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terminating their work, the majority of these cells die, leaving memory cells able to 

mediate a rapid and protective response in case of reinfection.

Based on actual knowledge, it is possible to outline what should happen after 

microbe invasion in the presence of an ideal immune response. Infection is initially 

contained by the recruitment of cells able to phagocytize foreign substances and 

release cytotoxic and proinflammatory molecules, such as monocytes. Meanwhile, 

antigen presenting cells (whose functions are processing and presenting antigens 

for recognition by other immune cells) are activated at the site of infection by 

the local inflammatory response, acquire antigen, and migrate to secondary 

lymphoid organs. During transit, they process the antigen and upregulate cell 

surface molecules and cytokines. In the secondary lymphoid organs, antigen 

presenting cells stimulate T cells, which collaborate with B cell to promote antibody 

production and memory B cell formation. Then, T cells proliferate and migrate 

into the infection site, where they exert their effector function, contributing to 

pathogen elimination. 

Several factors, such as sex, diet, and exercise, influence the immune system. Age 

has an effect on its efficiency too.  First, immune system stimulation and oxidative 

stress exposure occurring in the course of life promote a state called inflammaging, 

that is inflammation associated with aging. This low-grade inflammation status 

is associated with almost all the health problems typical of aging, such as 

cardiometabolic and neurodegenerative diseases. It is due to chronic immune 

system stimulation, which induces the increase of both activated immune cells 

and pro-inflammatory lymphokines production, contributing to the imbalance 

between inflammatory and anti-inflammatory mechanisms. Moreover, during the 

course of life, oxidative stress damages cell lipids, proteins, and nucleic acids, 

triggering protective mechanisms; however, as oxidative insult goes on, such 

Chemical and biological agents, together with trauma, continuously threaten 

health. Fortunately, the organism is equipped with a powerful weapon to counteract 

them: the immune system. 

Two kinds of immunity work side by side to defend it. Innate immunity (e.g. monocytes 

and Natural Killer – NK – cells) provides a fast protection, representing body’s first 

line of defense. This protection is unspecific and incomplete but is needed until the 

second kind of immunity (the adaptive immunity) is established. Adaptive immunity 

takes longer to respond to health insults, but is highly specific and permanent. Its 

cells (T and B cells) respond to the inflammatory environment generated by the 

innate immunity, proliferating and differentiating to eliminate the health insult. Upon 
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protective mechanisms become less effective. The consequent accumulation 

of senescent, dysfunctional, and mutated cells leads to a reduction of immune 

response and to an increased risk of infections, cancer, and degenerative disorders. 

Besides the increased tendency for inflammation, aging comes with immune 

defense decay too. This phenomenon, known as immunosenescence, is 

associated with the reduction of adaptive immune response, the enhancement 

of the susceptibility to infections, the increase in the production of autoantibodies 

(that is, antibodies directed against structures of the organism), and increased 

mortality. This is though to explain why some diseases involving the immune system 

(such as autoimmune diseases, malignancies, and infections) develop during 

aging. 

Actually, the immune system is thought to play an active role in aging, and 

physiological events such as the involution of thymus gland (which in the first 

years of life participates in immune cell maturation) support this theory. In general, 

the ability of constantly renewing immune system cells declines with age, and 

hematopoietic tissue that produce them decreases. 

The aging of the immune system compromises the healthspan, that is the period of 

life free from chronic diseases and disability. In fact, immunosenescence reduces 

the ability to respond to new antigens (with the accumulation of memory T cells) 

and the inflammaging is associated with several health risks. However, aging 

differs from one individual to another, and the hallmarks of immunosenescence 

are affected by the history of individual exposure to pathogens.

Thymus involution starts early in life, and it almost completes between 40 and 50 

years. Both innate and adaptive immune response progressively decrease during 

aging, with a significant decrease in the absolute frequencies of CD45+ Peripheral 

Blood Mononuclear Cells (PBMCs, including lymphocytes and monocytes). 

However, adaptive immunity is more extensively affected. Its effectiveness 

diminishes because of changes in both the quality and the quantity of the T and 

B cell responses. As a consequence, the reaction against newly encountered 

antigens becomes inadequate, and older individuals are more susceptible to 

infection and to the development of age-related diseases, including cancer.

T cells in agingT cells in aging

T cells are a type of lymphocytes generated in the thymus. Based on their co-receptor 

molecules, they can be distinguished in CD4+ and CD8+ cells. 

Among CD4+ lymphocytes are T helper cells, which are the immune cells leading the 

fight against infections. CD4+ cells are involved in the identification and destruction 

of bacteria, fungi, and viruses. By releasing cytokines, they activate neighboring cells; 

by chemokines secretion, they recruit new immune cells. 

Among CD8+ lymphocytes are cytotoxic T cells. These lymphocytes identify and kill 

cells infected by viruses and cancer cells by delivering cytotoxic granules into them. 

As CD4+ cells, CD8+ cells produce cytokines too.

Typically, a T cell response peaks in 7-15 days, after which the vast majority of 

antigen-specific T cells die off, leaving a pool of memory cells. Both CD4+ and 

CD8+ lymphocytes can leave central-memory and effector-memory cells. The 

former can extensively proliferate after antigen reencounter, while the latter are 

characterized by limited proliferative potential but rapid effector, cytolitic, function. 

Effector-memory cells are thus considered first responders to peripheral reinfection 
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controlling the initial re-exposure to a pathogen, allowing central-memory cells the 

time to proliferate and create new effectors.

Memory cells can survive for decades, with a half-life of 8-15 years. That is 

why overexuberant exposure to antigens can compromise immune memory: 

overdifferentiation of T cells can limit the immunological space available for new 

memory cells. In fact, the immune system works to maintain the number of peripheral 

T cells at almost constant level. As a consequence, the increase in differentiated T 

cells reduces the space for new T cells. For example, chronic viral infections lead 

to continuous stimulation of T cells, increasing the risk of clonal exhaustion and 

overdifferentiation of all the viral-specific T cells into effectors.

In general, both inflammatory and immune-modulating signals are required for 

proper effector and memory function. However, the overcommitment to one or the 

other can lead to dysfunctional immune response.

Unfortunately, the increase in life expectancy does not always coincide with the 

increase in healthy, free-of-disease, years to be lived. For example, the elderly is 

characterized by a decrease in the ability to resist new infections. Changes in T cell 

population are in part responsible for phenomena like this. 

In the elderly, reduction in total T cell number has been reported, and the decreased 

ability to resist new infections is associated with the reduction of naïve T cells – that 

is, newly produced, resting cells that can be activated by the interaction with an 

antigen. This decrease is a consequence of both thymic involution and chronic 

antigenic stimulation. Moreover, elderly naïve T cells show multiple alterations, 

including the reduced production of IL-2 and the diminished ability to differentiate 

into effector cells. Finally, senescent cell reduced sensitivity to damaged-induced 

apoptosis reduces the immunological space; as a consequence, depleted CD4+ 

cells cannot be replaced with either CD4+ or CD8+ cells. In fact, aging-associated 

reduced sensitivity to damaged-induced apoptosis promotes the accumulation of 

dysfunctional cells, CD8+, and memory cells, reducing the space for other immune 

cells, in particular CD4+ cells. This is why the accumulation of these cells increases 

the risk of both infections and neoplastic or degenerative disorders even without 

significant changes in the total CD3+ (T) cell level.

Factors affecting the elderly can progressively influence CD4+/CD8+ ratio, a 

parameter telling how strong the immune system is. CD4+/CD8+ ratio is considered as 

a component of the increased risk of death. In very old individuals the combination 

of high CD8+ and low CD4+ percentages and poor T cell proliferation in peripheral 

blood lymphocytes is associated with higher mortality, and the mortality rate above 

the age of 60 is significantly increased when CD4+/CD8+ ratio is inverted. That is 

why CD4+/CD8+ inversion evaluation is crucial for individuals suspected of having a 

compromised immunity. 

CD4+/CD8+ ratio is high in neonates, and declines to adult values by 4 years of age. 

Its inversion is a feature of the so-called immune risk phenotype (IRP), a condition 

typical of the elderly characterized by memory-effector cells increase. Interestingly, 

IRP is independent of the overall health status, not being exclusive of frail individuals. 

Moreover, there is a significant lowering of T cells (CD3+), CD4+ and CD8+ cells  

across the adult life-span, and the prevalence of CD4+/CD8+ ratio inversion 

increases with aging, shifting from about 8% in 20-59 year old individuals to 16% in 60-

94 year old individuals. Finally, CD4+/CD8+ inversion was reported to be significantly 

more frequent among men. This phenomenon was suggested to contribute for the 

differences in longevity between sexes.

CD4+/CD8+ inversion might represent a step toward a progressive CD4+ 

lymphocytopenia, a not unusually rare condition in aged people. In this case, 

factors affecting the CD4+ population could be the cause of the inversion. However, 

aging-associated CD8+ cells changes are more important. In particular, healthy 

elderly clonal expansion has been reported and has been associated with a CD28- 

4



subpopulation, lacking in proliferative responses to T cell receptor stimuli.

Moreover, CD4+/CD8+ balance may be altered by some conditions, particularly 

viral infections. Cytomegalovirus (CMV) positivity, a leading cause of immune 

system senescence, is closely related to the inversion of the CD4+/CD8+ ratio. CMV 

infection, that persists lifelong after the first exposure, chronically stimulates CD8+ 

cells, which expand and show a memory-effector phenotype. CD4+ cells decrease 

in a compensatory way. In the IRP, marked seropositivity for cytomegalovirus is 

associated with reversal of CD4+/CD8+ ratio, the increase in CD8+CD28- memory-

effector cells and in proinflammatory cytokines such as IL-6, and the reduction of B 

cells (CD19+). This condition is predictive of the development of cognitive deficits, 

and of mortality rate over the next 4 years in 58% of cases. Even if a significant 

number of adults are positive to CMV, only a minor part of them is aware of its 

seropositivity; as a consequence, they are unaware of their possible compromised 

immune defenses.

Other conditions associated with CD4+/CD8+ inversion are transplantation, 

hemophilia treatment, acute illness, and malnutrition. In many cases, T cell 

subpopulations are only temporarily affected; however, CD4+/CD8+ ratio 

can remain altered in the long term. In general, both microbial agents and 

environmental stressors can initiate T cell changes; an immune system lacking the 

required resilience might foster a progressive change in CD4+/CD8+ ratio toward 

unhealthy values.

In the elderly, CD4+/CD8+ ratio values greater than 2 where reported to. It must be 

noted that, beside strong immunity, such values can be associated with specific 

pathologies, such as infections and blood cancers. Moreover, as opposed to the 

mean, the median elderly CD4+/CD8+ ratio tends towards lower values, indicating 

a tendency towards inversion.

B cells in agingB cells in aging

B cells are immune cells responsible for the production of antibodies, antigen 

presentation and cytokine secretion. They are released as immature cells by the 

bone marrow, and their total number, as well as the composition of the B cell 

population circulating in peripheral blood, dynamically changes during the course 

of life. 

Immediately after birth total B cell count increases 2-fold. This increase is due to an 

active production and release of B cells by the bone marrow, that reaches a maximum 

between 0 and 12 months of age. Then B cell count remains high until 2 years, 

when a gradual decrease starts, leading to approximately 6.5-fold lower numbers 

in the adulthood. Starting from 2 months of life memory B cells increase too. Their 

number remains high until age 5 years, when it starts decreasing to adult-like values.

5

T CELLS IN AGING

IMMUNE RISK PHENOTYPE (IRP)IMMUNE RISK PHENOTYPE (IRP)REDUCED IMMUNOLOGICAL SPACEREDUCED IMMUNOLOGICAL SPACE

accumulation of:
dysfunctional cells

CD8+ cells
memory cells

CD4+/CD8+ ratio inversion
high CD8+
low CD4+

poor T cell proliferation in peripheral blood
increase in memory-effector cells



inflammatory dendritic cells or macrophages. Two major monocytes subsets in the 

peripheral blood can be distinguished based on the differential expression of two 

molecules: CD14 and CD16. CD14++CD16- cells are known as “classical monocytes”, 

whereas CD14+CD16+ cells are known as “non-classical monocytes”. A third subset 

of monocytes is represented by CD14++CD16+ cells, or “intermediate monocytes”. 

CD14++CD16- cells represent up to 95% monocytes in healthy individuals. They are 

characterized by a high phagocytic capacity, innate sensing/immune responses 

and migration, and can be somewhat more efficient than CD14++CD16+ monocytes 

in producing reactive oxygen species (ROS) and constraining fungi. They can 

differentiate into monocyte-derived macrophages and dendritic cells, immune cells 

playing a pivotal role in tissue inflammation development and resolution. 

Compared to them, CD14++CD16+ cells display similar phagocytosis potential, but 

lower adhesion capacity, and higher class II molecule expression and IL-2 production. 

They are well-suited for antigen presentation, cytokine production (TNF-α, IL-1β, and 

IL-6), apoptosis regulation, and differentiation. Their blood number is expanded in 

case of systemic infection, so they must play an important role in the rapid response 

to pathogens. 

CD14+CD16+ monocytes are instead associated with wound healing and anti-viral 

responses, and promote neutrophil adhesion at the endothelial interface via TNF-α 

production. However, they do not produce the same levels of pro-inflammatory 

cytokines as classical monocytes. Moreover, compared to classical CD14++CD16- 

cells, non-classical CD14+CD16+ monocytes express lower levels of chemokine 

receptors involved in monocyte migration.

CD16+ subsets correlate with chronic inflammation-associated pathologies, such 

as coronary artery disease, obesity, diabetes, arthritis, and intestinal inflammatory 

diseases, and with cardiovascular disease progression. For example, increased levels 

In the adulthood, total B cell number remains relatively stable until aging. However, 

aging is associated with the reduction of B cell production by the bone marrow. Recent 

analyses suggest that this age-related declines is due to the increased production of 

inflammatory cytokines that can inhibit their creation, such as IL-1, IL-6 and TNF-α. 

In young people, short-term inflammation may stimulate the production of myeloid 

cells, such as monocytes, that help to promptly respond to infections; instead, the 

chronic inflammation associated with aging may translate in a continuous inhibition 

of B cell production.

Moreover, memory B cells and new plasma cells (that is, the more advanced 

differentiation step of mature B cells, able to secrete large amounts of antibodies) 

gradually decrease after 60 years of age.

Monocytes in agingMonocytes in aging

Monocytes are white blood cells developing in the bone marrow that are involved 

in both the innate immune response, and processes such as tissue repair. They 

circulate in the blood, migrating to sites of injury or infection after the engagement of 

chemokine and pathogen recognition receptors. They can perform pro-inflammatory 

and pro-resolving functions, take up cells and toxic molecules, and differentiate into 
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of both intermediate and non-classical monocytes have been associated with 

proatherogenic lipoprotein profiles. Intermediate monocytes number negatively 

correlates with plaque thickness and plays a pivotal role in cardiac attack and 

plaque growth and stability. They showed an association also with cardiovascular 

outcomes in patients with chronic kidney disease. 

The absolute number and the relative contribution to the circulating monocyte 

pool of non-classical cells increase also during aging. In fact, in healthy adults total 

monocytes levels do not change with age, but after the age of 50 there is a shift 

from classical CD14++CD16- monocytes to CD14+CD16+ cells. This could represent 

a physiological trick to preserve the overall functionality of the monocyte pool, 

but it does not necessarily correspond to enhanced monocyte availability and 

functionality in aging. 

In fact, after the age of 50 the functionality of CD14+CD16+ monocytes seems to 

decrease. They express lower levels of activation markers and display a potentially 

reduced capacity to migrate to inflammatory sites and to the spleen. Moreover, 

the half-life of monocyte-derived tissue macrophages is lower too. 

Finally, CD14+CD16+ monocytes that are expanded after the age of 50 are generally 

believed to have the capacity to produce higher levels of pro-inflammatory 

cytokines. In particular, advanced-age, frail elderly showed a higher production 

of TNF-α, and to a lesser extent IL-8. Pro-inflammatory cytokines production is 

constitutively higher, suggesting a predisposition to chronic disease development. 

Looking at the differences between adults (19-59 years), seniors (61-76 years), and 

the advanced-aged, frail elderly (81-100 years), the latter showed a significant 

reduction in CD14++CD16- and CD14+CD16+ monocytes, and an increase in 

CD14++CD16+ cells.

Overall, data in the scientific literature indicate a decrease in CD14++CD16- 

monocytes starting from 61 years of age, and an increase in CD16+ subpopulations. 

CD14+CD16+ cells seem to increase after the age of 50, but their functionality is 

compromised; starting from the age of 81, frailty is associated with their reduction, 

whereas CD14++CD16+ monocytes increase.

CD16+ cells, in particular non-classical monocytes, seem to account for the increase 

in plasma TNF-α levels and inflammatory conditions in aged individuals. Monocyte 

frequency, phenotype, and functional changes observed in the advanced-age, frail 

elderly correlate with chronic diseases associated with a chronic inflammatory state, 

such as coronary artery disease, arthritis, and inflammatory diseases of the intestinal 

tract. Moreover, monocyte frequency and the classical to intermediate monocyte 

ratio were positively associated with the likelihood of having dementia.

Interestingly, reversal of CD16+ cell increase seem to be possible. In obese individuals, 

for example, both dietary intervention and gastric bypass surgery result in the 

decrease of these subsets of monocytes. 

NK cells in agingNK cells in aging

NK cells are versatile lymphocytes involved in both innate and adaptive immunity 
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that can destroy virus-infected and tumor cells. Their cytotoxicity relies on the fine 

balance between activating and inhibitory surface receptors. They can secrete 

cytokines, regulate dendritic cell maturation and act as antigen presenting cells.

NK cells can be divided in subsets based on CD56 and CD16 expression. 

CD56dimCD16+ cells are mature cytotoxic cells with a poor capacity to proliferate in 

response to cytokines. They represent up to 90% of NK cells circulating in peripheral 

blood cells, and directly kill target cells via exocytosis of granules, activation of 

cell death, or antibody-dependent cytotoxicity. After direct contact with target 

cells, CD56dimCD16+ cells secrete cytokines such as IFN-γ. CD56bright cells are 

less mature and are concentrated mostly in lymph nodes. They produce and are 

responsive to cytokines; in particular, CD56brightCD16- cells produce high levels of 

cytokines and chemokines in response to IL-2, IL-12 and IL-18.

Although some conflicting evidence, several data suggest that during aging 

absolute peripheral blood NK cell number tend to increase. However, starting from 

the age of 50 the production of new NK cells is reduced, indicating a high proportion 

of “old” NK cells in the elderly. CD56bright cells decrease, probably because of the 

age-associated changes in the hematopoietic stem cells in the bone marrow. As 

a consequence, in the elderly cytokine and chemokine production by NK cells is 

impaired. Instead, the production of IFN-γ increases, probably as a compensatory 

mechanism to maintain CD56bright immunoregulatory role.

On the contrary, the subset of CD56-CD16+ NK cells increases. These cells are 

characterized by low replicative capacities and reduced cytokine production. 

CD57+CD56dimCD16+ cells increase too. This subpopulation, characterized by high 

cytotoxic capacity and reduced sensitivity to cytokines and replicative potential, is 

absent at birth and increases with age. 

However, CD57 seems to be a marker of NK cells expansion in response to CMV 

infection; in CMV-positive people, it would accumulate during aging to maintain 

NK cell homeostasis. On the contrary, the redistribution of NK cell subsets, with  

CD56bright decreasing and  CD56-CD16+ cells increasing, is associated with aging 

but not with CMV infection.

In general, a low NK cytotoxicity is associated with an increase in morbidity (e.g. 

infections and mechanisms of atherosclerotic and neurodegenerative diseases) 

and mortality. On the contrary, high NK function is associated with longevity and 

good health.

Vitamin D and the immune systemVitamin D and the immune system

Immune system efficiency depends also on vitamin D status. This peculiar 

micronutrient (in effect, a prohormone) is a potent immunomodulator. Before the 

advent of efficient antibiotics therapies, it has been used to treat serious infections, 

such as tuberculosis. Nowadays, the association between its deficiency and the 

increased susceptibility to infection (both respiratory and oral, gastrointestinal, 

genitourinary tract, and ocular) is well-known. Moreover, the link between 

inadequate vitamin D status and the prevalence of autoimmune disorders has 

been unveiled too. In general, avoidance of vitamin D deficiency is associated 
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with better immune system functioning.

In human, it is synthesized in the skin by the action of ultraviolet (UV) rays on its precursor, 

7-dehydrocholesterol. Its active form is then obtained by hydroxylation taking place 

in the liver and in the kidney. In the circulation, vitamin D and its metabolites are 

bound to the vitamin D-Binding Protein (DBP), which functions as inflammation and 

immune response regulator too.

Immune cells possess the necessary machinery to synthesize its active form too. 

Moreover, they express the vitamin D receptor (VDR). Thus, immune system can both 

produce and respond to vitamin D, and vitamin D can act on immune cells both in 

a paracrine and autocrine manner. It exerts a complex effect, promoting a more 

tolerogenic immune status. 

First, vitamin D plays an important role in the innate response to microbes. Its 

antimicrobial role is mediated by monocytes. In these cells, vitamin D exerts an anti-

oxidative effect. Moreover, it inhibits the production of cytokines such as IL-1, IL-6, IL-8, 

IL-12 and TNF-α. Finally, recent studies suggest an epigenetic effect during antigen 

encounter and differentiation.

In macrophages, the activation of toll like receptors (TLRs) by microbial components 

leads to the increase of the expression of both the vitamin D synthesizing enzyme 

and the VDR. This results in the production of antimicrobial proteins. Moreover, the 

active form of vitamin D exerts an anti-inflammatory action on these immune cells. It 

increases IL-10 and decreases inflammatory stimuli, such as IL-1β, IL-6, TNF-α, and cyclo-

oxygenase-2 (COX-2). VDR expression levels are reduced comparing to monocytes. 

The enzyme responsible for vitamin D synthesis is dependent on 25-hydroxyvitamin D3 

(25-(OH)D3) produced in the liver, and may be induced by cytokines such as IFN-γ, 

IL-1 or TNF-α. 

The active form vitamin D induces changes in dendritic cells morphology, cytokine 

production and surface markers, promoting a less mature and more tolerogenic 

phenotype.  IL-6 and IL-12 are reduced, whereas IL-10 is increased, together with 

molecules that regulates T cell activity, such as TNF.

Finally, vitamin D regulates NK cells and neutrophils too. In particular, by modulating 

the activity of neutrophils, this vitamin helps to minimize damage by pathogens and 

to reduce the risk of autoimmunity.

Vitamin D affects also adaptive immunity. First, it seems to directly act on B cells, 

inducing the apoptosis of activated lymphocytes and impeding the generation 

of plasma cells (that is, antibodies producing cells) and memory B lymphocytes. 

Moreover, it upregulates B cell IL-10 production.

Secondly, acting on antigen presenting cells (that is, immune cells that collect 

antigens and communicate with lymphocytes to orchestrate the adaptive immune 

response), vitamin D influences T cell activity. In particular, it modulate T cell response 

reducing T cell autoreactive proliferation, inducing the apoptosis of autoreactive T 

cells, and increasing T lymphocytes that downregulate the immune response. 

Vitamin D can also directly influence T cell activity, promoting the reduction of 

inflammatory cytokines (IL-2, IL-9, IL-17, IL-21, and IFN-γ) and the increase of anti-

inflammatory cytokines (such as IL-10). Its effect is dependent on the state of 

activation of T cells; in fact, T cell VDR concentration increase upon their activation.

Unfortunately, up to 40% of adults suffer from low serum vitamin D level. This widespread 

vitamin D deficiency is caused by a combination of vitamin D-rich foods scarcity and 

poor UV-synthesis.

Salmon, rainbow trout, swordfish, mackerel, herrings, eggs, tuna, milk, and bovine 

liver are the richest sources in the diet. However, most of the dose of this peculiar 

nutrient required to fulfill daily organism requirement is synthesized in the skin by the 

action of sunbeam UV-rays.

People spend less time in the open air than in the past, and they need to protect 

their skin from cancer risk by blocking UV-rays with adequate sunscreens. Moreover, 
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latitude, season and skin pigmentation influence skin vitamin D synthesis. All these 

factors can limit the exposure to UV-rays.

Aging comes with an even greater risk of severe vitamin D deficiency. In a study 

involving 75-year and older men and women, French and Canadian researchers 

found the recommended vitamin D level only in 15% of the participants, and classified 

more than a quarter of them (27%) as affected by a “very sever vitamin D deficiency”. 

Severe, moderate, and minor vitamin D deficiency were found, respectively, in 16%, 

27% and 15% of the participants. No significant difference was observed between 

age subgroups, suggesting that all old people might be at high risk of deficiency.

Other studies showed even smaller percentages of normal vitamin D concentration 

in the elderly (6-7,5%). In general, available data demonstrate that vitamin D 

deficiency in the elderly is a public health problem. Reasons behind it includes the 

already cited low sun exposure and scarce availability of dietary sources, the lack of 

physical activity, and the reported decrease in skin vitamin D synthesis.

This deficiency is traditionally associated with bone fracture, but not only. In fact, 

low serum vitamin D level was reported to be associated with frailty syndrome and, 

as stated before, several infections. Vitamin D status correlates with cardiovascular 

disorders, diabetic retinopathy, migraine, and cancer (in particular bladder 

carcinoma and colorectal cancer) too. What is more, vitamin D supplementation 

has been associated with a significant improvement in senile dementia-associated 

cognitive performance decline and type 2 diabetes fasting blood glucose. In 

summary, there is plenty of reasons to warrant the organism adequate vitamin D 

level in the adulthood. 

The nutritional vitamin D status is reflected by 25-(OH)D3 levels. To warrant immune 

system efficiency, all deficiencies must be corrected. Supplementation represents 

an effective strategy. For example, both vitamin D2 and vitamin D3 have been 

associated with protection against acute respiratory tract infections in 25-(OH)D3 

deficient adults, especially with a daily or weekly supplementation.

Why Why IMMUNEBALANCEIMMUNEBALANCE

Monitoring immune system balance allows intercepting immune function aging,  

and enables counteracting it to reach old age without disability. The adequate 

modulation of immune responses and the counterbalance of a pro-inflammatory 

cytokine profile with an anti-inflammatory profile can help reduce age-related 

degenerative, inflammatory and neoplastic diseases.

IMMUNEBALANCE by Bioscience Institute enables immune balance monitoring in 

healthy people, regardless of age, by the simultaneous analysis of total leukocytes, T 

and B cells, CD4+/CD8+ T cell ratio, monocytes CD14 and CD16 expression, NK cells, 

and vitamin D levels. It intercepts deviation from healthy values before the onset of 

health problems. The imbalance status eventually detected can be counteracted 

via lifestyle-based solutions, such as the use of food supplements specifically studied 

to promote immune system functioning.

PARAMETER DISEQUILIBRIUM

Total lymphocytes
T cells

CD4+ T cells
CD8+ T cells
CD4+/CD8+

↓
↓
↓
↓ or ↑
↓ or ↑

↓ or ↑
↑
↓
↓
↑

↑
↓
↑

Monocytes
non-classical
intermediate

classical
classical/intermediate

intermediate/non-classical

NK cells

CD56bright
CD56-CD16+

< 30 ng/ml (insufficiency)
< 20 ng/ml (deficiency)

Vitamin D



11

Poitou C et al. CD14dimCD16+ and CD14+CD16+ monocytes in obesity and during weight loss: relationships 
with fat mass and subclinical atherosclerosis. Arterioscler Thromb Vasc Biol. 2011 Oct;31(10):2322-30. doi: 10.1161/
ATVBAHA.111.230979

Kweder H and Eidi H. Vitamin D deficiency in elderly: Risk factors and drugs impact on vitamin D status. Avicenna 
J Med. 2018 Oct-Dec; 8(4): 139–146. doi: 10.4103/ajm.AJM_20_18

Seaborg E. Just right: how much vitamin D is enough? In Endocrine news, Endocrine Society. 2014 Nov. https://
endocrinenews.endocrine.org/nov-2014-just-right-how-much-vitamin-d-is-enough/

Seidler S et al. Age-dependent alterations of monocyte subsets and monocyte-related chemokine pathways in 
healthy adults. BMC Immunol. 2010 Jun 21;11:30. doi: 10.1186/1471-2172-11-30

Solana R et al. Shaping of NK cell subsets by aging. Curr Opin Immunol. 2014 Aug;29:56-61. doi: 10.1016/j.
coi.2014.04.002

Stockinger B et al. The concept of space and competition in immune regulation. Immunology. 2004 Mar; 111(3): 
241–247. doi: 10.1111/j.1365-2567.2004.01831.x

Strindhall J et al. The inverted CD4/CD8 ratio and associated parameters in 66-year-old individuals: the Swedish 
HEXA immune study. Age (Dordr). 2013 Jun; 35(3): 985–991. doi: 10.1007/s11357-012-9400-3

Thaler B et al. Differential in vivo activation of monocyte subsets during low-grade inflammation through 
experimental endotoxemia in humans. Sci Rep. 2016 Jul 22;6:30162. doi: 10.1038/srep30162

Valiathan R et al. Effects of Ageing on the Immune System: Infants to Elderly. Scand J Immunol. 2016 Apr;83(4):255-
66. doi: 10.1111/sji.12413

Ventura MT et al. Immunosenescence in aging: between immune cells depletion and cytokines up-regulation. 
Clin Mol Allergy. 2017 Dec 14;15:21. doi: 10.1186/s12948-017-0077-0

Verschoor CP et al. Alterations to the frequency and function of peripheral blood monocytes and associations 
with chronic disease in the advanced-age, frail elderly. PLoS One. 2014 Aug 8;9(8):e104522. doi: 10.1371/
journal.pone.0104522

Wikby A et al. Changes in CD8 and CD4 lymphocyte subsets, T cell proliferation responses and non-survival in 
the very old: the Swedish longitudinal OCTO-immune study. Mech Ageing Dev. 1998 May 15;102(2-3):187-98. doi: 
10.1016/s0047-6374(97)00151-6

Wikby A et al. The immune risk profile is associated with age and gender: findings from three Swedish population 
studies of individuals 20-100 years of age. Biogerontology. 2008 Oct;9(5):299-308. doi: 10.1007/s10522-008-9138-6

Zhang Y et al. In vivo kinetics of human natural killer cells: the effects of ageing and acute and chronic viral 
infection. Immunology. 2007 Jun; 121(2): 258–265. doi: 10.1111/j.1365-2567.2007.02573.x

Aiello A et al. Immunosenescence and Its Hallmarks: How to Oppose Aging Strategically? A Review of Potential 
Options for Therapeutic Intervention. Front Immunol. 2019 Sep 25;10:2247. doi: 10.3389/fimmu.2019.02247

Aranow C. Vitamin D and the Immune System. J Investig Med. 2011 Aug; 59(6): 881–886. doi: 10.231/
JIM.0b013e31821b8755

Benjamin JT et al. Neonatal Leukocyte Physiology and Disorders. In Avery’s Diseases of the Newborn (Tenth 
Edition), 2018

Blanco E et al. Age-associated distribution of normal B-cell and plasma cell subsets in peripheral blood. J Allergy 
Clin Immunol. 2018 Jun;141(6):2208-2219.e16. doi: 10.1016/j.jaci.2018.02.017

Campos C et al. Effect of age and CMV on NK cell subpopulations. Exp Gerontol. 2014 Jun;54:130-7. doi: 10.1016/j.
exger.2014.01.008

Ferguson FG et al. Immune parameters in a longitudinal study of a very old population of Swedish people: a 
comparison between survivors and nonsurvivors. J Gerontol A Biol Sci Med Sci. 1995 Nov;50(6):B378-82. doi: 
10.1093/gerona/50a.6.b378

Geissmann F et al. Development of monocytes, macrophages, and dendritic cells. Science. 2010 Feb 
5;327(5966):656-61. doi: 10.1126/science.1178331

Kapellos TS et al. Human Monocyte Subsets and Phenotypes in Major Chronic Inflammatory Diseases. Front 
Immunol. 2019 Aug 30;10:2035. doi: 10.3389/fimmu.2019.02035

Kverneland AH et al. Age and gender leucocytes variances and references values generated using the 
standardized ONE-Study protocol. Cytometry A. 2016 Jun;89(6):543-64. doi: 10.1002/cyto.a.22855
Li M et al. Age related human T cell subset evolution and senescence. Immun Ageing. 2019 Sep 11;16:24. doi: 
10.1186/s12979-019-0165-8

Lin Y et al. Changes in blood lymphocyte numbers with age in vivo and their association with the levels of 
cytokines/cytokine receptors. Immun Ageing. 2016 Aug 18;13:24. doi: 10.1186/s12979-016-0079-7

Martens PJ et al. Vitamin D’s Effect on Immune Function. Nutrients. 2020 May; 12(5): 1248. doi: 10.3390/nu12051248

Ma S et al. B Cell Dysfunction Associated With Aging and Autoimmune Diseases. Front Immunol. 2019; 10: 318. doi: 
10.3389/fimmu.2019.00318

McBride JA and Striker R. Imbalance in the game of T cells: What can the CD4/CD8 T-cell ratio tell us about HIV 
and health? PLoS Pathog. 2017 Nov; 13(11): e1006624. doi: 10.1371/journal.ppat.1006624

Montecino-Rodriguez E et al. Lymphoid-Biased Hematopoietic Stem Cells Are Maintained with Age and Efficiently 
Generate Lymphoid Progeny. Stem Cell Reports. 2019 Mar 5; 12(3): 584–596.
doi: 10.1016/j.stemcr.2019.01.016

Morbach H et al. Reference values for B cell subpopulations from infancy to adulthood. Clin Exp Immunol. 2010 
Nov;162(2):271-9.  doi: 10.1111/j.1365-2249.2010.04206.x

Patel AA and  Yona S. Inherited and Environmental Factors Influence Human Monocyte Heterogeneity. Front 
Immunol. 2019 Nov 7;10:2581. doi: 10.3389/fimmu.2019.02581

Pennock ND et al. T cell responses: naïve to memory and everything in between. Adv Physiol Educ. 2013 Dec; 
37(4): 273–283. doi: 10.1152/advan.00066.2013

REFERENCESREFERENCES



ROMAROMA

Università di Roma Tor VergataUniversità di Roma Tor Vergata

Via Ricerca Scientifica, 1 Roma - ItalyVia Ricerca Scientifica, 1 Roma - Italy

MILANOMILANO

Ospedale San Raffaele DIBIT 1Ospedale San Raffaele DIBIT 1

Via Olgettina, 58 Milano - ItalyVia Olgettina, 58 Milano - Italy

SAN MARINOSAN MARINO

Strada Rovereta, 42Strada Rovereta, 42

47891 Falciano RSM47891 Falciano RSM

DUBAIDUBAI

Al Razi Building n.64 - Block BAl Razi Building n.64 - Block B

Dubai HealthCare City - UAEDubai HealthCare City - UAE

HONG KONGHONG KONG

Unit 802 8/F, No 15 - Science ParkUnit 802 8/F, No 15 - Science Park

West Avenue - Hong KongWest Avenue - Hong Kong  

www.bioinst.com  -  info@bioinst.com

800 690 914

UNI EN ISO 9001:2015

bioscience
g e n o m i c s


