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Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), a unique
beta-coronavirus, has caused the most serious outbreak of the last century
at the global level. SARS-CoV-2 infections were firstly reported in the city of
Wuhan in China in 2019 and this new disease was named COVID-19 by World
Health Organization (WHO). As this novel disease can easily be transmitted
from one individual to another via respiratory droplets, many nations around
the world have taken several precautions regarding the reduction in social
activities and quarantine for the limitation of the COVID-19 transmission.
SARS-CoV-2 is known to cause complications that may include pneumonia,
acute respiratory distress syndrome (ARDS), multi-organ failure, septic shock,
and death. To prevent and treat COVID-19, some significant studies have
been conducted since the outbreak. One of the most noticeable therapeutic
approaches is related to a multifunctional protein, lactoferrin. Lactoferrin (Lf)
is an 80 kDa cationic glycoprotein that has a great range of benefits from
improving the immunity to antiviral effects due to its unique characteristics
such as the iron-binding ability. This review summarizes the characteristics of
SARS-CoV-2 and the potential applications of Lf for the prevention, treatment,
and recovery of COVID-19.

KEYWORDS
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Introduction

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) and COVID-19

Viruses, causing seasonal epidemics and sometimes pandemic outbreaks, have
circulated between humans and animals throughout history. In the past centuries,
various viruses adversely affected human health and evenly caused death. The Spanish
flu in 1918, for instance, killed 50 million people around the world. In addition, swine flu
in 2009 caused the death of around 4-5 million people. Nowadays, we have been waging
war with a pandemic that is arising from the coronavirus family (1). In December 2019,
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Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) infections reported as a cluster of pneumonia cases
in city Wuhan in China. The newly discovered disease was
named COVID-19 by World Health Organization (WHO) in
2020 (2).

Coronaviruses come from a large family known as the
Coronaviridae. The name corona is derived from the Latin word
“corona” meaning “crown” and was given to the virus due to
having a crown-like appearance on its membrane called a spike
(3). Human and animal coronaviruses have been describe in
the literature before the COVID-19 outbreak (4). The virus
is known to be genetically similar to previous viruses that
emerged in China as SARS-CoV (79%) (in 2002) and in
Saudi Arabia as MERS-CoV (50%)—Middle East Respiratory
Syndrome Coronavirus (in 2012) (5, 6).

Coronaviruses are divided into four genera: o, f, 3, y. While
both alpha-type and beta-type coronaviruses infect mammals,
gamma-type coronaviruses infect avian species, and delta-
type coronaviruses are known to infect both type of species
(7). SARS-CoV, MERS-CoV, and SARS-CoV-2 were result of
the beta-type coronavirus activity eventually caused global
pandemics (5).

Shortly after the emergence of COVID-19 in China, causing
a global health crisis on a scale that has not been evidence
in the last century (8). In the first days of January 2020, the
reported number of patients that were diagnosed with COVID-
19 infection was reported to be only 41 (9). Just within a few
weeks, on January 30th, 2020, WHO declared the outbreak
of COVID-19 as a Public Health Emergency of International
Concern (PHEIC) (10). On July 8th, 2020, the coronavirus
spread across 216 cities worldwide. Globally, as of 28th June
2022, there have been 542,188,789 confirmed cases of COVID-
19 including 6,239,275 deaths, reported to WHO.

According to an epidemiological update published by WHO
in February 2022, globally there are 422 million cases followed
with 5.8 million deaths (11). The current data shows even
higher numbers with the updated version in near end of
the August 2022, the COVID-19 pandemic that has extend
to Europe (246,729,836), Americas (174,625,662), Western
Pacific (81,762,210), South-East Asia (59,908,896), Eastern
Mediterranean (22,946,608), and Africa (8,777,310), has still
causing serious numbers of deaths (12). In England, between
October 2020 and April 2021, people that got COVID-19
positive were classified according to their conditions; Individuals
with conditions such as hypertension (15%), diabetes mellitus
(8.6%), chronic respiratory disease (21.2%) at greater risk to
exposed with coronavirus (12, 13).

The genetic and physical structure of
SARS-CoV-2

Since December 2019, many studies have been carried out
to better understand SARS-CoV-2 genomic background. Several
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scientists tried to identify the source of this virus to analyze
its genes and family tree. The fact that the virus has a unique
RNA makes it possible to identify the virus and at the same time
the properties of the SARS-CoV-2 could be come out thanks to
this genome information. It was discovered that coronaviruses
contain a single positive-stranded RNA as genetic material (5).
They can jump from animals to humans (called a “spillover”)
due to their high tendency of mutation (5). Therefore, it can be
said that coronaviruses are “zoonotic” viruses (14). Furthermore,
the genome sequence of SARS-CoV-2 is very similar to the type
of coronavirus found in bats, which brings the idea that this
virus’s ancestors are bat viruses that eventually end up with its
encountering with human species.

Coronaviruses’ genome consist of the largest amount, 26.4-
31.7 kb, between the RNA viruses (6). The genome is designed
into six or seven regions, and each region contains at least
one open reading frame (ORFs). These regions are separated
by the presence of some sequences that have a signal(s) for
transcription of multiple subgenomic mRNAs (7). SARS-CoV-
2 has 6 ORFs and can encode 4 structural proteins which are
nucleocapsid (N) protein, membrane (M) protein, spike (S)
protein, and envelope (E) glycoprotein together with 16 non-
structural proteins (1, 15, 16). Nucleocapsid, membrane and
spike proteins are encoded by the peerless regions of the mRNAs
(7). Among these structural proteins, the spike protein illustrates
large protrusions from the virus surface, creating the crown
appearance of coronaviruses with its two subunits, SI1 and S2
(17). Apart from mediating virus entry into the host cell, spike
protein is a crucial determinant of viral host spacing and tissue
tropism, and the major stimulator of host immune responses
(18). The spike proteins situate on the viruss membrane and
bind to angiotensin-converting enzyme 2 (ACE2) which was
found to be a receptor for the SARS-CoV-2 that is utilized
by a virus-infected host cell, allowing the viral entry of the
virus through endocytosis (16, 19). The ACE2’s binding site
is found in the S1 part of the spike protein, in the receptor
binding domain (RBD) (17). ACE2 is mainly present in the
lung, heart, kidney, liver, intestine, and other tissues (16, 19, 20).
ACE2 does not only act as a virus receptor it also regulates
and controls blood pressure, the functions of the heart and
kidney (19).

The major effects of COVID-19 on human
health

COVID-19 can adversely affect human health by infecting
the respiratory tract. The most common symptoms observed are
headache, smell and taste dysfunctions, dizziness, and impaired
consciousness (21). Also, that is stated, these symptoms are not
specific to SARS-CoV-2 infection. On the contrary, they are
similar to symptoms observed in many other viral infections.
SARS-CoV-2 can primarily be transmitted from person to
person through respiratory droplets directly or by contacting
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contaminated surfaces that include droplets of someone who is
infected with the virus (1). An infected person can release these
droplets by coughing, talking, sneezing, or breathing (22). On
contrary, others experience acute respiratory distress syndrome
(ARDS) which the lungs cannot provide the body with enough
oxygen because of injury to the alveoli in the lungs (23, 24). At
the same time, the symptoms are appeared to be more severe
in people with additional risk factors such as old age, obesity,
diabetes, high blood pressure, heart disease, cancer, and chronic
respiratory diseases (8). Moreover, COVID-19 patients were
analyzed by their neurological symptoms with their frequency
(25). The study showed that SARS-CoV-2 was detected in the
cerebrospinal fluid due to the passage of the virus through the
blood-brain barrier.

Diagnostic and therapeutic studies against
COVID-19

Several types of tests are used to diagnose this infection
such as reverse transcriptase-polymerase chain reaction (PCR)
recognizes the virus based on its genetic fingerprint. An
antibody test can also be applied to check the presence of
antibodies produced by the host's immune system to identify
foreign molecules such as viral spike proteins (26). Several
types of vaccines have been asserted during the COVID-19
pandemic, such as messenger RNA-based, DNA-based, protein-
based, viral-vectored, live-attenuated, and inactivated vaccines
(27). Each type has some advantages and disadvantages in its
production or action way.

For instance, nucleic acid vaccines are genetically considered
a safer approach, thus, it provides a non-infectious approach
for stimulating a stronger immune response compared to other
traditional vaccines (28). Multiple parameters go around during
the vaccination process such as continual production of safe
and effective vaccines or being able to supply and deploy these
vaccines worldwide (29). Viruses have a tendency to mutate
frequently, which results in different variants (30) that disturb
vaccine production. Therefore, vaccine’s effectiveness might
loss its influence against new variants. In this perspective, the
development of mRNA vaccines that focus on spike proteins
could be considered a more stabilized approach. However, the
potential mutation on the spike protein puts these vaccines in
the danger zone as well. Therefore, whenever a new persistent
variant spreads through the population, each vaccine must be
specifically put into test to confirm its efficiency has remained
against the new variant.

For instance, after its detection in India, the delta variant
started a huge concern amongst authorities due to its 60% higher
transmissibility (31). Recently, the cases in the United States
were dominated by the delta variant, followed by the cases in The
United Kingdom, so on (32-35). Similarly, the alpha variant has
been reported to have a 56% increased spreading rate (36). Even
though it is stated that this variant has low or no effect on the
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vaccine’s effectiveness, the increase in their spreading rate still
causes some problems.

As a result, new alternatives or supportive approaches for
diagnosis and treatment are always consider in high demand.
Several distinct methods were applied to find alternative
approaches to control the COVID-19 pandemic throughout
its course. For instance, the spreading of COVID-19 was
simulated with mathematical modeling for creating a decent
foresight about the duration of the pandemic (31). Thus, it
is of the utmost importance to consult some other potential
methods and integrate them for assisting our current case in
the pandemic.

Lactoferrin—a multifunctional
glycoprotein

Lactoferrin (Lf), which also called lactotransferrin, is a
cationic glycoprotein with a molecular weight of about 80 kDa
(37, 38). Lf is a multifunctional protein that has numerous
biological functions include its antiviral and antibacterial
effects as well as immunity booster tendencies owing to its
characteristics (39, 40). Lf is a part of the transferrin family and
has a 60% sequence identity with serum transferrin protein. The
protein has a high binding affinity (K4 ~ 10720 M) for Fe ™ ions
(37, 41). In addition, it has three different isoforms; these are
lactoferrin-a, lactoferrin-f, and lactoferrin-y. While lactoferrin-
a acts as an iron-binding agent but has no ribonuclease activity,
both lactoferrin-f and lactoferrin-y have ribonuclease activities
but are unable to bind iron ions (38, 42). Lf includes 692 amino
acids and composed of two a-helixes that connect globular lobes
(37, 38, 42). Each N-lobe and C-lobe have a metal ion binding
site where the metal ions, such as Cu?T, Zn?t, Mn3t, A3,
and most importantly, Fe3T can bind (43).

Lf bears noticeable importance due to several characteristic
properties (Table 1), especially iron-binding ability, among other
members of the transferrin family (66). Lf has a high resistance to
releasing the iron ions at low pH values. As a result, the iron ions
binding capability and keeping them inside the infected tissues
with low pH is secured (42).

Thus, the protein has a crucial role in infected and inflamed
areas where it binds the iron ions, inhibits bacterial growth
(bacteriostatic), and reduces their proliferation by taking the
iron used in the bacterial growth from the environmental
matrixes (67-69). This ability of Lf also known as its anti-
microbial activity affects the growth and proliferation of a sort
of infectious microorganisms from viruses to fungi (38, 67).
During the antiviral activity, Lf also acts as an obstacle that binds
to the viral cell surfaces with either receptors or co-receptors.
Consequently, an act of viral attachment to the cell’s surface
is prevented (70), which enables Lf to have several positive
influences on the immune system and the ability to fighting with
viral infections (42).
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TABLE 1 Biological effects of lactoferrin.

Effect type Form of
lactoferrin

Antiviral Intact and/or peptides

Antibacterial Intact and/or peptides

Antifungal Intact and/or peptides

Enhancing Intact

immunity

Anti-inflammatory

Intact and/or peptides

Action mechanism

Direct interaction with virus surface,

DNA, or cell surfaces

Iron binding, direct interaction with

surface of bacteria

Iron binding, direct interaction with

surface of fungi

10.3389/fnut.2022.992733

References

(44-55)

(44,52-57)

(53, 55, 58)

Iron homeostasis Intact and/or large
fragments

Antiparasitic Intact and/or peptides

The therapeutic potential of lactoferrin to
COVID-19

A variety of Lf effects in microbial and viral infections led
to a suggestion that the iron-binding affinity of Lf gives the
protein critical importance and role in inflammatory processes.
The iron balance between the blood and tissues has a crucial
significance, besides, Lf can create or protect this iron balance
for patients that are infected by COVID-19 (41). At the same
time, Lf has an immunomodulatory role and plays critical role by
stimulating the cells involved in innate and acquired immunity,
while increasing human and animal immunity against viral
and bacterial diseases (71). Furthermore, Lf is known to have
effects on plasminogen which is a system that is essential for the
degradation of fibrin clots, activation of growth factors, removal
of protein aggregates, and cell migration. Lf has anti-thrombin
activity by binding directly to human plasminogen activation
that may occur on the cell surface. As a result, some virulent
bacterial species cannot bind to the human plasminogen and not
penetrate the host cell membrane due to the competition with
human lactoferrin (hLf) (72). Thus, hLf is known to reduce the
frequent coagulation problem in patients exposed to COVID-
19 (73).

Iron is also crucial for oxygen transport and helps in most
biological functions by acting as an electron acceptor and donor
for energy production (74). The optimum iron balance between
tissues and blood is referred to as iron homeostasis, in which Lf
possesses an important role on it (41). Iron homeostasis of Lf
disrupted in the situation of a viral infection and inflammation.
As a result, the intercellular iron concentration has increased
cause a positive effect on viral replication (75). The chelation
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Enhancement of natural killer cell

(53, 55, 59-61)

activity and T-cell responses

Suppressing extracellular traps from (62-64)

neutrophils, polarization of

macrophages to M2 type, inhibition

angiotensin II pro-inflammatory activity

Iron binding, restoring levels of (53, 55, 65)

iron-binding proteins

Reducing the infectivity of parasites (54)

04

ability of Lf can be used to decrease the disease severity. The
ability of stimulation, and remodeling iron proteins, can be used
to reduce pro-inflammatory cytokine levels (75).

Bovine lactoferrin (bLf) is known to have the same functions
and sequence homogeneity as hLf that is found in human milk
and secretions (76, 77). It has confirmed that bLf can stop
the infection in the early phase by decreasing serum ferritin,
D-dimers, and IL-6 levels (73).

Due to those specialties of Lf, several clinical trials and
treatment applications were developed for COVID-19 disease
during the last couple of years (78, 79).

In Tables 1, 2, the type of viruses and effects of Lf against
them were mentioned. During the search for treatment agents
against COVID-19, these studies might point to the potential
usage of Lf as a treatment agent due to its wide range of
effects. Against SARS-CoV-2, there are lack of evidence and
study that demonstrates these effects on the table will be also
appear in COVID-19 treatment. The Lf’s mechanisms that
observed in other viruses involves a wide-spectrum, which is
making Lf valuable choice of study. The studies that were
performed with these backing informations are still limited and
under investigation.

A Dbetter understanding of the effect of Lf on the immune
system is crucial for developing certain treatments, especially
during the pandemic. A variety of Lf has been observed in
recent studies (4, 98). With the knowledge of the known effects
of Lf, it is possible to acknowledge the beneficial effects of
the Lf treatment on COVID-19 patients. Still, the possibility
of these effects is under examination. For the movement of
wider treatment steps, a variety of studies and evidence are still
required for Lf’s influence on COVID-19 treatment. Particular
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TABLE 2 Studies of different effects of lactoferrin on different viruses.

10.3389/fnut.2022.992733

Effect of lactoferrin Target virus Study type References
Inhibition of viral entry Herpes simplex virus 1 and 2 (HSV-1 In-vitro (55, 80)
and HSV-2)
SARS-CoV
Reducing severity and SARS-CoV-2 Clinical (81)
duration of infection
Inhibition of cytopathic effect Adenovirus In-vitro (82, 83)
Antiviral activity Avian flu—H5N1 In-vitro (82-86)
Human papillomavirus (HPV)
Hepatitis B virus (HBV)
Mayarovirus (MAYV)
Inhibition of binding and Echovirus 5 In-vitro (18, 46, 82, 83, 87)
replication
Hepatitis B virus (HBV)
Japanese encephalitis virus (JEV)
Mouse norovirus (MNV)
Inhibition of viral replication Cytomegalovirus In-vitro (83, 88)
Echovirus type 6

Inhibition of viral adsorption

and increase survival

Neutralizing virus, blocking
invasion

Inhibition of cytopathic effect
Inhibition of cytotoxicity,
reduction in gastroenteritis
incidence and symptom
Inhibition of cytopathic effect,
decreasing the prevalence and
severity

Blocking viral entry and

inhibition of replication

Enterovirus 71—EV71 Bovine viral
diarrhea virus (BVDV)

Herpes simplex virus type-1 (HSV-1)
Epstein-Barr virus (EBV)

Hepatitis C virus

Human papillomavirus

Norovirus

Rotavirus

Human immunodeficiency virus (HIV)

Human parainfluenza virus type 2

(hPIV-2)

In-vitro, in-vivo, (82, 83,89-91)

clinical

In-vitro and clinical (83,92, 93)

In-vitro (82,94)
In-vitro and clinical (82)
In-vitro and clinical (82,95)
In-vitro (83,96, 97)

research and investigations on Lf might lead to changing the

patterns of possibilities into realities, so the accurate explanation

of the potential mechanisms lie underneath.

Antiviral mechanism and potential clinical uses
of lactoferrin against COVID-19

Several studies have been performed to understand the
potential antiviral mechanisms of Lf against SARS-CoV-2
(Figure 1) (43, 99). A recent study suggested potential antiviral
mechanisms of Lf against viruses including SARS-CoV-2 (99).
One of these includes heparan sulfate proteoglycans (HSPGs)
which increase the virus aggregation at the cell surface and
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enhance their specific receptor binding abilities. Several similar
studies also suggested that Lf binds to HSPGs and prevents
viral entry to the host cell (80, 99, 100). The other possible
mechanism that indicates, Lf can link to SARS-CoV-2 directly
thus, Lf prevents the binding of the virus to its receptor ACE2.
Furthermore, Lf can also induce o and f interferon (IFN) via
intracellular cell signals, via Lf receptors which inhibit the viral
replication after the virus entry to the cell. This mechanism
is considered a significant factor in the early stages of viral
infection (82).

Several in-vitro and in-vivo studies related to the impact of
Lf on a broad range of viruses from HIV to SARS-CoV-2 were
conducted as shown in Table 2 (99). These studies have shown Lf
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FIGURE 1
Potential mechanisms of lactoferrin antiviral mechanism against SARS-CoV-2; (1) Inhibition of viral replication via the induced a and B IFN by
direct binding of lactoferrin to its cell receptor, (2) Direct interaction of lactoferrin with SARS-CoV-2 prevents the binding of the virus to ACE2
receptor, (3) Binding of lactoferrin to HSPGs on the host cell surface which prevents the viral entry through the host cell (43, 99).

can inhibit various viruses by using distinct mechanisms such as
inhibition of viral entry, cytopathic effect, binding, replication,
reduction of the severity, and antiviral effect.

Regarding Lf’s antiviral effect against SARS-CoV-2, some
significant studies have been conducted based on the analysis
of different parameters (73, 81, 101, 102). In one of these in-
vivo studies, 75 patients with a positive result at IgM/IgG rapid
test have participated. Each patient took liposomal bLf syrup
(32 mg of Lf/10 ml) with four to six doses, each dose containing
10 mg/10 ml syrup, every day for 10 days. The patients who were
given syrup were observed for 10 days at least twice a day then
they were investigated again after 30 days. As a result of the
investigation, Lf treatment had shown a positive effect and all
patients had a faster recovery when compared with the control
group (81).

In another in-vitro study examining the Lf’s protective effect
against SARS-CoV-2, the gene responsible for the antiviral
immune response was detected by qRT-PCR in uninfected Caco-
2 intestinal cells with Lf. Both Lf treated and non-treated Caco-2
cells were infected by SARS-CoV-2. With the results of qRT-
PCR, expression of some specific genes was observed, which
are pattern recognition receptors gene—toll-like receptor (TLR3
and TLR7), inform regulatory factor gene (IRF3 and IRF7)
with helicase C domain 1 and mitochondrial anti-viral signaling
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factor (MAVS). All genes are critical for sensing RNA viruses,
and results indicated that Lf partially managed to inhibit SARS-
CoV-2 infection (101).

In another study considering the saliva analysis of COVID-
19 patients (102), three groups of participants were selected,
which were either non-infected or infected before 7 days or
recovered from the virus for at least 2 months. All saliva
samples of participants were analyzed by real-time PCR for
the detection of SARS-CoV-2. In addition, several parameters
including TNF-a, IL-6, IL-10 (Cytokines), Lf, lysozyme, IgG,
IgA, and IgM were analyzed by the ELISA method. In the results,
the Lf amount was recorded lower in the infected patients when
compared with the non-infected group. This indicates that there
might be a relationship between the observed cytokine storm—
an aggressive inflammatory response—and a decrease of Lf in
the COVID-19 patients. The indication is also supported in
another review article about Lf’s potential reducing effect on
SARS-CoV-2 induced cytokine storm (15). Lf’s immune system
modulating function might control the excessive stimulation of
immune system that is led to creation of cytokine storm.

A study, oral and intranasal liposomal bLf were tested in 92
patients with mild, moderate severity, or asymptomatic COVID-
19 (73). The patients were divided into three groups in total with
32 patients in the first, 28 patients in the second, and 32 patients
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in the third group. The patients in the first group were given
the capsules and nasal sprays three times per day. In the first
group, 14 out of 32 patients were treated at the hospital. The
remaining 18 patients were treated with oral capsules (100 mg)
and intranasal (8 mg/ml) bLf at home. The 28 patients in the
second group were kept under surveillance at home without
any anti-COVID-19 drug. During the monitoring, the condition
of four patients worsened and they were hospitalized. Finally,
the third group with 32 patients was treated in the hospital
with hydroxychloroquine and lopinavir (SOC). The third group
of patients took two capsules (200/50 mg) of lopinavir twice
and hydroxychloroquine (200 mg) capsules per day, respectively.
According to the results, in the group treated with liposomal
bLf, the COVID-19 PCR test of individuals was negative after
an average of 14.25 % 6.0 days. In addition, the group of patients
treated with SOC was negative for the COVID-19 PCR test after
a mean of 27.13 & 14.4 days. On the other hand, patients who
were not treated in any way were negative for COVID-19 PCR
tests at the end of 32.61 + 12.2 days. Furthermore, symptoms
such as coughing, headache, inability to smell (anosmia), and
myalgia had developed in patients treated with SOC at the end of
the study, whereas patients treated with bLf had not. Normally,
COVID-19 patients have a high level of IL-6. When bLf was used
to treat COVID-19 patients, IL-6 levels had significantly reduced
until the end of the study, and similarly, the same reductions had
been observed in D-dimer serum and ferritin levels.

Conclusion

Apart from its intrinsic antiviral activity and immune system
boosting property, Lf has a great effect on the iron levels
of specific tissues and thus affects many iron-containing and
oxygen-dependent factors in the organism. Lf’s multifunctional
property might be effectively implemented into the treatment
procedure for COVID-19. Its antiviral effects and influence
on iron homeostasis might be integrated into the infection of
SARS-CoV-2, just like in other viruses. Thus, Lf-based treatment
strategies have great untapped potential in many viral infections
including COVID-19.

Due to Lf’s critical and clear influence on many infections,
the mechanisms behind this antiviral characteristic must be
investigated in detail. The potential mechanisms that Lf might
possess can point to evidence and explanation of Lf’s prevention
effect on SARS-CoV-2. In addition, Lf not only carries potential
treatment agents against SARS-CoV-2 infection, but it also has
a specialty in recovery with its influence on the overall immune
system. In the future, Lf not only can be used as a therapeutic
agent, but also can be used as a recovery supplement for patients
infected with COVID-19.

Despite the sudden peak in the related studies in the
literature in the last 3 years due to the pandemic, Lf still
hasn’t gotten the attention it deserves in the COVID-19 studies.
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Although the main focus of COVID-19 studies is on the
prevention with vaccines, the effect of Lf on the immune system
to prevent COVID-19 and the synergistic studies with vaccines
are almost non-existent. The previous studies on Lf mainly focus
on the treatment potential of Lf. On the other hand, despite
the early studies on Lf effects on COVID-19 studies not only
put forth promising results but also showed comparable or even
better results than traditional treatment strategies such as SOC,
there are still not enough studies on the treatment potential of
this multifunctional protein.

Due to the many successful studies and adopted strategies
with other similar and dissimilar viral infections, current
literature not only strongly suggests the great potential of Lf in
COVID-19 treatment but also implies the great potential of the
molecule in the prevention of the disease.

Author contributions

SK organized the general content of the paper. EB and FE
were responsible for general editing and organizing the authors
as well as the contribution for two sections. MK, HD, and AA
contributed one section of the paper. SS and A$ were responsible
for editing and organizing the paper. All authors contributed to
the article and approved the submitted version.

Funding

Uluova Siit Ticaret A.S. (Uluova Milk Trading Co.) and
TUBITAK #1182146 have funded this study. The funder was not
involved in the study design, collection, analysis, interpretation
of data, the writing of this article or the decision to submit it
for publication.

Conflict of interest

Author SK has received funding from Uluova Siit Ticaret
A.S. (Uluova Milk Trading Co.).

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2022.992733
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Bolat et al.

References

1. Boopathi S, Poma AB, Kolandaivel P. Novel 2019 coronavirus structure,
mechanism of action, antiviral drug promises and rule out against its treatment.
] Biomol Struct Dyn. (2020) 39:1-10. doi: 10.1080/07391102.2020.1758788

2. Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, et al.
Immunology of COVID-19: current state of the science. Immunity. (2020) 52:910-
41. doi: 10.1016/j.immuni.2020.05.002

3. Mahendra BV, Kavitha RS. A review on COVID19: evolution, structure of
corona virus and comparison of COVID19 with common FLU. Shanlax Int ] Arts
Sci Humanit. (2021) 8:54-59. doi: 10.34293/sijash.v8is1-feb.3931

4. Brock JH. Lactoferrin-50 years on. Biochem Cell Biol. (2012) 90:245-
51. doi: 10.1139/02012-018

5. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 infection:
Origin, transmission, and characteristics of human coronaviruses. J Adv Res. (2020)
24:245-51. doi: 10.1016/j.jare.2020.03.005

6. Bharati S, Podder P, Mondal MRH, Podder P, Kose U. A review

on epidemiology, genomic characteristics, spread, and treatments of
COVID-19. Data Sci COVID-19 Soc Med Perspect. (2021) 2:487-
505. doi: 10.1016/B978-0-323-90769-9.00011-6

7. Spaan W, Cavanagh D, Horzinek MC. Coronaviruses: structure and genome
expression. ] Gen Virol. (1988) 69:2939-52. doi: 10.1099/0022-1317-69-12-2939

8. Jeon S. Corona virus (COVID-19)
death cases reported in South Korea. Front Heal Informatics.
9:45. doi: 10.30699/fhi.v9i1.232

9. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis
of coronavirus disease (COVID-19) outbreak. ] Autoimmun. (2020)
109:102433. doi: 10.1016/j.jaut.2020.102433

10. Meng L, Dong D, Li L, Niu M, Bai Y, Wang M, et al. Deep
learning prognosis model help alert for COVID-19 patients at high-risk of
death: a multi-center study. IEEE ] Biomed Heal Informatics. (2020) 24:3576—
84. doi: 10.1109/JBHI1.2020.3034296

11. WHO. Coronavirus Disease (COVID-19) Weekly Epidemiological Update and
Weekly Operational Update. Geneva: World Health Organisation (2020).

12. Amir H, Sudarman S, Asfar A, Batara AS. Covidl9 Pandemic:
Management and  Global Response. ] Kesehat Lingkung.  (2020)
12:121. doi: 10.20473/jk1.v12i1si.2020.121-128

13. Beaney T, Neves AL, Alboksmaty A, Ashrafian H, Flott K, Fowler
A, et al. Trends and associated factors for COVID-19 hospitalisation
and fatality risk in 23 million adults in England. Nat Commun. (2022)
13:2356. doi: 10.1038/s41467-022-29880-7

14. Luis AD, Hayman DTS, O’Shea TJ, Cryan PM, Gilbert AT, Pulliam JRC, et al.
A comparison of bats and rodents as reservoirs of zoonotic viruses: are bats special?
Proc R Soc B Biol Sci. (2013) 280:20122753. doi: 10.1098/rspb.2012.2753

15. Zimecki M, Actor JK, Kruzel ML. The potential for lactoferrin to
reduce SARS-CoV-2 induced cytokine storm. Int Immunopharmacol. (2021)
95:107571. doi: 10.1016/j.intimp.2021.107571

16. Taher M, Tik N, Susanti D. Drugs
in COVID-19 management. Drug  Metab
2021:20200173. doi: 10.1515/dmdi-2020-0173

17. Ravi V, Saxena S, Panda PS. Basic virology of SARS-CoV 2. Indian ] Med
Microbiol. (2022) 40:182-6. doi: 10.1016/j.ijmmb.2022.02.005

risk groups: scrutinizing the
(2020)

intervention
Pers  Ther.

study
(2021)

18. Li F. Structure, function, and evolution of coronavirus spike proteins. Annu
Rev Virol. (2016) 3:237-61. doi: 10.1146/annurev-virology-110615-042301

19. Luan J, Lu Y, Jin X, Zhang L. Spike protein recognition of mammalian
ACE2 predicts the host range and an optimized ACE2 for SARS-CoV-2 infection.
Biochem Biophys Res Commun. (2020) 526:165-9. doi: 10.1016/j.bbrc.2020.03.047

20. South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the
cardiovascular consequences. Am ] Physiol Hear Circ Physiol. (2020)
318:H1084-90. doi: 10.1152/AJPHEART.00217.2020

21. Chen X, Laurent S, Onur OA, Kleineberg NN, Fink GR, Schweitzer F, et al.
systematic review of neurological symptoms and complications of COVID-19. |
Neurol. (2021) 268:392-402. doi: 10.1007/s00415-020-10067-3

22. Behera S, Bhardwaj R, Agrawal A. Effect of co-flow on fluid dynamics
of a cough jet with implications in spread of COVID-19. Phys Fluids. (2021)
33:101701. doi: 10.1063/5.0064104

23. Taboada M, Rama P, Pita-Romero R, Moreno E, Leal S, Varela M, et al.
Critically ill COVID-19 patients attended by anesthesiologists in northwestern

Frontiersin Nutrition

08

10.3389/fnut.2022.992733

Spain: a multicenter prospective observational study. Rev Esp Anestesiol Reanim.
(2021) 68:10-20. doi: 10.1016/j.redar.2020.08.004

24. Singhal T, A. Review of coronavirus disease-2019 (COVID-19). Indian J
Pediatr. (2020) 87:281-6. doi: 10.1007/s12098-020-03263-6

25. Chen ], Wang R, Wang M, Wei GW. Mutations strengthened SARS-CoV-2
infectivity. ] Mol Biol. (2020) 432:5212-26. doi: 10.1016/j.jmb.2020.07.009

26. Wang R, Hozumi Y, Yin C, Wei GW. Mutations on COVID-19 diagnostic
targets. Genomics. (2020) 112:5204-13. doi: 10.1016/j.ygeno.2020.09.028

27. Kumar A, Dowling WE, Roman RG, Chaudhari A, Gurry C, Le TT, et al.
Status report on COVID-19 vaccines development. Curr Infect Dis Rep. (2021)
23:9. doi: 10.1007/s11908-021-00752-3

28. Mao Q, Xu M, He Q, Li C, Meng S, Wang Y, et al. COVID-19 vaccines:
progress and understanding on quality control and evaluation. Signal Transduct
Target Ther. (2021) 6:199. doi: 10.1038/s41392-021-00621-4

29. Forman R, Shah S, Jeurissen P, Jit M, Mossialos E. COVID-19 vaccine
challenges: what have we learned so far and what remains to be done? Health Policy
(New York). (2021) 125:553-67. doi: 10.1016/j.healthpol.2021.03.013

30. Vasireddy D, Vanaparthy R, Mohan G, Malayala SV, Atluri P. Review of
COVID-19 variants and COVID-19 vaccine efficacy: what the clinician should
know? J Clin Med Res. (2021) 13:317-25. doi: 10.14740/jocmr4518

31. Roy B, Dhillon J, Habib N, Pugazhandhi B. Global variants of COVID-19:
current understanding. J Biomed Sci. (2021) 8:8-11. doi: 10.3126/jbs.v8i1.38453

32. Shiehzadegan S, Alaghemand N, Fox M, Venketaraman V.
Analysis of the Delta Variant B16172 COVID-19. Clin Pract. (2021)
11:778-84. doi: 10.3390/clinpract11040093

33. He X, He C, Hong W, Zhang K, Wei X. The challenges of COVID-19
Delta variant: prevention and vaccine development. MedComm. (2021) 2:846-
54. doi: 10.1002/mc02.95

34. Sritipsukho P, Khawcharoenporn T, Siribumrungwong B, Damronglerd
P, Suwantarat N, Satdhabudha A, et al. Comparing real-life effectiveness of
various COVID-19 vaccine regimens during the delta variant-dominant pandemic:
a test-negative case-control study. Emerg Microbes Infect. (2022) 11:585-
92. doi: 10.1080/22221751.2022.2037398

35. Venkatraja B, Srilakshminarayana G, Kumar BK. The dominance of
severe acute respiratory syndrome coronavirus 2 B.1.617 and its sublineages and
associations with mortality during the COVID-19 pandemic in India between 2020
and 2021. Am J Trop. (2022) 106:142. doi: 10.4269/ajtmh.21-0812

36. Mohammadi M, Shayestehpour M, Mirzaei H. The impact of spike
mutated variants of SARS-CoV2 (Alpha, Beta, Gamma, Delta, and Lambda)
on the efficacy of subunit recombinant vaccines. Brazilian ] Infect Dis. (2021)
25:101606. doi: 10.1016/j.bjid.2021.101606

37. Karav S, German JB, Rouquié C, Le Parc A, Barile D. Studying lactoferrin
N-glycosylation. Int ] Mol Sci. (2017) 18:870. doi: 10.3390/ijms18040870

38. Strate VD, Albertus BW. Anti-Cytomegalovirus Applications of the
Intrinsically Active Drug Carrier Lactoferrin. PhD dissertation, University Library
Groningen (2001). p. 216.

39. Karav S. Selective deglycosylation of lactoferrin to understand glycans’
contribution to antimicrobial activity of lactoferrin. Cell Mol Biol. (2018) 64:52-
7. doi: 10.14715/cmb/2018.64.9.8

40. Duman H, Kaplan M, Arslan A, Sahutoglu AS, Kayili HM, Frese SA, et al.
Potential applications of endo-B-N-acetylglucosaminidases from bifidobacterium
longum subspecies infantis in designing value-added, next-generation infant
formulas. Front Nutr. (2021) 8:646275. doi: 10.3389/fnut.2021.646275

41. Campione E, Cosio T, Rosa L, Lanna C, Girolamo S Di, Gaziano R,
et al. Lactoferrin as protective natural barrier of respiratory and intestinal
mucosa against coronavirus infection and inflammation. Int J Mol Sci. (2020)
21:4903. doi: 10.3390/ijms21144903

42. Kell DB, Heyden EL, Pretorius E. The biology of lactoferrin, an iron-binding
protein that can help defend against viruses and bacteria. Front Immunol. (2020)
11:1221. doi: 10.3389/fimmu.2020.01221

43. Miotto M, Di Rienzo L, Bo L, Bofi A, Ruocco G, Milanetti E. Molecular
mechanisms behind anti SARS-CoV-2 action of lactoferrin. Front Mol Biosci.
(2021) 8:607443. doi: 10.3389/fmolb.2021.607443

44, Berlutti F Pantanella F, Natalizi T, Frioni A, Paesano R, Polimeni A,
et al. Antiviral properties of lactoferrin—a natural immunity molecule. Molecules.
(2011) 16:6992-7018. doi: 10.3390/molecules16086992

frontiersin.org


https://doi.org/10.3389/fnut.2022.992733
https://doi.org/10.1080/07391102.2020.1758788
https://doi.org/10.1016/j.immuni.2020.05.002
https://doi.org/10.34293/sijash.v8is1-feb.3931
https://doi.org/10.1139/o2012-018
https://doi.org/10.1016/j.jare.2020.03.005
https://doi.org/10.1016/B978-0-323-90769-9.00011-6
https://doi.org/10.1099/0022-1317-69-12-2939
https://doi.org/10.30699/fhi.v9i1.232
https://doi.org/10.1016/j.jaut.2020.102433
https://doi.org/10.1109/JBHI.2020.3034296
https://doi.org/10.20473/jkl.v12i1si.2020.121-128
https://doi.org/10.1038/s41467-022-29880-7
https://doi.org/10.1098/rspb.2012.2753
https://doi.org/10.1016/j.intimp.2021.107571
https://doi.org/10.1515/dmdi-2020-0173
https://doi.org/10.1016/j.ijmmb.2022.02.005
https://doi.org/10.1146/annurev-virology-110615-042301
https://doi.org/10.1016/j.bbrc.2020.03.047
https://doi.org/10.1152/AJPHEART.00217.2020
https://doi.org/10.1007/s00415-020-10067-3
https://doi.org/10.1063/5.0064104
https://doi.org/10.1016/j.redar.2020.08.004
https://doi.org/10.1007/s12098-020-03263-6
https://doi.org/10.1016/j.jmb.2020.07.009
https://doi.org/10.1016/j.ygeno.2020.09.028
https://doi.org/10.1007/s11908-021-00752-3
https://doi.org/10.1038/s41392-021-00621-4
https://doi.org/10.1016/j.healthpol.2021.03.013
https://doi.org/10.14740/jocmr4518
https://doi.org/10.3126/jbs.v8i1.38453
https://doi.org/10.3390/clinpract11040093
https://doi.org/10.1002/mco2.95
https://doi.org/10.1080/22221751.2022.2037398
https://doi.org/10.4269/ajtmh.21-0812
https://doi.org/10.1016/j.bjid.2021.101606
https://doi.org/10.3390/ijms18040870
https://doi.org/10.14715/cmb/2018.64.9.8
https://doi.org/10.3389/fnut.2021.646275
https://doi.org/10.3390/ijms21144903
https://doi.org/10.3389/fimmu.2020.01221
https://doi.org/10.3389/fmolb.2021.607443
https://doi.org/10.3390/molecules16086992
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Bolat et al.

45. Picard-Jean E Bouchard S, Larivée G, Bisaillon M. The intracellular
inhibition of HCV replication represents a novel mechanism of action
by the innate immune lactoferrin protein. Antiviral Res. (2014) 111:13—
22. doi: 10.1016/j.antiviral.2014.08.012

46. Ishikawa H, Awano N, Fukui T, Sasaki H, Kyuwa S. The protective effects
of lactoferrin against murine norovirus infection through inhibition of both
viral attachment and replication. Biochem Biophys Res Commun. (2013) 434:791—
6. doi: 10.1016/j.bbrc.2013.04.013

47. Superti F, Agamennone M, Pietrantoni A, Ammendolia MG. Bovine
lactoferrin prevents influenza a virus infection by interfering with the fusogenic
function of viral hemagglutinin. Viruses. (2019) 11:51. doi: 10.3390/v11010051

48. Furlund CB, Kristoffersen AB, Devold TG, Vegarud GE, Jonassen
CM. Bovine lactoferrin digested with human gastrointestinal enzymes inhibits
replication of human echovirus 5 in cell culture. Nutr Res. (2012) 32:503-
13. doi: 10.1016/j.nutres.2012.06.006

49. Pietrantoni A, Ammendolia MG, Tinari A, Siciliano R, Valenti P, Superti F.
Bovine lactoferrin peptidic fragments involved in inhibition of Echovirus 6 in vitro
infection. Antiviral Res. (2006) 69:98-106. doi: 10.1016/j.antiviral.2005.10.006

50. Ochoa TJ, Noguera-Obenza M, Ebel F Guzman CA, Gomez
HE Cleary TG. Lactoferrin impairs type III secretory system function
in enteropathogenic Escherichia coli. Infect Immun. (2003) 71:5149-
55. doi: 10.1128/IAL.71.9.5149-5155.2003

51. Campbell MC, Swart PJ, Béthune MP De, Pauwels R, Clercq E De, The
TB, et al. Antiviral effects of plasma and milk proteins: lactoferrin shows potent
activity against both human immunodeficiency virus and human cytomegalovirus
replication in vitro. ] Infect Dis. (1995) 172:380-8. doi: 10.1093/infdis/172.2.380

52. Orsi  N. The  antimicrobial  activity = of  lactoferrin:
current  status  and  perspectives.  BioMetals. (2004) 17:189-
96. doi: 10.1023/B:BIOM.0000027691.86757.€2

53. Embleton ND, Berrington JE, McGuire W, Stewart CJ, Cummings SP.
Lactoferrin: Antimicrobial activity and therapeutic potential. Semin Fetal Neonatal
Med. (2013) 18:143-9. doi: 10.1016/j.siny.2013.02.001

54. Farnaud S, Evans RW. Lactoferrin—a multifunctional protein
with antimicrobial properties. Mol Immunol. (2003) 40:395-
405. doi: 10.1016/S0161-5890(03)00152-4

55. Jenssen H, Hancock REW. Antimicrobial properties of lactoferrin. Biochimie.
(2009) 91:19-29. doi: 10.1016/j.biochi.2008.05.015

56. Saito H, Takase M, Tamura Y, Shimamura S, Tomita M. Physicochemical
and antibacterial properties of lactoferrin and its hydrolysate produced
by heat treatment at acidic pH. Adv Exp Med Biol. (1994) 357:219-
26. doi: 10.1007/978-1-4615-2548-6_21

57. Ellison RT, Giehl TJ, LaForce FM. Damage of the outer membrane of
enteric gram-negative bacteria by lactoferrin and transferrin. Infect Immun. (1988)
56:2774-81. doi: 10.1128/iai.56.11.2774-2781.1988

58. Fernandes KE, Carter DA. The antifungal activity of lactoferrin and its
derived peptides: mechanisms of action and synergy with drugs against fungal
pathogens. Front Microbiol. (2017) 8:2. doi: 10.3389/fmicb.2017.00002

59. Actor J, Hwang S-A, Kruzel M. Lactoferrin as a natural immune modulator.
Curr Pharm Des. (2009) 15:1956-73. doi: 10.2174/138161209788453202

60. Mulder AM, Connellan PA, Oliver CJ, Morris CA, Stevenson LM. Bovine
lactoferrin supplementation supports immune and antioxidant status in healthy
human males. Nutr Res. (2008) 28:583-9. doi: 10.1016/j.nutres.2008.05.007

61. Zimecki M, Artym ], Chodaczek G, Kocieba M, Kruzel M. Effects of
lactoferrin on the immune response modified by the immobilization stress.
Pharmacol Rep. (2005) 57:811-7.

62. Lepanto MS, Rosa L, Paesano R, Valenti P, Cutone A.
Lactoferrin  in aseptic and septic inflammation. Molecules. (2019)
24:1323. doi: 10.3390/molecules24071323

63. Wisgrill L, Wessely I, Spittler A, Forster-Waldl E, Berger A,
Sadeghi K. Human lactoferrin attenuates the proinflammatory response
of neonatal monocyte-derived macrophages. Clin Exp Immunol. (2018)
192:315-24. doi: 10.1111/cei.13108

64. Ferndndez-Musoles R, Salom JB, Martinez-Maqueda D, Lépez-Diez JJ, Recio
I, Manzanares P. Antihypertensive effects of lactoferrin hydrolyzates: Inhibition
of angiotensin- and endothelin-converting enzymes. Food Chem. (2013) 139:994-
1000. doi: 10.1016/j.foodchem.2012.12.049

65. Cutone A, Lepanto MS, Rosa L, Scotti MJ, Rossi A, Ranucci S, et al.
Aerosolized bovine lactoferrin counteracts infection, inflammation and iron
dysbalance in a cystic fibrosis mouse model of Pseudomonas aeruginosa chronic
lung infection. Int J Mol Sci. (2019) 20:2128. doi: 10.3390/ijms20092128

Frontiersin Nutrition

10.3389/fnut.2022.992733

66. Parc A. Le, Karav S, Rouqui¢ C, Maga EA, Bunyatratchata
A, Barile D. Characterization of recombinant human lactoferrin N-
glycans expressed in the milk of transgenic cows. PLoS ONE. (2017)
12:¢0171477. doi: 10.1371/journal.pone.0171477

67. Adlerova L, Bartoskova A, Faldyna M. Lactoferrin: a review. Vet Med (Praha).
(2008) 53:457-68. doi: 10.17221/1978-VETMED

68. Sanchez L, Calvo M, Brock JH. Biological role of lactoferrin. Arch Dis Child.
(1992) 67:657-61. doi: 10.1136/adc.67.5.657

69. Lonnerdal B. Bioactive proteins in breast milk. J Paediatr Child Health. (2013)
49:1-7. doi: 10.1111/jpc.12104

70. Waarts BL, Aneke OJC, Smit JM, Kimata K, Bittman R, Meijer DKE, et al.
Antiviral activity of human lactoferrin: inhibition of alphavirus interaction with
heparan sulfate. Virology. (2005) 333:284-92. doi: 10.1016/j.virol.2005.01.010

71. Hoxha B, Hodaj A. Potential role of lactoferrin and heparin in COVID-19: A
review. Eur Sci J ESJ. (2021) 17:14. doi: 10.19044/esj.2021.v17n14p14

72. Zwirzitz A, Reiter M, Skrabana R, Ohradanova-Repic A, Majdic O, Gutekova
M, et al. Lactoferrin is a natural inhibitor of plasminogen activation. J Biol Chem.
(2018) 293:8600-13. doi: 10.1074/jbc.RA118.003145

73. Campione E, Lanna C, Cosio T, Rosa L, Conte MP, Iacovelli F
et al. Lactoferrin as antiviral treatment in COVID-19 management:
preliminary evidence. Int ] Environ Res Public Health. (2021)
18:10985. doi: 10.3390/ijerph182010985

74. Edeas M, Saleh ], Peyssonnaux C. Iron: innocent bystander or
vicious culprit in COVID-19 pathogenesis? Int ] Infect Dis. (2020)
97:303-5. doi: 10.1016/}.ijid.2020.05.110

75. Campione E, Lanna C, Cosio T, Rosa L, Conte MP, Tacovelli F et al.
Lactoferrin against SARS-CoV-2: in vitro and in silico evidences. Front Pharmacol.
(2021) 12:66600. doi: 10.3389/fphar.2021.666600

76. Karav S, Le Parc A, Leite Nobrega de Moura Bell JM, Frese SA, Kirmiz N,
Block DE, et al. Oligosaccharides released from milk glycoproteins are selective
growth substrates for infant-associated bifidobacteria. Appl Environ Microbiol.
(2016) 82:3622-30. doi: 10.1128/AEM.00547-16

77. Arslan A, Kaplan M, Duman H, Bayraktar A, Ertiirk M, Henrick BM, et al.
Bovine Colostrum and Its Potential for Human Health and Nutrition. Front Nutr.
(2021) 8:651721. doi: 10.3389/fnut.2021.651721

78. Elgazzar A, Eltaweel A, Youssef SA, Hany B, Hafez M. Efficacy and safety of
ivermectin for treatment and prophylaxis of COVID-19 pandemic. Res Sq. (2020)
3:1000956. doi: 10.21203/rs.3.rs-100956/v2

79. NCT04475120. Efficacy and Safety of Liposomal Lactoferrin in
COVID-19 Patients With Mild-to-Moderate Disease and in COVID-19
Asymptomatic Patients (2021). Available online at: https://clinicaltrials.gov/
show/NCT04475120 (2020). (accessed September 18, 2022).

80. Lang J, Yang N, Deng J, Liu K, Yang P, Zhang G, et al. Inhibition of SARS
pseudovirus cell entry by lactoferrin binding to heparan sulfate proteoglycans.
PLoS ONE. (2011) 6:¢23710. doi: 10.1371/journal.pone.0023710

81. Serrano G, Kochergina I, Albors A, Diaz E, Oroval M, Hueso G, et al.
Liposomal lactoferrin as potential preventative and cure for COVID-19. Int J Res
Heal Sci. (2020) 8:08-15. doi: 10.5530/ijrhs.8.1.3

82. Wakabayashi H, Oda H, Yamauchi K, Abe F. Lactoferrin for
prevention of common viral infections. ] Infect Chemother. (2014)
20:666-71. doi: 10.1016/j.jiac.2014.08.003

83. Ng TB, Cheung RCE, Wong JH, Wang Y, Ip DTM, Wan DCC, et al.
Antiviral activities of whey proteins. Appl Microbiol Biotechnol. (2015) 99:6997-
7008. doi: 10.1007/s00253-015-6818-4

84. Mistry N, Drobni P, Naslund J, Sunkari VG, Jenssen H, Evander M. The anti-
papillomavirus activity of human and bovine lactoferricin. Antiviral Res. (2007)
75:258-65. doi: 10.1016/j.antiviral.2007.03.012

85. Hara K, ITkeda M, Saito S, Matsumoto S, Numata K, Kato N, et al. Lactoferrin
inhibits hepatitis B virus infection in cultured human hepatocytes. Hepatol Res.
(2002) 24:228-35. doi: 10.1016/S1386-6346(02)00088-8

86. Carvalho CAM, Sousa IP, Silva JL, Oliveira AC, Gongalves RB, Gomes
AMO. Inhibition of Mayaro virus infection by bovine lactoferrin. Virology. (2014)
452-453:297-302. doi: 10.1016/j.virol.2014.01.022

87. Chien YJ, Chen WJ, Hsu WL, Chiou SS. Bovine lactoferrin inhibits Japanese
encephalitis virus by binding to heparan sulfate and receptor for low density
lipoprotein. Virology. (2008) 379:143-51. doi: 10.1016/j.virol.2008.06.017

88. Ammendolia MG, Pietrantoni A, Tinari A, Valenti P, Superti F. Bovine
lactoferrin inhibits echovirus endocytic pathway by interacting with viral structural
polypeptides. Antiviral Res. (2007) 73:151-60. doi: 10.1016/j.antiviral.2006.09.002

frontiersin.org


https://doi.org/10.3389/fnut.2022.992733
https://doi.org/10.1016/j.antiviral.2014.08.012
https://doi.org/10.1016/j.bbrc.2013.04.013
https://doi.org/10.3390/v11010051
https://doi.org/10.1016/j.nutres.2012.06.006
https://doi.org/10.1016/j.antiviral.2005.10.006
https://doi.org/10.1128/IAI.71.9.5149-5155.2003
https://doi.org/10.1093/infdis/172.2.380
https://doi.org/10.1023/B:BIOM.0000027691.86757.e2
https://doi.org/10.1016/j.siny.2013.02.001
https://doi.org/10.1016/S0161-5890(03)00152-4
https://doi.org/10.1016/j.biochi.2008.05.015
https://doi.org/10.1007/978-1-4615-2548-6_21
https://doi.org/10.1128/iai.56.11.2774-2781.1988
https://doi.org/10.3389/fmicb.2017.00002
https://doi.org/10.2174/138161209788453202
https://doi.org/10.1016/j.nutres.2008.05.007
https://doi.org/10.3390/molecules24071323
https://doi.org/10.1111/cei.13108
https://doi.org/10.1016/j.foodchem.2012.12.049
https://doi.org/10.3390/ijms20092128
https://doi.org/10.1371/journal.pone.0171477
https://doi.org/10.17221/1978-VETMED
https://doi.org/10.1136/adc.67.5.657
https://doi.org/10.1111/jpc.12104
https://doi.org/10.1016/j.virol.2005.01.010
https://doi.org/10.19044/esj.2021.v17n14p14
https://doi.org/10.1074/jbc.RA118.003145
https://doi.org/10.3390/ijerph182010985
https://doi.org/10.1016/j.ijid.2020.05.110
https://doi.org/10.3389/fphar.2021.666600
https://doi.org/10.1128/AEM.00547-16
https://doi.org/10.3389/fnut.2021.651721
https://doi.org/10.21203/rs.3.rs-100956/v2
https://clinicaltrials.gov/show/NCT04475120
https://clinicaltrials.gov/show/NCT04475120
https://doi.org/10.1371/journal.pone.0023710
https://doi.org/10.5530/ijrhs.8.1.3
https://doi.org/10.1016/j.jiac.2014.08.003
https://doi.org/10.1007/s00253-015-6818-4
https://doi.org/10.1016/j.antiviral.2007.03.012
https://doi.org/10.1016/S1386-6346(02)00088-8
https://doi.org/10.1016/j.virol.2014.01.022
https://doi.org/10.1016/j.virol.2008.06.017
https://doi.org/10.1016/j.antiviral.2006.09.002
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Bolat et al.

89. Mataczewska J, Kaczorek-LUkowska E, Wojcik R, Krzysztof Siwicki A.
Antiviral effects of nisin, lysozyme, lactoferrin and their mixtures against bovine
viral diarrhoea virus. BMC Vet Res. (2019) 15:318. doi: 10.1186/s12917-019-2067-6

90. Fujihara T, Hayashi K. Lactoferrin inhibits herpes simplex virus
type-1 (HSV-1) infection to mouse cornea. Arch Virol. (1995) 140:1469—
72. doi: 10.1007/BF01322673

91. Zheng Y, Zhang W, Ye Q, Zhou Y, Xiong W, He W, et al. Inhibition
of epstein-barr virus infection by lactoferrin. J Innate Immun. (2012) 4:387-
98. doi: 10.1159/000336178

92. Nozaki A, Ikeda M, Naganuma A, Nakamura T, Inudoh M, Tanaka K,
et al. Identification of a lactoferrin-derived peptide possessing binding activity
to hepatitis C virus E2 envelope protein. J Biol Chem. (2003) 278:10162-
73. doi: 10.1074/jbc.M207879200

93. Kaito M, Iwasa M, Fujita N, Kobayashi Y, Kojima Y, Ikoma J,
et al. Effect of lactoferrin in patients with chronic hepatitis C: combination
therapy with interferon and ribavirin. ] Gastroenterol Hepatol. (2007) 22:1894—
7. doi: 10.1111/§.1440-1746.2007.04858.x

94. Sapp M, Bienkowska-Haba M. Viral entry mechanisms: Human
papillomavirus and a long journey from extracellular matrix to the nucleus.
FEBS J. (2009) 276:7206-16. doi: 10.1111/.1742-4658.2009.07400.x

95. Egashira M, Takayanagi T, Moriuchi M, Moriuchi H. Does daily intake of
bovine lactoferrin-containing products ameliorate rotaviral gastroenteritis? Acta
Paediatr Int ] Paediatr. (2007) 96:1242-4. doi: 10.1111/j.1651-2227.2007.00393.x

Frontiersin Nutrition

10

10.3389/fnut.2022.992733

96. Puddu P, Borghi P, Gessani S, Valenti P, Belardelli F, Seganti L. Antiviral
effect of bovine lactoferrin saturated with metal ions on early steps of human
immunodeficiency virus type 1 infection. Int ] Biochem Cell Biol. (1998) 30:1055-
63. doi: 10.1016/S1357-2725(98)00066- 1

97. Yamamoto H, Ura Y, Tanemura M, Koyama A, Takano S, Uematsu J,
et al. Inhibitory effect of bovine lactoferrin on human parainfluenza virus type 2
infection. J Heal Sci. (2010) 56:613-7. doi: 10.1248/jhs.56.613

98. Gonzalez-Chavez SA, Arévalo-Gallegos S, Rascon-Cruz Q. Lactoferrin:
structure, function and applications. Int ] Antimicrob Agents. (2009) 33:301.e1-
301.8. doi: 10.1016/j.ijantimicag.2008.07.020

99. Chang R, Ng TB, Sun WZ. Lactoferrin as potential preventative
and adjunct treatment for COVID-19. Int ] Antimicrob Agents. (2020)
56:106118. doi: 10.1016/j.ijantimicag.2020.106118

100. Hu Y, Meng X, Zhang E Xiang Y, Wang J. The in vitro antiviral activity of
lactoferrin against common human coronaviruses and SARS-CoV-2 is mediated
by targeting the heparan sulfate co-receptor. Emerg Microbes Infect. (2021) 10:317-
30. doi: 10.1080/22221751.2021.1888660

101. Salaris C, Scarpa M, Elli M, Bertolini A, Guglielmetti S, Pregliasco F, et al.
Protective effects of lactoferrin against SARS-CoV-2 infection in vitro. Nutrients.
(2021) 13:328. doi: 10.3390/nu13020328

102. Santos JG de O, Migueis DP, Amaral JB do, Bachi ALL, Boggi AC, Thamboo
A, et al. Impact of SARS-CoV-2 on saliva: TNF-?, IL-6, IL-10, lactoferrin, lysozyme,
1gG, IgA, and IgM. J Oral Biosci. (2022) 64:108-13. doi: 10.1016/j.job.2022.01.007

frontiersin.org


https://doi.org/10.3389/fnut.2022.992733
https://doi.org/10.1186/s12917-019-2067-6
https://doi.org/10.1007/BF01322673
https://doi.org/10.1159/000336178
https://doi.org/10.1074/jbc.M207879200
https://doi.org/10.1111/j.1440-1746.2007.04858.x
https://doi.org/10.1111/j.1742-4658.2009.07400.x
https://doi.org/10.1111/j.1651-2227.2007.00393.x
https://doi.org/10.1016/S1357-2725(98)00066-1
https://doi.org/10.1248/jhs.56.613
https://doi.org/10.1016/j.ijantimicag.2008.07.020
https://doi.org/10.1016/j.ijantimicag.2020.106118
https://doi.org/10.1080/22221751.2021.1888660
https://doi.org/10.3390/nu13020328
https://doi.org/10.1016/j.job.2022.01.007
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Lactoferrin for COVID-19 prevention, treatment, and recovery
	Introduction
	Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) and COVID-19
	The genetic and physical structure of SARS-CoV-2
	The major effects of COVID-19 on human health
	Diagnostic and therapeutic studies against COVID-19 

	Lactoferrin—a multifunctional glycoprotein
	The therapeutic potential of lactoferrin to COVID-19
	Antiviral mechanism and potential clinical uses of lactoferrin against COVID-19


	Conclusion 
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


