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Abstract

Viruses can cause many human diseases. Three types of human diseases caused by
viruses are discussed in this chapter: infectious diseases, autoimmune diseases, and
cancers. The infectious diseases included in this chapter include three respiratory tract
diseases: influenza, COVID-19, and respiratory syncytial virus. In addition, the mos-
quito-borne dengue virus diseases are discussed. Vitamin D can reduce risk, severity,
and mortality of the respiratory tract diseases and possibly for dengue virus. Many
autoimmune diseases are initiated by the body’s reaction to a viral infection. The
protective role of vitamin D in Epstein-Barr virus-related diseases such as multiple
sclerosis is discussed. There are a few cancers linked to viral infections. Such cancers
include cervical cancer, head and neck cancers, Hodgkin’s and non-Hodgkin’s lym-
phoma, and liver cancer. Vitamin D plays an important role in reducing risk of cancer
incidence and mortality, although not as strongly for viral-linked cancers as for other
types of cancer.
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1. Introduction

Viruses are the cause of many human diseases including respiratory
tract diseases (Da Silva et al., 2013, Kusel, de Klerk, et al., 2006, Pavia, 2011,
Vos, Bruyndonckx, et al., 2021), autoimmune diseases (Hussein & Rahal,
2019, Sundaresan, Shirafkan, Ripperger, & Rattay, 2023), and several types
of cancer (Moore & Chang, 2010; Zur Hausen, 1991). Vitamin D plays an
important role in reducing risk of many of the diseases linked to viruses. This
chapter covers the role of solar ultraviolet radiation-B (UVB) and vitamin D
in reducing risk of incidence, severity, and mortality for these diseases with
an emphasis on the epidemiology and some discussion of the mechanisms
whereby vitamin D reduces risk. The discussion regarding infectious diseases,
such as respiratory tract infections, is extensive, while the discussions
regarding autoimmune diseases and cancers are brief. The extent of the
coverage for these three disease categories is in line with the extent of
research by the author. The author has done considerable research on the
roles of solar UVB and vitamin D on risk, severity, and mortality of influenza
(Grant & Giovannucci, 2009) and COVID-19 (Grant, Lahore, et al., 2020)
as well as cancer incidence and mortality rates (Grant & Garland, 2006;
Munoz & Grant, 2022). He has also done research on some of the auto-
immune diseases including autism (Grant & Cannell, 2013) and multiple
sclerosis (MS) (Grant, 2008a, 2008b). Thus, the author has the background
required to evaluate the research findings regarding vitamin D and viral
infections as risk factors for various diseases.

Infectious diseases are discussed first. The ones included are viruses that
affect the respiratory tract, influenza, SARS-CoV-2, and respiratory syn-
cytial virus (RSV), and two other viruses, Epstein-Barr virus (EBV) and
dengue virus (DNV).

2. Infectious diseases

2.1 Influenza
John Cannell and colleagues published a seminal article regarding the role of
vitamin D in reducing risk of influenza in 2006 (Cannell, Vieth, et al., 2006).
The first evidence for vitamin D and influenza was the figure published by
Hope-Simpson in 1981 showing that type A influenza outbreaks peak
around January in the northern hemisphere temperate latitudes and July in
southern hemisphere temperate latitudes (Hope-Simpson, 1981). However,
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inspection of the seasonal variation in serum 25-hydroxyvitamin D [25(OH)
D] concentrations, shows that the minimum 25(OH)D concentrations in
Great Britain (Hypponen & Power, 2007) and the US (Kroll, Bi, et al.,
2015) occur in February or March.

Subsequent studies noted that the seasonality of influenza outbreaks is
regulated by meteorological conditions. An animal model study reported in
2007 noted that influenza virus transmission is dependent on relative
humidity and temperature (Lowen, Mubareka, Steel, & Palese, 2007). An
observational study reported in 2009 found that absolute humidity mod-
ulates influenza survival, transmission, and seasonality, with transmission
strongly inversely correlated with absolute humidity (Shaman & Kohn,
2009). A paper from 2012 reported that humidity levels below 6 g of water
vapor per kg of air were significantly associated with influenza mortality
rates (Barreca & Shimshack, 2012).

An article published in 2019 provided plausible mechanisms to explain
the effects of temperature and humidity on survival, transmission, and
incidence of the influenza virus (Marr, Tang, Van, & Lakdawala, 2019).
The primary effect was related to aerosol droplet size. At low relative
humidity, aerosol diameters become small due to evaporation of water. A
10-µm diameter aerosol stays suspended for 8 min while a 1.9-µm diameter
aerosol stays suspended for 3 h. In addition, smaller diameter aerosols are
able to be deposited in the alveolar regions of the lungs rather than in the
upper respiratory tract. The small-diameter aerosols are much more likely
to result in infection in the lungs than in the upper respiratory tract. The
effect of higher temperature may also be to inactivate proteins and nucleic
acid (Woese, 1960).

An observational study of influenza virus activity in Nordic countries
during 2010–2018 gave further support for the roles of ambient tem-
perature and humidity in affecting virus activity (Ianevski, Zusinaite, et al.,
2019), but also added the effect of solar ultraviolet (UV) dose. Influenza
activity was pronounced between weeks 45 and 9. During that period, the
UV is only UVA with the result that no vitamin D is produced during that
time. The UV effect was intermediate between that for temperature and
humidity. The likely mechanism explaining the UV effect was liberation of
nitric oxide (NO) from subcutaneous nitrate stores (Grant & Boucher,
2022, Weller, Mahrhofer, Davis, & Gorman, 2021).

Serum 25(OH)D concentrations and seasonal variations are insufficient
evidence that vitamin D affects risk of influenza in a causal manner. The
best way to determine causality regarding vitamin D is through randomized
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controlled trials (RCTs). The first successful vitamin D RCT regarding
influenza was conducted with school children in Japan (Urashima, Segawa,
et al., 2010). Schoolchildren aged 6–15 y, with or without underlying
diseases, were eligible and asked to participate in the study by the pedia-
tricians in charge of the outpatient clinics. The accrual period was from 1
November 2008 to 15 December 2008. Four hundred thirty children were
invited to participate in the study and 334 were followed until the end of
the study. Those in the vitamin D treatment group took 1200 IU/day
vitamin D3 while those in the control group took placebos. Influenza A
occurred in 18 of 167 (10.8%) children in the vitamin D3 group compared
with 31 of 167 (18.6%) children in the placebo group [relative risk (RR),
0.58 (95% CI: 0.34, 0.99; p = 0.04)]. The reduction in influenza A was
more prominent in children who had not been previously taking vitamin D
supplements [RR: 0.36 (95% CI: 0.17, 0.79; P = 0.006)] and who started
nursery school after age 3 y [RR: 0.36 (95% CI: 0.17, 0.78; p = 0.005)].
However, 39 of 167 in the vitamin D treatment group and 28 of 167 in the
placebo group developed influenza B; the relative risk for vitamin D
treatment vs. placebo was 1.39 (95% CI, 0.90–2.15).

In addition, a subsequent vitamin D RCT conducted by the same
author during the 2009 H1N1 influenza pandemic did not find that 2000
IU/day vitamin D reduced risk of influenza (Urashima, Mezawa, Noya, &
Camargo, 2014). A rapid influenza diagnostic test showing positive for
influenza A occurred in 20/148 (14%) of the students in the vitamin D3
group and 12/99 (12%) in the placebo group (risk ratio [RR] = 1.11[95%
CI, 0.57–2.18]). A similar finding was made for influenza-like illness. As
mentioned by the author at a symposium in 2015, many of the children had
been vaccinated against influenza in that period. In addition, it is very likely
that vitamin D is less likely to reduce risk of pandemic influenza incidence
than that of epidemic influenza. For example, there was no evidence that
vitamin D reduced risk of the 1918–1919 pandemic influenza incidence
although it did reduce risk of mortality from pneumonia (Grant &
Giovannucci, 2009).

A carefully designed and conducted vitamin D RCT on seasonal
influenza A was conducted on infants in China (Zhou, Du, et al., 2018). A
total of 400 infants 3–12 months old who attended a hospital in Jinhua,
China were enrolled between October 2015 and May 2016. Half were
randomly assigned a 400 IU/day vitamin D3 supplement (low-dose group)
for 4 months while another half was assigned 1200 IU/day (high-dose
group). Baseline 25(OH)D concentrations were 17 ± 2 ng/mL; achieved
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25(OH)D concentrations after 2 or 4 months were 25 ± 4 ng/mL in the
high-dose group and 17 ± 2 ng/mL in the low-dose group. Some infants
were dropped from the study for various reasons. During the study, 78 of
168 in the low-dose group developed influenza A, while 43 of the 164 in
the high-dose group developed influenza. The risk ratio for influenza A for
high- vs. low-dose was 0.56 (95% CI, 0.42–0.77, p = 0.0002). In addition,
the status of the infants was carefully monitored every four hours after
initiation of influenza A until body temperature returned to normal, then
once every 24 h. As shown in Figure 2 in that article, the percentage of
patients with fever dropped to 10% in 48 h for the high-dose group and
80 h in the low-dose group. Figure 3 shows that the percentage of patients
with cough dropped to 10% in four days for the high-dose group and
7 days for the low-dose group. Figure 4 shows that the percentage of patients
with wheezing dropped to 10% in 3 days for the high-dose group and 4.5 days
for the low-dose group. Thus, higher-dose vitamin D therapy reduced the
duration of elevated temperature, cough, and wheezing in this study.

Generally considered better than a single vitamin D RCT is a meta-
analysis of several vitamin D RCTs. A meta-analysis of 15 vitamin D
RCTs regarding incidence of influenza reported from 2012 to 2019 was
published in 2022 (Zhu, Zhu, et al., 2021). In total, there were 265
events for 2472 participants in the vitamin D arms and 327 events for
the 2387 participants in the control arms, yielding a risk ratio (RR)
= 0.78 (95% CI, 0.42–0.77), i.e., a 22% reduction. However, inspection
of the studies included in the meta-analysis finds that several types of
influenza and related illnesses were included: influenza A, influenza B,
influenza A + influenza B, and influenza-like illness. Since three of the
studies separated influenza A and influenza B, it is worthwhile to look at
those results separate from the others. Table 1 gives the details regarding
four of these trials.

The Vietnam study participants had a mean baseline 25(OH)D con-
centration of 27 ng/mL in the vitamin D treatment arm and 26 ng/mL in
the control arm. These concentrations are likely high enough so that the
participants already had some protection against influenza. However, the
fact that so many participants developed influenza suggests that the effect of
vitamin D in reducing risk of influenza is weak.

Two vitamin D supplementation studies not included in the meta-
analysis show that serum 25(OH)D concentrations of participants should
have been much lower. In the first RCT, based on 208 postmenopausal
African-American women in New York with half taking 800 IU/day for
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the first two years, followed by 2000 IU/day vitamin D3 in the third year,
and half taking a placebo (Aloia and Li-Ng, 2007), the baseline 25(OH)D
concentration was 19 ± 8 ng/mL. The outcome was based on colds and
influenza symptoms. Thirty participants taking the placebo had a cold/
influenza, 8 taking 800 IU/day, and 1 taking 2000 IU/day.

In the second vitamin D RCT by the same group consisting of162
participants, with 65% of the participants Caucasian, ∼80% female, age
∼59 ± 13 years, were enrolled in a 12-month study (Li-Ng, Aloia, et al.,
2009). Half were randomized to receive 2000 IU/day and half a placebo.
The baseline 25(OH)D concentration was 25 ± 11 ng/mL. The achieved
25(OH)D concentration was near 36 ± 9 ng/mL. Fifty-six percent of the
vitamin D treatment group had been vaccinated against influenza, and 64%
of the placebo group had been vaccinated against influenza. There was no
difference in the incidence of upper respiratory tract infections (URIs)
between the vitamin D and placebo groups (48 URIs vs. 50 URIs,
respectively, p = 0.57). There was no difference in the duration or severity
of URI symptoms between the vitamin D and placebo groups [5.4 ± 4.8
days vs. 5.3 ± 3.1 days, respectively, p = 0.86].

A review of the evidence regarding vitamin D and influenza was
published in August 2018 (Gruber-Bzura, 2018). The author reviewed the
evidence from many types of studies regarding influenza and respiratory
tract infections (RTIs) including observational studies with respect to
season and serum 25(OH)D concentration and vitamin D RCTs. This
review also looked at the effects of vitamin D on immunogenicity of
influenza vaccines. The overall conclusion was that vitamin D does have
effects on innate and adaptive immune responses that should be useful for
reducing risk and severity of influenza, but that studies through June 2018
had not proven a causal benefit of vitamin D against influenza. However,
that review did not include the apparently strong study from China, which
was published in August 2018 (Zhou, Du, et al., 2018).

It is important to note that it is calcitriol that is the vitamin D metabolite
that activates the innate immune system, mainly through intracrine production
from circulating 25(OH)D (Gombart, 2009; White, 2012). Circulating cal-
citriol plays a very small role compared to its intracellular effects. Macrophages
and mitochondria have both the enzyme CYP27B1 and the vitamin D
receptor (VDR), enabling them to convert 25(OH)D to calcitriol and then
affect gene expression through the VDR. Calcitriol, through the VDR, is also
involved in regulation of genes encoding antimicrobial peptides. A 2019
comprehensive review of how innate leukocytes (white blood cells) react to
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influenza virus infection was published (Lamichhane & Samarasinghe, 2019).
Table 2 outlines some of the roles of vitamin D for the innate and adaptive
immune system responses to influenza.

2.2 Pandemic influenza
Pandemic influenza arises when the influenza virus type is one that is much
more virulent than epidemic virus types. The virus type in the 1918–1919
influenza pandemic was H1N1 (Francis, McNeil, et al., 2019). That type
was also responsible for the 1977 and 2009 influenza pandemics (Francis,
McNeil, et al., 2019). There is no evidence that solar UVB, a proxy for
vitamin D in 1918–1919, had any effect on development of influenza in
that period. However, a geological ecological study conducted with respect
to case-fatality rates for 13 U.S. communities (Britten, 1932) found that
mortality rates were reduced by about 50% for communities in the
southern states (Grant & Giovannucci, 2009). In addition, reductions in
rates of pneumonia as a complication of influenza were reduced by
approximately one-third. The proposed explanation for these findings
included that vitamin D reduced the production of pro-inflammatory
cytokines, which could lead to a “cytokine storm” that could damage the
epithelial layers of the lungs. Also, induction of human cathelicidin and
defensins could reduce the viability of bacteria that could lead to pneu-
monia. More recent articles have outlined the mechanisms involved in
progressing from infection to disease. Figure 1 in a 2021 article outlined the
immune pathways triggered by influenza-virus infection (Zhu, Zhu, et al.,
2021). The virus infects the alveolar or airway epithelial cells. Viral RNA
in the cytoplasm recognized by toll-like receptors and Nod-like receptors
leads to production of interferons (IFNs). Type I IFNs interfere with viral
replication, but if it is overproduced, it can form the cytokine storm. Type
II and type III IFNs have different roles to play. People under the age of
5 years and over the age of 65 years are more likely to develop cytokine
storms. Women, especially those of childbearing age, are more likely to die
from influenza than are men, attributed to difference in estrogen and tes-
tosterone concentrations. Obesity also increases risk of serious outcomes
from influenza due to increased inflammation and other effects.

Adaptive immunity may play a more important role in protecting
people from pandemic influenza than the innate immune system. An
analysis of age-specific influenza mortality rates found that mortality rates
for those <5 and 20–45 years were much higher during the 1918 influenza
pandemic in the U.S. compared to the mortality rates for epidemic
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influenza in 1915 (Ma, Dushoff, & Earn, 2011). Similar results were found
in comparing pandemic influenza (H2N2) mortality rates in Canada for
1957 with epidemic influenza mortality rates for 1968, this time with
significantly higher rates for ages 12–40 years. The antigenic history
hypothesis is that an H2 subtype similar to the 1957 strain circulated prior
to 1918, thereby providing some protection for people born prior to 1918
(>40 years of age in 1957). The authors noted that the 2009 H1N1 pan-
demic displayed elevated mortality among those born after 1957, indicating
that antigenic imprinting may be the major cause of protection (Chowell,
Bertozzi, et al., 2009). This is indicative of an effect of the adaptive
immune system, likely affected by serum 25(OH)D concentration.

2.3 SARS-CoV-2/COVID-19
Near the onset of the COVID-19 pandemic, my colleagues and I suggested
that vitamin D could reduce the risk of SARS-CoV-2 infection and
progression to COVID-19 (Grant, Lahore, et al., 2020). We based our
proposal on what we thought we knew about the role of vitamin D in
reducing risk of influenza and other respiratory tract infections at that time.

Vitamin D helps maintain tight junctions, gap junctions, and adherens
junctions (e.g., by E-cadherin) (Schwalfenberg, 2011). Several articles
discussed how viruses disturb junction integrity, increasing infection by the
virus and other microorganisms (Chen, Wu, et al., 2020; Kast, McFarlane,
et al., 2017; Rossi, Fanous, & Colin, 2020). Disturbed junction integrity
seems to be an important reason why pneumonia develops for those with
influenza and COVID-19 (Grant, Lahore, et al., 2020). As discussed
already, I hypothesized that solar UVB, though production of vitamin D,
reduced risk of death from pandemic influenza followed by pneumonia
during the 1918–1919 influenza pandemic (Grant & Giovannucci, 2009).

Another mechanism of protection from infection is the induction of
antimicrobial peptides such as defensins and cathelicidins (Gombart,
Borregaard, & Koeffler, 2005; Wang, Nestel, et al., 2004). Those host-
derived peptides kill the invading pathogens by perturbing their cell
membranes and can neutralize the biological activities of endotoxins
(Agier, Efenberger, & Brzezinska-Blaszczyk, 2015).

The innate immune system generates both pro-inflammatory and anti-
inflammatory cytokines in response to viral and bacterial infections, as
observed in COVID-19 patients (Huang, Wang, et al., 2020). Vitamin D
can reduce the production of pro-inflammatory T helper cell type 1 (Th1)
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cytokines, such as tumor necrosis factor-α and interferon-γ (Sharifi,
Vahedi, Nedjat, Rafiei, & Hosseinzadeh-Attar, 2019).

Vitamin D is a modulator of adaptive immunity; 1,25(OH)2D3 (calci-
triol) suppresses responses mediated by Th1, by primarily repressing pro-
duction of inflammatory cytokines interleukin-2 and interferon-gamma
(INFγ) (Lemire, Adams, et al., 1985). Additionally, 1,25(OH)2D3 pro-
motes cytokine production by the T helper type 2 (Th2) cells, which helps
enhance the indirect suppression of proinflammatory Th1 cells (Cantorna,
Snyder, Lin, & Yang, 2015). Furthermore, 1,25(OH)2D3 promotes
induction of the T regulatory cells, thereby inhibiting inflammatory pro-
cesses (Jeffery, Burke, et al., 2009).

Vitamin D supplementation also enhances the expression of genes
related to antioxidation (glutathione reductase and glutamate–cysteine
ligase modifier subunit) (Lei, Zhang, Cheng, & Lee, 2017). The increased
glutathione production spares the use of ascorbic acid (vitamin C), which
has antimicrobial activities (Marik, Kory, Varon, Iglesias, & Meduri, 2021),
and has been proposed and studied to prevent and treat COVID-19
(Shahbaz, Fatima, et al., 2022).

Later, my colleagues and I examined the role of additional mechanisms
whereby vitamin D reduces risk of COVID-19 (Mercola, Grant, &
Wagner, 2020). The understanding of the role of anti-microbial peptides
(AMPs) had been expanded. As shown in Figure 1 in that review one of
the functions of AMPs is chemotaxis, the movement of cells in response to
a chemical stimulus, specifically macrophages, mast cells, monocytes, and
neutrophils. Other effects of vitamin D include activation of the innate
immune system, effects on angiogenesis, antiendotoxin activity, and
opsonization. Opsonization is the molecular mechanism whereby patho-
genic molecules, microbes, or apoptotic cells (antigenic substances) are
connected to antibodies, complement, or other proteins to attach to the
cell surface receptors on phagocytes and NK cells.

Cell cultures of human alveolar type II cells with vitamin D have shown
that the SARS-CoV-2 virus interacts with the Angiotensin-converting
enzyme 2 (ACE2) receptor expressed on the surface of lung epithelial cells.
Once the virus binds to the ACE2 receptor, it reduces its activity and, in turn,
promotes ACE1 activity, forming more angiotensin II, which increases the
severity of COVID-19 (Bavishi, Maddox, & Messerli, 2020; Rolf, 2020). The
vitamin D metabolite calcitriol increases concentrations of ACE2 in the lungs
of experimental animals (Xu, Yang, et al., 2017). The additional ACE2
expressed as a consequence of vitamin D supplementation might reduce lung
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injury (Aygun, 2020) because it can promote binding of the virus to the
pulmonary epithelium. Various studies have shown that vitamin D has a
crucial role in protecting against acute lung injury and acute respiratory distress
syndrome (ARDS) in experimental models (Rhodes, Subramanian, Laird,
Griffin, & Kenny, 2021; Yan, Xiao, & Lin, 2020).

Vitamin D also reduces damage from renin–angiotensin system (RAS)-
mediated bradykinin (BK) storm in the progression of COVID-19 (Garvin,
Alvarez, et al., 2020). BK is a potent part of the vasopressor system that
induces hypotension and vasodilation. BK is degraded by ACE and
enhanced by the angiotensin produced by ACE2. The authors suggested
that vitamin D could reduce the risk of the BK storm through several
mechanisms including regulation of RAS. Renin is the enzyme that cat-
alyzes the first step in the activation pathway of angiotensinogen by
cleaving angiotensinogen to form angiotensin I, which is then converted to
angiotensin II by angiotensin I converting enzyme. In the COVID samples,
analyzed renin levels were increased 380-fold compared to controls.
Vitamin D is a negative endocrine RAS modulator and inhibits renin
expression and generation (Ross, Manson, et al., 2011). It appears likely
that vitamin D deficiency amelioration would limit the COVID-19 BK
storm. However, further investigation is needed to evaluate the role of
vitamin D in this context. Also, vitamin D deficiency contributes to acute
respiratory distress syndrome, for which rates increased with age and with
chronic disease comorbidity (Dancer, Parekh, et al., 2015).

One of the important findings regarding COVID-19 is that those below
the age of 18 years develop COVID-19 with reduced severity (Williams,
Howard-Jones, et al., 2020). SARS-CoV-2 infection only progresses to
COVID-19, the disease, if the immune system is unable to limit the pro-
liferation of the virus and ramps up the production of pro-inflammatory
cytokines. In the U.S. during the period before COVID-19 vaccines were
available (June to August, 2020), confirmed COVID-19 cases were somewhat
elevated for those in the 20–49 years age groups, between 300 and 550 cases/
100,000, dropping to around 200/100,000 for those aged 70–79 (Boehmer,
Kompaniyets, et al., 2021). Interestingly rates for those ≥80 years went from
∼400/100,000 in May to ∼260 in August. On the other hand, mortality
rate rises dramatically with increasing age. An ecological study involving
16 countries with a total population of 2.4 billion people as of April 12, 2020,
found that the mortality rate for those aged 55–64 years was 8.1 (95% CI,
7.7–8.5) times that for those aged <54 years, and 62 (95% CI, 60–64) times
higher for those ≥65 years (Yanez, Weiss, Romand, & Treggiari, 2020).
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The reason why mortality rates are high in the elderly is that the immune
system declines. A 2020 article outlined that the possible pathophysiolical
mechanism of cytokine storms in elderly adults with COVID-19 may be due
to “Inflame-aging” (Meftahi, Jangravi, Sahraei, & Bahari, 2020).

A study conducted in Greece found significantly higher NK cell count
for 7 COVID-19 patients in the ICU with serum 25(OH) concentrations
between 20 and 30 ng/mL (107 [95% CI, 89–170]) than for the 32
with serum 25(OH)D concentration <20 ng/mL (88 [95% CI, 53–125,
p = 0.048]) (Vassiliou, Jahaj, et al., 2021).

Serum 25(OH)D concentration is lowered when one has an acute
inflammatory illness that raises body temperature (Smolders, van den
Ouweland, Geven, Pickkers, & Kox, 2021). The innate immune system
causes a large number of pro-inflammatory cytokines to be released to fight
the infection, thereby raising body temperature and lowering serum
25(OH)D concentrations as vitamin D moderates the cytokine balance
between pro- and anti-inflammatory cytokines. Consequently, measuring
serum 25(OH)D concentration at time of admission to a hospital is not
very useful for determining the relationship between serum 25(OH)D
concentration and risk of COVID-19. However, it is useful in determining
the probability of survival. This was demonstrated in an observational study
conducted in the United Arab Emirates. This observational study used data
for 464 participants who tested positive for SARS-CoV-2 at one of the
main hospitals in Abu Dhabi and Dubai. Serum 25(OH)D was measured at
the time of hospital admission. In the fully-adjusted model, the OR for
severe COVID-19 with low serum 25(OH)D was 1.76 (1.19, 2.61) 0.005,
while the OR for mortality for 25(OH)D <12 ng/mL was 2.58 (1.01,
6.62) 0.048. While age was also a significant factor for severity and mor-
tality, it raised risk by about 7%.

A 2020 study determined the correlation between serum 25(OH)D
concentration and severe acute SARS-CoV-2 positivity rates (Kaufman,
Niles, Kroll, Bi, & Holick, 2020). The study was based on over 190,000
patients in the US who had SARS-CoV-2 results performed between mid-
March through mid-June 2020 by a national testing company and had
serum 25(OH)D concentration measurements performed in the preceding
12 months. The 25(OH)D concentration data were seasonally adjusted.
Residential zip code was used to determine latitude of the patients and
race/ethnicity data were also determined. The mean SARS-CoV-2 posi-
tivity rate was 9.3% (95% C.I. 9.2–9.5%) and the mean seasonally adjusted
25(OH)D was 31.7 (SD 11.7) ng/mL. The most interesting result is in
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Figure 2B in that study. It shows the SARS-CoV-2 positive rate vs. serum
25(OH)D concentration for different race/ethnicity. The positive rates for
<20 ng/mL and >50 ng/mL are: 9% and 5% for white non-Hispanics, 16%
and 8% for Hispanics, and 19% and 11% for Black non-Hispanics. The rates
are reduced by 45–50% for high vs. low 25(OH)D concentrations for each
race/ethnicity. The higher rates for Hispanics and Black non-Hispanics are
most likely due to the fact that they generally have lower socioeconomic
status and, thus, are less able to socially isolate at home and work than white
people. This article provided strong evidence that vitamin D status sig-
nificantly affected SARS-CoV-2 positivity rate.

Two articles reported observational studies of COVID-19 risk with
respect to vitamin D supplementation. The first one was based on adults
living in Barcelona-Central Catalonia (Oristrell, Oliva, et al., 2022). Both
cholecalciferol (vitamin D3) and calcifediol [25(OH)D] are mostly available
only by prescription and records of who was prescribed either form were
available. Patients on cholecalciferol treatment achieving 25OHD con-
centrations ≥30 ng/mL had lower risk of SARS-CoV-2 infection, lower
risk of severe COVID-19 and lower COVID-19 mortality than unsup-
plemented 25OHD-deficient patients (56/9474 [0.6%] vs 96/7616 [1.3%];
HR 0.66 [CI 95% 0.46–0.93], p = 0.02). Patients on calcifediol treatment
achieving serum 25OHD concentrations ≥ 30 ng/mL also had lower risk of
SARS-CoV2 infection, lower risk of severe COVID-19, and lower
COVID-19 mortality compared to 25OHD-deficient patients not
receiving vitamin D supplements (88/16,276 [0.5%] vs. 96/7616 [1.3%];
HR 0.56 [CI 95% 0.42–0.76], p < 0.001).

The second study was an observational study conducted on patients of
the US Veterans Administration Health Care System who received sup-
plementation with vitamin D2 or vitamin D3 between January 1, 2019 and
December 31, 2020 and during the pandemic (March 1, 2020 to December
31, 2020), and had at least one serum 25(OH)D concentration measure-
ment between January 1, 2019 and December 31, 2020 (Gibbons, Norton,
et al., 2022). They found that vitamin D2 and D3 supplementation was
associated with reductions in COVID-19 infection of 28% and 20%,
respectively [(D3 HR = 0.80, [95% CI 0.77, 0.83]), D2 HR = 0.72, [95%
CI 0.65, 0.79]]. Mortality within 30-days of COVID-19 infection was
similarly 33% lower with Vitamin D3 and 25% lower with D2 (D3 HR =
0.67, [95% CI 0.59, 0.75]; D2 HR = 0.75, [95% CI 0.55, 1.04]). They also
found that after controlling for serum 25(OH)D concentrations, veterans
receiving higher dosages of vitamin D obtained greater benefits from
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supplementation than veterans receiving lower dosages. Veterans with pre-
supplementation serum 25(OH)D concentrations between 0 and 19 ng/mL
exhibited the largest decrease in COVID-19 infection following supple-
mentation. Black veterans received greater associated COVID-19 risk
reductions with supplementation than White veterans since Black people
generally have lower serum 25(OH)D concentrations compared to white
people (Ames, Grant, & Willett, 2021).

COVID-19 develops rapidly. Thus, it is necessary to use vitamin D and
other natural compounds as early as possible if not prior to infection. The
important effects of vitamin D are to reduce the viability of the SARS-
CoV-2 virus, to reduce the risk of the cytokine storm, to maintain lung
epithelial lining integrity, and to reduce concomitant bacterial infection in
order to reduce risk of ensuing pneumonia. Thus, the earlier the better.
Also, serum 25(OH)D concentration should be raised rapidly. While cal-
cifediol raises serum 25(OH)D within hours, the oral administration of
even high doses of vitamin D takes three to five days to raise serum 25(OH)
D concentrations. This delay is due to its less efficient absorption than
calcifediol and the need for vitamin D to undergo 25-hydroxylation in the
liver, a rate-limiting step (Wimalawansa, 2022).

Physicians in Cordoba, Spain have been using calcifediol to treat
COVID-19 patients. The first report was in spring of 2021 (Entrenas
Castillo, Entrenas Costa, et al., 2020). The participants were 76 consecutive
patients hospitalized with COVID-19 infection, with a clinical picture of
acute respiratory infection (ARI), confirmed by a radiographic pattern of
viral pneumonia, and by a positive and severe SARS-CoV-2 PCR. All
hospitalized patients received the best available standard care, (per hospital
protocol). Eligible patients were allocated at a 2 calcifediol:1 no calcifediol
ratio through electronic randomization on the day of admission to take oral
calcifediol (0.532 mg), or not. Patients in the calcifediol treatment group
continued with oral calcifediol (0.266 mg) on day 3 and 7, and then weekly
until discharge or ICU admission. Of 50 patients treated with calcifediol,
one required admission to the ICU (2%), while of 26 untreated patients, 13
required admission (50%) p < 0.001. The multivariate risk estimate OR for
patients in ICU with calcifediol treatment vs. without calcifediol treatment
ICU (adjusting by Hypertension and T2DM: 0.03 [95%CI: 0.003–0.25]).
Of the patients treated with calcifediol, none died, and all were discharged,
without complications. The 13 patients not treated with calcifediol, who
were not admitted to the ICU, were discharged. Of the 13 patients
admitted to the ICU, two died and the remaining 11 were discharged.

16 William B. Grant



An observational study regarding mortality with respect to serum
25(OH)D concentration for 551 consecutive COVID-19 patients in a
hospital in Mexico City was reported in 2022 (Vanegas-Cedillo, Bello-
Chavolla, et al., 2022). The mean age of the patients was 53 ± 14 years,
mortality was near 20%, mean BMI was 30 ± 6 kg/m2. Many additional
parameters were given. The statistically significant ones comparing those
with serum 25(OH)D concentration greater or less than 20 ng/mL at time
of the hospital visit were male sex, type 2 diabetes mellitus, oxygen
saturation, HbA1c, D-dimer, fibrinogen, number of comorbidities, and
both epicardial and subthoracic fat. Some of these parameters are risk
factors, while others are biomarkers of the disease effects. In the fully
adjusted model, the HR for mortality with respect to serum 25(OH)D was
0.96 (95% CI, 0.94–0.99, p = 0.006). The HR for mortality with respect to
oxygen saturation was 0.98 (0.96–0.99. p = 0.001). There was a plot of HR
for mortality vs. 25(OH)D concentration with 1.0 set at 20 ng/mL. For
25(OH)D concentration near zero, the HR was 2.1.

A systematic review and meta-analysis was conducted to evaluate the
efficacy of vitamin D supplementation in COVID-19 for patients admitted
to a hospital (Sirbu, Sabin, Bocsan, Vesa, & Buzoianu, 2023). Thirteen
RCTs were included. Based on data from six RCTs, vitamin D supple-
mentation reduced length of stay by 1.5 (95% CI, −3.1 to 0.02) days,
p = 0.05. Based on data from eight RCTs, vitamin D supplementation
reduced admission to the ICU by 37% (RR = 0.63 [95% CI, 0.41–0.99],
p = 0.04). However, vitamin D supplementation did not reduce risk of
death. Based on data from eight RCTs, RR = 0.93 (95% CI, 0.62–1.52,
p = 0.78). The most likely reason for the poor results is that those admitted
to the hospital had advanced COVID-19 so that it was too late for the most
important roles of vitamin D regarding COVID-19. A second reason is that
most vitamin D RCTs included used vitamin D3, which takes several days
to increase serum 25(OH)D concentrations (Wimalawansa, 2023).

A meta-analysis of nine observational studies regarding vitamin D
deficiency and COVID-19 in-hospital mortality before mRNA vaccina-
tions were used was reported in a 2021 review (Ebrahimzadeh, Mohseni,
et al., 2021). The OR for mortality with vitamin D deficiency was 2.11
(95% CI, 1.03–4.32, p = 0.003). As previously discussed, having COVID-
19 lowers serum 25(OH)D concentration. Thus, this result is useful
regarding risk or mortality related to serum 25(OH)D concentration after
admission to a hospital, but not regarding vitamin D status prior to
COVID-19.
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Although there is strong scientific evidence that vitamin D could
reduce risk and severity of COVID-19, the general public was not
informed. One reason was that in order to obtain an emergency author-
ization for the mRNA vaccines against SARS-CoV-2, it had to be asserted
that there were no other effective ways to reduce risk. Under section 564
of the Federal Food, Drug, and Cosmetic Act, when the Secretary of the
US Health and Human Services declares that an Emergency Use
Authorization (2023) is appropriate, the FDA may authorize unapproved
medical products or unapproved uses of approved medical products to be
used in an emergency to diagnose, treat, or prevent serious or life-threa-
tening diseases or conditions caused by chemical, biological, radiological,
and nuclear threat agents when certain criteria are met, including there are
no adequate, approved, and available alternatives (2023). Thus, the FDA
had to assert that vitamin D, Ivermectin, and many other over-the-counter
compounds could not be used to prevent COVID-19. In addition, the
FDA used the “Disinformation Playbook” to prevent the spread of
information and use of vitamin D and other compounds. The Disin-
formation Playbook’s use by the pharmaceutical industry to discourage use
of vitamin D was outlined in 2018 (Grant 2018). Among other things, the
news media and much of social media was prohibited from discussing
vitamin D and other inexpensive repurposed drugs and neutraceuticals in a
positive way regarding COVID-19.

2.4 Respiratory syncytial virus
RSV is responsible for a large number of acute lower respiratory tract
infections (ALRI) in young children. A 2010 review estimated that in 2005
an estimated 34 (95% CI, 19–46) million new episodes of RSV-associated
ALRI occurred worldwide in children younger than 5 years (22% of ALRI
episodes). In 2005, an estimated 66,000—199,000 children died from
RSV-associated ALRI, primarily in developing countries.

RSV is also an important ALRI for adults, especially the elderly. A
meta-analysis of RSV by age group for various continents was published in
a 2020 review (Tin Tin Htar, Yerramalla, Moisi, & Swerdlow, 2020). In
the US and Canada, the proportion of ARI that were from RSV was 4%
(95% CI, 2–6%) for those <50 years, 3% (95% CI, 1–5%) for adults, and 7%
(95% CI, 5–9%) for those >50 years. For Europe, proportion of ARI that
were from RSV was 9% (95% CI, 4–17%) for those <50 years, 7% (95%
CI, 4–11%) for adults, and 10% (95% CI, 5–16%) for those >50 years.
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An analysis of influenza-like illness (ILL) and acute bronchitis (largely
due to RSV) incidence rates in the UK for those ≥65 years between 1967/
68 and 2005/06 found that up until 1983/84, acute bronchitis incidence
rates were about twice those of ILL. However, after that period, acute
bronchitis rates increased by about a factor of three while ILL rates
decreased by about 50% (Elliot & Fleming, 2008). The reductions in ILL
were attributed to widespread use of influenza vaccinations.

An observational study in France examined the propensity for bacterial
co-infection with RSV in hospitalized elderly patients (Godefroy, Giraud-
Gatineau, et al., 2020). A total of 12,144 hospitalized patients with ARI
were screened for RSV, resulting in finding 701 with RSV. Of the 701, 85
had a bacterial co-infection. The in-hospital mortality rate for those with
bacterial co-infection was 2.94 (95% CI, 1.30–6.60). Death was often from
bacteria-associated pneumonia.

There are several approaches to evaluating whether vitamin D plays an
important role in reducing risk of RSV. They include seasonality of the
disease, whether alleles of genes involved in the vitamin D metabolic
pathway are associated with risk of RSV, whether serum 25(OH)D con-
centrations are lower for those with RSV than controls, whether vitamin D
supplementation reduces risk of RSV, and how the RSV virus interacts
with the innate and adaptive immune system. Each of these approaches has
strengths and limitations. Nonetheless, when considered in toto, they may
help reach a conclusion.

Since solar UVB exposure is an important source of vitamin D, it is
logical to think that higher solar UVB exposure would reduce the risk of
RSV if vitamin D plays an important role. A 2007 article reported an
analysis of seasonal variations in RSV activity with respect to meteor-
ological conditions at five locations in the US plus four international
locations (Yusuf, Piedimonte, et al., 2007). In temperate climates, RSV
activity was maximal in winter, correlating with lower temperatures. In
locations with high temperature and humidity, RSV activity had reduced
seasonality. The authors suggested that RSV had greater stability in the
aerosols there. Nonetheless, solar UVB dose was estimated to explain 13%
of RSV activity in Miami, FL and 5% in Buffalo, NY.

A 2007 article reported that severe bronchiolitis, RSV, and pneumonia
rates among young children in Hawaii varied according to ethnicity (Yorita,
Holman, et al., 2007). I noted that RSV rates they reported were highest in
winter and correlated with skin pigmentation with lowest rates for whites,
then Japanese, Chinese, other Asian, Filipino, Hawaiian, other Pacific Islander,
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and black (Grant, 2018c). Since temperature and humidity effects should be
the same regardless of skin pigmentation, I proposed that differences in serum
25(OH)D concentrations related might explain their findings.

Many subsequent articles have reported seasonality of RSV. Table 3 gives
the finding from several studies. For the years prior to the COVID-19 pan-
demic, the RSV season was generally 20–30 weeks long, with the peak near
the period of lowest solar zenith angle. However, during the COVID-19
period, the RSV season was shifted considerably. The reason may relate to
measures taken to reduce risk of COVID-19 such as lock downs and mask
wearing (Olsen, Azziz-Baumgartner, et al., 2020). However, as discussed
regarding influenza, peak activity in winter does not necessarily mean that
vitamin D was the cause. Seasonal variations of RSV in other countries are
given in a 2018 review (Obando-Pacheco, Justicia-Grande, et al., 2018).

Studies of vitamin D-related gene polymorphisms with respect to RSV
activity may be able to provide stronger evidence for an effect of vitamin
D. Findings on this topic are given in Table 4. While these three studies did
find significant correlations, each study had evaluated a number of single-
nucleotide polymorphisms (SNPs), 384 SNPs in 220 candidate genes
(Janssen, Bont, et al., 2007) and found very few that were significant. Thus,
these could have been chance findings.

One of the important effects of the innate immune response to viral
infections is increasing human cathelicidin (LL-37) concentrations in the
serum and other fluids in the lungs. A 2013 laboratory study found that
LL-37 had effective antiviral activity against RSV in vitro (Currie, Findlay,
et al., 2013). LL-37 prevented virus-induced cell death in epithelial cul-
tures, significantly inhibited the production of new infectious particles and
diminished the spread of infection, with antiviral effects directed both
against the viral particles and the epithelial cells. That work was extended in
2016 (Currie, Gwyer, Findlay, et al., 2016). LL-37 mediates an antiviral
effect on RSV by inducing direct damage to the viral envelope, disrupting
viral particles and decreasing virus binding to, and infection of, human
epithelial cells in vitro. In addition, exogenously applied LL-37 is pro-
tective against RSV-mediated disease in vivo, in a murine model of pul-
monary RSV infection, demonstrating maximal efficacy when applied
concomitantly with the virus. Furthermore, endogenous murine cathe-
licidin, induced by infection, has a fundamental role in protection against
disease in vivo postinfection with RSV. Finally, higher nasal levels of
LL-37 are associated with protection in a healthy human adult RSV
infection model.
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A 2011–2014 observational study found that LL-37 was inversely corre-
lated with likelihood of requiring intensive care with infant’s bronchiolitis due
to RSV or rhinovirus (Mansbach, Hasegawa, et al., 2017). A total of 1005
infants with mean age 3 months were enrolled in 17 centers. In multivariable
models, infants with LL-37 levels < 60 ng/mL compared with >60 ng/mL,
were more likely to have RSV (e.g., aOR, 2.6 [lowest quartile]; p < 0.001
[all quartiles]). LL-37 levels are increased at higher 25(OH)D concentrations.

A laboratory study using RSV-infected human bronchial epithelial cells
with disrupted epithelial barrier disruption demonstrated that calcitriol
triggered protein kinase A activity in these cells, thereby restoring the
barrier function of these cells (Gao, Raduka, & Rezaee, 2023). Additional
information regarding the mechanisms by which vitamin D reduces risk of
RSV are in a 2015 review (Greiller & Martineau, 2015).

The relation between serum 25(OH)D concentration and severity of RSV
at time of hospitalization is another way to determine the effect of vitamin D on
RSV. A 17-center prospective cohort study of 1016 US infants <12 months of
age hospitalized with bronchiolitis examined the severity of the disease with
respect to serum 25(OH)D concentration (Vo, Koppel, et al., 2018). In
multivariable models, infants with total 25(OH)D < 20 ng/mL had higher risk
of requiring intensive care (aOR 1.72, 95% CI 1.12–2.64) and longer length of
stay (adjusted rate ratio 1.39, 95% CI 1.17–1.65) compared with infants with
total 25(OH)D ≥ 30 ng/mL. While the authors of this study noted that having
an acute inflammatory illness was not found to affect serum 25(OH)D con-
centrations, that idea was subsequently overturned (Smolders, van den
Ouweland, et al., 2021). Thus, this study does not provide information
regarding the role of serum 25(OH)D concentration on risk of RSV but does
provide information on the effect of serum 25(OH)D concentration after
hospitalization on severity.

RSV is a common disease among infants and cord blood serum 25(OH)
D concentration has been found inversely correlated with risk and severity
of RSV. A study in The Netherlands included 156 neonates (Belderbos,
Houben, et al., 2011). Eighteen of them developed RSV lower respiratory
tract infection. The mean 25(OH)D concentration for those who devel-
oped RSV was 26 ng/mL compared with 34 ng/mL for those who did not
(p = 0.009). Neonates born with cord blood 25(OH)D concentrations
<20 ng/mL compared to those with >30 ng/mL had an adjusted relative
risk of RSV in the first year of life of 6.2 (95%-CI: 1.6–24.9, p = 0.01).
Cord blood 25(OH)D concentration was strongly correlated with maternal
serum 25(OH)D concentrations.
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An observational study in Finland examined the association of serum
25(OH)D concentration with probability of viral co-infection for hospitalized
wheezing children (Jartti, Ruuskanen, Mansbach, Vuorinen, & Camargo,
2010). Infections were RSV or rhinovirus or both. The unadjusted probability
of co-infection decreased from 70% for 25(OH)D concentration of 5 ng/mL to
45% at 14 ng/mL, 35% at 40 ng/mL, and 10% at 100 ng/mL. However, there
were few cases with 25(OH)D above 50 ng/mL. What this means is that any
effective clinical trial would have to enroll participants with 25(OH)D con-
centration below 8 ng/mL and not give any of those in the control arm any
vitamin D, such as was done in Mongolia. That one included 141 children
with mean age 10 ± 1 years and mean 25(OH)D concentration 7 ± 2 ng/mL
given 300 IU/day vitamin D3 in milk and 105 similar controls (Camargo,
Ganmaa, et al., 2012). Those in the vitamin D arm achieved 19 ± 3 ng/mL and
had fewer ARIs than the control arm during the three months of the trial
([0.45 ± 0.86] vs. [0.80 ± 0.95], p = 0.047).

The ideal way to determine whether vitamin D reduces risk of RSV is
through an RCT. A survey of the journal literature indicates that the
nearest that RCTs come to addressing this question is through examining
the effect of vitamin D supplementation on acute respiratory infection. A
2016 review of the prevalence of RSV in Western countries involved 98
studies. RSV was associated with 12–63% of all ARIs and 19–81% of all
viral ARIs causing hospitalizations in children (Bont, Checchia, et al.,
2016). There are a number of vitamin D RCTs regarding incidence or
ARIs. A 2017 meta-analysis found that vitamin D supplementation
reduced risk of ARIs. 25 eligible RCTs (total 11,321 participants, aged 0 to
95 years) were identified (Martineau, Jolliffe, et al., 2017). Individual
participant data were obtained for 10,933 participants. Vitamin D sup-
plementation reduced the risk of acute respiratory tract infection among all
participants (aOR = 0.88 [95% CI, 0.81–0.96; P]). In subgroup analysis,
protective effects were seen in those receiving daily or weekly vitamin D
without additional bolus doses (aOR 0.81 [0.72–0.91]) but not in those
receiving one or more bolus doses (aOR = 0.97 [95% CI, 0.86 to 1.10]).
Among those receiving daily or weekly vitamin D, protective effects
were stronger in those with baseline 25(OH)D concentrations <10 ng/mL
(aOR = 0.30 [95% CI, 0.17–0.53]) than in those with baseline 25(OH)D
concentrations ≥10 ng/mL (aOR = 0.75 [95% CI, 0.60–0.95]). Vitamin D
did not influence the proportion of participants experiencing at least one
serious adverse event (aOR = 0.98 [95% CI, 0.80–1.20]). (Martineau,
Jolliffe, et al., 2017). An updated version of this meta-analysis including
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46 RCTs with 75,541 participants became available. Data for the primary
outcome were obtained for 48,488 (98·1%) of 49,419 participants (aged
0–95 years) in 43 studies (Jolliffe, Greenberg, et al., 2019). Similar results
were obtained.

A 2021 review concluded its review of vitamin D and RSV by stating it
seems that vitamin D has the capability to modulate the inflammatory
response to RSV infection and prevent severe disease without attenuating
the immune system ability to clear RSV, which partly justifies the results
of some of the aforementioned clinical investigations (Vaghari-Tabari,
Mohammadzadeh, et al., 2023).

An observational study conducted in Argentina examined the effect of
serum 25(OH)D concentration on risk of life-threatening RSV disease
(LTD) (Ferolla, Yfran, et al., 2022). A total of 125 previously healthy
infants <12 months of age who needed intensive care and ventilator care
with a first RSV episode were enrolled during 2017–2019. Of those, 22
developed LTD. The mean 25(OH)D concentration for those who
developed LTD was 18 ng/mL (IQR, 15–30 ng/mL) vs. 32 ng/mL (IQR,
24–42 ng/mL). 59% of infants with LTD had vitamin D deficiency
compared with 12% in those with better outcome. Multivariable regression
analysis confirmed vitamin D deficiency as a risk factor (OR, 11.83 [95%
confidence interval, 3.89–35.9; P < .001]). It should be noted that acute
inflammatory diseases lower serum 25(OH)D concentrations (Smolders,
van den Ouweland, et al., 2021). Thus, this study should be considered
making findings regarding severity and survival in a hospital situation rather
than regarding risk of RSV incidence.

2.5 Dengue virus
Infection with any of the Dengue virus (DENV) serotypes may be asympto-
matic in the majority of cases or may result in a wide spectrum of clinical
symptoms, ranging from a mild flu-like syndrome (known as dengue fever
[DF]) to the most severe forms of the disease, which are characterized by
coagulopathy, increased vascular fragility, and permeability (dengue hemor-
rhagic fever [DHF]). The latter may progress to hypovolemic shock (dengue
shock syndrome [DSS]) (Martina, Koraka, & Osterhaus, 2009). Figure 1 in that
review shows the proposed model for the pathogenesis of DF, DHF, and DSS.

Globally from 1990 to 2019, dengue incident cases, deaths, and disability-
adjusted life years (DALYs) gradually increased. Those under 5 years of age,
once accounting for the largest portion of deaths and DALYs in 1990, were
eclipsed by those who were 15–49 years old in 2019. South-East Asia and
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South Asia had most of the dengue incident cases, deaths and DALYs, with
DALYs rising in other tropical regions. Global land–ocean temperature index
and air passenger travel metrics were found to be remarkably positively cor-
related with dengue burden (Yang, Quam, Zhang, & Sang, 2021).

A 2012 laboratory study found that calcitriol reduced the number of
infected cells and reduced the levels of proinflammatory cytokines (Puerta-
Guardo, Medina, et al., 2012).

Macrophages represent important cell targets for DENV replication and
consequently, they are key drivers of dengue disease. In this study they
evaluated the effect of vitamin D3 on the differentiation of monocyte-
derived macrophages (MDM) and their susceptibility and cytokine
response to DENV. The data demonstrates that MDM differentiated in
the presence of vitamin D3 (D3-MDM) restrict DENV infection and
moderate the classical inflammatory cytokine response. Mechanistically,
vitamin D3-driven differentiation led to reduced surface expression of
C-type lectins including the mannose receptor (MR, CD206) that is known to
act as primary receptor for DENV attachment on macrophages and to trigger of
immune signaling. Consequently, DENV bound less efficiently to vitamin
D3-differentiated macrophages, leading to lower infection (Tripkovic, Wilson,
et al., 2017).

Clinical manifestations of dengue disease rely on complex interactions
between DENV and host factors that drive altered immune responses,
including excessive inflammation (Arboleda, Fernandez, & Urcuqui-
Inchima, 2019). This group recently established that vitamin D can
modulate DENV-induced cytokine responses and restrict infection in
human macrophages. Cytokine responses are finely regulated by several
homeostatic mechanisms, including microRNAs (miRNAs) that can
rapidly target specific genes involved in the control of immune signaling
pathways. In further laboratory studies, this group used a qPCR miRNA
array to profile immune-related miRNAs induced by DENV infection in
human monocyte-derived macrophages (MDM), differentiated in absence
or presence of vitamin D3 (D3-MDM). They found several miRNAs
differentially expressed in both MDM and D3-MDM upon DENV
infection. The study suggests a key role of vitamin D3 in the control of
inflammatory cytokine responses during DENV infection of human
macrophages via the Toll-like receptor-4 (TLR4)/nuclear factor kappa-B
(NF-κB)/miR-155–5p/SOCS-1 axis.

A study aimed to assess the impact of oral vitamin D supplementation on
DENV-2 infection, TLR expression, and both pro- and anti-inflammatory
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cytokine production in monocyte-derived dendritic cells (MDDCs) (Martinez-
Moreno, Hernandez, & Urcuqui-Inchima, 2020). Twenty healthy donors were
randomly divided into two groups and received either 1000 or 4000 IU/day
of vitamin D for 10 days. During pre- and post-vitamin D supplementation,
peripheral blood samples were taken to obtain MDDCs, which were challenged
with DENV-2. They found that MDDCs from donors who received 4000 IU/
day of vitamin D were less susceptible to DENV-2 infection than MDDCs
from donors who received 1000 IU/day of vitamin D. Moreover, these cells
showed decreased mRNA expression of TLR3, 7, and 9; downregulation of
interleukins IL-12/IL-8 production; and increased IL-10 secretion in response
to DENV-2 infection. These findings support a possible role of vitamin D in
improving the innate immune response against DENV.

A study involving healthy human volunteers was conducted to evaluate
the effect of vitamin D3 supplementation the extent and kinetics of innate
immune responses of DENV-2 infected monocytes differentiated into
macrophages in the presence (D3-MDMs) or absence of vitamin D3

(MDMs) (Castillo, Giraldo, et al., 2021). They found that D3-MDMs
expressed lower levels of retinoic acid inducible gene-I (RIG-I), TLR3,
and TLR7, as well as higher levels of suppressor of cytokine signaling 1
(SOCS-1) in response to DENV-2 infection. D3-MDMs produced lower
levels of reactive oxygen species, related to a lower expression of TLR9.
Moreover, although vitamin D3 treatment did not modulate either the
expression of IFN-α or IFN-β, higher expression of protein kinase R
(PKR) and 2′-5′-oligoadenylate synthetase 1 (OAS1) mRNA were found
in D3-MDMs. Importantly, the observed effects were independent of
reduced infection, highlighting the intrinsic differences between D3-
MDMs and MDMs. Taken together, these results suggest that differ-
entiation of MDMs in the presence of vitamin D3 modulates innate
immunity responses to DENV-2 infection.

A study assessed the effect of LL-37 on DENV-2-induced responses in
human monocyte-derived macrophages (MDMs) (Castillo, Giraldo, Smit,
Rodenhuis-Zybert, & Urcuqui-Inchima, 2022). It showed that simultaneous
exposure of exogenous LL-37 and DENV-2 resulted in reduced replication of
the virus in MDMs, while the addition of LL-37 post exposure to DENV-2 did
not. They also demonstrated that vitamin D3 increased LL-37 concentrations.

Another study of vitamin D3, miRNAs, and DENV was reported in 2023
(Castillo & Urcuqui-Inchima, 2023). It found that vitamin D3 supplementation
into human volunteers inhibited several inflammatory of miRNAs, led to
decreased production of TNF-α and TLR9 expression, while increased the
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expression of SOCS-1, IFN-β, and OAS1, without affecting DENV replica-
tion. By contrast, over-expression of miR-182–5p, miR-130a-3p, miR-125b-
5p, and miR-155–5p significantly decreased DENV-2 infection rates and also
DENV-2 replication in MDMs.

Two observational studies found that higher serum 25(OH)D con-
centrations were associated with increased risk of progression from DF to
DHF/DSS. The first study was conducted in Columbia (Villamor, Villar,
Lozano, Herrera, & Herran, 2017). It involved 110 cases that progressed to
DHF/DSS and 235 controls that did not progress to those diseases from
DF. The significant differences between cases and controls were that cases
were older (15% <15 years vs. 30% <15 years), and the episode was in
March/April, the months with highest solar UVB intensity (36% vs. 15%).
The two factors associated with serum 25(OH)D concentration >30 nmol/L
compared to <20 nmol/L were male sex (59% vs. 11%) and age <15 years
(35% vs. 0%). The multivariable-adjusted ORs for progression to DHF/DSS
compared to >30 ng/mL were 0.44 (95% CI, 0.22–0.99) for 20–<30 ng/mL
and 0.13 (95% CI, 0.02–1.05), p = 0.003. The authors speculated that lower
vitamin D binding protein (VDBP) in cases might explain the findings by
affecting bioavailable 25(OH)D.

The second observational study was conducted in Pakistan (Ghafoor,
Siddiqi, et al., 2023). The mean age of the patients was 29 ± 17 years.
Serum 25(OH)D concentrations were inversely correlated with platelet
count and hematocrit. Serum 25(OH)D concentrations for those with
severe DF were 38 ± 32 ng/mL while concentrations for those with non-
severe DF were 16 ± 3 ng/mL.

An observational study conducted in Sri Lanka with children found that
DHF/DSS were associated with low, not high serum 25(OH)D concentrations
in comparison with healthy controls. The mean age of the participants was
9 ± 3 years. The adjusted OR for <20 ng/mL vs. >20 ng/mL was 3.65
(95% CI, 1.46–9.19). The authors of this study stated that the difference
between their results and those of Villamor, Villar, et al. (2017) may be
explained by differences in case definitions, DENV serotypes, age of the par-
ticipants, and disease severity.

3. Autoimmune diseases

The 2023 review by Sundaresan, Shirafkan, et al. (2023) lists the
viruses that cause four important autoimmune diseases. For rheumatoid
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arthritis, they are Human T-cell leukaemia virus type 1 (HTLV-1), a
retrovirus, and EBV. For multiple sclerosis (MS), they are herpes simplex
virus (HSV), EBV, human herpesvirus, varicella-Zoser virus, and human
endogenous retroviruses. For systemic lupus erathematosus (SLE), it is
EBV. For diabetes mellitus type 1 (T1DM), they are coxsackle B4, cyto-
megalovirus, rotovirus, and rubella. Table 1 in that review also gives the
target cells of self-peptides, immune cells or cytokines involved, and
pathomechanisms. The 2019 review by Hussein and Rahal (Hussein &
Rahal, 2019) includes a few more viruses and autoimmune diseases
including human T-lymphotropic virus 1, measles virus, enterovirus ser-
otype CV, hepatitis C virus and other members of the flaviviridae family,
and human parvovirus B19.

A 2017 review examined the role of season regarding development,
severity, and progression of autoimmune diseases (Watad, Azrielant, et al.,
2017). Late winter and early spring, a time when serum 25(OH)D con-
centrations are lowest, are associated with increased disease activity for MS,
non-cutaneous flares of SLE, psoriasis, and RA. In addition, higher roto-
virus infections in winter preceded T1DM onset.

The role of vitamin D in reducing risk of autoimmune diseases was
covered in another chapter in this book (Brown, Marchwicka, &
Marcinkowska, 2024). The autoimmune diseases discussed include type 1
diabetes mellitus, inflammatory bowel disease, rheumatoid arthritis, and
MS. Only MS, infectious mononucleosis, and EBV will be discussed in this
chapter.

3.1 Epstein-Barr virus and multiple sclerosis
The EBV is a double-stranded DNA virus belonging to the Herpes family.
It is the primary cause of infectious mononucleosis (IM) (Fugl & Andersen,
2019). It is also implicated in many other diseases including lymphopro-
liferative disorders, head and neck cancer, breast cancer, SLE, chronic
fatigue syndrome, thyroid disorders, rheumatoid arthritis, and MS (Fugl &
Andersen, 2019). The discussion regarding EBV will start with IM and
then review what is known about EVB and MS.

IM is more frequently reported in winter/spring than in the fall. A
study in northern Scotland found peak rates in February-March and lowest
rates in July-October, with rates ∼38% higher in winter than in summer
(Visser, Milne, et al., 2014). A study conducted in Norway found IM rates
higher in spring than in the fall (Lossius, Riise, et al., 2014). It also found a
significant correlation between IM and MS.

Vitamin D and viral infections 29



There is strong evidence that EBV is an important risk factor for MS. A
2010 review noted that EBV is a risk factor for IM and IM increases the risk
of developing MS 2 to 3-fold (Ascherio & Munger, 2010). Also, the risk of
MS is very low in individuals who are EBV negative but increases several
fold following EBV infection.

Very strong support for EBV being the viral cause of MS comes from a
2022 analysis of active duty personnel in the US military (Bjornevik,
Cortese, et al., 2022). A total of 955 personnel developed MS between
1993 and 2013. Pre-diagnosis serum was analyzed for viruses. Risk of MS
increased by a factor of 32 after EVB infection but was not increased after
infection with other viruses.

MS prevalence has a very pronounced latitudinal distribution, rising
from very low below 40° N to (Kurtzke, 2000). A 2022 international
registry study found that the severity of MS did not change below 40°N
and increased in a linear fashion to 57° N (Vitkova, Diouf, et al., 2022).
Latitude is generally considered an index of UV dose. A 2021 review based
on global burden of disease data and the World Health Organization along
with the UV index (UVI) from the Tropospheric Emission Monitoring
Internet Service website evaluated the effect of UVI on incidence, pre-
valence, DALYs, and mortality of MS (Maghbooloi, Sahraian, et al., 2021).
MS incidence rates were increased 3.5 (95% CI, 2.5–4.5) for low UVI, 1.7
(95% CI 1.4–2.0) for moderate UVI, and 1.5 (0.9–2.1) for high UVI.

Note that the UVI is predominantly related to UVA (315–400 nm), not
UVB (290–315 nm). Thus, the UVI index is weakly related to vitamin D
production. In addition, it is impossible to produce vitamin D from UVB
for about 6 months of the year at the latitude of Boston (42.6° N) (Webb,
Kline, & Holick, 1988). This leaves open the possibility that solar UVA as
well as UVB have some influence on the incidence of MS.

A 2021 review evaluated the effect of both latitude and serum 25(OH)
D on MS severity (Ostkamp, Salmen, et al., 2021). It used data from 946
treatment-naïve MS patients in the NationMD cohort in Germany
(∼48–54° N) and 990 natalizumab-treated MS patients in France
(∼44–50° N) in the BIONAT cohort. By using data for severity of MS
using Gd-enhancing lesions, they were able to show very significant
inverse correlations with 25(OH)D concentrations and direct correlations
with latitude. This study provides good evidence that sunlight exposure has
beneficial effects on patients with established MS.

An analysis of data from two US cohorts, Nurses’ Health Study and
Nurses’ Health Study II was made to determine the effects of latitude, ambient
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temperature, and UV radiation on incidence of MS (Ohaegbulam, Swalih,
Patel, Smith, & Perrin, 2020). Both decreasing latitude and increasing tem-
perature were associated with increased incidence of MS. However, no sig-
nificant association was found for UV radiation. Latitudes in the US range
from ∼25° to ∼45° N. As the studies in Europe found effects for UV above
40° N, the finding regarding UV in the US is not surprising.

Another way to determine the effect of vitamin D on risk of MS is through
use of Mendelian randomization (MR) studies. MR studies of the effects of
vitamin D use values for the effect on circulating serum 25(OH)D for alleles of
various factors in the vitamin D pathway. These values are found from
genome-wide association studies of participants with the same ethnic back-
ground of those in the MR study. Use of these values then assign participants
according to their genetically-determined 25(OH)D concentration. When
sufficient numbers of participants are included, the effects of factors that affect
concentrations such as vitamin D supplementation, diet, and solar UVB
exposure are averaged out. MR studies are considered nearly equivalent to
RCTs in determining the effects of vitamin D on health outcomes
(Hypponen, Vimaleswaran, & Zhou, 2022). A 2021 review performed a MR
study of risk factors for MS (Yuan, Xiong, & Larsson, 2021). It used data for
14,498 MS cases and 24,091 controls of European ancestry. Childhood and
adulthood BMI were directly correlated with MS while physical activity and
serum 25(OH)D concentration were inversely correlated with MS. The
weighted-median method gave an OR for vitamin D = 0.83 (95% CI,
0.72–0.95). A second MR study investigated the effect of serum 25(OH)D
and BMI on risk and relapse hazard in MS (Vandebergh, Dubois, & Goris,
2022). It used 4 distinct genome-wide association studies for serum 25(OH)D
in up to 416,247 individuals. A 1-SD increase in genetically predicted natural-
log transformed 25OHD concentrations decreased odds of MS up to 28%
(95% CI: 12–40%) and decreased hazard for a relapse occurring up to 43%
(95% CI: 15–61%).

Two 2022 reviews outlined the roles of vitamin D and MS, one in
reducing risk (Gombash, Lee, Sawdai, & Lovett-Racke, 2022), the other
regarding the mechanisms of vitamin D for immunomodulation in MS
along with therapeutic implications (Galoppin, Kari, et al., 2022). (Could
expand on these studies).

A 2019 review compared results regarding vitamin D and disease activity in
MS (Smolders, Torkildsen, Camu, & Holmoy, 2019). It noted that while
observational studies find that a 10 ng/mL increase in serum 25(OH)D is
associated with 14–34% reduced relapse risk and 15–50% reduced risk of new
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lesions on magnetic resonance imaging, two large RCTs failed to find a
benefit of vitamin D supplementation on disease activity. The authors sug-
gested problems with both observational studies and the RCTs may explain
the discrepancy between the two approaches. However it is now clear that the
observational study results are correct. It is also clear that most vitamin D
RCTs have failed to find beneficial health effects (Grant, Boucher, Al, & Pilz,
2022). The primary reason is that they have been designed based on guidelines
for pharmaceutical drugs, not nutrients. Heaney outlined the guidelines for
nutrient RCTs in 2014 (Heaney, 2014). The main guidelines applied to
vitamin D include that serum 25(OH)D concentration be measured prior to
entry and those with low concentrations be selected for participation, vitamin
D doses have to be large enough so that serum 25(OH)D is optimized for the
outcome of interest, achieved serum 25(OH)D concentrations have to be
measured and used in the analysis of the outcomes. Very few if any vitamin D
RCTs have followed these guidelines.

4. Viruses and cancer

Viral infections cause a number of types of cancer. These include
EBV for Burkitt’s lymphoma, B-lymphomas in immunosuppressed indi-
viduals, and nasopharyngeal cancer. Hepatitis B virus (HBV) increases risk
of hepatocellular carcinoma. Human papillomavirus (HPV) for anal, cer-
vical, oral, penile, perianal, and vulvar cancer (Acharya, Dalia, et al., 2021;
Zur Hausen, 1991).

Non-Hodgkin’s lymphoma (NHL) has many subtypes including
Burkitt’s lymphoma and B-cell lymphoma (Thandra, Barsouk, et al., 2021).
Various viruses have been linked to risk of NHL such as EBV for Burkitt’s
lymphoma and hepatitis C for B-cell lymphoma. Other factors are also
associated with risk of NHL such as obesity, tobacco smoking, and alcohol
consumption. Thus, the relative contributions of viruses to risk can be
variable. However, specific viruses can be very important risk factors in
some locations such as EBV for children for Burkitt’s lymphoma in
equatorial Africa, Brazil and Egypt (Thandra, Barsouk, et al., 2021) and
chronic HBV for B-cell lymphoma in Taiwan (Su, Liu, et al., 2019).

Solar UVB doses have been found significantly inversely correlated
with NHL incidence and mortality rates in the US in geographical eco-
logical studies (Boscoe & Schymura, 2006; Grant & Garland, 2006). In
both studies, the associations remained significant after other risk-

32 William B. Grant



modifying factors were included in the analysis such as alcohol consump-
tion and smoking prevalence.

A prospective observational study conducted in Iowa, USA examined
prognosis in NHL with respect to serum 25(OH)D concentration (Drake,
Maurer, et al., 2010). The mean age of the 983 participants at time of
enrollment was 62 years (range, 19–94 years). 44% had serum 25(OH)D
concentrations <25 ng/mL within 120 days of diagnosis. The mean
follow-up time was 35 months. There were 193 deaths including 168 from
NHL. After adjusting for known prognostic factors and treatment, patients
with 25(OH)D <25 ng/mL with diffuse large B-cell lymphoma had
inferior event-free survival (hazard ratio [HR], 1.41 [95% CI, 0.98 to
2.04]) and overall survival (HR, 1.99 [95% CI, 1.27 to 3.13]); patients with
25(OH)D <25 ng/mL with T-cell lymphoma also had inferior event-free
survival (HR, 1.94; 95% CI, 1.04 to 3.61) and overall survival (HR, 2.38
[95% CI, 1.04 to 5.41]). There were no associations with event-free sur-
vival for the other NHL subtypes.

The association of 25(OH)D concentration with HPV cervicovaginal
infection for women in the US was determined using data from the US
National Health and Nutrition Examination Survey 2003–2006 data (Shim,
Perez, Symanski, & Nyitray, 2016). Data were used for 2353 sexually-active
women. After adjustment for age, race/ethnicity, and marital status, the odds
of high-risk HPV infection were increased per each 10 ng/mL decrease in
serum 25(OH)D concentration (aOR, 1.14 [ 95% CI, 1.02–1.27]). Several
studies have found an inverse relationship between the incidence of cervical
neoplasia and serum 25(OH)D concentrations (Avila, Noriega-Mejia, et al.,
2023). The narrative review by Avila, Noriega-Mejia, et al. (2023) updates the
current evidence supporting the notion that the vitamin D endocrine system
has a preventive role on cervical cancer, mainly in the early phases of the
disease, acting at the level of suppressing cell proliferation, promoting apop-
tosis, modulating inflammatory responses, and probably favoring the clearance
of HPV-dependent cervical lesions.

HPV is also a risk factor for head and neck squamous cell carcinoma
(HNSCC). An observational study in Germany examined the serum
25(OH)D concentrations for 231 HNSCC patients an 232 healthy
controls (Bochen, Balensiefer, et al., 2018). Mean serum 25(OH)D
concentrations were significantly lower in HNSCC patients than in
controls (∼11 ng/mL vs. ∼25 ng/mL, p < 0.001). However, HNSCC
patients who were HPV-negative had lower mean 25(OH)D con-
centrations than those who were HPV-positive (∼9 ng/mL vs. ∼15 ng/mL,

Vitamin D and viral infections 33



p = 0.01). However, of the 35 HPV positive patients, HPV-positive with
low 25(OH)D low, n = 18; HPV-positive, high 25(OH)D, n = 17. Thus,
with the low numbers, it is not clear what the role of vitamin D is for HPV.
Further discussion of the role of vitamin D in HNSCC is found in a 2023
review (Starska-Kowarska, 2023).

5. Conclusion

Viruses are responsible for many human diseases with respiratory tract
infections being of greatest concern. There is good evidence that vitamin D
can reduce the risk of incidence of, severity of, and death from influenza,
COVID-19, and RSV. Serum 25(OH)D concentrations in the range of
30–60 ng/mL are suggested for prevention. For treatment, serum 25(OH)
D concentrations should be raised rapidly starting as soon as possible with
either high-dose vitamin D3 or, preferably, calcifediol. For DF, there is
reasonable evidence that vitamin D reduces risk. However, there have been
reports that treating DF with high-dose vitamin D may actually increase
mortality rates. For cancer, higher 25(OH)D concentrations were found to
reduce risk of two types of NHL: diffuse large B-cell lymphoma and T-cell
lymphoma. Solar UVB doses have also been found inversely correlated
with incidence and mortality rates of NHL.

Disclosure
I receive funding from Bio-Tech Pharmacal, Inc. (Fayetteville, AR, USA), a manufacturer
of vitamin D supplements.
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