
 

 

Inhibition of SARS-CoV-2 virus Infection by Lactoferrin Invitro 

Introduction 

Coronavirus (CoV), along with Influenza virus, is a major public health concern. CoVs are enveloped, positive single-

stranded RNA viruses belonging to the Coronaviridae family; they are composed of a single genome of 30Kbp, and 

consist of four groups: Alphacoronavirus, Betacoronavirus, Gammacoronavirus and Deltacoronavirus. In the last 23 

years,  outbreaks in humans,  including severe acute respiratory syndrome (SARS) and Middle-East respiratory 

syndrome (MERS), have raised the daunting possibility that a future pandemic may be caused by one of these 

agents, underlining the urgent need to prepare for such an eventuality, since no vaccines or approved therapies are 

as yet available. At the end of December 2019 in Wuhan, Hubei Province, China, a novel CoV strain, named SARS-

CoV-2 by the International Committee on Taxonomy of Viruses (ICTV), caused 27 cases of pneumonia of unidentified 

etiology. Due to the rapid and uncontrollable spread of the virus through almost all countries in the world, the World 

Health Organization (WHO) officially declared its pandemic status in March 2020. The disease caused by SARS-CoV-2, 

named COVID-19, is considered a self-limiting infectious disease with five different possible outcomes: 

asymptomatic cases (1.2%), mild cases (80.9 %), severe cases (13.8%), critical cases (4.7%) and death (2.3%). Some 

authors, however, have reported a higher percentage of asymptomatic infections in children under 10 years of age 

(15.8%). Owing to the lack of any specific antiviral drugs or vaccine, thousands of severe cases and deaths are being 

registered every day worldwide, and stringent quarantine measures have been imposed at both the national and 

international levels. The ability of CoVs to enter the cell is mainly mediated by the viral spike (S) protein, which is 

able to bind cellular receptors and, consequently, to mediate the fusion of the viral and cellular membranes. To date, 

the virus neutralization (MN) assay is the most specific and sensitive serological assay able to assess and detect, if 

present, functional neutralizing antibodies (nAbs) or antiviral activity invitro. In this project, we used a live virus-

based MN assay for the evaluation of anti-SARS-CoV-2 activity given by lactoferrin, by checking the percentage of 

cytopathic effect (CPE) in the cell monolayer after infection. 

 

Materials and Methods 

Cell culture: 

VERO cells, an African Green monkey kidney cell line, were purchased from the European Collection of 

Authenticated Cell Cultures (ECACC - Code 84121903). VERO cells were cultured in Eagle's Minimum Essential 

Medium (EMEM) (Lonza, Milano, Italy) supplemented with 2 mM L- Glutamine (Lonza, Milano, Italy), 100 units/ml 

penicillin-streptomycin mixture (Lonza, Milano, Italy) and foetal bovine serum (FBS) (Euroclone, Pero, Italy) to a final 

concentration of 5%, at 37°C, in a 5% CO2 humidified incubator. 

Virus and Titration: 

SARS CoV-2 2019 - 2019-nCoV strain 2019-nCov/Italy-INMI1 - wild type virus was purchased from the European Virus 

Archive goes Global (EVAg, Spallanzani Institute, Rome). The virus was titrated in serial 1 log dilutions (from 1 log to 

11 log) to obtain a 50% tissue culture infective dose (TCID50) on 96-well culture plates of VERO and VERO E6 cells. 

The plates were observed daily for a total of 72h for the presence of CPE by means of an inverted optical 

microscope. The end-point titres were calculated according to the Reed & Muench method. 



 

 

Lactoferrin preparation for cell treatment: 

Lactoferrin in powder format was weighted on a laboratory scale and dissolved into complete cell medium at a 

starting concentration of 30mg/ml and subsequently sterile filtered using a 0.22µm vacuum filter. Serial dilution at 

15mg/ml, 7.5mg/ml, 3.75mg/ml, 1.83mg/ml and 0.91mg/ml were prepared in complete cell medium. 1 hour before 

the MN assay, the cell plates were added with 50µl/well of the above mentioned lactoferrin preparation in order to 

obtain a 1/3 dilution and final concentration of lactoferrin of 10mg/ml, 5mg/ml, 2.5mg/ml, 1.25mg/ml, 0.625mg/ml 

and 0.313mg/ml. 

Lactoferrin preparation for MN: 

Lactoferrin in powder format was weighted on a laboratory scale and dissolved into deionized water at a 

concentration of 100mg/ml; the stock solution was split in 4 tubes and each tube the pH was adjusted using either a 

NaOH solution or HCl solution to obtain 4 different solutions at pH 4, 5, 6 and 7 respectively. The prepared solutions 

were then sterile filtered using a 0.44µm syringe filter and used as sample for MN assay. 

 

Virus-neutralization assay: 

2-fold serial dilutions of the samples, starting from 1:10, were mixed with an equal volume of viral solution 

containing 100 TCID50 of SARS-CoV-2. The sample-virus mixture was incubated for 1 hour at 37°C in a humidified 

atmosphere with 5% CO2. After incubation, 100 µl of the mixture at each dilution was added in duplicate to a cell 

plate containing a semi-confluent VERO E6 monolayer (seeded 24h before the test). The plates were incubated for 

72h at 37°C in a humidified atmosphere with 5% CO2.  

CPE-Read Out: 

After 72h of incubation, the plates were inspected by means of an inverted optical microscope.  The highest sample 

dilution that protected more than the 50% of cells from CPE was taken as the neutralization titre. 

 

Results 

In order to assess the antiviral activity of lactoferrin, several preparations of it were performed at 4 different pH 

levels (4, 5, 6 and 7). In addition, a preincubation of the VERO cells, used as substrate for the test, was performed for 

1h at different concentration of lactoferrin: 10mg/ml, 5mg/ml, 2.5mg/ml, 1.25mg/ml, 0.625mg/ml and 0.313mg/ml. 

The MN experiment was read 72h post treatment using the CPE level on the cell layer as readout. Looking at the cell 

control, the pre-treatment of cells with several concentrations of lactoferrin, did not evidenced toxicity effects on 

cells. The pre-incubation at different concentrations showed an inhibitory effect on viral infection for all samples in a 

dose-dependent manner, with the exception of the higher dose (10mg/ml), which showed a general lower viral 

inhibition effect; the maximum effect was obtained with a preincubation of 5mg/ml. In addition, the experiment 

showed the effect of the pH on viral infectivity inhibition: with the exception of the plate including a preincubation 

with lactoferrin at 10mg/ml, the samples at pH 5 and pH6 showed a higher inhibitory activity respect to the ones at 

ph4 and pH7. The results of the experiments are summarized in figure 1 in the graph 1-6. 



 

 

Figure 1:Geometric mean titers of samples at different pHs with plates preincubation at 10.0mg/ml. On the X axis the samples 

and the concentration of lactoferrin are listed; on the Y axis the MN titers are reported. 

  

   

   

 

Discussion 

This project included a preliminary experiment to assess the capacity of lactoferrin at different pHs to inhibit viral 

infectivity of the wild type SARS-CoV-2 strain. In addition, the pre-incubation of cell substrate with lactoferrin was 
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introduced into the experimental layout. The combination of the pre-incubation with the pH effect evidenced that 

lactoferrin is effective in inhibiting viral infectivity; the effect of inhibition resulted increased with a pH between 5 

and 6 with a 5.0mg/ml dose cell pre-incubation, while, the lower pH (4) and the highest pre-incubation 

concentration (10.0) showed a reduced inhibitory effect, probably due to a stressful condition for the cell substrate 

(not visible under the microscope). 

In this preliminary experiment, Lactoferrin showed to have an inhibitory effect on SARS-CoV-2 infectivity in vitro, and 

this activity is modulated on the basis of a pre-treatment and is pH-dependent. 


