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ABSTRACT

Introduction

Lactoferrin is a glycoprotein belonging to the group of transferrins found in most body

fluids. It has been shown to possess antimicrobial, anti-inflammatory, immunomodulatory and

anticancer properties. The increasing availability and widespread use of dietary supplements

containing lactoferrin have been observed as supportive measures in managing various

infections.

Aim of the study

The objective of this study is to summarize the current knowledge regarding the anti-

infective - mostly antiviral - effects of lactoferrin and the justification for its use in the

treatment of upper respiratory tract infections.

Knowledge summary

Scientific research has consistently confirmed the effectiveness of lactoferrin against

pathogenic microorganisms. The antibacterial effect of this protein is based mainly on the

management of available iron resources - an ingredient necessary for bacterial growth. On the

other hand, the antiviral activity of this protein is based on the induction of interferon

production.
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Conclusion

Dietary supplements containing lactoferrin are approved by the US Food and Drug

Administration (FDA) for supportive use in infections. Lactoferrin exhibits antimicrobial

activity supported by research in specific infections. It has a good tolerance and safety profile,

therefore it seems that it can be used adjunctively in this indication.

Keywords

lactoferrin, infections, viral infection, bacterial infection, upper respiratory tract

infections, supplements, influenza, COVID-19

Introduction

Upper respiratory tract infections are the third most common reason for patients' visits

to family doctors' offices [1]. They include acute nasopharyngitis (common cold), acute

sinusitis and acute pharyngitis/tonsillitis. Most of them are caused by viruses such as RSV,

influenza viruses, parainfluenza viruses, adenoviruses, rhinoviruses, enteroviruses and

coronaviruses and are treated symptomatically [2].

The antimicrobial properties of lactoferrin are the subject of growing scientific interest.

The study conducted by Yunling Xu, Yuji Wang, Jiaolong He, Wanping Zhu shows that the

number of publications on the properties of lactoferrin has been increasing significantly since

2019, with a peak during the COVID-19 pandemic. [3]. At the same time, the availability of

dietary supplements containing lactoferrin is increasing, with indications for its use as an

adjunct during infections. According to IndustryARC forecast the global lactoferrin

supplements market was estimated at 200.76 million USD in 2020, growing at a CAGR

(compound annual growth rate) of 7.5% during years 2021-2026 [4]. Its value is projected to

increase to 411.8 million USD in 2028 [5].

Lactoferrin is a glycoprotein commonly found in body fluids and on mucous

membranes. It is also present in the granules of immune cells - neutrophils. It belongs to a

group of proteins with the ability to bind iron, which determines its properties. The discovery

of lactoferrin in bovine milk in 1939 revealed its role in preventing bacterial growth and

biofilm formation, attributed to iron deprivation [6, 7]. Subsequent scientific research

demonstrated numerous other properties of lactoferrin. The current state of knowledge

indicates its contribution to cell proliferation, differentiation, stimulation of neuron

development, development of cognitive functions, bone growth support, protection against



4

oxidative stress, regulation of the hematopoietic system, anti-inflammatory and

immunoregulatory properties as well as the potential to inhibit tumor development [8].

Methodology

Based on articles from the PubMed medical database, the authors compiled a summary

of the current knowledge about the antimicrobial action of lactoferrin. Using the search term

"lactoferrin" they accessed over 3600 publications dating from 1968 to 2024, with the highest

number of articles published during the global COVID-19 pandemic (2021-2022). Using

other keywords, the authors selected scientific works to create the following review.

Current state of knowledge

Mechanism of action

The mechanisms of lactoferrin action are diverse. Initially, its role in combating

microorganisms by regulating iron metabolism was recognized. However, it’s the molecular

mechanisms activated by lactoferrin that seem to play a more significant role. These include

increased expression of proinflammatory cytokines such as interferon- γ, interleukin-1b,

interleukin-6 and granulocyte-macrophage colony-stimulating factor (GMCSF) as

demonstrated in studies involving exogenous lactoferrin administration [9].

On the other hand, during active inflammatory processes, lactoferrin may promote the

production of anti-inflammatory cytokines such as IL-4 and IL-10, while inhibiting the

production of proinflammatory factors (TNF- α, IL-1b, IL-6) [10]. In the context of viral

infections, which are the most common, lactoferrin's ability to induce the production of

interferons α and β (IFN-α and IFN-β) appears crucial. These interferons constitute the body's

first line of defense against viruses by inhibiting their replication. Oral supplementation with

lactoferrin has been shown to increase interferon levels in the body [11].

Oral supplementation

Gastric gland cells secrete pepsinogen, which, under the influence of hydrochloric acid

produced by parietal cells, is converted into its active form – pepsin. Pepsin breaks down

proteins during digestion. In the case of lactoferrin, digestion results in the breakdown of the

molecule into smaller peptides, known as lactoferricins (Lfcins). While lacking iron-chelating

abilities, lactoferricins often exhibit higher bactericidal activity than lactoferrin alone,

suggesting justified oral use of lactoferrin as a dietary supplement [12].
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Adenoviruses

A study on the activity of milk proteins against adenoviruses demonstrated that

lactoferrin, among the proteins investigated (mucin, α-lactalbumin and β-lactoglobulin),

uniquely exhibited inhibitory effects on adenovirus replication. Importantly, this effect was

achieved not only before virus adsorption, but also after virus attachment to the host cell

membrane and during replication. Lactoferrin's mechanism of action includes competition for

glycosaminoglycans, which serve as the binding sites for virus attachment to the cell

membrane [13, 14].

Respiratory Syncytial Virus (RSV)

In vitro studies consistently demonstrated that lactoferrin inhibits RSV replication,

even at concentrations lower than those normally found in human milk [14, 16, 17, 12].

However, animal studies did not confirm this effect. Lucien Gualdi, Sara Mertz, Ana M

Gomez, Octavio Ramilo, Anja Wittke, and Asuncion Mejias found that the concentration of

Th1, Th2 and Th17 cytokines and the severity of the disease did not differ significantly

between mice infected with RSV and treated with lactoferrin (regardless of dose and route of

administration) and animals infected with RSV and untreated with lactoferrin [18].

However, a study on healthy children with recurrent respiratory tract infections

showed that lactoferrin and curcumin supplementation helped reduce the frequency of

infections by modulating the maturation of CD8+ T lymphocytes and decreasing IL-10

production by CD14+ lymphocytes [19, 12]. Similar conclusions were drawn from studying

infants aged 4-6 months fed milk with added lactoferrin, with a lower incidence of RSV

infection compared to the control group [20,12].

Influenza

According to the World Health Organization, between 300 million and 1.5 billion

people worldwide suffer from influenza each year, accounting for 4% to 19% of the global

population. A study on mice infected with the influenza virus observed a lower lung

consolidation score in the group of animals receiving lactoferrin than in the control group,

even though the proinflammatory cytokine IL-6 did not significantly differ between the two

groups [21].

Another study identified broad anti-influenza activity among three peptides derived

from the lactoferrin molecule. These peptides inhibit virus replication by binding to
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hemagglutinin on the viral envelope, even at femtomolar concentrations. According to the

authors, these are the smallest molecules discovered to be active against the influenza viruses

and may be used to develop a new class of drugs against this illness [22].

Rhinoviruses

Previous studies did not prove the effective action of lactoferrin against rhinoviruses

[23]. However, in their publication, Denani CB et al. demonstrated the inhibition of H1-HeLa

cell infection by rhinoviruses by lactoferrin. This effect was most significant when lactoferrin

was added simultaneously with the virus and somewhat less when added during the virus

absorption stage [24].

SARS-CoV-2

The SARS-CoV-2 pandemic erupted in March 2020 in China and rapidly spread

worldwide. According to statistics, approximately 7 million people died from COVID-19 by

the end of 2023.

Researchers from Brazil conducted an experiment, the results of which are as follows:

lactoferrin at a concentration of 1 mg/mL in vitro inhibits the early-stage infection of Vero

cells (African green monkey kidney epithelial cells) with the SARS-CoV-2 virus [25].

In vivo studies conducted on hamsters using a model coronavirus GX_P2V (SARS-

CoV-2-related coronavirus) demonstrated the antiviral activity of lactoferrin, leading to

reduction in viremia in the lungs and trachea of the studied animals and facilitating the

healing process [26].

However, human studies did not demonstrate the clinical efficacy of lactoferrin. A

study conducted on 209 medical professionals in Peru in 2020 and 2021 involved daily intake

of 600 mg of lactoferrin for 90 days. The dose was determined based on previous scientific

studies. No significant differences were observed between the treated patients and the control

group regarding the frequency, duration or severity of SARS-CoV-2 infection [27].

Similarly, in a randomized, double-blind clinical trial conducted in Italy on 219

patients taking 800 mg of lactoferrin daily, no clinical significance of supplementation for the

course of the disease was observed. The experiment did not demonstrate effectiveness in

preventing deaths, ICU transfers, the need for oxygen therapy or a decrease in pro-

inflammatory biomarkers (CRP, IL-6, ferritin) [28]. It is important to note that none of the

above studies reported significant adverse effects, indicating a good safety and tolerance

profile for lactoferrin supplementation [27, 28].
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Enteroviruses

Enteroviruses are a group of viruses that cause diseases of various specificity and

severity - from mild flu-like illnesses, through herpangina, to meningitis. Tsui-Ying Weng et

al. in a 2005 study proved that both in vitro and in vivo lactoferrin protects human cells

against infection with enterovirus E71. Its mechanism of action involves binding to the VP1

protein of EV71. Additionally, this study showed that lactoferrin enhanced the expression of

IFN-α and inhibited the production of IL-6. It follows that lactoferrin protects against

infection both by interacting with the virus itself and with host cells. What’s more, lactoferrin

has been proven to protect mice against lethal EV71 challenge [29, 30].

On the other hand, another in vivo study involving 216 children aged 2 to 6 did not

confirm that lactoferrin had an impact on the incidence or severity of enterovirus infections.

In this study, IFN-γ and IL-10 (proinflammatory and anti-inflammatory, respectively) were

selected as markers. Also in this respect, no significant changes were observed between the

levels of cytokines in the group of children examined and in the control group. The authors

suspect that the study results could have been influenced by the fact that the observations

were made of children in a kindergarten with strict sanitary regime (therefore, the number of

infections was naturally lower) [31].

Bacteria

Although the vast majority of upper respiratory tract infections are caused by viruses,

some are caused by bacteria. A study conducted by Jialiang Tang et al. in 2019 shows that in

the age group 0-5, over 90% of infections had a viral etiology. This percentage decreases with

age, reaching the lowest value in the age group 5-45 (approx. 75%). At the same time, the

percentage of bacterial infections is increasing - from 6.5% in the 0-5 age group to

approximately 15% in the 5-45 age group [32]. The most common bacteria causing upper

respiratory tract infections include Group A streptococci, Mycoplasma pneumoniae,

Streptococcus pneumoniae and Staphylococcus aureus [33].

In 2019 in Frontiers in Microbiology a paper examining the effect of lactoferrin on

bacteria was published. The study focused on the colonization of the respiratory tract by

pneumococci and the effect on the existing pneumococcal biofilm. First, the inhibitory effect

of lactoferrin on the colonization of the respiratory tract tissues by these bacteria was

demonstrated to an extent comparable to the effect of the macrolide antibiotic - erythromycin.

Subsequently, the degradation of pneumococcal DNA by lactoferrin was demonstrated and it
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was proven that bovine lactoferrin is able to eradicate bacterial biofilm, even if the bacteria

are resistant to antibiotics (trimethoprim) [34].

In their study, Kosznik-Kwaśnicka K., Kaźmierczak N. and Piechowicz L. also proved

the effect of lactoferrin against multidrug-resistant Staphylococcus aureus (MDRSA).

MDRSA strains classified as strong biofilm producers were selected. Mature MDRSA

biofilms were treated with three different concentrations of lactoferrin (chosen based on

literature data). After 4, 12 and 24 hours of incubation with lactoferrin it was found that

lactoferrin significantly decreased biofilm biomass and viability. What’s suprising there were

no differences between 1mg/mL and 10mg/mL concentrations. Even though the biomass

decreased, the number of cells in the biofilm did not decrease. This may indicate rather

bacteriostatic than bactericidal effect of lactoferrin. In the light of this knowledge, the authors

propose using lactoferrin as an additive to other antimicrobials to increase their effectiveness

rather than a medicine itself [35]. A study by Petitclerc D. et al. also showed that lactorferrin

increases the potential of penicillin fourfold against penicillin-susceptible S. aureus strains

and up to 16-fold in penicillin-resistant strains [36].

Conclusions

Lactoferrin is sold worldwide in the form of dietary supplements. To date, many

experiments both in vitro and in vivo have been carried out in the research on lactoferrin.

Most of them focus on the molecular analysis of lactoferrin activity, confirming the induction

of pro- or anti-inflammatory action depending on environmental conditions through the

influence on cytokine expression. In vivo studies confirm the antibacterial effectiveness of

lactoferrin as well as – to varying degrees - the antiviral effectiveness of lactoferrin. Due to

the good safety and tolerance profile of this substance, its supportive use in treating upper

respiratory tract infections seems to be justified.
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