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Abstract

Lactoferrin is a great multifunctional natural glycoprotein, it is distributed widely in various tissues especially in
exocrine glands. It is abundant in exocrine fluids such as breast milk and colostrum, in mucosal secretions, and in
secondary granules of neutrophils. Lactoferrin have many physiological functions, it enhances and strengths the
immune system of the body by sequestering iron and prevent pathogenic bacteria and viruses from using iron for their
growth and replication, also it competes bacteria and viruses on the binding receptor sites of host cells. The low death
rate of infants and children during COVID-19 pandemic is revealed to the antiviral activity of lactoferrin and other
bioactive components. Lactation of infants from breast milk for two years will increase immune response against
bacteria and viruses.
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1. Introduction

Lactoferrin was identified and isolated by Sorensen from bovine milk in 1939 and in 1960 was determined as an iron
binding protein in human milk and bovine milk [1-4]. Lactoferrin is produced by the body from exocrine glands, such
as maternal milk, tears and secondary granules of human neutrophils. Neutrophils after degranulation was found as the
main source of lactoferrin in blood plasma [5-7]. It is also found in most mucosal secretions such as uterine fluid, vaginal
secretion, seminal fluid, saliva, bile, pancreatic juice, small intestine secretions, and nasal secretion [8]. The higher levels
of lactoferrin are present in milk and colostrums [7-10] and its plasma levels change during pregnancy, and with
menstrual cycle. The concentration of lactoferrin in the blood increases during infection, inflammation, excessive intake
of iron and in tumor growth [11].

2. Structure

Lactoferrin or lactotransferrin is a glycoprotein with a molecular weight of about 80 kDa, and a member of a transferrin
family, where 60% of its amino acid sequence has identity with serum transferrin. Lactoferrin has high affinity to bind
and transfer iron Fe (III) in the body. Its affinity to bind Fe (III) ion is two times more than transferrin, also it acts as a
donor of Fe3* ions [12]. Lactoferrin is reversibly chelate two Fe3* ions and preventing the precipitation of iron as
insoluble iron hydroxide. Three different isoforms of lactoferrin have been isolated. Lactoferrin-a is the iron binding
form, but has no ribonuclease activity, lactoferrin-f3 and lactoferrin-y demonstrate ribonuclease activity but they are
not able to bind iron [13].

Lactoferrin is composed of a single polypeptide chain containing 703 amino acids folded into two globular lobes. These
lobes are called C-(carboxy) and N-(amino) terminal regions, are connected with a a-helix. Each lobe consists of two
domains known as C1, C2, N1, and N2. The domains create one iron binding site on each lobe (Figure. 1). Two ferric ions
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can be bound by one lactoferrin molecule. Four amino acid residues are most important for iron binding (histidine,
twice tyrosine, and aspartic acid), while an arginine chain is responsible for binding the carbonate ion [7, 14].

Figure 1 Structure of lactoferrin

There are three forms of lactoferrin according to its iron saturation: apolactoferrin (iron free), monoferric form (one
ferric ion), and hololactoferrin (binds two Fe3*ions) (figure 2). The tertiary structure in hololactoferrin and
apolactoferrin is different [15].

Figure 2 Iron binding site in the N-lobe of lactoferrin

Lactoferrin is a glycosylated protein, has a different sites of glycosylation sites, mostly on the surface of the molecule.
The most common sacharide is mannose, hexoses and hexosamines. The degree of glycosylation varies and determines
the rate of resistance to proteases or to very low pH [1,7]. Lactoferrin is also capable of binding other metal ions like
A3+, Ga3+, Mn3+, Co3+, Cu?*, Zn?*etc., but the affinity for these ions is much lower compared to iron. Apart from CO32,
lactoferrin can bind a variety of other anions like oxalates and carboxylates. Lactoferrin can affect the metabolism and
distribution of various substances [7].

3. Breast milk, a protector against COVID-19

A phenomenon has been found in all over the world, that infants and young children are rarely develop serious
Coronavirus Disease 2019 (COVID-19) infections and almost never die of it compared to adults [16]. The U. S. Centers
for Disease Control reports, that there is no deaths in children of less than 18 years of age [17]. Even in china no deaths
in children 0-9 years of age among 72314 laboratory confirmed COVID-19 cases, while in Italy no death has been
recorded under the age of 30 in a study of 1625 COVID-19 deaths [16]. These facts supports the hypothesis that the
innate immunity of children could have molecules with antiviral activity against COVID-19 compared to adults. Also,
mothers are recommended to feed their babies even if they have coronavirus (Covid-19). A preliminary evidences
suggested that the breast milk isolated from positive COVID-19 mothers does not contain SARS-CoV-2 particles [18-20].
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Breast milk is recommended as an important source of infant nutrition during the first 6months of life to protect the
young children against infectious diseases. Numerous bioactive proteins in human milk are also responsible for the
protection, and strength of body immunity including immunological factors such as Ig4, IgG, live cells, cytokines, and
active proteins and enzymes such as lysozyme and lactoferrin. Breast milk lactoferrin protect the body against
infections, improves neurocognitive, also it supports the proliferation, differentiation, and activation of immune system
cells and strengthen the immune response of the child [21, 22].

The concentration of lactoferrin is varies among the animal species. The highest concentrations has been showing in
human’s milk compared with cow’s milk [23]. The concentration of lactoferrin varies, from 5.0-6.7mg/mL in the
colostrum and 0.1-2.6mg/mL in the human mature milk [24, 25]. Cow’s milk shows lower concentrations of lactoferrin,
with 0.83mg/mL in the colostrum and 0.09mg/mL in the mature milk [26].Results of Matylda and coworkers showed
that the lactoferrin concentration during prolonged lactation ranges from 4.9 to 5.02 g/L. The highest lactoferrin content
was recorded between 12 and 24 months of lactation. Above 24 months, concentration decreases, although not
significantly. These data have shown that lactoferrin content abovel2 months of lactation is close to the lactoferrin
concentration in colostrums [27]. The concentration of lactoferrin increases during inflammatory reactions and some
viral infections, so if infants are exposed to Covid-19, lactoferrin can attenuate the virus cell, where the defense system
(macrophages, others) of the host can kill the virus cell before the infants becomes sick. Also, symptomatic women make
antibodies which are passed in milk and protect babies [28].

4. Antimicrobial activity

Lactoferrin possesses antibacterial and antiviral activities, and exert its activity in many ways.

e Chelation of two ferricions per molecule: lactoferrin capable to chelate two ferric ions per molecule and prevent
pathogenic bacteria and viruses to utilize host iron for replication and growth. Also chelation of lactoferrin to
circulating iron ions is to prevent the formation of toxic hydroxyl radicals and precipitation of iron as hydroxide
[18,29,30] The disorders of iron homeostasis, induced by inflammation and viral infection increase
intracellular iron concentration which favors viral replication [31]. Lactoferrin restore iron homeostasis by its
ability to chelate iron, decrease iron overload, diminish interleukin-6 (IL-6) levels, and modulate iron proteins.
Iron homeostasis is guaranteed by the expression of some iron proteins such as transferrin, ferroportin,
hepcidin, and ferritin [18].

e Bacteria and viruses enter into the host cell by binding to Heparan Sulfate Proteoglycans (HSPGs) on the cell
surfaces. Lactoferrin has a binding affinity to HSPGs receptors and competing such molecules from binding to
receptor sites. Lactoferrin play an important role in defense mechanism of host cell by occupying the entry sites
of viruses and bacteria [30, 32, 33].

e Interaction with anionic compounds: Lactoferrin has a cationic features that can bind to anions such as oxalate
and carboxylate and others. This property is important for host immunity, where lactoferrin can bind the
anionic surfaces and protect the host cell from bacterial and viral adhesion and entry sites [29].

5. Conclusion

Lactoferrin is a vital glycoprotein in human body, it protects body from bacterial and viral infections. Lactation of infants
for 2 years will support their immune system and protect them from pathogenic bacteria and viruses. Lactoferrin
supplements (infant formulas, tablets, milk-products) are important in coronaviruse and respiratory tract infections to
enhance the immune system of the body.

Compliance with ethical standards

Acknowledgments

The author gratefully acknowledgement the staff of biochemistry department for their support.

Disclosure of conflict of interest

We declare that we have no conflict of interest.

22



Open Access Research Journal of Biology and Pharmacy, 2022, 05(02), 020-024

References

Adlerova L, Bartoskova A, Faldyna M. Lactoferrin: a review. Veterinarni Medicina. 2008 Sep;53(9): 457-468.

Soerensen M, Soerensen SPL. The proteins in whey. Compte rendu des Travaux du Laboratoire de Carlsberg, Ser.
Chim. 1940; 23(7): 55-99.

Johansson B. Isolation of an iron-containing red protein from human milk. : Acta Chemica Scandinavica.
1960;14(2): 510-512.

Montreuil ], Tonnelat ], Mullet S. Preparation and properties of lactosiderophilin (lactotransferrin) of human milk.
Biochimica et Biophysica Acta. 1960 Jul;45: 413-421.

Groves ML. The isolation of a red protein from milk. Journal of the American Chemical Society. 1960 Jul;82(13):
3345-3350.

Lonnerdal B, Iyer S. Lactoferrin: molecular structure and biological function. Annual Review of Nutrition, 1995
Jul;15: 93-110.

Baker EN. Structure and reactivity of transferrins. Advances in Inorganic Chemistry, 1994, 41, 389-463.

Masson PL, Heremans JF, Dive C. An iron-binding protein common to many external secretions. Clinica Chimica
Acta, 1966 Dec;14(6): 735-739.

Kikuchi M, Mizoroki S, Kubo T, Ohiwa Y, Kubota M, Yamada N, Orino K, Ohnami Y, Watanabe K. Seminal plasma
lactoferrin but not transferrin reflects gonadal function in dogs. The Journal of Veterinary Medical Science. 2003
Jul;65(6): 679-684.

Baker EN, Baker HM. Molecular structure, binding properties and dynamics of lactoferrin. Cellular and Molecular
Life Sciences. 2005 Nov;62(22): 2531-2539.

Levay PF, Viljoen M. Lactoferrin: A general review. Haematologica. 1995 May-Jun;80(3): 252-267.

Metz-Boutique MH, Jolles ], Mazurier ], Schoentgen F, Legrand D, Spik G, Montreuil ], Jolles P. Human
lactotransferrin: amino acid sequence and structural comparisons with other transferrins. European Journal of
Biochemistry. 1984 Dec;145(3): 659-676.

Furmanski P, Li ZP, Fortuna MB, Swamy CVB, Das MR. Multiple molecular forms of human lactoferrin.
Identification of a class of lactoferrins that possess ribonuclease activity and lack iron-binding capacity. The
Journal of Experimental Medicine. 1989 Aug;170(2): 415-429.

Ward PP, Zhou X, Conneely OM. Cooperative interactions between the amino- a carboxyl-terminal lobes
contribute to the unique iron-binding stability of lactoferrin. The Journal of Biological Chemistry. 1996
May;271(22): 12790-12794.

Jameson GB, Anderson BF, Norriss GE, Thomas DH, Baker EN. Structure of human apolactoferrin at 2.0 A
resolution. Refinement and analysis of ligand-induced conformational change. Addendum . Acta Crystal-
lographica. Section D, Biological Crystallography. 1998 Dec;54: 1319-1335.

Robert Root-Bernstein. Age and Location in Severity of COVID-19 Pathology: Do Lactoferrin and Pneumococcal
Vaccination Explain Low Infant Mortality and Regional Differences? BioEssays. 2020 Aug;42(11): 2000076.

Stephanie Bialek, Ryan Gierke, Michelle Hughes, Lucy A. McNamara, Tamara Pilishvili, Tami Skoff. Coronavirus
Disease 2019 in Children-United States, February 12-April 2, 2020. Morbidity and Mortality Weekly Reeport.
2020 Apr;69(14): 422-426. https://www.cdc.gov/mmwr/volumes/69 /wr/mm6914e4.htm#contribAff

Elena Campione, Caterina Lanna, Terenzio Cosio, Luigi Rosa, Maria Pia Conte, Federico lacovelli, Alice Romeo,
Mattia Falconi, Claudia Del Vecchio, Elisa Franchin, Maria Stella Lia, Marilena Minieri , Carlo Chiaramonte, Marco
Ciotti , Marzia Nuccetelli , Alessandro Terrinoni , Ilaria Iannuzzi, Luca Coppeda, Andrea Magrini, Sergio
Bernardini, Stefano Sabatini, Felice Rosapepe, Pier Luigi Bartoletti, Nicola Moricca, Andrea Di Lorenzo, Massimo
Andreoni, Loredana Sarmati, Alessandro Miani, Prisco Piscitelli , Piera Valenti and Luca Bianchi. Lactoferrin
Against SARS-CoV-2: In Vitro and In Silico Evidences. Frontiers in Pharmacology. 2021 Jun;12: Article 666600.

Lan ], Ge ], Yu ], Shan S, Zhou H, Fan S, Zhang Q. Structure of the SARSCoV-2 Spike Receptor-Binding Domain
Bound to the ACE2 Receptor. Nature. 2020 Mar;581: 215-220.

Lang GJ, Zhao H. Can SARS-CoV-2-Infected Women Breastfeed after Viral Clearance? Journal of Zhejiang
University Science B. 2020 May;21(5): 405-407.

23


https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Compte+rendu+des+Travaux+du+Laboratoire+de+Carlsberg%2c+Ser.+Chim.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Compte+rendu+des+Travaux+du+Laboratoire+de+Carlsberg%2c+Ser.+Chim.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Acta+Chemica+Scandinavica%22
https://www.sciencedirect.com/journal/biochimica-et-biophysica-acta

Open Access Research Journal of Biology and Pharmacy, 2022, 05(02), 020-024

Duijts L, Ramadhani, MK, Moll HA. Breast feeding protects against infectious diseases during infancy in
industrialized countries. A systematic review. Maternal and Child Nutrition. 2009 Jun;5(3): 199-210.

Lonnerdal B. Bioactive proteins in breast milk. Journal of Paediatrics and Child Health. 2013 Mar;49(1): 1-7.

Lonnerdal B, Iyer S. Lactoferrin: molecular structure and biological function. Annual Review Nutrition. 1995
Jul;15: 93-110.

Hirai Y, Kawakata N, Satoh K, Ikeda Y, Hisayasu S, Orimo H et al. Concentrations of lactoferrin and iron in human
milk at different stages of lactation. Journal of Nutritional Science and Vitaminology (Japan). 1990 ;36(6): 531-
44,

Ronayne de Ferrer PA, Baroni A, Sambucetti ME, Lopez NE, Ceriani Cernadas JM. Lactoferrin levels in term and
preterm milk. Journal of the American College of nutrition. 2000 Jun;19: 370-3.

Sanchez L, Aranda P, Pérez MD, Calvo M. Concentration of lactoferrin and transferrin throughout lactation in
cow’s colostrum and milk. Biological Chemistry Hoppe-seyler. 1988 Sep;369(9): 1005-8.

Matylda Czosnykowska-tukacka, Magdalena Orczyk-Pawitowicz, Barbara Broers, Barbara Kroélak-Olejnik.
Lactoferrin in Human Milk of Prolonged Lactation. Nutrients. 2019 Oct;11(10): 2350.

Furgan Shafqat, Shafeeq Ur Rehman, Kamal Niaz. Lactoferrin Can Attenuate SARS-CoV-2: An Analysis of
Evidential Relations. Biomedical Research and Therapy. 2022 Feb;9(2): 4901-49109.

Valenti P, Antonini G. Lactoferrin: An Important Host Defense against Microbial and Viral Attack. Cellular and
Molecular Life Sciences. 2005 Nov;62(22): 2576-2587.

Douglas B. Kell, Eugene L. Heyden, Etheresia Pretorius. The Biology of Lactoferrin, an Iron-Binding Protein That
Can Help Defend Against Viruses and Bacteria. Frontiers in Immunology. 2020 May;11: 1221.

Campione E, Cosio T, Rosa L, Lanna C, Di Girolamo S, Gaziano R. Lactoferrin as Protective Natural Barrier of
Respiratory and Intestinal Mucosa against Coronavirus Infection and Inflammation. International Journal of
Molecular sciences. 2020 Jul;21(14): 4903.

Elass-Rochard E, Legrand D, Salmon V, Roseanu A, Trif M, Tobias PS. Lactoferrin inhibits the endotoxin
interaction with CD14 by competition with the lipopolysaccharide-binding protein. Infection and Immunity.
1998 Feb;66(2):486-91.

Baveye S, Elass E, Mazurier ], Spik G, Legrand D. Lactoferrin: a multifunctional glycoprotein involved in the
modulation of the inflammatory process. Clinical Chemistry and Laboratory Medicine. 1999 Mar;37(3); 281-6.

24


http://www.bmrat.org/index.php/index
https://www.frontiersin.org/people/u/673141
https://www.frontiersin.org/people/u/98961

