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Abstract

Background: Dietary selenium complements are known to
improve overall health and enhance different aspects of the
immune response, participating in the function of the
immune cells, cytokine secretion, regulation of chronic
inflammation and control of excessive immune responses.
In this study, our objective was to evaluate whether a
selenium-rich  postbioticc, composed of whole-cell
Saccharomyces cerevisiae ABB S15, Kluyveromyces
marxianus ABB S8 and Saccharomyces boulardii ABB S3
yeast strains, can act as provider of selenium to enhance the
function of the human immune system after oral intake.

Methods and findings: A total of 15 volunteers were
enrolled in a 28-day clinical study in which they
complemented their normal diets with a daily dose of a
novel selenium food supplement, “postbiotic immune”.
Selenium levels in plasma were quantified by ELISA (Enzyme
Linked Immuno Sorbent Assay), and the proliferation and
activation of different subsets of lymphocytes isolated from
PBMC’s (Peripheral Blood Mononuclear Cells) were
assessed by flow cytometry using different cell markers. At
the end of the study, we observed a higher proliferative
capacity of total lymphocytes and specifically, of CD16+
lymphocytes (natural killer cells), upon stimulation with the
CD3 and CD28 antibodies mimicking cell activation in vitro.
Interestingly, we did not observe an increase in the
activation of the lymphocyte subsets CD4+ (T helper cells)
but CD16+, indicating that there was a specific activation of
natural killer cells.

Conclusions: Altogether, our results suggest that orally
ingested “Postbiotic immune” primes the human immune
system to elicit a faster and more efficient immune
response through the specific activation of natural killer
cells.
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Introduction

Selenium (Se) is an essential micronutrient involved in
multiple aspects of human health including proper thyroid
hormone metabolism, cardiovascular health, prevention of
neurodegeneration and cancer, and optimal immune responses
[1]. Dietary selenium is incorporated into selenoproteins, which
are proteins containing selenium in the form of the 21st amino
acid, selenocysteinen, that participate in a variety of vital
physiological processes, including inflammation and immunity
[2]. Most of the selenium in the body is stored in the muscle
tissue, although the highest concentration of selenium is found
in the thyroid gland due to various selenoproteins that
participate in the thyroid function [3].

To date, many studies have been conducted on the benefits of
selenium intake in the enhancement of the function of the
immune system. Appropriate levels of selenium are important
for triggering a well-orchestrated immune response,
participating in the function of the immune cells, cytokine
secretion, regulation of chronic inflammation and excessive
immune responses [4]. Importantly, selenium deficiency has a
negative effect on activation, differentiation, and proliferation of
immune cells, due to the excessive oxidative stress and defective
protein folding and calcium transport [4]. In oncology, it has
been shown that selenium supplementation counters the
immunosuppression associated to tumor microenvironments
towards antitumor immunity by activating immune cells (e.g.
M1 macrophages and CD8+ T-lymphocytes) and producing pro-
inflammatory cytokines such as interferon-gamma [5,6].

In dietary supplementation, the use of organic selenium is
preferred instead of inorganic selenium, since organic
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compounds are more easily absorbed by human organisms in
comparison with inorganic compounds [7]. In this regard,
selenium enriched postbiotics are a common source of organic
selenium used to supplement the dietary intake of this
important trace mineral, and their use has been approved for
human consumption in the European Union and Britain [7] (EFSA
(European Food Safety Authority) positive list of QPS species
(Qualified Presumption of Safety)) [8]. Although the use of oral
probiotics is widespread, there are some concerns regarding the
use of live probiotics, such as cases of systemic infections,
acquisition of antibiotic resistance genes or interference with
gut colonization in neonates [9]. To avoid these risks, there is an
increasing interest in using postbiotics, preparations of
inanimate microorganisms and/or their components that confer
a health benefit on the host [10]. An example of postbiotics are
heat killed, non-viable microorganisms or microbial cell extracts,
which have a number of beneficial effects [11]. For example,
heat killed Saccharomyces cerevisiae has shown to improve the
immune response when used as vaccine in mice, while heat
killed cells of Saccharomyces boulardii maintain intestinal
integrity, modulate the immune system and prevent bacterial
translocation and intestinal lesions in mice [12,13]. There is
evidence supporting that S. boulardii has the ability to stimulate
he host immune system by triggering the release of
immunoglobulins [14]. Interestingly, the yeast Kluyveromyces
marxianus has also many beneficial effects on human health,
such as inducing apoptosis in different human cancer cells,
controlling intestinal inflammation and cellular oxidative stress,
and modulating the immune response by reducing
proinflammatory cytokines in the presence of inflammatory
stimulus, therefore its use as postbiotic could also be beneficial
for the human organism [15,16].

In the human immune system, T cells are particularly
important due to their role in promoting adaptive immunity
against pathogens and cancer as well as regulating tolerance, all
of which are influenced by dietary selenium levels.
Selenoproteins exhibit a wide variety of functions within T cells
that include regulating calcium flux induced by T Cell Receptor
(TCR) engagement, shaping the redox state of T cells before
during and after activation and linking TCR induced activation to
metabolic reprogramming required for T cell proliferation and
differentiation [17]. Specifically, selenium supplementation has
been reported to influence the activity of two important immune
cells; T helper lymphocytes and Natural Killer (NK) cells. T helper
cells (CD4+, CD8-) are a heterogeneous cell population
comprising different subsets that exert distinct roles in cell-
mediated immunity. CD40 is expressed on the surface of
numerous immune and non-immune cells, whereas CD4O0L is
expressed primarily by activated CD4+ T cells [18]. It has been
shown that a higher reductive state induced through increased
dietary selenium intake favors T helper cells differentiation into
Th1 subset during the proliferation and activation of naive CD4+
T cells [19]. Th1 cells stimulate cellular immune response whilst
Th2 subset stimulates humoral immune response promotes B
cell proliferation and antibody production [20]. Selenium
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supplements augmented the cellular immune response through
an increased production of interferon y and other cytokines, an
earlier peak T cell proliferation, and an increase in T helper cells
whilst humoral immune responses were unaffected [21]. On the
other hand, NK cells are important players of the innate immune
system that destroy infected and diseased cells. Activated NK
cells are characterized by the marker CD107a, which is an
indicator of the NK cell functional activity CD16+/CD107a+ [22].
Interestingly, selenium supplementation has been reported to
enhance the activation and lytic activity of NK cells [23]. Overall,
it is well established that optimal selenium levels are associated
with enhanced T cell proliferation, activation of T helper cells,
increase NK cell count and activity, stronger vaccine responses
and robust immunity against pathogens. [24].

The goal of this study was to evaluate the effect of a selenium
rich postbiotic, “Postbiotic immune”, a combination of whole
cell S. cerevisiae ABB S15, K. marxianus ABB S8 and S. boulardii
ABB S3, with high content in organic selenium, in the
improvement of the function of the immune system in human
volunteers. This was assessed by measuring different
parameters in the peripheral blood mononuclear cells isolated
from volunteers’ blood, such as the selenium bioavailability in
the plasma of volunteers and the proliferation and activation of
specific lymphocyte subsets by flow cytometry (total
lymphocytes and CD4+, CD4+/CD40L+, CD16+, CD16+/CD107a+
lymphocytes). Altogether, our results suggest that oral intake of
“Postbiotic immune” for 28 days primes the human immune
system to elicit a faster and more efficient immune response by
specifically activating the of natural killer cells subpopulation.

Materials and Methods

Tested product

The investigational product “Postbiotic immune” was composed
of a synergistic combination of different selenium enriched yeast
species; Saccharomyces cerevisiae, Saccharomyces boulardii and
Kluyveromyces marxianus. These yeast species are included in the
EFSA positive list of QPS species [8].

Study population

The study protocol was approved by the ethical committee for
medical research from hospital La Fe, Valencia, Spain
(Registration number: 2023-363-1; title: “Clinical evaluation of
the improvement of the immune system function after oral
intake by quantifying specific biomarkers in the blood of human
volunteers”). A total of 15 healthy volunteers between 18 and 65
years old, men and women, were enrolled in this clinical study.
The information of volunteers is detailed in Table S1. The
exclusion criteria for the selection of volunteers were:
(i) Subjects who did not give their consent to participate in
the study; (ii) Subjects who were enrolled in a diet different
from their usual diet at the time of the start of the study; (iii)
Subjects who were taking drugs or supplements that could
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affect the immune system (zinc supplements, selenium
supplements, probiotics, postbiotics, etc.); (iv) Subjects that
were on an antibiotic treatment within the 4 weeks prior to
enrolment in the study; (v) Subjects that had any infectious
disease within the last 4 weeks prior the start of the study; (vi)
Subjects diagnosed with immune diseases. Additionally,
volunteers were asked to keep their personal eating habits and
do not take drugs or dietary supplements aimed at reducing
weight or regulating gastrointestinal metabolic parameters
during the study period.

Subjects did not show any type of gastrointestinal or allergic
reaction after intake of the product; therefore, no subjects were
withdrawn from the study. Consumption control was carried out
to verify that volunteers follow the guidelines and take the
treatment, and to evaluate the clinical adherence. Data of the
consumption control is shown in Table S2.

Treatment

The product “Postbiotic immune” was provided in capsules
for oral intake, and volunteers took one capsule per day for 28
days, preferably early in the morning after breakfast. Then,
venous blood samples were obtained from volunteers before
(day 0) and at the end of the treatment (day 28) by trained
personnel, and the effect of the treatment was evaluated by
measuring different parameters in the blood of 15 volunteers.

Selenium quantification in plasma

Venous blood samples from volunteers were collected in EDTA
(Ethylene Diamine Tetra Acetic acid) containing tubes (Acefesa
EDTA K2 blood extraction tube, #367525) before (day 0) and at
the end of the treatment (day 28). Afterwards, samples were
centrifuged at 1000 RPM (Revolutions Per Minute) for 5 minutes
at room temperature, and plasma was collected in a separate
tube. Then, selenium levels in plasma were quantified by using
the selenium assay kit (Abcam, #abx298910), following the
manufacturer’s instructions.

Flow cytometry

In order to evaluate the effect of “Postbiotic immune” in the
improvement of the function of the immune system, we
determined the effect of the treatment on the total count of
lymphocytes and the activation of specific subsets of lymphocyte
by flow cytometry. Blood samples taken from volunteers before
(day 0) and at the end of the treatment (day 28) were mixed with
PBS+2% Fetal Bovine Serum (FBS, Gibco, #10500-064) and added
to a prefilled tube with lymph prep solution (STEMCELL
Technologies, #07801). Afterwards, samples were centrifuged at
800 g for 30 min in SepMate™-50 tubes (STEMCELL Technologies,
# 85450) and the plasma: Lymphoprep interface containing
Peripheral Blood Mononuclear Cells (PBMCs) was collected in a
separate tube. The PBMCs were washed, re-suspended in 1 ml
RPMI medium 1640 (Gibco, #21875-034) and divided into two
aliquots: One aliquot was seeded on 24-well plates (non-
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activated cells) and the other aliquot was supplemented with
anti-CD3 (Abcam, #16669) and anti-CD28 (Abcam, #243228)
antibodies at 3 ug/ml concentration for 24 hours, thus mimicking
oB-T cell receptor (TCR complex) mediated activation (activated
cells). Treatment of cells with monoclonal anti-CD3 antibodies
and anti-CD28 antibodies triggers a co-stimulatory signal that can
be used for cell activation [25-32]. After the 24-hour incubation
period, flow cytometry analysis was performed for quantification
of total lymphocyte population and for the subsets CD4+, CD4
+CD40L+, CD16+ and CD16+CD107a+ cells by using the following
antibodies according to manufacturer’s instructions: Pacific blue
mouse anti-human CD4 (BD Biosciences, #558116), APC mouse
anti-human CD40L (BD Biosciences, #555702), FITC mouse anti-
human CD16 (BD Biosciences, #561308) or PE mouse anti-human
CD107a (BD Biosciences, #555801) antibodies for 30 minutes at
room temperature. Flow cytometry analysis was set with 50.000
events per sample and used software was BD FACSDiva 8.0.1.

Self-assessment questionnaire

The efficacy of the treatment was subjectively evaluated by
the volunteers. For this, a questionnaire was provided to the 15
volunteers and answers were collected at the end of the
treatment. For the self-assessment questionnaires, opinions are
given according to parameters from 1 to 5, (1=Strongly Disagree,
2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree). For positive
impressions, satisfaction is considered when volunteers scored
parameters from 4 to 5. Detailed results are shown in Tables S3
and S4.

Statistical analysis

Statistical analysis was performed with graph pad prism V8.
Data outliers were identified with ROUT method (Q=5%) and
excluded from the analysis if found. Data were statistically
analyzed by paired T test. Statistical significance was declared at
p<0.05, 95% of confidence. Bars in the charts represent the
mean value for each condition and error bars indicate the
Standard Error of Mean (SEM) for each group of values. The % of
total cells quantified by the flow cytometer analysis software is
represented.

Results

Quantification of selenium levels in plasma

Food supplements containing selenium rich ingredients are
commonly used to increase the selenium levels in our organism
and to improve the health status of individuals. In order to
evaluate whether the oral intake of “Postbiotic immune” for 28
days increased the selenium levels in plasma, we quantified the
amount of selenium in the plasma obtained from volunteers
before (Day 0) and at the end of the treatment (Day 28). As
Figure 1 shows, daily oral intake of “Postbiotic immune” for 28
days resulted in an increase of selenium levels in the plasma of
volunteers by 108.7 + 30.5% compared to day O (Figure 1),
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demonstrating that the product “Postbiotic immune” is a dietary
supplement able to increase plasma selenium levels in healthy
individuals.
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Figure 1: Bar graphs showing selenium levels in the plasma
of volunteers before (Day 0) and at the end of the
treatment (Day 28). Data is shown as the mean (in mmol/
L) + Standard Error of the Mean (SEM). Statistical
significance is depicted as **p-value<0.01.

Flow cytometry analysis of lymphocyte subsets

It has been widely shown that selenium diet supplementation
has a positive impact on the function of the human immune
system. In order to evaluate whether “Postbiotic immune”
enhances the function of the human immune system, we
determined the proliferation of total lymphocytes, as well as
activated and non-activated CD4+ (T-Helper) and CD16+ (Natural
killer “NK”) lymphocytes by flow cytometry. For this, we
collected the PBMC fraction from the blood of volunteers before
(Day 0) and at the end of the treatment (Day 28), and stimulated
them with anti-CD3 and anti-CD28 antibodies (including a non-
stimulated condition). These antibodies mimic the molecular
events occurring during an immune response process by
triggering a co-stimulatory signal involving the TCR complex on T
cells [25-28]. The CD28, a cell surface molecule expressed on all
T cells, acts as a major costimulatory receptor in promoting full
activation of naive T cells. CD28 has been shown to activate
human NK cells by stimulating cytotoxicity in a process
dependent on phosphoinositide-3 kinase activation, leading to
sustained Extracellular Signal-Regulated Kinase 2 (ERK2)
phosphorylation. CD28-mediated co-stimulation is also
necessary for optimal proliferation of NK cells [29-32]. After
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antibody stimulation, total lymphocytes and specific lymphocyte
subsets were quantified as described above.

The increase in the total lymphocyte count was calculated
by comparing the activated vs the non-activated conditions,
and represented for both day O and day 28 (Figure 2). Our
results showed that daily oral intake of “Postbiotic immune” for
28 days increased the total number of lymphocytes by 55.7 +
9.6% upon antibody stimulation, when compared to day O
(Figure 2). This result indicates that “Postbiotic immune”
promotes lymphocyte proliferation in an in vitro model of cell
activation.
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Figure 2: Bar graphs showing the increase in the number of
lymphocytes before (day 0) and at the end of the treatment
(day 28) upon activation with anti-CD3 and anti-CD28
antibodies. The data are represented as % of total cells. Data
are presented as mean * Standard Error of the Mean (SEM).
Statistical significance is depicted as ****p-value<0.0001.

We then analyzed the effect of daily oral intake of “Postbiotic
immune” for 28 days on the CD4+ lymphocyte subset (T helper
cells). Our data showed that the treatment increased the total
number of CD4+ lymphocytes by 59.4 + 12.6% after antibody
stimulation, when compared with day 0 (Figure 3). However, the
treatment with “Postbiotic immune” did not increase the
number of CD4+ CD40L+ lymphocytes (activated T-helper cells)
upon antibody stimulation (Figure 3). These findings evidence
that “Postbiotic immune” promotes the proliferation of the
CD4+ lymphocyte population in a similar extent than the total
lymphocyte population (55.7% vs 59.4%), and that the product
does not mediate activation of the CD4+ lymphocytes upon the
in vitro activation by the anti-CD3/CD28 antibodies.
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Figure 3: Bar graphs showing the increase in the number
of CD4+ lymphocytes (T helper cells) and CD4+ CD40L+
lymphocytes (activated T helper cells) before (Day 0) and
at the end of the treatment (day 28) after activation with
anti-CD3 and anti-CD28 antibodies. The numbers are
represented as % of total cells. Data are presented as
mean * Standard Error of the Mean (SEM). Statistical
significance is depicted as ***p-value<0.001.

On the other hand, we evaluated how the CD16+ lymphocyte
(NK cells) subset responded to the daily oral intake of “Postbiotic
immune” for 28 days. Our results demonstrated that the
treatment increased the total number of CD16+ lymphocytes by
127.3 + 29.6% after antibody stimulation, when compared to
day O (Figure 4). In addition, the 28-day treatment with
“Postbiotic immune” increased the number of CD16+ CD107a+
lymphocytes (activated NK cells) upon antibody stimulation
111.6 + 34.0% (Figure 4). These results demonstrate that
“Postbiotic immune” promotes specifically the proliferation and
activation of NK cells.
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Figure 4: Bar graphs showing the increase in the number
of CD16+ lymphocytes (NK cells) and CD16+ CD107a+
lymphocytes (activated NK cells) before (day 0) and at the
end of the treatment (day 28) after activation with
antibodies. The numbers are represented as % of total
cells. Data are presented as mean % Standard Error of the
Mean (SEM). Statistical significance is depicted as **p-
value<0.01, ***p-value<0.001.

Self-assessment questionnaire

The efficacy of the treatment was subjectively evaluated with
a self-assessment questionnaire, including questions about the
efficacy of the product (questions 1 to 11) and the personal
opinion of the volunteers (questions 12 to 14). All 15 volunteers
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answered the listed questions with a score ranging from 1 to 5
(1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree,
5=Strongly Agree). For positive impressions, satisfaction is
considered when volunteers scored parameters from 4 to 5.
Figure 5 shows the results of the answers of the volunteers.
Detailed answers of volunteers are shown in Tables S3 and S4.

The results obtained in the self-assessment questionnaire
regarding the product efficacy (showed in Figure 5 and Tables S3
and $4) are summarized as follows:

60% of the volunteers:

e Were satisfied with their state of health.
e Had fewer bacterial infections.
* Noticed any improvement in their overall mood.

53% of the volunteers:
® Noticed any reduction in cold or flu symptoms.
47% of the volunteers:

e Experienced improvements in digestion.
e Perceived that they were more resistant to infection than the
people around them.

40% of the volunteers:

e Felt more energetic.
e Felt less fatigue or exhaustion.
e Felt that they had fewer digestive infections.

33% of the volunteers:

* Noticed improvement in the quality of their sleep.
* Noticed improvement in the health of their skin.

The results obtained in the self-assessment questionnaire
regarding the customer opinion (showed in Figure 5 and Tables
S3 and S4) are summarized as follows:

Q1
100

80

Q11 Q2

Q10 Q3

Q9 Q4

Q8 Q5

Q7 Qo6

Figure 5: Spider web graph showing the answers of
the volunteers to the self-assessment questionnaire.

The numbers of the vertical line represent the % of
satisfaction, the blue line represents the score, and the
guestions are abbreviated as follows; Q1 you are more satisfied
with your health status; Q2 you noticed a less cold- and flu-
associated symptoms; Q3 you had fewer bacterial infections; Q4
you feel more energetic; Q5 you noticed an improvement in the
quality of your sleep; Q6 you

5
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feel less exhausted or fatigued; Q7 you experienced an
improvement in food digestion; Q8 you feel that you had less
digestive-associated infections; Q9 you perceive that you are
more resistant to infections that the rest; Q10 you noticed an
improvement in your skin health; Q11 you noticed an
improvement in your mood.

® 93% of the volunteers did not experience any negative side
effects since they started taking the product.

® 87% of the volunteers would recommend this product to
others for improving their immune system.

® 87% of the volunteers would take this product again.

Discussion

Food complements can play a role in supporting and
improving overall health when used as part of a balanced diet
and a healthy lifestyle. In particular, selenium food complements
can improve a variety of body functions, including supporting
the immune system, protecting against oxidative damage, and
aiding in thyroid hormone metabolism. In this study, we aimed
to evaluate the enhancement of the function of the immune
system upon complementation with a selenium rich whole cell
S. cerevisiae ABB S15, K. marxianus ABB S8 and S. boulardii ABB
S3, used as a postbiotic product (postbiotic immune).

Our results showed that oral intake of “Postbiotic immune”
for 28 days resulted in an increase of 108.7% in the selenium
levels in plasma, demonstrating that the product “Postbiotic
immune” is a dietary supplement able to increase plasma
selenium levels. These results manifest the possibility of using
“Postbiotic immune” as a supplement to correct selenium
deficiencies that can lead to health problems such as impaired
immune function, cardiovascular effects, reproductive and
fertility problems, thyroid dysfunction, neurological symptoms
or musculoskeletal abnormalities [33].

It is well documented that selenium dietary complements
have a positive impact in the function of the immune system
[2,34]. Additionally, numerous studies have manifested the
beneficial effects of using S. cerevisiae, K. marxianus or S.
boulardii probiotics to induce trained immunity and enhance the
immune response against pathogens or external threats
[14,16,34-37]. To determine whether our postbiotic solution rich
in selenium could perform this function, we compared the
activation of different immune cells subpopulations in
volunteers before and after oral supplementation with the
extract. Purified PBMCs from volunteers were exposed to anti-
CD3 and anti-CD28 antibodies to trigger a co-stimulatory signal
that mimics of-T cell receptor (TCR complex)-mediated
activation in vitro. We measured the number of lymphocytes, T
helper cells (adaptive immune response) and NK cells (innate
immune response) and the proportion of activated cells in each
subpopulation.

Importantly we observed that both types of lymphocytes, T
helper and NK cells from volunteers that underwent treatment
with “Postbiotic immune” have a higher proliferative capacity in
response to antibody stimulation compared to those before the
treatment. In response to an infection or other specific insults, it
is typically beneficial for the body to increase the lymphocyte
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count, being considered a sign of a robust immune response
[35,36]. The immune system is classically divided into innate and
adaptive immunity. Adaptive immunity in mammals s
characterized by two types of lymphocytes, T lymphocytes (T
cells), that identify and destroy infected cells directly, and B
lymphocytes (B cells), that produce antibodies that target and
neutralize pathogens [35,36]. Together, they coordinate a highly
specific immune response by recognizing and eliminating the
invading microorganisms or cancer cells [35-36]. Therefore, our
finding suggests that “Postbiotic immune” enhances the
function of the immune system by increasing the capacity of
eliciting a strong and robust immune response.

Among T lymphocytes, there are a number of different
subsets that fulfill a variety of functions of the immune
response. T helper cells, often referred to as CD4+ CD8- T cells,
are a subtype of T lymphocytes that play a central role in the
immune system. They serve as orchestrators of the body's
immune response, such as assisting other immune cells in their
function, are essential for activating B cells to produce
antibodies, and activating cytotoxic T cells to destroy infected
cells. Interestingly, daily oral intake of “Postbiotic immune” for
28 days increased proliferation of CD4+ lymphocytes by 59.4%
upon antibody stimulation (compared to the non-treated
control), being this increase of a similar extent to that observed
for the total lymphocyte population (55.7%). However,
“Postbiotic immune” did not increase the percentage of
activated helper cells (CD4+ CD40L+ lymphocytes). These
findings indicate that “Postbiotic immune” increases the total
number of lymphocytes including T helper cells upon antigen-
activation, but it does not increase the activation of T helper
cells.

The innate immune system serves as the front line of defense
against germs, acts rapidly in an identical and nonspecific way
every time the body is exposed to pathogens [37,38]. NK cells
are effector lymphocytes of the innate immune system that
control several types of tumors and microbial infections and can
also mount a form of antigen-specific immunologic memory.
Thus, NK cells exert sophisticated biological functions that are
attributes of both innate and adaptive immunity [39,40]. Daily
oral intake of “Postbiotic immune” for 28 days increased the
total number of CD16+ lymphocytes by 127.3% after stimulation
(when compared to the non-treated control). This increase is
markedly higher than that observed for the total lymphocyte
population (55.7%), demonstrating that treatment “Postbiotic
immune” specifically increases the population of NK
lymphocytes. Most importantly, this increase in the proliferation
of CD16+ cells were accompanied by an increase (111.6%) in
activated NK cells (CD16+ CD107a+), as described for other
selenium supplements [24].

These results suggest that the proportional increase of CD4+
lymphocytes/total lymphocytes and the specific increase of
proliferation and activation of CD16+ lymphocytes could prime
the immune system to elicit a faster immune response involving
these cell types. CD4+ and CD16+ cells participate in a variety of
essential processes of the innate and adaptive immune
response, such as the production of interferon-gamma,
interleukin IL-2, Tumor Necrosis Factor (TNF)-beta, secretion of
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lysosomes containing perforin and granzymes, induction of
apoptosis of targeted cells, intercellular communication,
cytotoxic activity against targeted cells, and activation of
macrophages and other cell types [21,41-48]. Therefore,
“Postbiotic immune” increases proliferation of lymphocytes, but
specifically acts through the innate immune response by
increasing proliferation of and activating NK lymphocytes. Most
importantly, selenium complements have been found to elicit
some of these types of immuno stimulatory effects in vivo
[21,23,34,49-51], thus supporting our conclusion that the
increase in selenium levels in plasma “Postbiotic immune”
primes the human immune system in order to elicit a faster and
more efficient immune response.

Conclusion

In conclusion, our study shows that daily oral intake of a
selenium rich postbiotic, compound of whole cell S. cerevisiae
ABB S15, K. marxianus ABB S8 and S. boulardii ABB S3, like
“Postbiotic immune” for 28 days is associated with a higher
proliferative capacity of total lymphocytes and, specifically, an
enhanced proliferation and activation of CD16+ lymphocytes
(natural killer cells), therefore priming the immune system to
elicit a faster and more efficient innate immune response.
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