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1.  PREAMBLE

 The novel coronavirus syndrome (COVID-19), caused 
by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), was firstly reported in Wuhan 
(China) and has then spread worldwide. The number 
of infected humans is growing exponentially due to 
the high transmissibility of the virus. COVID-19 has 
two major predecessors: Severe Acute Respiratory 
Syndrome (SARS) in 2002 and Middle East Respira-
tory Syndrome (MERS) in 2012.1

 The scientific community has been making signifi-
cant efforts globally to elucidate the mechanisms of 
action of SARS-CoV-2, to understand the predisposi-
tion of severe cases, and to find possible treatment 
options. The focus for the research of therapeutic 
agents are antiviral drugs, vaccines and other adju-
vants agents that could relief symptoms or improve 
the healing process. For the latter, scientists have 
been focusing their interests on a long list of es-
sential nutrients, herbal extracts, phytochemicals, 
and other nutraceuticals that might either help to 
prevent virus entrance in the cells or to possibly 
decrease its replication rate.2,3 The use of nutra-
ceuticals can also be taken into account within the 
context of prophylaxis, which is for special interest 
of high-risk or high-exposed population subgroups, 
such as the elderly and the health care personnel, 
respectively.

 Nutraceuticals for prophylaxis are often aimed at 
improving immune system function, which is im-
portant for infectious diseases in general and SAR-
SCoV-2 in particular. It is believed that decreased 
immunity is at least partially responsible for the ob-
served increase in morbidity and mortality resulting 
from infectious agents, including SARS-CoV-2, par-
ticularly in elderly.4 Dietary supplementation with 
specific nutrients that can improve the immune de-
fense has been gaining momentum in current days 
as it is well stablished that the nutritional profile can 
influence the patient’s immunity.5

  
 

 

 

 
 Based on extensive study of the SARS-CoV-2 in-

fection pathways and the parameters involved in 
the different stages of the disease, a multidisci-
plinary research team of Fagron has identified a set 
of agents that could play a role in the prevention 
and/ or support treatment of the symptomatology 
associated with COVID-19 (regulation of immune 
system). This set is a combination carefully chosen 
nutraceuticals and pharmaceutical ingredients. The 
therapy can be tailored to the patient’s needs or giv-
en all together as a single formulation. In the rest of 
the document, the whole set will be referred to as 
"ImmunoFormulation". 

 The ImmunoFormulation was designed to support:

 • Regulation of the immune system
 • Support on avoidance of virus entrance in the cell
 • Support on decrease of virus replication
 • Support on control of hyperinflammation
 • Support on reduction of oxidative stress
 • Potential protection of the endothelial barrier
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2.  SARS-CoV-2 AND COVID-19

 2.1  The SARS-CoV-2 

 SARS-CoV-2 is a member of the coronavirus family of 
viruses.

 The coronaviruses (Figure 1) (order Nidovirales, 
family Coronaviridae, and subfamily Orthocorona-
virinae) are spherical (about 125 nm in diameter), 
non-segmented, and enveloped viruses with club-
shaped spikes on the surface giving the appear-
ance of a crown, or “solar corona” (the word coro-
na comes from Latin and means crown).6 They are 
single-stranded RNA viruses and generally circulate 
among animals, including camels, civet cats, and 
bats – but they can spread to other animals and 
hence to humans as zoonotic diseases.

 Based on genetic and antigenic criteria, coronavi-
ruses have been divided in four genera: alphacoro-
navirus (α-CoV), betacoronavirus (β-CoV), gamma-
coronavirus (γ-CoV), and deltacoronavirus (δ-CoV). 
The betacoronavirus genus includes MERS-CoV 
(Middle East Respiratory Syndrome-virus), SARS-
CoV (Severe Acute Respiratory Syndrome-virus), 
and SARS-CoV-2 (Severe Acute Respiratory Syn-
drome 2-virus).

 The SARS-CoV-2 is spherical (0.06 – 0.2 µm in di-
ameter) and normally contains four proteins: spike 
glycoprotein (S, which gives the appearance of 
the crown to the virus), envelope glycoprotein (E), 
membrane glycoprotein (M), and nucleocapsid pro-
tein (N) (Figure 2). The nucleocapsid protein is the 
major structure of the virus (basic phosphoprotein; 
50-60 kDa), which is found inside the viral particle 
and protects the single-strand RNA viral genome 
(29,903 bases); it complexes with the RNA to form a 
helical structure.6,8

Figure 1. Electron microscopy of coronaviruses7 .

RNA genome

Envelope protein (E)

Nucleocapsid protein (N)

Membrane glycoprotein (M)

Spike glycoprotein (S)

Figure 2. Schematic representation of coronavirus virion.
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 2.2  Human cell infection by SARS-CoV-2 

 The process of human infection begins when the 
virus enters a host cell. The S protein is the struc-
ture responsible for the attachment of the virus to 
the receptors of such cell. To date, the best known 
cell membrane entry receptor for SARS-CoV-2 
is the angiotensin-converting enzyme-2 (ACE2), 
which uses the cellular transmembrane serine pro-
tease 2 (TMPRSS2) for S protein priming (Figure 
3).9,10 This in turn leads to the fusion of the viral 
and host cell membranes through the endosomal 
pathway and SARS-CoV-2 RNA is realeased into 
the host cell cytoplasm. Inside the human cell, 
replication is performed by RNA-dependent RNA 
polymerase (RdRP) and newly produced virions 
are released from the host cell by exocytosis, am-
plifying the process.9,11,12

 Respiratory epithelial cells, located in the respira-
tory tract (nasal cavity, larynx, bronchi, bronchi-
oles, and alveoli)13 are the preferred cells for repli-
cation of the SARS-CoV-2 virus. Because the lungs 
have a large surface area, they are the most vulner-
able for infection by inhaled SARS-CoV-2. Howev-
er, the ACE2 receptor is also found in different ex-
trapulmonary tissues, including heart, kidney and 
intestine, which could explain these organs being 
compromised in COVID-19 too.14

 

 

 

 2.3  Clinical features of SARS-CoV-2 infection 

 2.3.1. Transmission
 To date, it is known that human-to-human transmis-

sion can occur through the contact of nasal and oral 
mucosa with aerosol or droplet particles from symp-
tomatic or asymptomatic patients or via direct inocu-
lation of the respiratory epithelium through the hands 
(from contaminated objects and surfaces, as well as 
direct contact with the infected individuals).6,15

 It has been shown that SARS-CoV-2 can remain viable 
in aerosols for up to 3 hours, with an average half-
life of 1.1 hours. On surfaces, SARS-CoV-2 was found 
to be more stable in plastic and stainless steel, with 
viable viruses detected for up to 72 hours (average 
half-life of 5.6 hours in steel and 6.8 hours in plastic) 
– while no viable viruses could be found after 4 hours 
in copper and after 24 hours in cardboard.16,17

 After entering the human body, the SARS-CoV-2 RNA 
can be found in nasopharyngeal swabs, but also in 
other biological matrices such as feces, blood and 
(very rarely) in urine.18,19

 
 2.3.2  Virus incubation and contagious period
 The average incubation period of SARS-CoV-2 is 

about 4-6 days, with about 95% of cases develop-
ing symptoms in the 14 days following infection.20,21 
This is important because the patient can then be 
asymptomatic but still transmitting the virus.22–29

 Although the viral load drops after the first week, 
a prolonged increase can be observed up to 37 
days.8,30 It is therefore not exactly known when the 
patient is not longer contagious.

 

 

Figure 3. Schematic mechanism of SARS-CoV-2 attachment to human cells 
and the fusion of the virus to the cell membrane.
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Figure 4. Different stages of severe COVID-19 syndrome. Adapted.39 
ARDS: Acute respiratory distress syndrome. SIRS: Systemic inflammatory response syndrome. CRP: C-reactive protein. 
LDH: lactate dehydrogenase. NT-proBNP: N-terminal prohormone of BNP (brain natriuretic peptide). IL-6: interleukin 6.

 2.3.3  Symptoms
 The most common symptoms of COVID-19 are fe-

ver, dry cough, systemic fatigue, runny nose, sore 
throat, sneezing and shortness of breath (around 
the seventh day after symptom onset). Other clinical 
manifestations may include: myalgia, gastrointesti-
nal symptoms (diarrhea), impaired renal function, 
neurological symptoms (e.g. viral encephalitis), ol-
factory and gustatory dysfunctions (e.g. anosmia, 
dysgeusia), cardiologic conditions (e.g. myocardi-
tis); and dermatologic findings (e.g. widespread ur-
ticaria, erythematous rash, and frostbite toes).30–32

 
 2.3.4  Risk groups
 Vulnerable groups within society for developing 

severe COVID-19 include: the elderly, patients with 
co-morbidities (cardiovascular disease, hyperten-
sion, diabetes, chronic respiratory disease, chronic 
kidney disease undergoing dialysis, liver disease, 
cancer), obese, smokers and immunocompromised 
patients.33,34 

 

 
 Potentially patients with specific human leukocyte 

antigen (HLA) class I alleles are also vulnerable, as 
a correlation with susceptibility in SARS has been 
shown in the past.35

 Children and younger adults usually present a 
more benign syndrome, possibly related to a lower 
expression of ACE2 receptor in pediatric popula-
tion.36,37 Furthermore, gender may also affect ACE2 
expression: ACE2 levels are higher in men than in 
women, which could partially account for the higher 
severity and mortality among men patients.37,38

 
 2.4  Stages of COVID-19 syndrome 

 One recent study has proposed the use of a three-
stage classification system for COVID-19, taking 
into consideration the increasing severity of the 
syndrome and their distinct clinical findings and re-
sponse to therapy.39 A scheme of the three stages is 
shown in Figure 4.
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 2.4.1  Stage I: Mild (early infection, viremia phase)
 The initial stage occurs at the time of viral innoc-

ulation and incubation (Viral Response Phase). The 
symptoms are typically non-specific (e.g. cough, fe-
ver, diarrhea). Diagnosis at this stage includes respi-
ratory tract sampling (polymerase chain reaction, 
PCR), serum testing for SARS-CoV-2 IgG and IgM, 
chest imaging, complete blood count (lymphopenia 
and leukopenia), and liver function tests. Treatment 
at this stage should focus on symptomatic relief. If 
applied, anti-viral therapy is aimed at reducing the 
duration of symptoms, minimize contagiousness, 
and prevent progression of disease.39

 2.4.2  Stage II: Moderate (Pulmonary Involvement
 with and without Hypoxia; pneumonia phase)
 This stage is represented by the establishment of 

pulmonary disease (Pulmonary Phase), viral multi-
plication, and inflammation in the lung. Patients can 
develop viral pneumonia, with cough, and maybe 
hypoxia (PaO2/FiO2 < 300 mmHg). Imaging (Chest 
X-Ray and/or Computed Tomography) can reveal 
bilateral infiltrates or ground glass opacities. Blood 
tests can show increasing lymphopenia, along with 
transaminitis. Procalcitonin is typically low to nor-
mal. Systemic inflammatory markers may be elevat-
ed. The patient at this stage should be monitored 
intensively. Treatment is focused on symptomatic 
measures: in Stage IIa patients (without hypoxia), 
corticosteroids should be avoided; in Stage IIb (with 
hypoxia), anti-inflammatory and anti-viral therapy, 
together with mechanical ventilation, can be con-
sidered as necessary.39

 2.4.3  Stage III: Severe (Systemic 
 Hyperinflammation, severe or recovery phase) 
 This stage develops when extra-pulmonary, system-

ic hyperinflammation occurs (e.g. cytokine storm). 
In this stage, inflammatory biomarkers (e.g. IL-2, IL-
6, IL-7, granulocyte-colony stimulating factor, mac-
rophage inflammatory protein 1-α, TNF-α, CRP, ferri-
tin, and D-dimer) seem to be elevated. Troponin and 
N-terminal prohormone of brain natriuretic peptide 
(NT-proBNP) can also be elevated. Helper, suppres-
sor, regulatory, CD4+ and CD8+ T cells are decreased 
– in fact, reduced functional diversity of T cells in 
peripheral blood may predict a severe progression 
in COVID-19 patients.40,41 It has been postulated that 
the cytokine storm is a result of: lungs infected by 
SARS-CoV-2; a suppressed immune response; ele-
vated inflammation; and excessive oxidation stress. 
A form similar to haemophagocytic lymphohistiocy-
tosis (HLH) can occur in patients in this advanced 

stage of the disease due to excessive immune ac-
tivation, thus leading to further tissue damage.40,42 
Shock, vasoplegia, respiratory failure and even car-
diopulmonary failure are detectable at this stage. 
The involvement of systemic organs (e.g. myocar-
ditis) can manifest during this stage. The therapy at 
this stage can include the use of immunoregulatory 
agents to reduce systemic inflammation before it re-
sults in multi-organ dysfunction.40

 An important feature of the COVID-19 syndrome is 
that Acute Lung Injury (ALI)/Acute Respiratory Dis-
tress Syndrome (ARDS) may ensue, accompanied 
by a series of complications, the outcomes of which 
vary according to the severity of the disease.42–45 
ARDS characteristically is accompanied by a rapid 
onset fibrosis, which can understood not only as a 
comorbidity, but one main player in the mortality of 
COVID-19 – and the fact that IL-6 (the proinflamma-
tory cytokine that is involved in connective tissue 
disorders, fibrosis included) is found increased in 
patients who died (and not in the ones that recov-
ered from the syndrome) corroborates this theory.46 
The pulmonary fibrosis gains relevance because it 
is a finding that normally follows chronic inflam-
mation (observed in COVID-19 severe cases) or is 
an idiopathic pulmonary fibrosis (IPF), whose risk 
factors are increasing age, male sex, and comor-
bidities such as hypertension and diabetes (also risk 
factors for severity of the COVID-19).47,48 The severe 
fibroproliferative lung disease has also been associ-
ated with a prolonged need for mechanical ventila-
tion.49 Additionally, similarly to what was observed 
with MERS, the fibroproliferative process could be 
observed in older patients even after their recov-
ery – therefore impacting long-term their quality 
of life.47,49,50 In this sense, therapies with antifibrot-
ic effects can both help in preventing patients with 
IPF to develop Stage III symptoms and in preventing 
COVID-19 without IPF to develop fibrosis – during in-
fection or after the recovery.48

 
 
 2.5  Cellular and humoral immunological 
 responses to SARS-CoV-2 infection

 The immune system is a highly differentiated sys-
tem and an interactive network in the human body 
that involves multiple cells (cellular response) and 
circulating molecules (humoral response) to create 
a unique defense mechanism. The sizes and shapes 
of such cells and molecules can be quite different, 
depending on their role in the immune response, 
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Figure 5. Comparison of size and shape of immunological cells and molecules (immunoglobulins)
with respect to the SARS-CoV-2. Adapted51.

and Figure 5 depicts some of the main structures in-
volved in the process, compared to the SARS-CoV-2 
virus size. 

 A general mechanism of the immune response to 
the SARS-CoV-2 in a controlled infection, and when 
no treatment is provided, can be seen in Figure 6.

 

 Even before the first line of defense, the human body 
already possesses protective barriers, which can be 
mechanical (e.g. the skin), chemical (e.g. acidic pH 
of stomach and vaginal mucosa) and biological (e.g. 
commensal microbiota in genitourinary tract). 
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Macrophages recognize healthy 
human cells because they have specific 
proteins in their surface. SARS-CoV-2 
does not have such proteins that prevent 
phagocytosis, so the macrophages 
engulf the virus.

The virus is trapped in a phagosome, 
which then fuses with a lysosome 
forming a phagolysosome, which 
contains enzymes and toxic 
peroxides to digest.

The presentation of the 
antigen to the T helper 
lymphocytescan be also 
performed by dendritic cells. 
These cells travel along 
the lymphatic systems 
until the ganglia, where the 
other immune structures 
can be found.

The waste from digestion (fragments of virus) can be
assimilated, expelled, or integrated as antigens into the
macrophage’s cells membrane and attached to MHCII
molecules, to be presented to T helper lymphocytes (CD4+).

In most of the cases ( ~80% for COVID-19),
macrophages are sufficient to eliminate
the pathogen, and then no symptom or only
mild symptoms are experencied.

NK cells also recognize the virus or an infected 
cell that do not present the protective proteins
in their surface.

Infected cells loose these protective proteins, 
which makes the NK cell to recognize them
and release perfurins and granzymes, which 
activate apoptosis. In this process, the death 
of the cell also destructs the pathogen.

In some cases, macrophages are not sufficient to eliminate 
the pathogen (eg, immunocompromised patients, or when 
the virus replicates itself in high rates). Then, they can 
secrete monokines (eg, IL-1) to regulate the immune and 
inflammatory responses.

Macrophage Virus

Innate immunity
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Figure 6. Natural history of immunological response to COVID-19 when no treatment is provided. Adapted51. 
Additional info on how the SARS-CoV-2 acts on the human body can be seen in Figures 13 and 14.

The production of cytokines is crucial for the
imune response. However, in cases the infection
can not be controlled in due time, there is an
overstimulation of their production in a vicious
circle, leading to what is known as a “cytokine
storm”, which participates in the creation of an
hyperinflammatory response directly connected
to the severity of the disease.

Once activated, CD4+ lymphocytes coordinate the 
immunological defense, mainly through the production
and release of cytokines and interleukins. They are able 

to activate  CD8+ lymphocytes and to stimulate
the humoral immune response through direct

connection with B lymphocytes.

The CD8+ (cytotoxic T lymphocyte) 
is able to eliminate infected cells 

through a mechanism similar to 
NK cells (perforins and granzymes). The antibodies are produced specifically

for each antigen.

The recognition of an antigen by an antibody (humoral response) leaves 
the antigen marked for attack by other components of the immune system. 
Antibodies can also neutralize their targets directly by binding to a portion

of a pathogen necessary for it to cause an infection. Once the specific antibody 
is produced, B cells are transformed into Plasma B cells, which travels through 

the bloody stream to all tissues.

IgM are expressed on the surface of B cells.
They eliminate pathogens in the early stages

of B cell-mediated immunity before enough IgG is present.
They also help to activate the complement system.

In COVID-19, they are detectable between
9 - 12 days after the appearance of the first symptoms.

IgG participates in opsonization,
in the activation of the complement system

(inflammation and phagocytosis),
in the antibody-dependent cell-mediated

cytotoxicity, and in B cell feedback inhibition.
In COVID-19, they start to be detectable
after 14 - 21 days after the appearance

of the first symptoms.

The antibodies
can also opsonize

infected cells
to present them

to NK cells.

Plasma B cells release the antibodies when they find
the antigen to which they have produced them.

B cells present in spleen and lymph 
nodes are activated with the help 
of T cells. Once activated, their main 
function is to produce antibodies
(immunoglobulins).

Adaptative immunity

CD4+

CD8+

CD8+
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 However, pathogens can cross these initial mech-
anisms and enter the organism, which can lead 
to the development of different diseases, such as 
COVID-19 for instance.

 The first line the of defense against such invaders is 
represented by the Innate Immune Response; most-
ly recognized to be the one we are born with it, they 
are not targeted to specific pathogen or antigen. 
Natural Killer (NK) cells, a type of white blood cells, 
can recognize surface proteins specific to healthy 
body cells; if a pathogen, a cellular debris, a foreign 
substance or a cancer cell do not contain such pro-
teins, they release perforins and granzymes close 
to the infected cell; the perforins perforate the cell 
membrane of the target cell, which allows the gran-
zymes and associated molecules to enter, hence 
inducing apoptosis (cellular death). The apoptosis 
mechanism is important because it also destroys 
the pathogen inside the cell (while cell lysis, on the 
contrary, would solely release them to the exterior).

 Macrophages, also a type of white blood cells, pos-
sess the same identification mechanism as the NK 
cells, but the result is different: if a pathogen, a cel-
lular debris, a foreign substance or a cancer cell do 
not contain the proper proteins, the macrophage 
engulfs such structure to digest it, in a process 
known as phagocytosis. Waste from macrophage’s 
digestion can be assimilated, expelled, or integrat-
ed as antigens into the macrophage’s cells mem-
brane and attached to a major histocompatibility 
complex class II (MHCII) molecules, to be presented 
to T helper lymphocytes (CD4+), activating the Ad-
aptative Immune Response (dendritic cells can also 
present the antigen to CD4+ cells). They can also 
produce cytokines, to recruit other immune cells 
and control inflammation. At this point, the first 
symptoms of COVID-19 appear, such as cough, fe-
ver, and malaise. The cytokines (IL-6, for example) 
reach the bloodstream and as a result they influence 
the thermoregulatory system (controlled by the hy-
pothalamus), the main mechanism of fever. In the 
liver, they activate the production of C-reactive pro-
tein and raise the levels of ferritin, which is used to 
store iron in the body. In the bone marrow, they ac-
tivate the production of more macrophages, which 
in turn produce more cytokines (potentially leading 
to a cytokine storm). This vicious circle could end 
in collapse of the immune system in critically ill pa-
tients.

 Once activated (whether by cytokines or by direct 
contact with macrophages or dendritic cells), CD4+ 

lymphocytes coordinate the immunological de-
fense, mainly through the production and release of 
cytokines and interleukins. They can stimulate the 
humoral immune response through direct connec-
tion with B lymphocytes and activate CD8+ lympho-
cytes. Upon recognizing an antigen, the CD8+ (or 
cytotoxic) lymphocyte releases granules containing 
perforins and granzymes that cause direct damage 
to adjacent cells, in addition to factors such as the 
Fas ligand and TNF-α, which induce apoptosis in the 
target cell, preventing the spread of infection.

 The B cells, for their turn, are the ones responsible 
for production of antibodies (immunoglobulins). 
The B cells that have not been exposed to the an-
tigen yet are known as "virgin cells", and they can 
be activated by direct exposure to the antigen or 
via T cells. When activated, they can differentiate to 
plasm B cells, which travel through the blood stream 
and secrete large amounts of antibodies.

 The production of antibodies is key in the adaptative 
response. Since they are found in free form in the 
bloodstream, they are said to be part of the humoral 
immune system. Antibodies contribute to immunity 
in three ways: they can prevent pathogens from en-
tering cells or damage them by attaching to them 
(neutralization); they stimulate the elimination of a 
pathogen by macrophages and other cells (such as 
NK cells), by covering the pathogen with numerous 
immunoglobulins (opsonization); and they can trig-
ger the direct destruction of the pathogen by stimu-
lating other immune responses such as the comple-
ment pathway (lysis).

 In most of the hosts natural immune system is suffi-
cient to eliminate the pathogen, and then no symp-
tom or only mild symptoms are experienced (around 
80% of the COVID-19 cases). If the immune system 
is able to eliminate the pathogen and the patient re-
covers, it is assumed that there is at least some ‘im-
munological memory’ (in case of reinfection by the 
SARS-CoV-2). On the other hand, if the body is not 
able to eliminate the virus in due time, the cytokine 
storm will continue to overload the organism with 
inflammatory and oxidative stimulus, which eventu-
ally could result in a collapse of the immune system 
(and other systems and pathways, such as the coag-
ulation cascade) and even to the patient’s death.

 Due to this complex mechanism of action of 
COVID-19 syndrome it is important to address multi-
ple targets simultaneously during the course of the 
infection.
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Figure 7. Time course of COVID-19 through the different stages of the infection, and the possible effect of the Immuno formulation 
in different stages of the syndrome. Adapted.39 ARDS: Acute respiratory distress syndrome. SIRS: Systemic inflammatory response syndrome. 
CRP: C-reactive protein. LDH: lactate dehydrogenase. NT-proBNP: N-terminal prohormone of BNP (brain natriuretic peptide). IL-6: interleukin 6.

 2.6  Complications associated with 
 the SARS-CoV-2 infection  

 In high risk groups, the immune response can be 
not sufficient to eliminate the SARS-CoV-2 and con-
sequently cure the patient. Here we elaborate on 
some of the key points that can induce more severe 
stages of the syndrome.

 
 2.6.1  Hyperinflammation due to immune
 system overresponse (cytokines storm)
 Taking into consideration Figure 6, the antiviral re-

sponses of host innate and adaptive immune sys-
tem, involving the activation of T cells (CD4+ and 
CD8+ cells) and the production of several proin-
flammatory cytokines, are essential for controlling 
viral replication. However, in some patients the vi-
ral tissue injury induces exaggerated production of 

STAGE II
(5 - 13 days)

Pulmonary Phase

IIA IIB

STAGE III
(≥ 14 days)

Hyperinflammation Phase

C
lin

ic
al

 S
ym

pt
om

s
C

lin
ic

al
 S

ig
ns

Po
te

nt
ia

l
su

pp
le

m
en

ta
tio

n
be

ne
fit

s

STAGE I
(0 - 4 days)

Early Infection

Viral response phase Host inflammatory 
response phase

Severity of illness

Tim
e C

ourse

• Mild constitutional symptoms
• Fever > 37.5ºC (99.6ºF)
• Dry cough, diarrhea, headache

• Lymphopenia
• Increased prothrombin time
• Increased D-dimer and LDH (mild)

• Abnormal chest imaging
• Transaminitis
• Low-normal procalcitonin

• Shortness of breath
• Hypoxia (PaO2/FiO2≤300mmHg)

• Elevated inflammatory markers
  (CRP, LDH, IL-6, D-dimer, ferritin)
• Troponin, NT-proBNP elevation

ARDS
SIRS/Shock

Cardiac failure

Imuno TF®, spirulina, vitamin C, vitamin D3, Se,
SiliciuMax® (Si), Zn, N-acetylcysteine, resveratrol, glucosamine
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Imuno TF® Formulation

proinflammatory cytokines, and the exacerbated 
recruitment of proinflammatory macrophages and 
granulocytes. The resulting cytokine storm, also 
known as macrophage activation syndrome (MAS) 
or secondary hemophagocytic lymphohistiocytosis 
(sHLH), leads to more tissue damage.42 The cytokine 
storm can be understood as a form of systemic in-
flammatory response characterized by the release 
of a series of cytokines including TNF-α, IL-1β, IL-2, 
IL-6, IFN-α, IFN-β, IFN-γ, and MCP-1. These cytokines 
induce immune cells to release a vast number of 
free radicals, which are the major cause of acute re-
spiratory distress syndrome (ARDS) and multiple or-
gan failure. Elevated serum IL-6 seems to correlate 
with the severity of the COVID-19 in patients.37 



14

Version 9.0ImmunoFormulation   |  SARS-CoV-2 and COVID-19 

 Therefore, inhibition of IL-6 may could help prevent 
severe lung tissue damage caused by cytokine re-
lease in COVID-19 patients.52-54

 2.6.2  Immune dysregulation
 Regulatory T cells are responsible for the mainte-

nance of the immune homeostasis, suppressing the 
activation, proliferation, and proinflammatory func-
tion of most lymphocytes, including CD4+ and CD8+ 
T cells, NK cells, and B cells (the latter two are known 
to be reduced in COVID-19 patients).42 This is in line 
with what is seen in COVID-19 patients: a significant 
lymphopenia (representative of an impairment of 
immune system) develops in most COVID-19 pa-
tients, especially in those with more severe disease. 

 This immune dysregulation can be triggered by the 
SARS-CoV-2 through its effects on the subsets of T 
cells. The level of helper, cytotoxic suppressor and 
regulatory T cells decreases, and is even more no-
ticeable in severe cases.41

 2.6.3  Antibody profile
 The immunoglobulins (antibodies) profile may be 

an early predictor of the severity and prognosis of 
COVID-19. In a study investigating the dynamics of 
IgA, IgG, and IgM antibody responses in mild and 
severe SARS-CoV-2 infections, the researchers have 
found out that IgA antibodies could work as a diag-
nostic markers, as they start to circulate early after 
the mild COVID-19-associated symptoms.55 In addi-
tion, there is evidence for recruitment of immune cells 
populations (antibody-secreting cells, T helper cells 
and activated CD4+ and CD8+ T cells), with IgM and 
IgG SARS-CoV-2 binding antibodies in the patient’s 
blood before COVID-19 symptoms are resolved.45,56,57

 2.6.4  Hematologic consequences
 Recent studies underline that severe COVID-19 can 

be complicated by intravascular coagulation, espe-
cially when combined with long-term bed rest, and 
that this thromboembolism in patients with severe 
COVID-19 contributes to a significant percentage of 
the deaths from the disease. Additionally, an asso-
ciation between long-term bed rest and increased 
risk of thromboembolism has been described in 
severe COVID-19 patients.58 In one meta-analysis, 
the hemoglobin value was found to be significant-
ly lower in COVID-19 patients with severe disease 
than in those with milder forms of the disease.59 This 
finding meets the hypothesis that the ORF8 and 
surface glycoprotein could bind to the porphyrin; 
and, at the same time, other ORFs proteins could 

coordinately ‘attack’ the heme on the 1-beta chain 
of hemoglobin to dissociate the iron normally used 
to form the porphyrin. Therefore the sequence for 
the hematological repercussions would be: the virus 
entrance; antibody production by B cells; infection 
of red blood cells/ hemoglobin; hemolysis linked to 
the antibodies action; binding of porphyrin to the 
virus, with inhibition of heme metabolism.60

 2.6.5  Endotheliitis
 Endothelial cells form the barrier between vessels 

and tissues. They are found exclusively in vascular-
ized tissue, forming a single layer of cells that covers 
the interior surface of blood and lymphatic vessels, 
and express ACE2 receptors. A recent case report 
has shown the presence of SARS-CoV-2 viral ele-
ments within endothelial cells, with an accumulation 
of inflammatory cells and some evidence of endothe-
lial death. These findings have suggested that SARS-
CoV-2 infection facilitates the induction of endothe-
liitis in multiple organs, as a consequence of viral 
involvement and of the host inflammatory response. 
Endotheliitis could explain the systemic impairment 
of the microcirculatory function in different vascu-
lar beds and their clinical sequelae in patients with 
COVID-19 – the increase in vascular permeability can 
lead to infiltration of monocytes, macrophages and T 
cells, as well as the systemic cytokine storm and the 
pulmonary edema and pneumonia.61 The endotheliitis 
hypothesis provides a rationale for therapies to stabi-
lize the endothelium while tackling viral replication, 
particularly with anti-inflammatory and anti-cytokine 
drugs, and also ACE2 inhibitors and others endotheli-
al barrier protectors.62–64

 Additionally, some neuropathological analysis from 
COVID-19 patients revealed that the SARS-CoV-2 
infected Neuropilin 1 (NRP1) positive cells in olfac-
tory epithelium and bulb, as spike proteins were 
detected in those cells. This finding suggests the 
existence of an NRP-dependent intranasal brain en-
try pathway and, indeed, NPR1 is highly expressed 
in endothelial cells and in the epithelial cells facing 
the nasal cavity. In this case, NPR1 would also serve 
as an entry factor, not only ACE2, which could ex-
plain the enhanced tropism of SARS-CoV-2. In this 
light, vascular endotheliitis, thrombosis, and angio-
genesis, together with the upregulation of NRPs in 
SARS-CoV-2 infected blood vessels, should be taken 
in consideration for the determination of prognostic 
and treatments of the COVID-19 syndrome.65
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3.  IMUNO TF®

 The main component of the ImmunoFormulation is 
the Imuno TF® itself, a nutritional supplement com-
posed of oligo- and polypeptides fractions from 
porcine spleen, commonly referred as Transfer Fac-
tors (TF) due to their biological activity on immune 
system regulation.

 Although transfer factors can be obtained from var-
ious sources, Imuno TF® is obtained from porcine 
spleen through a specific, patented, and technolog-
ical process. 

 The origin of the TF is essential for the final quality 
and safety of the product. Commercially available 
traditional TF extracts are generally obtained from 
colostrum (the first milk produced by mammals) or 
bird’s egg yolks.66,67 The role of colostrum is to provide 
to the newborn’s immune system initial protection,68 
but immunoglobulins also found in colostrum have 
shown to cause allergic reactions in other species.69 
Unlike colostrum, TF purified extracts from spleen do 
not elicit an immune response, so they are not aller-
genic, probably due to the small TF molecular size.70

 TF was first described in 1955 by Henry Sherwood 
Lawrence and was later characterized at the molec-
ular level by Kirkpatrick.71–73 In his study, Lawrence 
demonstrated that a dialysis of leukocyte extract from 
a healthy donor, presenting a positive response to 
the percutaneous tuberculin test, was able to transfer 
to a healthy recipient the ability to also respond pos-
itively to this test.71 In 1983, Lawrence and Borkowsky 
modified the original TF purification protocol using a 
dialysis membrane and a second molecular exclusion 
membrane to obtain molecules with three different 
sizes: <3.5 kDa, >3.5 kDa, and <12 kDa; the fractions 
between 3.5 kDa and 12kDa were the ones that had 
the ability to bind to antigens.74. In subsequent stud-
ies, Kirkpatrick and collaborators characterized these 
molecules as being small peptides, with molecular 
weight generally between 3.5 kDa and 6.0 kDa (and 
usually around 5.0 kDa).72,73

 The TF could then be understood as short chains 
of amino acids with small pieces of ribonucleic 
acid (RNA) attached,75,76 and produced by T helper 
cells.68,77 The attached portion of RNA is probably re-
lated to a cytophilic property and the specificity of 
the TF.67 

 
 
 In fact, biochemical analyses suggested that the 

biological activity of TF was the result of the oligor-
ibonucleotide linked to the amino termination of 
peptide, as its absence resulted in no activity.78 Kirk-
patrick identified a highly conserved region of ami-
no amino acids in the TF with the ability to bind to 
target cells with high affinity.79 There are reports of 
17 or 18 amino acids present in TF (reason why they 
are considered oligo- or polypeptides),80,81 and high 
tyrosine and glycine contents are present in some 
variants.67 However, they can present an even bigger 
molecule consisting of at least 30 amino acids, if we 
consider that the molecular weight of the heaviest 
amino acid (tryptophan) is 204.22 Da.70 In fact, TF 
as a product is a complex extract, containing a high 
number of different TF molecules, and not just a sin-
gle chemical entity – and each of these molecules 
has its own specific function and purpose in a regu-
lated immune system.66 In addition, they are appar-
ently non-species-specific, i.e., TF produced in one 
species is effective in another animal species.68,82

 
 
 3.1  Structural form of Transfer Factors

 TF contains two subunits within its molecule: Tuftsin 
(peptide fraction) and Splentopentin, providing im-
mune system-enhancing activity. Tuftsin is believed 
to be the subunit that stimulates the production of 
macrophages.83 The biologically active fraction of 
human TF has been separated by exclusion chroma-
tography in some subcomponents (see Figure 8 and 
Figure 9). 

 The suppressor activity is contained in Fraction I. 
Fraction II has a direct chemiluminescence (CL) in-
ductive effect on non-stimulated cells and increases 
CL of phagocytes. Fraction III contains components 
responsible for increase in the phytohemagglutinin 
(PHA) and pokeweed mitogen (PWM) responses. 
Fraction IV would be responsible for the immuno-
logical activity itself.84 
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1. Transfer Factor
is attracted to the T cell

2. Transfer Factor moves 
towards receptor on T cell

4. Cytokines are released

3. Transfer Factor docks with 
a structure within the cell

Figure 9. Induction of immune response by transfer factor. Adapted84
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Figure 8. Structure of transfer factor fractions. Adapted84
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 Recently, Imuno TF® was subjected to a proteom-
ics analysis, and the results confirmed the exis-
tence of at least 163 different oligo- and polypep-
tide fractions with sizes ranging from 402 to 3,463 
Da (average: 1,595 ± 741 Da) and composed of 4 
to 34 amino acids each, all from the same animal 
source. Those fractions revealed in the proteom-
ic analysis are expected to be found in vivo com-
bined in bigger peptide chains with a maximum 
size of 10,000 Da (10 kDa) due to the ultrafiltration 
conducted with the product – in this sense, it is 
expected that a higher number of peptide entities 
exist, confirming the complex composition of Imu-
no TF® and its multiple roles in different biological 
processes. In fact, the peptides identified can be 
involved in several pathways of the immune sys-
tem responses. Some of these pathways in which 
Imuno TF® is most involved are:
•  Adaptative immune system: ER-phagosome 

pathway. Endoplasmic reticulum (ER) is recruit-
ed to the cell surface and fuses with the plasma 
membrane to form phagosomes during phago-
cytosis. The ER origin of phagosomes might ex-
plain how antigens from intracellular pathogens 
(e.g., virus) can be presented by major histocom-
patibility complex (MHC) class I molecules.85

•  Innate immune system: MAPK (mitogen-activat-
ed protein kinase) pathways. The MAPK path-
ways relay, amplify and integrate signals from 
a different stimulus and elicit an appropriate 
physiological response, which includes cellular 
proliferation, differentiation, development, in-
flammatory responses and apoptosis.86

•  Cytokines signaling in immune system.
•  IL-17 signaling. IL-17-mediated inflammation 

is crucial for microbial clearance, but over-
expression can promote immunopathology, 
reason why the controlled release of such cy-
tokine is paramount for an adequate immune 
response.87

•  Receptor-type tyrosine-protein kinase FLT3 sig-
naling. FLT3 regulates the activation of several 
signal transduction pathways involved in the 
regulation of cell survival, proliferation and dif-
ferentiation, especially in hematopoietic pro-
genitor cells and dendritic cells.88

•  Non-canonical NF-κB pathway. NF-κB partici-
pates in various biological processes, including 
immune response and inflammation. Non-ca-
nonical NF-κB pathway activates the RelB/p52 
NF-κB complex using a mechanism that relies 
on the inducible processing of p100 instead of 
degradation of IκBα.89

 3.2  Mechanism of action of oral TF extracts

 The TF are understood as immunological molecules 
that can act both in innate and adaptative respons-
es, as they can act as messengers or regulators of 
immune response.

 The natural immune response is the causal factor for 
the in vivo production of TF, as they are produced 
in T helper (Th) cells (Figure 10 and Figure 11). Th 
cells can be divided into Th1 and Th2: Th1 cells pro-
duces substances such as IFN-γ, IL-2, IL-3, TNF-α, 
TNF-β and the TF, and they also stimulate cellular 
response  and B cells to produce IgM and IgG; Th2 
cells produces IL-4, IL-6, IL-10, IL-5, IL-9, IL-13. Over-
expression of Th2 can lead to inappropriate immune 
responses, leading to diseases such as allergies 
and asthma. Both cells counteract each other (for 
example, release of Th1 cytokines stimulates more 
Th1 effects, and inhibits Th2 actions; the release of 
Th2 cytokines have the opposite mechanism). The 
optimal condition would be a balance between Th1 
and Th2 responses.

 After the TF are released, the activity of the immune 
system is influenced in several pathways. The pres-
ence of TF is understood by the other cells involved 
in the immune system as an indication that T helper 
cells (Th1 immunity) are active in the mechanistic 
elimination of the pathogen, thus stimulating the 
production of new T helper cells, natural killer (NK) 
cells, macrophages and cytotoxic T cells, and also 
the conversion of young lymphocytes into Th1 im-
mune cells. As already stated, the increase of Th1 
cells, for its turn, suppresses the production of Th2 
cells and their related cytokines such as IL-4, IL-5, 
IL-6 and IL-13, while there is an increase in Th1 cyto-
kine levels (essentially IFN-γ) and a general strength-
ening of the Th1 response.67,70 

 It is possible that TF influence key aspects of im-
mune function by stimulating the related Th1 im-
mune cells to release cytokines, thus influencing 
subsequent immune activity. Kirkpatrick (1989) 
measured levels of various cytokines after oral ad-
ministration of TF to human subjects. Among the 
cytokines, the author found increased levels of 
IFN-γ, which is relevant since IFN-γ is produced only 
by Th1 cells, cytotoxic T cells and NK cells. Thus, it 
indicates specificity of TF for activation of the Th1 
response mechanism.90 INF-γ can inactivate viruses 
and promote differentiation of young WBC into Th1 
cells, which partially explains how TF leads to the re-
cruitment of new cells for Th1 immune responses.70 
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Figure 11. General role of transfer factors in immunity: CD4+ lymphocites release the transfer factor to bind to antigens, 
which helps in the infected cell by the CD8+ cytotoxic lymphocites. Adapted.70

Pathogen Infected
body cell

Body already
has transfer

factors ingested
from Imuno TF®

Phagocytes
present

antigen to
CD4+ cells

Pathogen Infected
body cell

Phagocytosis
of pathogen

by phagocytes

Phagocytes
present

antigen to
CD4+ cells

CD4+

cells release
Transfer Factors
 (increase Th1, 
decrease Th2)

Infection
is resolved

Figure 10. Scheme of the biosynthesis of the Transfer Factors.

Cytokine (immune messenger) Antigen (protein from pathogen)

Phagocyte Strengthened Th1 response

Virus

Tranfer Factors

Stimulation Inhibition

CD8+

T cells

CD8+

T cells

Th1
CD4+

Th2
CD4+



19

Version 9.0Version 9.0 ImmunoFormulation   |  Imuno TF®

 A possible inhibition of the production of TNF-α by 
monocytes and of the NF-κΒ activity in human T 
cells was also reported.84

 A peculiar feature of TF is the elicitation of multiple 
opposite functions: specific antigen fractions help 
the recognition of pathogenic micro-organisms, 
which increases the antigenic stimulus. Oppositely, 
TF also suppresses Th2 cells through the release of 
IL-10, thus playing a role in controlling excessive im-
mune reactions.67 In this sense, TF can possibly reg-
ulate the immune system by stimulating it against 
threats (micro-organisms or tumor cells), while 
avoiding immune hyperresponsiveness and autoim-
mune reaction.

 Another mechanism that has been gaining atten-
tion recently is the “trained immunity”.91 This refers 
to the fact that monocytes, macrophages, and NK 
cells can develop a property similar to the innate im-
munity, after some infections or vaccines – i.e., the 
organism whose cells are “trained” against differ-
ent pathogens can be more protected (monocytes, 
macrophages, and NK cells more active) for new in-
fections.92 

 This would be a heterologous process (then, no 
specific), similar to the creation of immunological 
memory.91,92 As TF participate on the activation of 
the cellular response through the Th1 pathway acti-
vation, it can be expected that they could play a role 
in such mechanism.

 A recent study conducted with Imuno TF® showed 
some of these mechanism in more detail. The cell 
culture experiments were conducted with human 
lymphocytes subjected to inflammatory inducers 
(lipopolysaccharides, LPS, and concanavalin A). 
Figure 12 shows the responses of the lymphocytes 
in terms of cytokines release whether in the pres-
ence or absence of Imuno TF® and the inflammatory 
inducers. What can be seen is that Imuno TF® was 
able to reduce the levels of Th2, Th17 and inflam-
matory cytokines, contributing to maintain the cy-
tokines in the same levels as the ones in the control 
(non-stressed) cells.

 
 

 3.3  Absorption

 In general, proteins, which are formed by peptides 
(which, in their turn, are formed by amino acids), are 
not directly absorbed by the gastrointestinal tract. 
Instead, they are previously cleaved into smaller 
molecules (trypeptides, dipeptides or single amino 
acids) by proteases.

 Although the exact percentage of oral administered 
TF that is absorbed and becomes bioavailable needs 
to be determined, TF has shown to be stable and 
active after oral administration. No substantial dif-
ference in responses between oral and parenteral 
administration was found in clinical studies.75 In ad-
dition, biological effects were observed in several 
case reports.70,75,93

 3.4  Possible uses

 The main use of Imuno TF® is as immunoregulator, 
as it can transfer an antigen-specific information 
from an immune donor to a non-previously immu-
nized recipient individual.70,76 TF could therefore 
possibly be of use in (amongst others):

•  Immunoregulation: regulation and increase of 
cellular immune function.

•  Immunodeficiency: increase of phagocytic cells, 
IL-2 and CD8+ T lymphocytes.

•  Adjuvant in the treatment of viral, fungal and 
bacterial infections.

•  Skin and mucosal infections: herpes simplex, her-
pes zoster, candidiasis, condyloma, contagious 
mollusc and flat warts.

•  Respiratory diseases: rhinitis, sinusitis, tonsillitis, 
asthmatic bronchitis, colds and flu.

 Viza et al. underline in a review from 2013 the poten-
tial use of TFs for the prevention and treatment of 
infectious diseases.78

 One of the most important clinical studies showing 
the ability of TF to prevent viral infection has been 
publised in the New England Journal of Medicine. TF 
was used in a controlled study in 61 children with 
acute leukaemia (no prior history of chickenpox and 
a negative skin test to varicella zoster virus antigen). 
Patients were randomized, receiving either TF or pla-
cebo. Sixteen patients in the TF group and 15 in the 
placebo were exposed to varicella zoster virus. 
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Figure 12. Effects of Imuno TF® on human lymphocytes subjected to in vitro inflammatory induction.
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 Only one patient in the TF group became infected 
versus 13 in the placebo group, a highly statistically 
significant difference. Furthermore, in the patients 
treated with TF and exposed to varicella zoster vi-
rus without acquiring chickenpox, the titre of anti-
body to the virus was equal to that in the patients 
receiving placebo who became infected with chick-
enpox.94 

 

 3.5  Posology

 Imuno TF® has a number of technical properties 
which makes it easy to incorporate into dietary sup-
plementation schemes in standalone form or com-
bined with other products to increase functionality, 
such as the ImmunoFormulation (the compound-
ed, personalized option) and the Imuno TF® Com-
plex (a food supplement in capsules).

 Our scientific team is providing health care practi-
tioners and interested parties on formulation rec-
ommendations based on their needs.

  The suggested daily intake for Imuno TF® is 25-50 
mg twice a day for adults (50-100 mg/day) and 10-
20 mg 2-3 times a day for children (20-60 mg/day).

 
 3.6  Frequency of administration
 (oral supplementation)

 Imuno TF® can be used on a daily basis, with no re-
ported side effects.

 However, some clinicians prefer pulse therapy pulse 
therapy for treatments with supplements and immu-
nostimulant drugs. The preference for pulse thera-
py over continuous use is based on the hypothesis 
that the immune system could sensitize over the 
prolonged signaling from the continuous treatment 
regimen. In fact, clinical studies involving the use of 
injectable TF usually follow a pattern of frequency of 
administration of one application per week or only 
one application per month. It is often advised for pa-
tients with chronic pathologies to start oral TF sup-
plementation with intermittent (one or two weekly 
doses). For healthy patients, daily doses are well tol-
erated – although some studies show that weekly or 
monthly doses also promoted health improvement. 
For example, oral TF could be used from Monday 
to Friday with a weekend break, or interspersing 
months, or even alternating fortnightly.70,95 

 3.7  Imuno TF® and COVID-19

 Recent studies show promising data on the use of 
Imuno TF® as an adjuvant for patients infected with 
the SARS-CoV-2.

 In fact, a new study from Viza et al. (2020) addressed 
the potential role of TF for managing the COVID-19 
pandemic.96

 In the article, the authors discuss that the ausence 
of current treatments or vaccines, and the probabil-
ity of occurrence of similar pandemics in the future, 
are in favor of testing the effect of TF for controlling 
the pandemic. They also affirm that TF can be con-
sidered an “immunomodulator devoid of toxicity, 
which has been extensively studied in the past for 
the treatment and prevention of viral infections”. In 
addition, they discuss that specific TF can be used, 
but then they argue that those molecules are non 
species specific, and then products derived from 
animal sources (such as Imuno TF®) could potential-
ly be used “for the treatment of even unkown, newly 
emerged pathogens”.
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 3.8. Nutrition declaration  

 Imuno TF® can be considered low fat, saturated fatty acids-free and low sugar product.*

General Components Amount (mg per 100 mg) Reference intake**

Total fat < 0.3 70 g

  of which

– saturated fat < 0.01 20 g

– monounsaturated fat < 0.01 -

– polyunsaturated fat < 0.01 -

– trans fat < 0.002 -

– cholesterol < 0.002 -

Total carbohydrates 260 g

of which

– starch < 0.09 -

– fructose < 0.1 -

– glucose < 0.1 -

– sucrose < 0.1 -

– maltose < 0.1 -

– lactose < 0.2 -

– sorbitol < 0.1 -

Fiber 0.5 -

Protein 63.97 50 g

 of which (amino acids)

– aspartic acid 2.95 -

– glutamic acid 5.19 -

– serine 1.89 -

– histidine 0.93 -

– glycine 3.06 -

– threonine 1.41 -

– arginine 4.16 -

– alanine 0.50 -

– tyrosine 1.83 -

– cystine < 0.1 -

– valine 1.30 -

Energy Value per 100 mg Reference intake**

Energy value 0.321 Kcal / 1.347 KJ 2,000 Kcal

ImmunoFormulation   |  Nutrition declaration
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General Components Amount (mg per 100 mg) Reference intake**

– methionine 1.17 -

– phenylalanine 0.06 -

– isoleucine 0.96 -

– leucine 1.39 -

– lysine 3.49 -

– proline 0.10 -

Salt 0.7 6 g

Specific Components Amount (per 100 mg) Nutrient Reference Values (NRVs)**

Vitamins and minerals

Vitamin A < 0.0005 µg 800 µg

Vitamin B1 < 0.0004 mg 1.1 mg

Vitamin B2 0.00074 mg 1.4 mg

Vitamin B3 0.00002 mg 16 mg

Vitamin B6 0.00645 mg 1.4 mg

Vitamin B9 < 0.42 µg 200 µg

Vitamin B12 < 0.004 µg 2.5 µg

Vitamin C 0.02 mg 80 mg

Vitamin E (alfa-tocopherol) < 0.0002 µg 12 mg

Vitamin E (gamma-tocopherol) < 0.00035 mg -

Potassium 1.91 mg 2000 mg

Calcium 0.028 mg 800 mg

Phosphorus 0.72 mg 700 mg

Magnesium 0.078 mg 375 mg

Iron 0.099 mg 14 mg

Zinc 0.0093 mg 10 mg

Copper 0.0065 mg 1 mg

Manganese 0.00011 mg 2 mg

Selenium 0.0011 μg 55 μg

Chromium < 0.000005 μg 40 μg

Molybdenum 0.019 μg 50 μg

* Discussion paper on Nutritional Claims and Functional Claims. Prepared by Directorate General Health 
 and Consumer Protection (SANCO D4) European Commission. SANCO/1341/2001.
** Regulation (EU) 1169/2011 of the European Parliament and of the Council of 25 October 2011 on the provision 
 of food information to consumers. 

Reference intake of an average adult (8 400 kJ/2 000 kcal).
NRVs: EU guidance levels on the daily amount of vitamin or mineral that the average healthy person needs 
to prevent deficiency.
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4.  MIODESIN®

 Miodesin® is a co-processed, anti-inflammatory 
blend of natural origin composed of unique propor-
tions of Uncaria tomentosa, Endopleura uchi and 
Haematococcus pluvialis.

 The blend is a fine powder which can be used as a 
raw material for personalized formulations, whether 
for oral or intravaginal use.97,98 

 

 4.1  Active ingredients of Miodesin®

 Uncaria tomentosa (Willd.) DC. (Rubiaceae)
 This species (popular name: cat’s claw) possesses 

indole and oxindole alkaloids, glucosinolates, fla-
vonoids, sterols, carbolines and polyunsaturated 
fatty acids, which confer immunostimulant, anti-
oxidant and anti-inflammatory activities.99 The an-
ti-inflammatory properties seem to be mediated by 
mitraphylline, via inhibition of IL-1α, IL-1β, IL-17, and 
TNF-α.100 Moreover, U. tomentosa can decrease lipid 
peroxidation and reduce the level of ROS.101

 The plant extracts also show moderate activity 
against bacterial (Bacillus cereus, B. subtilis, En-
terococcus faecalis, Staphylococcus aureus, S. epi-
dermidis, Escherichia coli, Mariniluteicoccus flavus, 
Streptococcus mutans and Klebsiella pneumoniae) 
and fungal strains (Candida albicans),102 as well as 
antiviral activities against herpes simplex virus (HSV) 
types 1 and 2, including genital herpes,103-107 and den-
gue virus (DENV)107, including immunomodulation on 
human monocytes infected with DENV-2.109

 Endopleura uchi (Huber) Cuatrec. (Humiriaceae)
 E. uchi is a tree found throughout the entire Brazil-

ian part of the Amazon basin. Traditional medicinal 
applications of the stem bark of E. uchi are diverse 
and include anti-inflammatory and antibacterial ac-
tivities.110,111 Antifungal activities against C. albicans, 
C. tropicalis and C. guilliermondii112 and antioxidant 
through free radicals sequestring and iron reduc-
tion113 were also reported.

 Astaxanthin 
 (from Haematococcus pluvialis extract)
 Haematococcus pluvialis (Chlorophyceae, Volvo-

cales) is an unicellular fresh water microalga, con-
sidered to be the main source of astaxhanthin.114 
Astaxanthin (3,3′-dihydroxy-ß-carotene-4,4′-dione) 
is often referred as a “super-antioxidant” molecule,

 because of its capacity to reduce free radicals and 
oxidative stress: 65 times greater than vitamin C, 54 
times more than β-carotene, and 100 times more 
α-tocopherol – and the synthetic molecule has 20 
times lower antioxidant capacity than its natural 
counterpart.115 Additionally, the molecule also pres-
ents immunomodulating activity, demonstrated 
both in animal and human studies.116-118

 
 4.2  Mechanism of action of Miodesin®

 The three components of Miodesin® contribute syn-
ergistically to its effects on the human body. There’s 
evidence that U. tomentosa can decrease inflam-
mation and regulate immune system through the 
extension of lymphocyte survival via an anti-apop-
totic mechanism119 and the inhibition of the produc-
tion of TNF-α, a critical cytokine in chronic inflam-
mation conditions, due to its regulation role on the 
activation of activator protein 1 (AP-1) and release of 
NF-κB.120,121 The treatment of THP-1 cells with U. to-
mentosa also shows that it can: inhibit LPS-depen-
dent activation of c-Jun, JunB, p65, ReIB and p50 
transcription factors; inhibit the activation of JunB, 
FosB, JunD, Fra-1, Fra-2 and c-Fos in both untreated 
and LPS- treated THP-1 cells; and activate p52.122,123

 The antiviral activities of U. tomentosa against DENV 
(an arbovirus) seem to be mediated through an in-
hibition of IL-8 production, which is produced by 
endothelial cells in patients with severe dengue and 
increases paracellular endothelial permeability;108 a 
decrease in TNF-α and IFN-α can also be observed, 
probably due to the presence of the pentacyclic 
oxindole alkaloids in the extract.109 The antiherpetic 
activity is possibly related to the synergistic effect 
of the oxindole alkaloids and quinovic acid glyco-
sides, once purified fractions exhibit lower antiviral 
activity, compared to the whole extract of U. tomen-
tosa.103

 Other component of the herbal blend, E. uchi, pres-
ents anti-inflammatory activity through the selec-
tive inhibition of cyclooxygenase-2 (COX-2) and 
phospholipase A2 (PLA2) provided by its major com-
pound, bergenin.124 Bergenin also downregulates 
the phosphorylation of NF-κB and mitogen-actived 
protein kinases (MAPK), resulting in decreased infil-
tration of inflammatory cells, and decreased levels 
of nitric oxide (NO), TNF-α and IL-6.111
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 Another constituent from Miodesin® (astaxanthin 
from H. pluvialis) is a potent antioxidant. Studies 
have shown that it can reduce lipid peroxidation and 
protect LDL from oxidative inducers.125,126 The antiox-
idant activity is proposed to occur due to an equi-
librium with the enol form of the ketone, when the 
molecule is in solution. This would result in a dihy-
droxy conjugated polyene system, which presents a 
hydrogen atom that could break the free radical re-
action.127,128 It can also be considered an endothelial 
protector due to these antioxidant properties: it has 
been demonstrated to inhibit intracellular-induced 
stress in human endothelial cells without any cyto-
toxicity and modification of the cell morphology.129

 Additionally, a recent study has shown that Miode-
sin® has its potent anti-inflammatory activity due to 
the fact that its components can act synergistically 
inhibiting hyperactivation of chondrocytes, kerati-
nocytes, and macrophages, through the decrease in 
the release of cytokines (IL-1β, IL-6, IL-8, and TNF-α) 
and chemokines (CCL2, CCL3, and CCL5), and the 
expression of NF-κB and inflammatory enzymes 
(COX-1, COX-2, PLA2, iNOS).130

 4.3  Absorption 

 Bioavailability has yet to be determined.

 4.4  Possible uses

 Miodesin® is indicated in clinical conditions in which 
the inflammatory process play a dominant role:

• Infectious diseases with important inflammation 
findings;

• Osteoarthritis and joint health; 
• Endometriosis; 
• Uterine leiomyomas; 
• Adenomyosis; 
• Fibromyalgia.

 

 
 
 4.5  Posology

 Miodesin® has a number of technical properties 
which makes it easy to incorporate into dietary sup-
plementation schemes in standalone form or com-
bined with other products to increase functionality.

 Our scientific team is providing health care practi-
tioners and interested parties on formulation rec-
ommendations based on their needs, whether for 
oral or intravaginal use.

 For the ImmunoFormulation here described, we 
suggest the daily intake of 800 mg, via oral route 
(capsules).

 

 4.6  Frequency of administration 
 (oral supplementation)

 The daily amount can be taken in a single dose or 
divided into 3 equal doses.
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5.  THE IMMUNOFORMULATION

 Based on extensive study of the SARS-CoV-2 infection pathways and the parameters involved in the different 
stages of the disease, a multidisciplinary research team of Fagron has identified a set of agents that could play a 
role in the prevention and/or support treatment of the symptomatology associated with COVID-19 (regulation of 
the immune system). This set is a combination of carefully chosen nutraceuticals and pharmaceutical ingredients. 
The therapy can be tailored to the patient’s needs or given all together as a single formulation. 

 This formulation is specially intended to be prepared in a pharmacy to fill the prescription from a licensed profes-
sional only. It is specially to be prepared to meet individual needs.131

 Qualitative and quantitative composition should be evaluated based on clinical symptoms and laboratory results.
 The patient or the patient’s agent should be counseled about proper use, storage, and evidence of instability in the 

compounded preparation at the time of dispensing.132

* If not available in your country, the ImmunoFormulation can be adjusted by exchanging SiliciuMax® powder and Miodesin®, 
   for Uncaria tomentosa dry bark extract 600 mg and Astaxanthin (as Haematococcus pluvialis) 4 mg.

Ingredients Quantity Posology

Imuno TF®
(Oligo- and polypeptides fractions 
from porcine spleen/ Transfer Factors)

100 mg

•  The formulation corresponds   
    to the suggested daily intake.

•  Recommend posology is 
    to divide this daily intake 
    into 3 doses, to be taken 
    every 8 hours.

*Miodesin®
(Proprietary blend of standardized extracts: 
Uncaria tomentosa, Endopleura uchi and 
Haematoccocus pluvialis)

800 mg

Zinc
(as orotate or gluconate) 60 mg

Selenium yeast 48 mg
(equivalent to 96 μg of Se)

Vitamin D3
(Cholecalciferol) 20,000 IU

Vitamin C
(Ascorbic acid) 300 mg

Ferulic acid 480 mg

Resveratrol
(Trans-resveratrol) 90 mg

Spirulina
(Spirulina maxima) 800 mg

N-acetylcysteine 560 mg

Glucosamine sulfate potassium hydrochloride 610 mg

*SiliciuMax® powder
(Maltodextrin-Stabilized Orthosilicic Acid)

400 mg
(equivalent to ~ 6 mg of Si)

Proposed ImmunoFormulation

ImmunoFormulation



27

Version 9.0Version 9.0

 5.1.  Mechanism of action
 of the ImmunoFormulation

 The main mechanisms of action of all the compo-
nents of the ImmunoFormulation can be found 
here. Figure 13 refers to the innate immune re-
sponse and adaptative response of coronaviruses 
infections. Figure 14 gives an overview of the main 
effects known to date of SARS-CoV-2 in humans 
and sites of action respectively. In both figures the 
targets addressed by the ImmunoFormulation are 
shown, based on the current literature.

 5.1.1  Regulation of the immune system

 5.1.1.1 Macrophage activation
 (Box #1)
 Macrophages are present in all tissues. They pos-

sess several functions in immune homeostasis, such 
as host protection, tissue repair, phagocytosis, and 
secretion of diverse factors for immune communi-
cation, which contribute to innate and adaptive de-
fenses against infections and to counteract inflam-
matory processes.134 The activation of macrophages 
involves the synergistic action of cytokines, chemo-
kines, and pathogens associated molecular patterns 
(PAMPs).

 Imuno TF® regulates the antigenic stimulus, which 
causes the production of interferon gamma (IFN-γ), 
the most potent macrophage-activating factor.67,90

 Spirulina supplementation can also play a role in 
macrophage activation. Studies show that Spirulina 
stimulates the immune system by increasing phago-
cytic activity of macrophages – and this can lead to 
increased amounts of NK cells in tissues through the 
production of IL-12 and IL-15 by them.135,136

 5.1.1.2  Activation of NK-cells
 (Box #4)
 NK cells are part of the first line of defense against 

infected cells (e.g. viruses and bacteria). Splentope-
ntin from Imuno TF® and Spirulina, Zinc, Siliciu-
Max® (Si), Vitamin C, and Resveratrol (a polyphenol 
compound) can potentially increase the activation 
of NK-cells, improving immune response against 
foreign invaders.83,136-141

 

 
 

 5.1.1.3  Increasing T-cells functions
 (Box #2)
 In COVID-19 the T cells counting is reduced, as well 

as its functionality.41 T cells are central regulators 
of the immune response and exert their actions by 
modulating the function of other immune cells. Spi-
rulina, Vitamin C, Vitamin D3 and SiliciuMax® (Si) 
might potentially enhance T-cells functions, pro-
moting their activation and proliferation.142-145

 5.1.1.4  CD4+ cells activation
 (Box #5)
 The activation and differentiation of CD4+ T cells 

play a critical role in establishing and subsequently 
controlling protective adaptive immune responses, 
such as activation of B cells, which produce anti-
bodies, and CD8+ T cells, which are able to eliminate 
infected cells.

 Imuno TF® improves the recognition of antigens that 
have entered the body and the formation of immune 
memory. Imuno TF® and Selenium can regulate the 
antigenic stimulus triggering CD4+ Th1 cells (T helper 
type 1 cells: CD4+ effector T cell that secretes IFN- γ, 
IL-2, IL-10, and TNF-α/β  and promotes cell-mediated 
immune responses and is required for host defense 
against intracellular viral and bacterial pathogens) 
to produce IFN-γ, IL-1 and TNF-α.67,70,90,144,146,147

 Selenium can stimulate CD8+ lymphocytes, NK 
cells, and macrophage phagocytosis.146

 5.1.1.5  IFN-γ production
 (Boxes #3 and #6)
 Interferons (IFNs) are a group of proteins usual-

ly produced in response to viral infections, and it 
can recruit Th1 cells to the inflammatory site and 
downregulate the activity of Th2 cells (T helper 
type 2 cells: CD4+ effector T cell that secretes IL-4, 
IL-5, IL-9, IL-13, and IL-17E/IL-25 and are required for 
humoral immunity).148 The production and release 
of IFN-γ then acts on the neutrophils recruitment, 
which helps to control the infection and the con-
sequent inflammation observed, and also in the 
development of the acquired immunity. It is also 
observed that severe COVID-19 patients present a 
lower expression of IFN-γ related to the decrease 
and impaired CD4+, CD8+ and NK lymphocytes.149 In 
fact, a high IL-6/IFN-γ ratio seems to predict severe 
COVID-19 disease and lung damage due to the cyto-
kine storm.150
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Intracellular
(infected cell)

Figure 13. Innate immune response and adaptative response of coronaviruses infections
and potential immunoregulation by the ImmunoFormulation. Adapted133. NAC: N-acetylcysteine.
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 Imuno TF® has potential to regulate the antigenic 
stimulus, which can cause the production of IFN-γ 
by NK cells.67,90

 
 5.1.1.6  Antibodies production
 (Box #8)
 Spirulina, Vitamin D3 and Vitamin C potentially 

modulate circulating lymphocytes, and influence 
the antibodies levels.135,144,151

 5.1.1.7  Development and function
 of neutrophils (Box #9)
 Spirulina and Zinc may increase the rate of pro-

duction and development, as well as enhancing the 
function of cells mediating nonspecific immunity, 
such as neutrophils.144

 5.1.1.8  Improving tissue barrier function
 on innate immunity
 It is suggested that SiliciuMax® (Si) and Vitamin C 

are important for activating the hydroxylation en-
zymes, which are important to the formation of the 
collagen network, improving skin strength and elas-
ticity. They are also cytoprotective agents and rele-
vant nutrients for extracellular matrix of the skin and 
mucosa, optimizing their roles on innate immunity 
against infections.152-155

 
 5.1.2  Support on avoidance of virus 
 entrance in the cell

 5.1.2.1  Reducing the virus entrance in the cell
 (DPP4R inhibitory effect, ACE2 blocker effect)
 (Box #10)
 There are currently 3 exopeptidase receptors known 

for coronaviruses in human cells: ACE2 (angioten-
sin conversing enzyme 2), APN (aminopeptidase 
N) and DPP4 (dipeptidyll peptidase 4). DPP4 mRNA 
and protein expression are inversely correlated with 
lung function and diffusing capacity parameters, 
which can partially explain the fact that smokers 
and chronic obstructive pulmonary disease (COPD) 
patients seem to be more susceptible to coronavi-
ruses. N-acetylcysteine and natural polyphenolic 
compounds such as Resveratrol have shown DP-
P4R inhibitory effect in an in vitro study. Resveratrol 
also showed potential to block the binding of ACE2 
at the molecular level, which could reduce the virus 
entrance in the cell.58,156

 

 5.1.3  Support on decrease of virus replication

 5.1.3.1  Increasing intracellular zinc level and 
 synergistic effect of resveratrol 
 (Boxes #12 and #16)
 Zinc is a crucial element for normal development 

and function of cells mediating nonspecific immu-
nity, such as neutrophils and NK cells; therefore a 
good zinc status is recommended to support an 
effective immune function.3,144 Preliminary studies 
showed that high concentration of intracellular zinc 
inhibited the replication of SARS coronavirus (SARS-
CoV) and other RNA viruses, through inhibition of 
RNA polymerase.157 Resveratrol can act synergisti-
cally with Zinc, as it has been shown to increase the 
intracellular entrance of Zinc in vitro.158

 5.1.3.2  TLR7 activation/ boosting interferon 
 type 1 response 
 (Boxes #17 and #19)
 IFNs can inhibit SARS coronavirus replication and 

might then be valuable for COVID-19 treatment.159 
The activation of TLR7 by single-stranded viral RNA 
trapped within endosomes provides a key stimulus to 
type 1 IFN induction by RNA virus. Ferulic acid (and 
sodium ferulate) can induce heme oxygenase-1 (HO-
1), which can account for the activation of TLR7 and 
stimulation of the type 1 IFN. Spirulina possess a phy-
cocyanobilin chromophore that mimics NAPDH-ox-
ygenase, which could explain the antioxidant and 
anti-inflammatory effects of the cyanobacteria, as it 
inhibits the activity of unconjugated bilirubin. The 
ingestion of Spirulina may also have a potential for 
boosting type 1 IFN response against RNA virus infec-
tion. N-acetylcysteine, Selenium, and Glucosamine 
might be expected to help to prevent and control 
RNA virus infections because they amplify the signal-
ing functions of TLR7 and mitochondrial antiviral-sig-
naling protein (MAVS) in type 1 IFN production.3 

 5.1.4  Support on control of hyperinflammation

 5.1.4.1  Lymphocytes B proliferation
 and differentiation (Box #7)
 Vitamin D3 possibly plays a role on the regulation 

(inhibition) of B cell proliferation and differentiation 
(B cells are recognized as key factors in inflamma-
tion, as they can secrete inflammatory cytokines).144 

As Vitamin D3 exhibits anti-inflammatory proper-
ties, and therefore could potentiate innate immunity 
while controlling the potentially harmful inflamma-
tory response. 
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Figure 14. Main effects known to date of SARS-CoV-2 on humans and sites of action of the ImmunoFormulation. Adapted44. 
URT: Upper Respiratory Tract. ALI: Acute Lung Injury. ARDS: Acute Respiratory Distress Syndrome.
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 This immunoregulatory effect could in turn prevent 
hyperinflammatory response caused by respiratory 
tract infections.144,160–162 In fact, Vitamin D3 may de-
crease the IL-6 effect, which is a known marker of 
poor outcome in critically ill patients.163 Evaluation of 
a large number of patients from several countries has 
demonstrated that Vitamin D3 may reduce COVID-19 
severity by a suppressive effect on the cytokines 
storm, and therefore improve clinical outcomes of 
patients.164-169 Indeed, a negative correlation between 
Vitamin D3 serum levels and the number of cases of 
COVID-19, and also the number of deaths caused by 
COVID-19, has been observed.170-172 Vitamin C, can 
increase lymphocyte B and T proliferation and differ-
entiation at a controlled rate.143,173,174

 5.1.4.2  Inhibition of TL4 (Box # 11)
 The innate immune system recognizes pathogen-as-

sociated molecular patterns (PAMPs) of viral intrud-
ers via pattern recognition receptors (PRRs), which 
includes the TLRs family. The TLR4-induced innate 
immunity can act favoring viral replication, and 
consequently lead to an excessive inflammatory re-
sponse. In this sense, TLR4 inhibitors can play a role 
in alleviating the symptoms in viral infections. Res-
veratrol and Ferulic acid can inhibit the TLR4 sig-
naling pathway, which provides potential protection 
against tissue damage (including lung) coming from 
excessive inflammatory response.3 There is also ev-
idence suggesting that Imuno TF® could modulate 
the response to the recognition of micro-organism 
through the activation of TLR4-MD2 complex, which 
occurs through the MyD88-mediated NF-kB path-
way.84

 
 5.1.4.3  Inflammatory IL-6 inhibition
 (Boxes #13 and #20)
 Elevated IL-6 is a typical inflammatory finding in se-

rum of patients with acute respiratory distresses, 
including COVID-19. The inhibition of IL-6 may then 
decrease the damage to lung tissue caused by the 
cytokine storm in patients with severe symptoms 
due to coronaviruses infections.52,53

 Transfer factor (Imuno TF®) has shown the potential 
to decrease IL-6 levels in vitro, which could in turn 
downregulate overstimulation of the immune sys-
tem. This effect would bring potential benefits in a 
hyperinflammatory stage of coronavirus infections. 
Imuno TF® has also shown to stimulate the release 
of IL-10, a cytokine that inhibits Th2 cells, thus play-
ing a role avoiding immune hyperresponsiveness 
and hyperinflammatory condition in COVID-19.67,84 

 In humans, Spirulina supplementation in healthy el-
derly has shown to increase IL-2 (participates in T 
cells maturation) and decrease IL-6.142

 5.1.4.4 Inhibition of TNF-α and NF-κΒ activation
 (Boxes # 14, #15, #18 and #21)
 Nucleocapsid and spike proteins from coronavi-

ruses promote NF-κΒ activation, which can possi-
bly contribute to the hyperinflammation profile of 
COVID-19. Elderly patients generally display more 
inflammation, linked to a central role of NF-κΒ and 
a reduction in expression of IFN-β.133 In fact, virus 
infections activate cellular transcription factors 
(e.g. IRF-3 and NF-κΒ), which in turn stimulates the 
expression of the IFN genes. The released IFN initi-
ates a signaling cascade of the JAK/STAT pathway 
that results in activated transcription factors trans-
locating to the nucleus.175 Therefore, NF-κΒ inhibi-
tors could be promising for prevention and adjuvant 
treatment of coronaviruses infections, especially in 
elderly people.133

 A recent study has shown that Miodesin® can inhibit 
the release of cytokines (IL-1β, IL-6, IL-8, and TNF-α) 
and chemokines (CCL2, CCL3, and CCL5) and the 
expression of NF-κΒ, inflammatory enzymes (COX-1, 
COX-2, PLA2, iNOS), and chemokines (CCL2, CCL3, 
and CCL5).130 In COVID-19 it could be beneficial by 
decreasing the immune hyperresponsiveness and 
inflammation in respiratory condition, with the po-
tential to control the cytokines storm in acute respi-
ratory infections.176 Vitamin D3 is also suggested to 
suppress cytokines storm in COVID-19 patients, and 
as a result reduce mortality.167,168

 Resveratrol can inhibit the production of inflamma-
tory factors through the activation of Sirtuin 1 (Sirt1), 
which is an important deacetylase involved in nu-
merous molecular events (metabolism, cancer, em-
bryonic development and immunotolerance). One 
of the main substrates of Sirt1 is p65. The activation 
of Sirt1 by Resveratrol can inhibit RelA acetylation, 
with consequent reduction of NF-κβ and decrease in 
the expression of TNF-α, IL-1, IL-6, metalloproteases 
(MMP-1 and MMP3) and COX-2.177-179

 Among the potential pharmacological effects of 
Ferulic acid figures the decrease of the serological 
concentration of TNF-α and IL-1β, the suppression 
in TLR4 expression and the reduced activation of 
MAPK and NF-κB.180-181

 Some studies suggest that Transfer Factor (Imu-
no TF®) could regulate (inhibit) TNF-α production 
through the inhibition of the NF-κβ.84,182
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 5.1.4.5  Interleukin-7 regulation and 
 lymphopoietic stimulation
 Interleukin-7 (IL-7) plays an important role in the im-

mune system homeostasis and maintenance of health 
span.183 IL-7 is a cytokine that has several effects 
on the hematopoietic and immunologic systems, 
and is best known for its role in supporting B- and 
T-lymphopoiesis.184 IL-7 has been shown to stimulate 
in vitro T-cell development and reactivity, and then 
could possibly be used to boost development and 
function of such cells in diverse clinical settings, in-
cluding infectious diseases.185 All of the main CD4 T 
cell subgroups, including CD4+ immature, memory, 
and Th17 cells, depend on this cytokine for periph-
eral homeostasis. Interestingly, IL-7 can be found in-
creased in the serum of patients having either mild/
moderate or severe forms of COVID-19, which possi-
bly represents the attempts of the immune system to 
reverse lymphopenia and T cell exhaustion.186,187

 A clinical trial with over 390 oncologic and patients 
with lymphopenia showed that IL-7 was safe, invari-
ably increased CD4+ and CD8+ lymphocyte counts, 
and improved immunity.188 Currently, scientists in 
the United Kingdom are testing (in a multi-center, 
Phase 2 clinical trial) the ability of IL-7 to produce 
an immune reconstitution of COVID-19’s severe pa-
tients and observing possible association with their 
clinical improvement.189

 Additionally, it is hypothesized that the bovine dia-
lyzable leukocyte extract (transfer factors, the con-
stituents of Imuno TF®) could help to increase IL-7 
levels, based on the findings from a study with breast 
cancer patients. In this study, patients in chemother-
apy and using transfer factors were able to maintain 
the lymphocytes population within the reference 
range, while the group with only chemotherapy had 
this population dropped below such range.190

 

 5.1.5  Support on reduction of oxidative stress

 SARS-CoV-2 can trigger a recurrent mechanism for 
viral infections: it activates a nonspecific, pro-oxidant 
response from macrophages through TLR stimulation 
that results in TNF-α activation of NADPH which, in 
turn, mediates Reactive Oxygen Species (ROS) pro-
duction. Macrophages also produce ferritin to pro-
tect themselves from ROS. ROS oxidizes hemoglo-
bin to methemoglobin, and it induces latent chronic 
hemolysis. Therefore, the erythrocytes leak lactate 
dehydrogenase. In addition to that, ROS can damage 

the endothelial cell membranes, which causes the 
production of NO* radicals that activate Ca2+ chan-
nels through S-nitrosylation in myocytes leading to 
vasoconstriction. The body responds to this pro-ox-
idation caused by SARS-CoV-2 with compensatory 
mechanisms, such as tachycardia and tachypnoea, 
responding to vasoconstriction in pulmonary ves-
sels. This is commonly referred to as the systemic in-
flammatory response syndrome (SIRS). Patients with 
underlying health conditions (e.g. diabetes, hyper-
tension) are predisposed to exaggerated SIRS.191

 In a healthy condition, the molecules of the antiox-
idant system are in reduced form to neutralize the 
ROS. Throughout pathological conditions, the anti-
oxidant molecules become oxidized. The transfor-
mation of molecules from their oxidized to reduced 
form requires regular uptake of exogenous antioxi-
dants since humans cannot accumulate them.191 In 
this light, antioxidants supplements could potential-
ly benefit patients with COVID-19. The relationship 
between the use of ACE2 by the SARS-CoV-2 to en-
ter the cell and oxidative, inflammatory, and throm-
botic events has also been investigated recently. In 
severe COVID-19 patients, the interference in sys-
temic (and not only lung) ACE2 can lead to an in-
crease on angiotensin II levels. This will account for 
reactive oxygen species release and dysregulation 
of endothelial nitric oxide synthase (eNOS) and NA-
DPH oxidase 2 (NOX2) (antioxidant and vasodilatory 
signals), which will then activate the complement 
system. This mechanism can partially explain the 
link between the oxidative stress and the inflamma-
tion and thrombotic events seen in COVID-19.192

 Glutathione in its reduced form (GSH) and glutathi-
one peroxidase (GPx) are the most essential antiox-
idants, both intra- and extracellular. They neutralize 
ROS and convert them to non-toxic products (H2O).191 
Phase 2 inductive nutraceuticals as Ferulic acid and 
Resveratrol induce various peroxidase enzymes 
(enzymes that neutralize hydrogen peroxidase, a 
reactive oxygen species) and promote synthesis 
of glutathione. Glutathione production can also be 
promoted by administration of N-acetylcysteine. 
The utility of N-acetylcysteine in the elderly might 
reflect the fact that plasma cysteine levels and cellu-
lar glutathione levels tend to decline with advancing 
age. Since Selenium is an essential cofactor for cer-
tain peroxidases, Selenium supplementation might 
also be appropriate in this context.3 Besides, other 
nutraceuticals with antioxidant properties such as 
Vitamin C, Spirulina and Miodesin® could also con-
tribute to reduce the oxidative stress.3,173,174,193–196
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 5.1.6  Potential antithrombotic effect

 SARS-CoV2 may induce intravascular pulmonary 
thrombosis, which can result in the rapid worsen-
ing of the patient’s clinical condition. As previously 
stated, the inflammatory and thrombotic events ob-
served in COVID-19 appear to be linked to an uncon-
trolled and systemic oxidative stress linked to the 
increased angiotensin II levels.192 In this perspective, 
antithrombotic/coagulation adjuvant supplements 
could be beneficial by their impact on the inflamma-
tory observed, hence protecting the vessel wall.197 
In addition, the complement system seems to be 
associated with microvascular injury and thrombo-
sis in severe COVID-19 patients. A preliminary study 
showed that some COVID-19 patients have present-
ed purpuric skin lesions and pauci-inflammatory 
thrombogenic vasculopathy, with deposition of 
C5b-9 and C4d in skin. In addition, it appears to oc-
cur co-localization of COVID-19 spike glycoproteins 
with C4d and C5b-9 in the inter-alveolar septa and 
the cutaneous microvasculature. Thus, COVID-19 
may possibly correspond to a type of microvascu-
lar injury syndrome mediated by activation of com-
plement pathways and an associated procoagulant 
state.192

 There is some evidence related to a potential an-
tithrombotic effect of Resveratrol due to the at-
tenuation of the activation of thrombosis-related 
markers by H2O2 via SIRT1 signaling.198 Indeed, poly-
phenols compounds have been shown to be able 
to modulate the function of the different cellular 
components involved in the process of thrombosis 
in different systems. Interference with arachidonic 
acid metabolism in both platelets and leukocytes 
have been reported in vitro, which can be a signal 
that it inhibits platelet aggregation and reduces 
synthesis of pro-thrombotic and pro-inflammatory 
mediators. Polyphenols are also known for their ca-
pacity to down-regulate the expression of adhesive 
molecules and tissue factor activity induced by cy-
tokines. This possibly results in functional modula-
tion of cell-cell interactions and procoagulant activ-
ities.199

 Ferulic acid has also antithrombotic effect and 
some studies have suggested its role in thrombotic 
diseases, such as cardiovascular dysfunction, pul-
monary thromboembolism, and deep vein thrombo-
sis. It can regulate the blood coagulation function 
in two aspects: inhibiting platelet aggregation and 
protecting endotheliocyte.200

 

 

 Finally, one tetracyclic alkaloid of Uncaria tomen-
tosa could have an effect on thrombosis, as it has 
been reported as a potent inhibitor of platelet ag-
gregation and venous thrombosis.102

 
 5.1.7  Potential protection of endothelial barrier

 SARS-CoV-2 can infect endothelial cells and cause 
systemic vascular endotheliitis, which, for its turn, 
can lead to vasoconstriction, with subsequent or-
gan ischemia (kidney, lung, heart, liver, and brain), 
oxidative stress, inflammation with associated ede-
ma and a prothrombotic state. Endothelial dysfunc-
tion is also an important factor for atherosclerosis.201

 To counteract the SARS-CoV-2-induced endothelii-
tis, endothelial barrier protectors such as resvera-
trol, Vitamin D3, silicon (SiliciuMax®), Vitamin C, 
and astaxanthin (from Miodesin®) could play a role 
in ameliorating the endothelial health.129,202–207

 Resveratrol attenuates endothelial inflammation 
by protecting cells from stressful conditions, which 
is mediated through the activation of the signaling 
cAMP-PRKA-AMPK-SIRT1 pathway. Despite its low 
systemic bioavailability, it accumulates in the endo-
thelial cells.204 Its endothelial effects also seem to 
be mediated by activation of nuclear-E2-related fac-
tor-2 (NRF2).202

 Vitamin D3 protects the endothelium from oxygen 
peroxide (H2O2) injury, and also through modulation 
between apoptosis and autophagy. It has been seen 
that vascular levels of proinflammatory transcrip-
tion factor NF-κΒ and endothelial proinflammatory 
cytokine IL-6 was also higher in Vitamin D3 deficient 
patients. Vitamin D3 has also been shown to mod-
ulate (in vitro) the levels of systemic inflammatory 
cytokines, such as TNF-α and IL-6, as well as inhibit 
lipopolysaccharide (LPS) induced activation. One 
clinical study has also shown that Vitamin D3 can 
be inversely associated with levels of 3-nitrotyro-
sine and soluble vascular cell adhesion molecule-1 
(sVCAM-1), one indicative of decreased nitrosative 
stress and endothelial activation.203

 Vitamin C participates in important functions in 
the support of endothelial cells. These functions 
include increasing synthesis and deposition of type 
IV collagen in the basement membrane, stimulating 
endothelial proliferation, inhibiting apoptosis, scav-
enging radical species, and sparing cell-derived ni-
tric oxide to help modulate blood flow.207
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 One of the constituents from Miodesin® (Uncaria 
tomentosa), is rich in oxindole alkaloids and poly-
phenols, including phenolic acids and proanthocy-
anidins (procyanidins, flavalignans, and propelar-
gonidins), which show positive correlation with the 
antioxidant capacity of the plant species. Uncaria 
tomentosa pentacyclic oxindole alkaloids stimulate 
endothelial cells (observed in vitro) to produce a 
lymphocyte-proliferation-regulating factor. Proan-
thocyanidins have also shown antithrombotic prop-
erties associated with endothelial protection and in-
hibition of inflammatory cells adhesion, as it causes 
a decrease in the expression of P-selectin (thus in-
hibiting leukocytes and thrombosis).193,194,204 Another 
constituent from Miodesin® (astaxanthin from Hae-
matococcus pluvialis extract) is also an endothelial 
protector due its antioxidant properties: it has been 
demonstrated to inhibit intracellular induced stress 
in human endothelial cells without any cytotoxicity 
and modification of the cell morphology.129

 

 Finally, the antiatherogenic effect of oral Si (Siliciu-
Max®) has been reported.163,205,206,208–210 Despite the 
mechanism of Si has not been well clarified, one 
study has found that Si modifies the characteris-
tics of endothelial relaxants and attenuates smooth 
muscle cell responsiveness to nitric oxide (NO). The 
findings demonstrated that the orally administration 
of Si for a short period (8 days) was able to change 
both characteristics of endothelial dilators and 
smooth muscle cell response to them. Si seemed 
to reduce NO generation without distributing endo-
thelial functions, because acetylcholine-elicited re-
laxation in Si-exposed group was higher than those 
of controls.206
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6.  THE IMMUNOFORMULATION IN CLINICAL PRACTICE

 Based on the theoretical targets, the ImmunoFormulation had been prescribed in few patients with COVID-19
 and shown possible beneficial results in decreasing the time necessary for the recovery of the patient (all from 

Barcelona, Spain). This in turn has led to the initiation of in vitro and clinical studies.

6.1.1 CASE 1  
Gender: Female  Age: 61 years old
Medical history of chronic leukemia (in remission; no immunosuppressive or cytostatic treatments by this date).

6.1.2 CASE 2  
Gender: Female  Age: 75 years old

Chronic Obstructive Pulmonary Disease (COPD), GOLD stage IV. Receiving chronic medication and 16h/day 
of home oxygen therapy. Diagnosed with breast carcinoma in 2010 and presented lymphedema secondary 
to oncological resection of nodes after radical left breast mastectomy

18/03

Symptoms:
•  Weakness
•  Loss of smell 
 and taste

Treatment:
•  Paracetamol 
 (1 g/8h)

27/03

Symptoms:
Fever (>40ºC)
•  Tiredness 
 and apathy
•  Severe headache
•  Diagnostic 
 of COVID-19 (PCR)

Treatment:
•  Hospitatization
•  Paracetamol 
 (500 mg/8h)
•  Oxygen therapy for 24h
•  Immunoformulation

24/03

Symptoms:
•  Bedridden
•  Fever (>40ºC)
•  Dry cough
•  Dyspnea
•  Pneumonia
•  Diagnostic 
 of COVID-19 (PCR)

Treatment:
•  Hydroxychloroquine
 (800 mg/1st day; then
 400mg/day for 7 days)
•  Immunoformulation

28/03

•  Afebrile
•  Slight improvement 
 of lymphedema
•  Low O2 saturation 
 (90/91%)

26/03

•  Fever ceased
•  Dyspnea decreased
•  No bedridden

29/03

•  Afebrile
•  Improvement 
 of pain, skin 
 inflammation and 
 O2 saturation 
 (92/93%)

27/03

•  General well-being 
 increased
•  Remaining dyspnea 
 disappeared
•  Remained afebrile.

30/03

•  Afebrile
•  Improvement of 
 general symptoms
•  O2 saturation 
 improved to 
 94/95%.

03/04

•  COVID-19: 
 negative (PCR)
 Full recovery

07/04

•  Oxygen 
 saturation >95%
•  No more “sensation 
 of suffocating”

2 days using
ImmunoFormulation

1 day using
ImmunoFormulation

6.1  Case Reports

A series of four cases was published online at Encyclopedia,211 an online reference created and curated by active 
scholars and that aims to highlight the latest research results as well as providing benchmark information for re-
searchers and the general public interested in accurate and advanced knowledge on specific topics. 
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6.1.3 CASE 3  
Gender: Female  Age: 40 years old

6.1.4 CASE 4  
Gender: Male  Age: 40 years old

16/03

•  Tiredness
•  Dry cough

18/03
Symptoms:

•  Fever (39.5ºC)
•  Cough (worsened)
•  Swelling in the throat
•  Pain in the chest
•  Shaking chills
•  Joint pain
•  Loss of taste and smell
•  Diagnostic 
 of COVID-19 (PCR)

Treatment:
•  Paracetamol (1 g/8h)
•  Ibuprofen/codeine 

(400mg/30mg/8h)

20/03
Symptoms:

•  Fever (>40ºC)
•  Dry cough
•  Swelling in the throat
•  Pain in the chest
•  Vomiting and diarrhea
•  Dehydration
•  Skin rash
•  Lack of appetite
•  Loss of taste and smell
•  Tiredness and apathy
•  Diagnostic of COVID-19 (PCR)

Treatment:
•  Paracetamol (650 mg/day)
•  Oral serum (sodium chloride
 potassium chloride, sodium
 citrate, and glucose; 
 1 dose/day)
•  Topical hydrocortisone
 (10 mg/mL, 1 dose/day)

20/03

•  No improvement.
•  Started using the
 ImmunoFormulation

26/03

•  No improvement.
•  Started using the
 ImmunoFormulation

23/03

•  Afebrile
•  Improvement in the 
 general condition
•  Decrease in cough 
 and chest tightness.

28/03

•  Afebrile
•  Improvement 
 in the general
 and respiratory 
 symptoms.

18/04

•  COVID-19: 
 negative (PCR)
 Full recovery

18/04

•  COVID-19: 
 negative (PCR)
 Full recovery

3 days using
ImmunoFormulation

2 days using
ImmunoFormulation
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 6.2  Ongoing studies with the ImmunoFormulation
 
 Registered Clinical Trial with the 
 ImmunoFormulation in COVID-19 patients

 This is a proof of principle study evaluating the ef-
fects of the ImmunoFormulation, as an add-on 
therapy to improve the symptoms associated with 
the COVID-19, in ambulatorial patients. The patients 
are being evaluated through an extensive list of lab-
oratorial parameters (cell blood count, lymphocytes 
populations, ratio of CD4/CD8, IL-6, TNF, ferritin, 
lactate dehydrogenase, troponin, SaO2/FiO2/pO2/
PCO2, C-reactive protein, prothrombin time, activat-
ed partial thromboplastin time, D-dimer, K, Na, Mg, 
Ca, bilirubin, creatinine, gamma-glutamyl transfer-
ase, aspartate aminotransferase, alanine amino-
transferase, creatine kinase, blood urea nitrogen).

 Being conducted at: Medical Centers in São Paulo 
(Brazil).

 
 6.3  Publications with the ImmunoFormulation

 Encyclopedia. https://encyclopedia.pub/1999211

 Immunoformulation for COVID-19
 Mariana Díaz and Luciano Bascoy

 Abstract: The number of patients infected with the 
SARS-CoV-2 is still growing worldwide, with no cur-
rent vaccine or medicinal treatment up to this date. 
Here we describe the cases of four COVID-19 pa-
tients that used a combination of therapeutic/nutra-
ceutical agents for improvement of their symptoms. 
The ingredients were: immune transfer factor (oli-
go- and polypeptides fractions from porcine spleen, 
ultrafiltered at <10 kDa; Imuno TF®), anti-inflamma-
tory natural blend (Uncaria tomentosa, Endopleura 
uchi and Haematoccocus pluvialis; Miodesin®), zinc, 
selenium, ascorbic acid, cholecalciferol, ferulic acid, 
spirulina, N-acetylcysteine, glucosamine sulfate po-
tassium hydrochloride, trans-resveratrol, and malto-
dextrin-stabilized orthosilicic acid (SiliciuMax®). The 
four showed improvement in general symptoms af-
ter using the combination proposed here. The cases 
presented here are just a first hint towards its bene-
fit (decreases time necessary for the recovery of the 
patients), this would be a good starting point to the 
further investigation of this possible add-on thera-

py in controlled clinical studies. Limited sample size 
and study design are limitations for definitive con-
clusions on the add-on therapy.

 
 
 Journal of Personalized Medicine. 10(3), 80, 2020; 

https://doi.org/10.3390/jpm10030080212

 Postulated Adjuvant Therapeutic Strategies for 
COVID-19

 Anderson O. Ferreira, Hudson C. Polonini, 
 Eli C. F. Dijkers

 Abstract: The number of COVID-19 patients is still 
growing exponentially worldwide due to the high 
transmissibility of the SARS-CoV-2 virus. Therapeu-
tic agents currently under investigation are antivi-
ral drugs, vaccines, and other adjuvants that could 
relieve symptoms or improve the healing process. 
In this review, twelve therapeutic agents that could 
play a role in prophylaxis or improvement of the 
COVID-19-associated symptoms (as add-on sub-
stances) are discussed. 

 Agents were identified based on their known phar-
macologic mechanism of action in viral and/or non-
viral fields and are postulated to interact with one or 
more of the seven known mechanisms associated 
with the SARS-CoV-2 virus: (i) regulation of the im-
mune system; (ii) virus entrance in the cell; (iii) vi-
rus replication; (iv) hyperinflammation; (v) oxidative 
stress; (vi) thrombosis; and (vii) endotheliitis. Select-
ed agents were immune transfer factor (oligo- and 
polypeptides from porcine spleen, ultrafiltered at 
<10 kDa; Imuno TF®), anti-inflammatory natural blend 
(Uncaria tomentosa, Endopleura uchi and Haematoc-
cocus pluvialis; Miodesin®), zinc, selenium, ascorbic 
acid, cholecalciferol, ferulic acid, spirulina, N-acetyl-
cysteine, glucosamine sulfate potassium hydrochlo-
ride, trans-resveratrol, and maltodextrin-stabilized 
orthosilicic acid (SiliciuMax®). This review gives the 
scientific background on the hypothesis that these 
therapeutic agents can act in synergy in the preven-
tion and improvement of COVID-19-associated symp-
toms.
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 bioRvix. https://doi.org/10.1101/2020.11.06.371435
 Immunoregulatory effects of Imuno TF® 
 (transfer factors) on Th1/Th2/Th17/Treg cytokines
 Carlos Rocha Oliveira, Rodolfo Paula Vieira, Ander-

son de Oliveira Ferreira, Any Elisa de Souza Schmidt 
Gonçalves and Hudson Polonini

 Abstract: Transfer factors are known since 1955 due 
to their activities on the immune system. Although 
the reports on the effects on diverse immune mecha-
nisms, their role on Th1, Th2, Th17 and Treg respons-
es was still not described. In this sense, the present 
work focused on the evaluation of such immune 
responses. For that, human lymphocytes, and mice 
thymic, splenic and Peyer’s cells were stimulated with  
lipopolysaccharides and Concanavalin A, and then 
treated with isolated transfer factors (Imuno TF®). The 
culture medium was harvested and the quantification 
of Th1 cytokines (IL-2 and IFN-γ), Th2 cytokines (IL-4, 
IL-5, and IL-13), Th17 cytokine (IL17), Treg cytokine 
(IL-35), inflammatory cytokines (IL-6 and TNF-α), and 
anti-inflammatory cytokine (IL-10) was performed, as 
well as the quantification of mRNA levels. Imuno TF® 
positively regulated Th1 cytokines, while decreased 
Th2 cytokines (see figure 12). It also increased lev-
els of mRNA and secretion of the anti-inflammatory 
cytokine IL-10, whereas it reduced levels of mRNA 
and the secretion of pro-inflammatory cytokines 
IL-6 and TNF-α. Finally, it reversed the hypersecre-
tion of IL-17 and did not promote significant chang-
es in IL-35 secretion. This highlights the role of Imu-
no TF® in the regulation of the immune responses.

 

 
 In press
 Characterization and safety profile of Imuno TF®, 
 a nutritional supplement for immune system 

regulation containing transfer factors 
 Hudson Polonini, Any Elisa de Souza Schmidt 

Gonçalves, Eli Dijkers, Anderson de Oliveira Ferreira

 Recently, Imuno TF® was subjected to a proteom ics 
analysis, and the results confirmed the exis tence of 
at least 163 different oligo- and polypep tide fractions 
with sizes ranging from 402 to 3,463 Da (average: 
1,595 ± 741 Da) and composed of 4 to 34 amino acids 
each, all from the same animal source. Those frac-
tions revealed in the proteom ic analysis are expect-
ed to be found in vivo com bined in bigger peptide 
chains with a maximum size of 10,000 Da (10 kDa) 
due to the ultrafiltration conducted with the product 
– in this sense, it is expected that a higher number 
of peptide entities exist, confirming the complex 

composition of Imu no TF® and its multiple roles in 
different biological processes. In fact, the peptides 
identified can be involved in several pathways of the 
immune sys tem responses. Some of these pathways 
in which Imuno TF® is most involved are: 
•  Adaptative immune system: ER-phagosome path-

way. Endoplasmic reticulum (ER) is recruit ed to 
the cell surface and fuses with the plasma mem-
brane to form phagosomes during phago cytosis. 
The ER origin of phagosomes might ex plain how 
antigens from intracellular pathogens (e.g., virus) 
can be presented by major histocom patibility 
complex (MHC) class I molecules.

•  Innate immune system: MAPK (mitogen-activat ed 
protein kinase) pathways. The MAPK path ways re-
lay, amplify and integrate signals from a different 
stimulus and elicit an appropriate physiological 
response, which includes cellular proliferation, dif-
ferentiation, development, in flammatory responses 
and apoptosis.

•  Cytokines signaling in immune system. 
•  IL-17 signaling. IL-17-mediated inflammation is cru-

cial for microbial clearance, but over expression 
can promote immunopathology, reason why the 
controlled release of such cy tokine is paramount 
for an adequate immune response.

•  Receptor-type tyrosine-protein kinase FLT3 sig-
naling. FLT3 regulates the activation of sever-
al signal transduction pathways involved in the 
regulation of cell survival, proliferation and dif-
ferentiation, especially in hematopoietic pro-
genitor cells and dendritic cells.

• Non-canonical NF-κB pathway. NF-κB partici pates 
in various biological processes, including immune 
response and inflammation. Non-ca nonical NF-κB 
pathway activates the RelB/p52 NF-κB complex us-
ing a mechanism that relies on the inducible pro-
cessing of p100 instead of degradation of IκBα.
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 Clinical study
 Retrospective observational study to describe 
 the evolution of SARS-CoV-2 disease and the 
 profile of patients treated or not with Imuno TF® 
 and a combination of nutraceuticals 
 (ImmunoFormulation)

 Study Design: This was a multicentre, retrospec-
tive, observational study to describe the course of 
SARS-CoV-2 disease in patients treated or not with 
IF, based on the duration of symptoms. Patients were 
attended at two private clinics, Clinic Bascoy and 
Clínica Arvila Magna (Barcelona, Spain), from March 
to May 2020. Data were collected from medical reg-
isters from 02 July 2020 to 29 September 2020.

 Secondary objectives were: (i) to describe the pro-
file of patients (age, sex, comorbidities, concomi-
tant medications and potential risk factors for con-
tagion); (ii) to describe the course of SARS-CoV-2 
disease in patients treated or not with IF based on 
the presence of symptoms at the time of the visit, 
two weeks and one month after the first visit for 
symptoms of the disease; (iii) to describe the course 
of SARS-CoV-2 disease in patients treated or not 
with IF based on the severity of the symptoms at 
the time of the visit, two weeks and one month af-
ter the first visit for symptoms of the disease; and 
(iv) to describe the adverse reactions (serious and 
non-serious) recorded in the patients’ medical re-
cords during treatment with IF.

 
 It was planned to collect data from approximately 

40 patients who had tested positive in a diagnos-
tic test for SARS-CoV-2: 20 patients who have been 
treated with IF and 20 patients who had not been 
treated with the investigational product. Both co-
horts were included without restrictions on the ad-
juvant treatment received.

 Results: In the ImmunoFormulation cohort, the 
mean (SD) Days with some symptoms to the end of 
the observational period   (End observational peri-
od - Start first symptom) was 20.25 (9.67) days, in a 
range of 7.00; 31.00 days. In the Control cohort, the 
mean (SD) Days with some symptoms to the end of 
the observational period   (End observational peri-
od - Start first symptom) was 26.58 (5.08) days, in 
a range of 12.00 ; 31.00. A trend of statistically sig-
nificant differences between cohorts were observed 
(p=0.0910). 

 90% of patients were recovered in the ImmunoFor-
mulation cohort and 47.4% in the Control cohort 
(p=0.0057) throughout the observation period, with 
a mean (SD) Days with some symptoms from start 
symptoms to the end of the observational period of 
19.06 (9.46) days and 22.67 (5.02) days, respectively 
(p=0.4093).

Recruited 
patients:

40

ImmunoFormulation cohort:
20

SAF set1

20
EVAL set

20

Control cohort:
20

SAF set1

-
EVAL set2

19

1  Description of adverse reactions only were analysed 
 in the ImmunoFormulation cohort.
2  One patient did not meet Inclusion Criterion 
 (patients with onset of COVID-19 symptoms ≥ 5 days
 prior to diagnosis of SARS-CoV-2).

SAF = Safety | EVAL = Evaluable patients.
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Patients recovered from start of thefirst symptom to the
end of the observational period.

 The ImmunoFormulation group showed a faster re-
covery, when compared to the control group, as it 
can be seen from the table below. There are statis-
tical differences where the recovery period is larger 
in the Control cohort such as fever, dry cough, dys-
pnea, headache, diarrhoea and weakness.

 

 Additionally, there were no adverse reactions re-
ported by patients in the treated cohort.

 The results show very promising data regarding the 
evolution of symptomatology on the ImmunoFor-
mulation treatment group, as an adjuvant treatment 
for COVID-19 patients.

 

 

0%

20%

40%

60%

80%

100%

Total
sample

30.8% 52.6%10.0%

Imuno TF®
cohort

Control
cohort

69.2%
47.4%

90.0%

* Statistically significant differences between treated 
 and control groups.
1  From the start of treatment.
2  From the start of symptoms.

Symptom 
mean (SD) ImmunoFormulation1 Control2

Fever 2.25* 21.78

Dry cough 4.38* 24.00

Dyspnea 3.67* 20.00

Headache 2.00* 26.50

Diarrhea 5.25* 25.25

Weakness 1.92* 23.30
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7. GLOSSARY

B cell: small lymphocyte differentiated in bone marrow and 
that produces antibodies when activated.

C3a and C5a (anaphylatoxins): complement components; 
pro-inflammatory mediators. C5a has the highest specif-
ic biological activity and it can act directly on neutrophils 
and monocytes to speed up the phagocytosis of patho-
gens. C3a works with C5a to activate mast cells, recruit 
antibody, complement and phagocytic cells and increase 
fluid in the tissue, all of which contribute to the initiation of 
the adaptive immune response.

Capsid: the protein shell of a virus particle surrounding its nu-
cleic acid.

CD4+: T helper/amplifier cells. Based on cytokine production 
patterns, several CD4 subsets have been defined. For ex-
ample, one population of CD4Th1 cells generate inflamma-
tory responses for foreign material. A second CD4Th2 cell 
population assists B cells in the production of antibodies.

CD8+: cytotoxic subpopulation of T cells.

CLR (C-type lectin receptors): large family of transmembrane 
and soluble receptors that contain one or more carbohy-
drate-recognition domain able to recognize a wide variety 
of glycans on pathogens or on self-proteins. CLRs not only 
serve as antigen-uptake receptors for internalization and 
presentation to T cells but also trigger multiple signaling 
pathways leading to NF-κΒ, type I interferon (IFN), and/or 
inflammasome activation .This leads, in turn, to the produc-
tion of pro- or anti-inflammatory cytokines and chemok-
ines, subsequently fine tuning adaptive immune responses. 

Complement (Complement system): a family of more than 20 
plasma proteins that includes enzymes, proenzymes, en-
zyme inhibitors, and glycoproteins. Component interacts 
in cascades and assist in the resolution of infections.

CoV: a family of viruses in which the SARS-CoV-2strain is in-
cluded.

DPP4 (dipeptidyll peptidase 4): an exopeptidase receptor for 
coronaviruses. 

dsRNA (double stranded RNA viruses): virus whose genetic 
material consists of double-stranded RNA.

Endocytosis: general term describing a process by which cells 
absorb external material (e.g. virus, bacteria) by engulfing 
it with the cell membrane. Endocytosis is subdivided in pi-
nocytosis and phagocytosis.

IFN (Interferon): a natural glycoprotein formed by cells ex-
posed to a virus or another foreign particle of nucleic acid. 
It induces the production of translation inhibitory protein 
(TIP) in noninfected cells. TIP blocks translation of viral 
RNA, thus giving other cells protection against both the 
original and other viruses.

IFN-a (interferon alpha): type 1 interferon produced in the 
leukocytes infected with virus. IFN has not only antiviral 
activity, but also other biological activities, including cell 
growth inhibition, immunosuppressive effects, regulation 
of macrophage, NK cell and neutrophil functions, and cell 
differentiation-inducing activity. IFN is mainly involved in 
innate immunity against viral infection.

IFN-γ (Interferon gamma): a CD4Th1-produced cytokine that 
activates IFN-γ receptors expressed by other T cells, NK 
cells, and macrophages or monocytes. It is a critical for 
innate and adaptive immunity against viral infections.

IgA: immunoglobulin A. It is a dimeric antibody found in both 
serum and external secretions such tears, saliva, colos-
trum, and intestinal secretions. SARS-CoV-2 patients who 
did not produce detectable IgA, IgG and IgM antibodies 
were reported to have a worse prognosis.

IgG: immunoglobulin G. It can penetrate extracellular spaces. 
It is formed during the late response to an antigen or mi-
cro-organism.

IgM: immunoglobulin M. It is formed during the initial re-
sponse to an antigen or micro-organism.

IKK (IκB kinase): an enzyme complex that is involved is prop-
agating the cellular response to inflammation. IKK kinase 
complex is the core element of the NF-κΒ cascade. It is es-
sentially composed of two kinases (IKKα and IKKβ) and a 
regulatory subunit.

IL-1 (interleukin 1): a protein with numerous immune system 
functions, including activation of T cells, endothelial cells, 
and macrophages; mediation of inflammation; and stimu-
lation of the lymphokines and collagenases.

IL-2 (interleukin 2): a protein with the ability to initiate prolifer-
ation of activated T cells.

IL-6 (interleukin 6): important mediator of fever and of the 
acute phase response to an antigen. IL-6 cytokines are 
present on the cell surface and intracellular compartments 
and induce intracellular signaling cascades that give rise 
to inflammatory cytokines production. IL-6 can be secret-
ed by macrophages in response to specific microbial mol-
ecules, referred as PAMPs. These PAMPs bind to a group of 
detection molecules of the innate immune system (PRRs), 
including TLRs. There is some preliminary evidence that 
IL-6 can be used as an inflammatory marker for severe 
COVID-19 infection with poor prognosis.

IL-8 (interleukin 8): important mediator of immune reaction in 
the immune system response. It induces chemotaxis in tar-
get cells (primarily neutrophils but also granulocytes), caus-
ing them to migrate toward the site of infection. IL-8 induc-
es a series of physiological responses required for migration 
and phagocytosis, such as increase in intracellular Ca2+, exo-
cytosis (e.g. histamine release), and the respiratory burst.
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IL-21 (interleukin 21): cytokine that has regulatory effects of 
the immune system, including NK cells and cytotoxic cells 
that can destroy virally infected or cancerous cells.

IRAK4 (Interleukin-1 receptor-associated kinase-4): it plays 
an important role in downstream signaling from cell mem-
brane TLRs, producing inflammatory mediators. TLRs is 
associated with the protein MyD8, which recruits IRAK4 to 
the TLRs. Deficiency in IRAK4 leads to impaired activation 
of the transcription factors such as NF-κΒ, and reduced 
production of inflammatory cytokines induced by signal-
ing through TLRs.

IRFs (Interferon regulatory factors): a family of transcription 
factors that play major roles in many aspects of the im-
mune response, including immune cell development and 
differentiation and regulating responses to pathogens. 
Three family members, IRF3, IRF5, and IRF7, are critical to 
production of type I interferons downstream of pathogen 
recognition receptors that detect viral RNA and DNA.

JAK-STAT (Janus kinase/signal transducers and activators 
of transcription): JAKs are associated with cytokine re-
ceptors; the JAK-STAT signaling pathway plays a major 
role in cytokine receptor signaling. Since cytokines are 
substances produced by immune cells that can alter the 
activity of neighboring cells, the effects of JAK-STAT sig-
naling are often more highly seen in cells of the immune 
system. JAK-STAT signaling pathway is implicated in the 
pathogenesis of inflammatory and autoimmune diseases 
including rheumatoid arthritis, psoriasis, and inflammatory 
bowel disease.

Macrophage: antigen-presenting cell differentiated from cir-
culating monocytes. They migrate to tissues, where they 
digest foreign material.

MAD-5 (melanoma differentiation-associated protein 5): a 
RIG-I-like receptor dsRNA helicase enzyme. MAD-5 is part 
of the RIG-like receptor (RLR) family and functions as a 
pattern recognition receptor (recognizing dsRNA) that is 
a sensor for viruses.

MAPK (Mitogen-activated protein kinase): type of protein 
kinase that is specific to the amino acids serine and thre-
onine. MAPKs are involved in directing cellular responses 
to a diverse array of stimuli, such as mitogens, osmotic 
stress, heat shock and proinflammatory cytokines.

MAVS (Mitochondrial antiviral-signaling protein): mediate 
the activation of NF-κB and IRFs and the induction of inter-
ferons in response to viral infection. In vitro studies have 
also suggested that MAVS is required for interferon induc-
tion by cytosolic DNA.

MCP-1 (Membrane Cofactor Protein 1): also known as CD46, 
it is a type 1 transmembrane glycoprotein expressed on 
most cells. Cross-linking of CD46 leads to activation of dif-
ferent biological functions, including pathways involved in 
the regulation or innate and adaptive immunity.

MyD88 (Myeloid differentiation primary response 88): a 
protein considered an adaptor for inflammatory signaling 
pathways downstream of members of the TLR and IL-1 re-
ceptor families. MyD88 links IL-1R or TLR family members 
to IL-1R-associated kinase (IRAK) family kinases via homo-
typic protein-protein interaction. Activation of IRAK family 
kinases leads to a variety of functional outputs, including 
the activation of NF-κB, mitogen-activated protein kinases, 
and activator protein 1, making MyD88 a central node of 
inflammatory pathways.

NEMO (Nuclear factor-kappa Β Essential Modulator): a ki-
nase integral to macrophage TNF-α pathway. It is a scaf-
folding component of the IκB kinase complex required for 
NF-κB activation.

Neutrophils: a type of phagocytes, it is the most abundant 
type of granulocytes and most abundant type of white 
blood cells.

NF-κΒ (Nuclear Factor- κΒ): a family of inducible transcription 
factors that control cytokine production. It is involved in 
cellular responses to viral infections.

NK cells (Natural Killer Cells): large granular lymphocytes 
that express markers found on both T and B. NK cells play a 
role in the apoptosis of virus-infected cells and tumor cells.

Nucleocapsid: a unit of viral structure, consisting of a capsid 
with the enclosed nucleic acid.

p65: see RELA.

PAMPs (Pathogen-Associated Molecular Patterns): molecu-
lar structures or molecules that are shared by most patho-
genic bacteria and some viruses. PAMPs are recognized 
by several different mechanisms, including serum com-
plement components, receptors on leukocytes and tissue 
cells, acute phase proteins.

PKCs (Protein kinases C): PKCs form a key Family of enzymes 
involved in signaling pathways, acting as mediator during 
cell signaling through the immunological synapse. PKCs 
are traditionally known to be cytoplasmic signal transduc-
ers and are well embedded in the signaling pathways of 
cells to mediate the cells' response to a stimulus from the 
plasma membrane to the nucleus. 

PPRs (Pattern Recognition Receptors): detection molecules 
of the innate immune system.

RELA (also known as p65): a protein involved in NF-κB forma-
tion, nuclear translocation, and activation. RELA has also 
shown to modulate immune responses, and activation of 
RELA is positively associated with multiple cancer.

RIG-I (retinoic acid-inducible gene I): a pattern recognition 
receptor (PRR) responsible for the type-1 interferon. RIG-I 
is an essential molecule in the innate immune system for 
recognizing cells that have been infected with virus.
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S protein (Spike protein): large type 1 transmembrane protein. 
CoV diversity is reflected in the variable spike proteins (S 
proteins), which have evolved into forms differing in their 
receptor interactions and their response to various envi-
ronmental triggers of virus-cell membrane fusion. Spike 
proteins assemble into trimers on the virion surface to 
form the distinctive "corona", or crown-like appearance. It 
has been reported that SARS-CoV-2 can infect the human 
respiratory epithelial cells through interaction with the hu-
man ACE2 receptor. Indeed, Spike protein can bind recom-
binant ACE2 protein.

ssRNA (single stranded RNA viruses): virus that have genetic 
material consisting of single-stranded RNA.

T cell: small lymphocyte differentiated in thymus. They can dif-
ferentiate to several subtypes of T cells, according to their 
function, but in general they are involved in the immune 
response modulation.

Th1 cells: T helper type 1 (CD4+ effector T cell that secretes IFN- 
γ, IL-2, IL-10, and TNF-alpha/beta and promotes cell-medi-
ated immune responses and is required for host defense 
against intracellular viral and bacterial pathogens).

Th2 cells: T helper type 2 cells (CD4+ effector T cell that se-
cretes IL-4, IL-5, IL-9, IL-13, and IL-17E/IL-25 and are re-
quired for humoral immunity).

Th17: T helper 17 cells orTreg17 cells; subset of pro-inflamma-
tory T helper cells defined by their production of interleu-
kin 17. Th17 cells play an important role in maintaining mu-
cosal barriers and contributing to pathogen clearance at 
mucosal surfaces.

TIRAP (Toll-interleukin 1 receptor (TIR) domain-contain-
ing adapter protein): it is an adapter protein associated 
with toll-like receptors. Different TLRs recognize differ-
ent PAMPs and all TLRs have a Toll-interleukin 1 receptor 
(TIR) domain, which is responsible for signal transduction. 
The TIR adaptor protein is involved in the TLR4 signaling 
pathway of immune system, and activates NF-κB, MAPK1, 
MAPK3 and JNK, which then results in cytokine secretion 
and the inflammatory response.

TLR (Toll-like receptors): present on lymphocytes, macro-
phages, and dendritic cells – therefore they play an im-
portant role in innate immunity. They are responsible for 
the recognition of various pathogens of pathogen-asso-
ciated molecular patterns (PAMPs) expressed by a wide 
spectrum of infectious agents.

TLR3 (Toll-like receptor 3): type I transmembrane protein that 
is located in the endosomal membrane in myeloid dendrit-
ic cells and fibroblasts/epithelial cells. TLR3 transmits sig-
nals through the TRIF pathway, resulting in the transcrip-
tion and secretion of IFN-β and NF-κB. The specificity of 
TLR3 for dsRNA allows recognition of RNA viruses.

TLR4 (Toll-like receptor 4): most important member of the 
TLR protein family for lipopolysaccharide (LPS) recogni-
tion and LPS-mediated inflammatory responses. The abil-
ity to signal through TLR4 may represent an immunologic 
balance between being able to elicit a sufficient inflam-
matory response to control infection versus a too vigorous 
inflammatory response.

TLR7 (Toll-like receptor 7): a protein of the immune system 
that mediates immune activity in response to viral nucleic 
acids, specifically in response to viral RNA.

TNF (Tumor Necrosis Factor): a protein with anticancer ef-
fects. The body produces it in response to presence of 
toxic substances, such as bacterial toxins.

TNF-α: inflammatory cytokine produced by macrophages/
monocytes during acute inflammation. It is responsible for 
a diverse range of signaling events within cells, leading to 
necrosis or apoptosis.

TNF-β: produced by activated T and B cells. It has many of the 
proinflammatory properties of TNF-α, but it is also involved 
in biologic processes that include cell proliferation and 
apoptosis. 

TRAF6 (Tumor necrosis factor receptor associated factor 6): 
an adaptor protein that mediates activation of NF-κB.

TRAM (TRIF-related adaptor molecule): mediates the signal 
from TLR4 to TRIF. TRAM/TRIF pathway leads to induction 
of cytokines such as IFN-β.

TRIF (TIR-domain-containing adapter-inducing interfer-
on-β): sole adapter molecule of TLR3, and serves as an 
adapter for TLR4, which activate IFN regulatory factors 3/7 
(IRF3/7) and NF-κB. It also induces the production of type I 
IFN and inflammatory cytokines.

Virion: complete viral particle.



45

Version 9.0Version 9.0 ImmunoFormulation   |  Safety profile of the components

 Imuno TF®

•  Safety: Transfer factors have been used in different appli-
cations since the 1950s, with no reported adverse effects. 
Additionally, long-term oral administration has been re-
ported as safe.67,93 Transfer factors can be considered 
as possibly safe when used for up to 2 years in adults.210  
Fagron has conducted genotoxocity and safety stud-
ies for Imuno TF®. The mutagenicity analysis performed 
through the counting of micronuclei in binucleated cells 
demonstrated that Imuno TF® did not induce a significant 
increase in the percentage of micronuclei in the systems 
with and without exogenous metabolization (S9 fraction) 
in relation to the negative control item, in both short and 
long term treatments (absence of mutagenic potential of 
Imuno TF®). The LD50 (median lethal dose) for Imuno TF® 
was determined as higher than 2,000 mg/kg. The study 
was conducted in Wistar rats, and the value of LD50 for a 
substance is the dose required to kill half the members 
of a tested population after a specified test duration. The 
analyzed tissues from the animals after the determina-
tion of the LD50 did not show evidence of toxic lesions, 
necrotic conditions, or inflammatory lesions. In the mac-
roscopic evaluation, no lesions or findings of toxicologi-
cal relevance were observed.

•  Contraindications: in case of use of immunosuppres-
sants (antagonistic effects). There is not enough in-
formation about the use of the transfer factor during 
pregnancy and breastfeeding. Avoid use during this pe-
riod.210

•  Drug interaction: The effects of transfer factors can be 
reduced with the use of corticosteroids.

•  Adverse effects: Rare. Occasionally, when the patient 
starts TF treatment, typical flu symptoms, fever episode, 
nausea and gastrointestinal symptoms may occur. These 
symptoms are usually classified as Jarisch-Herxheimer 
reactions and are probably related to a direct reaction 
of TF in the intestine or systemic pathogens.211

 
 Miodesin®

•  Safety: Miodesin® does not induce changes in DNA.129 
Uncaria tomentosa (Willd.) DC. and Haematococcus plu-
vialis (astaxanthin esters) are classified by the Dietary 
Supplements Information Expert Committee (DSI-EC) of 
the United States Pharmacopeial Convention as Class 
A, which indicates that the available evidence does not 
indicate a serious risk to health - this substance has a 
monograph in United States Pharmacopeia and National 
Formulary (USP–NF). Preliminary studies with Endopleu-
ra uchi (Huber) Cuatrec. (Humiriaceae) did not reveal 
any toxicity.212,213

•  Contraindications: active ingredients included in 
Miodesin® are contraindicated for patients with rheuma-
tism and patients who will undergo or have had an organ 
transplantation. The use of Miodesin® during pregnancy 
and lactation should be discussed with the prescriber.214

•  Drug interaction: Miodesin® is contraindicated for con-
comitant use with immunosuppressants due to its im-
munostimulant effect. Drug interactions may occur with 
warfarin, estrogens, theophylline, ginger and drugs me-
tabolized by the cytochrome P-450 route. In patients 
taking these medicines, Miodesin® should be adminis-
tered under medical supervision.215 Miodesin® may also 
potentiate the action of antihypertensive drugs.216

•  Adverse effects: active ingredients of Miodesin® may 
cause fatigue, fever, diarrhea and constipation.215

 
 Zinc orotate or gluconate

•  Safety: United States Pharmacopeia provides mono-
graph for this substance as a pharmaceutical ingredient 
(as gluconate).

•  Contraindications: iron and copper deficiency.217

•  Drug interaction: concurrent administration of zinc salts 
may diminish the absorption of tetracycline.218 Large 
doses inhibit iron and copper absorption.217 Amiloride re-
duces zinc excretion, leading to its accumulation in the 
body.214 Consumption of fiber-containing foods inhibit ab-
sorption of zinc, then take the medicine an hour before, 
or two hours after, consumption of food high in fiber.220

•  Adverse effects: Side effects of zinc salts are abdominal 
pain, dyspepsia and diarrhea.221 No effects have been 
reported for fertility, pregnancy and lactation.222 Zinc ac-
cumulation in the body could lead to toxic side effects, 
such as metallic taste sensation, vomiting, and stomach 
problems.223

 
 Selenium yeast

•  Safety: the reference dose for selenium (70-kg adult) 
is defined by EPA as 350 µg,224 and the European Food 
Safety Authority (EFSA) provided safety evaluation on 
selenium yeast (safe up to 0.2 mg Se/kg).225

•  Contraindications: in case of selenium poisoning or hy-
persensitivity to products containing selenium. Preg-
nancy: there are no data from the use of selenium in 
pregnant women; selenium is excreted in human milk, 
but at therapeutic doses, no effects are anticipated in 
newborn / lactating infants. Selenium can be used dur-
ing lactation. There are no data on fertility with the use 
of selenium in humans; selenium did not affect male 
fertility in rats and the effects of selenium on female fer-
tility in rodents were only observed at very high doses. 
In general, doses to correct selenium deficiency are not 
expected to have adverse effects on fertility.226

•  Drug interaction: major interaction with the drug eltrom-
bopag; do not use both substances simultaneously.227 
Selenium is generally incompatible with high concentra-
tions of ascorbic acid (reduction of selenite to elemental 
selenium which is not soluble and not available as a nu-
tritional source of selenium).226

8.  SAFETY PROFILE OF THE COMPONENTS 
 OF IMMUNOFORMULATION
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•  Adverse effects: gastrointestinal upset. Very high sele-
nium dosages (above 850 µg daily) are known to cause 
selenium toxicity, whose signs include depression, nerv-
ousness, emotional instability, nausea, vomiting, and in 
some cases loss of hair and fingernails.223

 
 Vitamin D3

•  Safety: United States Pharmacopeia provides mono-
graph for this substance as a pharmaceutical ingredi-
ent. The reports of vitamin D toxicity show that hyper-
calcemia involve serum 25(OH)D concentrations when 
it is greatly above 200 nmol/L. To achieve this level, a 
daily intake higher than 40,000 IU would be required 
– then, this value could considered as the lowest ob-
served adverse effect level (LOAEL) for vitamin D.228

•  Contraindications: Treatment of pregnant women with 
high dose vitamin D (> 4,000 IU/day) is contraindicated.229 
People with sarcoidosis or hyperparathyroidism should 
never take vitamin D without first consulting a physician.230

•  Drug interaction: Vitamin D is a chemical structure simi-
lar to calcitriol; do not use medications containing calci-
triol while using vitamin D. Vitamin D3 may interfere with 
cholesterol laboratory tests, possibly causing false test 
results.229

•  Adverse effects: Vitamin D at normal doses usually has 
no side effects. At high doses, it can occur gastrointes-
tinal (nausea and vomiting), metabolic (hypercalcemia), 
renal (hypercalciuria) and dermatological (priritus, urti-
caria) effects.229

 Vitamin C

•  Safety: United States Pharmacopeia provides mono-
graph for this substance as a pharmaceutical ingredient.

•  Contraindications: G6PDH deficiency.231 Nephrolithiasis 
patients or with history of nephrolithiasis; hyperoxaluria; 
patients with severe kidney failure or kidney failure; 
hemochromatosis.232 There are no controlled studies 
regarding the use of ascorbic acid in pregnant women; 
ingestion of high doses of the vitamin in pregnant wom-
en can produce scurvy in the newborn. Ascorbic acid is 
excreted in breast milk; there is insufficient data on the 
effects of ascorbic acid supplementation in newborns. 
The product should only be administered during preg-
nancy or lactation when considered essential by the 
doctor. The recommended dose should not be exceed-
ed, as chronic overdose can be harmful to the fetus and 
newborn. There is no evidence to suggest that normal 
endogenous levels of ascorbic acid cause adverse re-
productive effects in humans.232

•  Drug interaction: oral anticoagulants such as warfarin and 
acenocoumarol: their action could be modified by ascor-
bic acid in large doses. Deferoxamine: concurrent use with 
high doses of ascorbic acid may potentiate iron tissue tox-
icity, with impaired cardiac function, causing cardiac de-
compensation; ascorbic acid should not be administered 
during the first month of deferoxamine treatment. Cya-
nocobalamin (vitamin B12): ascorbic acid in large doses 
may reduce the amounts of cyanocobalamin available in 
serum and reserves ascorbic acid is recommended to be 
administered at least 2 hours after meals. Indinavir (pro-
tease inhibitors): high doses of ascorbic acid significant-
ly decrease the plasma concentration of indinavir, with a 
probable reduction in its efficacy. Cyclosporine: limited 
data suggests that antioxidant supplements like ascor-
bic acid may lower cyclosporine blood levels. Disulfiram: 
chronic or high doses of ascorbic acid can interfere with 
the effectiveness of disulfiram. Iron: ascorbic acid can 
increase iron absorption, especially in people with iron 
deficiency; small incremental increases in iron may be 
important in subjects with conditions such as hereditary 
hemochromatosis or in subjects who are heterozygous 
for this condition, as it may exacerbate iron overload.232

•  Adverse effects: metabolism and nutrition disorders: 
in especially predisposed patients, gouty arthritis may 
occur, and uric acid stones may form. Nervous system 
disorders: headache, insomnia. Gastrointestinal disor-
ders: diarrhea, nausea, vomiting, abdominal and gastro-
intestinal pain. Renal and urinary disorders: the admin-
istration of ascorbic acid in individuals predisposed to 
increased stone formation has been associated with the 
production of oxalate, urate or cystine stones, or pre-
cipitation of drugs in the urinary tract; subjects with the 
highest risks are those with renal impairment.232

 
 Ferulic acid

•  Safety: as an organic compound derived from food, fer-
ulic acid is presumed to be safe, despite the lack of tox-
icological studies.233 Its oral LD50 in rats is 2445 mg/kg 
body weight.234

•  Contraindications: the safety of ferulic acid in children, 
pregnant women, or nursing mothers has not been es-
tablished, therefore precaution is to be taken for these 
groups.233

•  Drug interaction: one animal study (mice) showed that 
ferulic acid increases the blood levels of the anticoag-
ulant clopidogrel, increasing the risk of bleeding and 
bruising, but this was yet not confirmed in humans.235

•  Adverse effects: not currently reported for humans by 
oral route.
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 Resveratrol

•  Safety: EFSA provided safety evaluation on resveratrol 
(safe up to 150 mg/day).236

•  Contraindications: resveratrol might slow blood clotting 
and increase the risk of bleeding in people with bleeding 
disorders. Resveratrol might have estrogen-like actions – 
if the patient has any condition that might be made worse 
by exposure to estrogen, use is not recommended.237

•  Drug interaction: resveratrol may interact with carba-
mazepine and other substrates of CYP3A4.238

•  Adverse effects: not currently reported.237

 Spirulina

•  Safety: Spirulina maxima is classified by the Dietary 
Supplements Information Expert Committee (DSI-EC) of 
the United States Pharmacopeial Convention as Class 
A, which indicates that the available evidence does not 
indicate a serious risk health - this substance has a mon-
ograph in United States Pharmacopeia and National For-
mulary (USP–NF).239

•  Contraindications: phenylketonuria (cyanobacteria may 
contain the amino acid phenylalanine).240 Information 
regarding safety and efficacy in pregnancy and lacta-
tion are currently not available, then spirulina should 
be avoided during this period.241,242 Patients with auto-
immune disorders may present adverse reactions when 
consuming immunostimulatory herbal preparations.243

•  Drug interaction: no interaction currently documented 
in vivo. Antiplatelet action was demonstrated in vitro.244

•  Adverse effects: no major effects have been reported, 
only isolated cases of immunoblistering,245 rhabdomyol-
ysis246 and hepatotoxicity (possibly due to the presence 
of microcystins and anatoxin-a).247–249 

 N-acetylcysteine

•  Safety: United States Pharmacopeia provides mono-
graph for this substance as a pharmaceutical ingredient.

•  Contraindications: this drug crosses the placenta and 
was measurable in the serum of the infants. Use is not 
recommended during pregnancy unless clearly need-
ed.250

•  Drug interaction: may alter the absorption of inhaled hu-
man insulin.250

•  Adverse effects: the most common adverse events are 
anaphylactoid reaction, nausea, vomiting, flushing, and 
skin rash.250

 

 

 Glucosamine sulfate potassium hydrochloride

•  Safety: The oral LD50 for glucosamine has been estimat-
ed to be >8000 mg/kg body weight in rats and mice and 
>6000 mg/kg in rabbits.251

•  Contraindications: there is not enough data showing 
if glucosamine sulfate is safe to be used during preg-
nancy or while breast-feeding. Avoid use during this 
period. There are preliminary reports suggesting that 
glucosamine sulfate can increase insulin levels, which 
could cause an increase in cholesterol – then, the cho-
lesterol levels should be monitored if the patient is tak-
ing glucosamine and has high cholesterol.252

•  Drug interaction: warfarin (increases the effect, slowing 
blood clotting) and antineoplastic drugs such as etopo-
side, teniposide and doxorubicin (antagonist effect on 
cell division).252

•  Adverse effects: Glucosamine sulfate can cause some 
mild side effects including nausea, heartburn, diarrhea, 
and constipation. Rare side effects are drowsiness, skin 
reactions, and headache252.

 
 
 Maltodextrin-Stabilized Orthosilicic Acid

•  Safety: EFSA provided safety evaluation on orthosilicic 
acid from different sources (from 5 mg Si/day to 18 mg 
Si/day, depending on the source).253,254

•  Contraindications: in case of silicon poisoning or hyper-
sensitivity to products containing silicon.255 There is no in-
formation available on the use of silicon during pregnancy 
or while breastfeeding. Avoid use during this period.

•  Drug interaction: Silicon has no known severe, serious, 
moderate, or mild interactions with other drugs.255

•  Adverse effects: There are no known side effects asso-
ciated with using silicon up to date; silicon is present in 
neurofibrillary tangles in Alzheimer's disease.255

ImmunoFormulation   |  Safety profile of the components



48

Version 9.0ImmunoFormulation   |  References

9.  References

1.  Kagan D, Moran-Gilad J, Fire M. Scientometric 
Trends for Coronaviruses and Other Emerging Vi-
ral Infections. bioRxiv. Published online 2020:1-24. 
doi:10.1101/2020.03.17.995795

2.  Li, G., Clerq ED. Therapeutic options for the 2019 nov-
el coronavirus (2019-nCoV). Nat Rev Drug Discov. 
2020;19:149-150.

3.  McCarty MF, DiNicolantonio JJ. Nutraceuticals Have Po-
tential for Boosting the Type 1 Interferon Response to RNA 
Viruses Including Influenza and Coronavirus. Prog Car-
diovasc Dis. Published online 2020:[Epub ahead of print].

4.  Ritz BW, Gardner EM. Malnutrition and Energy Re-
striction Differentially Affect Viral Immunity. J Nutr. 
2006;136(5):1141-1144. doi:10.1093/jn/136.5.1141

5.  Alam I, Almajwal AM, Alam W, et al. The immune-nutrition 
interplay in aging - Facts and controversies. Nutr Heal Ag-
ing. 2019;5(2):73-95. doi:10.3233/NHA-170034

6.  Malik YA. Properties of Coronavirus and SARS-CoV-2. Ma-
lays J Pathol. 2020;42(1):3-11.

7.  Aronson JK. Coronaviruses – a general introduction. 
CEBM - Centre for Evidence-Based Medicine.

8.  Jiehao C, Jing X, Daojiong L, et al. A Case Series of chil-
dren with 2019 novel coronavirus infection: clinical and 
epidemiological features. Published online 2019.

9.  Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-
CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is 
Blocked by a Clinically Proven Protease Inhibitor. Cell. 
2020;181(2):271-280.e8. doi:10.1016/j.cell.2020.02.052

10.  Indwiani Astuti Y. Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2): An overview of viral struc-
ture and host response. Diabetes Metab Syndr Clin Res 
Rev. Published online 2020.

11.  Zhou Y, Vedantham P, Lu K, et al. Protease inhibitors 
targeting coronavirus and filovirus entry. Antiviral Res. 
2015;116:76-84.

12.  Fehr AR, Perlman S. Coronaviruses: An Overview of Their 
Replication and Pathogenesis. In: Maier HJ, ed. Coro-
naviruses: Methods and Protocols. Vol 1282. ; 2015:1-23. 
doi:10.1007/978-1-4939-2438-7

13.  Rockx B, Kuiken T, Herfst S, et al. Comparative pathogen-
esis of COVID-19, MERS, and SARS in a nonhuman pri-
mate model. Science (80- ). 2020;7314(April):eabb7314. 
doi:10.1126/science.abb7314

14.  Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. An-
giotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 
receptor: molecular mechanisms and potential thera-
peutic target. Intensive Care Med. 2020;46(4):586-590. 
doi:10.1007/s00134-020-05985-9

15.  Gengler I, Wang JC, Speth MM, Sedaghat AR.  Sinonasal 
pathophysiology of SARS-CoV-2 and COVID-19: A system-
atic review of the current evidence . Laryngoscope Inves-
tig Otolaryngol. 2020;(April):1-6. doi:10.1002/lio2.384

16.  Santarpia JL, Rivera DN, Herrera V, et al. Transmission 
Potential of SARS-CoV-2 in Viral Shedding Observed at 
the University of Nebraska Medical Center. medRxiv. Pub-
lished online 2020:1-12. doi:10.1101/2020.03.23.20039446

17.  Doremalen N van, Bushmaker T, Morris DH, et al. Aerosol 
and Surface Stability of SARS-CoV-2 as Compared with 
SARS-CoV-1. N Engl J Med. 2020;382:1564-1567.

18.  Peng L, Liu J, Xu W, et al. 2019 Novel Coronavirus can 
be detected in urine, blood, anal swabs and oropharyn-
geal swabs samples. medRxiv. Published online 2020. 
doi:https://doi.org/10.1101/2020.02.21.20026179.

19.  Wu Y, Guo C, Tang L, et al. Prolonged presence of SARS-
CoV-2 viral RNA in faecal samples. Lancet Gastroen-
terol Hepatol. 2020;5(5):434-435. doi:10.1016/S2468-
1253(20)30083-2

20.  Lauer SA, Grantz KH, Bi Q, et al. The Incubation Period 
of Coronavirus Disease 2019 (COVID-19) From Publicly 
Reported Confirmed Cases: Estimation and Application. 
Ann Intern Med. 2020;2019. doi:10.7326/M20-0504

21.  Backer JA, Klinkenberg D, Wallinga J. Incubation period 
of 2019 novel coronavirus (2019- nCoV) infections among 
travellers from Wuhan, China, 20 28 January 2020. Eu-
rosurveillance. 2020;25(5):1-6. doi:10.2807/1560-7917.
ES.2020.25.5.2000062

22.  Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral Load in 
Upper Respiratory Specimens of Infected Patients. N Engl 
J Med. 2020;382:1177-1179.

23.  Xu T, Chen C, Zhu Z, et al. Clinical features and dynamics 
of viral load in imported and non-imported patients with 
COVID-19. Int J Infect Dis. 2020;94:68-71. doi:10.1016/j.
ijid.2020.03.022

24.  Young BE, Ong SWX, Kalimuddin S, et al. Epidemiolog-
ic Features and Clinical Course of Patients Infected 
with SARS-CoV-2 in Singapore. JAMA - J Am Med Assoc. 
2020;323(15):1488-1494. doi:10.1001/jama.2020.3204

25.  To KKW, Tsang OTY, Leung WS, et al. Temporal profiles 
of viral load in posterior oropharyngeal saliva samples 
and serum antibody responses during infection by SARS-
CoV-2: an observational cohort study. Lancet Infect Dis. 
2020;20(5):565-574. doi:10.1016/S1473-3099(20)30196-1

26.  Nishiura H, Linton NM, Akhmetzhanov AR. Serial interval 
of novel coronavirus (COVID-19) infections. Int J Infect 
Dis. 2020;93:284-286.

27.  Qian G, Yang N, Ma AHY, et al. A COVID-19 Transmission 
within a family cluster by presymptomatic infectors in 
China. Clin Infect Dis. Published online 2020:ciaa316. 
doi:10.1093/cid/ciaa316

28.  Du Z, Xu X, Wu Y, Wang L, Cowling BJ, Meyers LA. The seri-
al interval of COVID-19 from publicly reported confirmed 
cases. medRxiv. Published online 2020.

29.  He X, Lau EHY, Wu P, et al. Temporal dynamics in viral 
shedding and transmissibility of COVID-19. Nat Med. 
2020;26(May). doi:10.1038/s41591-020-0869-5

30.  Zhou F, Yu T, Du R, et al. Clinical course and risk fac-
tors for mortality of adult inpatients with COVID-19 
in Wuhan, China: a retrospective cohort study. Lan-
cet. 2020;395(10229):1054-1062. doi:10.1016/S0140-
6736(20)30566-3



49

Version 9.0Version 9.0 ImmunoFormulation   |  References

31.  Galvan Casas C, Catala A, Carretero Hernandez G, et 
al. Classification of the cutaneous manifestations of 
COVID-19: a rapid prospective nationwide consensus 
study in Spain with 375 cases. Br J Dermatol. Published 
online 2020:bjd.19163. doi:10.1111/bjd.19163

32.  Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics of 
Coronavirus Disease 2019 in China. N Engl J Med. Pub-
lished online 2020. doi:10.1056/NEJMoa2002032

33.  Jordan RE, Adab P, Cheng KK. Covid-19: Risk factors for 
severe disease and death. BMJ. 2020;368(March):1-2. 
doi:10.1136/bmj.m1198

34.  CDC - Centers for Disease and Prevention. People Who 
Are at Higher Risk for Severe Illness. Published 2020. 
Accessed May 20, 2020. https://www.cdc.gov/coronavi-
rus/2019-ncov/need-extra-precautions/people-at-higher-
risk.html

35.  Lin M, Tseng HK, Trejaut JA, et al. Association of HLA class 
I with severe acute respiratory syndrome coronavirus 
infection. BMC Med Genet. 2003;4:1-7. doi:10.1186/1471-
2350-4-9

36.  Plapp F. The COVID-19 Pandemic: a summary. 2020. Ac-
cessed May 20, 2020. https://thepathologist.com/sub-
specialties/the-covid-19-pandemic-a-summary

37.  Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19 pathophys-
iology: A review. Clin Immunol. 2020;215(April):108427. 
doi:10.1016/j.clim.2020.108427

38.  Patel SK, Velkoska E, Burrell LM. Emerging markers in 
cardiovascular disease: Where does angiotensin-con-
verting enzyme 2 fit in? Clin Exp Pharmacol Physiol. 
2013;40(8):551-559. doi:10.1111/1440-1681.12069

39.  Siddiqi HK, Mehra MR. COVID-19 Illness in Native and Im-
munosuppressed States: A Clinical-Therapeutic Staging 
Proposal. J Hear Lung Transplant. Published online 2020.

40.  Qin C, Zhou L, Hu Z, et al. Dysregulation of Immune Re-
sponse in Patients With COVID-19 in Wuhan, China. Clin 
Infect Dis. Published online 2020.

41.  Diao B, Wang C, Tan Y, et al. Reduction and Functional 
Exhaustion of T Cells in Patients With Coronavirus Disease 
2019 (COVID-19). Front Immunol. 2020;11:827.

42.  Tufan A, Avanoğlu Güler A, Matucci-Cerinic M. Covid-19, 
immune system response, hyperinflammation and repur-
posinantirheumatic drugs. Turkish J Med Sci. 2020;50(SI-
1):620-632. doi:10.3906/sag-2004-168

43.  Finlay BB, See RH, Brunham RC. Rapid response research 
to emerging infectious diseases: Lessons from SARS. 
Nat Rev Microbiol. 2004;2(7):602-607. doi:10.1038/nrmi-
cro930

44.  Zhang R, Wang X, Ni L, et al. COVID-19: Melatonin as a 
potential adjuvant treatment Rui. Life Sci. 2020;250(Jan-
uary):117583.

45.  Thevarajan I, Nguyen THO, Koutsakos M, et al. Breadth 
of concomitant immune responses prior to patient re-
covery: a case report of non-severe COVID-19. Nat Med. 
2020;26(4):450-452. doi:10.1038/s41591-020-0820-9

46.  Leask A. COVID-19: is fibrosis the killer? J Cell Commun 
Signal. 2020;14(2):255. doi:10.1007/s12079-020-00569-0

47.  Spagnolo P, Balestro E, Aliberti S, et al. Pulmonary fibro-
sis secondary to COVID-19: a call to arms? Lancet Re-
spir Med. 2020;2019(20):2019-2020. doi:10.1016/S2213-
2600(20)30222-8

48.  George PM, Wells AU, Jenkins RG. Pulmonary fibrosis and 
COVID-19: the potential role for antifibrotic therapy. Lan-
cet Respir Med. 2020;2600(20):1-9. doi:10.1016/S2213-
2600(20)30225-3

49.  Burnham EL, Janssen WJ, Riches DWH, Moss M, 
Downey GP. The fibroproliferative response in acute 
respiratory distress syndrome: Mechanisms and clin-
ical significance. Eur Respir J. 2014;43(1):276-285. 
doi:10.1183/09031936.00196412

50.  Das KM, Lee EY, Singh R, et al. Follow-up chest radio-
graphic findings in patients with MERS-CoV after recov-
ery. Indian J Radiol Imaging. 2017;27(3):342-349.

51.  Domínguez N, Galocha A. Así es la lucha entre el sistema 
inmune y el coronavirus. El País. Published online 2020.

52.  Ascierto PA, Fox B, Urba W, et al. Insights from immuno-on-
cology: The Society for Immunotherapy of Cancer State-
ment on access to IL-6-targeting therapies for COVID-19. J 
Immunother Cancer. 2020;8(1):1-2. doi:10.1136/jitc-2020-
000878

53.  Roumier M, Paulle R, Groh M, Vallee A, Ackermann F. 
Interleukin-6 blockade for severe COVID-19. medRx-
iv. Published online 2020:2020.04.20.20061861. 
doi:10.1101/2020.04.20.20061861

54.  Yi Y, Lagniton PNP, Ye S, Li E, Xu RH. COVID-19: what has 
been learned and to be learned about the novel coro-
navirus disease. Int J Biol Sci. 2020;16(10):1753-1766. 
doi:10.7150/ijbs.45134

55.  Dahlke C, Heidepriem J, Kobbe R, et al. Distinct early IgA 
profile may determine severity of COVID-19 symptoms: 
an immunological case series. medRxiv. Published online 
2020. doi:10.1101/2020.04.14.20059733

56.  Sakaguchi S, Yamaguchi T, Nomura T, Ono M. Regulatory 
T Cells and Immune Tolerance. Cell. 2008;133(5):775-787. 
doi:10.1016/j.cell.2008.05.009

57.  Sakaguchi S, Miyara M, Costantino CM, Hafler DA. FOXP3 
+ regulatory T cells in the human immune system. Nat Rev 
Immunol. 2010;10(7):490-500. doi:10.1038/nri2785

58.  Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagu-
lant treatment is associated with decreased mortality 
in severe coronavirus disease 2019 patients with coag-
ulopathy. J Thromb Haemost. 2020;(March):1094-1099. 
doi:10.1111/jth.14817

59.  Lippi G, Mattiuzzi C. Hemoglobin value may be decreased 
in patients with severe coronavirus disease 2019. Hematol 
Transfus Cell Ther. Published online 2020.

60.  Liu W, Li H. COVID-19: Attacks the 1-Beta Chain of He-
moglobin and Captures the Porphyrin to Inhibit Human 
Heme Metabolism. ChemRxiv. 2020;(1):31. doi:10.26434/
chemrxiv.11938173.v6

61.  Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of 
COVID-19: immunity, inflammation and intervention. Nat 
Rev Immunol. 2020;20(6):363-374. doi:10.1038/s41577-
020-0311-8



50

Version 9.0ImmunoFormulation   |  References

62.  Varga Z, Flammer AJ, Steiger P, et al. Endotheli-
al cell infection and endotheliitis in COVID-19. Lan-
cet. 2020;395(10234):1417-1418. doi:10.1016/S0140-
6736(20)30937-5

63.  Aman J, Weijers EM, van Nieuw Amerongen GP, Malik AB, 
van Hinsbergh VWM. Using cultured endothelial cells 
to study endothelial barrier dysfunction: Challenges 
and opportunities. Am J Physiol - Lung Cell Mol Physiol. 
2016;311(2):453-466. doi:10.1152/ajplung.00393.2015

64.  Bautch VL, Caron KM. Blood and lymphatic vessel for-
mation. Cold Spring Harb Perspect Biol. 2015;7(3):1-13. 
doi:10.1101/cshperspect.a008268

65.  Cantuti-Castelvetri L, Ohja R, Pedro L, et al. Neuro-
pilin-1 facilitates SARS-CoV-2 cell entry and provides 
a possible pathway into the central nervous system. 
bioRxiv. Published online 2020:2020.06.07.137802. 
doi:10.1101/2020.06.07.137802

66.  Hennen WJ. The Transfer Factor Report. In: Transfer Fac-
tor: Natural Immune Booste. Woodland Publishing; 1998:1-
32.

67.  Krishnaveni M. A review on transfer factor an immune 
modulator. Drug Invent Today. 2013;5(2):153-156. 
doi:10.1016/j.dit.2013.04.002

68.  Fudenberg HH, Fudenberg HH. Transfer factor: 
Past, present and future. Annu Rev Pharmacol Toxi-
col. 1989;29(3):475-516. doi:10.1146/annurev.pharm-
tox.29.1.475

69.  Bernhisel-Broadbent J, Yolken RH, Sampson HA. Allerge-
nicity of Orally Administered Immunoglobulin Prepara-
tions in Food-Allergic Children. Pediatrics. 1991;87(2):208-
214.

70.  White A. Transfer Factors & Immune System Health. 2nd 
ed. U.S.A.: BookSurge Publishing; 2009.

71.  Lawrence HS. The transfer in humans of delayed skin sen-
sitivity to streptococcal M substance and to tuberculin 
with disrupted leucocytes. J Clin Invest. 1955;34(2):219-
230.

72.  Kirkpatrick CH. Structural Nature and Functions of Trans-
fer Factors. Ann N Y Acad Sci. 1993;685:362-368.

73.  Rozzo SJ, Kirkpatrick CH. Purification of Transfer Factors. 
Mol Immunol. 1992;29(2):167-182.

74.  Lawrence HS, Borkowsky W. A new basis for the immuno-
regulatory activities of transfer factor—an arcane dialect 
in the language of cells. Cell Immunol. 1983;82(1):102-116.

75.  Kirkpatrick CH. Activities and characteristics of transfer 
factors. Biotherapy. 1996;9((1-3)):13-16.

76.  Berrón-Pérez R, Chávez-Sánchez R, Estrada-García I, et al. 
Indications, usage, and dosage of the transfer factor. Rev 
Alerg Mex. 2007;54(4):134-139.

77.  Welch TM, Wilson GB, Fudenberg HH. Human transfer 
factor in guinea pigs: further studies. In: Transfer Factor. 
Academic Press; 1976:399-408.

78.  Viza D, Fudenberg HH, Palareti A, Ablashi D, De Vinci C, 
Pizza G. Transfer factor: an overlooked potential for the 
prevention and treatment of infectious diseases. Folia 
Biol (Czech Republic). 2013;59(2):53.

79.  Kirkpatrick CH. Transfer factors: identification of con-
served sequences in transfer factor molecules. Mol Med. 
2000;6(4):332-341.

80.  Liu H, Zhang R, Wu Y, Wang Y, Che H. Determination of 
free amino acids in transfer factor capsules by pre-col-
umn derivatization with RP-HPLC. Chinese J Biochem 
Pharm. 2007;28:233-235.

81.  Guilan W, Chi Z, Li W, Pinglan Z. Basic research on phys-
icochemical properties of three transfer factors. J Jilin 
Univ (Medicine Ed. 1990;5(5).

82.  Wilson GB, Poindexter C, Fort JD, Ludden KD. Specific 
pathogen-free and standard commercial chickens as 
models for evaluating xenogenic transfers of cell-medi-
ated immunity. In: Proceedings Fifth International Sym-
posium on Transfer Factor. Slovak Academy of Sciences 
Bratislava; 1987:257-274.

83.  Krinsky DL, Lavalle JB, Hawkins EB. Lexi-Comp’s Natural 
Therapeutics Pocket Guide.; 2003.

84.  Salazar-Ramiro A, Hernández P, Rangel-Lopez E, Pérez 
de la Cruz V, Estrada-Parra S, Pineda B. Dialyzable Leu-
kocyte Extract (Transfer Factor) as Adjuvant Immunother-
apy in the Treatment of Cancer. MOJ Autoimmune Dis. 
2018;1(1):1-7. doi:10.15406/mojad.2016.01.00003

85.  Desjardins M. ER-mediated phagocytosis: a new mem-
brane for new functions. Nat Rev Immunol. 2003;3:280-
291.

86.  Zhang W, Liu HT. MAPK signal pathways in the regula-
tion of cell proliferation in mammalian cells. Cell Res. 
2002;12:9-18.

87.  Amatya N, Garg A V., Gaffen SL. IL-17 signaling: the yin 
and the yang. Trends Immunol. 2017;38(5):310-322.

88.  Kazi JU, Rönnstrand L. The role of SRC family kinases in 
FLT3 signaling. Int J Biochem Cell Biol. 2019;107:32-37.

89.  Sun SC. Non-canonical NF-κB signaling pathway. Cell Res. 
2011;21(1):71-85. doi:10.1038/cr.2010.177

90.  Kirkpatrick CH. Biological Response Modifiers. Inter-
ferons, Interleukins, and Transfer Factor. Ann Allergy. 
1989;62(3):170-176.

91.  Netea MG, Domínguez-Andrés J, Barreiro LB, et al. Defin-
ing trained immunity and its role in health and disease. 
Nat Rev Immunol. 2020;20(June). doi:10.1038/s41577-
020-0285-6

92.  Netea MG, Giamarellos-Bourboulis EJ, Domínguez-Andrés 
J, et al. Trained immunity: a tool for reducing susceptibil-
ity and severity of SARS-CoV-2 infection. Cell. Published 
online 2020:969-977. doi:10.1016/j.cell.2020.04.042

93.  Pizza G, De Vinci C, Fornarola V, Palareti A, Baricordi O, 
Viza D. In vitro studies during long term oral adminis-
tration of specific transfer factor. Biotherapy. 1996;9(1-
3):175-185. doi:10.1007/BF02628677

94.  Steele RW, Myers MG, Vincent MM. Transfer factor for the 
prevention of varicella-zoster infection in childhood leu-
kemia. N Engl J Med. 1980;303:355-359.

95.  Ministry of Health and Social Development of the Russian 
Federation. Transfer Factors Use in Immunorehabilitation 
After Infectious-Inflammatory and Somatic Diseases.; 
2004.



51

Version 9.0Version 9.0 ImmunoFormulation   |  References

96.  Viza D, Pizza G, De Vinci C, Brandi G, Ablashi D. Transfer 
Factor as an Option for Managing the COVID-19 Pandem-
ic. Folia Biol (Praha). 2020;66(3):86-90.

97.  Maia H, Saback W, Haddad C, Sitya PR. Effect of Vaginal 
MiodesinTM in PentravanTM on the Response to Progestin 
Therapy in Patients with Deep Endometriosis and Adeno-
myosis. J Clin Rev Case Reports. 2019;4(1):1-5.

98.  Maia H, Saback W, Haddad C, Sitya PR. Treatment of 
Endometriosis and Leiomyoma with the Association 
of Miodesin and Gestrinone in Pentravan Through the 
Vaginal Route. J Clin Rev Case Reports. 2018;3(7):1-5. 
doi:10.33140/jcrc/03/07/00011

99.  Valerio JR LG, F GG. Toxicological Aspects of the South 
American Herbs Cat’s Claw (Uncaria tomentosa) and 
Maca (Lepidium meyenii): A Critical Synopsis. Toxicol 
Rev. 2005;24(I):11-35. doi:10.2165/00139709-200524010-
00002

100.  Rojas-Duran R, González-Aspajo G, Ruiz-Martel C, et al. 
Anti-inflammatory activity of Mitraphylline isolated from 
Uncaria tomentosa bark. J Ethnopharmacol. Published 
online 2012. doi:10.1016/j.jep.2012.07.015

101.  Cheng AC, Jian CB, Huang YT, Lai CS, Hsu PC, Pan MH. 
Induction of apoptosis by Uncaria tomentosa through 
reactive oxygen species production, cytochrome c re-
lease, and caspases activation in human leukemia cells. 
Food Chem Toxicol. Published online 2007. doi:10.1016/j.
fct.2007.05.016

102.  European Medicines Agency. Assessment Report on Un-
caria Tomentosa (Willd. Ex Schult.) DC., Cortex.; 2015.

103.  Caon T, Kaiser S, Feltrin C, et al. Antimutagenic and anti-
herpetic activities of different preparations from Uncaria 
tomentosa (cat’s claw). Food Chem Toxicol. 2014;66(Jan-
uary):30-35. doi:10.1016/j.fct.2014.01.013

104.  Gama CR. Avaliação Clínica da Uncaria tomentosa no Tra-
ta mento e Controle de Lesões Decorrentes de Infecção 
pelo Vírus Herpes Simplex. J Bras Doenças Sex Transm. 
2010;22(4):215-221. doi:10.5533/2177-8264-201022408

105.  Passos MRL, Eleutério J, Cavalcanti SMB, Salles RS. Gen-
ital herpes on the penis and topic use of Uncaria Tomen-
tosa: case report. J Bras Doenças Sex Transm. Published 
online 2014. doi:10.5533/dst-2177-8264-2014261-407

106.  Querino A Caldas L, Olej B, Slomp H, et al. Uncaria tomen-
tosa in the treatment of the herpes labialis: randomized 
double-blind trial. DST j bras doenças sex transm. Pub-
lished online 2010.

107.  Romero M, Passos L, Geller M, et al. Herpes Genital VulVar 
e uso tópico de Uncaria tomentosa: relato de caso Uncar-
ia tomentosa and topical Use in Genital Herpes in VUlVa: 
case report. DST -J bras Doenças Sex Transm. Published 
online 2010.

108.  Lima-Junior RS, Da Silva Mello C, Kubelka CF, Siani AC, 
Valente LMM. Uncaria tomentosa alkaloidal fraction re-
duces paracellular permeability, il-8 and ns1 production 
on human microvascular endothelial cells infected with 
dengue virus. Nat Prod Commun. Published online 2013. 
doi:10.1177/1934578x1300801112

109.  Reis SRIN, Valente LMM, Sampaio AL, et al. Immuno-
modulating and antiviral activities of Uncaria tomentosa 
on human monocytes infected with Dengue Virus-2. Int 
Immunopharmacol. 2008;8(3):468-476. doi:10.1016/j.in-
timp.2007.11.010

110.  Correa M, Penna L. Dicionário Das Plantas Úteis Do Brasil 
e Das Exóticas Cultivadas, Vol. 5. Instituto Brasileiro de 
Desenvolvimento Florestal; 1974.

111.  Muniz MP. Estudo fitoquímico e da atividade biológica 
de Endopleura uchi Huber Cuatrecasas. Published online 
2013.

112.  da Silva SL, de Oliveira VG, Yano T, Nunomura R de CS. 
Antimicrobial activity of bergenin from Endopleura uchi 
(Huber) Cuatrec. Acta Amaz. Published online 2009. 
doi:10.1590/s0044-59672009000100019

113.  Silva LR, Teixeira R. Phenolic profile and biological po-
tential of Endopleura uchi extracts. Asian Pac J Trop Med. 
Published online 2015. doi:10.1016/j.apjtm.2015.10.013

114.  Rao AR, Reddy AH, Aradhya SM. Antibacterial properties 
of Spirulina platensis, Haematococcus pluvialis, Botryo-
coccus braunii micro algal extracts. Curr Trends Biotech-
nol Pharm. Published online 2010.

115.  Shah MMR, Liang Y, Cheng JJ, Daroch M. Astaxanthin-pro-
ducing green microalga Haematococcus pluvialis: From 
single cell to high value commercial products. Front Plant 
Sci. Published online 2016. doi:10.3389/fpls.2016.00531

116.  Park JS, Mathison BD, Hayek MG, Massimino S, Rein-
hart GA, Chew BP. Astaxanthin stimulates cell-mediated 
and humoral immune responses in cats. Vet Immunol 
Immunopathol. Published online 2011. doi:10.1016/j.ve-
timm.2011.08.019

117.  Chew BP, Mathison BD, Hayek MG, Massimino S, Reinhart 
GA, Park JS. Dietary astaxanthin enhances immune re-
sponse in dogs. Vet Immunol Immunopathol. Published 
online 2011. doi:10.1016/j.vetimm.2010.12.004

118.  Park JS, Chyun JH, Kim YK, Line LL, Chew BP. Astaxan-
thin decreased oxidative stress and inflammation and 
enhanced immune response in humans. Nutr Metab. Pub-
lished online 2010. doi:10.1186/1743-7075-7-18

119.  Åkesson C, Pero RW, Ivars F. C-Med 100®, a hot water 
extract of Uncaria tomentosa, prolongs lymphocyte 
survival in vivo. Phytomedicine. Published online 2003. 
doi:10.1078/094471103321648629

120.  Setty AR, Sigal LH. Herbal medications commonly used in 
the practice of rheumatology: Mechanisms of action, ef-
ficacy, and side effects. Semin Arthritis Rheum. Published 
online 2005. doi:10.1016/j.semarthrit.2005.01.011

121.  Sandoval M, Charbonnet RM, Okuhama NN, et al. Cat’s 
claw inhibits TNFα production and scavenges free rad-
icals: Role in cytoprotection. Free Radic Biol Med. Pub-
lished online 2000. doi:10.1016/S0891-5849(00)00327-0

122.  Allen-Hall L, Arnason JT, Cano P, Lafrenie RM. Uncaria to-
mentosa acts as a potent TNF-α inhibitor through NF-κB. 
J Ethnopharmacol. Published online 2010. doi:10.1016/j.
jep.2009.12.004



52

Version 9.0ImmunoFormulation   |  References

123.  Allen-Hall L, Cano P, Arnason JT, Rojas R, Lock O, Lafre-
nie RM. Treatment of THP-1 cells with Uncaria tomento-
sa extracts differentially regulates the expression if IL-1β 
and TNF-α. J Ethnopharmacol. Published online 2007. 
doi:10.1016/j.jep.2006.07.039

124.  Nunomura RCS, Oliveira VG, Da Silva SL, Nunomura SM. 
Characterization of bergenin in endopleura uchi bark and 
its anti-inflammatory activity. J Braz Chem Soc. Published 
online 2009. doi:10.1590/S0103-50532009000600009

125.  Iwamoto T, Hosoda K, Hirano R, et al. Inhibition of low-den-
sity lipoprotein oxidation by astaxanthin. J Atheroscler 
Thromb. Published online 2000. doi:10.5551/jat1994.7.216

126.  Pashkow FJ, Watumull DG, Campbell CL. Astaxanthin: A 
Novel Potential Treatment for Oxidative Stress and In-
flammation in Cardiovascular Disease. Am J Cardiol. Pub-
lished online 2008. doi:10.1016/j.amjcard.2008.02.010

127.  Naguib YMA. Antioxidant activities of astaxanthin and re-
lated carotenoids. J Agric Food Chem. Published online 
2000. doi:10.1021/jf991106k

128.  Higuera-Ciapara I, Félix-Valenzuela L, Goycoolea FM. 
Astaxanthin: A review of its chemistry and applica-
tions. Crit Rev Food Sci Nutr. Published online 2006. 
doi:10.1080/10408690590957188

129.  Régnier P, Bastias J, Rodriguez-Ruiz V, et al. Astaxanthin 
from Haematococcus pluvialis prevents oxidative stress 
on human endothelial cells without toxicity. Mar Drugs. 
2015;13(5):2857-2874. doi:10.3390/md13052857

130.  Oliveira CR, Vieira RP. Anti-Inflammatory Activity of 
Miodesin TM : Modulation of Inflammatory Markers and 
Epigenetic Evidence. Oxid Med Cell Longev. Published 
online 2020.

131.  L. AJ. The Art, Science and Technology of Pharmaceutical 
Compounding. 5th ed. American Pharrmacists Associa-
tion; 2016.

132.  United States Pharmacopeia. <795> Pharmaceutical Com-
pounding – Nonsterile Preparations. In: United States 
Pharmacopeia. ; 2020.

133.  Dosch SF, Mahajan SD, Collins AR. SARS coronavirus 
spike protein-induced innate immune response occurs 
via activation of the NF-κB pathway in human monocyte 
macrophages in vitro. Virus Res. 2009;142(1-2):19-27. 
doi:10.1016/j.virusres.2009.01.005

134.  Ocaña-Guzman R, Vázquez-Bolaños L, Sada-Ovalle I. Re-
ceptors that inhibit macrophage activation: Mechanisms 
and signals of regulation and tolerance. J Immunol Res. 
2018;2018. doi:10.1155/2018/8695157

135.  Khan Z, Bhadouria P, Bisen P. Nutritional and Thera-
peutic Potential of Spirulina. Curr Pharm Biotechnol. 
2005;6(5):373-379. doi:10.2174/138920105774370607

136.  Hirahashi T, Matsumoto M, Hazeki K, Saeki Y, Ui M, Seya T. 
Activation of the human innate immune system by Spiru-
lina: Augmentation of interferon production and NK cyto-
toxicity by oral administration of hot water extract of Spi-
rulina platensis. Int Immunopharmacol. 2002;2(4):423-
434. doi:10.1016/S1567-5769(01)00166-7

137.  Baum MK, Campa A, Lai S, Lai H, Page JB. Zinc Status in 
Human Immunodeficiency Virus Type 1 Infection and Illic-
it Drug Use. Clin Infect Dis. 2003;37(Suppl.2):S117-S123.

138.  Hojyo S, Fukada T. Roles of Zinc Signaling in 
the Immune System. J Immunol Res. 2016;2016. 
doi:10.1155/2016/6762343

139.  Heuser G, Vojdani A. Enhancement of natural killer cell 
activity and T and B cell function by buffered vitamin 
C in patients exposed to toxic chemicals: The role of 
protein kinase - C. Immunopharmacol Immunotoxicol. 
1997;19(3):291-312. doi:10.3109/08923979709046977

140.  Li Q, Huyan T, Ye LJ, Li J, Shi JL, Huang QS. Concentra-
tion-dependent biphasic effects of resveratrol on hu-
man natural killer cells in vitro. J Agric Food Chem. 
2014;62(45):10928-10935. doi:10.1021/jf502950u

141.  Leischner C, Burkard M, Pfeiffer MM, Lauer UM, Busch 
C, Venturelli S. Nutritional immunology: Function of nat-
ural killer cells and their modulation by resveratrol for 
cancer prevention and treatment. Nutr J. 2016;15(1):1-12. 
doi:10.1186/s12937-016-0167-8

142.  Park HJ, Lee YJ, Ryu HK, Kim MH, Chung HW, Kim WY. A 
randomized double-blind, placebo-controlled study to 
establish the effects of spirulina in elderly Koreans. Ann 
Nutr Metab. 2008;52(4):322-328. doi:10.1159/000151486

143.  Carr AC, Maggini S. Vitamin C and immune function. Nu-
trients. 2017;9(11):1-25. doi:10.3390/nu9111211

144.  Cicero AFG, Colletti A. Handbook of Nutraceuticals for 
Clinical Use.; 2018. doi:10.1007/978-3-319-73642-6

145.  Seaborn CD, Briske-Anderson M, Nielsen FH. An interac-
tion between dietary silicon and arginine affects immune 
function indicated by con-a-induced dna synthesis of rat 
splenic T-lymphocytes. Biol Trace Elem Res. 2002;87(1-
3):133-142. doi:10.1385/BTER:87:1-3:133

146.  Hoffman PR, Berry MJ. The influence of selenium on im-
mune responses. Mol Nutr Food Res. 2008;52(11):1273-
1280.

147.  Garritano CRO, Di Nubila F, Couto RM, Fiorelli RKA, Aun 
LB. Avaliação do uso de fator de transferência na resposta 
imunológica de pacientes cirúrgicos imunodeprimidos. 
Rev Col Bras Cir. 2017;44(5):452-456. doi:10.1590/0100-
69912017005005

148.  Flaherty D. Immunology for Pharmacy. Mosby; 2011.

149.  Chen G, Wu D, Guo W, et al. Clinical and immunologic fea-
tures in severe and moderate Coronavirus Disease 2019. J 
Clin Invest. 2020;130(5):2620-2629.

150.  Lagunas-Rangel FA, Chávez-Valencia V. High IL-6/IFN-γ ra-
tio could be associated with severe disease in COVID-19 
patients. J Med Virol. Published online 2020. doi:10.1002/
jmv.25900

151.  W P, R B, B B, M H. The effect of ascorbic acid supplemen-
tation on some parameters of the human immunological 
defence system. Int J Vitam Nutr Res. 1977;47(3):248-257.

152.  Nakanishi L, Bombonatti B, Muller LS, et al. Oral supple-
mentation of orthosilicic acid and its impact on hair qual-
ity. Med Cutan Ibero Lat Am. 2017;45(1):29-35.

153.  D’Aniello C, Cermola F, Patriarca EJ, Minchiotti G. Vitamin 
C in Stem Cell Biology: Impact on Extracellular Matrix 
Homeostasis and Epigenetics. Stem Cells Int. 2017;2017. 
doi:10.1155/2017/8936156



53

Version 9.0Version 9.0 ImmunoFormulation   |  References

154.  Murad S, Grove D, Lindberg KA, Reynolds G, Sivarajah A, 
Pinnell SR. Regulation of collagen synthesis by ascorbic 
acid. Proc Natl Acad Sci U S A. 1981;78(5 I):2879-2882. 
doi:10.1073/pnas.78.5.2879

155.  Pasonen-Seppänen S, Suhonen MT, Kirjavainen M, et al. 
Vitamin C enhances differentiation of a continuous kerat-
inocyte cell line (REK) into epidermis with normal stratum 
corneum ultrastructure and functional permeability barri-
er. Histochem Cell Biol. 2001;116(4):287-297. doi:10.1007/
s004180100312

156.  Laskar MA, Choudhury MD. Resveratrol a potent angioten-
sin converting enzyme inhibitor: A computational study 
in relevance to cardioprotective activity. Res J Pharm Biol 
Chem Sci. 2014;5(6):1109-1115.

157.  te Velthuis AJW, van den Worml SHE, Sims AC, Baric RS, 
Snijder EJ, van Hemert MJ. Zn2+ inhibits coronavirus 
and arterivirus RNA polymerase activity in vitro and zinc 
ionophores block the replication of these viruses in cell 
culture. PLoS Pathog. 2010;6(11):1-10. doi:10.1371/journal.
ppat.1001176

158.  Zhang JJ, Wu M, Schoene NW, et al. Effect of resver-
atrol and zinc on intracellular zinc status in normal hu-
man prostate epithelial cells. Am J Physiol - Cell Physiol. 
2009;297(3):632-645. doi:10.1152/ajpcell.00139.2009

159.  de Lang A, Osterhaus ADME, Haagmans BL. Interferon-γ 
and interleukin-4 downregulate expression of the SARS 
coronavirus receptor ACE2 in Vero E6 cells. Virology. 
2006;353(2):474-481. doi:10.1016/j.virol.2006.06.011

160.  Aranow C. Vitamin D and the immune system. J Investig 
Med. 2011;59(6):881-886. doi:10.3899/jrheum.090797

161.  Grant WB, Lahore H, McDonnell SL, et al. Evidence that 
vitamin d supplementation could reduce risk of influ-
enza and covid-19 infections and deaths. Nutrients. 
2020;12(4):1-19. doi:10.3390/nu12040988

162.  Hansdottir S, Monick MM. Vitamin D Effects on Lung 
Immunity and Respiratory Diseases. Vitam Horm. 
2011;86(319):217-237. doi:10.1016/B978-0-12-386960-
9.00009-5

163.  McCartney DM, Byrne DG. Optimisation of Vitamin D Sta-
tus for Enhanced Immuno-protection Against Covid-19. Ir 
Med J. 2020;113(4):58.

164.  Alipio M. Vitamin D Supplementation Could Possi-
bly Improve Clinical Outcomes of Patients Infected 
with Coronavirus-2019 (COVID-2019). SSRN Electron J. 
2020;2019(082):1-9. doi:10.2139/ssrn.3571484

165.  Panarese A, Shahini E. Letter: Covid-19, and vitamin D. Al-
iment Pharmacol Ther. 2020;51(10):993-995. doi:10.1111/
apt.15752

166.  Lau FH, Majumder R, Torabi R, et al. Vitamin D In-
sufficiency is Prevalent in Severe COVID-19. 
medRxiv. 2020;(504):2020.04.24.20075838. 
doi:10.1101/2020.04.24.20075838

167.  Daneshkhah A, Eshein A, Subramanian H, Roy HK, Back-
man V. The Role of Vitamin D in Suppressing Cytokine 
Storm in COVID-19 Patients and Associated Mortality. 
medRxiv. 2020;25. doi:10.1101/2020.04.08.20058578

168.  Molloy EJ, Murphy N. Vitamin D, Covid-19 and Children. Ir 
Med J. 2020;113(4):59.

169.  Carter SJ, Baranauskas MN, Fly AD. Considerations 
for obesity, vitamin D, and physical activity amidst 
the COVID-19 pandemic. Obesity. 2020;00(00):9-10. 
doi:10.1002/oby.22838

170.  Ilie PC, Stefanescu S, Smith L. The role of vitamin D in 
the prevention of coronavirus disease 2019 infection and 
mortality. Aging Clin Exp Res. 2020;(0123456789):8-11. 
doi:10.1007/s40520-020-01570-8

171.  Raharusun P, Priambada S, Budiarti C, Agung E, Budi C. 
Patterns of COVID-19 Mortality and Vitamin D: An Indo-
nesian Study. SSRN Electron J. Published online 2020. 
doi:10.2139/ssrn.3585561

172.  Rhodes JM, Subramanian S, Laird E, Anne Kenny R. Edito-
rial: low population mortality from COVID-19 in countries 
south of latitude 35 degrees North – supports vitamin D 
as a factor determining severity. Aliment Pharmacol Ther. 
Published online 2020:1434-1437. doi:10.1111/apt.15777

173.  Anderson R, Oosthuizen R, Maritz R, Theron A, Van Rens-
burg AJ. The effects of increasing weekly doses of ascor-
bate on certain cellular and humoral immune functions 
in normal volunteers. Am J Clin Nutr. 1980;33(1):71-76. 
doi:10.1093/ajcn/33.1.71

174.  Anderson R. Ascorbate-mediated stimulation of neutro-
phil motility and lymphocyte transformation by inhibi-
tion of the peroxidase/H2O2/halide system in vitro and 
in vivo. Am J Clin Nutr. 1981;34(9):1906-1911. doi:10.1093/
ajcn/34.9.1906

175.  Li G, Fan Y, Lai Y, et al. Coronavirus infections and immune 
responses. J Med Virol. 2020;92(4):424-432. doi:10.1002/
jmv.25685

176.  Azevedo BC, Morel LJF, Carmona F, et al. Aqueous extracts 
from Uncaria tomentosa (Willd. ex Schult.) DC. reduce 
bronchial hyperresponsiveness and inflammation in a 
murine model of asthma. J Ethnopharmacol. 2018;218:76-
89. doi:10.1016/j.jep.2018.02.013

177.  Baur JA, Sinclair DA. Therapeutic potential of resveratrol: 
The in vivo evidence. Nat Rev Drug Discov. 2006;5(6):493-
506. doi:10.1038/nrd2060

178.  Malaguarnera L. Influence of resveratrol on the im-
mune response. Nutrients. 2019;11(5):1-24. doi:10.3390/
nu11050946

179.  Yang Y, Li S, Yang Q, et al. Resveratrol reduces the 
proinflammatory effects and lipopolysaccharide- in-
duced expression of HMGB1 and TLR4 in RAW264.7 
Cells. Cell Physiol Biochem. 2014;33(5):1283-1292. 
doi:10.1159/000358696

180.  Yuan J, Ge K, Mu J, et al. Ferulic acid attenuated acetamin-
ophen-induced hepatotoxicity though down-regulating 
the cytochrome P 2E1 and inhibiting toll-like receptor 4 
signaling-mediated inflammation in mice. Am J Transl 
Res. 2016;8(10):4205-4214.

181.  Zaffaroni L, Peri F. Recent advances on Toll-like receptor 
4 modulation: New therapeutic perspectives. Future Med 
Chem. 2018;10(4):461-476. doi:10.4155/fmc-2017-0172

182.  Ojeda MO, Fernández-Ortega C, Rosaínz M de JA. Dia-
lyzable leukocyte extract suppresses the activity of es-
sential transcription factors for HIV-1 gene expression in 
unstimulated MT-4 cells. Biochem Biophys Res Commun. 
2000;273(3):1099-1103. doi:10.1006/bbrc.2000.3065



54

Version 9.0

183.  Nguyen V, Mendelsohn A, Larrick JW. Interleukin-7 
and immunosenescence. J Immunol Res. 2017;2017. 
doi:10.1155/2017/4807853

184.  Lorenzo J. The Effects of Immune Cell Products (Cyto-
kines and Hematopoietic Cell Growth Factors) on Bone 
Cells. First Edit. Elsevier Inc.; 2011. doi:10.1016/b978-0-12-
375670-1.10007-x

185.  Spits H. Interleukine-7. In: Encyclopedia of Hormones. ; 
2003:439-446.

186.  Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. 
Lancet. 2020;395(10223):497-506. doi:10.1016/S0140-
6736(20)30183-5

187.  Jamilloux Y, Henry T, Belot A, et al. Should we stimu-
late or suppress immune responses in COVID-19? Cyto-
kine and anti-cytokine interventions. Autoimmun Rev. 
2020;19(7):102567. doi:10.1016/j.autrev.2020.102567

188.  Francois B, Jeannet R, Daix T, et al. Interleukin-7 restores 
lymphocytes in septic shock: the IRIS-7 randomized 
clinical trial. JCI insight. 2018;3(5):1-18. doi:10.1172/jci.in-
sight.98960

189.  M S-H. A Multicenter Randomized, Double-blinded Pla-
cebo-controlled of Recombinant Interleukin-7 (CYT107) 
for Immune Restoration of Hospitalized Lymphopenic 
Patients With Coronavirus COVID-19 infection in UK. Clin-
icalTrials.gov. Published 2020. https://clinicaltrials.gov/
ct2/show/record/NCT04379076?view=record

190.  Lara HH, Turrent LI, Garza-Treviño EN, Tamez-Guerra R, 
Rodriguez-Padilla C. Clinical and immunological assess-
ment in breast cancer patients receiving anticancer 
therapy and bovine dialyzable leukocyte extract as an 
adjuvant. Exp Ther Med. 2010;1:425-431. doi:10.3892/
etm_00000066

191.  Buinitskaya Y, Gurinovich R. Highlights of COVID-19 
Pathogenesis . Insights into Oxidative Damage.; 2020. 
doi:10.6084/m9.figshare.12121575

192.  Magro C, Mulvey JJ, Berlin D, et al. Complement associat-
ed microvascular injury and thrombosis in the pathogen-
esis of severe COVID-19 infection: a report of five cases. 
Transl Res. 2020;220:1-13.

193.  Gonçalves C, Dinis T, Batista MT. Antioxidant properties 
of proanthocyanidins of Uncaria tomentosa bark de-
coction: A mechanism for anti-inflammatory activity. 
Phytochemistry. 2005;66(1):89-98. doi:10.1016/j.phyto-
chem.2004.10.025

194.  Navarro M, Arnaez E, Moreira I, Hurtado A, Monge D, 
Monagas M. Polyphenolic composition and antioxidant 
activity of Uncaria tomentosa commercial bark products. 
Antioxidants. 2019;8(9). doi:10.3390/antiox8090339

195.  Padayatty SJ, Katz A, Wang Y, et al. Vitamin C as an Anti-
oxidant: Evaluation of Its Role in Disease Prevention. J Am 
Coll Nutr. 2003;22(1):18-35. doi:10.1080/07315724.2003.1
0719272

196.  Yamashita E. Let astaxanthin be thy medicine. PharmaNu-
trition. 2015;3(4):115-122. doi:10.1016/j.phanu.2015.09.001

197.  Saba L, Sverzellati N. Is COVID Evolution Due to Occur-
rence of Pulmonary Vascular Thrombosis? J Thorac Imag-
ing. Published online 2020.

198.  Lou Z, Du K, Wang T, Zhao X, Li X, Wang B. Resveratrol 
suppresses P-selectin, PSGL-1, and VWF through SIRT1 
signaling pathway. Acta Biochim Biophys Sin (Shanghai). 
2017;49(9):848-850. doi:10.1093/abbs/gmx077

199.  Arnout J. Thrombosis: Fundamental and Clinical Aspects. 
Leuven University Press; 2003.

200.  Shuai S, Yue G. Ferulic Acid, A Potential Antithrombotic 
Drug. J Lung Heal Dis. 2018;2(2):25-28. doi:10.29245/2689-
999x/2017/2.1127

201.  Román GC, Spencer PS, Reis J, et al. The neurology of 
COVID-19 revisited: A proposal from the Environmental 
Neurology Specialty Group of the World Federation of 
Neurology to implement international neurological regis-
tries. J Neurol Sci. 2020;414:116884.

202.  Ungvari Z, Bagi Z, Feher A, et al. Resveratrol confers en-
dothelial protection via activation of the antioxidant tran-
scription factor Nrf2. Am J Physiol - Hear Circ Physiol. 
2010;299(1):18-24. doi:10.1152/ajpheart.00260.2010

203.  Dalan R, Liew H, Tan WKA, Chew DEK, Leow MKS. Vita-
min D and the endothelium: Basic, translational and clin-
ical research updates. IJC Metab Endocr. 2014;4:4-17. 
doi:10.1016/j.ijcme.2014.06.003

204.  Monsalve B, Concha-Meyer A, Palomo I, Fuentes E. 
Mechanisms of endothelial protection by natural bio-
active compounds from fruit and vegetables. An Acad 
Bras Cienc. 2017;89(1):615-633. doi:10.1590/0001-
3765201720160509

205.  Loeper J, Goy-Loeper J, Rozensztajn L, Fragny M. The 
antiatheromatous action of silicon. Atherosclerosis. 
1979;33(4):397-408. doi:10.1016/0021-9150(79)90032-7

206.  Öner G, Cirrik S, Bulbul M, Yuksel S. Dietary silica mod-
ifies the characteristics of endothelial dilation in rat 
aorta. Endothel J Endothel Cell Res. 2006;13(1):17-23. 
doi:10.1080/10623320600660045

207.  May JM, Harrison FE. Role of Vitamin C in the Function 
of the Vascular Endothelium. Antioxid Redox Signal. 
2013;19(17):2068-2083.

208.  Schwarz K, Ricci BA, Punsar S, Karvonen MJ. Inverse Re-
lation of Silicon in Drinking Water and Atherosclerosis in 
Finland. Lancet. 1977;1(8010):538-539.

209.  Trincă L, Popescu O, Palamaru I. Serum lipid picture of 
rabbits fed on silicate-supplemented atherogenic diet. 
Rev Med Chir Soc Med Nat Iasi. 1999;103((1-2)):99-102.

210.  Najda J, Gminski J, Drożdż M, Flak A. The effect of sili-
con (Si) on lipid parameters in blood serum and arterial 
wall. Biol Trace Elem Res. 1991;31(3):235-247. doi:10.1007/
BF02990194

211.  Díaz M, Bascoy L. Immunoformulation for COVID-19. Ency-
cl. Published online 2020.

212.  Ferreira AO, Polonini HC, Djikers ECF. Postulated add-
on therapeutic strategies for COVID-19. Nutrients. 
2020;10(3):80.

213.  RxList. Transfer Factor. https://www.rxlist.com/transfer_
factor/supplements.htm

214.  Levin AS, Byers VS. Multiple chemical sensitivities: A 
practicing clinician’s point of view clinical and immuno-
logic research findings. Toxicol Ind Health. Published on-
line 1992. doi:10.1177/074823379200800411

ImmunoFormulation   |  References



55

Version 9.0Version 9.0

215.  Politi FAS, Moreira RRD, Salgado HRN, Pietro RCLR. 
Preliminary tests on acute oral toxicity and intestinal 
motility with extract of pulverized bark of Endopleu-
ra uchi (Huber) Cuatrec. (Humiriaceae) in mice. Rev 
Pan-Amazônica Saúde. 2010;1(1):187-189. doi:10.5123/
s2176-62232010000100026

216.  Sá BM, Lima CS, Silva UDA, et al. Subchronic toxicity 
evaluation of the hydroethanolic extract from Endopleura 
uchi (Huber) Cuatrec in Wistar rats. African J Pharm Phar-
macol. 2015;9(8):223-229. doi:10.5897/AJPP2014

217.  European Medicines Agency. Assessment Report on Un-
caria Tomentosa (Willd. Ex Schult.) DC., Cortex.; 2015.

218.  Drugs.com. Cat’s Claw. https://www.drugs.com/mtm/cat-
s-claw.html

219.  DerMarderosian A, Beutler JA. The Review of Natural Prod-
ucts : The Most Complete Source of Natural Product In-
formation. 5th ed. Lippincott Williams & Wilkins Europe; 
2008.

220.  de Oliveira K de JF, Donangelo CM, de Oliveira AV, da Sil-
veira CLP, Koury JC. Effect of zinc supplementation on the 
antioxidant, copper, and iron status of physically active 
adolescents. Cell Biochem Funct. Published online 2009. 
doi:10.1002/cbf.1550

221.  Neuvonen PJ. Interactions with the Absorption 
of Tetracyclines. Drugs. Published online 1976. 
doi:10.2165/00003495-197611010-00004

222.  Reyes AJ, Olhaberry J V., Leary WP, Lockett CJ, van der Byl 
K. Urinary zinc excretion, diuretics, zinc deficiency and 
some side-effects of diuretics. South African Med J. Pub-
lished online 1983.

223.  Reinhold JG, Faradji B, Abadi P, Ismail-Beigi F. Decreased 
Absorption of Calcium, Magnesium, Zinc and Phosphorus 
by Humans due to Increased Fiber and Phosphorus Con-
sumption as Wheat Bread. J Nutr. Published online 1976. 
doi:10.1093/jn/106.4.493

224.  Fosmire GJ. Zinc toxicity. Am J Clin Nutr. Published online 
1990. doi:10.1201/9781351077811-9

225.  Drugs.com. Zinc Gluconate. https://www.drugs.com/
pregnancy/zinc-gluconate.html

226.  Harkness R, Bratman S. Drug-Herb-Vitamin Interactions 
Bible. Prima Health; 2000.

227.  Patterson BH, Levander OA. Naturally occurring selenium 
compounds in cancer chemoprevention trials: A work-
shop summary. Cancer Epidemiol Biomarkers Prev. Pub-
lished online 1997.

228.  European Food Safety Authority. Scientific Opinion on 
the safety and efficacy of selenium in the form of organ-
ic compounds produced by the selenium-enriched yeast 
Saccharomyces cerevisiae NCYC R645 (SelenoSource 
AF 2000) for all species. EFSA J. 2011;9(6). doi:10.2903/j.
efsa.2011.2279

229.  AEMPS - Agencia Española de Medicamentos y Productos 
Sanitarios. Ficha Tecnica Selenio.; 2020. https://cima.ae-
mps.es/cima/dochtml/ft/80634/FT_80634.html

230.  Garnock-Jones KP. Eltrombopag: A review of its use 
in treatment-refractory chronic primary immune 
thrombocytopenia. Drugs. Published online 2011. 
doi:10.2165/11207390-000000000-00000

231.  Vieth R. Vitamin D supplementation, 25-hydroxyvitamin 
D concentrations, and safety. Am J Clin Nutr. Published 
online 1999. doi:10.1093/ajcn/69.5.842

232.  WebMD. Vitamin D3. https://www.webmd.com/drugs/2/
drug-10175/vitamin-d3-oral/details

233.  Burke RR, Rybicki BA, Rao DS. Calcium and vitamin 
D in sarcoidosis: How to assess and manage. Se-
min Respir Crit Care Med. Published online 2010. 
doi:10.1055/s-0030-1262215

234.  Vade Mecum. Monografías Principio Activo: Ascórbico 
ácido (vitamina C). Published 2015. https://www.vade-
mecum.es/principios-activos-ascorbico+acido+(vitam-
ina+c)-a11ga01

235.  AEMPS - Agencia Española de Medicamentos y Productos 
Sanitarios. Ficha Tecnica Acido Ascorbico.; 2020. https://
cima.aemps.es/cima/dochtml/ft/17536/FichaTecni-
ca_17536.html

236.  Wong C, Fogoros RN. The Health Benefits of Ferulic Acid. 
VeryWell Health. Published 2019. https://www.verywell-
health.com/the-benefits-of-ferulic-acid-89607

237.  Y T, K T, N A. Acute oral toxicity of ferulic acid, natural 
food additive, in rats. Annu Rep Tokyo Metrop Res Lab 
Public Heal. 1999;50:311-313.

238.  Li Y, Liu C, Zhang Y, Mi S, Wang N. Pharmacokinetics of 
ferulic acid and potential interactions with Honghua and 
clopidogrel in rats. J Ethnopharmacol. Published online 
2011. doi:10.1016/j.jep.2011.06.011

239.  European Food Safety Authority. Safety of synthetic 
trans-resveratrol as a novel food pursuant to Regulation 
(EC) No 258/97. EFSA J. 2016;14(1):1-30. doi:10.2903/j.
efsa.2016.4368

240.  RxList. Resveratrol. https://www.rxlist.com/resveratrol/
supplements.htm

241.  Drugs.com. Resveratrol. https://www.drugs.com/npp/
resveratrol.html

242.  Marles RJ, Barrett ML, Barnes J, et al. United states pharma-
copeia safety evaluation of spirulina. Crit Rev Food Sci Nutr. 
2011;51(7):593-604. doi:10.1080/10408391003721719

243.  Robb-Nicholson C. By the Way, Doctor. I Read That Spir-
ulina Is the Next Wonder Vitamin. What Can You Tell Me 
About It? Harv Womens Health Watch. 2006;14(3):8.

244.  Drugs.com. Spirulina. https://www.drugs.com/npp/spiru-
lina.html

245.  Johnson PE, Shubert LE. Availability of iron to rats from 
spirulina, a blue-green alga. Nutr Res. Published online 
1986. doi:10.1016/S0271-5317(86)80202-0

246.  Lee AN, Werth VP. Activation of autoimmunity following 
use of immunostimulatory herbal supplements. Arch 
Dermatol. Published online 2004. doi:10.1001/arch-
derm.140.6.723

247.  Hsiao G, Chou POH, Shen MY, Chou DS, Lin CH, Sheu JR. 
C-phycocyanin, a very potent and novel platelet aggrega-
tion inhibitor from Spirulina platensis. J Agric Food Chem. 
Published online 2005. doi:10.1021/jf051352y

ImmunoFormulation   |  References



56

Version 9.0

248.  Kraigher O, Wohl Y, Gat A, Brenner S. A mixed immu-
noblistering disorder exhibiting features of bullous pem-
phigoid and pemphigus foliaceus associated with Spiru-
lina algae intake. Int J Dermatol. Published online 2008. 
doi:10.1111/j.1365-4632.2007.03388.x

249.  Mazokopakis EE, Karefilakis CM, Tsartsalis AN, Milkas AN, 
Ganotakis ES. Acute rhabdomyolysis caused by Spirulina 
(Arthrospira platensis). Phytomedicine. Published online 
2008. doi:10.1016/j.phymed.2008.03.003

250.  Iwasa M, Yamamoto M, Tanaka Y, Kaito M, Adachi Y. 
Spirulina-associated hepatotoxicity [9]. Am J Gastro-
enterol. Published online 2002. doi:10.1016/S0002-
9270(02)05564-8

251.  Rawn DFK, Niedzwiadek B, Lau BPY, Saker M. Anatoxin-a 
and its metabolites in blue-green algae food supplements 
from Canada and Portugal. J Food Prot. Published online 
2007. doi:10.4315/0362-028X-70.3.776

252.  Jiang Y, Xie P, Chen J, Liang G. Detection of the hepato-
toxic microcystins in 36 kinds of cyanobacteria Spirulina 
food products in China. Food Addit Contam - Part A Chem 
Anal Control Expo Risk Assess. Published online 2008. 
doi:10.1080/02652030701822045

253.  Drugs.com. Acetylcysteine. https://www.drugs.com/
mtm/acetylcysteine.html

254.  Setnikar I, Cereda R, Pacini MA, Revel L. Antireactive 
properties of glucosamine sulfate. Arzneimittel-For-
schung/Drug Res. Published online 1991.

255.  RxList. Glucosamine Sulfate. https://www.rxlist.com/glu-
cosamine_sulfate/supplements.htm

256.  Aguilar F, Charrondiere UR, Dusemund B, et al. Cho-
line-stabilised orthosilicic acid added for nutritional pur-
poses to food supplements. EFSA J. 2009;1132:1-24.

257.  Younes M, Aggett P, Aguilar F, et al. Safety of orthosilicic 
acid-vanillin complex (OSA-VC) as a novel food ingredi-
ent to be used in food supplements as a source of sili-
con and bioavailability of silicon from the source. EFSA J. 
2018;16(1):1-19. doi:10.2903/j.efsa.2018.5086

258.  RxList. Silicon. https://www.rxlist.com/consumer_silicon/
drugs-condition.htm

ImmunoFormulation   |  References



Version 9.0



        

Fagron BV
Lichtenauerlaan 182 
3062 ME Rotterdam
The Netherlands

T +31 88 33 11 288
F +31 88 33 11 210
www.fagron.com

Disclaimer
All statements in this document have not been 
evaluated by the Food and Drug Administration or 
the European Medicines Agency. 
The ImmunoFormulation provided should be 
considered as a basis in personalized medicine for 
the prescribers, who shall evaluate qualitative and 
quantitative composition based on clinical symp-
toms and laboratory results. This formulation re-
fers to a dietary supplement and it is not intended 
to diagnose, treat, or cure any disease.

Marketing Support
As a raw ingredient manufacturer, we promote our 
ingredients on a business-to-business level.

Regulatory Support
Our regulatory experts collaborate with 
authorities and organizations globally to work 
towards a regulatory situation that is in favor of 
ImmunoFormulation on the basis of safety and 
quality.

Scientific Support
Fagron works in collaboration with universities and 
research centers around the world to strengthen 
the scientific backing of ImmunoFormulation. 
We maintain a database of published literature 
which is used by our technical experts to provide 
tailor-made, well-researched answers on technical 
questions. Please contact our scientific experts to 
get more details about the applications and tech-
nical benefits of ImmunoFormulation.


