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Abstract 
Lactoferrin is one glycoprotein detected in the livestock milk such as cow, 
buffalo and camel, as camel milk containing highest amount in compared 
to other livestock species. Lactoferrin boosts the immune system by 
protecting the cells against bacterial and viral infections and 
inflammations. Activation, proliferation and regulation of the phagocytic 
action of immune cells are also facilitated by the lactoferrin. The antiviral 
actions of lactoferrin are against both DNA and RNA viruses such as 
hepatitis, herpes simplex viruses, HIV, rotavirus and respiratory viruses 
by binding viral particles, inhibit viral adhesion and entry into target 
cells. Also, lactoferrin may directly interact with viral receptor such as 
heparan sulfate on the cell surfaces and prevent the virus attachment and 
infection. The boosting of host immune system by nutritional 
supplements such as lactoferrin may be effective against virus’s entry and 
infection into the host cells. Camel milk lactoferrin may be a novel 
promising supplement and preventative treatment for severe viral 
infections as well as COVID-19. However, it needs more researches to 
confirm proper dosage on prevention and treatment. 
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INTRODUCTION 
Lactoferrin is the first defense agent against mucosal infections on the cell surfaces; 

inhibits the viral adhesion and entry into host cells, blocks the interaction between 

viruses with heparan sulfate receptors, binds host cells and or viral particles and 

prevents nuclear localization (Berlutti et al., 2011). The antiviral activity of lactoferrin is 

against DNA and RNA viruses, enveloped and naked viruses such as rotavirus, 

respiratory syncytial virus, herpes simplex viruses and HIV (Valenti and Antonini, 
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2005). Lactoferrin inhibits viral invasion to the cells and avoiding the infection (Pan et 

al., 2007). 

Camel milk lactoferrin was 10 times greater as compared to cow’s milk lactoferrin (2.48 

mg/mL versus 0.07-0.28 mg/mL, respectively) (Alhaji et al., 2020). The variations of 

lactoferrin in the camel milk is related to milk yield, lactation period, feeds, samples, 

breeds, and analysis methods (El-Agamy et al., 2006). The inhibiting action of 

lactoferrin on viruses done in the early phase of viral infection more than prevention of 

virus replication in the infected cell (Morin et al., 1995). Also, the antiviral functions of 

lactoferrin through inhibiting of the virus’s entry was more than stimulation of the 

immune cells (Jenssen and Hancock, 2009).  

 

 

Fig 1. The antiviral effects of lactoferrin (adapted from Gonzalez-Chavez et al., 2009) 

Generally, camel milk lactoferrin may directly interact with viral molecules or heparan 

sulfate receptors on the cell surface and prevent the virus attachment to the host cells 

and inhibit infection (Badr et al., 2017). Regarding to the research’s camel milk 

lactoferrin stops HCV entry and replication in infected HepG2 cells two-times higher 

than human, bovine, and sheep lactoferrin (EL-Fakharany et al., 2013). Camel milk 

lactoferrin that prevents undesirable microbial growth in gastrointestinal and improve 

primary immune system (Mohammadabadi and Husain, 2021). 

The inhibitory effects of lactoferrin on some viruses 

Herpes simplex virus (HSV) 

The genome of all herpes viruses (type 1 and 2) including of DNA and infection with 

HSV can be persistent (Hammer et al., 2000). Antiviral effects of bovine and human apo 

and holo lactoferrin against both HSV-1 and -2 in the early phase of infections have 

proved in mouse cornea infection model (Valenti and Antonini, 2005). Even 
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administration 1% lactoferrin solution significantly decreased infection, but virus 

replication was not completely inhibited (Li et al., 2009).  

Lactoferrin also binds heparan sulfate as important glycosaminoglycan for virus with 

high affinity as it has two glycosaminoglycan-binding domains in N-lobe that likely its 

responsible for preventing viral HSV-1 entry (3). Heparan sulfate and other 

glycosaminoglycans play important roles in viral entry, the rapid partial internalization 

and HSV cell-to-cell spreads (Valenti & Antonini, 2005). However, inhibition of cell to-

cell spread by bovine lactoferricin depend to chondroitin sulfate of cell surfaces 

(Berlutti et al., 2011).  

Human immunodeficiency virus (HIV) 

Human immunodeficiency virus (HIV) cause to AIDS. The genome of this virus including 

single stranded RNA that is packaged in a capsid which that is surrounded with an 

glycoproteins envelope that is important for the entry to the target cell (Valenti and 

Antonini, 2005).  

Bovine and human lactoferrin are potent inhibitors of HIV-infection in vitro. Using of 

lactoferrin with zidovudine together had synergistic inhibitory effects on HIV. The 

antiviral mechanism of lactoferrin against HIV happens in early phase of infection, 

probably during virus adsorption to host cells (Puddu et al., 2001), also after infection 

the antiviral effects of lactoferrin reduced. Gp120 or chemokine receptors plays an 

important role in the adsorption and entry of HIV into host cells by binding to CD4. 

Succinylation of lactoferrin, enhanced antiviral effects against HIV-1 and HIV-2 but 

amination of lactoferrin cause to decrease of anti-HIV activity (Ueno et al., 2006).  

Cytomegalovirus (CMV) 

Cytomegalovirus is belonging to the herpes virus family that causes a persistent 

infection. But CMV often happens during the early years of life and generally due to the 

lack of clinical symptoms, primary infection is not clear. CMV can reactivate in the 

immune deficiency cases such as AIDS patients, transplant recipients or pre-term 

neonates and led to severe morbidity and mortality. Pre-incubation of target cells with 

lactoferrin probably prevent the virus entry and attachment to the target cells by low 

affinity binding to heparan sulphate proteoglycans (Valenti and Antonini, 2005). 

Deletion of the Arg in N-lobe (responsible for binding to HSPGs), diminishes the 

antiviral activity of lactoferrin. The affinity of lactoferrin was increased by amination, 

but succinylation reduced the antiviral effect of lactoferrin (Valenti and Antonini, 2005). 



Journal of Global Biosciences           Vol. 10(10), 2021 pp. 9009-9017 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9012 

Lf cause to 10-fold reduction in the final virus titres at 4 weeks after CMV infection. In 

immunocompromised rats, Lf effects take place by inhibition of viral entry more than 

boosting of the immune Reponses (Ueno et al., 2006). 

Human hepatitis C and B viruses 

Hepatitis C virus (HCV) is an enveloped virus that is single strand RNA and cause to 

persistent infection, is associated with chronic hepatitis, liver cirrhosis and 

hepatocellular carcinoma (Valenti and Antonini, 2005).  

Lactoferrin and peptides derived probably interferes with adsorption of HCV to the host 

cells and binds E1 and E2 envelope proteins of HCV and if pre incubated, it will be most 

effective (Ikeda et al., 1998; Ikeda et al., 2000). 

Lactoferrin effectively prevented HCV infection in cultured human hepatocytes and bLf 

was most active (Berlutti et al., 2011). Lf also prevents HBV infection in a susceptible 

human hepatocyte cell line. Lactoferrin may be good anti-HBV candidates in patients 

with chronic hepatitis (Ueno et al., 2006). 

Administration of bLf at higher doses (daily dose of 3.6 g instead of 1.8 g) for 8 weeks 

then bLf, interferon and ribavirin combined therapy for 24 weeks decrease HCV RNA 

titer by lactoferrin mono therapy but the effectiveness of the combined therapy of 

interferon and ribavirin in chronic hepatitis C patients observed (Kaito et al., 2007). 

Lactoferrin prevents HBV infection in cultured cells and pretreatment of cells with 

lactoferrin was required to inhibit HBV infection differently than HCV (Berlutti et al., 

2011). As pre-incubation of HBV with bLf had not effect on viral infection (Hara et al., 

2002). 

Although breast milk provides bioactive components such as lactoferrin, it needs more 

studies that can partially explain the possible effect of breastfeeding on prevention of 

transmission of HBV from mother-to-child (Lin et al., 2002). 

Rotavirus 

Genome of rotavirus consists double stranded RNA, enveloped within a three-shelled 

capsid (Berkley et al., 1999). Rotavirus infections are most important cause for non-

bacterial gastroenteritis in neonates and children are approximately 1 million death 

every year (Valenti and Antonini, 2005). 

Main reason of severe diarrhea in children under five years old is rotavirus infections 

(Pan et al., 2007). Apo- and holo bovine lactoferrin inhibit the replication of rotavirus 
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and simian rotavirus SA11 in vitro independent dose and apo lactoferrin was the most 

active (Sano et al., 2003). 

The antiviral mechanism against rotavirus is due to prevention of adsorption of the 

virus to the target cells by binding to virus particles, host cells (Valenti and Antonini, 

2005) and attachment of virus to viral receptors on the host cells is inhibited. Rotavirus 

cannot bind glycosaminoglycans (heparan sulphates), thus lactoferrin cannot compete 

with rotavirus for binding to cellular receptors (Sano et al., 2003).  

The bovine lactoferrin inhibition after adsorption related to the calcium, as key agent 

for the virus morphogenesis. Other studies investigated the role of metal binding, sialic 

acid and tryptic fragments of bovine lactoferrin against rotavirus infection. The effect of 

whey protein with or without lactoferrin on rotavirus infection in suckling rats reduces 

the severity of acute gastroenteritis of rotavirus and stimulate the immune responses 

(Berlutti et al., 2011). 

Hantavirus 

Hantavirus focus formation inhibited by preincubation of cells with bovine lactoferrin 

before infection by 85%. But post infection, the focus formation inhibited by 97.5% 

(Milewska et al., 2014). bovine lactoferrin pre- and Rbv post-treatment were evaluated 

in suckling mice infected with hantavirus that 7% survived. Lactoferrin improved 

survival rates by 70% survived. Both lactoferrin and Rbv were efficacious against 

hantavirus infection in vivo (Milewska et al., 2014).  

Respiratory viruses and COVID-19 

Bovine lactoferrin in particular its C-lobe interacts with influenza A virus and prevent 

infection by different H1 and H3 viral subtypes (Sano et al., 2003) viruses. According to 

the studies, lactoferrin inhibited RSV absorption and growth by blocking the 

internalization of viruses into the host cell but antiviral activity of lactoferrin will be 

decreased after processing (González-Chávez et al., 2009). 

Lactoferrin has antiviral effects against human parainfluenza virus type 2 infection by 

preventing virus adsorption to the cells surface and limiting viral replication and 

infection. Using shubat as fermented camel milk has virucidal and virus inhibiting 

properties against Influenza viruses. Its confirmed that administration of lactoferrin by 

100-1000mg per day in humans reduced the incidences of colds and cold-like 

symptoms (Van der Strate et al., 2001). 
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Nutritional supplements are useful against SARS-CoV-2 which causes COVID-19. Milk of 

livestock in particular camel milk contains various protective proteins and enzymes 

such as lactoferrin which have immunological properties against the bacterial and viral 

infections milk lactoferrin has immuno-modulatory properties which strengthen host 

immune responses and prevent infections (Mohammadabadi et al., 2018; 

Mohammadabadi, 2020). 

About 79% of sequences of the SARS-CoV and SARS-CoV-2 and receptor-binding domain 

are similar, thus lactoferrin may inhibit SARS-CoV-2 invasion same to SARS-CoV (Lang 

et al., 2011).  

Although if there is no published researches on lactoferrin effects on the SARS-CoV-2 

entry into host cells but the interaction of lactoferrin with heparan cell receptors, which 

allow attachment on the cell surface in the primary phase of virus infections particularly 

in coronaviruses (Mann et al., 1994). 

CONCLUSION 

Camel milk lactoferrin is highest and strongest amount in comparison to the other 

milks, and can modulate immune responses to viral infections by binding to virus 

particles or receptors and may it act against viral attacks and reduce the severe 

infections. Thus, it could be an adjunct treatment for more severe infections. lactoferrin 

with immuno-modulatory, anti-bacterial and antiviral properties might be as powder or 

tablets a unique preventative supplement against viral infections. But it needs more 

studies to verify its efficacy on the viruses as prevention and treatment. 

REFERENCES 
1. Badr G, Ramadan NK, Sayed LH, Badr BM, Omar HM, Selamoglu Z. 2017. Why 

whey? Camel whey protein as a new dietary approach to the management of free 

radicals and for the treatment of different health disorders. Iranian journal of 

basic medical sciences 20(4):338. 

2. Berlutti, F., Pantanella, F., Natalizi, T., Frioni, A., Paesano, R., Polimeni, A., & 

Valenti, P. (2011). Antiviral properties of lactoferrin—a natural immunity 

molecule. Molecules, 16(8): 6992-7018.  

3. Berkley, S.F., Carbon, C.J., Clumeck, N., Durack, D.T., Finch, R.G., Kiehn, T.E., 

Louria, D.B., McAdam, K.P.W., Norby, S.R., Opal, S.M., Polsky, P., Quie, G., Ronald, 

A.R., Solberg, C.O., Verhoef, J., 1999. Infectious Diseases. In: Armstrong, D., Cohen, 

J. (Eds.), Infectious Diseases. Mosby, London 



Journal of Global Biosciences           Vol. 10(10), 2021 pp. 9009-9017 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9015 

4. Bruni N, Capucchio MT, Biasibetti E, et al. 2016. Antimicrobial activity of 

lactoferrin-related peptides and applications in human and veterinary medicine. 

Molecules 21(6):752. 

5. EL-Fakharany EM, Sánchez L, Al-Mehdar HA, Redwan EM. 2013. Effectiveness of 

human, camel, bovine and sheep lactoferrin on the hepatitis C virus cellular 

infectivity: comparison study. Virology journal 10(1):199. 

6. El-Agamy E, Nawar M, Shamsia S, Awad S. 2006. The convenience of camel milk 

proteins for the nutrition of cow milk allergic children. 42. 

7. Flanagan, J.L. Role of lactoferrin in the tear film. Biochimie 2009, 91, 35-43. 

8. González-Chávez SA, Arévalo-Gallegos S, Rascón-Cruz Q. 2009. Lactoferrin: 

structure, function and applications. International journal of antimicrobial agents 

33(4):301. e301-301. e308. 

9. Hammer, J., Haaheim, H., Gutteberg, T.J., 2000. Bovine lactoferrin is more efficient 

than bovine lactoferricin in inhibiting HSV-I/-II replication in vitro. In: 

Shimazaki, K. (Ed.), Lactoferrin: Structure, Functions and Applications. Elsevier 

Science, Amsterdam, pp. 239–243. 

10. Hara, K.; Ikeda, M.; Saito, S.; Matsumoto, S.; Numata, K.; Kato, N.; Tanaka, K.; 

Sekihara, H.Lactoferrin inhibits hepatitis B virus infection in cultured human 

hepatocytes. Res. Hepatol. 2002, 24, 228-235. 

11. Ikeda, M., Sugiyama, K., Tanaka, T., Tanaka, K., Sekihara, H., Shimotohno, K., Kato, 

N., 1998. Lactoferrin markedly inhibits hepatitis C virus infection in cultured 

human hepatocytes.Biochemical and Biophysical Research Communications 245 

(2), 549–553. 

12. Ikeda, M., Nozaki, A., Sugiyama, K., Tanaka, T., Naganuma, A., Tanaka, K., Sekihara, 

H., Shimotohno, K., Saito, M., Kato, N., 2000. Characterization of antiviral activity 

of lactoferrin against hepatitis C virus infection in human cultured cells. Virus 

Research 66 (1), 51–63 

13. Jenssen H, Hancock RE. 2009. Antimicrobial properties of lactoferrin. Biochimie 

91(1):19-29. 

14. 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. J Gastroenterol Hepatol 2007;22:1894–7. 



Journal of Global Biosciences           Vol. 10(10), 2021 pp. 9009-9017 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9016 

15. Lang J, Yang N, Deng J, et al. 2011.Inhibition of SARS pseudovirus cell entry by 

lactoferrin binding to heparan sulfate proteoglycans. PloS one 6(8):e23710. 

16. Lin, T.Y.; Chu, C.; Chiu, C.H. Lactoferrin inhibits enterovirus 71 infection of human 

embryonal rhabdomyosarcoma cells in vitro. J. Infect. Dis. 2002, 186, 1161-1164. 

Molecules 2011, 16 7018 

17. Li, S.; Zhou, H.; Huang, G.; Liu, N. Inhibition of HBV infection by bovine lactoferrin 

and iron zinc-saturated lactoferrin. Med. Microbiol. Immunol. 2009, 198, 19-25. 

18. Mann, D.M. E. Romm, M. Migliorini, Delineation of the glycosaminoglycan- 

binding site in the human inflammatory response protein lactoferrin, J. Biol. 

Chem. 269 (38) (1994) 23661e23667. 

19. Milewska A, Zarebski M, Nowak P, Stozek K, Potempa J, Pyrc K. 2014. Human 

coronavirus NL63 utilizes heparan sulfate proteoglycans for attachment to target 

cells. Journal of virology 88(22):13221-13230. 

20. Morin, D., L. Rowan, and W. Hurley, Comparative study of proteins, peroxidase 

activity and N-acetyl-β-D-glucosaminidase activity in llama milk. Small Ruminant 

Research, 1995. 17(3): p. 255-261. 

21. Mohammadabadi T, Gheibi, M. and Nikzad Z. 2018. Bioactive components in the 

milk of domestic animals. First ed: Haghshenass Publication.145. 

22. Mohammadabadi. T. 2020. Camel Milk as an Amazing Remedy Against Healthy 

complications; A Review Article. Basrah J. Agric. Sci. Basrah J. Agric. Sci. 33 (2): 

125-137. 

23. Mohammadabadi T. and Hussain, T. 2021.  Is Camel milk lactoferrin effective 

against COVID-19? World J Pharm Sci 2021; 9(2): 91-97. 

24. Puddu P, Valenti P, Gessani S. 2009. Immunomodulatory effects of lactoferrin on 

antigen presenting cells. Biochimie 91(1):11-18. 

25. Pietrantoni, A.; Di Biase, A.M.; Tinari, A.; Marchetti, M.; Valenti, P.; Seganti, L.; 

Superti, F.Bovine lactoferrin inhibits adenovirus infection by interacting with 

viral structural polypeptides.Antimicrob. Agents Chemother. 2003, 47, 2688-

2691.Molecules 2011, 16 

26. Pan, Y.; Rowney, M.; Guo, P.; Hobman, P. Biological properties of lactoferrin: An 

overview. Aust. J. Dairy Technol. 2007, 62, 31-42.  

27. Sano H, Nagai K, Tsutsumi H, Kuroki Y. 2003. Lactoferrin and surfactant protein 

A exhibit distinct binding specificity to F protein and differently modulate 



Journal of Global Biosciences           Vol. 10(10), 2021 pp. 9009-9017 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9017 

respiratory syncytial virus infection. European journal of immunology 

33(10):2894-2902. 

28. Ueno, H.; Sato, T.; Yamamoto, S.; Tanaka, K.; Ohkawa, S.; Takagi, H.; Yokosuka, O.; 

Furuse, J.; Saito, H.; Sawaki, A.; et al. Randomized, double-blind, placebo-

controlled trial of bovine lactoferrin in patients with chronic hepatitis C. Cancer 

Sci. 2006, 97, 1105-1110. 

29. Valenti, P. & Antonini, G. (2005). Lactoferrin: an important host defence against 

microbial and viral attack. Cell Mol Life Sci, 62, 2576-87. 

30. Van der Strate B, Beljaars L, Molema G, Harmsen M, Meijer D. 2001. Antiviral 

activities of lactoferrin. Antiviral research 52(3):225-239. 


