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INTRODUCTION

T-cell levels and their functions are related to the severity and lethality of COVID-19. T-cells
develop in the thymus gland and play a central role in the adaptive immune response. During aging,
the thymus gland slowly shrinks, and levels of the thymic factors it produces decrease in the blood,
reducing T-cell differentiation. Moreover, thymus-dependent immunity, including T-cell immunity
and thymus-dependent antibody production, diminishes with thymus size in adults, which is
known as “immunosenescence.” This is the main reason older adults and immunocompromised
individuals are generally at a higher risk of becoming severely ill from COVID-19.

DISCOVERY AND DEVELOPMENT OF BIOMODULINA T

In 1984, with an early vision of the importance of obtaining biological response modifiers for use in
clinical medicine to fight aging-related diseases, cancer, and other diseases, I created and founded a
new laboratory that I named “Laboratorio de Biomoduladores” (Biomodulators Laboratory) in
Havana city. In this laboratory, I discovered and led the development of a thymus factor that has an
immunomodulatory effect. I named this thymic factor “Biomodulina T” (BMT) due to its main
action as a biomodulator, and the letter T was chosen due to the origin of these factors, namely, the
thymus gland, and the fundamental action of these factors in stimulating T lymphocytes (1-6).

BIOLOGICAL ACTIVITY OF BIOMODULINA T

We evaluated the immunomodulatory effect of Biomodulina T in Active T Rosette Bioassay. This
test identifies a subpopulation of T lymphocytes with a high-avidity receptor for sheep red blood
cells and is related to the lymphocyte stimulation test. Neoformation of active T rosettes is due to the
early release of a differentiation factor. In this test, we used lymphocytes obtained from the blood of
a patient with T-cell immune deficiency and ataxia-telangiectasia. Immune deficiency in ataxia-
telangiectasia (A-T) has been suggested to be a result of premature aging of the immune system.
This immune aging occurs in the absence of previous infection with cytomegalovirus (CMV), which
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is the environmental factor most strongly associated with
immune aging. The deficiency of naive T-cells in A-T is
similar to the effects of early thymectomy. The pattern of
immunodeficiency in classical A-T is typical of aging, with
lymphopenia affecting CD4+ and CD8+ T-cells and B cells.
There is also a relative deficiency of classical naive CD4+
CD45RA+, thymic naive CD4+ CD31/45RA+ and naive CD8+
CD27/28/45RA+ T-cells and naive CD19+ B cells. Thus,
immunodeficiency in A-T particularly affects naive T-cells and
B cells, which is a typical feature of aging (7).

Biomodulina T exhibited biological activity in this in vitro
assay, stimulating rosette formation by lymphocytes bound to
sheep erythrocytes. Using this assay, we found that Biomodulina
T increased the number of T-cells. The newly formed active T
rosettes are an early marker of T-cell activation. The increase in
the percentage of active T rosettes is related to the ability of
Biomodulina T to modulate T-cell functions (6, 8).

Rosette test in vitro. A proportion of guinea pig lymphoid
cells have an affinity for rabbit erythrocytes, which is
demonstrable by a rosette-forming technique. This affinity for
rabbit erythrocytes represents a marker of thymus-derived T
lymphocytes in guinea pigs in the same way that rosette
formation with sheep erythrocytes represents a marker of T-
cells from human lymphocytes (9). Biomodulina T exhibited
biological activity in thymocytes from guinea pigs, stimulating
expression of the receptors specific for rabbit erythrocytes that
were previously depleted by trypsin (6, 10).

Rosette test in vivo. Biomodulina T increased the ability of
guinea pig thymocytes to form rosettes 72, 48, and 24 h after
administration. This effect was greater in the group treated with
Biomodulina T 24 h before carrying out the assay. Biomodulina
T exerts a protective effect against the action of the enzyme
trypsin (6, 10).

Lymphocyte blast transformation test. Biomodulina T increased
the response to PHA in low-responding individuals but did not
increase thatin normal-responding individuals. Biomodulina T acts
as a regulator of the immune system without overstimulating the
immune response (6, 10).

Anti-inflammatory action. Biomodulina T significantly
modified the inflammatory response in carrageenan-induced
paw edema, a rat model of acute inflammation (6, 11).

Cotton pellet-induced granuloma formation is a model of
chronic inflammation in rats. Biomodulina T inhibited chronic
inflammation and the release of arachidonic acid from activated
macrophages, which was related to an inflammation-modulating
effect. Biomodulina T downregulated inflammatory mediators
and decreased inflammation (6, 11).

CLINICAL USES OF BIOMODULINA T

The first immunocompromised child to receive Biomodulina T
had serious infections due to selective deficiency of IgA. When
we administered Biomodulina T, the patient responded
considerably, as evidenced by increases in CD3+, CD4+, and
CD8+ T-cells, recovery of normal levels of IgA, weight gain, and

resolution of serious respiratory and gastrointestinal infections.
This was the first clinical report we published on the use of
Biomodulina T in immunodeficiency disease as well as the first
report of the clinical effect of Biomodulina T-mediated
restoration of T cell populations and IgA (6, 12).

Biomodulina T has been used in the treatment of infectious
diseases, autoimmune diseases, immunodeficiency, and cancer
(6, 12-26). In 1994, we obtained approval for Biomodulina T as
an immunomodulatory drug (27).

Clinical trials have shown that Biomodulina T restores CD3+,
CD4+, and CD8+ T-cells and their function and enhances the
immune response against infections (6, 12-26). Biomodulina T
restores immunosenescent CD4+ and CD8+ T-cells in older
adults and improves the proliferative capacity of CD4+ T-cells
and their ability to produce cytokines (26).

Biomodulina T has an excellent safety profile, has been well
tolerated, and has not been associated with any significant side
effects and contraindications (6).

T CELLS, COVID-19, AND BIOMODULINA T

Aging and scarcity of naive T-cells may be linked risk factors for
severe COVID-19 (28). Reduced ability to respond to new
antigens is linked to a decrease in the number of peripheral
naive T and B cells. Naive T-cells are abundant in youth but may
be exhausted by exposure to microorganisms over the course of a
lifetime, differentiating into memory lymphocyte subsets (29).

Prominent lymphopenia with a reduction in the number of T-
cells is observed in patients with severe COVID-19. T-cells have
an important role in COVID-19 and in immunological memory
following SARS-CoV-2 infection. T-cells represent a clue for new
opportunities for the treatment and prevention of COVID-
19 (30).

Patients recovered from COVID-19 have substantial CD4+
and CD8+ T cell responses to SARS-CoV-2. CD4+ T-cells
respond strongly to the spike protein, the main target of most
vaccines, and correlate with the magnitude of anti-SARS-CoV-2
IgG and IgA titers. Additionally, the CD4+ T-cell response is
detected in nonexposed individuals due to cross-reactive T-cell
recognition between circulating “common cold” coronaviruses
and SARS-CoV-2 (31). The extensive heterogeneity in COVID-
19 disease may be explained in part by individual T-cell memory
of coronaviruses that cause the common cold (32).

Older adults are most susceptible to developing the most
serious manifestations of the disease produced by the SARS-
CoV-2 virus due to the aging of the immune system, a
phenomenon known as immunosenescence that is related to
the inflammaging process of chronic inflammation (33). During
aging, changes in innate and adaptive immune responses occur.
In the elderly, involution in the thymus gland causes a decrease
in the production of thymic factors and thymopoiesis. Thymic
involution is one of the major features of human immunosenescence
(34). The thymus is the primary lymphoid organ where naive T-cells
are generated, and progressive involution of the thymus, and the
decrease in thymopoiesis are the reasons that the number of naive
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T-cells declines during aging. T-cells exhibit progressive shrinking of
the immune repertoire during aging, with a reduced proportion of
naive cells and an increased proportion of memory and effector cells
and pro-inflammatory cytokines. This is the reason older adults have
a decreased ability to respond to new antigens and vaccines and
activate an immune response in an uncontrolled way that leads to
the exaggerated release of cytokines, a phenomenon known as the
cytokine storm, which causes damage to cells, tissues, and vital
organs. T-cells function as a negative regulator of the innate immune
response and calm the cytokine storm (35).

Age-related regression of the thymus, associated with a
decline in naive T-cell output, contributes to the reduction in
T-cell diversity in older individuals and is linked with increased
susceptibility to infection, autoimmune disease, and cancer.
Mortality in COVID-19 increases with age, with the highest
mortality among those over 80 years of age (36).

The generation and maintenance of the diverse peripheral naive
T-cell repertoire are critical to the normal function of the immune
system (34). In the elderly and in immunocompromised individuals,
it is of vital importance to improve the effectiveness of the adaptive
immune response, restore T-cells for a better response to virus
infection, and generate a better response to future vaccines. At the
same time, modulation of the inflammatory process can improve the
prognosis of patients with the most serious manifestations of
COVID-19.

Coordinated SARS-CoV-2-specific adaptive immune responses
are associated with milder disease, suggesting roles for both CD4+
and CD8+ T-cells in protective immunity in COVID-19, and are
disrupted in older adults. Scarcity of naive T-cells was also
associated with aging and poor disease outcomes. Coordinated
CD4+ T-cell, CD8+ T-cell, and antibody responses are protective,
but uncoordinated responses fail to control disease, with a
connection between aging and impaired adaptive immune
responses to SARS-CoV-2 (28).

Biomodulina T, the active ingredient in InmunyVital®,
modulates immune responses and inflammation and helps
contain COVID-19 (Figure 1). Biomodulina T restores T-cells
and immunity in immunocompromised people and in older adults
and helps reverse immunosenescence. Clinical trials in
immunodeficiency, autoimmune diseases, and infectious diseases
show that Biomodulina T restores CD3+, CD4+, and CD8+ T-cells
and their function and enhances the immune response against
infections (6, 12-26). In older adults, Biomodulina T increases the
numbers of CD4+ naive T-cells, CD4+ recent thymic emigrant
(RTE) T-cells, CD8+ stem cell-like memory (SCM) T-cells, and
CD4+ CD31+ naive T-cells without changes in the frequency of
regulatory T lymphocytes. Biomodulina T also improves the
proliferative capacity of CD4+ T-cells and the ability of CD4+ T-
cells to produce IFN-y and helps restore the Thl response (26).
Biomodulina T leads to restoration of the normal thymus
environment, increasing the number of naive T-cell repertoires
and memory T-cells with the characteristics of stem cells and the
capacity for self-renewal and proliferation. The expression of
programmed death 1 (PD1), a marker of T-cells exhaustion
decreased in CD4+ and CD8+ T-cells after the administration of
Biomodulina T, this suggest an anti-exhaustion effect (26, 37).

Older Adult or
Immunocompromised Individual

T cells Inmunosenescence or T cells
T cells Immunodeficiency ceis
> Biomodulina T (InmunyVital®)
/\ administration
X
Low Naive T cells pool l O T cells Q I T cells restoration
32

14 SARS-CoV-2

! |

Healthy & Efficient
Immune Response
to virus & vaccines

Weak or Inappropriate
Immune Response
to virus & vaccines,
Hyperinflammation

| |

Severe COVID-19 Asymptomatic or

Mild Infection

FIGURE 1 | Biomodulina T (InmunyVitaI®) restores T cells and helps contain
COVID-19.

All these factors contribute to restoration of a healthy immune
response and to immune system homeostasis.

Biomodulina T is currently being used in a phase IV clinical
trial to prevent COVID-19 (38). Biomodulina T is being
administered in more than 10,000 older adults during this
COVID-19 pandemic, mainly to SARS-CoV-2-positive patients
and to other people in nursing homes as a preventive measure,
considering that they are at increased risk of having the most
serious manifestations of the disease.

The goal of treatment is to improve the immune response and
health in older adults and help contain the transmission of
COVID-19 and other infectious diseases in nursing homes.

Biomodulina T (InmunyVital®) is an alternative for the
prevention and treatment of COVID-19. The biological effects
of Biomodulina T and the clinical results obtained in immune
disorders suggest that the use of Biomodulina T is a promising
strategy to reverse T-cell immunosenescence and restore the
immune response in older adults and immunocompromised
people, decreasing the risk of more serious complications from
COVID-19.

Health measures taken as well as the application of vaccines in
development will soon help contain COVID-19, but beyond that,
new and universal prevention strategies are needed.

Biomodulina T (InmunyVital®) modulates the immune
response and inflammation, restores immunity, and can
become a global strategy to prevent, treat, and contain
COVID-19 and other current and future infectious diseases. It
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can also be used as a vaccine enhancer and immunotherapy
agent to support the treatment of cancer and other immune
disorders and improve the healthspan.
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