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ABSTRACT

Vitamin D (VD) has been shown to exert immunomodulatory activities, especially in promoting
immune tolerance. For these properties VD has been proposed in the therapy of immunological
conditions in which the loss of tolerance is the key pathogenetic aspect of the disease, such as
allergies. Despite these properties available literature suggests VD is not useful in treating or
preventing allergic diseases and whether low serum VD levels favor allergic sensitization and
severity is debated. The level of VD is one of the many conditions that can influence allergic
sensitization and therefore only a multivariate analysis on a numerically adequate cohort of
patients, that considers all the factors that can favor allergy, would be able to assign the weight
of each variable and determine the extent to which VD inhibits allergic sensitization and march.
On the contrary, VD is able to potentiate the antigen-specific tolerogenic response induced by
Allergen Immunotherapy (AIT) as demonstrated by the large majority of studies. In our experience,
the association of VD and Sublingual AIT (LAIS, Lofarma, Italy) gave an excellent clinical and
immune response in particular enhancing the differentiation of memory T regulatory cells. While
waiting for a more extensive literature, VD/AIT combination should be always performed in
treating allergies. In any case, the assessment of the level of VD should become a routine in
allergic patients with an indication to AIT as, in case of VD deficiency or insufficiency, VD seems
a particularly active adjuvant to the immune treatment.
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KEY MESSAGES

Allergic patients treated with allergen immunotherapy benefit from the simultaneous
administration of Vitamin D, which on the contrary does not offer benefits when used alone for
the prevention or treatment of allergies. Vitamin serum levels should be always evaluated in
patients treated with allergen immunotherapy because these patients have the maximum clinical
and immunological benefit from simultaneous vitamin D supplementation

Introduction FOXP3+ Tregs that play a pivotal role in autoimmunity
and allergy control [3,4]. VD inhibits Th2 cell differenti-
ation, B cells proliferation, differentiation, and IgE pro-

duction [4] and prevents ILC2 activation [5]. The active

Vitamin D (VD), used since its discovery as a rickets
therapy, also has extra-skeletal effects, including immu-
nomodulatory actions justifying its role in the treat-

ment of immune-mediated diseases. VD acts within
immune cells as a cytokine, being both a transcription-
and a growth factor; as a cytokine, displays pleiotropy,
synergy, redundancy, and interaction with surface
receptors [1,2]. It induces the secretion and/or surface
expression of inhibitory cytokines (IL-10 and TGF-f)
promoting maturation of regulatory dendritic and reg-
ulatory T cells (Tregs) and up-regulating IL-10 induced

form of VD, calcitriol, downregulates the production of
the proinflammatory chemokine CXCL8 in primary
sublingual epithelial cells when administered with mite
allergen, favoring the effect of the specific desensitiza-
tion [6]. VD inhibits the expression of the Th1 (IFN-y,
TNF-a), Th9 (IL-9), Th17 (IL-17) and Th22 (IL-22) cyto-
kines in T cells [7]. Macrophages, DCs and T and B cells
are also able to produce VD locally, which can act on
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immune cells in an autocrine or paracrine manner by
binding the VD receptor [8].

The VD immunological properties are demonstrated
in studies involving the host defense against bacteria,
being VD able of antimicrobial effects in human mac-
rophages [9]. VD induces the clearance of
Mycobacterium tuberculosis, and its antibacterial activ-
ity is mediated by autophagy through the upregula-
tion of LL37 and the activation of Beclin-1 and ATG5 in
monocytes and macrophages [10,11]. Moreover, VD
replacement has been shown to boost antigen-specific
immunity induced by vaccines in older adults with
sub-optimal VD status [12].

Although controversial findings exist, most epidemi-
ological studies have indicated that multiple types of
cancer risk, including colon, prostate, breast, and stom-
ach cancers, correlate with serum VD status [13].
Moreover, VD might enhance the activity of immune
cells such as DC, NK cells, T cells, B cells as well as TILs
in cancer and inflammation [14].

Furthermore, the VD ability to modulate the immu-
notolerance is the substrate for considering VD useful
in the treatment of immunologically based diseases
such as autoimmunity and allergy. In fact, autoimmu-
nity can be favored in conditions of VD deficiency,
since the lack of the stimulus to the differentiation of
IL-10-producing Treg cells favors the activation of Th17
and Th9 cells [15]. Thus, the integration of VD might
be useful in the treatment of autoimmune diseases. In
experimental animals, VD-induced tolerogenic dendritic
cells (DC) increased the population of CD4*CD25*Foxp3*
T cells, CD4*IL-10* T cells, and CD19*CD5*CD1d* B
cells, resulting in attenuated experimental autoimmune
encephalomyelitis [16]. In a meta-analysis, complemen-
tary supplementation of VD greater than 50,0001U/
week significantly improved the effects of basic ther-
apy on disease activity score and global pain score in
rheumatoid arthritis [17]. Data exist showing positive
effects of VD administration in LES, Multiple Sclerosis,
and some autoimmune endocrine diseases, even

though the information is not sufficient to determine
its thorough effectiveness [18,19].

Discussion

The ability of VD to promote maturation of FOXP3+
regulatory T cells, to induce the production of inhibi-
tory cytokines (IL-10 and TGF-B), to inhibit Th2 cell dif-
ferentiation and B cells proliferation, differentiation,
and IgE production [3,20] simulates its effect in the
treatment of allergies. When keeping in mind that the
effectiveness of allergen immunotherapy (AIT) mostly
depends on modification of immune regulation [21],
the natural activity of VD on Treg differentiation is
highly attractive.

We recently published in Allergy [22] a study show-
ing that one-year mite monomeric allergoid
sublingual-immunotherapy (LAIS, Lofarma, Milan Italy)
was effective in increasing memory effector Tregs in
mite sensitized asthmatic children, and this increase
significantly correlated with the amelioration of clinical
scores: VAS for symptoms and ARIA classification of
rhinitis. We performed a post-hoc analysis, in a group
taking VD3 during LAIS, as prescription of their pedia-
trician, independently from the study protocol with
doses ranging from 400 to 1000 Ul/die. No side effects
were observed. Laboratory (Treg frequency and activa-
tion and total and mite specific IgE) and clinical data
(VAS for symptoms, ARIA classification of rhinitis, and
drug consumption) were compared between
VD-supplemented versus non supplemented. No sig-
nificant differences were observed in anthropometric
parameters and medical history between the two
cohorts. As expected, VD serum levels were signifi-
cantly higher in the supplemented group after
12-months (Table 1). Both groups had a significant
improvement of all clinical (VAS, ARIA, and antihista-
mine and nasal corticosteroid consumption) parame-
ters after one-year LAIS (Table 1). Interestingly, the VD
sub-cohort showed significantly better results. In

Table 1. Time dependent changes of clinical and laboratory parameters of SLIT and SLIT+VD3 treated

patients.
Time-dependent changes VD3-dependent
changes at

AIT AIT+VD3 12-months
Parameter Baseline 12-months p Baseline 12-months p p
25-0OH VD (ng/ml) 23.8+5.7 252+24 ns.  20.1+4.2 36.1+2.8 # §
ARIA 35+0.6 1.5+1.0 # 35106 09+0.4 # §
VAS 7517 32422 # 8.2+1.1 1.7£1.2 # §
Total IgE (kU/L) 492+529.4 385+366.2 ns. 6923+7232 444.9+366.8 # ns.
Dp IgE (kUA/L) 44.7+29.0 55.3+32.6 ns.  60.0+32.1 56.9+36.4 n.s n.s.
Df Ige (kUA/L) 354+254 524+31.6 n.s. 61.1+329 40.91+36.0 # §
Patients taking antihistamines 28 (100%) 5 (17.8%) # 12 (100%) 0 (0%) # §
Patients taking Nasal steroids 8 (28.7%) 1 (3.6%) # 6 (50%) 0 (0%) # n.s

# p<0.05 (baseline vs 12-months); § p<0.05 (AIT+VD3 vs AIT); n.s. not significant. Wilcoxon signed rank test.
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Figure 1. Incremental variation of the expression of activation
marker HLA-DR on the effector memory subset of Tregs
(CD127"e9/1owCD4POsCD25PCD45RAMICD39PHLA-DRP*) in the
whole original cohort of AIT patients and the two sub-cohorts,
either supplemented with VD3 or not.

particular, the improvement of ARIA and VAS and the
reduction in antihistamine consumption were signifi-
cantly greater as compared to the non-VD supple-
mented (p<0.05). Moreover, non-VD supplemented
showed an increase in total and mite specific IgE,
whereas total and mite specific IgE decreased in VD
sub-group, but only the differences in D farinae spe-
cific IgE were significant (p <0.05) (Table 1).

Significant differences between the two groups
were also obtained when evaluating T regulatory cell
changes. In fact, peripheral effector memory Tregs
expressing HLA-DR were significantly higher in VD
treated patients (p<0.0001), with VD supplementation
representing the main determinant factor for the
increase of these cells in the whole LAIS treated initial
group (Figure 1). No patients reported local or sys-
temic adverse reactions during the treatment, consis-
tent with data from a pharmacovigilance study
showing that the rate of adverse reactions of mono-
meric allergoid based AIT corresponds to 0.0004% of
all administered doses, all local and mild (6), far below
the commonly reported rates for native allergen sub-
lingual AIT products, for which also anaphylactic reac-
tions are reported (www.adrreports.eu. Accessed
December 20, 2022).

Our results are in line with the literature showing
an adjuvant effect of VD for AIT both in animals and
in humans.

Animal studies

All experimental data in animals showed that comple-
mentary VD supplementation potentiates the effect of
AIT. In a mouse model of asthma, the combination of
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AIT/VD induced a more significant inhibition of bron-
chial hyperreactivity and serum OVA-specific IgE levels
and increase in regulatory cytokines IL-10 and TGF-f3
than AIT alone and reduced the airway eosinophilia
not ameliorated by AIT alone [23]. The effect of the
combined administration of VD with AIT on bronchial
hyperreactivity and eosinophilia was confirmed by
other authors [24]. Consistently, VD supplementation
was associated with an increase of Foxp3+ Treg cells,
with respect to that induced by AIT alone, providing a
mechanistic explanation for the significantly enhanced
AIT efficacy [25]. These effects seem to be dose depen-
dent as the reduction of bronchial hyperreactivity and
bronchial eosinophilia were particularly pronounced
with the administration of high VD doses [26]. Other
authors demonstrated that the improved inhibitory
effects of AIT on allergic airway inflammation (particu-
larly eosinophilic inflammation) afforded by VD pre-
treatment was accompanied by reduction of IL-4 and
IL-5 levels in BAL fluid and of serum sIgE, with an
increase the regulatory cytokine IL-10 [27]. Furthermore,
it has been shown that OVA-specific IgE and IgG1
serum concentrations were increased in VD-deficient
mice compared with control mice. Moreover, coadmin-
istration of VD with OVA-specific AIT reduced the Th2
cytokine expression in the lungs and the allergic air-
way inflammation and responsiveness upon OVA chal-
lenge more that AIT alone [28]. In a mouse model of
respiratory allergy, AIT with monomeric allergoid has
been shown to be potentiated when in coadministra-
tion with VD. In fact, VD adjuvated allergoid vaccine
induced the most prominent reduction of airway
eosinophilia and Th2 cytokines with concomitant
increase of Treg cells and IL-10 in the lung and Der p
2-specific IgG2a in the serum, as compared to AIT or
VD alone [29]. The effect of VD supplementation has
been shown both in sublingual and in injection AIT, in
an asthma mouse model, with a similar induction of
blocking antibodies and suppression of airway inflam-
mation, underscoring the relevance of proficient VD
levels for a successful AIT [30].

Human studies

Almost all human studies showed adjuvant effects of
VD to AIT. Jerzynska [31] showed that VD supplemen-
tation combined with sublingual AIT was significantly
more efficacious than AIT alone on nasal symptoms,
and combined symptom medication score in children
with grass allergic rhinitis. Later, the same author [32]
reported that VD supplementation improved the clini-
cal effects of AIT also in grass-allergic asthmatic chil-
dren, with a significant reduction of asthma
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exacerbation and FENO. These effects were accompa-
nied by a higher increase from baseline in the percent-
age of CD4+CD25+Foxp3+ cells in the VD group
(p=0.0058 compared to the AIT alone). Moreover,
CD4+CD25 +Foxp3+ cell induction had a significant
correlation with FENO reduction in the VD supple-
mented group. Yu et al. [33] showed that, comparing
patients with allergic rhinitis treated with AIT or VD or
AIT/VD or placebo, the combination of AIT/VD induced
the greatest significant down regulation of miR-19a in
B cells, with increased expression of IL10 with respect
to the other treatments. These effects were parallel by
an amelioration of clinical parameters (reduction of AR
symptom scores and medication scores), serum spe-
cific IgE, SPT index, and serum levels of Th2 cytokines
(IL-4 and IL-13) in AIT/VD treated patients. The authors
concluded that administration with VD promotes the
effect of SIT on suppression of allergic rhinitis via
repressing the expression of miR-19a in peripheral
B cells.

A recent 3-year AIT trial suggested an earlier onset
of AlT-induced immunomodulation in patients supple-
mented with high-dose VD with respect to non-VD
supplemented subjects, with increased specific 1gG4/
IgE ratio during the early phase of AIT and the
increased VDR-inducible CD38+ B cells in the VD
group. The clinical effect of the combination AIT/VD
appeared relevant after the 2nd year of treatment, as
the symptom medication scores were comparable after
the first-year treatment among VD treated and
non-treated [20].

Only one study showed less encouraging results.
Also in this case, however, some important favorable
outcomes with a reduction of total asthma symptom
score and Foxp3 expression were found in the VD sup-
plemented patients [34].

Unlike what has been demonstrated on the effec-
tiveness of VD as an adjuvant for AIT, the usefulness of
VD treatment alone in established allergies or VD sup-
plementation in preventing the onset of allergic dis-
eases is controversial. Results of various studies deny
in most cases a relationship between VD basal level
and the appearance of allergies. In a cross-sectional
study involving only allergic patients [35], the associa-
tion between VD levels and allergies appeared weak.
Overall, VD levels were lower in patients with asthma
and rhinitis, but without statistical significance. Only
patients with or without atopic dermatitis had signifi-
cant different VD levels. VD levels were not related to
seasonal allergies, whereas a significant, negative cor-
relation was seen for house dust mite and dog dander.
The authors concluded that studies involving larger
samples would be required to better define the

association between VD and allergies. Same consider-
ations were made by other authors showing that the
VD status in human allergic patients has a nonlinear
relationship with immune parameters relevant for
allergic disease (e. g. serum IgE levels) [36]. Similarly,
VD serum assessment seemed to be scarcely useful to
pheno/endotyping allergic asthmatic children in clini-
cal practice as the VD classes (normal, insufficient or
deficient) were not able to discriminate clinical, func-
tional and laboratory parameters in allergic asthma
[37]. Some authors also did not show association
between maternal levels of VD and atopic disease out-
comes (eczema, food allergy, asthma, allergic rhinitis)
at 2 and 5years in a disease-specific cohort in child-
hood with prospectively collected, validated atopic
outcomes [38].

Basal serum levels of VD were also studied in rela-
tion to the efficacy of AIT and no correlation was
found between the efficacy of one-year injection AIT
and serum VD levels on symptom and medication
scores. A slight statistical difference was reported only
in mite slgE level between the VD deficiency and the
sufficiency groups [39].

On the contrary, two studies showed positive clini-
cal outcomes. The first by Joudi et al. [40] showed that
both SNOT-22 and MiniRQLQ scores decreased signifi-
cantly after AIT in rhinitis patients with different levels
of VD, with significantly more pronounced effects
when the level of VD was sufficient. The second study
showed that a significant reduction in asthma symp-
toms score, and steroid-sparing effect of AIT were
associated with high VD serum levels (higher than
30ng/mL), with higher Foxp3 and TGF alfa induc-
tion [41].

Other studies evaluated the possibility that VD sup-
plementation may prevent the sensitization and onset
of allergies and therefore may provide health benefits
to humans by reducing a predisposition to allergic dis-
eases when administered in sufficient doses [42,43].

An interventional study showed that VD supple-
mentation during pregnancy and infancy was able to
prevent aeroallergen sensitization and respiratory ill-
ness, with a reduction of the number of mite sensi-
tized children at age 18 months [44]. On the contrary,
not statistically significant data were observed in other
studies [45-47]. Chawez et al. [45] detected that the
supplementation of 28001U/d of VD3 during the third
trimester of pregnancy compared with 4001U/d did
not offer statistically significant reduction the risk of
persistent wheeze in the offspring. Similarly, Litonjua
et al. [46] and Mirzakhani et al. [47] indicated that the
supplementation with VD 44001U/d in pregnant
women at risk of having a child with asthma was



followed by non-statistically significant reduction in
the incidence of asthma and recurrent wheezing in
their children at age 3years with respect to women
supplemented with VD 4001U/d. Therefore, the poten-
tial impact of VD supplementation in preventing aller-
gies remains uncertain.

The possibility of preventing and treating allergies
by VD supplementation is a debated issue in many
systematic reviews and meta-analysis of randomized
and non-randomized studies. The conclusions were
similar: VD level does not relate with either the preva-
lence of the current allergic rhinitis or its development
[48]; VD supplementation reduces the severity of
atopic dermatitis and symptoms of allergic rhinitis and
asthma exacerbation only in children with VD serum
level lower than <10ng/mL [49]; the evidence does
not support the notion that VD supplementation in
pregnant women or in breastfeeding mothers prevents
the development of allergic diseases in their children
and that VD supplementation in infants prevents the
development of allergic diseases [50]; the is no evi-
dence of an association between maternal antenatal or
infant VD level or dietary intake and the development
of food allergy or eczema in offspring, and an associa-
tion between higher VD levels in cord blood and
reduced risk of eczema in cohort studies [51]; evidence
indicates there is a nonlinear relationship between
vitamin D and food allergy [52].

Conclusions

Available literature suggests that VD is not useful in
treating or preventing allergic diseases and there are
some doubts that low serum VD levels is a crucial fac-
tor in favoring the onset of allergic diseases. Available
studies are heterogeneous, and therefore longitudinal
studies on VD effect on the prevention and treatment
of allergy are needed to understand the impact of VD
in early life and its potential role in stopping the
atopic epidemic and the allergic march. The level of
RV is one of the many conditions that can influence
allergic sensitization and therefore a multivariate anal-
ysis on a numerically adequate cohort of patients, that
takes into account all the factors that can favor allergy,
will be able to assign the weight of each variable and
determine to what extent VD play a role as an inhibi-
tor of allergic sensitization and march. It is well known
that VD effectiveness as immunomodulator has been
demonstrated, in particular favoring immunoregula-
tion. However, such activity is not directed towards a
specific antigen. On the contrary, it appears that when
supplemented during AlT, the activity of VD on B and
Treg favors the AlT-induced antigen-specific
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tolerogenic response, and therefore VD becomes a
potentiating factor. On the other hand, as shown,
almost all literature agrees on the usefulness of VD as
adjuvant to AIT and recent reviews listed VD among
the possible adjuvant of AIT [53-56]. In our experi-
ence, the association of LAIS and VD provided an
excellent clinical and immune response, and we believe
that this combination should be always performed,
while waiting for a more extensive literature. In any
case, the assessment of the level of VD should become
a routine in allergic patients with an indication to AIT
as, in case of VD deficiency or insufficiency, the VD
supplementation seems a particularly active adjuvant
to the immune treatment.
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