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Sicherheit und  
Anwendung

"Scientific Opinion 
on bovine lactoferrin 
EFSA Panel on Dietetic 
Products, Nutrition and 
Allergies (NDA)"

EFSA Panel on 
Dietetic Products, 
Nutrition and 
Allergies (NDA)

EFSA Journal 2012 Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA) was asked to carry out 
the additional assessment of “lactoferrin” as a food ingredient in the context of Regulation (EC) No 258/97 taking into account the comments 
and objections of a scientific nature raised by Member States. Bovine lactoferrin (bLF) is a protein that occurs naturally in cow’s milk. The ap-
plicant intends to market bLF as an ingredient for food supplements, infant and follow-on formulae, dietetic food for special medical purposes 
and sports nutrition, and for a variety of foods. For infants with an age of 0 - 6 months, the applicant has estimated an intake of approximately 
200 mg per kg bodyweight and 1.2 g bLF per day at the proposed use level. For adults, the mean and 95th percentile daily intakes were 
calculated to be about 1.4 g and 3.4 g for an adult person. The toxicological information provided by the applicant included information from 
an in vitro genotoxicity study, a single dose study, a four week and a thirteen week oral repeated dose study in rats. The Panel notes that the 
estimated intake of “lactoferrin” for infants up to the age of one year of approximately 210 mg/kg bw per day would be around ten times lower 
than the highest dose (2,000 mg/kg bw per day) tested in the subchronic thirteen week rat study, which did not show adverse effects related 
to bLF. For adults above 19 years of age the proposed intake is approximately 100 times lower. This level of anticipated intake is considered 
a high intake scenario as opposed to a worst-case situation. The data provided suggest the absence of adverse effects of lactoferrin at the 
proposed levels of consumption. The Panel concludes that the novel food ingredient bLF is safe under the proposed uses and use levels.  
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Allgemeine  
Anwendung

Multifunctional  
capacity and  
therapeutic potential 
of lactoferrin

Moreno-Expósito 
L. et al

Life Sciences 195 
(2018) 61–64

"Lactoferrin (LF) is a glycoprotein with high functional versatility that is found in most body fluids. The objective of this study was to 
gather and update information on the properties attributed to LF. According to this review, LF is a good immunomodulatory agent that 
acts on both innate and adaptive immune responses. It possesses antimicrobial activity against parasites, fungi, and viruses and also 
has re- generative properties at tissue level and anti-carcinogenic activity. All of these properties endow LF with major therapeutic 
potential of which little advantage has been taken to date."

Link

Lactoferrin:  
Antimicrobial activity 
and therapeutic  
potential

Embleton ND, 
et al

Seminars in 
Fetal & Neonatal 
Medicine xxx 
(2013) 1e7

Lactoferrin is a highly conserved protein from an evolutionary perspective, with a wide range of roles related to protection from infec-
tion and promotion of nutritional status. Infection, malnutrition and intestinal pathologies are key inter-related problems, represent im-
portant threats to survival and are associated with adverse long-term health outcomes after preterm birth. Lactoferrin is available as a 
commercial extract from bovine milk and offers potential as a therapeutic intervention for preterm in- fants modulating infections and 
intestinal pathologies. In this review we explore the structure, direct antimicrobial effects, modification of host immune function and 
gastrointestinal effects of lactoferrin. Current trial data are reviewed, and research priorities and challenges identified and discussed.

Link

Lactoferrin from Milk: 
Nutraceutical and 
Pharmacological 
Properties

Giansanti F., et al Pharmaceuticals 
2016, 9, 61;

Lactoferrin is an iron-binding protein present in large quantities in colostrum and in breast milk, in external secretions and in polymor-
phonuclear leukocytes. Lactoferrin’s main function is non-immune protection. Among several protective activities shown by lacto-
ferrin, those displayed by orally administered lactoferrin are: (i) antimicrobial activity, which has been presumed due to iron depriva-
tion, but more recently attributed also to a specific interaction with the bacterial cell wall and extended to viruses and parasites; (ii) 
immunomodulatory activity, with a direct effect on the development of the immune system in the newborn, together with a specific 
antinflammatory effects; (iii) a more recently discovered anticancer activity. It is worth noting that most of the protective activities of 
lactoferrin have been found, sometimes to a greater extent, also in peptides derived from limited proteolysis of lactoferrin that could 
be generated after lactoferrin ingestion. Lactoferrin could therefore be considered an ideal nutraceutic product because of its rela-
tively cheap production from bovine milk and of its widely recognized tolerance after ingestion, along with its well demonstrated pro-
tective activities. The most important protective activities shown by orally administered bovine lactoferrin are reviewed in this article.

Link
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Qualität und  
Produktionsprozesse

Effect of technological 
treatments on bovine 
lactoferrin: An overview

Franco I et al Food Research 
International 106 
(2018) 173–182

Lactoferrin (LF) is a multifunctional protein that exerts important activities in the neonate through its presence in milk, and also in other external 
mucosas, acting as a defense protein of innate immunity. The addition of bovine LF to infant formula and also to other functional products and 
cosmetics has increased during the last decades. Consequently, it is essential to know the effect that the technological processes, neces-
sary to elaborate those products, have on LF activity. In this study, we have revised the effect of classical treatments on lactoferrin structure 
and activity, such as heat treatment or drying, and also of emerging technologies, like high pressure or pulsed electric field. The results of the 
studies included in this review indicate that LF stability is dependent on its level of iron-saturation and on the characteristics of the treatment 
media. Furthermore, the studies revised here reveal that the non-thermal treatments are interesting alternatives to the traditional ones, as they 
protect better the structure and activity of lactoferrin. It is also clear the need for research on LF encapsulation by different ways, to protect 
its properties before it reaches the intestine. All this knowledge would allow designing processes less harmful for LF, thus maintaining all its 
functionality.

Link

Physico-chemical 
properties influence 
the functions and 
efficacy of commercial 
bovine lactoferrins

Rosa L. et al Biometals (2018) 
31:301–312

Human and bovine lactoferrin (hLf and bLf) are multifunctional iron-binding glycoprotein constitutively synthesized and secreted by glandular 
epithelial cells and by neutrophils following induction. HLf and bLf possess very high similarity of sequence. Therefore, most of the in vitro and 
in vivo studies are carried out with commercial bLf (cbLf), available in large quantities and recognized by Food and Drug Administration (FDA, 
USA) as a safe substance. Physico-chemical heterogeneity of different cbLf preparations influences their effectiveness. CbLf iron-saturation 
affects thermal stability and resistance to proteolysis. Moreover, other metal ions such as Al(III), Cu(II), Mg(II), Mn(II), Zn(II) are chelated by cbLf, 
even if at lower affinity than Fe(III). Ca(II) is also sequestered by the carboxylate groups of sialic acid present on glycan chains of cbLf thus 
provoking the release of LPS, contributing to bactericidal activ- ity. Similarly to more than 50% of eukaryotic proteins, cbLf possesses five 
N-glycosylation sites, also con- tributing to the resistance to proteolysis and, puta- tively, to the protection of intestinal mucosa from patho-
gens. CbLfs possess several functions as anti- microbial, anti-biofilm, anti-adhesive, anti-invasive and anti-inflammatory activities. They are 
also rele- vant modulators of iron and inflammatory homeosta- sis. However, the efficacy of cbLfs in exerting several functions can be erratic 
mainly depending from integrity, degree of iron and other metal ions satura- tion, N-glycosylation sites and chains, desialylated forms, Ca(II) 
sequestration, presence of contaminants and finally the ability to enter inside nucleus.

Link

https://doi.org/10.1016/j.foodres.2017.12.016
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Immunsystem: 
Immunmodulation, 
Entzündung

Lactoferrin in a Context 
of inflammation- 
induced Pathology

Kruzel M. et al Frontiers in  
Immunology 2017 

Much progress has been achieved to elucidate the function of lactoferrin (LTF), an iron-binding glycoprotein, in the milieu of immune func-
tionality. This review represents a unique examination of LTF toward its importance in physiologic homeostasis as related to development of 
disease-associated pathology. The immunomodulatory nature of this protein derives from its unique ability to “sense” the immune activation 
status of an organism and act accordingly. Underlying mechanisms are proposed whereby LTF con- trols disease states, thereby pinpointing 
regions of entry for LTF in maintenance of various physiological pathways to limit the magnitude of tissue damage. LTF is examined as a first 
line mediator in immune defense and response to pathogenic and non-pathogenic injury, as well as a molecule critical for control of oxidative 
cell function. Mechanisms of interaction of LTF with its receptors are examined, with a focus on protective effects via regulation of enzyme 
activities and reactive oxygen species production, immune devi- ation, and prevention of cell apoptosis. Indeed, LTF serves as a critical control 
point in physiologic homeostasis, functioning as a sensor of immunological performance related to pathology. Specific mediation of tissue 
pathophysiology is described for maintenance of intestinal integrity during endotoxemia, elicited airway inflammation due to allergens, and 
pulmonary damage during tuberculosis. Finally, the role of LTF to alter differentiation of adaptive immune function is examined, with specific 
recognition of its utility as a vaccine adjuvant to control subsequent lymphocytic reactivity. Overall, it is clear that while the ability of LTF to both 
sequester iron and to direct reactive oxygen intermediates is a major factor in lessening damage due to excessive inflammatory responses, 
further effects are apparent through direct control over development of higher order immune functions that regulate pathology due to insult 
and injury. This culminates in attenuation of pathological damage during inflammatory injury.

Link

Lactoferrin in  
Aseptic and Septic 
Inflammation

Lepanto MS. et al Molecules 2019, 
24, 1323; 

Lactoferrin (Lf), a cationic glycoprotein able to chelate two ferric irons per molecule, is synthesized by exocrine glands and neutrophils. Since 
the first anti-microbial function attributed to Lf, several activities have been discovered, including the relevant anti-inflammatory one, especially 
associated to the down-regulation of pro-inflammatory cytokines, as IL-6. As high levels of IL-6 are involved in iron homeostasis disorders, 
Lf is emerging as a potent regulator of iron and inflammatory homeostasis. Here, the role of Lf against aseptic and septic inflammation has 
been reviewed. In particular, in the context of aseptic inflammation, as anemia of inflammation, preterm delivery, Alzheimer’s disease and type 
2 diabetes, Lf administration reduces local and/or systemic inflammation. Moreover, Lf oral administration, by decreasing serum IL-6, reverts 
iron homeostasis disorders. Regarding septic inflammation occurring in Chlamydia trachomatis infection, cystic fibrosis and inflammatory 
bowel disease, Lf, besides the anti-inflammatory activity, exerts a significant activity against bacterial adhesion, invasion and colonization. 
Lastly, a critical analysis of literature in vitro data reporting contradictory results on the Lf role in inflammatory processes, ranging from pro- to 
anti-inflammatory activity, highlighted that they depend on cell models, cell metabolic status, stimulatory or infecting agents as well as on Lf 
iron saturation degree, integrity and purity.

Link

Overview of Lactoferrin 
as a Natural Immune 
Modulator

Legrand D J Pediatr 
2016;173S:S10-5

Lactoferrin is thought to be the most polyvalent protein present in host defense against tissue injuries and infections in vertebrates. Owing to 
the propensity of its basic N-terminal domain to interact with various microbial and host targets, lactoferrin not only has antimicrobial proper-
ties, but also modulates the innate and adaptive immune re- sponses. Lactoferrin may indeed up- and downregulate immune cell activation, 
migration, and growth. Whereas the immunomodulatory properties of lactoferrin are evidenced from in vivo studies using either lactoferrin- 
knockout, lactoferrin-overexpressing transgenic models, and dietary lactoferrin, few mechanisms from in vitro studies have been proposed 
to explain these properties. The best characterized lactoferrin targets are negatively charged molecules. They encompass pro-inflammatory 
microbial molecules, such as pathogen-associated molec- ular patterns (eg, lipopolysaccharide), but also host components such as DNA, 
the glycosaminoglycan chains of proteoglycans, and surface cell receptors. Signaling through these receptors is thought to be the main lever 
used by lactoferrin to influence immune cells and cytokine-balance-controlling cell activity. This article aims to re- view our current under-
standing, though incomplete, of the many ways lactoferrin influences the complex immune machinery and the known and putative mecha-
nisms that may explain its properties. 

Link

https://doi.org/10.3389/fimmu.2017.01438
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Eisenhaushalt

"Influence of oral 
administration mode 
on the efficacy of 
commercial bovine 
Lactoferrin against iron 
and inflammatory ho-
meostasis disorders"

Rosa L. et al Biometals 2020 Abstract Milk derivative bovine Lactoferrin (bLf), a multifunctional glycoprotein available in large quantities and recognized as safe, possesses 
high homology and identical functions with human Lacto- ferrin. There are numerous food supplements contain- ing bLf which, however, can 
vary in its purity, integrity and, consequently, functionality. Here, we report on a clinical trial where bLf (100 mg two times/day) was orally admin-
istered before (Arm A) or during meals (Arm B) to pregnant women with hereditary thrombophilia and suffering from anemia of inflammation. A 
significant increase of the number of red blood cells (RBCs), hemoglobin (Hb), total serum iron (TSI) and serum ferritin (sFtn) levels, along with 
a significant decrease of interleukin-6 were detected after 30 days in Arm A, but not in Arm B, thus letting us to hypothesize that bLf inefficacy 
could be related to its degradation by digestive proteases. To verify this hypothesis, bLf was incubated in gastric juice collected before or after 
meals. An undigested or a digested profile was observed when bLf was incubated in gastric juice sampled before or after meals, respective-
ly. These results can explain the beneficial effect observed when bLf is administered under fasting conditions, i.e. in the absence of active 
proteases.

Link

Lactoferrin or ferrous 
salts for iron deficiency 
anemia in pregnancy: 
a meta-analysis of 
randomized trials

Hatem Abu 
Hashim, Osama 
Foda, Essam 
Ghayaty

European Journal 
of Obstetrics and 
Gynecology and 
Reproductive 
Biology 2017

"This systematic review and meta-analysis aimed to evaluate the efficacy of daily oral bovine lactoferrin versus daily oral ferrous iron prepara-
tions for treatment of iron deficiency anemia (IDA) during pregnancy. Searches were conducted on PubMed, ScienceDirect, ClinicalTrials.gov 
and CENTRAL databases from inception to February 2017, and the bibliographies of retrieved articles were screened. The PRISMA Statement 
was followed. Published English language randomized trials comparing lactoferrin with oral ferrous iron preparations in pregnant women with 
iron deficiency anemia were included. Quasi-randomized, non- randomized or studies including other known cause of anemia, gestational 
or pre-existent maternal diseases were excluded. Accordingly, 4 eligible trials (600 women) were analyzed. Primary outcome was change in 
hemoglobin level at 4 weeks of treatment. Secondary outcomes were; change in serum ferritin and iron, rates of gastrointestinal side effects, 
preterm birth, low birthweight, neonatal death and mean birthweight. Quality assessment was performed by the Cochrane risk of bias tool. 
Odds ratio and mean difference were used to integrate dichotomous and continuous outcomes respectively. 
Pooled estimates for change in hemoglobin levels at four weeks favored daily oral lactoferrin over daily oral ferrous sulphate (mean difference 
0.77; 95% confidence interval [CI] 0.04-1.55; P=0.04, 4 trials, 600 women). However, after subgroup analysis (degree of anemia), 
2 no significant difference in hemoglobin levels were found between both groups in mild anemia (mean difference 0.80; 95% CI -0.21 to 1.82, 
3 trials, 372 women), but a significant increase favoring lactoferrin was reported in moderate anemia (mean difference 0.68; 95% CI 0.53-
0.83; P<0.00001, one trial, 228 women). Significantly less gastrointestinal side effects were reported with lactoferrin treatment. No significant 
differences existed with regard to other outcomes. In conclusion, for pregnant women with iron deficiency anemia, daily oral bovine lactoferrin 
is just as good as ferrous sulfate in improving hematological parameters with fewer gastrointestinal side effects. Thereby, lactoferrin should be 
the iron replacement agent of choice for treatment of IDA in pregnancy."

Link

Lactoferrin:  
A Natural Glycoprotein 
Involved in Iron  
and Inflammatory 
Homeostasis

Rosa L. et al "International 
Journal of 
Molecular  
Sciences 2017"

Human lactoferrin (hLf), an iron-binding multifunctional cationic glycoprotein secreted by exocrine glands and by neutrophils, is a key element 
of host defenses. HLf and bovine Lf (bLf), possessing high sequence homology and identical functions, inhibit bacterial growth and biofilm 
dependently from iron binding ability while, independently, bacterial adhesion to and the entry into cells. In infected/inflamed host cells, 
bLf exerts an anti-inflammatory activity against interleukin-6 (IL-6), thus up-regulating ferroportin (Fpn) and transferrin receptor 1 (TfR1) and 
down-regulating ferritin (Ftn), pivotal actors of iron and inflammatory homeostasis (IIH). Consequently, bLf inhibits intracellular iron overload, an 
unsafe condition enhancing in vivo susceptibility to infections, as well as anemia of inflammation (AI), re-establishing IIH. In pregnant women, 
affected by AI, bLf oral administration decreases IL-6 and increases hematological parameters. This surprising effect is unrelated to iron 
supplementation by bLf (80 μg instead of 1–2 mg/day), but to its role on IIH. AI is unrelated to the lack of iron, but to iron delocalization: cellular/
tissue overload and blood deficiency. BLf cures AI by restoring iron from cells to blood through Fpn up-expression. Indeed, anti-inflammatory 
activity of oral and intravaginal bLf prevents preterm delivery. Promising bLf treatments can prevent/cure transitory inflammation/anemia/oral 
pathologies in athletes.

Link

https://doi.org/10.1007/s10534-020-00236-2(0123456789().,-volV() 0123458697().,-volV)
https://doi.org/10.1016/j.ejogrb.2017.10.003
https://doi.org/10.3390/ijms18091985
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Orale spezifische 
Eigenschaften

Innovative study  
on lactoferrin in  
periodontal disease

Castrillon Rivera 
LE et al

Revista Odon-
tológica Mexicana 
2011;15 (4): 231-237

Lactoferrin (LF) is a protein present in secretions and is a compo- nent of neutrophil specific granules released when these cells are activated 
by periodontal pathogenic agents during the course of in- flammatory processes like gingivitis or periodontitis. LF levels are related to the 
number of neutrophils present in lesions so that this molecule has been proposed as a biochemical marker of periodon- tal activity. Due to LF 
biological activities such as cytotoxic ability and its interference in biofilm development, its use can be consid- ered useful in the prevention 
and treatment of periodontal diseases.

Link

Human Trial of 
Liposomal Lactoferrin 
Supplementation for 
Periodontal Disease

Atsushi ISHIKADO Biol. Pharm. Bull. 
33(10) 1758—1762 
(2010)

New approaches to periodontal health have been in strong demand in addition to conventional local plaque control. In this study, liposomal 
bovine lactoferrin (L-bLF) was orally administered to subjects with periodontal disease to investigate whether it could be a useful treatment. 
L-bLF composed of soy phosphatidylcholine was given as a supplement for four weeks in tablet form (180 mg bLF/d) to twelve subjects with 
multiple sites of more than 3 mm probing depth (PD). PD, bleeding on probing (BOP), gingival crevicular fluid (GCF) volume and the levels of 
tumor necrosis factor (TNF)-a, interleukin (IL)-1b, IL-6, and monocyte chemoattractant protein-1 (MCP-1) in GCF were evaluated for 51 sites with 
more than 4 mm PD in five subjects. Blood samples of all sub- jects were collected 0, 2 and 4 weeks after supplementation. Isolated periph-
eral blood mononuclear cells (PBMCs) were incubated for 24h with or without lipopolysaccharide (LPS) (100ng/ml) from Porphyromonas gingiv-
alis, and TNF-a, IL-1b, IL-6 and MCP-1 in the culture media were measured. Toll-like receptor 2 (TLR2) and TLR4 mRNA expressions of isolated 
PBMCs were also quantitatively analyzed using real-time reverse tran- scription-polymerase chain reaction (RT-PCR). The PD was significantly 
reduced by L-bLF supplementation, but the BOP and GCF volume were not significantly changed. The MCP-1 level in GCF was significantly re- 
duced, while levels of other cytokines were not changed. Four-week L-bLF supplementation also showed signifi- cant decreases of LPS-in-
duced cytokine production from PBMCs. Relative gene expressions of TLR2 and TLR4 did not change. These results suggest that L-bLF 
supplementation can be effective in the treatment of periodon- tal disease, although prospective controlled large-scale studies are required.

Link

Lactoferrin and oral 
diseases: current 
status and perspective 
in periodontitis

Berlutti F et al Annali di Stomato-
logia 2011; II (3-4): 
10-18

"Lactoferrin (Lf), an iron-binding glycoprotein able to chelate two ferric ions per molecule, is a component of human secretions synthesized by 
exocrine glands and neutrophils in infection/inflammation sites. Lac- toferrin in saliva represents an important defence fac- tor against bacte-
rial injuries including those related to Streptococcus mutans and periodontopathic bac- teria through its ability to decrease bacterial growth, 
biofilm development, iron overload, reactive oxygen formation and inflammatory processes. 
A growing body of research suggests that inflamma- tory periodontal disease involves a failure of resolu- tion pathways to restore tissue 
homeostasis.There is an important distinction between anti-inflammation and resolution; anti-inflammation is pharmacologic inter- vention 
in inflammatory pathways, whereas resolution involves biologic pathways restoring inflammatory ho- meostasis. An appropriate regulation of 
pro-inflam- matory cytokine synthesis might be useful in reducing periodontal tissue destruction. Recently, the multi- functional IL-6 is emerg-
ing as an important factor able to modulate bone, iron and inflammatory homeostasis. 
Here, we report an overview of Lf functions as well as for the first time Lf anti-inflammatory ability against periodontitis in in vitro model and 
observational clinical study. In in vitro model, represented by gingival fi- broblasts infected with Prevotella intermedia, Lf exer- ted a potent 
anti-inflammatory activity. In the obser- vational clinical trial performed through bovine Lf (bLf) topically administered to volunteers suffering 
from pe- riodontitis, bLf decreased cytokines, including IL-6 in crevicular fluid, edema, bleeding, pocket depth, gingival and plaque index, thus 
improving clinical attachment levels. 
Even if other clinical trials are required, these results provide strong evidence for a instead of an therapeutic potential of this multifunctional 
natural protein."

Link

"A randomised clinical 
trial to determine the 
effect of a toothpaste 
containing enzymes 
and proteins on gum 
health over 3 months"

Daly et al 2019 Journal of Den-
tistry 80 (2019) 
S26–S32

"Objectives: This study tested the efficacy of a toothpaste containing enzymes and proteins reflecting those naturally occurring in saliva which 
play an important role in maintaining bacterial balance to improve gingival health condition and reduce supra-gingival plaque formation over 
a period of 13 weeks as compared to a commercial control toothpaste. Methods: This study was a double-blind, randomised, parallel group, 
3 month home use study in healthy vo- lunteers. Non-smokers with a mean modified gingival index (MGI) score of between 2.00–2.75 and 
at least 20 natural teeth, a minimum of 5 teeth in each quadrant were enrolled in the study. At screening, participants underwent a dental 
prophylaxis and were issued with a standard fluoride toothpaste and toothbrush to use for 4 weeks. After 4 weeks, participants demonstrating 
ongoing eligibility were assessed for gingival health and plaque score and randomised to either test or control toothpaste, which they used at 
home twice daily. After 13 weeks, gingival health and plaque were re-scored. 
Results: 229 participants completed the study. There were no treatment associated adverse events. Plaque and gingival scores were signifi-
cantly better in the test group as compared to the control group. Furthermore, in the test group plaque and gingival scores fell, while those in 
the control group rose over the 13 week period. Conclusions: The test toothpaste containing enzymes and proteins demonstrated significant 
plaque and gingival benefit compared to the control toothpaste, and was well tolerated. 
Clinical significance: Toothbrushing with the test product derived from naturally occurring enzymes and proteins had a clinical adjunctive 
improvement on gingival health compared to brushing alone with a commercially available fluoride toothpaste."

Link

http://www.medigraphic.com/facultadodontologiaunam
https://doi.org/10.1248/bpb.33.1758
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3314318/
https://doi.org/10.1016/j.jdent.2018.12.002"
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Antivirale  
Eigenschaften

"Morphological Cell 
Profiling of SARS-
CoV-2 Infection Identi-
fies Drug Repurposing 
Candidates for COV-
ID-19"

Mirabelli C et al 2020 The global spread of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and  the associated disease COVID-19, requires 
therapeutic interventions that can be rapidly  translated to clinical care. Unfortunately, traditional drug discovery methods have a >90% failure 
rate and can take 10-15 years from target identification to clinical use. In contrast, drug  repurposing can significantly accelerate translation. We 
developed a quantitative high-throughput screen to identify efficacious single agents and combination therapies against SARS-CoV-2. Quan-
titative high-content morphological profiling was coupled with an AI-based machine learning strategy to classify features of cells for infection 
and stress. This assay detected multiple antiviral mechanisms of action (MOA), including inhibition of viral entry, propagation, and modulation 
of host cellular responses. From a library of 1,441 FDA-approved compounds and clinical candidates, we identified 15 dose-responsive com-
pounds with antiviral effects. In particular, we  discovered that lactoferrin is an effective inhibitor of SARS-CoV-2 infection with an IC50 of 308 
nM and that it potentiates the efficacy of both remdesivir and hydroxychloroquine. Lactoferrin also stimulates an antiviral host cell response 
and retains inhibitory activity in iPSC-derived alveolar epithelial cells. Given its safety profile in humans, these data suggest that lactoferrin is a 
readily  translatable therapeutic adjunct for COVID-19. Additionally, several commonly prescribed drugs were found to exacerbate viral infection 
and warrant clinical investigation. We conclude that morphological profiling for drug repurposing is an effective strategy for the selection and  
optimization of drugs and drug combinations as viable therapeutic options for COVID-19  pandemic and other emerging infectious diseases.

Link

Can lactoferrin boost 
human immunity 
against COVID-19?

M. AlKhazindar & 
S.M. Elnagdy

PATHOGENS AND 
GLOBAL HEALTH 
2020

"COVID-19 caused by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) belonging to the family Coronaviridae [1] has become 
a pandemic disease that emerged in China in late 2019 and has since spread worldwide. This family of virus includes two other pathogenic 
human respiratory corona- viruses: SARS-CoV-1 and Middle East Respiratory Syndrome Coronavirus (MERS-CoV). SARS-CoV-2’s gen- ome 
was found to be almost 80% identical to SARS- CoV-1 [2]. The new emerging virus is transmitted through respiratory droplets, where it enters 
the human body through airway epithelial cells. It can also be transmitted through aerosol droplets, contami- nated surfaces and per-
son-to-person contact [1]. 
So far, current protection and treatment approaches have proven to be insufficient, and thus far a potent antiviral drug is yet to be found. Due 
to the critical status of the disease, there are strong efforts to find a novel, efficient and safe drug that can suppress the infection. 
One possible solution might be found in Lactoferrin (LF), which is an innate immunomodulatory glycoprotein (80 kDa) that is naturally produced 
in human and bovine milk. The highest concentration of LF is in the colostrum of human breast milk that decreases gradually during lactation. 
LF is also found in the mucosa which presents the primary defense against respiratory microbial infec- tions [3]. LF has been reported to 
have significant anti- microbial activity [4]. Furthermore, it plays an antiviral role against a wide range of human and animal viruses including 
rotavirus, respiratory syncytial virus, herpes viruses, hepatitis C and Human Immunodeficiency Virus (HIV) [3,5]. The antiviral role of LF has two 
routes: inhibi- tion of virus replication inside the host cells; or prevention of infection by direct binding to virus particles or to viral receptors or 
co-receptors of the host cell. Several studies have proved the presence of anti-inflammatory, antitu- moral and antiviral properties in LF [5]. 
It was reported that saturation of LF with metals (iron, zinc or manganese) prevented the attachment of a number of viruses such as poliovirus, 
Herpes Simplex Virus (HSV) and HIV to host cells. Also, it was shown 
that the conjugated LF with Zinc inhibited virus repli- cation even when added after the virus’ entry [3]. However, other studies have found that 
metal-free LF (apo-LF) was more efficient in inhibiting rotavirus repli- cation than metal-saturated LF [5]. 
It has been reported that LF shows an inhibitory activ- ity against SAR-CoV-1 by preventing the attachment of the virus [6]. In this study, LF was 
able to block the binding of spike proteins to the host cells, thus forming a host-defense mechanism against the virus. It also boosted the 
host’s innate immunity by enhancing natural killer cells and neutrophil aggregation and adhesion [6]. 
There are recent and ongoing studies that are testing LF effectiveness as a cure for COVID-19 [7]. Therefore, it could be speculated that lacto-
ferrin or metal- conju- gated-lactoferrin may represent a potent new viral bio- control drug that has the potential to boost the innate human 
immune system against COVID-19."

Link

In Vitro Inhibition of 
SARS-CoV-2 Infection 
by Bovine Lactoferrin.

Marques de  
Carvalho et al

Since its emergence in late 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been posing a serious threat to public 
health worldwide as the causative agent of coronavirus disease 2019 (COVID- 19). Now distributed in a pandemic pattern, this disease 
still lacks an effective drug treatment with low toxicity, leading pharmaceutical companies and research labs to work against time to find a 
candidate molecule to efficiently treat the affected patients. Due to the well-known broad-spectrum antimicrobial activity of the lactoferrin 
protein, we sought to verify whether its bovine form (bLf) would also be effective in vitro against SARS-CoV-2. Using an antiviral assay based 
on quantitative reverse transcription-polymerase chain reaction (qRT-PCR), we found that bLf reduced progeny virus yield by up to ~84,6% in 
African green monkey kidney epithelial cells (Vero E6) and ~68,6% in adenocarcinomic human alveolar basal epithelial cells (A549) at 1 mg/
mL, a concentration previously shown to have low cytotoxicity. Therefore, our preliminary data suggest that bLf has the potential to constitute a 
biochemical approach to fight the new coronavirus pandemic.

Link

https://doi.org/10.1101/2020.05.27.117184
https://doi.org/10.1080/20477724.2020.1779514
https://doi.org/10.1101/2020.05.13.093781
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Antivirale  
Eigenschaften

Lactoferrin for preven-
tion of common viral 
infections

Wakabayashi et al J Infect  
Chemother  
20 (2014) 666e671

Although lactoferrin has many biological functions, the host-protective effects against pathogenic mi- croorganisms including bacteria, fungi, 
and viruses are regarded as one of the most important. Here, we review research on the protective role of lactoferrin administration against 
common viral infections. Many studies have shown the in vitro antiviral activity of lactoferrin against viral pathogens that cause common 
infections such as the common cold, influenza, gastroenteritis, summer cold, and herpes, where lactoferrin inhibits mainly viral attachment to 
the target cells. Recently, studies indicating the in vivo protective effects of lactoferrin by oral administration against common viral infections 
have been increasing. For instance, norovirus is an extremely important emerging human pathogen that causes a majority of gastroenteritis 
outbreaks worldwide that may be a target candidate for lactoferrin. Lacto- ferrin consumption reduced the incidence of noroviral gastroenteri-
tis in children and a similar effect was observed in a wide range of ages in a preliminary survey. A recent in vitro study reported that lactoferrin 
inhibits both cellular attachment of the murine norovirus, a virus closely-related to the human norovirus, and viral replication in the cells by 
inducing antiviral cytokines interferon (IFN)-a/b. Lactoferrin administration also enhances NK cell activity and Th1 cytokine responses, which 
lead to protection against viral infections. In conclusion, lactoferrin consumption may protect the host from viral infections through inhibiting 
the attachment of a virus to the cells, replication of the virus in the cells, and enhancement of systemic immune functions.

Link

Lactoferrin as potential 
preventative and treat-
ment for COVID-19

Chang et al International  
Journal of  
Antimicrobial 
Agents

The coronavirus disease 2019 (COVID-19) pandemic is rapidly advancing across the globe despite dras- tic public and personal health meas-
ures. Antivirals and nutritional supplements have been proposed as potentially useful against severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), the novel coro- navirus that causes COVID-19, but few have been clinically established. Lactoferrin (Lf) is a naturally oc- cur-
ring, non-toxic glycoprotein that is orally available as a nutritional supplement and has established in vitro antiviral efficacy against a wide 
range of viruses, including SARS-CoV, a closely related coronavirus to SARS-CoV-2. Furthermore, Lf possesses unique immunomodulatory 
and anti-inflammatory effects that may be especially relevant to the pathophysiology of severe COVID-19 cases. Here we review the under- ly-
ing biological mechanisms of Lf as an antiviral and immune regulator, and propose its unique potential as a preventative and adjunct treatment 
for COVID-19. We hope that further research and development of Lf nutritional supplementation would establish its role for COVID-19.

Link

The Biology of Lacto-
ferrin, an Iron-Binding 
Protein That Can Help 
Defend Against Viruses 
and Bacteria

Kell et al Frontiers in  
Immunology 

Lactoferrin is a nutrient classically found in mammalian milk. It binds iron and is transferred via a variety of receptors into and between cells, 
serum, bile, and cerebrospinal fluid. It has important immunological properties, and is both antibacterial and antiviral. In particular, there is 
evidence that it can bind to at least some of the receptors used by coronaviruses and thereby block their entry. Of importance are Heparan 
Sulfate Proteoglycans (HSPGs) and the host receptor angiotensin-converting enzyme 2 (ACE2), as based on other activities lactoferrin might 
prevent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from attaching to the host cells. Lactoferrin (and more specifically 
enteric-coated LF because of increased bioavailability) may consequently be of preventive and therapeutic value during the present COVID-19 
pandemic.

Link

https://doi.org/10.1016/j.jiac.2014.08.003
https://doi.org/10.1016/j.ijantimicag.2020.106118
https://doi.org/10.3389/fimmu.2020.01221

