the renin-angiotensin hormonal 
system (RAS) (Adams et al., 1989; Grant, 
Lahore, et al., 2020).  Furthermore, they increase 
the secretion of anti-inflammatory cytokines 
and anti-microbial peptides, cathelicidin and 
defensin, while stimulating all immune cells 
(Antal, Dombrowski, Koglin, Ruzicka, & 
Schauber, 2011), including macrophages. 

2.10. A lost opportunity (lessons  to 
learn)
In mid-March 2020, we suggested to the 

government of Sri Lanka a comprehensive 
national program to accomplish the 
above through sun expose and vitamin 
D supplementation for the entire adult 
population.  This would have cost only a half 
of one day’s opportunity costs of curfew.  Such 
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a program would have prevented the need 
for curfew entirely and associated economic 
calamities.  Taking such proactive measures 
needs an understanding of the big picture.  It 
would have mitigated most economic losses 
and avoided lengthy lockdown and curfews 
(Wimalawansa, 2020b, 2020c).  Supporting 
primary and emerging clinical data including 
RCTs, and recent reviews and meta-analyses, 
provided strong evidence of the benefit from 
vitamin D supplements.  However, in March 
2020, we needed the knowledge to make the 
right decision (Wimalawansa, 2020a, 2020d, 
2020e).

These include (A) a significantly 
higher percentage of people who died from 
COVID-19 had severe vitamin D deficiency, 
(B) countries with lower population vitamin D 
status (winter effect) had the highest COVID-
19-related mortality, and (C) a strong, inverse 
linear relationship exists between lower serum 
25(OH)D concentrations of individuals and 
the severity of complications and deaths from 
COVID-19 (see the section below under 
clinical and RCT studies) (Castillo, 2020; 
Kaufman et al., 2020; Maghbooli et al., 2020; 
Meltzer et al., 2020; Panagiotou et al., 2020; 
Zemb et al., 2020).  

Overall data strongly suggests a significant 
overall benefit of population-wide vitamin 
D supplementation to boost and strengthen 
innate immunity, especially in viral epidemics 
and pandemic.  Together with safe sun 
exposure guidance, and mandatory wearing of 
facemasks and keeping social distance, it would 
have the most tangible benefit on minimising 
the spread of COVID-19 and deaths at least 
cost and economic disruption (Wimalawansa, 
2020c, 2020d).  Mentioned interventions are, 
however, not mutually exclusive.  

2.11. Reasons for the inability to achieve 
herd immunity against SARS.CoV-2
Based on data, one could envisage that 

strengthening the immune system of everyone 
would prevent (or eliminate) the infection, 
reduce risks of severe complications and 
deaths.  However, it is not glamorous for 

politicians and administrators and is not as 
profitable for companies as expensive antiviral 
agents, monoclonal drugs, and vaccines.  In 
contrast, vaccines strengthen a narrow area of 
the acquired immune system, while vitamin D 
predominantly strengthens the immune system 
as a whole at a fraction of the cost.  

For several scientific reasons, we predicted 
that, as per the current approach by the 
WHO and other authorities and the greed of 
pharmaceutical companies refusing to relax 
patent rights, it would be impossible to achieve 
herd immunity against SARS.CoV-2.  Instead 
of eliminating the virus, the industry wants 
COVID vaccines to become a profitable annual 
event.  Thus, relying on vaccines and eliminating 
public health and nutritional aspects is a grave 
miscalculation.  Instead, the most sensible 
approach is to achieve population vitamin D 
sufficiency to strengthen innate immunity and 
use a broader vaccination program to induce 
acquired immunity.  

3. CLINICAL STUDIES AND 
RANDOMISED CONTROL STUDY 
DATA
Over 60 randomised clinical studies are 

currently registered in clinical trial registries 
and are in progress: results will be available in 
mid to late 2021.  Emerging data suggest that 
sufficient vitamin D levels in individuals and 
populations would protect against infections 
like SARS.CoV-2 (Wimalawansa, 2020a, 
2020c).  Several recent prospective clinical 
studies reported that vitamin D supplements 
prevented complications (Ilie e al., 2020; 
Merzon et al., 2020), such as cytokine storm 
(Crane-Godreau et al., 2020) and deaths from 
COVID-19.  

For persons infected with COVID-19, 
the need for admitting to intensive care units 
(ICU) was significantly (between 60 and 
80%) reduced in those who are vitamin D 
sufficient or supplemented with high-dose 
vitamin D or calcifediol administered earliest 
possible (Castillo, 2020; Grasselli et al., 2020) 
(Annweiler et al., 2020; Bäcker, 2020; Cangiano 
et al., 2020; Castillo, 2020; Chaccour et al., 
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2020; Kaufman et al., 2020; Maghbooli et al., 
2020; Meltzer et al., 2020; Merzon et al., 2020; 
Radujkovic et al., 2020; Rastogi et al., 2020; Tan 
et al., 2020; Vassiliou et al., 2020).  Detailed 
critical published studies related to vitamin D 
and COVID-19 are available on the following 
websites: 

https://vdmeta.com/ 
https://vitamindwiki.com/ 
https://c19study.com/d  
https://vitamind4all.org/letter.html  
https://c19ivermectin.com/  
VitaminD.Wiki-Prof.Wimalawansa-
COVID overview-Dec. 2020 
https://c19study.com/
https://aminotheory.com/cv19/#vc
https://vitamindstopscovid.info/

3.1. The benefit of vitamin D in other 
viral diseases:
Vitamin D deficiency is associated with 

increased risks not only from COVID-19 
but also from other viral illnesses.  Adequate 
circulating 25(OH)D reduces the severity 
and subdued hyper-inflammatory syndrome 
and related complications (Guo et al., 2020; 
Wimalawansa, 2020b).  Several studies reported 
that vitamin D sufficiency reduced the severity 
and deaths from dengue fever (Loke et al., 2002; 
Villamor et al.,  2017), especially relevant for 
Sri Lanka.  Others have noted that supplements 
of 4,000 IU for 10-days were significantly more 
effective than 1,000 IU in reducing dengue virus 
replication and controlling pro-inflammatory 
cytokine-induced hyper-reaction (Arya & 
Dwivedi, 2020).  However, bolus D3 or, better 
still, a single 1 mg dose of calcifediol would 
have been more effective in a rapid recovery 
from dengue and reducing complications.

Examples of highly expressed pro-
inflammatory cytokines are TNF-α, INF-γ, 
IL-1β, IL-6, -12, -17, -19 and -33 and NFκB.  
The expression of inflammatory cytokines and 
chemokines suppressed by higher circulating 
25(OH)D, zinc, and PUFAs (Story, 2021).  
Mentioned cytokines are released mainly from 
mast cells, neutrophils, dendritic cells, white 
cells, Th-1, -2, -18, and Treg cells, causing 

generalised inflammation.  These inflammatory 
cytokines are present in high concentrations 
in the circulation, especially in those who are 
developing complications and dying from 
COVID-19.  

Mentioned inflammatory markers could 
use for early identification of the worsening 
condition.  For example, to identify those 
who would benefit from the administration of 
potent glucocorticoids.  These inflammatory 
markers are also present in moderate levels in 
the circulation in ageing, uncontrolled diabetes, 
chronic pulmonary and cardiovascular 
diseases, and cancer.  However, in persons 
with COVID-19 complications, these are 
at much higher concentrations than in the 
aforementioned conditions (Story, 2021). 

4. SCIENTIFIC EXPLANATIONS 
FOR THE LINK BETWEEN 
VITAMIN D DEFICIENCY AND 
COVID-19 OUTCOMES
A study by Grassrootshealth reported that 

better clinical outcomes, including low levels 
of biochemical markers of inflammations, 
are associated with higher serum 25(OH)
D concentrations.  Figure 4 illustrates the 
vitamin D status based clinical outcomes and 
associations using a cut-off point of 30 ng/mL 
as the normal: (A) Less severe COVID-19 and 
lower lymphocyte counts (a marker of mild-
moderate cases); (B) Less inflammation (lower 
CRP) and possibly reduced risk of cytokine 
storm; (C) 50% fewer cases of hypoxia, 84% 
fewer cases of unconsciousness, and 55% fewer 
deaths (Figure 4: after, Grassrootsthealth, 2020) 

4.1. Innate immunity, vitamin D, and 
COVID-19
The ability to control invading microbes 

is dependent on robust innate immunity.  In 
these circumstances, a rapid immune cells-
mediated production of anti-microbial 
peptides and neutralising antibodies occur, 
together with chaperoning microbes to 
macrophage and dendritic cells to destroy 
them (Wang & Wang, 2004).  Furthermore, 
the peptides defensins and cathelicidin (LL37; 
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a 37 amino acid cationic peptide generated by 
extracellular cleavage of hCAP18 protein by 
serine proteases) (Kahlenberg & Kaplan, 2013) 
neutralise the cellular invasion of COVID-19.  
Therefore, irrespective of age, gender, or 
skin colour, severe complications following 
COVID-19 (e.g., cytokine storm, ARDS, and 
death) occur at the highest among those with 
severe vitamin D deficiency (Crane-Godreau 
et al., 2020).  

A previous meta-analysis (2017; a multi-
country, 25 RCTs) reported favourable 
outcomes from viral respiratory tract infections 
in those with vitamin D3 supplements 
(Martineau et al., 2017).  In parallel, serum 
25(OH)D concentrations inversely correlated 
with clinical outcomes from COVID-19 
syndrome (El Zowalaty & Jarhult, 2020; 
Wimalawansa, 2020c).  Persons with severe 
vitamin D deficiency have weak innate 
immunity, the highest risk of contracting 
COVID-19 infection (Ghasemian, 2020; 
Molloy & Murphy, 2020; Wimalawansa, 2020d) 
and dying from it (AlSafar et al., 2021).  

4.2. Vitamin D enhances resistance to 
viral illnesses
Several clinical studies in acute respiratory 

tract infections have demonstrated significant 
clinical improvements following vitamin 
D supplementation (AlSafar et al., 2021; 
Grant, Lahore, et al., 2020; Hribar et al., 
2020; Martineau et al., 2017).  In addition, 
studies reported that higher serum 25(OH)D 
concentrations strengthen immune responses 
to seasonal and winter-associated respiratory 
tract infections: a significant, 50% reduction of 
incidence and duration of the illness (Boucher, 
2012; Kumar, 2021; Sabetta et al., 2010).  

Another meta-analysis revealed that 
89% of persons infected with COVID-19 had 
low serum 25(OH)D concentrations [46% 
were deficient, and 43% were insufficient 
(Ghasemian, 2020) (https://vdmeta.com/).  
Furthermore, an inverse relationship reported 
between vitamin D status and the recovery/ 
mortality rates from COVID-19 in different 
countries.  Figure 5 illustrates the relationship 
between serum 25(OH)D concentration and 

Figure 4.  
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(A) PCR positivity persons (i.e., increased 
probability of getting infected), and (B) the 
relationship probability of getting infected 
versus serum 25(OH)D status.

Acute respiratory distress syndrome 
(ARDS) is one of the most common lethal 
condition in persons with COVID-19; 
generally, patients develop it in ICUs: a 
single dose of calcifediol can prevent that 
(Castillo, 2020; Nogués, 2021).  Moreover, 
1,25(OH)2D establishes a balance between 
lipopolysaccharide (LPS) induced damage and 
subdue the RAS in persons with ARDS that 
helps recovery (Xu, 2017).  

However, to achieve such protection, the 
minimum serum 25(OH)D concentration 
needed is 40 ng/mL 100 nmol/L)(Grant et al., 
2020; Holick, 2009).  However, Quraishi et al. 

study confirmed (Quraishi et al., 2015) that 
in the presence of any infections, the immune 
functions are most effective when serum 
25(OH)D concentration maintained above 50 
ng/mL.  As mentioned above, the dose range 
needed to achieve such varies between 5,000 to 
10,000 IU/day (a longer-term intake need) or 
50,000 IU once a week.  

4.3. Most effective serum 25(OH)
D concentration to overcome 
COVID-19
Quraishi et al. also demonstrated that 

the minimum serum 25(OH)D concentration 
necessary to generate optimum immune 
responses against infections is 50 ng/mL.  Such 
sustained serum 25(OH)D concentration will 
maintain robust innate and adaptive responses 
against invading pathogens.  It also prevents 

Figure 5.  
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pro-inflammatory responses and immune 
dysregulation.  These data directly apply to 
severe COVID-19 syndrome, Kawasaki-
like syndromes, multi-system inflammatory 
syndrome, sepsis, and ARDS.  The minimum 
serum 25(OH)D concentration needed to 
control mentioned disorders is above 50 ng/mL 
(125 nmol/L.) (Quraishi et al., 2014) (Figure 6). 

4.4. The root causes of COVID-19 
complications and death
Vitamin D deficiency weakens innate and 

adaptive immune responses.  The risk reduced 
to less than 2.5% (optimised immune responses) 
when the serum 25(OH)D concentrations 
are kept above 50 ng/mL.  Figure 7 illustrates 
COVID-19 risks reported by several data sets 
based on circulating 25(OH)D levels. 

The accepted minimal concentration of 
vitamin D sufficiency, as considered by the 
(American) Endocrine Society guidelines of 
30 ng/mL developed to ensure the kidneys 
produce sufficient hormonal 25(OH)D.  

However, this concentration is not high 
enough to adequately diffuse into immune 
cells.  Most patients admitted with COVID-19 
have 25(OH)D concentrations between 5 and 
20 ng/mL, which is insufficient for immune 
protection (Figure 6).  Those who develop 
severe complications or die typically have less 
than 12 ng/mL (AlSafar et al., 2021; Radujkovic 
et al., 2020).  

4.5. Vitamin D protects people from 
COVID-19:
Observational and retrospective clinical 

studies have reported strong associations 
between serum 25(OH)D concentration 
and the incidence, severity, and deaths from 
COVID-19 (Garg et al., 2020; Molloy & 
Murphy, 2020; Shiravi et al., 2020; Stohs & 
Aruoma, 2020).  Nevertheless, there are other 
reasons for low serum 25(OH)D concentrations 
in hospitalised patients.  

Above include prolonged hospitalisation 
or institutionalisation for any reason and lack 

Figure 6.  
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Figure 7.  
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exposure to sunlight or pre-existing vitamin 
D deficiency: these cascade vulnerabilities to 
infections.  A slight reduction in circulating 
25(OH)D can also arise from its consumption 
by immune cells during illness, especially 
grossly dysregulated, self-destructive/ 
autophagy, inflammatory responses.  Figure 
8 illustrates data from a recent meta-analysis 

from 84 clinical studies, demonstrating the 
efficacy of vitamin D in the early and later 
stages of COVID-19 (from: vdmeta.com).

In addition to the diurnal variation of 
serum 25(OH)D concentrations, reduced levels 
can also occur following severe acute illnesses, 
including COVID-19: this known as reverse 

Figure 8.  
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causality (French et al., 2019).  In addition, 
other acute and chronic diseases could also 
modulate serum 25(OH)D concentration 
(Hastie et al., 2020; Martineau et al., 2015).  
To overcome these, some suggested using the  
25(OH)D concentrations measured at least 
two weeks before developing symptoms of 
COVID-19 to avoid confounders (French et al., 
2019).  Nevertheless, the effects of COVID-19 
on lowering serum 25(OH)D concentration 
insignificant. 

4.6. Hypovitaminosis D increases RAS 
activity and thus, worsen COVID-19 
outcomes
In addition to lesser sun exposure, the 

skin’s ability to produce vitamin D from UVB 
gradually decreases after 50 years (Gasmi et al., 
2020; Grant et al., 2020).  Therefore, it is common 
to have low serum 25(OH)D concentrations in 
the elderly.  For example, in northern Italy and 
Spain, older persons have a high prevalence of 
severe vitamin D deficiency correlated with 
death rates (Saaf et al., 2011; Yousef et al., 2019).  
Furthermore, several studies reported that the 
geographic distribution of patients with severe 
complications from  COVID-19, related to less 
sun exposure, has been attributed to vitamin D 
deficiency (Bäcker, 2020).

Consequently, above 70% of the 
USA nursing homes (Okan et al., 2020), 
developmental disability facilities (Grant 
et al., 2015), and institutionalised people 
(Wimalawansa, 2012), and those with chronic 
renal failure on dialysis shown to have severe 
vitamin D deficiency and at high risk for viral 
diseases (Ilie et al., 2020; Kennel et al., 2010).  
Because of the high incidence of severe vitamin 
D deficiency, 40% of deaths from COVID in 
the USA occurred in the above groups. 

Reduced 25(OH)D concentrations are 
typical in those with metabolic disorders such 
as obesity, diabetes, hypertension, COPD, 
cardiovascular diseases, and those who get 
less exposure to sunlight.  Therefore, they have 
a higher risk for COVID-19 and developing 
related complications and deaths.  Besides 
having darker skin, synthesising vitamin D is 

reduced in those who live in higher and lower 
latitudes (Grant et al., 2020; Hastie et al., 2020).  
Hypovitaminosis D not only causes weaken 
innate immunity and aggravates common 
systemic diseases, such as diabetes, obesity and 
metabolic syndrome.  

4.7. Poor COVID-19 outcomes are 
mostly due to hypovitaminosis D 
Evidence of point toward a strong 

association between vitamin D status and 
COVID-19 complications and mortality.  
Despite mounting evidence, many 
governments, medical associations, and some 
sponsored scientists downplay the beneficial 
role effects of vitamin D in COVID syndrome 
due to conflicts of interest.  Either they dismiss 
by stating that there is no evidence of vitamin 
D benefits or unwilling to recommend vitamin 
D supplements.  

These ill-informed sources and biased 
recommendations assumed that evidence to 
link vitamin D and COVID-19 is insufficient, 
theoretical, and emphasise the possible harm 
from the extremely low incidence of toxicity 
(https://vitamind4all.org/letter.html) (Hunter 
et al., 2020; Rhodes et al., 2020).  Figure 9 
illustrates the effectiveness of vitamin D in 
different states of COVID-19 syndrome.   

5. UTILISING VITAMIN D AS 
A PROPHYLACTIC AND 
THERAPEUTIC TOOL

5.1. Minimum serum levels of vitamin D 
needed to overcome disorders
Research suggests that 40-60 ng/mL 

is needed to prevent non-musculoskeletal, 
including viral respiratory infections.  Others 
recommend maintaining concentrations 
between 50-80 ng/mL to reverse hypertension 
and cardiovascular diseases [47] and minimise 
infections (Quraishi et al., 2014).  In a 
randomised controlled trial, subjects with 
vitamin D insufficiency who took 10,000 IU/
day for three years did not develop any adverse 
effects (Burt et al., 2019).  
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While 400 IU/day treated group did not 
increase the mean 25(OH)D concentrations, 
those who took 4,000 and 10,000 IU/day 
increased their serum levels by 53 ng/mL 
and 58 ng/mL, respectively (Burt et al., 
2019).  Another meta-analysis of vitamin D 
supplementation indicated that long-term 
daily supplementation of vitamin D, 5,000 IU/
day was safe and effective in preventing acute 
respiratory infections (Kakodkar et al., 2020; 
Martineau et al., 2017).  Table 1 summarised 
outcomes from 131 clinical studies, intervene 
with vitamin D in persons with COVID-19, up 
to the end of April 2021.  

5.2. Potential Adverse Effects of Vitamin 
D
Vitamin D toxicity occurs only in serum 

concentrations above 150 ng/mL and associated 
with hypercalcemia-related signs and 
symptoms (Hribar et al., 2020; Marcinowska-

Suchowierska et al., 2018) (Kimball et al., 
2017).  Historically, toxic levels of vitamin D 
have almost exclusively resulted from industrial 
errors (inaccurate doses of supplements) and 
a few cases of deliberate overuse.  Stopping 
the supplement and maintaining hydration 
is generally adequate to reverse the situation 
(Lim & Thadhani, 2020; Spiller et al., 2016). 

Because of the built-in safety mechanism, 
exposure to sunlight will not cause vitamin D 
toxicity.  A 24-hydroxylase enzyme, CYP24A1, 
inactivates high levels of vitamin D, 25(OH)
D, or 1,25(OH)2D produced.  A self-limiting, 
protective mechanism.  The naturally acquired 
average blood 25(OH)D concentrations among 
traditionally living Masaai pastoralists and 
Hadzabe hunter-gatherers in equatorial Africa 
is 46 ng/mL (Kimball et al., 2017).  

Table 1.  

Figure 9.  
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To develop toxicity, one needs to consume 
extraordinarily high amounts, such as over 
40,000 IU/day for many months or a couple of 
years, reaching serum 25(OH)D concentration 
over 150 ng/mL.  Following accidental or 
suicidal attempts that cause toxic levels (Lowe 
et al., 2011).  However, the diagnosis of vitamin 
D toxicity is made only in the presence of 
hypercalcaemic signs and symptoms (Hribar et 
al., 2020; Lim & Thadhani, 2020).  

Most people can maintain serum 
concentration above 30 ng/mL by ingesting 
vitamin D doses between 2,000 and 6,000 
IU/day.  However, those who are obese, 
taking anti-epileptic or anti-retroviral agents, 
or genetic or gastrointestinal absorption 
abnormality, requiring much higher doses, 
such as over 10,000 IU per day, maintain serum 
concentrations above 30 ng/mL (Kimball et al., 
2017).  

5.3. Ways to boost innate immunity in 
emergencies like the COVID-19
Since diet provides little vitamin D, it must 

either be generated following sunlight exposure 
or ingested as supplements.  Standard daily oral 
doses, such as between 2,000 and 5,000 IU, take 
several months to raise circulating 25(OH)D to 
the required level.  Therefore, in emergencies, 
it is necessary to consume upfront higher 
doses to attain this level as soon as possible.  
Suggested amounts are between 100,000 and 
400,000 IU as single or divided doses over 
a few days.  Even then, it takes two to five 
days to raise serum 25(OH)D concentration.  
Therefore, such loading doses will maintain the 
serum 25(OH)D concentrations for between 
two to four months.  

Another approach to rapidly raising 
25(OH)D is to take 50,000 IU (or 60,000 
capsules in India) daily for 5 to 7 days, 
followed by the same maintenance dose, 
weekly or biweekly.  Irrespective of the amount 
administered, a daily maintenance dose of 5,000 
IU/day or 50,000 IU weekly every other week is 
necessary to maintain serum 25(OH)D levels.  
Those who are obese, have gastrointestinal 
problems, including gastric bypass surgery, or 

taking medications that enhance catabolism 
of vitamin D, need two to four-fold higher 
daily doses to maintain the required serum 
25(OH)D concentration (Swami et al., 2011; 
Wimalawansa et al., 2017).  

Because of the inability to maintain 
serum 25(OH)D concentration, administering 
doses less frequently than once a month 
should be avoided.  However, daily or weekly 
administration of vitamin D supplementation 
have significant benefits (p<0.001) for persons 
with severe deficiency [i.e., baseline 25(OH)D 
concentrations less than 10 ng/mL] even when 
compared to those with vitamin D insufficiency 
(p<0.02) and infrequent administration 
(Martineau et al., 2017).  

Clinical studies reported that vitamin 
D supplementation is exceptionally safe, 
even when using short-term high doses and 
longer-term moderate doses (Martineau et al., 
2017).  However, clinical investigations must 
be conducted based on the serum 25(OH)D 
concentrations achieved, not the amount of 
vitamin D administered or consumed (Fabbri 
et al., 2020; Haq et al., 2018; Pludowski et al., 
2018; Wimalawansa et al., 2017).  

5.4. Randomised control clinical trial 
on prevention of COVID-19 in Sri 
Lanka
Previous studies reported that vitamin D 

supplements prevent acute respiratory tract 
infections, reduce the severity [66], and have 
a dose-related effect on subduing respiratory 
infections (Martineau et al., 2017).  Also, 
vitamin D deficiency increases the severity of 
acute respiratory infections and mortality in 
children and adults (Esposito & Lelii, 2015; 
Martineau et al., 2017).  Vitamin D also exerts 
a broader immunomodulation function 
(Chirumbolo et al., 2017) and improves 
defences by suppressing anti-microbial 
peptides in response to vitamin D (Han et al., 
2017).  

The innate immune system is activated 
within two to three days of administration of 
high doses of vitamin D and protects from 
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viral respiratory tract infection.  Therefore, we 
hypothesised that high-dose vitamin D reduces 
the incidence, morbidity, and mortality from 
COVID-19 infection.  Furthermore, with 
its known efficacy in reducing the risks of 
respiratory viral diseases, data support that this 
approach to control COVID-19 is highly cost-
effective (Wimalawansa, 2020a).  However, to 
achieve the intended benefits, serum 25(OH)
D concentration be raised quickly to boost the 
innate immune system (Wimalawansa, 2020c), 
necessitating the administration of upfront 
higher doses.

Therefore, based on the need, we designed 
two randomised control trials (RCTs) to evaluate 
cost-effective ways of preventing and treating 
persons with COVID 19.  The prevention study 
was to be at selected quarantine centres in Sri 
Lanka, enrolling 2,000 subjects.  This RCT was 
designed to assess whether using a single dose 
of vitamin D, 400,000 IU, would significantly 
reduce people getting infected with COVID-19 
at the quarantine centres.  This RCT would 
have been the first COVID prevention study in 
the world.

The second study was designed to 
evaluate the comparative efficacy of approved 
agents, vitamin D, hydroxychloroquine, and 
ivermectin in the early stages of COVID-19.  In 
addition, clinical outcomes of the mentioned 
three active groups to compare with a group 
that received a placebo.  Based on the Power 
Analysis, the goal was to recruit 900 PCR 
positive subjects per group (total n=3,600): at 
the “early” stage of the disease, admitted to the 
IDH hospital.  It was the first and the largest 
COVID hospital in Sri Lanka.  

Both studies had adequate statical 
power to achieve the primary endpoints with 
confidence.  We sought ethical approval (ERC/
IRB) from the Sri Lanka Medical Association 
and the national medical regulatory authority 
(NMRA).  Moreover, administrative 
permissions sought from the heath minister/
secretary, director of health, director at the 
IDH, and the director of the COVID task force 
to conduct the mentioned two RCTs.  RCTs 
were self-funded, and there was no cost to the 

government or health department.  To date, 
neither of these two RCTs formally approved 
by the administration.  Sri Lanka missed 
an excellent opportunity to lead the global 
COVID clinical research to place it on the top 
of the research map.  

By the end of 2020, these two 
complementary RCTs would have generated 
precious data for the world on cost-effective 
ways of preventing and treating COVID-19.  
Instead of interfering with progress and 
erecting barriers, governments and bureaucrats 
should have practical and sensible to facilitate 
essential clinical research in emergencies.  The 
administrators’ theme, however, was how to 
block the progress and not how to facilitate 
it.  Instead of raising barriers, administrators, 
including review boards (ERCs) and NMRA, 
should seek ways to facilitate clinical research 
in the future.  

5.5. Latest break though in the 
prevention of complications from 
COVID-19
Most recent RCTs demonstrated that 

chemical formulation of 25(OH)D, calcifediol 
(a partially activated vitamin D), can be used 
orally at a dose between 0.5 and 1.0 mg, that 
raises the serum 25(OH)D concentration 
by four hours, instead of an average, three 
days (Castillo, 2020; Nogués X., 2021).  This 
preparation can immediately overcome the 
few day delays in raising the blood 25(OH)
D concentration with oral vitamin D.  This 
is a significant advance that has already 
been a lifesaver in persons with COVID-19.  
Calcifediol is available as an over-the-counter 
medication at a reasonable cost in many 
counties, including the USA, the UK, Canada, 
and Australia. 

Calcifediol to be used when a person 
with PCR positive or suspected of infected 
with SARS.CoV-2 virus (or any other virus) 
admitted (i.e., at the earliest opportunity).  
Figure 10 illustrates the high efficacy of 0.523 
mg of calcifediol in persons with moderate 
COVID-19 syndrome, preventing deaths 
(75% reduction of deaths than in the control 
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group) (i.e., early and late interventions and 
prophylactic preventative use.

Calcifediol can be used in hospitalised 
patients at the time of admission or immediately 
after the diagnosis of SARS.Cov-2 virus, and 
in those with COVID-19 syndrome associate 
complications, as effectively demonstrated in 
two RCTs recently in Cordoba, Italy (Castillo, 
2020) (Figure 10).  Therefore, the single-dose 
calcifediol should be a standard (life-saving) 
therapy immediately after becoming PCR 
positive or with COVID-19 to minimise the 
risks of complications and deaths.  This should 
be followed up with 200,000 IU of vitamin D (or 
50,000 IU daily for four days) as a single dose 
or divided doses over four days to maintain the 
benefits of calcifediol.  

6. CONCLUSIONS
Apart from avoiding exposure and 

reducing the viral load by using effective 
facemasks, the most critical strategies against 
COVID-19 syndrome is strengthening the 
immune system at the earliest possible.  The 
first is achieved through adhering to public 
health measures (especially wearing protective 
face masks and avoid crowd gatherings), 
a balanced diet, physical activities, etc.  A 
robust immune system can be achieved and 
maintained by taking high dose vitamin D and 
appropriate COVID vaccines.  

Neither of these strategies requires 
expensive or expansion of expensive hospital 

equipment, protocols, quarantine centres, 
creating more ICU beds, task forces, or 
lockdowns and curfew.  These expansions are 
needed when administrations failed to manage 
COVID properly.  Lockdowns and curfews 
may temporarily reduce community exposure, 
as evident in Australia, New Zealand, and 
China, but at the expense of multiple adverse 
outcomes such as increased poverty, hunger, 
suicides, community deaths, spousal and child 
abuse, depression, other psychosocial factors.  

This paper examined broader aspects 
of preventing COVID-19 using public 
health measures and approved cost-effective 
medications.  Presented data overwhelmingly 
support and strengthen initial observations 
made in early 2020, that (A) those with vitamin 
D sufficiency rarely develop symptomatic 
disease or death, (B) vitamin D deficiency 
increases the risk of COVID-19, complications 
and deaths, (C) high dose vitamin D, 
significantly reduces the complications and 
deaths, and (D) 1.0 mg calcifediol is highly 
beneficial in preventing complications and 
deaths from COVID-19.  

Inefficient immunity, secondary to 
vitamin D deficiency, causes a cascade of 
negative consequences following COVID-19.  
Meanwhile, there is no credible evidence to 
date that antiviral treatments, monoclonal 
antibodies, plasma therapy etc., have a 
significant effect in reducing complications 
and deaths.  Therefore, we recommend 
an appropriate single dose of combined 

Figure 10.  



193

COVID vitamin D and natural immunity

vitamin D and calcifediol in PCR positive 
persons or suspected of having COVID and 
prevent community spread of the pandemic.  
Furthermore, the significant impact of using 
vitamin D supplementation and calcifediol 
together with wearing facemasks is highly cost-
effective in preventing the spread of COVID-19 
and reduce the severity of SARS-CoV-2. 
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