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Abstract: Vitamin D is necessary for normal bone development and conservation. Moreover, it
has extraskeletal effects, which play a pivotal role as a modulator of innate and adaptive immune
responses. Many studies have highlighted the beneficial effect of vitamin D in protecting against
acute respiratory viral infection, including COVID-19. Within this context, we described the effect
of vitamin D supplementation in the immunological response to SARS-CoV-2 infection. Long-term
IgG SARS-CoV-2 antibody responses were assessed in a cohort of twenty-two subjects diagnosed
with COVID-19 by chemiluminescence assay (CLIA). Among them, a 61-year-old nurse undergoing
vitamin D therapy showed a positive IgG response against SARS-CoV-2 nucleocapsid over nine
months after infection, suggesting vitamin D played a role in modulating early antibody response
against SARS-CoV-2. This result provides evidence of a positive effect of vitamin D on the decrease

of functional humoral immunity.
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1. Introduction

Vitamin D is a fat-soluble vitamin necessary for normal bone development and con-
servation, as it increases calcium, magnesium, and phosphate absorption. The biochemical
mechanism of vitamin D is through its active metabolite, the 1,25-dihydroxyvitamin D,
which binds the vitamin D receptor (VDR) [1,2]. VDR is coupled to the retinoid X receptor
alpha (RXR«) [3-5]. The VDR complex is located in the nucleus associated with corepres-
sors when the ligand is missing [6,7]. Instead, when 1,25-dihydroxyvitamin D binds VDR,
it forms the coactivator complex leading to gene transactivation [7]. During menopause,
the decline of oestrogens results in increased bone turnover, a decrease in bone mineral
density, and an elevated fracture risk. Therefore, calcium and vitamin D must be integrated
since sun exposure is not enough and its presence in food is low [8,9]. Vitamin D has
extraskeletal effects, including metabolic properties, regulation of cell proliferation, skin
differentiation, reproduction, and vascular, muscle, and immune system function [1]. The
presence of the vitamin D receptor on almost all cells of the immune system [2,10] has
been clearly demonstrated, suggesting a pivotal role of the vitamin as a modulator of both
innate and adaptive immune responses. Herein we report a case of a 61-year-old nurse,
who underwent calcium and vitamin D therapy since age 52 to prevent osteoporosis [11],
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showing a positive IgG response against SARS-CoV-2 nucleocapsid (NAbs) over nine
months after infection.

2. Presentation Section

Specimens were analyzed on the Abbott Architect platform (Abbott Park, IL, USA)
for SARS-CoV-2 IgG with chemiluminescent immunoassay (CLIA) with an indexed limit
of detection of 1.4 [12]. This analytical system was used to monitor response against
NAbs [12,13] in twenty-two subjects working in a nursing home and diagnosed with
COVID-19 infection in April 2020 (cluster infection) with mild symptoms. Seven were male
and fifteen were female, with a mean age of 39.41 & 9.32. Fever (37.8 & 0.7 °C) and anosmia
were present in 95% of cases. Only one was hospitalized for displaying dyspnea, in which
neuron-specific enolase was high [14]. The antibody detection index was measured on
serum samples at three, six, and nine months after infection. The tests showed that the
humoral immune response declined at three and six months in fifteen (Figure 1A) and six
subjects (Figure 1B) out of twenty-two, respectively. While in the case of a 61-year-old
female nurse, her NAbs level remained positive for over six months (Figure 1B), keeping
her positivity on the threshold limit at 12 months after infection diagnosis (Figure 2).
A retrospective clinical analysis revealed she had a medical history of depression and
hypertension, which was treated with the following therapeutic regimen: 10 mg/day
escitalopram and ramipril 5 mg/day. In addition, she underwent vitamin D (50,000 IU)
treatment monthly (from October to June) after beginning menopause at 52 years of age
(Table 1). Treatment with vitamin D at the usual dosage was not discontinued when COVID-
19 therapy (i.e., nadroparin 4UI/twice daily, azithromycin 500 mg/day, and acetaminophen
1000 mg, when needed, for six days) was undertaken. No clinical condition impairment
was observed until 10 June 2020, when she tested negative through a nasopharyngeal swab.
The assessment of her 25-hydroxyvitamin D serum levels, performed from July 2020 to
April 2021 through CLIA method, revealed a concentration of the vitamin ranging from
20 to 31 pg/mL (Table 2).

Table 1. Clinical characteristics.

Age (Year) 61
Sex female
Comorbidity depression and hypertension

Medications used before COVID-19 infection ~ ramipril, escitalopram, calcium, and vitamin D

Nasopharyngeal swab positivity 13 April 2020
COVID-19 symptoms anosmia, fever at 38 °C, and headache
Pharmacological treatment for COVID-19 azithromyecin, nadroparin, and acetaminophen
Outcome status domiciliar
Nasopharyngeal swab negativity 10 June 2020

Table 2. Serum level of 25-hydroxyvitamin D.

Serum Level of 25-Hydroxyvitamin D

13 April 2020 -

14 April 2020 20 ng/mL
22 September 2020 25ng/mL
12 December 2020 31 ng/mL

9 April 2021 * 26 ng/mL

* (Twenty-first day after the first dose of the vaccine).
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Figure 1. IgG anti-nucleocapsid antibodies three (A) and six (B) months after infection. Limit of
detection (LOD) index equal to 1.4.
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Figure 2. Positive IgG index (blue circles) and negative IgG index value (red circles). Limit of
detection (LOD) index equal to 1.4.
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She received the first dose of the Pfizer-BioNtech COVID-19 vaccine in March 2021,
showing a robust serum IgG titer (13,961.3 AU/mL) to spike proteins at 21 days
after vaccination.

Clinical characteristics are presented in Table 1. In Table 2, the 25-hydroxyvitamin D
values are presented.

3. Discussion

Seven of the twenty-two participants had two serial measurements of IgG levels,
and the remaining participant had three serial measurements. The first measurement was
obtained three months after the onset of symptoms, and the last measurement was obtained
six months after the onset of symptoms. Similar results were achieved in other studies in
which rapid decline of anti-SARS-CoV-2 antibodies was highlighted in persons with mild
COVID-19 symptoms [15]. To date, the duration of the SARS-CoV-2 immune response is not
well characterized [16]. The duration and the strength of immunity after infection of SARS-
CoV-2 are key issues for shield immunity, and the impacts of the combined interventions of
shielding and social distancing in the high-transmission situation are the only defense we
have today [17]. In this scenario, the duration of circulating IgG in a 61-year-old nurse, who
underwent calcium and vitamin D therapy since age 52 to prevent osteoporosis, showed
a positive IgG response against SARS-CoV-2 NAbs over twelve months after infection.
The treatment with vitamin D at the usual dosage was not discontinued under COVID-
19 therapy, suggesting a positive role of this fat-soluble secosteroid in modulating early
antibody response against SARS-CoV-2. Of note, vitamin D supplementation correlated in
this subject with sufficient vitamin D serum levels. It is also worth noting that multiple
cross-sectional studies, interventional studies, and in vitro observations have highlighted
the beneficial role of vitamin D in protecting against the risk of acquiring acute respiratory
viral infection and outcome improvement in critically ill patients [18,19]. The mechanisms
through which these antiviral effects occur are traditionally based on the ability of vitamin
D to upregulate antimicrobial peptides and induce antiviral cytokines, which interfere
with the viral replicative cycle [20,21]. However, more complex immunomodulatory effects
cannot be ruled out. In this frame, the pervasive actions of vitamin D on both innate and
adaptive immune response have raised the possibility of an interplay between it and the
mechanisms by which the SARS-CoV-2 virus infects human beings, suggesting a potential
benefit of vitamin D supplementation in primary prevention or as an adjunctive treatment
of COVID-19 [22].

Furthermore, recently, a systematic review and meta-analysis indicated that low
vitamin D status might be associated with an increased risk of COVID-19 infection [23].
Low vitamin D was also reported in critically ill COVID-19 ARDS patients, in which even
the active form 1,25-dihydroxyvitamin D was found to be low [24]. This biochemical
form mediates most of the endocrine effects of vitamin D, including immune-modulatory
functions [25,26]. In particular, the 1,25-dihydroxyvitamin D is known to shift Th1 and Th17
responses towards Th2 responses [25]. This biochemical form should be administered in
COVID-19 patients with chronic renal failure [26]. In this regard, a recent study highlighted
that none of the vitamin D forms altered cytokine production in COVID-19 patients,
demonstrating the presence of a high level of circulating plasmablasts in patients with
25-hydroxyvitamin D levels > 20 ng/mL [22]. The latter observation is of particular interest
as plasmablasts were implicated in the establishment of immune memory and the buildup
of specific antibody titers during acute viral infections [27]. In this view, the first dose of
the Pfizer-BioNtech COVID-19 vaccine received by the nurse showed a robust plasmatic
IgG titer.

4. Conclusions

In conclusion, our results provide evidence of a positive effect of vitamin D on the
decrease of functional humoral immunity. The maintenance of long-term IgG anti-N
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SARS-CoV-2 antibody response is essential, as it may limit the viral spread and consequent
disease progression.
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