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Abstract

Lindsey R Ormond.

After nearly two years of living with the COVID-19 pandemic, much has been learned. Today we know that the virus that causes

COVID-19 is transmitted in the air, treatments have improved, and prevention of contracting it is possible through vaccination. This
opens an opportunity for natural ingredients and bovine lactoferrin is considered to be one of the best options for treating and pre-
venting COVID-19. Lactoferrin has been studied extensively before the identification of severe acute respiratory syndrome corona-
virus (SARS-CoV-2), which causes COVID-19. It was found to be an anti-viral agent against other viruses, and now new research has
shown it to be equally effective against the virus that causes COVID-19. In addition, lactoferrin has the potential to boost the body’s
natural immune function without over-reacting. Clinical studies in COVID-19 patients, who took oral bovine lactoferrin, improved
faster and tested negative for SARS-CoV-2 virus sooner compared to those who were not supplemented. Besides helping treat COV-
ID-19 patients, lactoferrin holds promise for prevention against getting it. In one clinical trial, healthy subjects, who received supple-
mental lactoferrin, did not develop COVID-19 despite living with family members who had it. From the current body of evidence, it is
possible to determine the right amount of lactoferrin to use if you contract COVID-19 and what you need to prevent it. For treatment,
use of 500 mg to 1,000 mg daily of lactoferrin is recommended until symptoms associated with COVID-19 have improved or have
gone away completely. For prevention, taking 250 mg to 500 mg daily is recommended. Lactoferrin is a well-tested, safe, and natural

compound with the potential to help many during the COVID-19 pandemic.
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Introduction

The Severe Acute Respiratory Syndrome coronavirus (SARS-
CoV-2 virus), which causes coronavirus disease (COVID-19), has
lead to a pandemic. Just about everyone on the planet knows
someone who has contracted COVID-19 or died from the illness.
Pharmaceuticals are available to treat this illness, but they are lim-
ited and are administered based on the severity of the disease [1].
In the U.S,, three vaccines are available to those over 11 years of
age, and one has been approved for those starting at 5 years of age.
These vaccines reduce the risk of contracting COVID-19, or if it is

contracted, lessen the severity of illness.

New drugs to treat any condition are slow in developing, tak-

ing more than 10 years typically [2]. And the failure rate is more

than 90%. Finding natural compounds to treat and prevent CO-
VID-19 may hold promise and certainly be faster. For example, in
April 2020, the U.S. Food and Drug Administration gave approval to
two academic centers to study the effect of a medicinal mushrooms
(turkey tail, Trametes versicolor; and agarikon, Fomitopsis officina-
lis) and a herbal blend (modified Qing Fei PaiDu Tang, which is a
combination of 21 herbs from 4 Chinese herbal formulations) in
patients with acute SARS-CoV-2 virus [3].

Other researchers explored more than 1,400 FDA-approved
compounds for their anti-viral effect on the SARS-CoV-2 virus [2].
Seventeen compounds were effective anti-viral agents, but lacto-
ferrin was the best. It was shown to inhibit the SARS-CoV-2 infec-

tion in all cell models, by multiple modes of action (including pre-
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venting the virus from attaching to the body’s cells; enhancing the
body’s immune function; and minimizing an overactive immune
response). These authors encouraged further exploration into
using lactoferrin as a therapeutic option for managing COVID-19,
due to its effectiveness and high safety profile [2]. This sentiment
was echoed by others, who averred that lactoferrin may represent
a potent new prevention against COVID-19, because of its ability
to block the binding of the SARS-CoV-2 virus to the body’s cells,

thereby creating a natural host-defense [4].

Lactoferrin is immune-boosting, and an antioxidant, anti-
inflammatory, and anti-viral natural ingredient [5]. This review
covers: definitions of COVID-19 and lactoferrin; how lactoferrin
works against the SARS-CoV-2 virus; review of human studies us-
ing lactoferrin as a treatment and preventative compound against
COVID-19; liposomal vs. non-liposomal lactoferrin; and proposed

amounts of lactoferrin to use to treat and prevent COVID-19.

What is COVID-19?

COVID-19 is an acute disease characterized by pneumonia and
acute respiratory distress syndrome (ARDS) [5]. It is caused by the
virus, SARS-CoV-2, which is highly contagious and adept at pre-
serving its own survival by spreading and replicating easily in the

human body.

The SARS-CoV-2 virus gets transmitted through contact of aero-
sol droplets in the air from an infected person. The virus enters the
nasal passage and continues down into the lungs, where it binds to
cells [5,6]. The SARS-CoV-2 virus can also later retreat to the gas-
trointestinal tract and replicate there [6,7]. Once inside the body,
the SARS-CoV-2 virus suppresses a person’s own antiviral and im-
mune response capabilities. This can cause acute lung injury and
pneumonia [5]. Symptoms usually appear two to fourteen days af-

ter exposure to the virus [8].

People who develop COVID-19 usually experience an asymp-
tomatic phase with or without detectable virus, followed by a
symptomatic phase with a high viral load. It is possible that people
are more contagious during the asymptomatic stage than when
they experience symptoms [9]. What is perplexing is that clinical
presentation of COVID-19 can range from having no symptoms all

the way up to severe, life-threatening cases.

How the SARS-CoV-2 virus progresses depends upon someone’s
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immune status, age, and the presence of underlying medical con-
ditions [5]. Based on the literature, typical clinical symptoms of
COVID-19 patients include dry cough (67%), fever (88%), fatigue
(38%), muscle aches (14.9%), and shortness of breath (18.7%)
(5). Other symptoms, according to the Centers for Disease Control
and Prevention (CDC), can occur including, headache, sore throat,
runny nose, and gastrointestinal problems (e.g., diarrhea, vomiting
and nausea) (Table 1) [10]. Pneumonia is the most severe mani-
festation of this viral infection. Elderly individuals and those with
underlying conditions, such as cardiovascular and lung diseases,
may suffer from more severe symptoms and mortality [9]. Obesity
and having type 2 diabetes have also been identified as risk factors
for COVID-19.

People with these symptoms | Fever or chills

may have COVID-19, but Cough
does not include all possible | Shortness of breath or difficulty
symptoms breathing

Fatigue

Muscle or body aches

Headache

New loss of taste or smell
Sore throat

Congestion or runny nose
Nausea or vomiting

Diarrhea
If someone is showing any of | Trouble breathing
these signs, seek emergency Persistent pain or pressure in
medical care immediately. the chest

New confusion

Inability to wake or stay awake
Pale, gray, or blue-colored skin,
lips, or nail beds, depending on
skin tone

Table 1: Symptoms of COVID-19 from the Centers for Disease
Control and Prevention*

*Based on reference 10.

What is lactoferrin?

Lactoferrin is an iron-binding, defense glycoprotein that is natu-
rally occurring and non-toxic with a molecular weight of 70-80kDa
[5,9]. It is a simple polypeptide chain with two symmetrical lobes

that can bind metal atoms like iron. Lactoferrin is found in most
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bodily fluids and expressed and secreted by glandular cells [6,11].
For example, it is present in several body fluids besides milk such
as saliva, tears, semen, vaginal fluid, gastrointestinal fluids, and
urine [6]. It is also found in nasal and bronchial secretions, and
therefore, uniquely becomes the primary defense against respira-
tory microbial infections like the SARS-CoV-2 virus. Some blood
cells like neutrophils and acinar cells in the panaceas, which allow

for digestion of foods, also make lactoferrin [6].

Lactoferrin appears in especially high concentrations in mam-
malian milk, such as from humans and bovines. The concentration
of lactoferrin is highest in colostrum and declines over time [9].
For example, typical human breast milk has about 1 gram per liter

of lactoferrin, while colostrum can have up to 7 grams per liter [6].

The effectiveness of bovine-derived lactoferrin has been com-
pared to human lactoferrin. Laboratory tests on human corona-
viruses, like those that cause the common cold, showed that both
forms of lactoferrin - bovine- and human-derived - exhibited anti-
viral activity [12]. Interestingly, the human lactoferrin was three to

eight times less potent than the bovine form.

Paradoxically, in the presence of an infection like the SARS-
CoV-2 virus, the body’s ability to make it decreases [11,13]. Thus,
the use of bovine lactoferrin to treat or prevent COVID-19 could be

a useful strategy.

Mechanism of actions of lactoferrin on the sars-COV-2 virus
that causes COVID-19

Lactoferrin is of intense scientific interest as a treatment and
preventative natural ingredient against SARS-CoV-2 virus that
causes COVID-19 [11,14]. Lactoferrin confers unique roles in pro-
tecting an individual from getting COVID-19, and recovering from
it, if contracted. Mechanisms of action of bovine lactoferrin on
SARS-CoV-2 virus are discussed below (Table 2).

Mechanism of

) Explanation
action

Stimulating the body’s immune system

Immune
modulation

Increasing the numbers of immune cells that
can fight COVID-19 (e.g., increase cells that
destroy the virus) [9].

Reducing other cells that may foster viral
replication (e.g., inflammatory cells) [9].
Directing more immune-fighting cells to

the site of an infection and activate them to
destroy viral particles [9].

Stimulating natural killer cell activity [6].
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Iron Binding to iron by chelation, thereby

binding and rendering it unavailable for replication of a

viral virus like SARS-CoV-2 virus [7].

replication Reducing ferritin levels and removing excess
iron out of the body, leading to less viral
replication [13].
Inhibiting creation of reactive oxygen
species, thereby reducing oxidative stress.
The antioxidant effect impairs the ability of
SARS-CoV-2 virus to replication [13,15].

Anti-viral Competing with SARS-CoV-2 virus for

activity receptors sites that allow entry into cell

where replication occurs (i.e., heparan
sulphate proteoglycan and angiotensin
converting enzyme-2 [6,9,11,12,14].
Working synergistically with the anti-viral
drug, remdesivir [12].

Preventing the body’s immune system from over-reacting

to a viral invasion

Controlling the cytokine storm [6,7,11,13,
14,16].

Reducing the cytokines interleukin-6 and
ferritin, which are associated with higher
disease severity during COVID-19
[6,7,13,14,16].

Increasing interferon, leading to a reduction
in SARS-CoV-2 viral replication [5,9].
Reducing platelet aggregation, by regulating
plasminogen, which is released in the
presence of SARS-CoV-2 virus [13,14,15].

Protecting the gastrointestinal tract

Lessening diarrhea [6].

Exerting an anti-inflammatory effect in the
gastrointestinal tract by balancing the local
microbiota and reducing the intestinal dam-
age induced by the SARS-CoV-2 virus [6].
Increasing the good micro-flora-such as
bifidobacterial-and decreasing the bad
bacteria, such as E. coli, streptococcus, and
clostridium [6].

Binding to ACE-2 and HSPG receptors,
disallowing SARS-CoV-2 virus from attaching
and replicating [7].

Offering beneficial effects in the
gastrointestinal tract and recommended as
preventive measure against COVID-19 [15].

Table 2: Mechanisms of action of bovine lactoferrin on SARS-

CoV-2 virus.
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Stimulating the body’s immune system to counteract a patho-

logical viral invasion

Before the discovery of SARS-CoV-2 virus, lactoferrin had been
studied extensively for its ability to enhance the body’s immune
system after invasion from a viral or bacterial infection [11,13].
This is important because the presence of the SARS-CoV-2 virus
dampens one’s own immune system, just when it is needed to fight

off this virus.

Below are several ways that lactoferrin works to enhance the

body’s immune system to combat SARS-CoV-2 virus.

Immune modulation

Lactoferrin is a true immune-modulator as it increases the num-
bers of immune cells that can fight SARS-CoV-2 virus (e.g., increase
natural Killer cells that destroy the virus) and reduces inflamma-
tion that may foster viral replication (e.g., enhancing the antigen
expression ability of B cells and regulating the function of T cells)
[9]. The immune-modulatory effects of lactoferrin, in essence, al-
low the body to defend itself against infections, while at the same
time, controlling excessive inflammation (discussed in the next sec-
tion, “Preventing the body’s immune system from over-reacting to

a viral invasion”).

Lactoferrin is an attractive, natural immune enhancer because
many immune cell surfaces house receptors that recognize lacto-
ferrin [9]. These cells can use lactoferrin to fight off infections such
as the virus that causes COVID-19. Lactoferrin can also direct more
immune-fighting cells such as natural killer cells and type 1 inter-
ferons to the site of an infection and activate other cells to destroy

viral particles.

Lactoferrin also plays a unique role in stimulating the body’s
ability to make virus-fighting cells called natural Kkiller cells [9].
Oral administration of lactoferrin can enhance natural killer cell
activity against virus-infected cells by facilitating the production
of another cytokine, interleukin-18 [9]. Cytokines are proteins se-
creted by cells as part of the body’s immune response. It is believed
that lactoferrin stimulates natural killer cell activity in the pres-
ence of the SARS-CoV-2 virus [6].

Iron-binding and viral replication

Any bacterial or viral infection that has invaded the body is
looking for iron to replicate [13,14]. Lactoferrin has the ability to
bind to iron by chelation, thereby rendering it unavailable for rep-
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lication of a virus like SARS-CoV-2 virus [7]. Paradoxically, in re-
sponse to an inflammatory insult like an invading virus, the body
releases more iron in the form of iron-containing proteins like fer-
ritin. Lactoferrin can also reduce ferritin levels, thereby removing
excess iron out of the body, which leads to less viral replication and

reduces inflammation [13].

The ability of lactoferrin to bind iron leads it to behave like an
anti-oxidant by controlling oxidative stress [13,15]. The binding of
iron is associated with inhibition of reactive oxygen species forma-
tion, the hallmark of oxidative stress. This antioxidant effect im-
pairs the ability of SARS-CoV-2 virus to replicate.

Anti-viral activity

Lactoferrin has anti-viral effects, which generally occur in the
early phase of infection, preventing viral particles from replicat-
ing [4,7,9,11]. It is possible that the way lactoferrin behaves as an
anti-viral is that it binds directly to SARS-CoV-2 virus, and prevents
the virus from replicating [6,11]. However, based on how lactofer-
rin behaves against other viruses, this seems unlikely, according to
others who have argued that lactoferrin doesn’t bind to a virus like
SARS-CoV-2 [12].

Lactoferrin has a long history of being a broad-spectrum, natu-
ral, anti-viral natural compound. It has demonstrated abilities to
counteract a wide range of human and animal viruses including
rotavirus, respiratory syncytial virus, herpes viruses, hepatitis C,
Chikungunya, cytomegalovirus, human papillomavirus, and the
human immunodeficiency virus [6,9,11]. All of these viruses and
SARS-CoV-2 virus share a common molecule, heparan sulphate
proteoglycan (HSPG), which is an attachment factor that sits on the

hosts’ cell membranes [12].

Any virus, including SARS-CoV-2 virus, needs to attach to the
host’s cells and then bind to receptors on the cell surfaces to make
someone ill [9]. SARS-CoV-2 virus uses its spike protein, which sits
on the viral cell membrane, to attach to HSPG and then to the host
cell’s receptor, angiotensin converting enzyme-2 (ACE-2) [12,14].
Receptors are like doors that enable movement of biological chem-
icals in and out of the cells. They require “keys”, which only allow
certain compounds like SARS-CoV-2 virus’ spike protein to attach

and enter a cell if they have the right match (i.e, the right key).

Two receptors are of interest because both SARS-CoV-2 virus

and lactoferrin possess the “right key”. One receptor is called HSPG
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and the other is ACE-2 [14]. Once a virus attaches to these doors
(receptors), it takes over a cell’s regular operation, and begins
replicating itself. If lactoferrin binds to these receptors first, then
SARS-CoV-2 virus can no longer attach to the cell and commandeer

operations.

These ACE-2 and HSPG receptors are on cells in the respiratory
system, where SARS-CoV-2 virus first takes hold. Taking lactoferrin
immediately after testing positive for COVID-19 may be advisable
to prevent SARS-CoV-2 virus attaching to these receptors and repli-
cating. In addition, over time, SARS-CoV-2 virus can progress to the
gastrointestinal tract, where these same receptors are also present
[9]. The gastrointestinal tract is a site where the body internalizes
SARS-CoV-2 virus, allowing for viral replication to occur leading
to active infection. Abundant lactoferrin remains on the lining of
the gastrointestinal tract immediately after ingestion, thereby pro-
tecting the body’s cells against SARS-CoV-2 virus. Thus, it seems
prudent to continue taking lactoferrin for the entire time that the
test for COVID-19 is positive, potentially preventing further viral

replication and infection.

Another reason to continue with lactoferrin supplementation is
that it has been shown to work synergistically with a commonly

prescribed anti-viral treatment drug, remdesivir [12].

Preventing the body’s immune system from over-reacting to a

viral invasion

Any invasion from a foreign body like a virus or bacteria causes
the body to mount an immune response to attack it, including re-
leasing cytokines. A modest response is beneficial, but far too often,
and in the case of COVID-19, the body over-reacts and releases too
many cytokines [15]. This over-reaction is referred to as a cytokine
storm, which some consider the cause of death associated with
COVID-19, rather than the virus itself [11]. In addition to causing
a violent immune response, the cytokine storm is also associated
with increased thrombosis from excessive platelets clotting, and
with intestinal microflora dysbiosis [15]. These changes related to
a cytokine storm are thought to be associated with increased mor-
bidity and mortality seen in COVID-19 patients [11,14,15].

Lactoferrin does three things related to preventing the cytokine
storm during COVID-19:
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e  Controls the release of all cytokines [16]

e Enhances the release of “good”, less inflammatory cytokines
such as interleukin (IL)-4 and IL-10 [6]

e  Reduces the release of pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-alpha), IL-6 and IL-1 beta,
and down-regulates nuclear factor-kappa B [6,13,14].

The immune system has been shown to over-respond to the
SARS-CoV-2 virus but this can be dampened with lactoferrin. Lac-
toferrin helps control the immune response to a pathological virus
and restore homeostasis [7,11]. This milk protein is able to limit

tissue damage in the body by controlling the release of cytokines.

Acute respiratory distress and subsequent death from COVID-19
is not only caused by the SARS-CoV-2 viral infection itself, but also
by the hyper-inflammation from the cytokine storm [6,7,11,14,16].
A cytokine profile in severe COVID-19 cases is characterized by an
increase in cytokines like IL-6, TNF-alpha, and by acute-phase re-
actants such as ferritin. With COVID-19, higher levels of IL-6 and

ferritin are associated with higher disease severity [13].

Lactoferrin has been shown to reduce IL-6 and ferritin in both
experimental models and human studies of SARS-CoV-2 virus
[6,7,13,14,16]. In experimental studies, TNF-alpha was also de-
creased in cells treated with lactoferrin. These findings suggest
that lactoferrin can modulate an over-active immune and control
the inflammatory response, which, if left unchecked, causes respi-
ratory failure and possibly death. Thus, lactoferrin represents a
non-toxic health supplement that could be a candidate as an ad-

junct treatment in treating severe cases of COVID-19 [7,11,14].

Another cytokine of interest is interferon. The presence of the
SARS-CoV-2 virus reduces the body’s ability to produce interferon,
which is normally made to fight off infections [5]. Interferon pro-
duction is increased with lactoferrin, leading to a reduction in the
SARS-CoV-2 viral replication [9].

Not directly related to the immune system over-reacting but
equally important is the ability of lactoferrin to serve as an anti-co-
agulant. Lactoferrin has the ability to regulate plasminogen, which
is a protein that is released in the presence of the SARS-CoV-2 virus.
Over production of plasminogen causes the body to make too many
platelets, resulting in excess blood clotting [13,14,15]. The ability

to lessen how aggressively the blood clots is as important as con-
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trolling how fast the SARS-CoV-2 virus replicates. Both are major

causes of organ failure and possibly death.

Protecting the gastrointestinal tract

Although the SARS-CoV-2 virus starts to replicate in the respi-
ratory system, it eventually makes its way to the gastrointestinal
tract where it continues replicating [9]. This is known because viral
shedding from the stool occurs in a substantial portion of patients
with COVID-19 [7].

Evidence of the SARS-CoV-2 virus entering the gastrointesti-
nal tract is also based on a human study in which 94% of the pa-
tients developed diarrhea [6]. When oral lactoferrin was given to
these COVID-19 patients, it lessened diarrhea within five days. It
is thought that lactoferrin may exert an anti-inflammatory effect
in the gastrointestinal tract by balancing the local microbiota and
reducing the intestinal damage induced by the SARS-CoV-2 virus.
Lactoferrin can increase the good micro-flora-such as bifidobacte-
rial-and decrease the bad bacteria, such as E. coli, streptococcus,

and clostridium.

Using a line of cells from the intestine called Caco-2, investiga-
tors looked at the effect of lactoferrin blocking SARS-CoV-2 virus
from entering these cells [7]. These cells have two receptors (i.e.,
ACE-2 and HSPG) that are available for both SARS-CoV-2 virus and
lactoferrin. If lactoferrin has been orally consumed, then it is able
to bind to these receptors, disallowing SARS-CoV-2 virus from at-
taching and replicating. These investigators found that lactoferrin
boosted the anti-viral immune response in these human gastroin-
testinal cells, partially inhibiting SARS-CoV-2 infection [7]. Thus,
lactoferrin appears to be an anti-viral treatment in the gastrointes-
tinal tract against SARS-CoV-2 virus. Lactoferrin is also considered
to be a preventative measure, offering beneficial effects in the gas-

trointestinal tract [15].

Human studies

Despite the promising in vitro studies showing positive effects
of lactoferrin on neutralizing the harmful effects of SARS-CoV-2 vi-
rus, clinical studies are lacking. Three studies were identified on
PubMed (https://pubmed.ncbi.nlm.nih.gov/ ) in which lactoferrin
was given to people who had COVID-19. A summary of the three
studies is presented on table 3.
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Giving lactoferrin to patients with mild-to-moderate COVID-19
shortened the time to a negative polymerase chain reaction

(PCR) test, compared to patients not receiving lactoferrin.

Lactoferrin speeds up recovery by improving
symptoms related to COVID-19 like having a dry cough, muscle

aches, fatigue, headaches, and being able to taste food.

Beneficial effects of supplemental lactoferrin begin within five
days of use and continue improving

symptoms after 10 days.

Lactoferrin helps patients with COVID-19, but also seemed to
prevent family members living with these patients from con-

tracting the virus.

Lactoferrin, provided as a liposome, was studied in two of the
three studies and was found to be effective at treating CO-
VID-19. One study used the non-liposomal form of lactoferrin
and did not find any benefit, but perhaps this was due to the
low dose provided (200 mg and 400 mg) and the short duration
of the study, which was seven days. It is not clear whether the
lactoferrin needs to be provided as a liposome based on these
three clinical trials. All in vitro studies on SARS-CoV-2 virus

revealed important benefits from non-liposomal lactoferrin.

Lactoferrin should be considered as an adjunctive treatment

to patients with COVID-19. It was shown to be effective when
combined with usual care consisting of things like supplemental
oxygen, anti-biotics, anti-viral medications, and other nutrients

like vitamin C and zinc.

Liposomal lactoferrin can be provided orally and as a nasal
spray. The SARS-CoV-2 virus begins in the nose and in some
cases migrates to the gastrointestinal track. Hence, this dual
approach of delivering

lactoferrin may be more beneficial than just providing it orally.

No adverse side effects of lactoferrin were reported. Lactoferrin

is safe for children, adults, and pregnant women.

Table 3: Summary of outcomes from three clinical studies in

patients with COVID-19 who received lactoferrin*.

*Based on references [6,13,17].

Citation: Stacey | Bell and Lindsey R Ormond. “Lactoferrin for Treating and Preventing COVID-19: A Review". Acta Scientific Nutritional Health 6.2

(2022): 61-72.



https://pubmed.ncbi.nlm.nih.gov/

Lactoferrin for Treating and Preventing COVID-19: A Review

Detailed review of three human studies using lactoferrin in
treatment of COVID-19.

Study 1

The first reported use of lactoferrin in patients with document-
ed COVID-19 was conducted by a group of researchers from Ses-
derma Laboratories [6]. Seventy-five, home-bound patients with
documented COVID-19 entered a study to receive liposomal lacto-
ferrin, zinc, and vitamin C. Patients were monitored twice daily for
ten days and then followed up one month later. Another group of
family members (n = 256), who were living with these COVID-19
patients, received the same compounds but at half the doses of

these compounds.

COVID-19 patients in this study took four to six doses of liposo-
mal lactoferrin daily that provided between 256 and 384 mg daily;
in this range, the participants also received about 60 mg of vitamin
C. Liposomal zinc, 10 mg twice daily was also provided. Those who
started the study with a headache, dry cough, and nasal conges-
tion were also treated with liposomal lactoferrin nasal drops and
mouth spray. Others with breathing difficulty were provided lacto-

ferrin in an aerosolized form.

The most important finding was that the major symptoms as-
sociated with COVID-19 mostly cleared up after five days with lipo-
somal lactoferrin, liposomal zinc, and vitamin C. Sixty-one percent
started off with a dry cough and 39% had it at day-5. Similarly for
muscle aches, 67% started off with this, yet only 2% complained of
this symptom at day 5. Ninety-four percent started off complaining
of feeling tired, but by day 5, only 28% had this complaint. Head-
aches, that were present in 56% of the subjects at the start of the
study, went away completely at day 5. For those 77% who lost their
sense of taste, on the fifth day of follow-up, 44% still had this prob-
lem, but which completely resolved by day 10. This showed that li-
posomal lactoferrin was helpful in treating COVID-19 patients. For
the healthy family members who got half of the lactoferrin dose
(128 to 192 mg) and other nutrients, no one contracted COVID-19,

indicating that this regimen may be helpful as a preventative agent.

The results of this study were considered to be limited because
there was no control group. However, the promising results showed
that lactoferrin was simple to take, safe, and potentially could be
used as a treatment for and prevention against COVID-19. And lac-

toferrin can be used by the young, elderly, and pregnant women.
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Study 2

A later clinical study in patients with COVID-19 [13], who re-
ceived lactoferrin and usual care, found similar benefits to the ear-
lier study [6]. Ninety-two individuals were recruited for the study
of which 67 presented with mild-to-moderate symptoms and 25
were asymptomatic. Each was assigned to one of three treatment
groups: 1%, oral and intranasal liposomal lactoferrin (32 total, of
which 14 were hospitalized but not in the ICU, and 18 were at
home), 2", usual care of antibiotics (28 hospitalized patients), or
3 home-based patients not taking medications or lactoferrin (28
patients). Another group of 32 COVID-19-negative subjects were
untreated, healthy, and served as a control group. Average ages for

the three patient groups ranged from 40 to 50 years.

The 32 patients assigned to receive daily liposomal lactofer-
rin received capsules taken orally containing 100 mg of lactofer-
rin each, and a nasal spray containing 8 mg of lactoferrin per mL.
The scheduled oral treatment was 1 gram daily of lactoferrin for 30
days (10 capsules per day) and the intra-nasal spray was adminis-
tered 3 times daily (a total of about 16 mg of lactoferrin per each

nostril).

The primary endpoint was the length of time to become nega-
tive for SARS-CoV-2 virus using a PCR test. The group receiving lac-
toferrin were the first to become negative at day 14 (mean time
to negative test; P < 0.0001), compared to non-significant findings
from those who received standard medical management (mean
time to negative test; day 27), and no treatment COVID-19 patients
(mean time to negative test; day 33). This suggests that liposomal

lactoferrin may shorten the time that someone is contagious.

The secondary endpoint was the duration of time to recover
from COVID-19 symptoms. Those receiving lactoferrin had faster
recovery compared to the standard care group and to non-treat-
ed patients. Fatigue was the most common remaining symptom
of those who were still symptomatic at day-30 (21%), which was
down from its high of 50% of subjects at day-15. Other symptoms
of a cough and joint pain improved, but the lack of a sense of smell

did not return.

Tertiary endpoints were related to inflammatory markers. After
30 days in the lactoferrin-supplemented group, the inflammatory
cytokine, IL-6 was significantly reduced compared to baseline (P <

0.05). As previously mentioned, this cytokine goes up with the se-
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verity of illness, indicating that lactoferrin may reduce it, and thus
the burden of the virus on the body. Similarly, elevated ferritin is as-
sociated with worse outcomes from COVID-19, and the lactoferrin

group experienced a significant decrease in this marker (P < 0.04).

Thus, the findings of this study suggest that liposomal lactofer-
rin is a safe and effective adjunctive treatment of patients with CO-
VID-19, who have mild-to-moderate symptoms or are asymptom-

atic.

Study 3. A third study lasting seven days [17] using a non-lipo-
somal lactoferrin showed improvement in symptoms, but these did
not achieve the statistically significant as seen in the previous two
studies in patents with COVID-19 [6,13]. The participants (n = 54)
had confirmed, mild-to-moderate cases of COVID-19 [17]. All par-
ticipants received usual care which included: oxygen, hydroxychlo-
roquine, vitamin C at 1 g daily, zinc at 600 mg daily and acetylcyste-
ine at 200 mg three times daily. Two groups, each with 18 subjects,
received lactoferrin - one at 200 mg once daily, and the other at 200
mg twice daily for seven days. Another group served as a control

and did not get lactoferrin.

The findings showed no statistically significant difference
among the three groups regarding recovery of symptoms or labo-
ratory tests improvements. The two lactoferrin groups improved
over seven days for COVID-19 symptoms including fever, dry cough,
diarrhea, headache, loss of sense of taste and/or smell and tired-
ness, but not significantly more than the control group. It is pos-
sible that the amount of lactoferrin provided, the use of non-lipo-
somal lactoferrin, or the short duration of study lead to these null

findings.

Digestion and absorption of lactoferrin through the life cycle

Orally ingested lactoferrin passes from the stomach and travels
into the blood or lymphatic system, depending upon different pe-
riods of life [14,18,19]. The major challenge that hinders the wide
application of lactoferrin is related to its poor in vivo stability, due

to rapid degradation by proteolytic enzymes associated with aging.

Human babies and newborns of other mammals enjoy the full
benefits of lactoferrin with milk consumption that is essential for
their development [18]. Breast-fed babies or infants, who are given
a formula fortified with added lactoferrin, ingest high amounts of

lactoferrin that directly induces the growth and proliferation of en-
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terocytes [19]. In these cases, limited gastric degradation of lacto-
ferrin occurs. Lactoferrin plays an important role during infancy
and has been shown to reduce the risk of sepsis in pre-term infants,
according to a meta-analysis including ten randomize controlled

trials involving 3, 679 infants [20].

As infants grow, less lactoferrin is ingested and the maturation
of the digestive system allows for a more complete digestion of it.
Lactoferrin is broken down into several large fragments by the gas-
tric digestive enzyme, pepsin [19]. Since lactoferrin receptors are
found in the intestinal mucosa and in the cells of the lymphatic tis-
sue of the intestine, it is important that lactoferrin maintains its

structural integrity to bind its receptors at these two sites [19].

By adulthood, orally consumed lactoferrin will be largely di-
gested into small molecules in the stomach, and thus, it will no
longer be intact. However, gastric degradation of lactoferrin in hu-
mans still allows for 60 - 80% of what is ingested to enter the small
intestine intact after oral ingestion [21]. In addition, protein deg-
radation also has positive aspects as some peptides produced by
its digestion, such as lactoferricin, a 25-residue peptide, and lacto-
ferrampin, a 20-residue peptide, display potent defensive activity
[19]. Lactoferricin, in some cases, displays more potent antibacte-
rial, antimicrobial, and anti-inflammatory properties, and greater
anti-fungal activity than intact lactoferrin. In addition, lactofer-
rampin shows wide antimicrobial action against bacteria, viruses,
yeasts and parasites. Additional studies are needed to identify all
biological activities of these bioactive peptides derived from the di-

gestion of lactoferrin.

Encapsulating lactoferrin

Some have argued that encapsulating or enterically-coating oral-
ly ingested lactoferrin will prevent gastric degradation [14,19,21].
Some methods include PEGylation, which appears to be one of the
best; iron saturation; chitosan and chitosan derivatives; and shells
comprising alternate layers of bovine serum albumin and tannic
acid [18,19]. However, clinical studies are lacking to show the ef-

fectiveness of these methods.

Liposomal lactoferrin

Creating a lactoferrin liposome is another method that may of-
fer protection in the stomach and allow for the lactoferrin to be
taken up by the lymphatics rather than going through the portal

circulation, as is typical with most ingested protein [14]. A group
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of Japanese investigators prepared a lactoferrin liposome using
multi-lamellar layers composed of egg yolk phosphatidylcholine
and phytosterols [21]. Using an in vitro artificial gastric digestion
model, this liposomal form of lactoferrin withstood gastric degra-
dation better than a non-liposomal form but a certain level of the
non-liposomal form remained intact. This study showed that oral
lactoferrin can be considered to enter the intestinal lumen and
have the biological functions, regardless of whether it is liposomal-

ized or not.

The only human study testing liposomal lactoferrin (300 mg)
on immune function was performed in healthy males [22]. The li-
posomes were made using multi-lamellar vehicles and prepared by
hydrating the food grade lecithin, but this method was not identical
to other preparations [21]. Multiple measures of immune function
were evaluated but only one, interferon-alpha, increased in the li-
posomal but not non-liposomal form of lactoferrin. Other mark-
ers of immune function were not significantly different between
the two forms of lactoferrin (e.g., natural killer cell activity, IL-6,
TNF-alpha). This finding contradicts another study in which both
interferon and natural Killer cells increased in response to a non-
liposomal form of lactoferrin [9]. Another human study [6] used a
different preparation method for liposomal lactoferrin to the one
in this study [22], but did not measure blood, so no comparison
can be made about the efficacy of liposomal lactoferrin on immune

markers.

It seems that liposomal lactoferrin is an appealing way to de-
liver this protein, but clinical data are lacking on whether it is su-
perior to the non-liposomal form. Both seem to work in a variety
of ways to boost immunity. No human studies have confirmed that
liposomal lactoferrin remains intact and enters the lymphatic sys-

tem and other unresolved issues remain (Table 4).

Issue related to

. Resolved/unresolved
lactoferrin

Clinical studies

Liposomal form of Showed efficacy against COVID-19

lactoferrin symptoms [6,13].

Did not show efficacy [17].

) Unresolved: the non-liposomal did
Non-liposomal form of ) .

. not show efficacy because of its form,
lactoferrin . .
inadequate dose, or short duration of

the study [17].
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Digestion/absorption

Less lactoferrin is digested by gastric
enzymes in infants and more of the
intact form reaches the intestine
[18,19].

60 - 80% of orally consumed
lactoferrin enters the intestine intact
[21].

Degradation of lactoferrin in the
stomach produces other bio-active
proteins [19].

Unresolved: providing more
non-liposomal lactoferrin may
obviate the need to create a liposome

Changes with aging

Encapsulation

Many methods exist, including
liposomal form [18,19,21].
Liposomal methods used in clinical
studies [6,13,22] were not identical
to others that confirmed entry into
the lymphatics [21].

Unresolved: all liposomal forms of
lactoferrin are not the same.

Multiple methods

Table 4: Liposomal or non-liposomal lactoferrin: what is known

and what is unresolved.

Liposomal vs non-liposomal lactoferrin for COVID-19 treat-

ment and prevention

Whether it is necessary for lactoferrin to be in a liposomal form
to be effective against COVID-19 is unknown. Serrano., et al. [6]
argue that the use of soybean phosphatidylcholine to make the li-
posomal lactoferrin enhances absorption and bioavailability. They
argue that the newly formed liposomes are thought to be protected
from gastric acid degradation, allowing more lactoferrin to arrive
in the duodenum. This would enable the liposomal lactoferrin to

remain in the circulation longer compared to a non-liposomal form.

Based on the three clinical trials identified in this review
[6,13,17] using lactoferrin to treat or prevent COVID-19, only stud-
ies using the liposomal form had significant beneficial findings
[6,13]. One of the two liposomal lactoferrin studies [6] also pro-
vided 60 mg of vitamin C and 20 mg zinc, which have been shown
to have anti-viral properties. However, based to two extensive
reviews, neither nutrient has conclusive evidence to be effective
against SARS-CoV-2 virus [23,24]. The amounts of vitamin C and
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zinc provided to these COVID-19 patients [6] were lower than the
amounts proposed by others [23,24]. In the review articles, the au-
thors suggest giving daily amounts of vitamin C at 2-8 grams [23],
and zinc, based on 15 clinical studies in COVID-19, of at least 50 mg
[24]. Hence, it is unlikely that the inclusion of vitamin C and zinc
had any meaningful impact on the benefits seen in recovery from
COVID-19, and all benefits were likely attributable to the liposomal
lactoferrin [6].

The study using non-liposomal lactoferrin for COVID-19 pa-
tients [17] provided the participants with daily amounts of vitamin
C (1 gram) and zinc (600 mg). The amount of vitamin C is closer to
what has been proposed by others to fight SARS-CoV-2 virus [23].
However, the amount of zinc provided was well in excess of what is
typically recommended or used in clinical studies in patients with
COVID-19 [24]. It is possible that excessive zinc (more than 300 mg
per day) can adversely affect the immune response by impairing
lymphocyte and neutrophil function, and on the anti-viral side, by
reducing interferon-gamma levels and interferon regulatory factor
1 expression [24]. Whether the excess zinc used in this study [17]
adversely impaired the ability of the non-liposomal lactoferrin to

have significant benefits against COVID-19 is unknown.

It seems paradoxical that the non-liposomal form of lactoferrin
had no significant benefits for the treatment of COVID-19. In many
other in vitro studies that did not use the liposomal form of lacto-
ferrin, numerous benefits were observed (e.g., antibacterial, antivi-
ral, antitumor, antifungal, anti-inflammatory, immunomodulatory),
including in fighting SARS-CoV-2 virus [9,11,12,13]. Furthermore,
this assumption contrasts another clinical study, which showed
significant benefits of non-liposomal lactoferrin in reducing the
number of common colds (P < 0.001) and of associated symptoms
(P < 0.05) compared to a placebo group [25].

Proposed amounts of lactoferrin to use for treatment and pre-
vention of COVID-19

Lactoferrin has been studied extensively in the laboratory set-
ting for its benefits in reducing the harmful effects of the SARS-
COV-2 virus. It is clear that this milk protein works to reduce viral
replication, enhance the immune system, and control the immune
system in response to this virus. Only three published clinical
studies are available from PubMed (https://pubmed.ncbi.nlm.

nih.gov/). Other articles have put forth recommendations as well.
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By staying within these recommendations, lactoferrin has been
shown to be safe. Several investigators have stated that lactoferrin
has two potential therapeutic roles: [1] to serve as a treatment to
control tissue damage induced during COVID-19 disease; and [2] to
function prophylactically to prevent getting COVID-19 [11,14,15].

Treatment
Optimal intake summary

At least 245 mg daily of lactoferrin is required to see COVID-19
patients convert to a negative PCR test and see improvements in
symptoms associated with this conation. Taking up to 1 gram daily
is safe and effective. Using only 200 mg and 400 mg daily was not

effective at improving symptoms.

Bottom line

500-1,000 mg daily of lactoferrin until symptoms associated
with COVID-19 have improved or gone away completely.

Scientific support

One group recommended taking 64-96 mg of liposomal lacto-
ferrin every six hours to treat COVID-19 (245-384 mg daily) [6].
Doses can be increased to 128 mg every six hours (512 mg per day)
as needed. Others suggest taking 1 gram of liposomal lactoferrin
daily for 30 days along with an intranasally spray administered 3
times daily (a total of about 16 mg/nostril) [13]. Another group
showed no benefit of 200 mg or 400 mg of non-liposomal lactofer-
rin for significantly improving symptoms [17]. Safety and use of
lactoferrin in other conditions has been confirmed in a range of
100 mg to 4.5 grams daily [11].

Prevention
Optimal intake summary

Lactoferrin taken between 200 mg and 1,000 mg daily is re-

quired.

Bottom line

250 mg to 500 mg of lactoferrin daily.

Scientific support

Oral lactoferrin in the range of 100 mg to 1,000 mg daily for
humans was effective at reducing the incidence of getting sick from

viral infections [11]. Another group recommended taking 64 mg,
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two to three times daily of liposomal lactoferrin to prevent COV-
ID-19 (128-192 mg/d) [6].

Conclusions

COVID-19 is here to stay. Much has been learned over the past
two years about how it is transmitted, treated, and prevented. Now
is the time to consider natural products that can work with avail-
able treatments and preventative agents like vaccines. Of those
natural compounds screened for efficacy, bovine lactoferrin, a milk
protein, rises to the top as being the best at supporting the body to
protect itself against the SARS-CoV-2 virus. In addition, the effec-
tive amounts of lactoferrin have been deemed safe. Based on hu-
man studies in patients with COVID-19 who received lactoferrin,
the amount needed for treatment is between 500 mg and 1,000 mg

and for prevention is 250 mg to 500 mg daily.

Disclaimer

Lactoferrin is a dietary supplement and is generally recognized
as safe (GRAS) with no contraindications by the United States Food
and Drug Administration. However, before using any dietary sup-
plement, it is advisable to speak with your healthcare professional

first.

Conflict of Interest

Lindsey Ormond is an employee of Milk Specialties Global, a

manufacturer of dairy ingredients including lactoferrin.

Bibliography

1. “Therapeutic Management of Hospitalized Adults With CO-
VID-19”. Centers for Disease Control and Prevention. (2021).

2. Mirabelli C, et al. “Morphological cell profiling of SARS-CoV-2
infection identifies drug repurposing candidates for COV-
ID-19”. Proceedings of the National Academy of Sciences of the
United States of America 118.36 (2021): e2105815118.

3. Slomski A. “Trials Test Mushrooms and Herbs as Anti-COV-
ID-19 Agents”. JAMA 326.20 (2021): 1997-1999.

4. AlKhazindar M and Elnagdy SM. “Can lactoferrin boost human
immunity against COVID-19?” Pathogens and Global Health
114 (2020): 234-235.

5. Mrityunjaya M,, et al. “Immune-Boosting, Antioxidant and An-
ti-inflammatory Food Supplements Targeting Pathogenesis of
COVID-19". Frontiers in Immunology 11 (2020): 570122.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

71
Serrano JM,, et al. “Liposomal Lactoferrin as Potential Preven-
tative and Cure for COVID-19". International Journal of Health
Sciences and Research 8.1 (2020): 8-15.

Salaris C., et al. “Protective Effects of Lactoferrin against SARS-
CoV-2 Infection In Vitro”. Nutrients 13.2 (2021): 328.

“Symptoms of COVID-19". Centers for Disease Control and Pre-
vention (2021).

Wang Y, et al. “Lactoferrin for the treatment of COVID-19 (Re-
view)”. Experimental and Therapeutic Medicine 20.6 (2020):
272.

Symptoms of COVID-19 (2021).

Chang R, et al. “Lactoferrin as potential preventative and ad-
junct treatment for COVID-19”. International Journal of Antimi-
crobial Agents 56.3 (2020).

HuY, et al. “The in vitro antiviral activity of lactoferrin against
common human coronaviruses and SARS-CoV-2 is mediated
by targeting the heparan sulfate co-receptor”. Emerging Mi-
crobes and Infections 10 (2021): 317-330.

Campione E., et al. “Lactoferrin as potential supplementary
nutraceutical agent in COVID-19 patients: in vitro and in vivo
preliminary evidence”. bioRxiv (2020).

Kell DB, et al. “The Biology of Lactoferrin, an Iron-Binding
Protein That Can Help Defend Against Viruses and Bacteria”.
Frontiers in Immunology 11 (2020): 1221.

Zimecki M., et al. “The potential for Lactoferrin to reduce
SARS-CoV-2 induced cytokine storm”. International Immuno-
pharmacology 95 (2021): 107571.

Habib HM,, et al. “The role of iron in the pathogenesis of CO-
VID-19 and possible treatment with lactoferrin and other iron
chelators”. Biomedicine and Pharmacotherapy 136 (2021):
111228.

Algahtani FD,, et al. “The Prospect of Lactoferrin Use as Ad-
junctive Agent in Management of SARS-CoV-2 Patients: A Ran-
domized Pilot Study”. Medicina (Kaunas) 57.8 (2021): 842.

Kilic E., et al. “Formulation for Oral Delivery of Lactoferrin
Based on Bovine Serum Albumin and Tannic Acid Multilayer
Microcapsules”. Scientific Report 7 (2017): 44159 (2017).

Superti F. “Lactoferrin from Bovine Milk: A Protective Com-
panion for Life”. Nutrients 12.9 (2020): 2562.

Citation: Stacey ] Bell and Lindsey R Ormond. “Lactoferrin for Treating and Preventing COVID-19: A Review". Acta Scientific Nutritional Health 6.2

(2022): 61-72.


https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/
https://pubmed.ncbi.nlm.nih.gov/34413211/
https://pubmed.ncbi.nlm.nih.gov/34413211/
https://pubmed.ncbi.nlm.nih.gov/34413211/
https://pubmed.ncbi.nlm.nih.gov/34413211/
https://pubmed.ncbi.nlm.nih.gov/34730783/
https://pubmed.ncbi.nlm.nih.gov/34730783/
https://pubmed.ncbi.nlm.nih.gov/32529963/
https://pubmed.ncbi.nlm.nih.gov/32529963/
https://pubmed.ncbi.nlm.nih.gov/32529963/
https://pubmed.ncbi.nlm.nih.gov/33117359/
https://pubmed.ncbi.nlm.nih.gov/33117359/
https://pubmed.ncbi.nlm.nih.gov/33117359/
https://ijrhs.org/article/2020/8/1/105530ijrhs813
https://ijrhs.org/article/2020/8/1/105530ijrhs813
https://ijrhs.org/article/2020/8/1/105530ijrhs813
https://pubmed.ncbi.nlm.nih.gov/33498631/
https://pubmed.ncbi.nlm.nih.gov/33498631/
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.spandidos-publications.com/10.3892/etm.2020.9402
https://www.spandidos-publications.com/10.3892/etm.2020.9402
https://www.spandidos-publications.com/10.3892/etm.2020.9402
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://pubmed.ncbi.nlm.nih.gov/32738305/
https://pubmed.ncbi.nlm.nih.gov/32738305/
https://pubmed.ncbi.nlm.nih.gov/32738305/
https://www.tandfonline.com/doi/full/10.1080/22221751.2021.1888660
https://www.tandfonline.com/doi/full/10.1080/22221751.2021.1888660
https://www.tandfonline.com/doi/full/10.1080/22221751.2021.1888660
https://www.tandfonline.com/doi/full/10.1080/22221751.2021.1888660
https://www.biorxiv.org/content/10.1101/2020.08.11.244996v4
https://www.biorxiv.org/content/10.1101/2020.08.11.244996v4
https://www.biorxiv.org/content/10.1101/2020.08.11.244996v4
https://pubmed.ncbi.nlm.nih.gov/32574271/
https://pubmed.ncbi.nlm.nih.gov/32574271/
https://pubmed.ncbi.nlm.nih.gov/32574271/
file:///E:/ANUSHA/Acta/FEBRUARY/ASNH/ASNH-21-RW-351/w
file:///E:/ANUSHA/Acta/FEBRUARY/ASNH/ASNH-21-RW-351/w
file:///E:/ANUSHA/Acta/FEBRUARY/ASNH/ASNH-21-RW-351/w
https://pubmed.ncbi.nlm.nih.gov/33454595/
https://pubmed.ncbi.nlm.nih.gov/33454595/
https://pubmed.ncbi.nlm.nih.gov/33454595/
https://pubmed.ncbi.nlm.nih.gov/33454595/
https://www.mdpi.com/1648-9144/57/8/842
https://www.mdpi.com/1648-9144/57/8/842
https://www.mdpi.com/1648-9144/57/8/842
https://www.nature.com/articles/srep44159
https://www.nature.com/articles/srep44159
https://www.nature.com/articles/srep44159
https://pubmed.ncbi.nlm.nih.gov/32847014/
https://pubmed.ncbi.nlm.nih.gov/32847014/

Lactoferrin for Treating and Preventing COVID-19: A Review

20.

21.

22.

23.

24,

25.

Razak A and Hussain A. “Lactoferrin supplementation to pre-
vent late-onset sepsis in preterm infants: a meta-analysis”.
American Journal of Perinatology 38.3 (2019): 283-290.

Ishikado A, et al. “Liposomalization of lactoferrin enhanced
it's anti-inflammatory effects via oral administration”. Biologi-
cal and Pharmaceutical Bulletin 28.9 (2005): 1717-1721.

Ishikado A., et al. “Liposomal lactoferrin induced significant
increase of the interferon-alpha (IFN-alpha) producibility in
healthy volunteers”. Biofactors 21.1-4 (2004): 69-72.

Holford P, et al. “Vitamin C-An Adjunctive Therapy for Respira-
tory Infection, Sepsis and COVID-19”". Nutrients 12.12 (2020):
3760.

Pal A, et al. “Zinc and COVID-19: Basis of Current Clinical Tri-
als”. Biological Trace Element Research 199.8 (2021): 2882-
2892.

Vitetta L., et al. “The clinical efficacy of a bovine lactoferrin/
whey protein Ig-rich fraction (Lf/IgF) for the common cold: a
double-blind randomized study”. Complementary Therapies in
Medicine 21.3 (2003): 164-171.

Assets from publication with us

Prompt Acknowledgement after receiving the article
Thorough Double blinded peer review

Rapid Publication

Issue of Publication Certificate

High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

Citation: Stacey ] Bell and Lindsey R Ormond. “Lactoferrin for Treating and Preventing COVID-19: A Review". Acta Scientific Nutritional Health 6.2

(2022): 61-72.

72


https://pubmed.ncbi.nlm.nih.gov/31529448/
https://pubmed.ncbi.nlm.nih.gov/31529448/
https://pubmed.ncbi.nlm.nih.gov/31529448/
https://pubmed.ncbi.nlm.nih.gov/16141546/
https://pubmed.ncbi.nlm.nih.gov/16141546/
https://pubmed.ncbi.nlm.nih.gov/16141546/
https://pubmed.ncbi.nlm.nih.gov/15630172/
https://pubmed.ncbi.nlm.nih.gov/15630172/
https://pubmed.ncbi.nlm.nih.gov/15630172/
https://www.mdpi.com/2072-6643/12/12/3760
https://www.mdpi.com/2072-6643/12/12/3760
https://www.mdpi.com/2072-6643/12/12/3760
https://pubmed.ncbi.nlm.nih.gov/33094446/
https://pubmed.ncbi.nlm.nih.gov/33094446/
https://pubmed.ncbi.nlm.nih.gov/33094446/
https://pubmed.ncbi.nlm.nih.gov/23642947/
https://pubmed.ncbi.nlm.nih.gov/23642947/
https://pubmed.ncbi.nlm.nih.gov/23642947/
https://pubmed.ncbi.nlm.nih.gov/23642947/

	_GoBack

