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ABSTRACT

Viral respiratory infections in older adults tend to be more severe and linked to increased mortality. Factors such as lung
aging and changes in its structure and function; aging of the immune system and decrease in its function with age; and
inflammaging, the accumulation of senescent cells with age with senescence-associated secretory phenotype (SASP) (is a
secretory profile that includes the secretion of inflammatory cytokines, growth factors, chemokines, and matrix-metallopro-
teinases) leads to an increase in the susceptibility and vulnerability of older adults to respiratory infections. Malnutrition and
micronutrient deficiencies, including rising rates of vitamin D deficiency, can also exacerbate respiratory infections in older
adults. Vitamin D plays a role in maintaining epithelial integrity and has anti-inflammatory properties. Vitamin D enhances
innate immune responses and suppresses adaptive immune responses, thereby restoring the immune system to homeostasis.
Vitamin D deficiency is associated with microbiota dysbiosis and inflammation, and higher vitamin D levels are associated
with greater abundance of beneficial, protective microbiota against respiratory infections. A more profound comprehension
of the advantageous impacts of vitamin D in respiratory viral infections, particularly the relationship between vitamin D and
the microbiota, will provide new perspectives on the importance of vitamin D assessment and standardization.

1| Introduction

Viral respiratory infections remain a major public health prob-
lem and a leading cause of death, especially in the elderly [1].
Aging is associated with increased susceptibility to respiratory
infections and more severe clinical outcomes [2]. Age-related
changes in host biology, such as altered lung structure and func-
tion, impaired immune regulation, and chronic inflammation,
contribute to the increased vulnerability of the elderly to respi-
ratory infections [2]. As a result, the elderly exhibit more severe
clinical manifestations and outcomes during viral respiratory
infections such as influenza, COVID-19, and RSV9 [1].

Several factors influence the severity and outcome of viral in-
fections of the airways in older people. Among these factors,
nutritional status and the composition of the microbial popu-
lation were identified as determinants of immune system and
respiratory health [3]. Vitamin D is a known immunomodu-
latory molecule [4]. Vitamin D affects the innate and adap-
tive immune systems [5]. It has anti-inflammatory activity
and is involved in the regulation of inflammatory responses
[3]. Vitamin D also helps maintain the integrity of the epithe-
lial barrier in the airways [4]. Vitamin D is involved in the
expression of antimicrobial peptides [5]. As regards the mi-
crobial community, the role of the microbial community in
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respiratory maturation and respiratory tract health is also
well known. Microbiota are known to be part of the structure
of the mucous membranes of the body and play a protective
role against viral respiratory infections [3]. Furthermore, the
microbiota play a role in the development of the immune sys-
tem and in immune system training [3].

There is increasing evidence that vitamin D and the microbi-
ota are functionally interconnected and, in some cases, have
synergistic roles [6]. Both vitamin D and the microbiota play
a role in the integrity of epithelial barriers and the mainte-
nance of immune homeostasis. Vitamin D influences the mi-
crobiota population through its effects on epithelial barriers,
the production of antimicrobial peptides [5], and microbiota
metabolites that can activate vitamin D receptor (VDR) sig-
naling [5]. Aging is often associated with vitamin D deficiency
and microbiota dysbiosis [6, 7], both of which are linked to
inflammation [5, 8] and can synergistically impair antiviral
immunity and exacerbate inflammation during viral infec-
tions. There is a substantial body of evidence supporting the
independent roles of vitamin D and the microbiota in immune
function and viral respiratory infections. However, their bidi-
rectional interaction in the context of aging and viral respira-
tory infections has received less attention.

The purpose of this narrative review is to examine how changes
in the vitamin D status and composition of the gut flora, as
well as their interactions, affect the immune response, severity
and outcome of respiratory viral infections in elderly adults. In
addition, the clinical implications of these interactions for the
prevention and treatment of respiratory viral infections in older
people are discussed.

2 | Methods

This narrative review examined how vitamin D and the microbi-
ota influence the severity of viral respiratory infections in older
adults. Databases including PubMed, Scopus, Web of Science,
and Google Scholar were searched for eligible articles for this re-
view up to July 2026 using the following keywords and Boolean
operators: (“Viral respiratory infection” OR “Respiratory vi-
ruses” OR “Influenza” OR “COVID-19” OR SARS-CoV-2 OR
“Respiratory Syncytial Virus” OR “RSV”) AND (“Vitamin D”
OR “calcitriol” OR “Vitamin D supplements” OR “25(0OH)D” OR
“1,25(0H)2 D”) AND (“Aging” OR “Elderly” OR “Older adults”
OR “Geriatric”) AND (“Microbiota” OR “Microbiome” OR
“Dysbiosis”) AND (“Immune aging” OR “Immunosenescence”).

Inclusion criteria focused on relevant English-language full-text
articles, randomized controlled trials (RCTs), and prospective
cohort studies that investigated the effects of vitamin D and
the microbiota on the severity of respiratory infections in older
adults. Exclusion criteria applied were studies in non-English
languages, articles submitted as preprints, letters to the editor,
conference abstracts, and articles without full text.

Articles were screened in two stages of title and abstract re-
view for relevance, followed by full-text assessment. Also, the
reference lists of the retrieved eligible articles were manually
screened to identify additional relevant publications.

This review attempts to synthesize the available scientific evi-
dence on the impact of vitamin D and the gut microbiota, and
their relationship, on the severity and outcomes of viral respira-
tory infections in older adults.

3 | The Aging Host

Biological aging is a key factor in increased susceptibility to in-
fections, including viral respiratory infections, due to the decline
in the function of various body systems, such as the immune sys-
tem [1]. Factors such as the aging of the lungs and alterations in
their structure and function, including reduced lung elasticity,
diminished capacity for repair and regeneration, and decreased
mucociliary clearance, result in a lowered ability of the lungs to
combat infections [9] [Part B].

The aging of the immune system (immunosenescence) and its
functional decline with age manifest in several aspects [7], in-
cluding thymic atrophy, increased fat tissue in the bone marrow,
fibrosis in lymph nodes, reduced quantity and size of germinal
centers, fewer naive B and T cells [10], a rise in Tregs, dimin-
ished phagocytic capacity of macrophages, impaired responses
to Type 1 interferons [11], an increase in the number of nonfunc-
tioning memory cells [10, 12], and a higher incidence of chronic
infections like CMV followed by T cell fatigue [13], all contribut-
ing to a reduced ability of the immune system to combat infec-
tious agents [7].

In addition to immunosenescence, the presence of a low-grade
sterile inflammatory state (inflammaging) [14] negatively in-
fluences the immune response. The increase in the number of
senescent cells with aging, with the SASP phenotype (senes-
cence-associated secretory phenotype) (accumulation of senes-
cent cells in the lung and secretion of inflammatory factors and
creation of an inflammatory environment in the lung) [15, 16],
is another factor that contributes to the increased severity of re-
spiratory diseases in older adults.

Immunosenescence also affects pulmonary immunity [12]: The
function of alveolar macrophages in clearing pathogens and
dead cells is reduced [10, 12]. The phagocytic activity of muco-
sal dendritic cells decreases, and the migration to the draining
lymph nodes for priming adaptive immune responses is im-
paired [12, 17]. The phagocytic activity of neutrophils is also
reduced, and neutrophils accumulate in large numbers in aged
lungs, persist for long periods, and may lead to tissue damage
[12, 16]. There are also immunosenescence effects on T and B
cells. In addition, immunosenescence leads to delayed repair re-
sponses during lung involvement, delaying recovery from respi-
ratory disease in older adults [14].

The increasing incidence of comorbidities, along with a decrease
in average body temperature, is associated with aging and has
increased the susceptibility and vulnerability of older adults to
respiratory infections [11]. Many RNA viruses replicate poorly
or not at all at elevated or feverish temperatures [18].

The composition and function of the microbiota change with
age [19]. In older adults, the abundance of beneficial bacteria
decreases, whereas the abundance of pathogens and bacteria
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with inflammatory properties increases [7]. For example, the
abundance of Bifidobacterium and Acremancy decreases in
older adults, whereas the abundance of Enterococcus and
Streptococcus increases [19]. Also, the abundance of bacteria
that produce short-chain fatty acids (SCFAs) decreases with age.
SCFAs are products of the fermentation of dietary fibers in the
gut by microbiota and have anti-inflammatory and immuno-
modulatory properties. In general, older adults frequently ex-
perience dysbiosis, or detrimental alterations in the microbiota
population. Increased inflammation, poor immune homeostasis
regulation, and a reduction in the synthesis of anti-inflamma-
tory metabolites are all linked to age-related dysbiosis, which
may make older adults more vulnerable to respiratory viral
infections. In addition, the phenomenon of leaky gut has been
reported in the elderly [7]. Increased intestinal permeability
makes it possible for antigens and microbial products to pass
through the intestinal-epithelial barrier and cause inflamma-
tory reactions. Continuous exposure of the immune system to
these microbial components may contribute to chronic immune
activation and the development of inflammaging. Over time,
these processes may disrupt immune homeostasis and impair
immune function, ultimately influencing antiviral immune
responses and increasing the severity of respiratory viral infec-
tions in older adults.

The lung microbiota in the elderly has not been investigated
because it is challenging to sample the lower respiratory tract
[12]. Nonetheless, several studies have compared the microbiota
of the upper respiratory tract in younger and older individuals.
Findings suggest that the composition and relative abundance of
the upper respiratory tract microbiota differ between older and
younger individuals [20]. The respiratory tract microbiota in
older individuals appears to be less stable, which may be related
to the susceptibility to respiratory diseases in the elderly [12].
In animal studies, in aged mice, the composition of the upper
respiratory tract microbiota did not return to its initial state even

several weeks after infection, indicating a decrease in the resil-
ience of the microbiota during aging [21].

Taken together, changes in microbial communities in older
adults, including changes in the composition and abundance
of microbiota, reduction of beneficial bacteria, lower resil-
ience, lower stability, and lower diversity, may affect immune
responses and the severity of viral respiratory infections in the
elderly.

In addition to the aforementioned factors, nutrition and micro-
nutrient status—particularly vitamin D levels—significantly
influence the severity of respiratory infections [22, 23]. The risk
of vitamin D deficiency increases significantly with age. This
trend is exacerbated by factors such as malnutrition associated
with aging, decreased sun exposure due to increased time spent
indoors, and a decline in the skin's ability to synthesize vitamin
D, driven by lower concentrations of 7-dehydrocholesterol in the
skin [12]. Vitamin D deficiency can lead to reduced immune tol-
erance and abnormal immune responses [5]. All the mentioned
factors that lead to an increase in the morbidity and mortality of
viral respiratory diseases in older adults are shown in Figure 1.

4 | Vitamin D as a Key Modulator

The precursors of vitamin D are vitamins D3 (cholecalcif-
erol) and D2 (ergocalciferol) [24]. These precursors may be
synthesized in the skin or obtained from the diet, and then
converted in the liver by cytochrome P450 to 25-hydroxyvita-
min D (25(OH)D), its detectable and circulating form. In the
kidney, 25(0OH)D is converted to 1,25-dihydroxy vitamin D
(1,25(0OH)2D) or calcitriol, the active form of vitamin D [24, 25].
Vitamin D (1,25(0OH)2D) can bind to the VDR and lead to the
activation of vitamin D signaling [4, 24]. Vitamin D-metaboliz-
ing enzymes, including CYP27B1 and the VDR, were also iden-
tified in lung epithelial cells and immune cells, supporting the
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FIGURE1 | Several factors lead to an increase in the morbidity and mortality of viral respiratory diseases in older adults.
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association of vitamin D with respiratory infections, including
viral infections [24].

Vitamin D has a complex function in the regulation of the im-
mune system [26]. The VDR is present in most cells of the im-
mune system [27]. This widespread expression indicates a direct
effect of vitamin D on immune activity [28]. Vitamin D has
anti-inflammatory effects [8] by suppressing NF-xB, a critical
mediator of the inflammatory process. Vitamin D controls the
overproduction of proinflammatory cytokines and increases the
release of anti-inflammatory cytokines such as interleukin-4,
-5, and -10, as well as promoting the expansion of regulatory T
cells [8, 28]. By reducing inflammation, vitamin D also limits
the immunopathology in the response to an infection [29]. The
activation of VDR also suppresses the differentiation of TH1 and
TH17 cells, thereby further helping maintain immune homeo-
stasis [30].

The innate immune system serves as the primary barrier against
pathogens, including respiratory viruses [31]. Innate immunity
utilizes pattern recognition receptors (PRRs) to identify com-
mon structures of pathogens, known as pathogen-associated
molecular patterns (PAMPs) [32]. Vitamin D boosts the innate
immune system by elevating the expression of PRRs, improv-
ing pathogen detection [33]. Upon PRRS detection of a patho-
gen, immune cells initiate vitamin D metabolism. In fact, the
metabolism of vitamin D in macrophages is linked to pathogen
detection, which makes it a crucial component of the innate im-
mune system. For instance, the binding of ligands to the TLR2/1
heterodimer in macrophages has been shown to enhance the ex-
pression of CYP27B1, an enzyme that catalyzes the conversion
of 25(0H)D to 1,25(0H)2D [33].

The 1,25(0OH)2D-VDR complex binds to vitamin D response el-
ements (VDRES) of the cathelicidin gene promoter to enhance
cathelicidin transcription [34]. Beside its antimicrobial role,
cathelicidin performs additional functions, including the in-
duction of various proinflammatory cytokines, the stimulation
of chemotaxis of neutrophils, monocytes, macrophages, and T
cells to the site of infection, and the facilitation of respiratory
pathogen clearance by triggering apoptosis and autophagy in
infected epithelial cells [34]. The active form of cathelicidin is
LL-37 [27]. Antiviral properties of LL-37 have been reported
against several viral infections: LL-37 can bind to the influenza
virus and destroy its membrane [28], LL-37 binds to the spike
protein (S-protein) and prevents the attachment of COVID-19 to
ACE2 and the entry of the virus, also by binding to viral dsRNA,
LL-37 facilitates dsRNA recognition by TLR3 and thus elicits
antiviral responses [28].

Considering the extensive expression of TLRs across different
cell types and their capacity to react to multiple pathogens, it is
feasible that additional TLRs or PRRs enhance extrarenal-renal
expression of CYP27B1, and that 1,25(0H)2D generated locally
in immune cells might exert wider influences on the immune
response [33].

In the context of adaptive immunity, the activation of T- and
B-cells results in the upregulation of the VDR, which facilitates
alterations in the expression of more than 500 genes related

to vitamin D, emphasizing its comprehensive role in immune
function [35].

Vitamin D has the immunomodulatory effects mentioned
above, and therefore influences the immune response to viral
respiratory infections. It enhances the innate immune system
and balances adaptive immunity [36, 37]. In addition to its ef-
fects on the immune system, vitamin D influences the cellular
antioxidant system [38]. Supplementing with vitamin D can in-
fluence the expression of genes associated with antioxidant re-
sponses and reduce oxidative stress-induced cellular damage in
the context of respiratory infections [29]. Vitamin D plays a role
in maintaining the integrity of the intestinal and lung epithelia
[25, 29]: Vitamin D signaling increases the expression of tight
junction proteins, strengthening the function of epithelial bar-
riers [25, 30].

Viral respiratory infections represent a significant public health
issue that imposes a substantial burden on healthcare systems
[39]. These infections frequently correlate with more serious
consequences in older adults [40]. In recent years, particularly
during the COVID-19 pandemic, greater focus has been placed
on the importance of micronutrients in combating respiratory
infections, such as vitamin D [40]. Several studies have demon-
strated the potential protective benefits of vitamin D against
viral respiratory infections [41, 42].

Respiratory syncytial virus (RSV) is typically associated with
serious illness in young children and older adults, whereas in
healthy individuals (adults and children), it typically causes a
common cold [43]. A study has demonstrated the positive effects
of vitamin D on RSV [44]. The study indicated that vitamin D de-
ficiency in the cord blood of healthy infants was associated with
a higher risk of RSV-related lower respiratory tract infections
(LRTI) during their first year. Regular vitamin D supplementa-
tion during pregnancy is suggested as an effective approach to
prevent RSV-related LRTI in infants [44].

In primary human tracheobronchial epithelial cells exposed
to 1,25(0H)2D prior to RSV infection, the levels of the NF-xB
inhibitor IxBa were elevated—the rise in IxBa levels results in
the deactivation of NF-xB. Consequently, vitamin D inhibits
the activation of NF-xB-driven secretion of IFN-3 and CXCL10
by RSV [33, 45]. Another study showed a connection between
specific single-nucleotide polymorphisms (SNPs) in the VDR
and genetic vulnerability to RSV bronchiolitis [46]. Despite the
aforementioned studies indicating potential protective benefits
of vitamin D against RSV, further epidemiological research and
clinical trials are required to explore the impact of vitamin D on
RSV in older adults.

Influenza is a respiratory illness linked to significant morbidity
and mortality each year and can lead to serious outcomes in pop-
ulations like children, pregnant women, and older adults [47].

A study involving school-age children has demonstrated that vi-
tamin D3 supplementation in winter might reduce the incidence
of influenza A [48].

The SARS-CoV-2 virus, which causes COVID-19, is a respira-
tory virus that has caused a pandemic in recent years [49]. Age
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was a major factor in the increased severity of the disease, and
older adults were among the groups at highest risk of COVID-19
infection [50, 51]. Research findings indicated a connection be-
tween vitamin D deficiency and the severity of COVID-19 infec-
tions [52]. The research suggested that vitamin D supplements
be given to hospitalized COVID-19 patients to improve clinical
outcomes [52]. Findings from a cohort study of patients aged
65 and older with COVID-19 indicated that those with vitamin
D deficiency may experience poorer clinical outcomes [53]. A
cross-sectional study found that most hospitalized patients with
COVID-19 or influenza A had vitamin D deficiency, which was
associated with the severity of the illness. These results under-
score the need for further research to determine whether vita-
min D deficiency contributes to the progression of the illness to
a more severe stage [54].

In infections such as influenza and COVID-19, dysregulated im-
mune responses and heightened inflammation contribute to dis-
ease development and tissue injury [55, 56]; vitamin D has been
suggested to help protect by reducing inflammation, thereby
minimizing inflammation-related tissue damage [4, 10, 28, 29].
Vitamin D may reduce the likelihood of a cytokine storm, which
is linked to tissue damage in influenza and COVID-19 [4, 55].
Vitamin D may decrease the synthesis of proinflammatory cy-
tokines such as tumor necrosis factor « and interferon y [29, 56].
Vitamin D supplementation lowers the levels of proinflamma-
tory cytokines and boosts the levels of anti-inflammatory cyto-
kines produced by macrophages [29].

The relationship between vitamin D levels and the severity of
respiratory viral infections is not yet fully understood. Although
mechanistic studies suggest a protective effect of vitamin D
against respiratory infections, observational studies have also
shown an association between low vitamin D status and adverse
respiratory outcomes; these results do not necessarily prove a
causal relationship. Furthermore, results from clinical trials in-
vestigating the effects of vitamin D supplementation have been
mixed [57, 58], with some showing no significant effect on re-
spiratory infections [59]. Therefore, the potential protective ben-
efits of vitamin D identified in mechanistic and observational
studies cannot be directly translated into clinical benefits of
supplementation.

Overall, vitamin D exerts multiple effects on the immune sys-
tem by modulating innate and adaptive immunity, regulating
the production of antimicrobial peptides, maintaining epithelial
barrier integrity, and regulating inflammatory responses. These
immunomodulatory properties may contribute to antiviral
immune responses, protection against viral respiratory infec-
tions and reduction of inflammation-mediated tissue damage.
Finally, the modulatory effects of vitamin D extend beyond the
host immune system and involve complex bidirectional interac-
tions with the microbiota.

5 | Microbiota as a Key Modulator

The microbiota is a dynamic and complex population of microor-
ganisms that settles in different parts of the body from birth [40].
The majority of microbiota are located in the gut, but they also
exist in other parts of the body, such as the skin, reproductive

system, and lungs [4, 49]. The dominant bacterial phyla in the
lungs are similar to the gut, mainly Firmicutes and Bacteroidetes,
followed by Proteobacteria and Actinobacteria [60].

Microbiota play a role in health and disease [57]. Microbiota are
placed on the mucous surfaces of the body and prevent the estab-
lishment of pathogens and the overgrowth of pathogens through
pathogen colonization resistance [58]. Microbiota are involved
in energy metabolism and the production of vitamins B and K
[61]. This dynamic ecosystem affects many immune responses
and metabolic pathways in humans. Many immune-mediated
diseases, metabolic diseases, and cancers are associated with
microbiota dysbiosis [5, 62].

Microbiota play a role in the development and training of the
immune system, and from the time of birth, the microbiota and
the immune system grow and evolve in parallel [63]. Microbiota
metabolites can affect the differentiation and function of im-
mune system cells [64]. Many of the receptors for these metabo-
lites (SCFAs, tryptophan metabolites, and secondary bile acids)
are located on immune system cells [65]. In general, microbiota
metabolites have anti-inflammatory properties and increase the
differentiation and function of immunosuppressive cells [63].
They also inhibit inflammatory cells and thus contribute to im-
mune homeostasis [64].

There is emerging evidence that the microbiota is also involved
in the induction of trained immunity at mucosal surfaces [3].
Although adaptive immune memory is antigen-specific, me-
diated by B and T lymphocytes, and is responsible for the
long-lasting immunological memory seen after infections,
trained immunity is mediated through epigenetic and metabolic
reprogramming of innate immune cells after exposure to micro-
bial-associated molecular patterns (MAMPs) such as lipopoly-
saccharide and other microbial components that are recognized
by PRRs expressed on innate immune cells and stimulate intra-
cellular signaling pathways that lead to metabolic changes and
epigenetic remodeling, resulting in long-lasting metabolic and
epigenetic changes that increase the ability of innate immune
cells to respond more quickly and robustly to subsequent micro-
bial or viral challenges [3, 66]. Trained immunity plays a role in
mucosal immune homeostasis and antiviral defense in barrier
tissues.

Germ-free mice have an underdeveloped immune system [67],
which is evidence of the role of the microbiota in the formation
of the immune system. Interferons are one of the important
components of the immune system in the context of viral re-
spiratory infections [68]. Interferons are the components of the
innate immune system that control viral respiratory infections,
and microbiotas are one of the main factors regulating inter-
feron production and homeostasis of interferon responses [69].
Even without infection, there is always a basal level of interferon
in the body, and the microbiota are the main factors in the pro-
duction of interferons (presentation of PAMPs and activation of
TLRs) in infection-naive conditions, which ensures that in case
of infection, antiviral responses are formed in time [69].

The microbiota influences both local and systemic immune re-
sponses [63]. The lung microbiota also influences local lung im-
munity and homeostasis [70]. Colonization of the microbiota in

50f 12

85U80|7 SUOWIWOD 8A 11810 3|ealjdde au Aq pausenob aJe Sajoie VO ‘8sN Jo S8 I0j Aeud18UlUQ 4B UO (SUONIPUOD-PUe-SWLBYW0D" A3 1M ARe.d [l |uo//SdnL) SUORIPUOD Pue SWie | 8u1 885 *[9202/60/2T] U0 Akeiqiaulluo |1 ‘/8TT8S8/HIWA/SSTT OT/I0pA0D A8 |IM AleIq Ul Uoy//:Stny WOy papeojumod ‘T ‘9202 ‘852



the lungs signals the maturation of lung immune cells [70, 71].
In addition to shaping the local tissue immune system, the
microbiota influences the systemic immune system [60, 64].
Because their metabolites can enter the bloodstream and affect
immune cells in distant locations [60]. Consequently, any factor
affecting the composition of the microbiota results in alterations
in immune responses to pathogens.

Although most studies have examined the relationship between
vitamin D and the gut microbiota, these effects may extend to
the lungs as well [72]. The influence of the gut microbiota on the
respiratory system can be mediated by the gut-lung axis (GLA),
through the bidirectional communication between the gut and
the lungs, where the microbiota in each organ can influence
the other and impact respiratory health [73]. Changes in the
composition of the gut microbiota and their metabolites affect
lung health and lung diseases [74], just as respiratory infections
can alter the composition of the gut microbiota by inducing sys-
temic inflammation, migration of immune cells, modulation
of mucosal immunity, changes in gut barrier integrity and in-
terestingly by inducing inappetence that changes eating habits
then influences the gut microbiome and its metabolic processes
[73, 75]. Communication along the GLA is done in several ways
[12]: (i) transfer of microbiota between two organs, (ii) traffick-
ing of immune cells between the two organs, and (iii) transfer
of microbial metabolites and signaling molecules between the
lungs and intestines; in this way, microbiota metabolites, in-
cluding SCFAs, enter the blood circulation and can affect the
immune system in distant areas (such as the lung). For example,
SCFAs produced in the gut are involved in pulmonary defense
responses. SCFAs, which are products of the fermentation of di-
etary fibers by the microbiota in the gut, play a pivotal role in
regulating the immune system. SCFAs play an important role
in controlling excessive inflammation in respiratory pathologies
and viral respiratory infections, such as influenza and COVID-
19, by promoting regulatory T cell expansion, suppressing in-
flammatory T helper 17 cells, and restoring a Treg/Th17 balance
[74]. In addition to bacterial body components, other microbi-
ota metabolites and immune signals move between these two
organs (lung and gut) through the bloodstream. The connec-
tion between the gut and the lungs, two anatomically separate
organs, is regulated by blood flow and the lymphatic system
[12, 76]. In fact, the intestinal microbiota and their metabolites
affect pulmonary immunity through the GLA [360]. For exam-
ple, animal studies have shown that antibiotic treatment in mice
leads to a decrease in immune responses against influenza [60].
On the other hand, lung inflammation affects the intestinal mi-
crobiota and indicates the two-way communication between the
lung and intestine via the GLA [75, 77].

In fact, GLA is a dynamic dialogue between the lung and gut
microbiota that shapes immune responses and affects the patho-
genesis of respiratory diseases [60]. On the other hand, it seems
that the lines of communication between the intestine and the
lung (GLA) may increase due to the dysfunction of the epithelial
barriers (both organs) in the elderly (enhanced GLA; in other
words, the connection along the GLA increases with age) [12].

In many studies, the relationship between the microbiota and
respiratory infections has been investigated [78]. One article
discusses the connection between respiratory microbiota and

the severity of COVID-19 illness. The research indicated that
COVID-19 patients had a higher Firmicutes-to-Bacteroides
ratio. A higher frequency of Firmicutes and a lower frequency
of Bacteroidetes were observed in patients with severe and fatal
COVID-19 [78].

Changes in the frequency and composition of lung microbiota
communities (lung microbiota dysbiosis) may lead to alterations
in the host's immune response, increased inflammation, and
the development of lung damage [79]. Another study's findings
indicate that the lung microbiota is associated with the ARDS
outcomes in COVID-19 patients (either resolving or nonresolv-

ing) [80].

In other studies, the impacts of microbiota metabolites on viral
respiratory infections (such as the protective effect of butyrate
against influenza) have been observed. The entry of a large
number of neutrophils or their long-term persistence in the lung
during influenza infection contributes to tissue damage [10].
Butyrate causes a decrease in the entry of neutrophils into the
respiratory tract of mice infected with the influenza virus [81].
Acetate also has antiviral and protective effects against RSV in-
fection by increasing beta-interferon production [81]. Another
metabolite of the microbiota is secondary bile acids. Secondary
bile acids can enter the blood and intestines. They possibly can
destroy the viral envelope or affect the cell membranes and may
harm the attachment and entry of viruses into cells [11].

Overall, the microbiota acts as a key modulator of host immunity
by shaping immune system development, training the immune
system, maintaining immune homeostasis, regulating inflam-
matory responses, and mediating gut-lung communication.
Through these mechanisms, microbiota communities and their
metabolites may influence susceptibility to viral respiratory in-
fections and disease severity. Age-related changes in microbiota
composition may disrupt trained immunity and affect antiviral
immune responses.

6 | Bidirectional Interaction Between Vitamin D/
VDR and Microbiota

Scientific evidence suggests that the relationship between
vitamin D/VDR and microbiota is bidirectional, playing an
important role in mucosal immune homeostasis and antivi-
ral defense. Microbiota affect vitamin D signaling pathways
through their metabolites—for example, secondary bile acids
act as ligands for VDR. Secondary bile acids, by activating
VDR, lead to the production of antimicrobial peptides and the
inhibition of pathogenic bacterial proliferation, followed by
a shift in the microbiota towards a healthier composition [5].
Other microbiota metabolites, such as SCFAs (butyrate), also
affect vitamin D signaling pathways and immune homeostasis
by regulating the expression of the VDR receptor [82]. It also
appears that microbiota may influence vitamin D absorption.
Microbiota regulate pathways of lipid metabolism and fatty
acid synthesis, which are involved in the absorption of vita-
min D (a fat-soluble vitamin) [83]. In addition, evidence from
an animal study suggests that the microbiota also influence
vitamin D metabolism [84]. There is also evidence that some
bacteria express homologues of enzymes involved in vitamin
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D metabolism, such as CYP27B1, supporting the influence of
the microbiota on vitamin D metabolism [85]. In contrast, vi-
tamin D and VDR-related signaling pathways play a role in
maintaining mucosal homeostasis and shaping the microbi-
ota by producing antimicrobial peptides, modulating immune
responses, and maintaining epithelial barrier integrity [30].
Therefore, the bidirectional interaction between vitamin D/
VDR and the microbiota may influence antiviral immune re-
sponses and the severity of respiratory viral infections in the
elderly by regulating mucosal immune homeostasis and mi-
crobiota composition.

The interaction between vitamin D/VDR and the microbiota
is mediated by a set of interconnected mechanisms 8]. This
axis plays an important role in maintaining mucosal immune
homeostasis and the balance between immune tolerance and
protective responses. Vitamin D/VDR and microbiota-derived
metabolites act cooperatively to regulate the production of an-
timicrobial peptides, modulate innate and adaptive immune re-
sponses, maintain the integrity of epithelial barriers, and shape
the mucosal immune environment [8]. VDR-dependent signal-
ing increases the expression of antimicrobial peptides and tight
junction proteins, thereby preventing microbiota translocation
and reducing mucosal inflammation [30]. On the other hand,
microbiota-derived metabolites, including SCFA and secondary
bile acids, can help maintain immune homeostasis by modu-
lating VDR signaling pathways and regulating the mucosal
immune environment. Also, both vitamin D/VDR and the mi-
crobiota play a role in reducing inflammation and maintaining
immune tolerance to the microbiota at mucosal surfaces by in-
ducing T regulatory cells [30, 86].

Aging affects almost all components of the vitamin D-micro-
biota axis. Vitamin D deficiency is highly prevalent in the el-
derly, and aging is often associated with microbiota dysbiosis,
impaired mucosal barrier function, and inflammaging. In ad-
dition, age-related changes in immune function can disrupt the
balance between immune tolerance and protective responses.
Thus, aging may simultaneously affect both arms of the vitamin
D/VDR and microbiota interaction, leading to impaired muco-
sal immune homeostasis, increased inflammation, and reduced
efficacy of antiviral responses.

On the other hand, evidence shows that VDR knockout mice
had a higher frequency of Salmonella typhimurium infection
than the wild-type group [5, 87]. Another study showed that
VDR knockout mice had higher levels of Clostridium and
lower levels of Lactobacillus compared with the control group
[5]. Animal studies have reported that mice with a knockout
of the Cyp27B1 gene and mice fed a low-vitamin D diet show
an increased abundance of Bacteroidetes in the gut microbi-
ota [5].

Vitamin D deficiency in humans is associated with changes in
the microbiota and inflammatory markers [5]. The results of a
study in older men show that higher vitamin D levels are as-
sociated with a greater abundance of butyrate-producing bac-
teria (a group of beneficial bacteria) [88]. There is also evidence
on the effects of vitamin D supplementation on the human gut
microbiota. A randomized clinical trial examined the effect of
vitamin D supplementation on the fecal microbiota in 26 healthy

adults with vitamin D deficiency. The study findings showed
that the vitamin D group had a higher abundance of the genus
Lachnospira and a lower abundance of the genus Blautia [89].
In a randomized, double-blind, dose-response study in healthy
adults, the results showed that an increase in serum 25(0OH)D
following vitamin D supplementation was associated with in-
creases in beneficial bacteria and decreases in pathogenic bac-
teria [90]. A systematic review of RCTs found that vitamin D
supplementation was associated with a significant increase in
the abundance of bacterial species with anti-inflammatory
and gut health-promoting properties, such as Bifidobacterium
and Lactobacillus [91]. Overall, vitamin D may help create an
anti-inflammatory environment by modulating the gut micro-
biota, including increasing Bifidobacterium and Lactobacillus.
These changes could influence the regulation of immune re-
sponses and possibly the severity of viral respiratory infections
through the GLA.

Although most studies on vitamin D/VDR-microbiota have fo-
cused on the gut microbiota, this interaction may also apply to
the respiratory microbiota. There are limited studies on the ef-
fect of vitamin D on the respiratory microbiota. However, one
study reported that 12 weeks of vitamin D supplementation in
cystic fibrosis patients affects the composition of the intestinal
and airway microbiota and increases the frequency of beneficial
microbiota [72]. Another study of 1005 infants hospitalized for
bronchitis found an association between serum D levels and na-
sopharyngeal microbiota composition [92]. Although this initial
finding suggests a relationship between vitamin D and respira-
tory microbiota, further studies are needed to investigate the im-
pact of the vitamin D/VDR-respiratory microbiota axis on the
severity of viral respiratory infections in the elderly.

Overall, the vitamin D/VDR-microbiota axis can be considered
as a complex regulatory network that plays an important role
in maintaining immune homeostasis and host resistance to
respiratory viral infections by regulating immune responses,
maintaining mucosal barrier integrity, and shaping microbiota
composition. Consequently, age-related vitamin D deficiency
and microbiota dysbiosis may act synergistically to impair mu-
cosal immune homeostasis and increase susceptibility to respi-
ratory viral infection (Figure 2).

7 | Synthesis and Clinical Implications

Aging is associated with a series of physiological, immunolog-
ical, and metabolic changes, disruption of epithelial barriers,
vitamin D deficiency, and microbiota dysbiosis [2, 7, 10, 12, 40].
All of these factors contribute to increased susceptibility and
vulnerability to viral infections. These factors may interact
within an interconnected network, exerting a synergistic effect
on the severity of respiratory infections in the elderly.

There is evidence that the permeability of the intestinal epithe-
lium increases with age. A hypothesis called the enhanced GLA
has been proposed in aging [12]. This hypothesis suggests that
the tight junctions of these barriers are disrupted with age (both
the mycobiota and vitamin D play a role in maintaining the in-
tegrity of the epithelial barrier by increasing the expression of
tight junction proteins). These structures become leakier with
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with the GLA provide an important route for communication between intestinal and respiratory compartments and may contribute to mucosal im-

mune homeostasis and antiviral defense.

age. A disrupted epithelial barrier may allow greater transloca-
tion of microbes and microbial metabolites, thereby enhancing
pathological communication along the GLA in older individuals
[12]. In this situation, changes in the gut microbiota could have
more pronounced effects on mucosal and systemic respiratory
immunity and thereby influence antiviral immunity and the se-
verity of respiratory viral infections in older individuals.

Elderly individuals often experience vitamin D deficiency [6]
and microbiota dysbiosis [7], which can be considered two mod-
ifiable host factors with potential for translation into clinical
applications. Given the high prevalence of vitamin D deficiency
in the elderly and its role in regulating immune responses, as-
sessing vitamin D status and considering appropriate strategies
to correct its deficiency may be clinically important in the el-
derly. Similarly, since aging is associated with changes in micro-
biota composition, targeted microbiota interventions aimed at

restoring microbial homeostasis (such as probiotics, prebiotics,
postbiotics, and synbiotics) may be considered as potential pre-
ventive or adjunctive strategies in the future. Although there is
currently no conclusive evidence on the effect of correcting vita-
min D status or microbiota-based interventions on reducing the
severity of respiratory viral infections in the elderly, appropri-
ately designed clinical and translational studies are necessary to
investigate the possibility of translating these biological insights
into clinical applications.

Further studies are needed to better understand the interrela-
tionships among aging, vitamin D, and the microbiota, and how
their interactions affect antiviral immunity and the severity
of respiratory viral infections. Longitudinal studies and pro-
spective clinical trials can help clarify the causal relationships
between vitamin D status, microbiota dysbiosis, and clinical
outcomes of respiratory infections in the elderly.
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Furthermore, most of the existing studies have focused on the
gut microbiota, and the role of the lower respiratory tract micro-
biota in the elderly is still poorly understood. Investigating the
interaction between vitamin D and the respiratory microbiota
could provide new insights into the pathogenesis of respiratory
viral infections in the elderly. Future studies should also evalu-
ate the feasibility of vitamin D and microbiota-based interven-
tions, especially in combination, and their impact on immune
responses and clinical outcomes of respiratory viral infections.
The use of multiomics approaches and translational studies
could also help identify molecular mechanisms and potential
therapeutic targets in the aging-vitamin D-microbiota axis.

8 | Conclusion and Future Directions

Overall, aging, vitamin D deficiency, and microbiota dysbiosis
interact in a complex network that can synergistically impair
mucosal immune homeostasis, thereby potentially affecting
antiviral responses. Vitamin D deficiency is associated with
changes in the gut microbial ecosystem, and similar interactions
may occur in respiratory microbiota. As the evidence above
shows, the higher frequency of vitamin D deficiency and the
decrease in the diversity of the intestinal microbiota with age
are important contributors to the increased susceptibility and
severity of respiratory infections in older adults. In addition to
serum vitamin D levels, changes in its metabolic pathways and
bioavailability due to VDR gene polymorphisms also contribute
to its effects on respiratory infections.

From a clinical perspective, it is important to screen for vitamin
D deficiency in high-risk elderly patients with recurrent respi-
ratory infections. Although the optimal level of vitamin D for
immune function is debated, correction of severe deficiency is
recommended, especially in elderly patients with recurrent re-
spiratory infections.

Although clinical trials on the effect of vitamin D supplemen-
tation on microbiota composition indicate that it can modulate
the human microbiota, the available evidence has important
limitations. Due to the heterogeneity of studies (differences in
study populations, baseline vitamin D status, supplementation
regimens, follow-up duration, and methods of microbiota anal-
ysis), it is still not possible to state with certainty the cause-and-
effect relationship and its clinical significance. There is a need
to design more rigorous clinical trials that use standard methods
for microbiota analysis. Future studies should prioritize deter-
mining whether vitamin D supplementation can beneficially
alter the respiratory microbiota of older adults, clarify the role of
VDR polymorphisms in susceptibility to respiratory infections
through microbiota modulation, and evaluate the role of combi-
nation interventions, including vitamin D supplementation with
prebiotics, probiotics, or synbiotics, on viral respiratory infec-
tions in well-designed randomized clinical trials.

In the future, studies on viral respiratory infections in the el-
derly should focus more on the aging-vitamin D-microbiota
axis rather than on the independent roles of vitamin D and the
microbiota. A better understanding of this axis and its integra-
tion could help design personalized strategies for the prevention
and management of respiratory diseases in the elderly. Finally,

vitamin D and microbiota are modifiable targets, and a thorough
understanding of their effects may contribute to better manage-
ment of respiratory infections. In addition, the enhanced GLA
hypothesis can serve as a conceptual framework to guide future
research in this area.

Acknowledgments

The authors have nothing to report.

Funding

No funding was received for this manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing is not applicable to this article as no datasets were gener-
ated or analysed during the current study.

References

1. A. Watson, and T. M. Wilkinson, “Respiratory Viral Infections in
the Elderly,” Therapeutic Advances in Respiratory Disease 15 (2021):
1753466621995050, https://doi.org/10.1177/1753466621995050.

2. A. Héder, N. Kose-Vogel, L. Schulz, et al., “Respiratory Infections in
the Aging Lung: Implications for Diagnosis, Therapy, and Prevention,”
Aging and Disease 14, no. 4 (2024): 1091-1104, https://doi.org/10.14336/
ad.2023.0329.

3. X. Li, M. Chen, T. Chen, et al., “The Intricate Interplay Among
Microbiota, Mucosal Immunity, and Viral Infection in the Respiratory
Tract,” Journal of Translational Medicine 23, no. 1 (2025): 488, https://
doi.org/10.1186/s12967-025-06433-2.

4. P. Hashemi, H. Mirmiranpour, and S. Pezeshki, “Effect of Vitamin
D on Immune Response of respiratory system Against influenzas and
COVID-19: A Review,” Bioactive Compounds in Health and Disease 3,
no. 6 (2020): 100-108, https://doi.org/10.31989/bchd.v3i6.724.

5. A. Clark, and N. Mach, “Role of Vitamin D in the Hygiene
Hypothesis: The Interplay Between Vitamin D, Vitamin D Receptors,
Gut Microbiota, and Immune Response,” Frontiers in Immunology 7
(2016): 215942, https://doi.org/10.3389/fimmu.2016.00627.

6. H. Kweder, and H. Eidi, “Vitamin D Deficiency in Elderly: Risk Factors
and Drugs Impact on Vitamin D Status,” Avicenna Journal Of Medicine
8, no. 4 (2018): 139-146, https://doi.org/10.4103/ajm.AJM_20_18.

7. S. Falahi, A. Abdoli, and A. Kenarkoohi, “Immune Aging,
Immunosenescence, and Inflammaging: Implications for Vaccine
Response in Older Adults,” Health Science Reports 8, no. 7 (2025):
€71119, https://doi.org/10.1002/hsr2.71119.

8. L. Malaguarnera, “Vitamin D and Microbiota: Two Sides of the
Same Coin in the Immunomodulatory Aspects,” International
Immunopharmacology 79 (2020): 106112, https://doi.org/10.1016/j.
intimp.2019.106112.

9. K. Haq, and J. E. McElhaney, “Ageing and Respiratory Infections:
The Airway of Ageing,” Immunology Letters 162, no. 1 (2014): 323-328,
https://doi.org/10.1016/j.imlet.2014.06.0009.

10. J. Chen, W. J. Kelley, and D. R. Goldstein, “Role of Aging and
the Immune Response to Respiratory Viral Infections: Potential
Implications for COVID-19,” Journal of Immunology 205, no. 2 (2020):
313-320, https://doi.org/10.4049/jimmunol.2000380.

9o0f12

85U80|7 SUOWIWOD 8A 11810 3|ealjdde au Aq pausenob aJe Sajoie VO ‘8sN Jo S8 I0j Aeud18UlUQ 4B UO (SUONIPUOD-PUe-SWLBYW0D" A3 1M ARe.d [l |uo//SdnL) SUORIPUOD Pue SWie | 8u1 885 *[9202/60/2T] U0 Akeiqiaulluo |1 ‘/8TT8S8/HIWA/SSTT OT/I0pA0D A8 |IM AleIq Ul Uoy//:Stny WOy papeojumod ‘T ‘9202 ‘852


https://doi.org/10.1177/1753466621995050
https://doi.org/10.14336/ad.2023.0329
https://doi.org/10.14336/ad.2023.0329
https://doi.org/10.1186/s12967-025-06433-2
https://doi.org/10.1186/s12967-025-06433-2
https://doi.org/10.31989/bchd.v3i6.724
https://doi.org/10.3389/fimmu.2016.00627
https://doi.org/10.4103/ajm.AJM_20_18
https://doi.org/10.1002/hsr2.71119
https://doi.org/10.1016/j.intimp.2019.106112
https://doi.org/10.1016/j.intimp.2019.106112
https://doi.org/10.1016/j.imlet.2014.06.009
https://doi.org/10.4049/jimmunol.2000380

11. M. Nagai, M. Moriyama, C. Ishii, et al., “High Body Temperature
Increases Gut Microbiota-Dependent Host Resistance to Influenza A
Virus and SARS-CoV-2 Infection,” Nature Communications 14, no. 1
(2023): 3863, https://doi.org/10.1038/s41467-023-39569-0.

12. V. Saint-Criq, G. Lugo-Villarino, and M. Thomas, “Dysbiosis,
Malnutrition and Enhanced Gut-Lung Axis Contribute to Age-Related
Respiratory Diseases,” Ageing Research Reviews 66 (2021): 101235,
https://doi.org/10.1016/j.arr.2020.101235.

13. S. Le Saux, C. M. Weyand, and J. J. Goronzy, “Mechanisms of
Immunosenescence: Lessons From Models of Accelerated Immune
Aging,” Annals of the New York Academy of Sciences 1247, no. 1 (2012):
69-82, https://doi.org/10.1111/j.1749-6632.2011.06297.X.

14. S. Borgoni, K. S. Kudryashova, K. Burka, and J. P. de Magalhaes,
“Targeting Immune Dysfunction in Aging,” Ageing Research Reviews 70
(2021): 101410, https://doi.org/10.1016/j.arr.2021.101410.

15. S. Yanagi, H. Tsubouchi, A. Miura, A. Matsuo, N. Matsumoto,
and M. Nakazato, “The Impacts of Cellular Senescence in
Elderly Pneumonia and in Age-Related Lung Diseases That
Increase the Risk of Respiratory Infections,” International Journal
of Molecular Sciences 18, no. 3 (2017): 503, https://doi.org/10.3390/
ijms18030503.

16. M. M. Chen, J. L. Palmer, T. P. Plackett, C. R. Deburghgraeve, and
E. J. Kovacs, “Age-Related Differences in the Neutrophil Response to
Pulmonary Pseudomonas Infection,” Experimental Gerontology 54
(2014): 42-46, https://doi.org/10.1016/j.exger.2013.12.010.

17. A. Agrawal, and S. Gupta, “Impact of Aging on Dendritic Cell
Functions in Humans,” Ageing Research Reviews 10, no. 3 (2011): 336—
345, https://doi.org/10.1016/j.arr.2010.06.004.

18. K. Bisht, and A. J. W. Te Velthuis, “Decoding the Role of Temperature
in RNA Virus Infections,” mBio 13, no. 5 (2022): 0202122, https://doi.
org/10.1128/mbi0.02021-22.

19. W. Gao, H.-Y. Lee, and K.-J. Min, “Aging and the Microbiome:
Implications for Health and Disease,” BMB Reports 59, no. 1 (2026):
40-50, https://doi.org/10.5483/BMBRep.2025-0152.

20. J. J. Lee, S. H. Kim, M. J. Lee, et al., “Different Upper Airway
Microbiome and Their Functional Genes Associated With Asthma in
Young Adults and Elderly Individuals,” Allergy 74, no. 4 (2019): 709-
719, https://doi.org/10.1111/all.13608.

21. C. L. Krone, G. Biesbroek, K. Trzcinski, E. A. M. Sanders, and D.
Bogaert, “Respiratory Microbiota Dynamics Following Streptococcus
pneumoniae Acquisition in Young and Elderly Mice,” Infection
and Immunity 82, no. 4 (2014): 1725-1731, https://doi.org/10.1128/
TAI.01290-13.

22. C. E. Taylor, and C. A. Camargo, “Impact of Micronutrients on
Respiratory Infections,” Nutrition Reviews 69, no. 5 (2011): 259-269,
https://doi.org/10.1111/j.1753-4887.2011.00386.x.

23. F. Pecora, F. Persico, A. Argentiero, C. Neglia, and S. Esposito,
“The Role of Micronutrients in Support of the Immune Response
Against Viral Infections,” Nutrients 12, no. 10 (2020): 3198, https://doi.
org/10.3390/nul12103198.

24. F. D. Del Fiol, S. Barberato-Filho, L. C. Lopes, and C. de Cassia
Bergamaschi, “Vitamin D and Respiratory Infections,” Journal of
Infection in Developing Countries 9, no. 4 (2015): 355-361, https://doi.
org/10.3855/jidc.5711.

25. H. Tangestani, H. K. Boroujeni, K. Djafarian, H. Emamat, and S.
Shab-Bidar, “Vitamin D and the Gut Microbiota: A Narrative Literature
Review,” Clinical Nutrition Research 10, no. 3 (2021): 181-191, https://
doi.org/10.7762/cnr.2021.10.3.181.

26. A.-S. Vanherwegen, C. Gysemans, and C. Mathieu, “Regulation of
Immune Function by Vitamin D and Its Use in Diseases of Immunity,”
Endocrinology and Metabolism Clinics 46, no. 4 (2017): 1061-1094,
https://doi.org/10.1016/j.ecl.2017.07.010.

27. C. Argano, A. Torres, V. Orlando, et al., “Molecular Insight Into
the Role of Vitamin D in Immune-Mediated Inflammatory Diseases,”
International Journal of Molecular Sciences 26, no. 10 (2025): 4798,
https://doi.org/10.3390/ijms26104798.

28.A.Ismailova, andJ. H. White, “Vitamin D, Infections and Immunity,”
Reviews in Endocrine and Metabolic Disorders 23, no. 2 (2022): 265-277,
https://doi.org/10.1007/s11154-021-09679-5.

29. W. B. Grant, H. Lahore, S. McDonnell, et al., “Evidence That Vitamin
D Supplementation Could Reduce Risk of Influenza and COVID-19
Infections and Deaths,” Nutrients 12, no. 4 (2020): 988, https://doi.
0rg/10.3390/nu12040988.

30. H. M. A. Fakhoury, P. R. Kvietys, W. AlKattan, et al., “Vitamin D and
Intestinal Homeostasis: Barrier, Microbiota, and Immune Modulation,”
Journal of Steroid Biochemistry and Molecular Biology 200 (2020):
105663, https://doi.org/10.1016/j.jsbmb.2020.105663.

31. M. Kikkert, “Innate Immune Evasion by Human Respiratory RNA
Viruses,” Journal Of Innate Immunity 12, no. 1 (2020): 4-20, https://doi.
0rg/10.1159/000503030.

32.A.S.Bleakley, P. V. Licciardi, and M. J. Binks, “Vitamin D Modulation
of the Innate Immune Response to Paediatric Respiratory Pathogens
Associated With Acute Lower Respiratory Infections,” Nutrients 13, no.
1 (2021): 276, https://doi.org/10.3390/nu13010276.

33. C. L. Greiller, and A. R. Martineau, “Modulation of the Immune
Response to Respiratory Viruses by Vitamin D,” Nutrients 7, no. 6
(2015): 4240-4270, https://doi.org/10.3390/nu7064240.

34. J. P. Bilezikian, D. Bikle, M. Hewison, et al., “Mechanisms in
Endocrinology: Vitamin D and COVID-19,” European Journal Of
Endocrinology 183, no. 5 (2020): R133-R147, https://doi.org/10.1530/
EJE-20-0665.

35. R. Bradley, J. Schloss, D. Brown, et al., “The Effects of Vitamin D
on Acute Viral Respiratory Infections: A Rapid Review,” Advances In
Integrative Medicine 7, no. 4 (2020): 192-202, https://doi.org/10.1016/j.
aimed.2020.07.011.

36. D. D. Bikle, “Vitamin D Regulation of Immune Function,” Current
Osteoporosis Reports 20, no. 3 (2022): 186-193, https://doi.org/10.1007/
$11914-022-00732-z.

37. R. Wei, and S. Christakos, “Mechanisms Underlying the Regulation
of Innate and Adaptive Immunity by Vitamin D,” Nutrients 7, no. 10
(2015): 8251-8260, https://doi.org/10.3390/nu7105392.

38. M. V. Bychinin, T. V. Klypa, I. A. Mandel, et al., “Low Circulating
Vitamin D in Intensive Care Unit-Admitted COVID-19 Patients as a
Predictor of Negative Outcomes,” Journal of Nutrition 151, no. 8 (2021):
2199-2205, https://doi.org/10.1093/jn/nxab107.

39. S. Safiri, A. Mahmoodpoor, A. A. Kolahi, et al., “Global Burden
of Lower Respiratory Infections During the Last Three Decades,”
Frontiers In Public Health 10 (2023): 1028525, https://doi.org/10.3389/
fpubh.2022.1028525.

40. S. Falahi, and A. Kenarkoohi, “Host Factors and Vaccine Efficacy:
Implications for COVID-19 Vaccines,” Journal Of Medical Virology 94,
no. 4 (2022): 1330-1335, https://doi.org/10.1002/jmv.27485.

41. F. Hadizadeh, “Supplementation With Vitamin D in the COVID-19
Pandemic?,” Nutrition Reviews 79, no. 2 (2021): 200-208, https://doi.
org/10.1093/nutrit/nuaa081.

42. J. Charan, J. P. Goyal, D. Saxena, and P. Yadav, “Vitamin D for
Prevention of Respiratory Tract Infections: A Systematic Review and
Meta-Analysis,” Journal Of Pharmacology & Pharmacotherapeutics 3,
no. 4 (2012): 300-303, https://doi.org/10.4103/0976-500X.103685.

43. P.J. Openshaw, C. Chiu, F. J. Culley, and C. Johansson, “Protective
and Harmful Immunity to RSV Infection,” Annual Review Of
Immunology 35, no. 1 (2017): 501-532, https://doi.org/10.1146/
annurev-immunol-051116-052206.

10 of 12

BioMed Research International, 2026

85U80|7 SUOWIWOD 8A 11810 3|ealjdde au Aq pausenob aJe Sajoie VO ‘8sN Jo S8 I0j Aeud18UlUQ 4B UO (SUONIPUOD-PUe-SWLBYW0D" A3 1M ARe.d [l |uo//SdnL) SUORIPUOD Pue SWie | 8u1 885 *[9202/60/2T] U0 Akeiqiaulluo |1 ‘/8TT8S8/HIWA/SSTT OT/I0pA0D A8 |IM AleIq Ul Uoy//:Stny WOy papeojumod ‘T ‘9202 ‘852


https://doi.org/10.1038/s41467-023-39569-0
https://doi.org/10.1016/j.arr.2020.101235
https://doi.org/10.1111/j.1749-6632.2011.06297.x
https://doi.org/10.1016/j.arr.2021.101410
https://doi.org/10.3390/ijms18030503
https://doi.org/10.3390/ijms18030503
https://doi.org/10.1016/j.exger.2013.12.010
https://doi.org/10.1016/j.arr.2010.06.004
https://doi.org/10.1128/mbio.02021-22
https://doi.org/10.1128/mbio.02021-22
https://doi.org/10.5483/BMBRep.2025-0152
https://doi.org/10.1111/all.13608
https://doi.org/10.1128/IAI.01290-13
https://doi.org/10.1128/IAI.01290-13
https://doi.org/10.1111/j.1753-4887.2011.00386.x
https://doi.org/10.3390/nu12103198
https://doi.org/10.3390/nu12103198
https://doi.org/10.3855/jidc.5711
https://doi.org/10.3855/jidc.5711
https://doi.org/10.7762/cnr.2021.10.3.181
https://doi.org/10.7762/cnr.2021.10.3.181
https://doi.org/10.1016/j.ecl.2017.07.010
https://doi.org/10.3390/ijms26104798
https://doi.org/10.1007/s11154-021-09679-5
https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/nu12040988
https://doi.org/10.1016/j.jsbmb.2020.105663
https://doi.org/10.1159/000503030
https://doi.org/10.1159/000503030
https://doi.org/10.3390/nu13010276
https://doi.org/10.3390/nu7064240
https://doi.org/10.1530/EJE-20-0665
https://doi.org/10.1530/EJE-20-0665
https://doi.org/10.1016/j.aimed.2020.07.011
https://doi.org/10.1016/j.aimed.2020.07.011
https://doi.org/10.1007/s11914-022-00732-z
https://doi.org/10.1007/s11914-022-00732-z
https://doi.org/10.3390/nu7105392
https://doi.org/10.1093/jn/nxab107
https://doi.org/10.3389/fpubh.2022.1028525
https://doi.org/10.3389/fpubh.2022.1028525
https://doi.org/10.1002/jmv.27485
https://doi.org/10.1093/nutrit/nuaa081
https://doi.org/10.1093/nutrit/nuaa081
https://doi.org/10.4103/0976-500X.103685
https://doi.org/10.1146/annurev-immunol-051116-052206
https://doi.org/10.1146/annurev-immunol-051116-052206

44, M. E. Belderbos, M. L. Houben, B. Wilbrink, et al., “Cord Blood
Vitamin D Deficiency Is Associated With Respiratory Syncytial Virus
Bronchiolitis,” Pediatrics 127, no. 6 (2011): e1513-e1520, https://doi.
org/10.1542/peds.2010-3054.

45. J. D. McNally, M. Sampson, L. A. Matheson, B. Hutton, and J.
Little, “Vitamin D Receptor (VDR) Polymorphisms and Severe RSV
Bronchiolitis: A Systematic Review and Meta-Analysis,” Pediatric
Pulmonology 49, no. 8 (2014): 790-799, https://doi.org/10.1002/
ppul.22877.

46. T. Kresfelder, R. Janssen, L. Bont, M. Pretorius, and M. Venter,
“Confirmation of an Association Between Single Nucleotide
Polymorphisms in the VDR Gene With Respiratory Syncytial Virus
Related Disease in South African Children,” Journal Of Medical
Virology 83, no. 10 (2011): 1834-1840, https://doi.org/10.1002/
jmv.22179.

47. J. Smetana, R. Chlibek, J. Shaw, M. Splino, and R. Prymula,
“Influenza Vaccination in the Elderly,” Human Vaccines & Immuno-
therapeutics 14, no. 3 (2018): 540-549, https://doi.org/10.1080/2164551
5.2017.1343226.

48. M. Urashima, T. Segawa, M. Okazaki, M. Kurihara, Y. Wada, and
H. Ida, “Randomized Trial of Vitamin D Supplementation to Prevent
Seasonal Influenza A in Schoolchildren,” American Journal Of
Clinical Nutrition 91, no. 5 (2010): 1255-1260, https://doi.org/10.3945/
ajcn.2009.29094.

49. E. Rayatdoost, M. Rahmanian, M. S. Sanie, et al., “Sufficient Sleep,
Time of Vaccination, and Vaccine Efficacy: A Systematic Review of
the Current Evidence and a Proposal for COVID-19 Vaccination,” Yale
Journal of Biology and Medicine 95, no. 2 (2022): 221-235.

50. S. Falahi, A. Abdoli, and A. Kenarkoohi, “Claims and Reasons
About Mild COVID-19 in Children,” New Microbes And New Infections
41 (2021): 100864, https://doi.org/10.1016/j.nmni.2021.100864.

51. S. Falahi, and A. Kenarkoohi, “Sex and Gender Differences in the
Outcome of Patients With COVID-19,” Journal Of Medical Virology 93,
no. 1(2021): 151-152, https://doi.org/10.1002/jmv.26243.

52. A. Rachman, R. Rahmaniyah, A. Khomeini, and A. Iriani, “The
Association Between Vitamin D Deficiency and the Clinical Outcomes
of Hospitalized COVID-19 Patients,” FI000Research 12 (2023): 394,
https://doi.org/10.12688/f1000research.132214.4.

53. V. Baktash, T. Hosack, N. Zahari, et al., “Vitamin D Status
and Outcomes for Hospitalised Older Patients With COVID-19,”
Postgraduate Medical Journal 97, no. 1149 (2021): 442-447, https://doi.
org/10.1136/postgradmed;j-2020-138712.

54.E. A.Hurst, R.J. Mellanby, I. Handel, et al., “Vitamin D Insufficiency
in COVID-19 and Influenza A, and Critical Illness Survivors: A Cross-
Sectional Study,” BMJ Open 11, no. 10 (2021): e055435, https://doi.
org/10.1136/bmjopen-2021-055435.

55. A. Daneshkhah, V. Agrawal, A. Eshein, H. Subramanian, H. K. Roy,
and V. Backman, “Evidence for Possible Association of Vitamin D Status
With Cytokine Storm and Unregulated Inflammation in COVID-19
Patients,” Aging Clinical And Experimental Research 32, no. 10 (2020):
2141-2158, https://doi.org/10.1007/s40520-020-01677-y.

56. O. A. Caliman-Sturdza, R. E. Gheorghita, and I. Soldanescu,
“Vitamin D and COVID-19: Clinical Evidence and Immunological
Insights,” Life 15, no. 5(2025): 733, https://doi.org/10.3390/1ife15050733.

57. K. Hou, Z. X. Wu, X. Y. Chen, et al., “Microbiota in Health and
Diseases,” Signal Transduction and Targeted Therapy 7, no. 1 (2022):
135, https://doi.org/10.1038/s41392-022-00974-4.

58. G. Caballero-Flores, J. M. Pickard, and G. Nufiez, “Microbiota-
Mediated Colonization Resistance: Mechanisms and Regulation,”
Nature Reviews Microbiology 21, no. 6 (2023): 347-360, https://doi.
0rg/10.1038/s41579-022-00833-7.

59. C. A. Camargo, D. A. Schaumberg, G. Friedenberg, et al., “Effect
of Daily Vitamin D Supplementation on Risk of Upper Respiratory
Infection in Older Adults: A Randomized Controlled Trial,” Clinical
Infectious Diseases 78, no. 5 (2024): 1162-1169, https://doi.org/10.1093/
cid/ciad770.

60. R. Enaud, R. Prevel, E. Ciarlo, et al., “The Gut-Lung Axis in Health
and Respiratory Diseases: A Place for Inter-Organ and Inter-Kingdom
Crosstalks,” Frontiers In Cellular And Infection Microbiology 10 (2020):
9, https://doi.org/10.3389/fcimb.2020.00009.

61. J. G. LeBlanc, F. Chain, R. Martin, L. G. Bermtudez-Humaréan, S.
Courau, and P. Langella, “Beneficial Effects on Host Energy Metabolism
of Short-Chain Fatty Acids and Vitamins Produced by Commensal and
Probiotic Bacteria,” Microbial Cell Factories 16, no. 1 (2017): 79, https://
doi.org/10.1186/s12934-017-0691-z.

62. G. L. V. de Oliveira, C. N. S. Oliveira, C. F. Pinzan, L. V. V. de Salis,
and C. R. . B. Cardoso, “Microbiota Modulation of the Gut-Lung Axis
in COVID-19,” Frontiers in Immunology 12 (2021): 635471, https://doi.
org/10.3389/fimmu.2021.635471.

63. D. Zheng, T. Liwinski, and E. Elinav, “Interaction Between
Microbiota and Immunity in Health and Disease,” Cell research 30, no.
6 (2020): 492-506, https://doi.org/10.1038/s41422-020-0332-7.

64.J.Wang,N.Zhu,X.Su,Y.Gao,andR. Yang, “Gut-Microbiota-Derived
Metabolites Maintain Gut and Systemic Immune Homeostasis,” Cells
12, no. 5(2023): 793, https://doi.org/10.3390/cells12050793.

65. C. H. Kim, “Immune Regulation by Microbiome Metabolites,”
Immunology 154, no. 2 (2018): 220-229, https://doi.org/10.1111/
imm.12930.

66. M. G. Netea, L. A. B. Joosten, E. Latz, et al., “Trained Immunity:
A Program of Innate Immune Memory in Health and Disease,”
Science 352, no. 6284 (2016): aaf1098, https://doi.org/10.1126/science.
aaf1098.

67.J.Y. Yoo, M. Groer, S. Dutra, A. Sarkar, and D. McSkimming, “Gut
Microbiota and Immune System Interactions,” Microorganisms 8, no. 10
(2020): 1587, https://doi.org/10.3390/microorganisms8101587.

68. A. Watson, C. M. Spalluto, C. McCrae, et al., “Dynamics of IFN-3
Responses During Respiratory Viral Infection. Insights for Therapeutic
Strategies,” American Journal Of Respiratory And Critical Care Medicine
201, no. 1 (2020): 83-94, https://doi.org/10.1164/rccm.201901-02140C.

69. N. I. Wirusanti, M. T. Baldridge, and V. C. Harris, “Microbiota
Regulation of Viral Infections Through Interferon Signaling,” Trends
in Microbiology 30, no. 8 (2022): 778-792, https://doi.org/10.1016/j.
tim.2022.01.007.

70.J. Wang, F. Li, and Z. Tian, “Role of Microbiota on Lung Homeostasis
and Diseases,” Science China Life Sciences 60, no. 12 (2017): 1407-1415,
https://doi.org/10.1007/s11427-017-9151-1.

71. A.Zhou, Y. Lei, L. Tang, et al., “Gut Microbiota: The Emerging Link
to Lung Homeostasis and Disease,” Journal of Bacteriology 203, no. 4
(2021): 10-128, https://doi.org/10.1128/IB.00454-20.

72. M. Kanhere, J. He, B. Chassaing, et al., “Bolus Weekly Vitamin D3
Supplementation Impacts Gut and Airway Microbiota in Adults With
Cystic Fibrosis: A Double-Blind, Randomized, Placebo-Controlled
Clinical Trial,” Journal of Clinical Endocrinology & Metabolism 103, no.
2(2018): 564-574, https://doi.org/10.1210/jc.2017-01983.

73. A. T. Dang, and B. J. Marsland, “Microbes, Metabolites, and the
Gut-Lung Axis,” Mucosal Immunology 12, no. 4 (2019): 843-850, https://
doi.org/10.1038/s41385-019-0160-6.

74. C. Liu, L. Dan, X. Wang, L. Chen, and X. Yuan, “Gut Microbiota
Impact on Lung Diseases: A Mini Review of Clinical Evidence,” Infection
and Immunity 94, no. 4 (2026): e0043025, https://doi.org/10.1128/
iai.00430-25.

11 of 12

85U80|7 SUOWIWOD 8A 11810 3|ealjdde au Aq pausenob aJe Sajoie VO ‘8sN Jo S8 I0j Aeud18UlUQ 4B UO (SUONIPUOD-PUe-SWLBYW0D" A3 1M ARe.d [l |uo//SdnL) SUORIPUOD Pue SWie | 8u1 885 *[9202/60/2T] U0 Akeiqiaulluo |1 ‘/8TT8S8/HIWA/SSTT OT/I0pA0D A8 |IM AleIq Ul Uoy//:Stny WOy papeojumod ‘T ‘9202 ‘852


https://doi.org/10.1542/peds.2010-3054
https://doi.org/10.1542/peds.2010-3054
https://doi.org/10.1002/ppul.22877
https://doi.org/10.1002/ppul.22877
https://doi.org/10.1002/jmv.22179
https://doi.org/10.1002/jmv.22179
https://doi.org/10.1080/21645515.2017.1343226
https://doi.org/10.1080/21645515.2017.1343226
https://doi.org/10.3945/ajcn.2009.29094
https://doi.org/10.3945/ajcn.2009.29094
https://doi.org/10.1016/j.nmni.2021.100864
https://doi.org/10.1002/jmv.26243
https://doi.org/10.12688/f1000research.132214.4
https://doi.org/10.1136/postgradmedj-2020-138712
https://doi.org/10.1136/postgradmedj-2020-138712
https://doi.org/10.1136/bmjopen-2021-055435
https://doi.org/10.1136/bmjopen-2021-055435
https://doi.org/10.1007/s40520-020-01677-y
https://doi.org/10.3390/life15050733
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1038/s41579-022-00833-7
https://doi.org/10.1038/s41579-022-00833-7
https://doi.org/10.1093/cid/ciad770
https://doi.org/10.1093/cid/ciad770
https://doi.org/10.3389/fcimb.2020.00009
https://doi.org/10.1186/s12934-017-0691-z
https://doi.org/10.1186/s12934-017-0691-z
https://doi.org/10.3389/fimmu.2021.635471
https://doi.org/10.3389/fimmu.2021.635471
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.3390/cells12050793
https://doi.org/10.1111/imm.12930
https://doi.org/10.1111/imm.12930
https://doi.org/10.1126/science.aaf1098
https://doi.org/10.1126/science.aaf1098
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.1164/rccm.201901-0214OC
https://doi.org/10.1016/j.tim.2022.01.007
https://doi.org/10.1016/j.tim.2022.01.007
https://doi.org/10.1007/s11427-017-9151-1
https://doi.org/10.1128/JB.00454-20
https://doi.org/10.1210/jc.2017-01983
https://doi.org/10.1038/s41385-019-0160-6
https://doi.org/10.1038/s41385-019-0160-6
https://doi.org/10.1128/iai.00430-25
https://doi.org/10.1128/iai.00430-25

75. H. T. Groves, S. L. Higham, M. F. Moffatt, M. J. Cox, and J. S.
Tregoning, “Respiratory Viral Infection Alters the Gut Microbiota by
Inducing Inappetence,” MBio 11, no. 1 (2020), https://doi.org/10.1128/
mBi0.03236-19.

76. A. S. Alswat, “The Influence of the Gut Microbiota on Host Health:
A Focus on the Gut-Lung Axis and Therapeutic Approaches,” Life 14,
no. 10 (2024): 1279, https://doi.org/10.3390/1ife14101279.

77. L. Wang, Y. Cai, J. Garssen, P. A. J. Henricks, G. Folkerts, and S.
Braber, “The Bidirectional Gut-Lung Axis in Chronic Obstructive
Pulmonary Disease,” American Journal Of Respiratory And Critical
Care Medicine 207, no. 9 (2023): 1145-1160, https://doi.org/10.1164/
rcem.202206-1066TR.

78. A. Hernandez-Terdn, F. Mejia-Nepomuceno, M. T. Herrera, et al.,
“Dysbiosis and Structural Disruption of the Respiratory Microbiota in
COVID-19 Patients With Severe and Fatal Outcomes,” Scientific Reports
11, no. 1 (2021): 21297, https://doi.org/10.1038/s41598-021-00851-0.

79. D. Yang, Y. Xing, X. Song, and Y. Qian, “The Impact of Lung
Microbiota Dysbiosis on Inflammation,” Immunology 159, no. 2 (2020):
156-166, https://doi.org/10.1111/imm.13139.

80. R. F. Kullberg, J. de Brabander, L. S. Boers, et al., “Lung Microbiota
of Critically Ill Patients With COVID-19 Are Associated With
Nonresolving Acute Respiratory Distress Syndrome,” American Journal
Of Respiratory And Critical Care Medicine 206, no. 7 (2022): 846-856,
https://doi.org/10.1164/rccm.202202-02740C.

81. C. Feng, C. Jin, K. Liu, and Z. Yang, “Microbiota-Derived Short
Chain Fatty Acids: Their Role and Mechanisms in Viral Infections,”
Biomedicine & Pharmacotherapy 160 (2023): 114414, https://doi.
org/10.1016/j.biopha.2023.114414.

82. D. Bakke, and J. Sun, “Ancient Nuclear Receptor VDR With New
Functions: Microbiome and Inflammation,” Inflammatory Bowel
Diseases 24, no. 6 (2018): 1149-1154, https://doi.org/10.1093/ibd/izy092.

83. F. Bellerba, V. Muzio, P. Gnagnarella, et al., “The Association
Between Vitamin D and Gut Microbiota: A Systematic Review of Human
Studies,” Nutrients 13, no. 10 (2021): 3378, https://doi.org/10.3390/
nul3103378.

84. S. A. Bora, M. J. Kennett, P. B. Smith, A. D. Patterson, and M. T.
Cantorna, “The Gut Microbiota Regulates Endocrine Vitamin D
Metabolism Through Fibroblast Growth Factor 23,” Frontiers in
Immunology 9 (2018): 408, https://doi.org/10.3389/fimmu.2018.00408.

85. S. G. Sonsalla, J. Armbruster-Lee, and A. E. Samarasinghe,
“Importance of Vitamin D in Gastrointestinal Health and Disease,”
Frontiers in Nutrition 13 (2026): 1807154, https://doi.org/10.3389/
fnut.2026.1807154.

86. H. Ullah, “Gut-Vitamin D Interplay: Key to Mitigating
Immunosenescence and Promoting Healthy Ageing,” Immunity &
Ageing 22, no. 1 (2025): 20, https://doi.org/10.1186/s12979-025-00514-y.

87. S. Wu, A. P. Liao, Y. Xia, et al., “Vitamin D Receptor Negatively
Regulates Bacterial-Stimulated NF-xB Activity in Intestine,” American
Journal Of Pathology 177, no. 2 (2010): 686-697, https://doi.org/10.2353/
ajpath.2010.090998.

88. R. L. Thomas, L. Jiang, J. S. Adams, et al., “Vitamin D Metabolites
and the Gut Microbiome in Older Men,” Nature Communications 11, no.
1(2020): 5997, https://doi.org/10.1038/s41467-020-19793-8.

89. N. Naderpoor, A. Mousa, L. Fernanda Gomez Arango, H. L.
Barrett, M. Dekker Nitert, and B. de Courten, “Effect of Vitamin D
Supplementation on Faecal Microbiota: A Randomised Clinical Trial,”
Nutrients 11, no. 12 (2019): 2888, https://doi.org/10.3390/nu11122888.

90. N. Charoenngam, A. Shirvani, T. A. Kalajian, A. Song, and
M. F. Holick, “The Effect of Various Doses of Oral Vitamin
D3Supplementation on Gut Microbiota in Healthy Adults: A
Randomized, Double-Blinded, Dose-Response Study,” Anticancer

Research 40, mno. 1 (2020): 551-556, https://doi.org/10.21873/
anticanres.13984.

91. F. Zeb, T. Osaili, M. Hashim, et al.,, “Effect of Vitamin D
Supplementation on Human Gut Microbiota: A Systematic Review of
Randomized Controlled Trials,” Nutrition Reviews 84, no. 6 (2026):
1157-1166, https://doi.org/10.1093/nutrit/nuaf120.

92. L. Toivonen, K. Hasegawa, N. J. Ajami, et al.,, “Circulating
25-Hydroxyvitamin D, Nasopharyngeal Microbiota, and Bronchiolitis
Severity,” Pediatric Allergy and Immunology: Official Publication of the
European Society of Pediatric Allergy and Immunology 29, no. 8 (2018):
877-880, https://doi.org/10.1111/pai.12977.

12 of 12

BioMed Research International, 2026

85U80|7 SUOWIWOD 8A 11810 3|ealjdde au Aq pausenob aJe Sajoie VO ‘8sN Jo S8 I0j Aeud18UlUQ 4B UO (SUONIPUOD-PUe-SWLBYW0D" A3 1M ARe.d [l |uo//SdnL) SUORIPUOD Pue SWie | 8u1 885 *[9202/60/2T] U0 Akeiqiaulluo |1 ‘/8TT8S8/HIWA/SSTT OT/I0pA0D A8 |IM AleIq Ul Uoy//:Stny WOy papeojumod ‘T ‘9202 ‘852


https://doi.org/10.1128/mBio.03236-19
https://doi.org/10.1128/mBio.03236-19
https://doi.org/10.3390/life14101279
https://doi.org/10.1164/rccm.202206-1066TR
https://doi.org/10.1164/rccm.202206-1066TR
https://doi.org/10.1038/s41598-021-00851-0
https://doi.org/10.1111/imm.13139
https://doi.org/10.1164/rccm.202202-0274OC
https://doi.org/10.1016/j.biopha.2023.114414
https://doi.org/10.1016/j.biopha.2023.114414
https://doi.org/10.1093/ibd/izy092
https://doi.org/10.3390/nu13103378
https://doi.org/10.3390/nu13103378
https://doi.org/10.3389/fimmu.2018.00408
https://doi.org/10.3389/fnut.2026.1807154
https://doi.org/10.3389/fnut.2026.1807154
https://doi.org/10.1186/s12979-025-00514-y
https://doi.org/10.2353/ajpath.2010.090998
https://doi.org/10.2353/ajpath.2010.090998
https://doi.org/10.1038/s41467-020-19793-8
https://doi.org/10.3390/nu11122888
https://doi.org/10.21873/anticanres.13984
https://doi.org/10.21873/anticanres.13984
https://doi.org/10.1093/nutrit/nuaf120
https://doi.org/10.1111/pai.12977

	Aging and Viral Respiratory Infections: Focus on Vitamin D and Microbiota
	1 | Introduction
	2 | Methods
	3 | The Aging Host
	4 | Vitamin D as a Key Modulator
	5 | Microbiota as a Key Modulator
	6 | Bidirectional Interaction Between Vitamin D/VDR and Microbiota
	7 | Synthesis and Clinical Implications
	8 | Conclusion and Future Directions
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement


