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Introduction
Even while the coronavirus disease-2019 (COVID-19) 
pandemic’s most dangerous effects have all but disappeared, 
the consequences of the new variations persist, particularly in 
populations of older people and immunocompromised patients. 
Not only did the virus lose its virulence, but vaccination also put 
a stop to the pandemic.

Serum vitamin D insufficiency has been linked to an increased 
incidence of COVID-19, as well as increased severity and 
mortality of the disease, according to numerous observational 
studies (1-4). A substantial correlation was discovered in a large 
observational population study between the probability of 
contracting severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infection and suffering severe illness if infected 
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Objective: The purpose of this study was to determine how the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) inactivated vaccine 
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and serum vitamin D insufficiency evaluated before to the 
pandemic (5). On the other hand, factors other than serum 
vitamin D levels that affect the likelihood of COVID-19 
infection include age, sex, comorbidity, and geographic 
location (6-8).

Vitamin D is essential for the regulation of human immune 
function, although it is best known for its effects on 
calcium homeostasis (9). The active vitamin D metabolite 
1,25-dihydroxyvitamin D [1,25(OH)2D] is a pro-inflammatory 
in relation to monocytes and macrophages. It targets mitogen 
activated protein kinase phosphatase 1 (10) to regulate 
mammalian target of rapamycin. It has been shown to be an 
inhibitor of cytokine production (11) and phospholipase C in 
naive T cells. By inducing gamma 1 (12), it is used to support 
T cell activation and classical T cell receptor signaling.

25-hydroxyvitamin D [25(OH)D3], is the primary form of vitamin 
D that is circulating. Optimal vitamin D levels are indicated by 
low blood levels of the vitamin. This disease is more common 
in older people and is associated with increased systemic 
inflammation (13,14). Supplementation with vitamin D has 
been associated with elevated levels of circulating [25(OH)D3] 
in older individuals connected to the cutaneous varicella zoster 
virus antigen (15). A reduction in early inflammatory monocyte 
infiltration and T to the antigen challenge site have both been 
shown to considerably improve the response to challenge 
at concentrations of less than 75 nmol/L. Higher uptake was 
correlated with increased uptake of cells.

Studies are typically planned with consideration for all age 
groups, but there are very few that concentrate specifically on 
the older population with its many comorbidities, and there 
are still many unanswered concerns regarding immunization 
responses (16).

This study aimed to assess the relationship between antibody 
response and serum vitamin D levels in a geriatric population 
vaccinated with CoronaVac.

Materials and Methods
In this study, the files of patients who applied to the Hacettepe 
University Faculty of Medicine Hospital geriatrics polyclinic 
between August 2021 and September 2021 were retrospectively 
scanned between November 2022 and December 2022. This study 
was approved by the Hacettepe University Non-Interventional 
Clinical Research Ethics Committee (decision number: 2022/22-
30, date: 27.12.2022). The trial comprised 188 older outpatients 
over 60 who had received their second dose of the SARS-CoV-2 
inactivated vaccine (CoronaVac) after 28 days. 

Criteria for inclusion in the study: (1) being over 65 years of age, 
(2) those who agree to participate in the study, (3) having the 
ability to understand and answer the questions asked.

Exclusion criteria: (1) uncooperative and unoriented patients, 
(2) patients for whom comprehensive geriatric evaluation 
cannot be performed, (3) patients who do not agree to provide 
serum samples for the study of antibody response and Vitamin 
D level parameters, (4) patients with COVID-19 confirmed by 
SARS-CoV-2 real-time polymerase chain reaction or thoracic 
computed tomography or who had clinical suspicions of 
COVID-19, (5) under immunosuppressive treatment, dementia, 
and dialysis.

The participants’ demographic information, chronic disease, 
number of medication, polypharmacy (>5), Charlson comorbidity 
index (CCI), and malnutrition [mini nutritional assesment- 
short form (MNA-SF)] status were noted. MNA-SF to perform 
nutritional scanning, >11 scores were considered normal, 8-11 
points indicated malnutrition risk, and 7 points indicated 
malnutrition (17,18). The comorbidity status of the individuals 
was assessed using the commonly used CCI (19). 

SARS-CoV-2 Immunoglobulin G (IgG) Antibody Assay

Blood samples were obtained from patients to measure their 
IgG levels for SARS-CoV-2. Serum samples were centrifuged at 
4000 rpm for 10 min. The samples were stored at -20°C. IgG 
was detected using the Atellica IM SARS-CoV-2 IgG (sCOVG) 
test (11207386, California, USA). All samples and the SARS-
CoV-2 spike protein receptor binding site were processed on 
the Atellica IM 1600 analyser. The immunological test called 
Atellica IM sCOVG uses chemiluminescent technology and has a 
measurement range of 0.50-150.00 index (U/mL). The sensitivity 
of the Atellica IM sCOVG assay was evaluated using the 1st 
World Health Organization international standard for anti-
SARS-CoV-2 immunoglobulin (human), national institute for 
biological standards and control code 20/136. The concentration 
of the reference standard corresponding to the cut-off value of 
the 1.00 index (U/mL) was used (20). SARS-CoV-2 spike-specific 
IgG antibodies were identified; values >1 U/mL were considered 
seropositive and <1 U/mL seronegative.

Vitamin D Measurement by High-performance Liquid 
Chromatography (HPLC) Method

Vitamin D on Agilent 1100 HPLC device. Acetonitrile as a mobile 
phase for measurement a solution containing the mixture was 
used. Stable a vitamin D derivative internal standard was used 
as. Flow rate of the column 40-50 bar. The pressure was 0.7 
mL per minute. Column temperature was 25°C. 25- at a flow 
rate of 0.7 mL per minute retention time of 25(OH)D3 peak is 
4.2 minutes, retention of internal standard His time was 7.1 
minutes. Measurement 265 nm wave was performed with the 
help of a ultraviolet detector on the neck eld after extraction 
(21). Serum 25(OH)D3 levels were measured; values   below 30 
nmol/L were categorized as low, and values   above 30 nmol/L 
were categorized as normal.
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Statistics 

The statistical analyses were performed using IBM SPSS version 
23.0. To ascertain whether or not the variables were regularly 
distributed, both visual (histograms and probability plots) 
and analytical techniques were used. For normally distributed 
variables, descriptive statistics were displayed as mean ± 
standard deviation; for non-normally distributed data, as 
median [interquartile range (IQR)] and for nominal variables, 
as number of cases and (%). When there were two groups, the 
Mann-Whitney U test was used to compare group differences 
in median values. For categorical variables, data were compared 
using the chi-square test or Fisher’s exact test and the Bonferroni 
correction was applied when necessary. Statistical significance 
was defined as p<0.05.

Results
The study included 188 patients, whose median (IQR) age 
ranged from 67 to 75. There were 101 (59%) female patients. 
The seropositivity ratio was 80.9% (n=152). Seropositive group, 
SARS-CoV-2 spike IgG serum level U/mL, median (IQR) was 4.6 
(2.5-10), and seronegative group was 0.56 (0-0.6) (p<0.0001). 
Regarding age, sex (female), nutrition, polypharmacy, and 
concomitant illnesses apart from asthma (p=0.272, p=0.779, 
p=0.196, p=0.822 respectively), there were no statistically 
significant between the seropositive and seronegative groups. 

The CCI scores were higher in the seronegative group (p=0.023) 
(Table 1).

While the seropositive patients in the low vitamin D group were 
115 (75.6%), the seronegative group patients were 26 (70.9%) 
(p=0.822) and the seropositive patients in the normal vitamin 
D group were 37 (24.4%), the seronegative group patients were 
10 (29%) (p=0.596).

The seropositivity distribution according to vitamin D levels 
(μg/L) is shown in Figure 1. The median vitamin D level was 
found to 19 μg/L (0.5-94) in the seropositive group and median 
of vitamin D level in seronegative group was 19 μg/L (5-52), in 
both the seropositive group and the seronegative group, and no 
difference was observed.

Discussion
It is a well-known fact that morbidity and mortality from SARS-
CoV-2 infection occur more frequently in older patients than in 
younger adults, taking into account a number of factors such 
as physiological changes and comorbidities brought about 
by aging. Low vitamin D levels are one of these age-related 
consequences. The rates of acute respiratory infections such as 
SARS-CoV-2 and influenza are linked to vitamin D deficiency (22). 
For those at higher risk of viral infections, studies recommend 
using higher doses of vitamin D. However, significant toxicity 

Table 1. Clinical and demographic characteristics, comparison between antibody positive and negative groups after 28 days after 
the 2nd dose of vaccination group

Seropositive group
152 (80.9%)

Seronegative group
36 (19.1%)

p

Age, years 71 (60-94) 72 (64-86) 0.272

Gender (female) 89 (58.6%) 22 (61.1%) 0.779

Low vitamin D group [25(OH)D3] <30 (μg/L)] 115 (75.6%) 26 (70.9%) 0.822

Normal vitamin D group [25(OH)D3] >30 (μg/L)] 37 (24.4%) 10 (29%) 0.596

Comorbidities

HT 107 (70.4%) 28 (77.8%) 0.376

DM 65 (42.8%) 19 (52.7%) 0.277

Dementia 9 (5.9%) 1 (2.7%) 0.450

CVD 40 (26.3%) 9 (25%) 0.872

Depression 16 (10.5%) 2 (5.5%) 0.362

CRF 6 (3.9%) 2 (5.5%) 0.667

COPD 12 (7.9%) 3 (8.3%) 0.930

Asthma 12 (7.9%) 9 (25%) 0.003*

Malnutrition (MNA <7) 13 (9%) 2 (5.5%) 0.196

Polypharmacy 88 (59.1%) 22 (61.1%) 0.822

CCI score, median 1 (0-2) 2 (1-3) 0.023*

SARS-CoV-2 spike IgG serum level U/mL, median (IQR) 4.6 (2.5-10) 0.56 (0-0.6) <0.0001*
Variables were presented as n (%), mean ± standard deviation or median (IQR)
*Significance at p<0.05
[25(OH)D3]: 25-hydroxyvitamin D, CVD: Cardiovascular diseases, HT: Hypertension, DM: Diabetes mellitus, CRF: Chronic renal failure, COPD: Chronic obstructive pulmonary disease, 
MNA: Mini nutritional assessment, CCI: Charlson comorbidity index, IgG: Immunoglobulin G, IQR: Interquartile range, SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2
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and hypervitaminosis have recently been observed, and caution 
is required in this regard (23). On the other hand, it has been 
suggested that regular oral vitamin D intake of 2000 IU per 
day (without supplementation) is safe and protective against 
acute respiratory distress syndrome, especially for patients with 
vitamin D deficiency (24). Numerous observational studies have 
looked into the relationships between the immunogenicity of 
the SARS-CoV-2 vaccine and vitamin D levels, but these have 
yielded conflicting results: some have found higher post-
vaccination anti-spike antibody titers in individuals who used 
vitamin D supplements or had higher circulating levels of 
vitamin D (25,26); they have reported findings opposite to those 
of other studies (27-29).

Vitamin D has been demonstrated to have immunomodulatory 
and antiproliferative effects on T cells, which reduce the 
expression of pro-inflammatory cytokines like interleukin-6 
and tumor necrosis factor-alpha (30). Similar research indicates 
a connection between vitamin D levels in viral infections 
and vaccination responses. The ability to affect the adaptive 
immune response likely causes the regulatory impact. It has 
been suggested that vitamin D may enhance CD4+ lymphocyte 
production while reducing the proliferation of helper T cells. By 
turning B cells into plasma cells, this can boost the generation 
of virus-specific antibodies (31).

It is well known that active vitamin D (1-alpha, 25-dihydroxy 
vitamin D3) controls the immune system’s adaptive response, 
which is produced naturally (32,33). Typically, vitamin D acts 
as a hormone to enhance the immunological response (34,35). 
Therefore, vitamin D may not make the expected contribution 
to the immune response because our study was conducted on 
an aged population, and the adaptive immune response was 
decreased in this group. However, several studies in the literature 
that included various age groups produced findings that were 
comparable to our findings (28).

In our study, similar to some studies in the literature, we could 
not detect a connection between vitamin D levels and sCOVG 
response. We believe that these results may have been affected 
by the fact that the patients received an inactive vaccine and 
that 28 days or more had passed, which is a long time for an 
inactive vaccine. Additionally, in another study that used the 
vaccine, no connection was found between vitamin D deficiency 
and immune response to the mRNA vaccine (36).

Another randomized, placebo-controlled study examined the 
effects of vitamin D supplementation and inactivated influenza 
vaccine in older participants and found that vaccine antibody 
titers did not change after vitamin D supplementation (37).

Two doses of inactive vaccine were used in our study; this may be 
considered insufficient, considering that inactivated vaccination 
produces limited immunity and show cumulative effects. 
However, a different randomized controlled trial examining the 
link between vitamin D levels and immune response following 
the second dosing showed the same results despite the use of 
an mRNA vaccine (27). According to one study, the highest 
antibody response was achieved three weeks after receiving 
the mRNA vaccine and continued until the eighth week. The 
relationship between age and antibody response was inverse, 
with vitamin D deficiency negatively affecting the antibody 
response. Additionally, only 97 participants were included in this 
study. However, serial antibody assessments performed after 
the first 4 weeks of vaccination increased the reliability of the 
study (38).

Studies assessing the connection between various inactivated 
vaccine immunogenicity and vitamin D produced similar 
findings. A meta-analysis that examined the relationship 
between vitamin D insufficiency and immunogenicity of 
influenza vaccination revealed that vitamin D levels did 
not influence the immunological response. Additionally, 
there was no discernible connection in a trial that assessed 
the immunogenicity of a different inactivated vaccination, 
specifically hepatitis B, in individuals who were vitamin D 
deficient (39).

Study Limitations

One of the limitations of our study is that the findings would 
have been stronger if serial antibody and vitamin D tests had 
been performed before and after vaccination. It is important 
to remember that various factors, such as comorbidities and 
nutrition, can affect an individual’s immune response to the 
vaccine. Another important issue is that we tested [25(OH)D3] not 
the active form of vitamin D, as in many studies in the literature. 
In this study, we administered MNA-SF to patients due to our 
limited understanding of the population’s dietary preferences and 
micronutrient utilization. At the beginning of our research and 
literature review, it was anticipated that vitamin D complement 

Figure 1. Seropositivity distribution according to vitamin D levels (μg/L)
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activation would have particularly adaptive and hormonal 
effects for the older population. However, neutralizing or non-
neutralizing antibodies specific to inactivated vaccines cannot 
be produced by vitamin D alone. Understanding metabolic and 
molecular mechanisms through a prospective, comprehensive 
population study of vitamin D levels and replacement will help 
determine the effects of vitamin D on cell-mediated immunity 
during aging.

Conclusion
To look at the antibody levels for additional vaccines in older 
individuals, randomized controlled trials with larger populations 
are required.

Ethics

Ethics Committee Approval: Between November and December 
of 2022, the Hacettepe University Hospital retrospectively 
scanned the biochemical values and demographic data of the 
study participants with decision number 2021/17-05 (KA-
21084). This study was approved by the Hacettepe University 
Non-Interventional Clinical Research Ethics Committee (decision 
number: 2022/22-30, date: 27.12.2022).

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: Z.Ş., A.O.B., D.K., M.G.H., Concept: 
Z.Ş., A.O.B., D.K., C.A., F.A., M.G.H., Design: Z.Ş., M.G., S.D., M.H., 
C.A., B.B.D., M.C., M.G.H., Data Collection or Processing: Z.Ş., 
M.G., S.C., Analysis or Interpretation: Z.Ş., A.O.B., M.G., S.C., B.Ç., 
S.Ü., Literature Search: Z.Ş., M.H., M.G.H., Writing: Z.Ş., A.O.B., 
M.G.H. 

Conflict of Interest: The authors did not disclose any conflicts 
of interest.

Financial Disclosure: The authors stated that they did not 
receive any funding for their research.

References
1.	 Mariani J, Giménez VMM, Bergam I, Tajer C, Antonietti L, Inserra F, Ferder 

L, Manucha W. Association Between Vitamin D Deficiency and COVID-19 
Incidence, Complications, and Mortality in 46 Countries: An Ecological 
Study. Health Secur. 2021;19:302-308.

2.	 Petrelli F, Luciani A, Perego G, Dognini G, Colombelli PL, Ghidini A. 
Therapeutic and prognostic role of vitamin D for COVID-19 infection: A 
systematic review and meta-analysis of 43 observational studies. J Steroid 
Biochem Mol Biol. 2021;211:105883.

3.	 Maghbooli Z, Sahraian MA, Ebrahimi M, Pazoki M, Kafan S, Tabriz 
HM, Hadadi A, Montazeri M, Nasiri M, Shirvani A, Holick MF. Vitamin D 
sufficiency, a serum 25-hydroxyvitamin D at least 30 ng/mL reduced risk for 
adverse clinical outcomes in patients with COVID-19 infection. PLoS One. 
2020;15:e0239799.

4.	 Merzon E, Tworowski D, Gorohovski A, Vinker S, Golan Cohen A, Green I, 
Frenkel-Morgenstern M. Low plasma 25(OH) vitamin D level is associated 

with increased risk of COVID-19 infection: an Israeli population-based 
study. FEBS J. 2020;287:3693-3702.

5.	 Israel A, Cicurel A, Feldhamer I, Stern F, Dror Y, Giveon SM, Gillis D, Strich D, 
Lavie G. Vitamin D deficiency is associated with higher risks for SARS-CoV-2 
infection and COVID-19 severity: a retrospective case-control study. Intern 
Emerg Med. 2022;17:1053-1063.

6.	 Panagiotou G, Tee SA, Ihsan Y, Athar W, Marchitelli G, Kelly D, Boot CS, 
Stock N, Macfarlane J, Martineau AR, Burns G, Quinton R. Low serum 
25-hydroxyvitamin D (25[OH]D) levels in patients hospitalized with 
COVID-19 are associated with greater disease severity. Clin Endocrinol (Oxf). 
2020;93:508-511.

7.	 Wang Z, Joshi A, Leopold K, Jackson S, Christensen S, Nayfeh T, Mohammed 
K, Creo A, Tebben P, Kumar S. Association of vitamin D deficiency with 
COVID-19 infection severity: Systematic review and meta-analysis. Clin 
Endocrinol (Oxf). 2022;96:281-287. 

8.	 Li Y, Tong CH, Bare LA, Devlin JJ. Assessment of the Association of Vitamin 
D Level With SARS-CoV-2 Seropositivity Among Working-Age Adults. JAMA 
Netw Open. 2021;4:e2111634. 

9.	 Bikle DD. Vitamin D Regulation of Immune Function. Curr Osteoporos Rep. 
2022;20:186-193. 

10.	 Zhang Y, Leung DY, Richers BN, Liu Y, Remigio LK, Riches DW, Goleva E. Vitamin 
D inhibits monocyte/macrophage proinflammatory cytokine production by 
targeting MAPK phosphatase-1. J Immunol. 2012;188:2127-2135.

11.	 Lisse TS, Hewison M. Vitamin D: a new player in the world of mTOR signaling. 
Cell Cycle. 2011;10:1888-1889. 

12.	 von Essen MR, Kongsbak M, Schjerling P, Olgaard K, Odum N, Geisler C. 
Vitamin D controls T cell antigen receptor signaling and activation of 
human T cells. Nat Immunol. 2010;11:344-349. 

13.	 De Vita F, Lauretani F, Bauer J, Bautmans I, Shardell M, Cherubini A, Bondi 
G, Zuliani G, Bandinelli S, Pedrazzoni M, Dall’Aglio E, Ceda GP, Maggio 
M. Relationship between vitamin D and inflammatory markers in older 
individuals. Age (Dordr). 2014;36:9694. 

14.	 Laird E, McNulty H, Ward M, Hoey L, McSorley E, Wallace JM, Carson E, 
Molloy AM, Healy M, Casey MC, Cunningham C, Strain JJ. Vitamin D 
deficiency is associated with inflammation in older Irish adults. J Clin 
Endocrinol Metab. 2014;99:1807-1815. 

15.	 Jolliffe DA, Vivaldi G, Chambers ES, Cai W, Li W, Faustini SE, Gibbons JM, 
Pade C, Coussens AK, Richter AG, McKnight Á, Martineau AR. Vitamin D 
Supplementation Does Not Influence SARS-CoV-2 Vaccine Efficacy or 
Immunogenicity: Sub-Studies Nested within the CORONAVIT Randomised 
Controlled Trial. Nutrients. 2022;14:3821. 

16.	 Claire E. Gustafson, PhD, Chulwoo Kim, PhD, Cornelia M. Weyand, MD, 
PhD and Jörg J. Goronzy, MD, PhD , Influence of immune aging on vaccine 
responses J Allergy Clin Immunol. 2020;145:1309-1321 

17.	  Guigoz Y, Lauque S, Vellas BJ. Identifying the elderly at risk for malnutrition. 
The Mini Nutritional Assessment Clin Geriatr Med. 2002;18:737-757. 

18.	 Sarikaya D, Halil M, Kuyumcu ME, Kilic MK, Yesil Y, Kara O, Ozturk S, Gungor 
E, Karabulut E, Balam Yavuz B, Cankurtaran M, Ariogul S. Mini nutritional 
assessment test long and short form are valid screening tools in Turkish 
older adults. Arch Gerontol Geriatr. 2015;61:56-60.

19.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. 
J Chronic Dis. 1987;40:373-383. 

20.	 Understanding SARS-CoV-2 IgG Immunity Thresholds and the Process of 
Standardization. Siemens-healthineers.com 2021-04-01

21.	 Qadi EA, Battah AH, Hadidi K. Development of high-performance liquid 
chromatographic method for vitamin D 3 analysis in pharmaceutical 
preparation. Jordan Journal of Pharmaceutical Sciences. 2010;3:78-86.

22.	 Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, Bergman P, 
Dubnov-Raz G, Esposito S, Ganmaa D, Ginde AA, Goodall EC, Grant CC, 



Eur J Geriatr Gerontol 2024;6(2):119-124Şahiner et al. Antibody Recovery in Older Patients

124

Griffiths CJ, Janssens W, Laaksi I, Manaseki-Holland S, Mauger D, Murdoch 
DR, Neale R, Rees JR, Simpson S Jr, Stelmach I, Kumar GT, Urashima M, 
Camargo CA Jr. Vitamin D supplementation to prevent acute respiratory 
tract infections: systematic review and meta-analysis of individual 
participant data. BMJ. 2017;356:i6583. 

23.	 Tian Y, Rong L. Letter: does vitamin D have a potential role against 
COVID-19? Authors’ reply. Aliment Pharmacol Ther. 2020;52:410-411.

24.	 Panarese A, Shahini E. Letter: Covid-19, and vitamin D. Aliment Pharmacol 
Ther. 2020;51:993-995.

25.	 Chiu SK, Tsai KW, Wu CC, Zheng CM, Yang CH, Hu WC, Hou YC, Lu KC, Chao 
YC. Putative Role of Vitamin D for COVID-19 Vaccination. Int J Mol Sci. 
2021;22:8988.

26.	 Jolliffe DA, Faustini SE, Holt H, Perdek N, Maltby S, Talaei M, Greenig M, 
Vivaldi G, Tydeman F, Symons J, Davies GA, Lyons RA, Griffiths CJ, Kee F, 
Sheikh A, Shaheen SO, Richter AG, Martineau AR. Determinants of Antibody 
Responses to SARS-CoV-2 Vaccines: Population-Based Longitudinal Study 
(COVIDENCE UK). Vaccines (Basel). 2022;10:1601.

27.	 Piec I, Cook L, Dervisevic S, Fraser WD, Ruetten S, Berman M, English E, John 
WG. Age and vitamin D affect the magnitude of the antibody response to 
the first dose of the SARS-CoV-2 BNT162b2 vaccine. Curr Res Transl Med. 
2022;70:103344.

28.	 Chillon TS, Demircan K, Heller RA, Hirschbil-Bremer IM, Diegmann J, 
Bachmann M, Moghaddam A, Schomburg L. Relationship between Vitamin 
D Status and Antibody Response to COVID-19 mRNA Vaccination in Healthy 
Adults. Biomedicines. 2021;9:1714. 

29.	 Parthymou A, Habeos EE, Habeos GI, Deligakis A, Livieratos E, Marangos 
M, Chartoumpekis DV. Factors associated with anti-SARS-CoV-2 antibody 
titres 3 months post-vaccination with the second dose of BNT162b2 
vaccine: a longitudinal observational cohort study in western Greece. BMJ 
Open. 2022;12:e057084.

30.	 Sassi F, Tamone C, D’Amelio P. Vitamin D: Nutrient, Hormone, and 
Immunomodulator. Nutrients. 2018;10:1656. 

31.	 Peng MY, Liu WC, Zheng JQ, Lu CL, Hou YC, Zheng CM, Song JY, Lu KC, 
Chao YC. Immunological Aspects of SARS-CoV-2 Infection and the Putative 
Beneficial Role of Vitamin-D. Int J Mol Sci. 2021;22:5251. 

32.	 Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes 
B, Lips P, Munns CF, Lazaretti-Castro M, Giustina A, Bilezikian J. Skeletal 
and Extraskeletal Actions of Vitamin D: Current Evidence and Outstanding 
Questions. Endocr Rev. 2019;40:1109-1151.

33.	 Daniel C, Sartory NA, Zahn N, Radeke HH, Stein JM. Immune modulatory 
treatment of trinitrobenzene sulfonic acid colitis with calcitriol is associated 
with a change of a T helper (Th) 1/Th17 to a Th2 and regulatory T cell 
profile. J Pharmacol Exp Ther. 2008;324:23-33.

34.	 Rosenblatt J, Bissonnette A, Ahmad R, Wu Z, Vasir B, Stevenson K, Zarwan C, 
Keefe W, Glotzbecker B, Mills H, Joyce R, Levine JD, Tzachanis D, Boussiotis 
V, Kufe D, Avigan D. Immunomodulatory effects of vitamin D: implications 
for GVHD. Bone Marrow Transplant. 2010;45:1463-1468.

35.	 Avenell A, Cook JA, Maclennan GS, Macpherson GC. Vitamin D 
supplementation to prevent infections: a sub-study of a randomised 
placebo-controlled trial in older people (RECORD trial, ISRCTN 51647438). 
Age Ageing. 2007;36:574-577.

36.	 Goncalves-Mendes N, Talvas J, Dualé C, Guttmann A, Corbin V, Marceau G, 
Sapin V, Brachet P, Evrard B, Laurichesse H, Vasson MP. Impact of Vitamin 
D Supplementation on Influenza Vaccine Response and Immune Functions 
in Deficient Elderly Persons: A Randomized Placebo-Controlled Trial. Front 
Immunol. 2019;10:65. 

37.	 Jolliffe DA, Vivaldi G, Chambers ES, Cai W, Li W, Faustini SE, Gibbons JM, 
Pade C, Coussens AK, Richter AG, McKnight Á, Martineau AR. Vitamin D 
Supplementation Does Not Influence SARS-CoV-2 Vaccine Efficacy or 
Immunogenicity: Sub-Studies Nested within the CORONAVIT Randomised 
Controlled Trial. Nutrients. 2022;14:3821.

38.	 Lee MD, Lin CH, Lei WT, Chang HY, Lee HC, Yeung CY, Chiu NC, Chi H, Liu 
JM, Hsu RJ, Cheng YJ, Yeh TL, Lin CY. Does Vitamin D Deficiency Affect the 
Immunogenic Responses to Influenza Vaccination? A Systematic Review 
and Meta-Analysis. Nutrients. 2018;10:409. 

39.	 Jhorawat R, Jain S, Pal A, Nijhawan S, Beniwal P, Agarwal D, Malhotra V. 
Effect of vitamin D level on the immunogenicity to hepatitis B vaccination 
in dialysis patients. Indian J Gastroenterol. 2016;35:67-71.


