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Abstract: The COVID-19 pandemic has hugely impacted many different aspects of human health,
and vaccination is one of the most effective weapons to manage it. However, many different factors,
such as age, gender, comorbidities and lifestyles, play a role in the response to infections and vaccines.
We carried out this study to evaluate the potential role played by some individual factors in the
production of anti-COVID-19 antibodies in the light of personalized and future vaccinology. We
conducted an observational study consisting of a retrospective phase, exploiting previous data about
anti-COVID-19 antibody responses, with a prospective phase to investigate individual variables
through the use of a questionnaire. The antibody response after the COVID-19 vaccination was
inversely related to old age, increased BMI and the number of smoking years, while a positive
correlation was found with moderate alcohol consumption and especially with circulating levels
of vitamin D, as clearly shown by the multivariate regression analysis. Our study showed that a
number of variables are involved in the COVID-19 vaccine antibody response. These findings are
very important and can be considered in the light of a future and personalized vaccinology.
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1. Introduction

The COVID-19 pandemic has exerted a huge and complex impact on many different
aspects of human health and society, not only in terms of morbidity and mortality, with more
than 6 million deaths worldwide, but also with regard to economic and environmental
aspects [1,2]. Vaccinations are certainly one of the most effective preventive measures
against this infection [3]. Development of COVID-19 vaccines proceeded at a remarkable
speed as, in general, between 4 to 15 years are required to have a safe and effective vaccine
for human use. This goal was possible thanks to some crucial points, starting from the
obtaining of the complete viral genome sequence of SARS-CoV-2 less than a month after
the first documented cases in Wuhan [4]. Following this essential information, several
laboratories worldwide have started to produce an effective SARS-CoV-2 vaccine.

mRNA vaccines have been the most important typology of performed and tested vac-
cines against COVID-19 [5]. Specifically, two different mRNA vaccines, Pfizer/BioNtech’s
BNT162b2 and Moderna/NIAID’s mRNA-1273, received Emergency Use Authorization
(EUA) status from the U.S. Food and Drug Administration (FDA) and other countries [6,7].
Specifically, Pfizer/BioNtech’s BNT162b2 is an mRNA–lipid nanoparticle-formulated vac-
cine encoding a membrane-bound, stabilized form of the full-length SARS-CoV-2 S pro-
tein [8], while Moderna/NIAID’s mRNA-1273 encodes a prefusion stabilized form of the
SARS-CoV-2 S protein and is delivered by lipid-encapsulated nanoparticles [9]. Many
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studies have shown very high efficacy of these two different vaccines, with values of 95%
for both of them [10–12].

However, many different factors can play a role in the individual response to vaccines.
Age, gender, comorbidities and lifestyles, such as smoking habits, alcohol abuse and
physical activity, are well-known factors that have an impact on immunity to natural
infections and vaccinations [13]. The immune changes linked to age are on the basis of
the higher severity of some viral and bacterial infections (e.g., influenza, herpes zoster,
pneumococcal disease) often occurring among the elderly compared to younger people
and also of the development of more common long-term sequelae [14]. Furthermore, the
hormonal differences between sexes could explain the differences between women and
men not only in the onset of autoimmune diseases but also in response to natural infections
and vaccinations. However, in old age, the immunosenescence would be more pronounced
in women than men due to menopause [15].

Finally, vitamin D circulating levels have been associated with good immune responses
to natural infections and vaccinations [16,17]. Vitamin D is a steroid hormone produced
in human skin from 7-dehydrocholesterol following exposure to sunlight ultraviolet B
rays (UVB; 280–315 nm range) [18]. Skin production by sunlight exposure is the most
important source of vitamin D, while principal nutrition sources are dairy products or fish
liver oil [19]. The amount of melanin, reducing the penetration of UVB, decreases vitamin
D skin production [18], and this has been shown to be linked to wide population differences
in vitamin D synthesis after exposure to UVB [20]. In Europe, about 40% of the population
is vitamin D deficient, with values lower than the minimum threshold of 20 ng/mL [21,22].
Similarly, approximately 24% of the U.S. population and 37% of Canadians have poor
levels of vitamin D, especially in their non-white communities [22]. Various socioeconomic
features can affect the levels of vitamin D, such as work characterized by sun exposure
time, clothing habits influencing the surface area exposed to sunlight, and a diet including
or lacking food rich in vitamin D [23].

The purpose of this study was to evaluate the potential role played by some demo-
graphic, anthropometric, behavioral, clinical and laboratory parameters in the production
of antibody responses of a group of healthcare workers (HCWs) vaccinated with the com-
plete primary cycle of anti-COVID-19 Pfizer/BioNtech’s BNT162b2 vaccine, in the light of
a more and more personalized and future vaccinology.

2. Materials and Methods

We conducted an observational study to investigate the role of some variables on the
antibody response to the COVID-19 vaccine. The study was conducted in accordance with
the Declaration of Helsinki, and the protocol was approved by the local ethics committee
(the University of Messina, protocol number 1860 of 5 October 2022).

The study involves a combination of a retrospective phase, exploiting previous data,
with a prospective phase that aims to investigate demographic, clinical, behavioral and
nutritional variables on already existing samples.

Specifically, we selected 200 people from a big sample of healthcare workers subjected
to the primary cycle of the anti-COVID-19 Pfizer/BioNtech’s BNT162b2 vaccine, carried
out between January and May 2021 in the University Hospital “G. Martino” of Messina,
Italy. These selected people then underwent an evaluation of their antibody responses as
part of routine health surveillance three weeks after the third dose of the vaccine. They
possessed variable antibody responses and voluntarily adhered to the study. All the
participants were asked to sign an informed consent for the study participation and the use
of their serum/plasma samples stored at −80 ◦C in the virology laboratory of our hospital,
followed by the self-administration of a questionnaire for the collection of information
useful for evaluating any factors involved in the antibody response, such as their age,
gender, body mass index (BMI), vitamin D intake, any comorbidities as well as persistent
lifestyle aspects such as their smoking habits, alcohol consumption and physical activity.
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The information relating to lifestyles was collected using the indicators provided by the
Italian PASSI surveillance system, recognized as a system of national importance [24].

The antibody response was evaluated, after centrifugation at 4000 rpm for 10 min,
by CLIA test (ChemiLuminescence ImmunoAssay) (LIAISON SARS-CoV-2 S1/S2 IgG—
DIASORIN SpA, Saluggia, Italy) consisting of a quantitative assay for the determination of
IgG antibodies against SARS-CoV-2 S1/S2 antigens. Specifically, values <12 AU/mL were
considered negative.

After excluding people who have contracted the COVID-19 infection and those who
made use of vitamins and micronutrients, we proceeded to evaluate, on the same samples
on which the antibody response had been determined, the quantitative determination of
25(OH)D3 plasma levels by high-performance liquid chromatography (HPLC) with a Bio-
Rad 25(OH)D3/D2 kit (Bio-Rad, Milan, Italy) according to the manufacturer’s instructions.
Separation of 25-OH-vitamin D3 and internal standard took place on a reversed-phase car-
tridge, followed by subsequent UV detection (λ = 265 nm) and quantitative evaluation [25].

The antibody titer was then correlated with biological parameters such as sex and age,
comorbidities, behavioral factors and levels of vitamin D.

Statistical Analyses

Statistical analyses were performed using Prism 4.0 software (GraphPad, San Diego,
CA, USA). All the data obtained on the samples under study were subjected to a preliminary
descriptive analysis aimed at summarizing the collected information. Pearson’s correlation
test was used to determine any correlations between the studied variables. Stratified data
were statistically analyzed using one-way ANOVA and t-tests. Finally, a multivariate
analysis was carried out to evaluate the predictive capacity of the detected variables
(demographic data, lifestyle, nutritional factors and clinical data) on the “antibody response”
outcome. Analysis was performed by using the “a priori” model (i.e., considering as
covariates all variables, regardless of p values to Pearson test) of multiple regression.
Significance was assessed at the p < 0.05 level.

3. Results

The total number of the sample, the mean age, the gender percentages and all the infor-
mation collected on the study participants related to antibody responses, body mass index
(BMI), vitamin D levels, comorbidities and persistent smoking habits, alcohol consumption
and physical activity are summarized in Table 1.

Table 1. Demographic, anthropometric, clinical and behavioral characteristics of the subjects included
in the study.

Total Sample Women Men

Enrolled people 152 58.82% 41.18%

Mean age (± SD)
(min–max)

43.91 (±12.03)
(26–67)

44.55 (±11.64)
(26–67)

42.81 (±12.61)
(26–64)

Mean SARS-CoV2 antibody response
(AU/mL)
(min–max)

214.51
(min 3.8; max ≥ 400)

209.23
(min 3.8; max ≥ 400)

229.02
(min 3.8; max ≥ 400)

Mean BMI (±SD)
(min–max)

25.76 (±5.3)
(18.82–44.92)

25.71 (±6.60)
(18.82–44.92)

26.02 (±2.71)
(22.86–32.91)

Comorbidities (%) 33.33% 34.61% 31.58%

Physical activity at work
Moderate 42.22% 44.00% 36.84%
Mild/slight 31.11% 32.00% 31.58%
None 26.67% 24.00% 31.58%

Intensive physical activity 31.11% 11.5% 61%
Light physical activity 46.67% 42.31% 55.5%
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Table 1. Cont.

Total Sample Women Men

Smoking habits
smokers 22.22% 23.08% 22.22%
former smokers 13.33% 7.69% 21.05%

Frequency of alcohol consumption
non-drinkers 54.35% 69.23% 36.84%
occasional drinkers 23.91% 19.23% 31.58%
moderate drinkers 21.74% 7.69% 31.58%

Vitamin D (ng/mL)
(min–max)

23.10
(4.4–60.7)

23.62
(4.4–60.7)

21.47
(5.7–36.7)

Of the initial sample number, 152 people were enrolled in the study. The mean antibody
response of the primary vaccination cycle was 214.51 AU/mL (CI 95%: 187.4–245.2). Men
had a slightly higher mean antibody response than women. However, no statistically
significant difference was found in the antibody response between sexes, given a little
difference of only 20 AU/mL in the antibody response.

Conversely, a significant reverse correlation (p = 0.0439) was found between the
antibody response and the age of the sample (Figure 1), with a decrease in the oldest age.
A significant difference was observed stratifying the samples in <40 and ≥40 years old
(286.2 ± 138.6 vs. 184.2 ± 138.4; t 2.37 p = 0.022).

1 

 

 
Figure 1 

 

 
Figure 6 

Figure 1. (A) Statistical correlation between the antibody response and the age of the sample.
(B) Different expression of the antibody response among the group of people aged < 40 years
compared to the group of people aged 40 years and older.
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According to the BMI, whose mean value was 25.76 (CI 95%: 24.19–27.34), no significant
correlation was found with the antibody response. Dividing the sample into three groups
on the basis of the following BMI values: 18.5–24.99 = normal weight, 25–29.99 = overweight,
≥30 = obese [26], an interesting decrease in the antibody response was highlighted when BMI
increased. However, the observed data of 252.87 ± 140.11 AU/mL, 193.02 ± 139.44 AU/mL
and 155.45 ± 162.78 AU/mL in the three groups, respectively (Figure 2), were not significant
to the Anova test.
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Figure 2. Different antibody titers according to BMI value, considering the three groups of normal
weight, overweight and obese.

According to comorbidities, 33.33% of the participants declared their presence. Specif-
ically, autoimmune/inflammatory diseases and hypertension were the most frequently
declared ones. In this regard, a significant difference was found in antibody response in
people with and without comorbidities (Figure 3) (t = 2.089, p = 0.0425).
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Figure 3. Different antibody titers considering presence and absence of comorbidities.

Regarding alcohol intake, 45.65% of the participants were drinkers, of which 23.91
were occasional drinkers and 21.74 were moderate drinkers; in both cases, the consumption
of alcohol was declared to occur mainly during meals. None of the participants declared
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binge drinking or heavy drinking. The antibody response significantly increased with the
frequency of alcohol consumption (R = 0.0856, p = 0.0484). By dividing the sample into
three groups, non-drinkers (54.35%), occasional drinkers (23.91%) and moderate drinkers
(21.74%), there were significant differences between groups (F = 4.069, p = 0.0248) (Figure 4).
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Figure 4. Different antibody responses in non-drinkers, occasional drinkers and moderate drinkers.

According to physical activity, 73.33% of the subjects carried out moderate (42.22%) or
light (31.11%) physical activity during work; moreover, 31.11% and 46.67% practiced intense
and moderate physical activity, respectively, in their free time. However, no correlation
was found between the antibody response and physical activity.

Regarding cigarette smoking habits, 22.22% of the enrolled people were smokers,
and 13.33% were former smokers. No statistically significant difference was found in the
antibody response between smokers and non-smokers. However, considering the years of
smoking habit, a significant reverse correlation (p = 0.0136) was found, likely due to the
confounding factor of age (Figure 5).
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A significant positive correlation (p = 0.0353) was found between antibody response
and vitamin D levels. The mean value of circulating vitamin D levels was 23.10 ng/mL
(CI 95%: 21.24–24.97). Stratifying the sample according to the thresholds indicated as severe
deficiency (<10), moderate deficiency (10–20) and optimal levels (21–75) [27], an increase in
antibody responses equal to 143.80, 181.00 and 238.41, respectively, was found. The compar-
ison between physiological and pathological levels (i.e., severe and moderate deficiency)
highlighted a significant difference in the t-test (t = 2.109, p = 0.0375) (Figure 6A,B).
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Figure 6. (A): Correlation between antibody response and Vitamin D values. (B): Different expression
of the antibody response with respect to the Vitamin D status.

Finally, the multivariate analyses showed that, among the considered variables,
only the plasma levels of Vitamin D were significantly related to the antibody response
(p = 0.026), while no effects were shown by the demographic, anthropometric, clinical and
behavioral variables (Table 2). As reported in Table 2, overall, nearly 37% of the observed
variability in antibody response was due to vitamin D levels, showing the enhancer role
of vitamin D in immune responses. Surprisingly, in our sample, the multivariate analysis
did not show significant effects for the variables age and presence/absence of comorbidi-
ties, although the results of the bivariate analysis showed significant differences. On the
other hand, the absence of variability in the antibody response attributable to smoking is
plausible since, undoubtedly, the significant correlation in the bivariate analysis is due to
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collinearity with age since the elderly people have a consolidated and lasting exposure
to smoke.

Table 2. Multivariate regression analyses performed by using all the examined parameters (R2 = 0.310,
p < 0.05) as independent variables associated with the immune response to the anti-COVID-19 vaccine.

β Value Standard Error of β Value p Level

Gender 0.044 42.970 0.771

Age * −0.234 1.748 0.123

BMI 0.089 4.098 0.560

Comorbidities −0.237 44.135 0.116

Smoke −0.005 0.174 0.971

Alcohol intake 0.282 18.541 0.074

Vitamin D * 0.366 2.085 0.026
* continuous variables.

4. Discussion

Personalized vaccinology is the application of the idea of personalized medicine to
vaccines. To date, after evaluating the absence of side effects, the target to reach is the
immunization of the entire population using the same vaccine formulations with the same
vaccination schedule for all individuals. This paradigm assumes that the same vaccine will
elicit the same kind of antibody response in everyone, with similar levels of antibodies.
A personalized vaccinology approach could upset the practice of vaccinology with great
benefits for human health. In this research field, vaccinomics will allow us to understand
the molecular immune predispositions of antibody responses to vaccines, with the possible
development of early biomarkers of vaccine response, identify who should get vaccinated
and how and increase safety and public confidence in vaccines [28]. A personalized
vaccinology approach would suggest the development of specific vaccines based on several
factors. In some cases, it can mean merely adjusting the dose based on weight, gender,
or age. In some others, a deep study of a genetic predisposition to vaccine response is
needed. As a result, a new era of personalized and predictive vaccinology able to design
and develop new vaccines has to be reached in order to acquire the ability to give a vaccine
based on the likelihood and need of response with the number of doses likely to be needed
to induce a protective response to a vaccine [29].

This study was conducted to obtain information on the variability of antibody levels
after the primary cycle of COVID-19 vaccination with respect to various demographic,
anthropometric, behavioral, clinical and laboratory characteristics. The choice of the
cohort fell on healthcare workers (HCWs), as they are one of the categories more at risk of
contracting COVID-19 [30,31], considering the various cases of nosocomial transmission of
SARS-CoV-2, which highlight the need for healthcare workers to strictly adhere to infection
control measures in order to protect themselves and avoid transmission to hospitalized
patients and nosocomial outbreaks [32]. Therefore, it is also important to identify variables
that can influence the response of this category to vaccination.

One of the most important parameters that determine antibody response is certainly
age, which represents an important response endogenous factor to natural infections and
vaccinations. Specifically, as shown by our results and by previous scientific evidence,
a natural decrease in the antibody response can be found with increasing age due to
the physiological process of immunosenescence [13]. This process leads to a decrease in
T-cell-derived antibody production and B-lymphocyte generation with advancing age,
resulting in an often insufficient antibody response against infectious agents and following
vaccination [33]. In the elderly, vaccine responses are often lower and frequently fail to
induce long-lasting immunity, putting these individuals at risk of contracting infectious
diseases [34]. In various serological studies carried out after vaccinations (i.e., against
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influenza, hepatitis A, hepatitis B, pneumococcal, tick-borne encephalitis, tetanus and SARS-
CoV-2), it was observed that the post-vaccination antibody titer was inversely proportional
to age [35–37]. In this view, it would be essential to consider age as one of the most
important factors leading to a personalized vaccinology approach, for example, increasing
the amount of the antigen or the number of doses to perform. Actually, this approach has
already been partially followed in the development of a flu vaccine more specific for the
elderly for its higher amount of antigen (high-dose flu quadrivalent vaccine containing a
four-fold higher antigen dose compared to the other ones) [38].

Another important factor affecting the development of post-vaccine antibodies is
gender. Although no correlation emerged in this study, our previous study [39] showed an
increase in the antibody response in elderly women. In fact, it has been generally shown
that the female immune system is more reactive during the youngest age than males, with
more elevated circulating levels of antibodies following the positive influence exerted on
the humoral immune responses by genetic and hormonal causes. As it is well-known,
important genes involved in the innate and adaptive immune response to viral infections are
located on the X chromosome [40,41]. In women, the X chromosome inactivation prevents
the over-expression of X-linked genes, but some sequences, including those involved in
the regulation of the immune function, can escape this process. As a consequence, these
genes can double their expression, with predictable functional consequences represented
by a better immune response to infections in women in their lifetime. Moreover, estrogens
can enact these positive immunological effects [42,43]. Conversely, androgens would
modulate immune responses negatively by affecting both the innate and the adaptive
immune systems (immunosuppressive action) [44]. Both these aspects can explain the
differences between women and men not only in the onset of autoimmune diseases but
also in response to natural infections and vaccinations.

Even if no significant statistical difference was present between BMI and antibody
response, our results found in this parameter a factor influencing antibody response after
vaccination in terms of a decrease in antibody production with the increase of BMI. In
line with this result, BMI has been identified as one of the factors influencing post-vaccine
antibody production [45]. Moreover, it has been shown that obesity is a predisposition to
SARS-CoV-2 infection compared to individuals with a normal BMI due to an abundant
expression of the ACE2 receptor in adipose tissue [46]. Indeed, cytotoxic CD8 T-cell, CD4
T-helper, memory T-cell and antibody responses after vaccination are impaired in those
who are obese in terms of BMI [13,46]. For all these considerations, special attention could
be paid to people affected by obesity in terms of post-vaccination immune responses, trying
to adapt to the current vaccination schedules and considering these groups of people are
particularly at risk of not developing an effective immunity.

In addition, the presence of comorbidities influenced, in a negative way, the antibody
response after vaccination. This finding is very important considering that some chronic
pathologies, such as diabetes, cardiovascular diseases and autoimmune diseases, are partic-
ularly spread worldwide, especially in people of a certain age. This should be taken into
particular consideration in terms of vaccination policies because we cannot consider people
affected by comorbidities in the same way as healthy people. In this regard and in this kind
of people, a personalized vaccinology approach should be stressed and improved.

A key role in the antibody response to vaccination has been identified in lifestyles,
which influence the immune response to both natural infections and vaccinations. For
example, concerning cigarette smoking, we found an inverse correlation between immune
responses and years of smoking. Indeed, smoking has been shown to impair the overall
immune response and the ability to form memory cells, necessary for long-lasting immunity,
by causing a decrease in vaccine-induced IgG antibody levels [47,48]. In fact, many studies
have shown that smoking can affect the immune response after hepatitis B vaccinations
and flu vaccines, with a more rapid decrease in post-vaccination antibodies in smokers
compared to non-smokers [49]. In this context, it will never be enough to emphasize the
need to fight against smoking habits, especially in the youngest people, and the awareness
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of a lesser response to vaccinations and, in general, to natural infections in people who
used to smoke can represent a further and important element to make the decision to
stop smoking. Especially in heavy smokers, we can consider the need to change the
currently used vaccination schedule, i.e., increasing the number of doses, in order to obtain
a satisfying immune response.

Another very interesting finding of our study is the positive correlation found between
the antibody response to the vaccination and the moderate consumption of alcohol. In
fact, the consumption of alcoholic beverages can generally affect the immune response.
Actually, there is strong evidence that chronic alcohol abuse is associated with increased im-
munosuppression and susceptibility to both bacterial and viral infections [50]. Conversely,
moderate alcohol consumption exerts positive effects, which has been hypothesized to
enhance vaccine response [51]. This increased response to vaccination is, according to
Messaoudi et al. (2013) [52], due to an increased frequency of antigen-specific T cells and
antibodies in moderate drinkers. In fact, alcoholic beverages such as beer or wine often
contain resveratrol and/or group B vitamins. Polyphenols and particularly resveratrol
(3,4,5-trans-trihydroxy-stilbene), a phenolic compound especially present in red wine, are
natural compounds involved in maintaining health via the suppression of inflammatory
reactions by acting on the immune cells [53,54]. They contribute to modulating innate and
adaptive immunity stimulating the activation of macrophages, T cells and Natural Killer
cells and cooperating in the inhibitory regulation of CD4+ CD25+ T cells [55]. In addi-
tion, group B vitamins represent essential micronutrients for a number of metabolic and
regulatory processes; for example, they play an essential role in immune regulation [56].

Finally, a key role in the antibody response to vaccination has also been identified in
vitamin D levels, a steroid hormone whose activity is mediated by the nuclear vitamin
D receptors (VDRs) that, after activation and dimerization following the link with the
vitamin, translocates to the nucleus to link the vitamin D receptor element (VDRE), a
genetic element that regulates the expression of several host genes, some of them involved
in immune responses like beta-defensin, which can directly split the outer viral membrane,
and cathelicidins, which is involved in the activation of macrophages, dendritic cells and
neutrophils [57,58]. Furthermore, vitamin D levels can affect the expression of toll-like
receptors (TLRs), a class of proteins that play a key role in the innate immune system as they
recognize pathogenic proteins, and of lysosomal enzymes also favoring the release of nitric
oxide, both of which are implicated in the antimicrobial responses [59–61]. In addition,
vitamin D affects T cell maturation shifting inflammatory versus anti-inflammatory re-
sponses decreasing the T helper type 17 (Th17) cell mass and increasing anti-inflammatory
regulatory T cell (T-reg cell) populations. Therefore, vitamin D is able to reduce the levels
of pro-inflammatory cytokines (IL-1, IL-6, IL-12, TNF alpha and IL-17) and increase the
anti-inflammatory IL-10 [18,59,62]. All the above is perfectly in line with our results that
found a strong positive correlation between antibody response to the COVID-19 vaccination
and vitamin D levels, as also shown by the multivariate regression analysis that highlighted
the leading role played by this vitamin in the protection against COVID-19 infection. In
addition, Sadarangani et al. [16] reviewed some in vivo studies involving adult mice sub-
cutaneously or intramuscularly vaccinated with inactivated vaccine co-administered with
1,25-(OH)2D3 and demonstrating the production of antigen-specific mucosal immunity
(IgA and IgG antibodies), as well as enhanced systemic immune responses. The studies
involved the inactivated polio vaccine (IPV), Haemophilus influenzae type b oligosaccharide
conjugated to diphtheria toxoid vaccine and hepatitis B surface antigen (HBsAg). For all
these reasons, it is reasonable to think that vitamin D supplements can play a crucial role in
preventing respiratory infections, especially in people highly deficient in this metabolite,
and in increasing immune responses after vaccinations [63]. Moreover, it appears of crucial
importance to consider the impact of vitamin D and/or the VDR and vitamin D pathway
gene polymorphisms on the immune response to vaccines in light of increasingly studied
and pursued personalized vaccinology.
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5. Conclusions

Our study showed that a number of variables are involved in the COVID-19 vaccine
antibody response, some of them in a positive way and others in a negative way. Specifi-
cally, the antibody response after the primary cycle of mRNA COVID-19 vaccination was
inversely related to old age, increased BMI and the number of smoking years, while a
positive correlation was found with moderate alcohol consumption and especially with
circulating levels of vitamin D. These findings are very important and can be considered in
the light of a future and personalized vaccinology that can allow us to predict the efficacy
of vaccination in a very accurate way in different groups of people depending on their
demographic, anthropometric, clinical and laboratory parameters. These results could
allow reaching higher vaccination coverage rates through increasing public confidence in
vaccines following the improvement of their immunogenicity and the reduction of adverse
event rates, with a reduction or elimination in the morbidity and mortality related to
vaccine-preventable diseases.

Author Contributions: Conceptualization, A.F., G.V., and A.D.P.; methodology, A.F., G.V., and A.L.;
formal analysis, G.V. and A.D.P.; resources, D.L.G., S.C., D.C., and A.T.; writing—original draft
preparation, A.F., G.V., and A.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the MESSINA UNIVERSITY HOSPITAL “G.
MARTINO” (protocol code XXX and date of approval).” for studies involving humans. OR “The
animal study protocol was approved by the Institutional Review Board (or Ethics Committee) of
NAME OF INSTITUTE (protocol code 1860 of 05/10/2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data in this study have been included in the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization (WHO). WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/

(accessed on 20 June 2022).
2. Facciolà, A.; Laganà, P.; Caruso, G. The COVID-19 pandemic and its implications on the environment. Environ. Res. 2021, 201, 111648.

[CrossRef] [PubMed]
3. World Health Organization (WHO). DRAFT Landscape of COVID-19. Available online: https://www.who.int/publications/m/

item/draft-landscape-of-covid-19-candidate-vaccines (accessed on 24 May 2022).
4. Zhou, P.; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R.; Zhu, Y.; Li, B.; Huang, C.L.; et al. A pneumonia outbreak

associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270–273. [CrossRef] [PubMed]
5. Chavda, V.P.; Soni, S.; Vora, L.K.; Soni, S.; Khadela, A.; Ajabiya, J. mRNA-Based Vaccines and Therapeutics for COVID-19 and

Future Pandemics. Vaccines 2022, 10, 2150. [CrossRef] [PubMed]
6. Cohen, J. “Absolutely Remarkable”: No One Who Got Moderna’s Vaccine in Trial Developed Severe COVID-19. Available on-

line: https://www.sciencemag.org/news/2020/11/absolutely-remarkable-no-one-who-got-modernas-vaccine-trial-developed-
severe-covid-19 (accessed on 20 June 2022).

7. World Health Organization (WHO). Immunization. Available online: https://www.who.int/news-room/facts-in-pictures/
detail/immunization#:~{}:text=Immunization%20prevents%20deaths%20every%20year,cost%2Deffective%20public%20
health%20interventions (accessed on 16 March 2022).

8. Walsh, E.E.; Frenck, R.W., Jr.; Falsey, A.R.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Neuzil, K.; Mulligan, M.J.; Bailey,
R.; et al. Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N. Engl. J. Med. 2020, 383, 2439–2450.
[CrossRef]

9. Jackson, L.A.; Anderson, E.J.; Rouphael, N.G.; Roberts, P.C.; Makhene, M.; Coler, R.N.; McCullough, M.P.; Chappell, J.D.; Denison,
M.R.; Stevens, L.J.; et al. mRNA-1273 Study Group. An mRNA Vaccine against SARS-CoV-2—Preliminary Report. N. Engl. J.
Med. 2020, 383, 1920–1931. [CrossRef]

https://covid19.who.int/
http://doi.org/10.1016/j.envres.2021.111648
http://www.ncbi.nlm.nih.gov/pubmed/34242676
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
http://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://doi.org/10.3390/vaccines10122150
http://www.ncbi.nlm.nih.gov/pubmed/36560560
https://www.sciencemag.org/news/2020/11/absolutely-remarkable-no-one-who-got-modernas-vaccine-trial-developed-severe-covid-19
https://www.sciencemag.org/news/2020/11/absolutely-remarkable-no-one-who-got-modernas-vaccine-trial-developed-severe-covid-19
https://www.who.int/news-room/facts-in-pictures/detail/immunization#:~{}:text=Immunization%20prevents%20deaths%20every%20year,cost%2Deffective%20public%20health%20interventions
https://www.who.int/news-room/facts-in-pictures/detail/immunization#:~{}:text=Immunization%20prevents%20deaths%20every%20year,cost%2Deffective%20public%20health%20interventions
https://www.who.int/news-room/facts-in-pictures/detail/immunization#:~{}:text=Immunization%20prevents%20deaths%20every%20year,cost%2Deffective%20public%20health%20interventions
http://doi.org/10.1056/NEJMoa2027906
http://doi.org/10.1056/NEJMoa2022483


Vaccines 2023, 11, 217 12 of 14

10. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.;
et al. C4591001 Clinical Trial Group. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 2020, 383,
2603–2615. [CrossRef]

11. Olliaro, P.; Torreele, E.; Vaillant, M. COVID-19 vaccine efficacy and effectiveness-the elephant (not) in the room. Lancet Microbe
2021, 2, e279–e280. [CrossRef]

12. Lin, D.Y.; Gu, Y.; Wheeler, B.; Young, H.; Holloway, S.; Sunny, S.K.; Moore, Z.; Zeng, D. Effectiveness of Covid-19 Vaccines over a
9-Month Period in North Carolina. N. Engl. J. Med. 2022, 386, 933–941. [CrossRef]

13. Zimmermann, P.; Curtis, N. Factors That Influence the Immune Response to Vaccination. Clin. Microbiol. Rev. 2019, 32, e00084-18.
[CrossRef]

14. Gordon, A.; Reingold, A. The burden of influenza: A complex problem. Curr. Epidemiol. Rep. 2018, 5, 1–9. [CrossRef]
15. Kumru, S.; Godekmerdan, A.; Yilmaz, B. Immune effects of surgical menopause and estrogen replacement therapy in peri-

menopausal women. J. Reprod. Immunol. 2004, 63, 31–38. [CrossRef] [PubMed]
16. Sadarangani, S.P.; Whitaker, J.A.; Poland, G.A. “Let there be light”: The role of vitamin D in the immune response to vaccines.

Expert Rev. Vaccines 2015, 14, 1427–1440. [CrossRef] [PubMed]
17. Ismailova, A.; White, J.H. Vitamin D, infections and immunity. Rev. Endocr. Metab. Disord. 2022, 23, 265–277. [CrossRef]
18. Azrielant, S.; Shoenfeld, Y. Vitamin D and the immune system. Isr. Med. Assoc. J. 2017, 19, 510–511.
19. Holick, M.F. Vitamin D: A millenium perspective. J. Cell. Biochem. 2003, 88, 296–307. [CrossRef] [PubMed]
20. Sawicki, C.M.; Van Rompay, M.I.; Au, L.E.; Gordon, C.M.; Sacheck, J.M. Sun-Exposed Skin Color Is Associated with Changes in

Serum 25-Hydroxyvitamin D in Racially/Ethnically Diverse Children. J. Nutr. 2016, 146, 751–757. [CrossRef] [PubMed]
21. Mitchell, F. Vitamin-D and COVID-19: Do deficient risk a poorer outcome? Lancet Diabetes Endocrinol. 2020, 8, 570. [CrossRef]
22. Amrein, K.; Scherkl, M.; Hoffmann, M.; Neuwersch-Sommeregger, S.; Köstenberger, M.; Tmava Berisha, A.; Martucci, G.; Pilz, S.;

Malle, O. Vitamin D deficiency 20: An update on the current status worldwide. Eur. J. Clin. Nutr. 2020, 74, 1498–1513.
23. Farahati, J.; Nagarajah, J.; Gilman, E.; Mahjoob, S.; Zohreh, M.; Rosenbaum-Krumme, S.; Bockisch, A.; Zakavi, S.R. Ethnicity, Clothing

Style, and Body Mass Index are Significant Predictors of Vitamin D Insufficiency in Germany. Endocr. Pract. 2015, 21, 122–127.
[CrossRef]

24. Ministero Della Salute, Passi—Progressi Delle Aziende Sanitarie Per la Salute in Italia. 2022. Available online: https://www.
salute.gov.it/portale/temi/p2_6.jsp?lingua=&id=2953&area=stiliVita&menu=sorveglianza (accessed on 24 September 2022).

25. Currò, M.; Visalli, G.; Pellicanò, G.F.; Ferlazzo, N.; Costanzo, M.G.; D’Andrea, F.; Caccamo, D.; Nunnari, G.; Ientile, R. Vitamin D
Status Modulates Inflammatory Response in HIV+ Subjects: Evidence for Involvement of Autophagy and TG2 Expression in
PBMC. Int. J. Mol. Sci. 2020, 21, 7558. [CrossRef]

26. World Health Organization (WHO). A Healthy Lifestyle—WHO Recommendations. Available online: www.who.int/europe/
news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations (accessed on 10 October 2022).

27. Istituto Superiore di Sanità (ISS). Vitamina D. 2022. Available online: www.issalute.it/index.php/la-salute-dalla-a-alla-z-menu/
v/vitamina-d#livelli-ottimali-di-vitamina-d-nell\T1\textquoterightorganismo-quali-sono-e-come-si-misurano (accessed on 24
November 2022).
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