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Abstract
The robust activity of the human immune system depends on adequate concentrations of D3 and 25(OH)
D- substrates for generating calcitriol within immune cells. This is crucial for maintaining a robust 
immune system, overcoming infections, and preventing hyper-immune syndromes and autoimmunity. 
As described in this paper, the most cost-efficient way to curb infections-infectious epidemics, endemic 
states, or pandemics-is to maintain the population’s immunity via vitamin D sufficiency. Such naturally 
robust immune system can be maintained through safe daily sun exposure and/or vitamin D supplements, 
as described here. Approximately 75% of immune cell activities are dependent on vitamin D. While the 
dietary vitamin D intakes are too low, a balanced diet rich in vitamins (B and C), minerals/ions (e.g., 
magnesium, zinc, selenium, etc.), and antioxidants (mostly provided via colored green leaves and nuts), 
helps bolster the immune system. These micronutrients work synergistically in maintaining the functions 
of the immune system. Besides, when a robust natural immunity of the population is maintained, other 
than those traditional immunizations, there is no necessity for most vaccines. This would improve health, 
have fewer adverse effects, less hospitalization, and save costs to taxpayers. Despite ample evidence, no 
health agency has taken steps to achieve such, even though this approach would cost less than 0.1% of 
any patented COVID medications or vaccines. Adhering to discussed methods could significantly reduce 
hospitalization from sepsis/infections by several orders of magnitude and reduce the prevalence and 
healthcare costs associated with several common chronic diseases.
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Introduction
The immune system comprises a network of intricately regulated biological processes 

comprising organs, a variety of cells, cellular interconnections, signaling molecules, and many 
secretory molecules (e.g., cytokines) designed to protect the organism. The immune system 
is strengthened, primarily with a balanced diet rich in vitamins, minerals, and antioxidants. 
Therefore, it is crucial to maintain such supplies for a robust immune system to overcome 
infections. Conversely, deficiency of essential micronutrients impairs immunity and leads to 
many health conditions, including autoimmune disorders and higher infection risks. 

Vaccinations, booster doses, expensive antiviral medications, and monoclonal antibodies 
have been experimented with in COVID-19 but failed to prevent outbreaks or stop disease 
and deaths from SARS-CoV-2. During the first two waves of the pandemic, most people 
who developed complications and died, such as the elderly, those with comorbidities, 
institutionalized persons, and dark-skin persons living in temperate counties, had severe 
vitamin D deficiency. Therefore, it is logical to provide them with what they primarily lacked-
vitamin D supplements. This could have been achieved by targeting the population’s vitamin D 
sufficiency. This article discusses cost-effective, practical approaches to control and eradicate 
the COVID-19 pandemic.
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Why are People White in Northern Regions and 
those Living Near the Equator Black?

The melanin pigment evolved in human ancestors who resided 
close to the equator to protect against potential damage from intense 
ultraviolet rays from the sunlight. Higher melanin content, however, 
limits the amounts of vitamin D generation in the skin, their natural 
environment-outdoor living compensated for the reduced vitamin 
D synthesis. Nevertheless, when they started to migrate north 
from central Africa, seeking better pastures for food, they began to 
receive lesser sunlight exposure. Having a darker skin color became 
a significant survival disadvantage- they were subjected to more 
diseases, had shorter survival, and less procreation. Those who 
developed mutations that reduced expression of the melanin gene 
developed a lighter skin color. Consequently, they had a greater 
survival advantage (hence the natural selection) in environments 
with less sunlight. A similar situation is observed currently-those 
with darker skin color (Black, Asian, and Minority Ethnic groups) 
[1], living in highly polluted environments or higher latitudes, 
and living and working indoors (sedentary lifestyles), had the 
highest death rates from COVID-19 [1,2]. They all had a common 
denominator-a high prevalence of severe vitamin D deficiency-low 
circulating vitamin D and 25(OH)D concentrations that weaken the 
immune system, increasing vulnerability [3,4]. Consequently, they 
were more prone vulnerable to chronic diseases like hypertension, 
diabetes, obesity, and infections, including COVID-19, and its 
consequences.

For those living in temperate/higher latitude countries, having 
a lighter skin color alone would not protect them from vitamin D 
deficiency and related disorders. For example, while those with an 
African heritage living in temperate countries like the UK had the 
highest death rates [1,5,6]. The death rates among whites were also 
higher than those living in tropical countries [7,8]. In addition to the 
increased prevalence of (auto)immune-related disorders, including 
multiple sclerosis, rheumatoid arthritis, and Chron’s diseases, the 
rates of acute respiratory infections are also higher because of 
insufficient sun exposure and consequent higher prevalence of 
vitamin D deficiency [9].

Mentioned disorders are more prevalent in those who live far 
from the equator, especially those in the northern hemisphere [5], 
unless they take vitamin supplements or regularly eat fatty fish, as 
with Scandinavians [10,11]. Because of the latter, during the first 
two waves of the COVID pandemic in 2020, Nordic countries had low 
COVID-related hospitalizations and deaths even without lockdowns 
and restrictions [12]. Other factors also increase vulnerability 
to chronic diseases and infections, such as environmental (air) 
pollution [13]. However, there is no scientific evidence that ‘climate 
change’ had any impact on rates of infections, including the spread 
of COVID-19.

Immune Deficiency, Vaccination, and Viral 
Mutations

Gene mutations occur randomly, primarily due to transcription 
errors; some mutants become dominant due to their higher 

infectiousness. Mutations and contagiousness accelerate in parallel 
with large-scale immunization programs, especially those using 
limited-capacity, narrow-spectrum vaccines, like mRNA vaccines 
[14]; these manifest as new mutants [15]. While the dominant 
Omicron variants, such as BQ.1.1 and XBB1.5, are more infectious but 
have become less virulent [16-18]. However, they have developed 
immune evasion capabilities [17,19]. Repeated booster doses lead 
to immune paresis with less production of neutralizing antibodies 
[20]; in conjunction with immune evasion, they become resistant 
to vaccines and antiviral agents [18,19,21]. mRNA-based COVID-
vaccines generated limited immunity that lasted approximately six 
months. The effectiveness of the resultant neutralizing antibodies 
(also therapeutic monoclonal antibodies) faded away with immune 
evasion of new mutant viruses (e.g., BQ and XBB). The protection 
against complications from SARS-CoV-2 became significantly less 
with more booster doses (i.e., to less than 30% efficacy) [20]. 
Therefore, unsurprisingly, outbreaks continue in countries with the 
highest COVID-vaccine uptakes, like the USA, Israel, etc.

Continuing COVID Outbreaks
The endemic spread and outbreaks continue to occur as 

local transmission and through travelers via new variants like 
the B.1 and XBB series of mutants that evade vaccine-induced 
immune recognition [19,21]. From biological and evolutionary 
points of view, viruses change their behavior partly to increase 
the probability of finding new hosts to multiply within and then 
spread to other hosts. For the same reason, lethality goes down 
in dominant forms, like Omicron, to minimize the host’s deaths 
while maintaining the capacity to propagate. Suppose the virus 
becomes too virulent and kills its host, perish with the host 
and get eliminated: therefore, developing extreme virulence is 
counterproductive for the virus. This explains why new dominant 
variants (mutants) are becoming milder but incresed their ability 
to spread. Therefore, relatively milder mutant viruses like Omicron. 
Consequently, it became dominant and overcame the laboratory-
generated, original SARS-CoV-2. Most of the mutants are generated 
in immune-deficient or fully vaccinated people [22]. The higher the 
number of booster vaccine doses, the higher the likelihood of getting 
infected. The resultant weakening of the immune system increases 
the vulnerability to SARS-CoV-2 and its mutants [23], reinfections 
[24], and infections with dormant and commensal organisms 
(e.g., mycobacterium tuberculosis, RSV, herpes zoster, hemolytic 
streptococcus, candida albicans, etc.) [25]. This seems partly due to 
vaccine-induced immuno paresis [26]; the host’s immune system 
malfunctions for an extended period. Meanwhile, the mutation rate 
continues to increase in individuals with higher vaccine uptake and 
booster doses in highly vaccinated communities.

Having a Robust Immune System Reduces Rates of 
Infection and Death

Low vitamin D status is a risk factor for non-communicable 
[27] and communicable-infectious diseases [28], especially 
acute respiratory tract infections [29,30]. Vitamin D is a known 
immunomodulator that boosts innate and adaptive immune 
systems through multiple mechanisms [31,32]. In addition to 
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stimulating the formation of neutralizing antibodies, vitamin D 
sufficiency also enhances other antiviral properties-enhancing 
the production of antimicrobial peptides and autophagy and 
dampening inflammatory responses. The latter works partly 
through down-regulating the renin-angiotensin axis and 
inflammatory cytokines [32,33]. It is necessary to maintain D3 
and/or 25(OH)D concentration-the two precursor molecules of 
calcitriol-above 50ng/mL for a robust immune system [34,35]. 
Maintaining such levels will counteract pathogenic microbes and 
minimize complications and deaths from infections [35], including 
COVID-19 [36,37]. The serum 25(OH)D concentration is inversely 
correlated with the severity and rates of death from COVID-19. The 
goal is to maintain serum 25(OH)D concentrations above 50ng/mL 
to maintain the immune system on high alert to overcome infections 
such as COVID-19. In many countries, two years of intermittent 
COVID lockdowns increased the prevalence of vitamin D deficiency, 
obesity, and poverty-associated malnutrition, worsening clinical 
outcomes from infections like SARS-CoV-2 [26,27].

Boosting the Immune System with Vitamin D
Strategies for eradicating SARS-CoV-2 include reducing viral 

survival outside the hosts, preventing infection, reducing virus 

entering human cells via ACE-2 receptors, intracellular viral 
replication, curtailing viremia, and the inactivation and elimination 
of viruses from the body. Approximately 75% of the biological 
activities of the immune system depend on having an intracellular 
generation of calcitriol in sufficient quantities. Figure 1 illustrates 
the biologically important three vitamin D metabolites. The sites 
of hydroxylation, the circulatory concentrations, half-lives, and 
dissociation constants of the clinically relevant and the most 
common three vitamin D metabolites are illustrated. Noticeably, 
D3 and 25(OH)D3 circulate in the bloodstream in nanomolar 
concentrations. In contrast, 1,25(OH)2D is in the picomolar 
range-approximately a thousand-fold lesser concentration, which 
is insufficient to enter peripheral target cells (adapted from 
Wimalawansa SJ et al. Nutrients, 2022 [33]). This beneficial cycle is 
initiated when the circulating 25(OH)D is maintained above 50ng/
mL [33], facilitating its diffusion into immune cells generating 
calcitriol [35]. The latter permits autocrine and paracrine local 
signaling, which is crucial for immune cells’ physiological and 
biological activities. These include stimulating innate and adaptive 
immune systems and suppressing the expression of inflammatory 
cytokines [38-41]. Maintaining vitamin D sufficiency is the most 
effective way to sustain a robust immune system.

Figure 1: The biologically important three vitamin D metabolites.

Once calcitriol is locked with its receptor, VDR, it is translocated 
to the nucleus and modulates immune-related genes. The CYP27B1 
enzyme that converted calcifediol to calcitriol: VDRs are highly 
expressed in immune cells, like macrophages, monocytes, T 
and B cells, Natural Killer (NK) cells, and dendritic cells [40,41]. 
Through the Vitamin D Response Element (VDRE), calcitriol/VDR 
complexes regulate many target genes involved in the immune 
response, enhancing their ability to overcome infections [39,40]. 
Many observational and a few Randomized Control Clinical Studies 
(RCTs) have demonstrated that serum 25(OH)D concentrations 
are inversely correlated with the severity from COVID-19 [42-44]. 
Analysis of recent six RCTs (n=551) demonstrated that in persons 
with COVID-19, serum 25(OH)D concentrations are inversely 

correlated with less severity from COVID-19 (RR=0.60, 95%; CI 0.40 
to 0.92; p=0.02). Similarly, the rate of PCR positivity was reduced in 
vitamin D intervention groups compared to non-vitamin D groups 
(RR=0.46; 95% CI 0.24 to 0.89; p=0.02) [45].

Daily and Weekly Maintenance Dose
Maintaining those above-mentioned therapeutic 25(OH)

D concentrations between 40 and 80ng/mL can be achieved by 
longer-term daily intake of vitamin D 5,000 IU (0.125mg) (between 
4,000 and 8,000 IU)/day, or 50,000 IU every tenth day (or once 
a week), for a 70kg (non-obese) person [33]. In contrast, those 
taking anti-epileptic or anti-retroviral agents that increase the 
activity of the P450 catabolic enzyme, 24-hydroxylase (CYP24A1), 
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having gastrointestinal fat malabsorption, or being overweight 
or obese, require two to fourfold higher vitamin D3 intake than 
those mentioned above [33,35,46]. However, even with the 
mentioned daily maintenance doses, raising circulatory 25(OH)
D concentrations to an adequate therapeutic level will take a few 
months [33]. In persons with vitamin D deficiency [serum 25(OH)
D concentrations <20ng/mL], mentioned doses might not achieve 
the therapeutic level necessary to prevent or overcome infections 
[33]. Such individuals require higher upfront loading doses to 
replenish their depleted body stores before sustainably increasing 
serum 25(OH)D concentrations [33,47]. A recent article describes 
easy-to-use tables for calculating the vitamin D doses needed when 
serum 25(OH)D concentrations are known or using body weight-
based calculations [33].

Upfront Loading Doses of Vitamin D
Because of extensive deficits, the use of mentioned daily 

doses of vitamin D in those with vitamin D deficiency unlikely to 
reach therapeutic serum levels. For them, an upfront loading (i.e., 
a bolus) dose of vitamin D, between 100,000 IU and 4000,000 
IU, as a single or divided dose, would lead to a rapid increase of 
circulatory 25(OH)D concentration [47]. Even with such high doses, 
achieving it takes about three days [33,35,46,48]. The body weight-
based proper doses are published in Nutrients [33]. For 25(OH)D 

formation, vitamin D must be 25-hydroxylated in the liver-a rate-
limiting enzymatic step. Therefore, even with the above-mentioned 
larger dose, it would take two to four days to raise serum 25(OH)
D concentrations above 50ng/mL [33]. Therefore, using vitamin D 
a loading dose in medical emergencies, like COVID-19 infection or 
sepsis, is not ideal. In those acutely ill or intensive care units, it could 
take up to a week to elevate their serum 25(OH)D concentrations to 
the target range [35].

While repeated administration of high doses of vitamin D is 
counterproductive, there is no evidence that a single dose of vitamin 
D3 up to 500,000 IU, downregulating CYP27B1, which negatively 
affects the conversion of 25(OH)D to calcitriol or upregulating 
CYP24A1 that catabolize 25(OH)D and 1,25(OH)2D [33,34,40,41], 
or any other undesirable known effects [22,35,36]. In addition, 
micronutrients, such as zinc, quercetin, magnesium, omega-3 
fatty acids, etc., also help optimize the functions of the immune 
system. These elements are necessary for activating cofactors 
in several enzymes, the biological activity of hormones, and 
calcitriol-receptors interactions [27-30]. Vitamin D and supporting 
micronutrients have a significant impact on the immune system. 
It prevents the dysfunction of the immune system and cytokine 
storms, thereby impeding complications and death from SARS-
CoV-2 and other enveloped viruses (Figure 2).

Figure 2: Schematic illustration of the global effects of vitamin D in preventing immune dysregulation, preventing 
complications, and deaths from infections.

Ways to Raise Circulating 25(OH)D Levels in 
Emergencies

In emergencies like SARS-CoV (becoming PCR-positive, 
symptomatic, and admitted to a hospital, developing complications, 
acute post-vaccination complications, etc.), administering a single 
oral dose of 0.5 to 1mg of calcifediol (~0.014mg/kg body weight) is 
a reasonable option to rapidly raise serum 25(OH)D concentration 
and boost the immune system [33]. Since calcifediol does not 

require 25-hydroxylation in the liver and is absorbed into the portal 
vein and the circulation directly, bypassing the lymphatic system, 
25(OH)D concentrations increase rapidly, and the immune system 
is boosted within a day [33]. Prompt administration of the body-
weight-based correct dose of calcifediol would significantly reduce 
complications and deaths from COVID-19. Several observational 
and RCTs have demonstrated the efficacy of vitamin D and 
calcifediol in these situations (pre-infection or on admission) [49-
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52]. The most practical option is administering a single dose of 
calcifediol (25-hydroxylated vitamin D) to raise serum 25(OH)D 
concentrations rapidly to above 50ng/mL within four hours [33]. 
This regimen has no adverse effects [52,53] and boosts the immune 
system within a day to combat invading organisms [49,54]. In 
emergencies like hospitalizationsor becoming PCR positive, it is 
best to administer the body-weight-abased proper loading doses 
of D3 together with calcifediol, published as body weight-based 
vitamin D and calcifediol dose regimens [33].

Strategies for Raising Population Vitamin D 
Sufficiency

The goal for achieving the population’s vitamin D sufficiency 
is maintaining serum 25(OH)D concentrations above 40ng/mL 
(100nmol/L). Adequate daily exposure to the summer-like sun 
facilitates achieving this without cost. Daily exposure of a third of 
the surface area of the skin to direct sunlight for 30 to 60 minutes 
can be generated over 2,000IU up to a maximum of 10,000IU 
[55,56]. Besides sun-exposed mushrooms and fatty fish, food 
contains little vitamin D. However, for most individuals who do 
not have this opportunity for adequate daily sun exposure, vitamin 
D supplementation is the best strategy to advance [33,57]. A 
population with vitamin D sufficiency would allow individuals to 
generate and maintain a robust immune system. When vitamin D 
sufficiency is maintained, viruses running out of hosts to infect and 
replicate naturally compromise the survival of the virus without 
increasing the rate of mutations: thus, gradually eliminating it from 
the community and the globe. This naturally creates a state like the 
traditional “herd immunity” concept via global immune sufficiency. 
The cost of achieving this is only a small fraction of patented anti-
COVID medications or vaccines. Maintaining the population’s 
vitamin D sufficiency is straightforward: it costs less than 0.1% of 
any patented COVID medications or vaccines. Despite the evidence, 
no healthcare-related agencies like CDC and WHO have taken steps 
or are willing to implement such cost-effective programs [58].

The Importance of Maintaining Population Vitamin 
D Sufficiency

Population serum 25(OH)D concentrations during winter 
are reduced, weakening individual’s the immune system. 
With the increased winter-associated cold and dryer indoor 
weather conditions in conjunction with the high prevalence of 
hypovitaminosis D, unsurprisingly, the virulence of SARS-CoV-2 
increases during the peak of winter. The efficacy of COVID vaccines 
is dwindling, partly due to Spike protein-related viral mutations 
and associated immune evasion. However, mutated variants 
do not impair the efficacy of repurposed agents like vitamin 
D and ivermectin. Consequently, the recommended vitamin D 
and ivermectin doses remain the same as the preventative and 
adjunct therapies. Suppose governments worldwide had spent 
1% of the costs paying for vaccines for their country-wide vitamin 
D supplementation program to enhance and maintain a robust 
population immunity. It could have brought the pandemic to an end 
in 2020 or 2021. This course of action would have been sufficient 

for eradicating the virus from the earth without the reliance on 
vaccines or herd immunity, which both failed. Such an approach is 
equivalent to generating and maintaining worldwide natural herd 
immunity simultaneously, facilitating the eradication of the SARS-
CoV-2 virus and the pandemic.

In the interim, vitamin D sufficiency would have markedly 
reduced the need for hospitalization and ICU use and the severity 
and deaths from COVID-19, reducing the incidence and severity of 
several chronic health conditions [59,60]. In addition to millions of 
lives lost, these measures would have saved billions of dollars in 
healthcare costs that would have easily offset the cost of achieving 
global vitamin D sufficiency.

Global Population Immunity Could Eradicate 
SARS-CoV-2

The most cost-effective way to curtail the pandemic-now an 
endemic-is to raise the population’s immunity as described above-
maintaining a naturally robust immune system through vitamin 
D supplements and safe sun exposure guidance [37,61]. However, 
no health agencies have taken even the first step to achieving that, 
even though this approach would cost less than 1% of any patented 
COVID medications or vaccines [58]. The costs associated with 
hospitalization are several orders of magnitude higher. Along with 
the rapidly spreading Omicron variants and post-infectious natural 
immunity, a globally coordinated effort using vitamin D is still 
feasible to eradicate SARS-CoV-2 in 2023. However, no big pharma, 
leading health agencies, or administration are not interested in this 
approach due to conflicts of interest, as eradicating SARS-CoV-2 
would not economically benefit them.

When higher population immunity is attained through vitamin 
D sufficiency-even when infected with the SARS-CoV-2 mutants-
the virus fails to replicate in adequate numbers to infect others 
(i.e., low Ro) [8]. Unlike vaccination-derived narrow immunity, the 
robust immunity generated via natural means from micronutrients 
like vitamin D sufficiency is comprehensive. The risk of developing 
complications or perishing from the virus is significantly less with 
individual or the population’ vitamin D sufficiency. Several meta-
analyses reported that vitamin D is more potent and highly cost-
effective than all patented antiviral agents, monoclonal antibodies, 
and vaccines. For example, vitamin D costs about $2 per person 
to treat (or about $10 per person, per year for prophylactic use). 
In contrast, patented agents used for COVID cost between $500 
to $2,000 per person for a single course of treatment [62,63]. 
Table 1 summarizes the cost-effectiveness of various agents in 
preventing hospitalization. (Table 1) confirms the data from 
others that the most cost-effective medications to overcome SARS-
CoV-2 are repurposed therapies administered as soon as possible 
(the left column). Melatonin (fewer studies), vitamin C, vitamin 
D, and ivermectin are significantly more cost-effective than all 
three approved patented antiviral agents (Paxlovid, Molnupiravir, 
and Remdesivir), preventing hospitalizations and deaths from 
COVID-19. They also have remarkably fewer adverse effects than 
patented medications. For example, vitamin D is 36,900- and 
ivermectin is 18,545 times more cost-effective based on the average 
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cost of an antiviral agent in saving one life. Comparative data are not 
reported yet for mRNA vaccines (and challenging to integrate due 

to hidden costs). However, they are estimated to be approximately 
12,000 times costlier than vitamin D in saving one life.

Table 1: Cost of medications used for COVID-19 per one life saved: Treatment cost multiplied by the Number of Persons 
Needed to Treat (NNT) to save one life (from https://c19early.org).

Cost Per Life Saved From NNT In Studies To Date c19early.org Mar 2023

Melatonin
 

9
48%$8 Vitamin A 6

42%$30 Quercetin 4
59%$188 Casirivimab/i.. 48

40%$181,69

Vitamin D 59
37%$11 Curcumin

 
7
63%$40 Fluvoxamine 5

37%$240 Remdesivir 40
16%$208,615

Vitamin C
 

33
27%$12 Aspirin

 
54
12%$41 Nigella Sativa

 
4
73%$279 Bamlaniv./e.. 10

56%$301,549

Ivermectin 48
51%$22

 
Probiotics

 
8
61%$99 Nitazoxanide 6

42%$680 Sotrovimab 8
56%$499,044

Colchicine
 

35
36%$31 Famotidine 18

17%$105 Favipiravir 30
13%$928 Tixagev./c.. 5

38%$740,002

HCQ
 

229
22%$30 Metformin

 
44
31%$172 Paxlovid  11

63%$59,777 Conv. Plasma 38
5%/N A−

Zinc 229
22%$30

 
Antiandrogens 31

40%$175 Molnupiravir 13
25%$137,653 Acetaminophen 12

25%/N A−

Treatment cost times median NNT - details and limitations

The Use of Vitamin D Analogs, Including 
Calcifediol

Parental vitamin D (D3) is the best supplement for deficiency, 
osteoporosis, and maintenance of long-term circulatory 25(OH)D 
concentration. None of the synthetic vitamin D analogs should be 
used for these purposes. There are specific indications for using 
synthetic analogs of vitamin D. For example, 25-hydroxylation is 
impaired in liver failure, where administration of oral calcifediol 
(25-hydroxylated vitamin D; [25(OH)D]) is indicated. In 
emergencies, calcifediol can be lifesaving when used on a body 
weight base dose (0.014mg/kg body weight) [33]. Considering 
its relatively long half-life, calcifediol can also be administered 
once a week as a maintenance dose. Apart from liver failure and 
rare genetic abnormality with 25-hydroxylase (CYP2R1) enzyme, 
calcifediol is indicated in emergencies to raise serum 25(OH)D 
concentration, in infection/sepsis, as in COVID-19, as demonstrated 
in Table 1 in Wimalawansa SJ, et al. Nutrients, 2022 [33,35].

In contrast, in renal failure and hypoparathyroidism, and in rare 
genetic abnormalities of activating enzyme CYP27B1; or vitamin D 
receptors, there is an impairment of synthesis of the hormonal form 
of calcitriol from tubular cells and elsewhere. In these conditions, 
one of the activated vitamin D analogs, calcitriol [1,25(OH)2D] or 
1α(OH)D analogs or 1,25(OH)2D, is essential to maintain serum 
Ca2+ and mineral homeostasis [35]. These synthetic analogs are 
expensive and have low ED50: Thus, they must be used under 
medical supervision to minimize adverse effects and to obtain 
optimal results. There are no other common conditions for using 
these analogs.

Calcitriol Should not be Used for Treating 
Infections Like COVID-19

The key indications for calcitriol are advanced renal 
failure (preventing secondary hyperparathyroidism) and 
hypoparathyroidism with clinically significant hypocalcemia that 
needs correction [33]. Because of high cost, adverse effects, and 
minimal benefits, calcitriol and 1α-analogs should not be used in 
osteoporosis. Beyond those mentioned above, there is no rationale 
for using synthetic vitamin D analogs: These are expensive and have 
unjustifiable adverse health risks. Since calcitriol does not get into 
immune cells, its administration does not benefit from combating 
infections and should not be used. Irrespective of the route of 
administration, calcitriol has little or no benefit in infections, 
including SARS-CoV-2. Since the ED50 is narrow, the potential 
toxicity is high when calcitriol is used for indications other than 
advanced renal failure and hypoparathyroidism. Inappropriate use 
of calcitriol increases the risks of hypercalcemia, hypercalciuria, and 
serious cardiovascular adverse issues [64]. Unlike in chronic renal 
failure [65], using calcitriol in infections [66], including patients 
and subjects in RCTs is unphysiological. Such uses are due to the 
failure to understand the biology of vitamin D and its interactions 
with immune cells [66]-how the immune system functions.

Discussion
In pandemics, it is essential to maintain the population’s 

immune sufficiency through vitamin D adequacy. It is the most 
cost-efficient way to overcome infectious epidemics and pandemics 
in conjunction with basic public health measures. This can be 
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achieved and maintained via adequate public education on daily sun 
exposure and efficient vitamin D supplementation. Not medicine, 
vaccine, and mandates, but a healthy, robust immune system should 
be used as internal armor in preventive medicine against infections, 
especially against SARS-CoV-2, to prevent symptomatic disease, 
complications, and deaths. Despite the emerging therapeutic 
paradigms, robust healthy immunity is, undoubtedly, and will 
always be, the best and the most relevant measure in preventing 
COVID-19 and other invading pathogens.

Long-term vitamin D repletion and the maintenance of serum 
25(OH)D concentrations above 50ng/mL (125nmol/L) is the 
most cost-effective and practical way to enhance immunity in 
the population and reduce the prevalence and severity of chronic 
diseases and mortality [67]. Maintaining a higher serum of 25(OH)
D before sicknesses, such as prior to contracting COVID-19 and 
before vaccination, would significantly reduce complications and 
deaths. If the population had been supplemented, as discussed 
here, with adequate doses of vitamin D, and maintain serum 
25(OH)D concentrations above 40 ng/mL, the pandemic would 
have been less severe, One would have observed fewer admissions 
to hospitals and intensive care units and fewer deaths.

Raising and maintaining the population’s immunity should be 
a target in any infectious outbreaks, including COVID-19: but this 
failed to materialize. It would have optimize the immune responses 
in the population and preferentially generated neutralizing 
antibodies, prevented adverse effects and autoimmunity reactions 
following immunization and infections. The post-infection natural 
immunity that derived from immunization in communities primed 
with naturally robust immune systems, would have prevented the 
new mutants like Delta and Omicron and allowed eradication of 
the SARS-CoV-2 [68] in 2021/21. However, the refusal to recognize 
natural immunity, non-approval of cost-effective repurposed 
agents, and misguiding by leading health authorities, prevented 
achieving them.

Conclusion
The current medical system, and scientific methodologies, 

are highly compartmentalized. Thus, physicians and scientists 
in this system failed to understand the biology of the virus 
and micronutrients, particularly vitamin D, and their intricate 
relations with the immune system. In addition, many who advise 
administrations and policymakers are directly or indirectly 
remunerated by big pharma, such as advisory board members, 
recipients of research grants, and journal editors, were biased 
toward vaccines. Consequently they provided improper and 
conflicted advices which continues. In conjunction with widespread 
conflicts of interest among decision-makers, prioritizing business 
interests, and exclusive reliance on vaccines, the world failed to 
eradicate SARS-CoV-2. Meanwhile, none of the COVID vaccines 
prevented SARS-CoV-2 transmission; thus, the concept and the 
coercion for vaccine passports and the recent deceitful attempts 
by the self-appointed world economic forum using the WHO to 
mandate digital identities are annihilations.
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