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ABSTRACT 

Interferons are low-molecular weight glycoproteins. They are characterized by paracrine and 

autocrine activity. Their production and release occurs through various types of cells, which 

ultimately leads to the protection of the body against viral infections. Interferons do not have 

direct antiviral activity but affect cells, inducing the formation of antiviral agents and 

"antiviral readiness" in them. Thanks to their properties interferons have been widely used in 

the treatment of many diseases, among others hepatitis B, hepatitis C and multiple sclerosis. 

In addition, they show anti-cancer effects, even in the case of chronic myeloid leukemia. They 

are currently an important element in the search for a drug against SARS-CoV-2. 
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Interferons were discovered in 1957 by Alick Isaacs and Jean Lindenmann, who, by analyzing 

the phenomenon of viral interference, showed the presence of proteins that protect cells from 

infection [1]. The name of these cytokines comes from the ability to impede - interference - 

virus replication [2].  

Interferons are low-molecular weight glycoproteins that are synthesized by mammals, 

reptiles, fish and birds. They consist of 143-146 amino acid residues [3]. Their production and 

release occurs through various types of cells, which ultimately leads to the protection of the 

body against viral infections. 

Currently, three types of interferons are known: IFN type I, type II and type III. The 

classification is based on the nucleotide sequence, interaction with specific receptors, 

chromosomal location, structure and physicochemical properties. Within type I there are: 

IFN-α, β, δ, ε, ζ, κ, ν, τ, ω; type II: IFN-γ; type III: IFN-λ1, λ2, λ3 [4]. 

The aim of this study was to evaluate the use of interferon in the treatment. Our study material 

consisted of publications, which were found in PubMed, ResearchGate and Google Scholar 

databases. In order to find the proper publications, the search has been conducted with the use 

of a combination of key words like: "interferon", "COVID19", "SARS-CoV-2", "hepatitis B", 

"hepatitis C".  The first step was to find proper publications from the last 10 years. The 

second step was to carry out an overview of the found publications. 

 

Table 1. Characteristics of interferons [5] 

 IFN-α IFN-β IFN-γ 

Name (former) Leukocytic or 

lymphocytic 

Fibrocystic Immunological 

Type I I II 

Main source Plasmats, dendritic cells Fibroblasts Lymphocytes, T, NK, 

NKT 

Induction factors Viruses, poly I: C Viruses, poly I: C Antigens, mitogens 

Number of coding genes >13 1 1 

Number of introns 0 0 3 

Location of 

chromosomes 

9 9 12 

Number of amino acid 

residues 

165-166 166 146 

Glycosylation No Yes Yes 

 

DESCRIPTION OF THE STATE OF KNOWLEDGE  

 Activity of interferons 

The activity of interferons is the result of a chain reaction that involves the reversible 

association of IFN with their specific receptors located on the surface of cells [6].  

Interferons are characterized by paracrine and autocrine activity. They perform 

immunomodulatory functions, participate in the regulation of intercellular interactions, 

modulate intracellular pathways, increase the efficiency of specific and non-specific response 
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mechanisms, are involved in the anti-tumor response and play a key role in the immune 

response in viral infections [7, 8]. 

Interferons do not have direct antiviral activity but affect cells, inducing the formation of 

antiviral agents and "antiviral readiness" in them. Obtaining this effect is possible by only 50 

IFN molecules, which act on a cell, and this state can be maintained in it for a few days. 

Interferons activate a number of enzymes in the cell that allow the degradation of viral genetic 

material, causing the so-called antiviral status [3]. By binding to specific receptors on the 

surface of cells, they trigger signaling cascades that induce antiviral defense mechanisms. As 

a result of the protective activity of interferon the binding of virus to cells and the penetration 

of virus particles into them are stopped and the release of the nucleocapsid of the casing is 

inhibited. 

The transcription and translation of structural proteins that prevent virions or budding of 

viruses is impaired. As a result of the degradation of viral mRNA, inhibition of the synthesis 

of viral protein chains is activated, which in turn leads to stimulation of immune cells [4]. 

Antitumor activity results, among others, from strong stimulation of the synthesis of antigens 

characteristic of the tumor and present in its cells, thanks to which they are better 

recognizable and sensitive to attack of immune mechanisms [3].  

One of the roles of interferons is the stimulation of the synthesis of oligoisoadenylate 

synthase. These cytokines increase the activity of these enzymes about 50-100 times. The 

presence of double-stranded RNA induces the formation of adenylate oligonucleotides, up to 

15 nucleotides in length, which are connected by 2 ', 5' phosphodiester bonds. These 

oligonucleotides activate the endoribonuclease -RNase L, which, by breaking down viral 

mRNAs, can block the viral life cycle. 

An important enzyme activated by IFN is protein kinase R, whose activity under the influence 

of IFN increases 20-fold. This kinase, undergoes autophosphorylation and phosphorylates the 

protein synthesis initiating factor (eIF-2α), which is most important for its action, and also 

phosphorylates several other cellular proteins. As a result, the translation and synthesis of 

viral proteins are inhibited. 

The activation of the Mx gene is another important anti-viral mechanism induced by IFN-α 

and IFN-β. This gene produces GTPase, which has the ability to block the transport of viral 

ribonucleins, which ultimately leads to drastic inhibition of influenza virus replication of 

some other RNA viruses. 

The beneficial effects of interferons are also due to their ability to activate the expression of 

several adenosine deaminase isoforms, which in turn deaminate adenosine within double-

stranded RNA. As a result of this RNA editing, inosines are formed instead of adenosines, 

and the stability of viral RNA decreases. 

An ability that only Type I interferons exhibit is the induction of p53 protein expression called 

the "genome guardian". 
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Figure 1. Antiviral effect of interferon [9].  

Interferons affect the immune system by increasing the expression of certain molecules and 

surface receptors (e.g. CD80, FcR), activating macrophages and enhancing phagocytosis, 

enhancing the expression of MHC molecules, enhancing the cytotoxicity of NK cells, Tc 

lymphocytes, and K cells, inducing the production of other cytokines (e.g. IL-1, IL-6, CCL10 

/ IP10, CCL9 / MIG, TNF-α). Interferons also act as an activator of NK cell and macrophage 

cytotoxicity and potentiate the cytotoxic effect of TNF-α. 

 

The use of recombinant IFN in medicine  

The properties of α interferons are used in therapy for many diseases, including cancer 

therapies [7]. Receiving interferon genetic engineering made it possible to use them in 

therapy. These proteins have been shown to work in many different types of cancers, both 

solid tumors and proliferative hematological processes. Interferons are being used alone, in 

combination with cytostatic and other immunotherapy methods. 

The first use of cytokines in therapy dates back to the seventies, when they were used to treat 

bone sarcomas in children. Natural IFN was used in the therapy. The results showed a 

beneficial effect, however, due to the lack of a control group, it was impossible to draw 

objective conclusions of this treatment [10]. 

 

Hepatitis C 

Interferon α monotherapy was not recognized as a standard strategy in the treatment of 

hepatitis C until 1991 [11]. The recommended standard of treatment was INF-α therapy at a 

dose of 3 million units injected 3 times a week, and the entire therapy lasted for 48 weeks 

[12]. The results showed that sustained virological response (SVR) is possible in less than 

20% of patients treated [13, 14]. 

The change in the standard strategy for treating hepatitis C was made because of studies by 

Brillanti et al. [15]. 20 patients in whom interferon α treatment had no effect participated in 
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the study. The subjects were divided into two groups in which different treatments were used. 

The first group was subjected to interferon monotherapy, while the second group received 

oral ribavirin in addition to interferon. SVR at 40% was noted in the group with modified INF 

therapy. Further studies have shown that the addition of ribavirin to IFN therapy increases 

SVR levels from below 20% to 40%. 

In contrast to HBV, it is not possible to carry out preventive specific therapy in the form of 

active (vaccine) or passive (antibody) immunization, unlike HBV. The lack of a suitable 

vaccine results from the fact that a large genetic variable virus [16]. 

Potential patients eligible for IFN and combination therapy may be patients who meet the 

following criteria: 

- HCV-RNA in serum,  

- constantly (possibly - periodically) increased ALT activity (> 100 IU), 

- inflammatory changes in the liver biopoint 

- age 65 is considered borderline 

Limitations in IFN therapy should be analyzed in detail. First of all, pregnant women, drug 

addicts and alcoholics cannot be treated with IFN until the pregnancy is over or they are over 

the addiction. Absolute contraindications are: significant cytopenia, kidney transplantation, 

severe depression, autoimmune diseases and hyperthyroidism, while relative contraindications 

are diabetes, hypertension, neurological and psychiatric disorders, and clinical signs of heart 

disease (coronary artery disease) or kidney disease. 

The final response to IFN and combination therapies is assessed according to biochemical 

criteria: normalization of A1AT and / or virological activity: HCV-RNA loss in serum [7]. 

In patients treated with INF-α therapy, at least one adverse effect is detected in 90% of cases. 

Premature termination of therapy occurs in 2-10% of patients. Dose reduction is used in 15% 

of patients, while therapy is discontinued in 5% [17]. 

The most information on the occurrence of life-threatening symptoms is provided by Italian 

multicentre retrospective studies on a group of 11 241 patients. Five patients (0.04%) died 

during the study, including one due to multiple organ failure and four due to liver failure. 

Undesirable life-threatening symptoms were found in 8 patients (0.07%), including: 

granulocytopenia below 500 / mm3 in 1 person, thrombobocytopenia below 25,000 / mm3 in 

5, and depression with suicide attempt in 2 persons [18]. 

Among patients undergoing IFN-α therapy, over 50% need psychiatric consultation, and 10-

25% require psychiatric treatment. 

In 70-100% of people, chronic fatigue was observed. This condition very often occurs after 

the first dose of the preparation, it tends to increase and persist throughout the therapy. The 

severity of these symptoms is greater in the elderly and when higher doses of IFN are used 

[18]. 
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Hepatitis B 

Doctors recommend treatment of patients with HBsAG-positive B virus replication and 

elevated transaminases. Studies have shown that response to interferon treatment occurs in 

patients with the following characteristics: 

- short duration of the infection 

- high ALT activity 

- infection in adulthood 

- female 

- heterosexuality 

- HIV-minus 

- HDV-minus 

- low level of HBV-DNA in serum or low activity of HBV-DNA polymerase 

- compensated liver disease (in liver biopsy hepititis agressiva) 

As with HCV, side effects of interferon use are similar to flu symptoms: fever, chills, fatigue, 

myalgia, anorexia, abdominal pain, headache, nausea, vomiting and subsequently: hair loss, 

dizziness, difficulty attention span, bone marrow suppression, drowsiness, weight loss, 

diarrhea, sleep disorders, anxiety, depression, psychosis and bacterial infection [18]. 

 

Genital warts 

This disease is caused by human papilloma viruses, most often type 3 and 11. Conventional 

pharmacotherapy and surgery are not very effective, therefore, attempts at IFN therapy have 

been made. Carried out by Eron et al. [5]. Clinical studies in 296 patients allowed the IFN-

α2b to be evaluated. The drug was used in the form of injections for lesions in an amount of 3 

million units 3 times a day for 3 weeks. At the same time, a placebo trial was conducted. The 

first week of therapy in the placebo group did not give any results, while in the group treated 

with IFN-α2b lesions decreased by over 60%. After 3 months of observation, complete 

disappearance of changes was observed in 17% in the placebo group and in 36% of patients 

treated with recombinant IFN. 

 

Papillomatosis of the larynx 

The effectiveness of IFN-α has been demonstrated in the juvenile form of this disease. IFN 

was used in 66 children at a dose of 5 MU / m2 / day for 28 days, and then three times a week 

for 5 months. After this time, the control group was treated in a similar way. It was shown that 

both groups of patients experienced significant improvement during the use of the drug. 

Distant studies were analyzed after 4 years in 59 children. Complete remission was found in 

24 children (41%), while significant clinical improvement occurred in 27 children (46%). 

Studies using lower doses of IFN-α (2 million IU / m2 3 times a week for a year) showed 

significantly worse results [19]. 
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Chronic hepatitis D 

Studies have shown the significant effectiveness of IFN-α in the treatment of hepatitis D. 

Therapy based on the use of this IFN at a dose of 9 million units 3 times a week results in 

obtaining 50% of the total response, i.e. the disappearance of RNA-HDV from the serum and 

normalization of transaminases. The biochemical and virological response was accompanied 

by an improvement in the histopathological examination of liver biopsies. Termination of 

IFN-α therapy in some patients results in recurrence of disease symptoms, while in 20% of 

patients no disease recurrence was found even after 6 months from the end of cytokine 

therapy. In chronic hepatitis D, higher doses of IFN-α (9 MU 3 times a week) are more 

effective than lower doses (3 MU) [20]. 

 

Hairy cell leukemia 

Natural IFN-α treatment gives clinical improvement in 80-100% of patients. The use of 

recombinant IFN-α2a or IFN-α2b at a dose of 2-5 million IU / day 3 times a week results in 

obtaining the aforementioned percentage at a similar level. After 4-6 months from the start of 

the treatment, peripheral blood normalizes and the spleen decreases. Complete remission, and 

thus in this case complete elimination of hairy cells from the bone marrow, occurs only in 5% 

of patients. In 70-80% of patients there is only partial remission, with a decrease in the 

percentage of leukemia cells in the bone marrow and normalization of the granulocytic, 

erythroid and thrombocytopenia series. 

Therapeutic activity of IFN-α has been demonstrated in both patients undergoing previous 

splenectomy and in patients with preserved spleen, however spleen removal is often 

associated with greater specificity effectiveness. 

While IFN-α is well tolerated, treatment can last up to 18 months, but the recommended time 

is one year. The average duration of remission that was achieved by IFN-α is 25 months. IFN-

α therapy brings the best benefits to patients with cell-rich bone marrow, a tendency to 

opportunistic infections, impaired immune processes, organ changes, without the associated 

neutropenia [21, 22]. 

 

Malignant lymphomas 

IFN-α in combination with chemotherapy is recommended for the treatment of malignant 

lymphomas. Studies have shown that the addition of IFN-α to combined cyclic chemotherapy 

extends the duration of remission and the survival of patients for low- and intermediate-grade 

non-Hodgkin's lymphoma with an aggressive clinical course. 

In T-cell cutaneous lymphomas, IFN-α monotherapy is moderate. Depending on the intensity 

of therapy and previously used chemotherapy, it is 30-45%. Dosages reaching 50 million IU / 

m2 for 3 times a week are much more effective. The disadvantage of using such intensive 

therapy are unwanted symptoms. In this case, the majority of patients need to reduce the 

planned dose of the drug [23].  
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Multiple sclerosis (MS) 

Multiple sclerosis (MS) is currently the main indication for IFN-β (Kowalski and 

Białasiewicz 2000). Studies on the use of IFN-β in medicine initiated the preliminary results 

of studies on the effectiveness of natural IFN-β in advanced forms of multiple sclerosis 

presented by Jacobs et al. In 1981. During the study, 20 patients were given intrathecal 

injection at a dose of 1 million units twice a week until the 4th week, and after that time once 

a month for 5 months. If such therapy resulted in it, it was continued for another 18 months. 

Research has shown a significantly lower number of exacerbations in the IFN-β treated group 

compared to the control group [24]. 

In other studies, where 69 patients were treated with IFN-β, also intrathecal, but at a dose of 1 

million units 10 times within 6 months, similar results were obtained. Later, two-year 

observations showed that in patients treated with IFN-β, exacerbations occurred twice as 

rarely as in the placebo group [25]. 

As with the use of IFN-α drugs, IFN-β therapy is associated with flu-like side effects. In this 

case, the symptoms usually occur 6-72 hours after starting treatment. Symptoms can be 

alleviated by administering Paracetamol. Cases have also been reported spontaneously 

resolving, provided the preparation is used chronically.  

The dosage you take is very important because high doses of IFN-β may show central nervous 

system toxicity and may cause disorientation, dizziness and depression [21, 26]. Coma, 

epileptic seizures, cerebral ischemia and encephalopathy have been reported in isolated cases. 

In addition, limb numbness and paraesthesia occur in approximately 5% of patients [27]. 

Other side effects are pain in lowering blood pressure and respiratory failure, acute circulatory 

failure and kidney failure (which is experienced less frequently). In addition, urea, bilirubin 

and creatinine may increase during therapy, as well as a transient increase in serum alkaline 

phosphatase and transaminases. Moderate proteinuria has been reported in isolated cases. 

IFN-β by its myelosuppressive effects may cause thrombocytopenia, leukoponies and anemia, 

however, the severity of these symptoms is so weak that it rarely results in dose reduction or 

complete discontinuation of therapy. 

Despite so many side effects, it should be noted that these symptoms are usually low and 

occur relatively rarely. Patients are forced to reduce the dose or stop treatment only in 10% of 

cases [20, 28, 29]. 

 

Chronic granulomatous diseases 

IFN-γ tolerance is generally good. In patients treated for PCZ at a dose of 50 µm / m2 every 2 

days, the most common side effects were headache, chills, fever and skin erythema at the 

injection site. These symptoms affected 10-50% of patients, but resolved after using 

aceminofen (paracetamol). Side effects in patients over the age of 10 were twice as common 

as in younger children. Some patients complained about anorexia, muscle and joint pain, 

fatigue, nausea, vomiting, diarrhea and skin rash. Dose reduction or discontinuation were not 

a frequent consequence of adverse reactions. 

Patients who received higher doses of IFN-γ showed side effects similar to those in patients 

who used this specific product at lower doses due to chronic granulomatous disease. 

Individual patients have experienced cardiovascular disorders in the form of hypotonia, 
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arrhythmias, syncope, myocardial infarction and heart failure symptoms, pancreatitis, 

reversible acute liver and kidney failure, and gastrointestinal bleeding. 

Rarely, adverse reactions were transient toxic effects on the nervous system in the form of 

Parkinson's, disorientation, confusion, cerebral ischemia and hallucinations. Cases of deep 

vein thrombosis, pulmonary embolism, bronchospasm, faster breathing, hyperglycemia and 

hyponatraemia have also been reported [30, 31].  

 

Treatment of infectious diseases 

The immunostimulatory and immunomodulatory properties of IFN-γ have prompted scientists 

to undertake clinical trials on its possible application in the therapy of bacterial, viral and 

fungal diseases, especially in immunocompromised patients. 

Studies in AIDS patients with co-existing, life-threatening infections and Kaposi's sarcoma 

have shown an increase in MHC class II antigen expression and an increase in monoxide 

hydrogen peroxide production. The biochemical changes were accompanied by the growth of 

macrophages to destroy extracellular and intracellular germs. Among the results there was no 

confirmation whether IFN-γ had a clear effect on the process of opportunistic infections or on 

the regression of Kaposi's sarcoma [32]. 

In vitro studies have shown the inhibitory effect of IFN-γ on the proliferation of Epstein-Barr 

virus (EBV) and the simultaneous prevention of tumor transformation caused by it. This case 

was noted by Okano et al. [33] in a study in which a 20-month-old boy with infectious 

mononucleosis and familial lymphoproliferative syndrome associated with the X chromosome 

was treated with IFN-γ. Rapid clinical improvement and a significant reduction in the number 

of cells infected with the virus in the blood were noted after using this drug. 

The rightness of IFN-γ in selected cases of chronic EBV infection was demonstrated by 

Fujisaki et al. [34] in their studies. The patient was a 27-year-old male infected with this virus 

with symptoms of generalized lymphadenopathy, pancytopenia, fever, hepatosplenomegaly 

and pneumonia. After a dose of 3x106 U / day for 2 weeks, rapid clinical relief was achieved. 

In the case of parasitic diseases, it is suspected that IFN-γ can be used as a medicine, 

especially for leishmaniasis. When combined with pentamidine, IFN-γ, it gives much better 

results than other treatments. A definite clinical improvement is achieved in 75% of patients 

treated in this way, despite previous resistance to pentamidine monotherapy [32]. 

 

Kidney cancer 

Two cytokines - IL-2 and IFN-α have been used in the treatment of selected patients with 

metastatic kidney cancer. In Europe, primarily IFN-α is used. Among patients with kidney 

cancer, 15% of them respond to IFN-α therapy. Often better results are obtained with high 

doses of IFN-α (20-50 million IU / day). The high toxicity of such high doses means that the 

recommended doses do not exceed 5 million IU / day. Response to treatment is usually 

achieved after 1-3 months. The average time of remission is usually about 6 months and only 

about 35% of patients exceed one year [35]. Studies by the Southwest Oncology Group 

(SWOG) and the European Organization for Research and Treatment of Cancer (EORTC) 

have shown that the success of treatment depends on the nephrectomy. In the 2004 studies, 

the patients participating in them were randomly divided into two groups - patients treated 
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only with IFN-α and IFN-α preceded by nephrectomy. The overall survival time of patients in 

the second group was significantly longer (13.6 and 7.8 months, respectively) [36]. 

 

Chronic myeloid leukemia 

The exact mechanism of action of IFN-α in chronic myelogenous leukemia has not been fully 

understood. One of the theses is that it causes changes in the bone marrow microenvironment, 

enhancing the adhesion of leukemia cells to bedding and interferes with the local production 

of cytokines that stimulate the anti-cancer cell response. The first publication regarding the 

use of IFN-α in the chronic phase of chronic myelogenous leukemia appeared in the early 

1980s. It has been proven that in most patients IFN-α results in complete hematological 

remission, and in some of them to partial or complete cytogenetic remission. Later studies, 

consisting of comparing the effectiveness of IFN-α therapy with conventional chemotherapy, 

showed an increase in patients' survival by about 2 years using cytokine therapy. IFN-α 

therapy includes patients with PBSz PH (+) who are not eligible for hematopoietic cell 

allotransplantation (low risk patients who do not have bone marrow donors). IFN-α therapy 

can cause side effects. The most serious include immunosuppression, which often imposes the 

need to reduce or even temporarily stop the drug. Other side effects include supposedly flu 

symptoms, and after prolonged therapy weight loss, depression, alopecia, fatigue, insomnia 

and even bone marrow hypoplasia. Rare cases of autoimmune complications have been 

reported, including thrombocytopenia, haemolytic anemia, vasculitis, hypothyroidism, and 

nephrotic syndrome. Elderly patients over 60-70 years of age particularly do not tolerate IFN-

α therapy. Many attempts have been made to modify the IFN-α molecule to reduce side 

effects. The combination of IFN with polyethylene glycol has been proven to improve the 

properties of the drug molecule, namely, prolongs the absorption period and reduces adverse 

effects [37]. 

In the chronic phase of myelogenous leukemia, therapy with recombinant IFN-γ at a dose of 

0.25-, 0.5 mg / m2 does not lead to cytogenetic remission, whereas haematological remission 

is only achieved in approximately 25% of patients. Despite the synergism of IFN-γ and IFN-α 

in preclinical studies, the combination of these two cytokines is not more effective than IFN-α 

monotherapy.  

Studies have been conducted on the use of IFN-γ in the treatment of acute myeloid leukemia. 

The patients were 14 children with acute myeloid leukemia during relapse. The first phase of 

clinical trials was to give patients a dose of 0.1-0.75 mg / m2 (1.0-7.5 x 106 U / m2). 

Research has shown stabilization or partial regression of leukemia in three children, while one 

child has experienced transient acute renal failure. The preparation was generally well 

tolerated. In the second phase of clinical trials, the recommended dose of IFN-γ was 0.5 mg / 

m2 / day [38, 39]. 
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COVID19 (SARS-CoV-2) 

SARS-CoV-2 is the seventh known coronavirus that infects humans, which, together with 

SARS-CoV, MERS-CoV, can cause serious illness. HKU1, NL63, OC43 and 229E variants 

usually cause mild disease symptoms [40]. The attention of scientists from around the world 

focused on the SARS-CoV-2 study after the outbreak of the pandemic that began in 2019 in 

Chinese Wuhan. According to the situation report published by the World Health 

Organization (WHO) as of June 22, 2020, 8 860 331 cases and 465 740 deaths were 

confirmed worldwide [41]. SARS-CoV2 causes a lower respiratory tract infection that results 

in pneumonia in humans. Although the symptoms are milder than those of SARS-CoV and 

MERS-CoV, excessive inflammation and breathing disorders can cause acute respiratory 

distress syndrome (ARDS) and multi-organ failure (MODS), resulting in death in a short 

period of time. One of the main causes of ARDS and MODS is the cytokine storm [42, 43].  

Clinical studies have detected the presence of a cytokine storm in critical SARS-CoV-2 

patients [44]. Its suppression may prove to be an effective way to stop the deterioration of 

health of COVID-19 patients [45]. Despite the differences in pathology, epidemiology and the 

presence of proteins, MERS-CoV and SARS-CoV exhibit similar properties and are closely 

related to SARS-CoV-2. About 75 percent of the SARS-CoV2 genome is identical to the 

SARS-CoV genome [43]. Numerous studies are available, both in vitro and in vivo, in which 

IFN-I was used to treat MERS-CoV and SARS-CoV [46, 47].  Although IFN α and β were 

effective in in vitro studies in animal models [48], they did not show significant improvement 

in humans [46]. The combination of IFN β with lopinavir / ritonavir used against MERS-CoV, 

despite improved lung function, did not significantly reduce the severity of lung pathology or 

viral replication [49]. In turn, the combination of IFNα2b with ribavirin gave excellent results 

in Macaca mulatta [50] but no unequivocal result in humans [51]. The explanation for the lack 

of significant improvement in the patient's health during IFN-I treatment may be the 

mechanisms of inhibition of the IFN signaling pathway demonstrated in MERS-CoV and 

SARS-CoV or a limited number of experimental animals or patients. Chinese multicenter 

studies have shown that administration within 7 days of symptoms of a triple combination of 

injection interferon (IFN β1b), an oral protease inhibitor (lopinavir-ritonavir) and an oral 

nucleoside analogue (ribavirin) effectively inhibits SARS-CoV-2 secretion in both 

nasopharyngeal swabs, as well as in all clinical samples. In addition, after 8 days of therapy 

patients had negative RT-PCR results. Side effects in most cases were mild and self-limiting 

[52]. Using IFN with other medications makes it difficult to assess which compound has 

caused a possible improvement in health. Al-Tawfiq et al. [53] and Shalhoub et al. 

[54]suggested that IFN's ineffectiveness is due to comorbidities. It has been shown that 

SARS-CoV and MERS-CoV have Orf6 and Orf3b proteins that can interfere with the 

interferon signaling pathway [55, 56]. These proteins in SARS-CoV-2 are truncated and have 

probably lost their anti-interferon functions. This fact may explain the significant sensitivity 

of SARS-CoV-2 to IFNα manifested in the incomplete suppression of SARS-CoV-2 

replication by interferons, while reducing the viral load by several orders of magnitude [57]. 

IFNα2b sprays have been shown to reduce the SARS-CoV-2 infection rate [58]. It provides 

the basis for the statement that IFN-I can be used in the prophylaxis against SARS-CoV-2. 

Efficacy has been confirmed in vitro [57]. Interestingly, IFN-I does not affect MERS-CoV 

and SARS-CoV replication [59, 60]. COVID-19 pathology consists primarily of pulmonary 
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lesions and resembles interferonopathy. This may suggest that SARS-CoV-2 induces an 

excessive IFN-I mediated antiviral response, leading to tissue damage. If this hypothesis is 

confirmed, IFN-I treatment should be limited to the early stages of infection. In the late 

phases, it is even possible to use anti-interferon drugs to alleviate pathology [61]. Chinese 

guidelines for the treatment of COVID-19 assume the administration of 5 million IFNα units 

in combination with ribavirin twice a day by steam inhalation [62, 63]. The advantage of 

using vapor inhalation is that it specifically targets the respiratory tract. The use of ribavirin 

improves the effectiveness of IFN-I, which has been documented in in vitro studies in other 

coronaviruses [49]. 

 

SUMMARY 

Thanks to their properties interferons have been widely used in the treatment of both viral and 

cancer diseases for many years. Currently, they constitute an important element in the search 

for a drug against SARS-CoV-2, which, because of its global reach, poses a threat not only in 

medical but also in socio-economic and social terms. 
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