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ABSTRACT

At present, no cure for multiple sclerosis can be made possible with
the pharmaceuticals available, nor can a gradual progression of
multiple sclerosis be prevented. In the management of multiple
sclerosis, it is therefore necessary to determine existing autoimmune
diseases through anamnesis before starting alemtuzumab therapy
with disease modifying therapy. W.ith previously existing
autoimmune diseases or as prophylaxis, comorbidities can be
influenced by vitamin D supplementation. Secured
pathophysiological and immunological mechanisms of vitamin D on
autoimmunological processes support the daily, individually high-
dose oral vitamin D intake. This add-on therapy should positively
influence the quality of life of persons with multiple sclerosis in the
long term. So that the patients do not reject the highly efficient
multiple sclerosis therapy for fear of side effects, this therapy offer
is a way of avoiding side effects of alemtuzumab administration,
such as alopecia, vitiligo, and thyroid diseases, and of decisively
influencing the course of MS. This increases the compliance of the
persons with multiple sclerosis in therapy. The pathophysiological
mechanisms of alopecia and vitiligo are shown. The immunological
mechanisms of vitamin D and its influence on autoimmune diseases
are described. The previous use of vitamin D in the therapy of these
skin diseases is presented and oral supplementation is put up for
discussion. The additional neuroprotective effect is evident.
Preventing infection with oral vitamin D supplements, particularly in
coronavirus disease 2019, may prevent or mitigate multiple sclerosis
exacerbations.

Keywords: Multiple sclerosis, alemtuzumab, autoimmune adverse
effects, alopecia, vitiligo, vitamin D supplementation, SARS-CoV-2
infection, neuroprotection
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Introduction

Multiple sclerosis (MS) is a complex, autoimmune-
mediated central nervous system disease
characterized by inflammatory demyelination and
axonal/neuronal  damage 1. There is an
international (unspoken) consensus that healthcare
providers have an ethical obligation to attempt to
prevent or alleviate drug-induced secondary
autoimmune diseases (SAIDs). Comorbidities affect
people with multiple sclerosis (PwMS), especially
psychologically if their external appearance is
impaired by an additional skin disease (alopecia,
vitiligo) and restrict their quality of life. It is not
sufficient to educate PwMS only about secondarily
induced autoimmune diseases (thyroid, kidney,
blood, skin) before starting disease-modifying
therapy (DMT) (e.g., alemtuzumab, anti-CD [cluster
of differentiation] 52 agent). Alemtuzumab (ALEM)
is a humanized monoclonal antibody against CD52
approved for the treatment of highly active
relapsing remitting multiple sclerosis (RRMS).
However, the high therapeutic efficacy and
treatment possibility is accompanied by potentially
serious adverse events, of which SAIDs are the
most significant for long-term outcomes. Vitiligo is
induced by antigen-specific and clonally
expanded CD8+ T cells in ALEM-associated
vitiligo 2. Ruck et al. found a dominance of single
CD8 T cell clones supporting direct T cell induced
pathogenesis after ALEM treatment 2. Alopecia
areata (AA), alopecia universalis (AU), alopecia
totalis (AT), and vitiigo are rare SAIDs in
alemtuzumab therapy (ALEMIAD) in MS 3-6. AA is
an autoimmune disease per se ¢7. Vitiligo is an
autoimmune skin disease defined by the
appearance of an achromatic macula 8. Vitamin D
(vitD) deficiency is not only a risk factor in MS, but
also in alopecia and vitiligo °. Vit D represents a
potential player in MS pathogenesis and
prevention by ALEMIAD. There are also several of
case reports of PmMS developing AA after
treatment with daclizumab (anti-CD25-expressing
T-cell monoclonal antibody) 0 and ocrelizumab
(humanized anti-CD20 monoclonal antibody) 1.
Pathogenesis of alopecia

AA is a polygenic and multifactorial autoimmune
disease (AIDs) involving autoreactive CD8+,
CD4+, NK (natural killer cells) oand pDC
(plasmacytoid dendritic cells) and increased
cytokine activity 2. The target is the hair follicles °.
An association between alopecia and MS has
been described, involving poly autoimmunity and
particularly autoimmune thyroiditis 3. Both alopecia
and MS share a genetic predisposition,
environmental triggers, and similar pathological
processes 13,
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Alopecia and alemtuzumab therapy

In an overview of alopecia in PwMS treated with
DMT, 117 cases with AA after ALEM could be
registered. Ruiz et al. report three cases of AA
and one case of AT, with one case showing
autoimmune hypothyroidism 4. Since not all cases
are published by healthcare providers, the number
can be expected to be higher. Because younger
MS patients tend to be affected more frequently,
preventive oral vitamin D supplementation (VitD
Suppl.) should be discussed. This adjuvant VitD
administration throughout the 48-month therapy
monitoring after ALEM administration has a double
benefit. The disease course of MS and alopecia
are influenced. Porwal et al. describe the
occurrence of poly autoimmunity (MS, two or more
autoimmune diseases) 3. Poly autoimmunity may
increase  morbidity due to inflammation.

Interdisciplinary assessment is beneficial for PwMS
15

Relationship between vitamin D, vitamin D receptor
and alopecia

A growing body of evidence shows that VitD and
its receptor (VDR) are responsible for skin
homeostasis. VitD unfolds its effect via the VDR.
VDR is expressed, inter alia, in epidermal
keratinocytes and mesodermal papilla cells 16,
VitD regulates the immune response by, among
other things, controlling T and B lymphocytes 9. It
reduces the function, differentiation of T helper 17
cells, downregulates T helper 1 cells, increases the
action of Tregs cells, resulting in immune
modulation 17-19. VitD deficiency is inversely

correlated with disease severity and duration 9.20-
22

Genetic vitD receptor (VDR) mutations may result
in an alteration of the effects produced by the
binding of the receptor with 1,25(OH)2D3 in the
promoter regions of genes that respond to vitD.
Low VitD status and VDR polymorphism are
considered important environmental risk factors in
the development of autoimmune diseases 23.
Decreased expression of VDRs in alopecia areata
lesions  ultimately leads to inhibition of
proliferation and differentiation of hair follicles
and epidermal cells 9. VDR expression is reduced
in AA and histologically inversely correlates with
inflammation 22,

Role of VitD in the pathogenesis of alopecia areata
Lin et al. are currently showing the connections
between vitD and AA. VitD plays a role in the
pathogenesis of AA-related

a) Loss of immune privilege in the hair follicle
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b) Autoreactive effector T cells and mast cells

c) nature killer group 2- member d-positive
cytotoxic T cells

d) Janus kinase/signal transducer and activators
of the transcriptional pathway

e) Regulatory T cells

f)  Immune checkpoints ,

g) Oxidative stress 20,

VitD deficiency is a risk factor not only in alopecia

and vitiligo, but also in MS °. VitD deficiency has

been associated with the risk of MS, disease

activity and progression 2425,

Way of a VitD therapy in alopecia: a current and
future challenge

Vitamin D status

The circulating concentration of 25(OH)D3 is
generally accepted as the best marker for vitD
status. The point of contention is the definition of
vitD deficiency worldwide. The current National
Institute of Clinical Excellence (NICE) guidelines do
not define an appropriate VitD status in different
AlIDs 26, A major deficit is that there is no
international agreement on  disease-specific
standard values for autoimmune diseases, such as
AU. This makes it difficult to compare the large
number of studies.

Although vitD deficiency is not the sole etiologic
factor in AA pathogenesis; such a deficiency
exacerbates the severity of disease, and it is
therefore of great advantage to measure serum
25(OH)D levels 27. Monitoring over time s
essential. Mean serum 25(OH)D concentrations
were significantly lower in AA than in controls 28.
Although there is no internationally standardized
definition of vitD deficiency, [heterogeneous limit
valves, e.g., vit D deficiency: (< 30ng/mlL); and
was further categorized into mild: (>21-29ng/mL),
moderate (>12-20ng/mL) or severe (<12ng/mL)]
29, a vitD deficiency was verified in 64.8%.
(14.25% severe deficiency, 17.60% moderate
deficiency, 32.96% mild deficiency) 29.

In a cross-section study by Lizarondo et al. 34% of
patients with AA had vitD deficiency (25(OH)-D
levels < 20ng/mL). In this study with 29 patients,
the 25(OH)D levels were classified: Deficiency;
<20ng/mL; Insufficiency: 21-29ng/mL; Sufficiency:
30-100ng/mL 3o.

In a study by Lee et al. 1255 AA subjects had
mean 25(OH)D levels 8.5ng/mL lower than
controls. The AA patients had a higher probability
of vitD deficiency (<20-30ng/mL). The prevalence
was 73.8% 21,
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In pediatric alopecia areata, the mean 25(OH)D
level in 20 patients was 15.4717.66ng/mL 27,
Decreased serum 25(OH)D levels in AA in
comparison to healthy subjects were reported in 8
studies 6.

Conversion of 25(OH)D serum values ng/ml into
nmol/I: multiply by a factor of 2.5

Previous therapy strategies

So far, topical application of vitD preparations
(calcitriol, paricalcitol, calcipotriol) has been the
preferred alternative treatment for AA 17.2031-33,
The efficiency of oral vitD supplementation (vitD-
suppl.) or its analogs is discussed controversially
and there are no standard studies that evaluate
the oral vitD therapy form. Studies have shown
that oral vitD therapy in patients from alopecia
has a promising therapeutic effect 293435, Conic et
al. gave their patients in scarring and nonscarring
alopecia 50,000lU once weekly for 12 weeks
followed by 2000IU daily 2°. Sattar et al.
prescribed 200,000IU vitD once every 2 weeks
for 3 months with a total of 6 doses and there was
a significant improvement in hair growth in diffuse
hair loss (telogen effluvium) 35, Daroach et al.
prescribed 60,000lU once weekly for VitD-
deficient AA cholecalciferol 12 weeks and
registered clinical improvement and VDR
upregulation 17.22,

Impressive case reports demonstrate the influence
of increased vitD levels on the course of alopecia.
Harvey et al. was able to record an excellent
therapeutic success by supplying VitD through an
optimal diet in an 8-year-old boy with alopecia
areata. The intake of vitD requires a high-fat diet.
This confirms that a 25(OH)D level > 40ng/mL
was also optimal for this child. 5 months after the
start of the dietary measures, scalp hair was
restored, and eyelashes and eyebrows grew back
36, In three girls aged 1-5 years, one girl was
diagnosed with alopecia totalis (AT), the second
girl with alopecia universalis (AU) and the third girl
with alopecia focalis (AF) 7. The cases with AU
and AT were treated after 2 years of therapy
failure with all available local and systemic
pharmaceuticals  with  cholecalciferol 2000,
4000IU/day and oral calcitriol and its analogue
paricalcitol. Success came within 6 months and
lasted for years. The third 5-year-old girl with AF
received a daily oral high dose of cholecalciferol
(8000IU/die) and had complete restitutio ad
integrum within 3 months. All three girls were VitD
deficient with 25(OH)D levels of 17, 20 and
24ng/mlL 17.
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A 32-year-old woman with PwMS developed
Hashimoto's thyroiditis 6 months later after the
second dose of ALEM, followed by AU.
Remarkably, a decrease in 25(OH)D levels from
69ng/mL to 8ng/mL was registered before
manifestation. The vitD-suppl was given weekly
until the onset of the skin disease (dose level not
known). After increasing the dose up to 5000
IU/day, the serum vitD levels normalized 37.

At AU developed in a 36-year-old woman after
the second ALEM cycle. Temporarily increased TSH
levels were registered. The vitD suppl. was
subsequently sporadically, the 25(OH)D levels
were never tested. Topical therapy with
Pimecrolimus and Beclomethasone was tried
without success and no hair regrowth had occurred
by 26 months 37.

Alemtuzumab induces vitiligo

Reduced 25(OH)D levels have been largely
reported in vitiligo, which is an autoimmune skin
disorder characterized by the appearance of
achromic macules 38. Active vitiligo foci were
observed in patients with 25(OH)D values
<20ng/mL (deficiency) and 25(OH)D levels of 21-
29ng/ml(insufficiency). Patients with vitiligo would
reach after 6 months of vitD suppl. 25(OH)D3
level values between 30-100ng/mL, the diseases
showed a stable course and a significantly higher
repigmentation process 8. A meta-analysis showed
significantly decreased vitD level in vitiligo, as well
as in alopecia areata and chronic spontaneous
urticaria 39. There are correlations between vitD
levels and interleukin-21 (IL-21) in vitiligo 2. A
significant 25(OH) D deficit was found in patients
with vitiligo registered at significantly higher levels
of IL-21 40, IL-17 was significantly higher in vitiligo
patients who had lower 25(OH)D levels 4. In the
two cases described, hypothyroidism, Grave's
disease and immunological skin disease occurred
simultaneously (Poly autoimmunity) 4.

Gender-specific effects of vitD in autoimmune
diseases

VitD plays a different role in women and men.
VitD insufficiency has been linked to autoimmune
disorders that commonly display significant
differences between females and males due to
genetic, epigenetic, hormonal, and environmental
factors. Notably, estrogen has been demonstrated
to enhance VitD function favoring its accumulation,
and increasing the expression of VDR, thus
resulting in a more potent anti-inflammatory
response in females than males 42 A higher
protective effect of vitD-based therapeutic
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approaches in women, at least in fertile age, than
in men, can be assume 42,

So far, the sex-related 25(OH)D levels in AA have
been assessed very differently ¢,

Discussion

VitD can have a major impact on the development
of autoimmune diseases (AlIDs) in a disease-prone
genotype. CD4+ T cells are involved in the
pathogenesis of AlDs. Paracrine calcitriol signaling
to CD+4 T cells is probably the main pathway to
AlIDs. The VitD suppl. dampens pathogenic Th 17
cell-IL-17 synthesis, increases the sensitivity of
effector CD4+ T cells to extrinsic cell death
signals, and promotes CD4+CD25+Fox P3+Treg
cell and CD4+IL-10+FoxP3—Tr1 cell development
43, A highly dosed VitD suppl. reduces IL-17-
producing CD4+ T cells and effector memory
CD4+ T cells in PWMS when they have a significant
increase in 25(OH)D levels 44, If 1,25-
dihydroxyvitamin D3 lowers the pro-inflammatory
cytokines IL-17 and IL-21, 43:45-47 therapy with VitD
is indicated for ALEM therapy. VitD suppl.
(2000IU/die) for five years reduced AIDs by
22%. If there was a reduction in AlDs in this large
primary prevention study (25,000 older adults),
PwMS should not be deprived of this add-on
therapy, especially since there are no other
effective treatments to reduce the occurrence of
other AIDs in the sense of poly autoimmunity 48,

Elevated interleukin-21 (IL-21) is commonly found
in AIDs. CD4 T cells are the main producer of IL-
21.IL-21 acts through the IL-21 receptor on B cells
and CD8 T cells 49. ALEMIAD occurs in up to 48%
with a peak after ALEM cycles in 2-3 years. IL-21
serum levels correlate with secondary
autoimmunity after ALEM and IL-21 is the driver
for antibody-mediated autoimmunity 259, Linked
genetic risk factors and genetic associations exist
for MS and vitiligo 59. This proimmune background
leads to polyimmunity such as MS, Alopecia
areata, vitiligo and thyroid diseases.

1,25-(OH)2D3 inhibits the production of pro-
inflammatory cytokines such as IL-17 and IL-21 57,
Thyroid autoimmune diseases (AITD) are the most
common ALEMIAD. It could be shown that patients
with low 25(OH)D levels had high IL-21 levels.
VitD suppl. could inhibit expression levels of
thyroid antibodies and IL-21 52,

VitD can only unfold its complex
immunomodulatory effects if the dose-response
relationship is observed. Both for PwMS and
adjuvant VitD suppl. as well as against ALEM-
induced  autoimmune  diseases  (ALEM-iAD),
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pharmacological doses are necessary to achieve
long-term success. The benefit of VitD suppl. can
only be achieved with a dose of 5000-
10,000lU/day and a serum target from above
40-60ng/ml (up to 100ng/ml) .25(OH)D influence
MS as well as autoimmune disease. VitD doses up
to 10,000 IU/die are safe and tolerable. The
daily vitD dose is determined by the inter-
individual differences in response to the vitD suppl.
PwMS have a diminished serological response to
vitD suppl. compared to healthy controls 5354,
Single nucleotide polymorphisms (SNPs) in genes
coding for molecules involved in vitD metabolism
have been associated with an increased risk of
developing MS 35. One of many causes may be 4
SNPs associated with 25(OH)D e.d.,
CYP(Cytochrome) 27B1 variants with loss of
function or a CYP24A1 gene variant resulting in a
low 1,25dihydroxyvitamin D level 4. These VitD-
related SNPs influence the serological response to
high-dose vitD suppl. 57. In the long-term care of
PwMS, the disposition of poly autoimmunity should
be pointed out. The case report of a 27-year-old
man with MS demonstrates the comorbidity of
vitiligo and alopecia areata. 3 Autoimmune thyroid
diseases are the most common ALEM-IAD %8,
Depending on the examination criteria, the

frequency is given as between 26.4% and 40%
59,60,61,

Dual therapy goal through VitD supplementation

A sufficient VitD suppl. would not only have
prophylactic goals to influence ALEM-Induced
secondary autoimmune diseases, rather the VitD
status also has an influence on the MS risk and
course 25, Low levels of circulating 25(OH)D levels
are a widely replicated risk factor for both
pathogenesis and disease progression 57. Serum
25(OH)D is significantly associated with the risk of
recurrence after the onset of MS 62, Serum 25(OH)
D levels correlated inversely with risk of relapse,
inversely with CNS (central nervous system) lesions,
and inversely with disability progression ¢3. A vitD
effect on delaying brain atrophy is discussed.
There is evidence that cognitive performance after
VitD suppl. with high doses (10,000 IU/die) and a
achieved 25(OH)D level of 49 + 14.6 ng/mlL
improves ¢4, 1.25-dihydroxyvitamin D increases
the efficiency of methylprednisolone pulse therapy
in MS relapse. PwMS had significantly low
25(OH)D levels in steroid-resistant MS relapse ¢3.

The overall effect of vitD supplementation in
PWMS leads to a global modulation of
inflammation: it decreases the differentiation of
effector T and B cells. At the same time, regulatory
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subgroups are promoted (details of the
pathophysiology in 24

It is hypothesized that the need for high-dose oral
vitD supplementation in autoimmune diseases is
due to VD resistance. The cause could lie in
polymorphisms within genes that affect the vitD
system. Low vitD responsiveness paves the way to
AIDs. A blockade of the VDR signaling is also
discussed. The pathophysiological mechanisms
justify the high dose vitD therapy of AIDs ¢5. High
doses of vitD may compensate for inherited
resistance to its biological effects %6,

A current statement by 18 MS specialist’s states
that anti-inflammatory DMTs are insufficient to
treat and manage smoldering MS ¢7. In the MS
community it has become reality that PwMS
contributes to "brain health" in addition to therapy
with DMTs also need alternative strategies. The
inclusion of comorbidities, drug-induced disease,
prophylaxis of infections and other lifestyle factors
is required for neurorehabilitation ¢7. An add-on
therapy with oral vitD-suppl. should be included in
the series of “alternative therapy strategies”
because there is ample pathophysiological
evidence for a benefit, particularly for the braking
effect of vitD on pro-inflammatory cytokines such
as IL-17 and IL-2 51,52,

Direct action of 1,25-dihydroxyvitamin D on the
blood-brain barrier (BBB)

Disruption of the blood-brain barrier and cell
migration to the CNS - central problem in MS

The integrity and functionality of the CNS is
maintained by the BBB and the blood-
cerebrospinal fluid barrier. These two barriers are
in different CNS compartments, and damage
and/or activation of their various components
allows for lymphocyte infiltration and subsequent
neurodegeneration in MS 4869, BBB dysfunction is a
major pathophysiological feature of MS. BBB
endothelial cells express the vitamin D receptor
(VDR). The active form of VitD, 1,25(OH)2Ds3,
prevents disruption of the vulnerable BBB in MS,
which exists in both relapsing (RRMS) and
secondary progressive  (SPMS) forms 7071,
Specifically, 25(OH)D levels were lower in SPMS
than in RRMS -patients or healthy.

The protective effect of 1,25(OH)2D3 on the
fragile BBB in PwMS can be explained by
upregulation of tight junction proteins and
downregulation of adhesion molecules, and the
passage of T helper cells (Th) is slowed down as a
result 70, The migration of autoreactive CD4+ T
cells into the CNS is blocked. The activation of
macrophages, microglia and astrocytes s
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regulated. The preventive administration of VitD is
even more successful the earlier the intervention
takes place, so that irreversible damage is
reduced 72, The aim of the therapy is to restore the
integrity of the brain barriers and thus the CNS
homeostasis 7.

1,25(OH)2D3 also makes it possible to prevent the
migration of Th cells into the CNS parenchyma in a
second way. The autoimmune cells are kept in the
periphery by slowing migration from the lymph
nodes into the CNS parenchyma 73.

The result of the study by Grishkan et al., that the
positive effect of the vitD supplement turns into the
opposite when the therapy is discontinued, speaks
in favor of the daily supplementation of VitD for
prevention and reduction of the permeability of
the BBB 7374,

Chronic daily dosing of VitD results in a slow,
sustained increase in circulating 25(OH)D that
reaches a steady state after 3-4 months, while
intermittent or large bolus dosing of Vit D results in
a variety of appearance and disappearance
rates leads. However, the two modes of dosing
differ greatly in their effects on circulating levels
of VitD and 25(OH)D. Daily doses of VitD result in
stable circulating levels of both compounds, while
weekly or longer dosing results in large
fluctuations in circulating VitD, but stable
concentrations of 25 (OH)D. This may be the key
to the diverging results in the VitD supplementation
studies with very different application schemes.
Variations in Vit-D dosing regimens due to the
short circulating half-life of intact vitamin D could
have profound implications for clinical trial results
75, Calcitriol directly protects the BBB 70°.

Vitamin D + neuroprotection = benefit for all PwMS
through  multifactorial mechanisms of  VitD
supplementation.

Holistic management is currently gaining ground in
the therapy of MS. Taking remyelination,
neuroprotection and neurorestoration into account,
an additional goal, namely the influencing of
insidious processes, is aimed at. A growing number
of studies show that VitD is crucial for the healthy
functioning of neuronal signaling pathways.

VitD deficiency is associated with impaired
cognitive function. VitD regulates brain plasticity.

Advice on Management in the COVID-19 Pandemic in Multiple Sclerosis

(76,77). Preliminary results in this area suggested
that VitD signaling affects both the developing
and adult brain 7879, Epidemiological data suggest
that VitD has neuroprotective properties 7680,
Optimal VitD levels in early life appear to be
important to minimize the risk of
neurodegenerative diseases 81-83. Given the fact
that VitD protects dopaminergic neurons by
upregulating  genes, numerous genes are
associated with dopaminergic neuron function
Studies have also shown that VitD upregulates the
synthesis of several neurotrophic mediators,
including nerve growth factors and neurotrophins
responsible for neurite outgrowth, neuronal growth
and survival, neurotransmission and synaptic
plasticity are essential 768184,

The neuroprotective properties of VitD act through
multiple mechanisms 85, The direct neuroprotective
effect of VitD is associated with the regulation of
neurotrophic factors and the reduction of oxidative
stress. Only sufficient 25(OH)D serum levels (>
30ng/ml)  down-regulate  oxidative  stress,
suboptimal VD levels lead to the opposite 76,
Neurotrophic  factors are critical to the
differentiation, survival, and maintenance of nerve
and glial cells. VitD stimulates the expression of
nerve growth factor (NGF), neurotrophic factor
(Brain-derived Neurotrophic Factor [BDNF]), glial
cell line-derived neurotrophic factor (GDNF [Glia-
Neurotrophic Factors]) and Neurotrophin-3 (NT3)
and the Neurotrophin receptor p75 NR high 81. A
reduction in VitD-assisted neurotrophic factor
expression due to deficiency may result in neurons
becoming more vulnerable to vulnerability
76,80,81,84,85_

Quantitative MRl measurements (WB-MTR -
[Magnetization transfer ratio of the whole brain]
and normal-appearing gray matter MTR (NAGM-
MTR)] and vitamin D level investigations showed in
progressive MS that vit D can play a protective
role for the myelin content. The 25(OH)D values
are > 30ng/ml. In the MS patient group
examined, the vitD levels were between 30 and
50ng/ml in over 70% 8¢, Tabular overview of the
practical procedure of vit D supplementation as an
adjunctive therapy in all forms of MS, starting as
early as possible (Table 1).
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Table 1: Key points for optimizing vitamin D supplementation in multiple sclerosis

Expansion of the

A daily continuous oral vitD-suppl. leads to a constant 25(OH)D level, absorption is favored by a high-
fat meal. A bolus administration leads to strong fluctuations in the concentrations of 25(OH)D. High
circulating concentrations lead to chronic dysregulation of the activity of enzymes responsible for the
synthesis and degradation of 1,25(OH)2D3. The result is reduced concentrations of this metabolite in
the extra-renal tissue. The protective effect of vitD on MS and infections is reduced 105.110-112.

For an optimal immunomodulatory effect, a mean 25(OH)D level of over 40-60ng/ml (minimum
30ng/ml, maximum 100ng/ml [up to 130ng/ml] is necessary and up to 100ng/ml is safe 4553,64,107,113-
118, The argument that 25(OH)D levels > 80ng/ml (in animal studies) could increase MS disease
activity is incorrect 119, Exacerbation seemed to be mediated primarily by vitD induced hypercalcemia
rather 1,25(OH)2D3 itself because hypercalcemia induced the activation of T cells leading to the
migration of activated myeloid, Th1, and Th17 cells into the CNS ¢3,

The daily dose of VitD varies greatly depending on the individual response to achieve an effective
25(OH)D level. Individuals can be classified as high, mid, and low responders to vitD 120,

PwMS have less robust responses to the vitD suppl. 115,

An initial intake of 10,000IU/die will generally result in a sufficient 25(OH)D level in 8 weeks. The
dosages vary between 5000 and 10,000IE/die when taken continuously. Calcium substitution should
be strictly avoided to avoid hypercalcemia and hypercalciuria. By determining 25(OH)D serum levels,
Ca and Phosphorus, initially every 3 months, later every 6 months, monitoring of calcium metabolism is
ensured 15, Hypercalcemic diseases can be ruled out based on the history (anamnesis).

The blood-brain barrier (BBB) limits immune cell trafficking to activated T cells. Dysfunction of the
blood-brain barrier is a hallmark of MS 70121, VitD reduced the transport of immune cells at the level
of the BBB (Fundamental details on further vitD immunomodulation currently in 24). Treatment with 1,25
(OH)2D3 prevents disruption caused by both RRMS and SPMS (secondary progressive MS) through
upregulation of tight junction proteins 70,

It is becoming increasingly clear that there is a “time window” for high-dose add-on therapy with vitD
for PWMS 81, Because the regenerative capacity of the CNS is limited, early therapeutic intervention
can limit irreversible damage 8'. Adjuvant therapy given in the early phase of MS will be most
effective in influencing disease severity 81,82 83,

therapeutic use of vit-D permeability of the blood-brain barrier resulting

supplementation for infections, especially with SARS-
CovV-2

PwMS with comorbidities, severe disability, and
methylprednisolone flare therapy are at higher
risk of infection and increased risk of severe
COVID-19 187, Therefore, developing strategies to
prevent infections or to react to them in a forced
manner is of eminent importance. Particular
attention should be paid to those PWMS that are
treated with DMTs. Infections (SARS-COV-2) can
increase the symptoms of MS (pseudo relapses) or
cause real relapses. 8 In the post-COVID
syndrome (long-COVID), every 8th patient has
symptoms after at least 3 months, e.g., paresthesia
in the limbs, the MS-typical symptoms could also
be exacerbated. 8 There is evidence that
elevated serum levels of pro-inflammatory
cytokines are associated with poorer outcome of
COVID-19 disease. Neurological complications
and severe courses could be caused by the
cytokine storm. Interleukin-6 (IL-6) increases the

in further damage to the CNS 99, which is severe in
PwMS. VitD inhibits the proinflammatory pathways
and inhibits the production of proinflammatory
cytokines like IL-6 (TNF-qa, IL-2, IFNy). 7 One of
many risk factors is a vitD deficiency. The anti-
inflammatory effect of VitD as an IL-6
immunomodulator is a reason for add-on therapy
with vitD. 92 Low 25(OH)D levels were inversely
correlated with high IL-6 levels and were
independent predictors of COVID-19 severity and
mortality. 93 The early start of therapy for vitD-
suppl. is crucial to influence influenza and COVID-
19 infections. 94 Low 25(OH)D levels are
associated with higher risk of infection, severity of
COVID-19, severity of respiratory distress, length
of hospital stays, mortality. Acute sequelae (long-
COVID) occur more frequently 95100, The
importance of Vit D metabolism as a potential
prophylactic, immunoregulatory, and
neuroprotective treatment for infections (COVID-
19) is becoming more and more common in clinical
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practice as part of a multitherapeutic approach.
85, 100,101The relationship between Vit D and
COVID-19 has been discussed in over 200
publications and is continuously updated. Over 85
vit D COVID-19 treatment studies demonstrate a
benefit. In high-risk groups (approximately over
50 years of age, comorbidities), an optimal
25(0OH)D level (40-60ng/mlL) after COVID-19
vaccination can improve the immune response via
complex immunological signaling pathways. 102-104
At present, there are no consensus guidelines
proposing an adequate concentration of serum
25(OH)D to prevent COVID-19 or reduce its
morbidity and mortality. The practical approach
could be to take 10,000 IU vitD/die over 4 weeks
(“saturation” of the 25(OH)D serum value) to
quickly reach serum values of 40-60ng/mL. The
"maintenance dose" depends individually on the
achieved 25(OH)D serum levels and could be
4000-5000 IU/day (dose-response effect). 195 The
highest upper daily dose of vitD would be
10,000lU. Hypercalcemia is hardly to be
expected up to this dose level. 63106107 However,
in the case of severe respiratory infections
(COVID-19) or sepsis, a single oral bolus dose
(100,000 to 500,000IU) or divided doses of
50,000IU are administered to ensure rapid (within
3-5 days) adequate intracellular supply of
calcitrol to the to make available. 108 25(OH)D
values of at least 30ng/mL (preferred range 40-
60ng/mL) are required to achieve the
effectiveness of VitD-suppl. against severe
infections [pathophysiological details in 109].

To correct the vit D deficiency without acute illness,
a weekly Vit D administration with 50,000IU over
8 weeks is suggested to achieve a 25(OH)D serum
concentration of over 30ng/mL. These 25(OH)D
levels were also achieved with a single oral dose
of 200,000-600,000IU. 99The suggestion of a
single oral dose of Calcifediol (0.014mg/kg body
weight) allows for rapid levels within 4 hours. 108
1,25(0OH)2D3 (calcitriol) doses are associated with
marked intestinal calcium absorption, which can
result in transient hypercalciuria and
hypercalcemia. 109

Update 2023- New aspects on the clinical course of
MS.

The assessment of the disease course and therapy
of MS focused on the categorization into RRMS
(relapsing remitting MS), SPMS (secondary chronic
MS) and PMS (progressive MS). Recent brain MRI
scans and neuropathohistological results verified
disability progression independent of relapse
activity (PIRA [progression independent of relapse
activity]) in some PmMS. 12 The clinical

Advice on Management in the COVID-19 Pandemic in Multiple Sclerosis

progression is insidious and can be viewed as a
continuum of simultaneous different
pathophysiological processes. 123 In the future, the
multiple progressive mechanisms and treatment
options of this insidious manifestation of PIRA
should be explored in clinical practice. 123 PmMS
exhibiting RRMS and PIRA showed accelerated
brain atrophy because they were associated with
increased diffuse neuroaxonal loss, particularly of
the cerebral cortex. 123 Regardless of lesion
activity, smoldering activity leads to progression.
124 In chronic active lesions (CAL),
microglia/macrophage (MG /MK)-mediated
inflammation occurs in 56% of PmMS. 125 These
CAL, previously verified only autoptically, could
be imaged by 7-tesla MRl and 3-tesla
susceptibility-based MRI in vivo as non-gadolinium
(Gd+) enhancing lesions with paramagnetic rim.
125 Activation of MG is the earliest biomarker of
CNS inflammatory processes in MS. 126 However,
MG/MK-mediated inflammation is a major
impediment to remyelination and accelerates brain
atrophy. 123,124

Resident MG exhibit inflammatory and anti-
inflammatory alternative phenotypes and are
classified in their activation state with other
subgroups into M1 (pro-inflammatory  with
production of IL-6, IFN-gamma, IL-23, TNF-alpha))
and M2 (anti-inflammatory, express IL-4, 1I-10, IL-
13) phenotype.'27:128 |n contrast, quiescent MG in
a stable, normal CNS produce neurotrophic
factors, remove myelin debris, serve to maintain
oligodendrocyte progenitor cells in the CNS, and

modulate  neuronal  activity and  synaptic
organization. 127
Because the pro-inflammatory M1 microglia

phenotype is active, especially in the early stages
of MS, it is biologically plausible to initiate VitD
supplementation to influence the secretion of
inflammatory mediators to reduce myelin damage.
Increased calcitriol levels result in decreased MG
activation, oxidative stress, and lower BBB
permeability. 7¢ 1,25(0OH)2D3 effectively shifts
MG, especially in early-stage MS, from a pro-
inflammatory M1 phenotype to a reparative M2
phenotype resulting in limitation of inflammation
and demyelination 76127, VitD signaling in neurons
promotes an anti-inflammatory state in MG. It is
important for normal CNS development. 129 VitD
induces anti-inflammatory molecules in primary
neurons. In an early state of autoimmunity in the
CNS, low levels of VitD may enhance
autoimmunity. 129
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Conclusion:

In the MS community, it is becoming more and
more common that the therapy of MS should not
only be reduced to effective pharmaceuticals
(DMTs), but also that a combination therapy (add-
on therapy) potentiates the success of the therapy.
1. Secondary autoimmune diseases induced by
alemtuzumab, such as alopecia and vitiligo, could
be influenced or prevented by high-dose, oral,
daily supplementation with vitD. 2. Vitamin
deficiency has been associated with the risk of
multiple sclerosis, disease activity, progression,
brain atrophy and progression of the EDSS
(Expanded disability status scale). The daily vitD
dose is individual and it is becoming more and
more common to recognize clinical normal ranges
of 40-100ng/mL. The overall effect of vitD
supplementation in PwMS results in a global

Advice on Management in the COVID-19 Pandemic in Multiple Sclerosis

modulation of inflammation. 3. Vitamin D is
involved in neuroprotection. 4. For the prevention
of acute infections, especially with COVID-19,
there is sufficient evidence to reduce the risk of
COVID-19 infection and to prevent severe
outcomes, including mortality. Withholding this
simple, inexpensive, relatively low-risk add-on
therapy PwMS with quadruple therapy goals is
currently difficult to justify, considering countless
publications.
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