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ABSTRACT

This review examines the use of interferon as a potential drug against SARS-CoV-2 and other animal coronaviruses. 
The production of interferon is also discussed. Despite the ongoing global pandemic of COVID-19, there are 
currently no effective drugs available to treat SARS-CoV-2 and its new variants. The review aims to determine if 
interferon could be an effective treatment option. The role and importance of interferon in viral drug development 
and production is summarized using recent research and literature. 
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ABBREVIATIONS

SARS-COV-2: Severe Acute Respiratory Syndrome Coronavirus 
2; IFN: Interferon; RDT: Recombinant DNA Technology; O.D: 
Optical Density; HPSEC: High-Performance Size-Exclusion 
Chromatography; SDS PAGE: Sodium Dodecyl-Sulfate 

Polyacrylamide Gel Electrophoresis; IL: Interleukin.

INTRODUCTION

COVID-19 is closely related to SARS which swept around the 
world from 2002 to 2003. That virus infected around 8,000 people 
and killed about 800 but it soon ran itself out, largely because most 
of those infected were seriously ill so it was easier to control [1]. 
Another coronavirus Middle East Respiratory Syndrome (MERS), 
cases have been occurring sporadically since it first emerged in 
2012-there have been around 2,500 cases and nearly 900 deaths 
[2]. COVID-19 is different from these two other coronaviruses in 
that the spectrum of disease is broad, with around 80 percent of 
cases leading to a mild infection. There may also be many people 
carrying the disease and displaying no symptoms, making it even 
harder to control. So far, around 20 percent of COVID-19 cases 
have been classed as “severe” and the current death rate varies 
between 0.7 percent and 3.4 percent depending on the conditions, 
location, and, crucially, access to good hospital care [3,4].

Emergence and spread of coronavirus

The coronavirus has sparked a succession of events in less than 
a month, ranging from entrance port inspections to complete 

quarantine of impacted cities [5]. The timeline that follows depicts 
how the virus spread from a single city to turn into a worldwide 
health emergency [6].

Virus transmission from animal-to-human

In the Chinese largest city Wuhan (capital of the Hubei province), 

Huanan seafood (primarily selling fish and shellfish), but later it 
is also linked with wild game like snakes, beavers, and porcupines. 
As far as the concern now, it probably originated from bats before 
human-to-human transmission. However, the origin of animal 
COVID-19 is still not clear [7].

Characterization of animal coronavirus

Chinese health officials claimed that the pathogen had been 
isolated. The so-called 2019-nCoV, which spreads through airborne 
droplets, is a member of the coronavirus family, which also includes 
SARS (Severe Acute Respiratory Syndrome) and MERS (Middle 
East respiratory illness) [8].

First fatality

It was officially reported in Wuhan city and till Dec 2022, 
5247 deaths have been reported within China itself. While the 
worldwide 6,693,904 fatalities have been recorded retrieved, 
(https://www.worldometers.info/coronavirus). COVID-19 shows 
a comparatively low mortality rate than SARS. Beyond its low 
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fatality rate, the animal coronavirus has been showing one of the 
highest fatalities in the last pandemic that happened in the recent 
century. To close all boundaries of a nation for a decade is not 
possible in the current globalization order. For the growth and 
sustainability of the economy, the movement of the citizens of the 
nation to another nation is an absolute necessity (Figure 1). This is 
an alarming situation for the globe to introduce an effective drug 
to counter the COVID-9 along with their mutated variance of the 
virus [9]. 

City quarantined

Chinese authorities halt travel to and from Wuhan, which has a 
population of more than 10 million. Other Hubei province cities 
also impose similar travel restrictions, impacting a total of around 
50 million individuals [10].

Hospitals overwhelmed

As time passed from the first human encounter with animal 
coronavirus, the transmission of COVID-9 from human to human 
was continuously increasing in Wuhan city in a very short time 
lamps. It badly impacted the availability of doctors and hospital staff 
per patient in the hospital. Medicine, PPT kits, beds, ventilators, 
oxygen cylinders, and other medical supplies were becoming 
inadequate for the treatment of infected patients. In response to 
these insufficiencies, in the 1st week of February 2020, the Chinese 
government urgently planned 1000 plus facilities of beds and other 
accessories by breaking the grounds of the Huoshenshan Hospital 
(retrieved https://www.bbc.com/news/in-pictures-51280586). At 
the same time, public health experts and researchers were working 
day and night to break down the basic protocols and essential facts 
to prevent the super spread of this never before the seen virus. In 
addition, the biggest challenge in the world is to trace the infected 
patient, especially those who are infected but do not show any 
symptoms of COVID-9 at all [11].

Interferon therapy as antiviral drug medication

What are Interferons?

Interferon represents a family of cytokines, which is of central 
importance in the innate immune response to virus infections 
[12]. All interferon’s act as secreted ligands of specific cell surface 
receptors, eliciting the transcription of hundreds of interferon-
stimulated genes whose protein products have antiviral activity, 

as well as antimicrobial, ant proliferative/antitumor, and 
immunomodulatory effects [13]. Expression of type I and III 
interferon’s is induced in virtually all cell types upon recognition 
of viral molecular patterns, especially nucleic acids, by cytoplasmic 
and endosomal receptors, whereas type II interferon is induced by 
cytokines such as IL-12, and its expression is restricted to immune 
cells such as T cells and NK cells [14]. The effectiveness of the 
interferon system in counteracting viral infections is reflected by 
the multitude of inhibitors of interferon induction or interferon 
action that are encoded by many viruses, preventing their 
eradication and resulting in the continued coexistence of viruses 
and vertebrates [15]. The unique biological functions of interferon 
have led to their therapeutic use in the treatment of diseases such as 
hepatitis, multiple sclerosis, and certain leukemia [16]. In humans 
and other animals, the distinct protein and IFN genes (more than 
25) have been recognized. They are generally categorized into three 
classes: IFN Type I, II, and III. IFNs belonging to all three classes 
are important for fighting viral infections and for the regulation of 
the immune system [17].

Types of interferon

Based on the type of receptor through which they signal, human 
interferons have been classified into three major types [18].

Type I Interferon: All IFNs type I bind to IFN α/β Receptor 
(IFNAR) which is made of two chains IFNAR 1 and IFNAR 2. 
It is the category of a specific cell surface receptor complex. The 
common and isolated human IFN α, β, ε, κ, and ω are considered 
type I interferons [19]. In general, type I interferons are produced 
when the body recognizes a virus that has invaded it [20]. They are 
produced by fibroblasts and monocytes. However, the production 
of type I IFN-α is prohibited by another cytokine known as 
Interleukin-10 [21]. Once type I IFN is released which binds to 
their specific receptor of targeted cells, leads to the translation of a 
specific protein (Figure 2). Later this protein stops the production 
and replication of viral DNA and RNA. Overall, IFN-α can be used 
to treat hepatitis B and C infections, while IFN-β can be used to 
treat multiple sclerosis [22].

Type II Interferon (IFN-γ in humans): In the immune systems, 

interleukin-12 activates IFN II and that’s why it is also called 
immune interferon. Furthermore, type II interferons are released 
by Cytotoxic T cells and T helper cells, type 1 specifically [23]. 
They do, however, prevent type 2 T helper cell multiplication. 
The prior causes the Th2 immune system response to be inhibited 
and the immune system response of Th1 to be further stimulated, 
which results in the growth of debilitating disorders (like multiple 
sclerosis). IFN type II binds to IFNGR, which consists of IFNGR1 

Figure 1: Transmission electron micrograph of avian infectious 
(retrieved, https://www.cdc.gov/niosh/topics/SARS/).

Figure 2: Cross-sectional model of a coronavirus (retrieved, https://
www.biovendor.com/sars-cov-2-2019-ncov-proteins)the pink-colored 
viral spike peplomers shown in the club-shaped which create the 
surrounding look of the virion.
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and IFNGR2 chains [24].

Type III Interferon: It is stimulated the signal via a receptor complex 
made of IL10R2 and IFNLR1, and it is also known as CRF2-4 and 
CRF2-12 respectively. Although discovered more recently than type 
I and type II IFNs, recent information demonstrates the importance 
of type III IFNs in some types of virus or fungal infections [25].

Various research studies reports and books conclude that IFN 
type I and IFN type II are mainly responsible for activating and 
regulating the immune response (Figure 3). Expression of type I and 
III IFNs can be induced in virtually all cell types upon recognition 
of viral components, especially nucleic acids, by cytoplasmic and 
endosomal receptors, whereas type II interferon is induced by 
cytokines such as IL-12, and its expression is restricted to immune 
cells such as T cells and NK cells [26].

Application of interferon as therapy

There is no absolute antidote or effective medication available in 
the treatment of COVID-19 in India. Thus, interferon therapy can 
be given. Type 1 interferon i.e., alpha and beta interferon therapy 
can be used to treat the novel coronavirus pandemic. Alpha and 
Beta interferons are produced by the entire virus-infected nucleated 
cells of our body. Interferons are natural antiviral proteins but 
sometimes it is a man-made version of proteins (use of Recombinant 
DNA Technology) that are used as a drug to treat many diseases. 
The drugs equip the body to tackle viruses, preventing them from 
multiplying in the body given to COVID patients with the least 
side effects [27]. IFN-β has been tested on 60 patients who were 
65 years old and infected with COVID-9 by a group of doctors 
belonging to the United States Council for Automotive Research 
(USCAR) in the year 2021. In this clinical trial, sixty individuals 
who were recently infected (within 72 hours) with SARS-CoV-2, are 
randomly selected (both male and female) and 11μg of interferon 
β1a has been spontaneously injected at days 1, 3, 7, and 10. IFN-
β1a is marketed as the trade name of Rebif®, Merck KGaA, 
Darmstadt, Germany which is usually used for the treatment of 
Multiple Sclerosis (MS) (especially for the relapsing forms) [28]. 
After the successful administration of IFN-β1a and intensive 
care, the patients show some speedy recovery from the COVID-9 
infection in comparison to the control. Although, this data is too 
small, but it shows that the interferon β1a along with other types 

of IFN has significant potential to be used as a novel drug for the 
treatment of SARS-CoV-2 infection and other viral diseases.

Production of Interferons as a therapeutic agent

Interferons are produced by living cells both in vivo as well as 
cultured cells. Interferon production and its antiviral activity are 
required for the expression of cellular genes, and these functions 
are blocked by inhibitors of transcription and translation. One 
important characteristic of interferon is its host specificity; 
therefore exogenous interferon intended for use in man must be 
produced in human cell culture [29]. Sources of human cells or 
cell lines that can be obtained in large quantities for interferon 
production are peripheral blood leukocytes, placenta, embryos, 
skins, lymphoid cells, and transformed cancerous cell lines [30]. 
Interferon type 1 i.e., interferon alpha 2b can be used in the 
treatment of COVID-9 as it is an antiviral drug and is reliable and 
effective. It is produced at the commercial level with help of RDT 
which stands for Recombinant DNA Technology. Mammalian or 
human cell lines in a serum-based medium are required to achieve 
it [31]. Hence in this procedure desired interferon is produced and 
purified with affinity chromatography packed with anti-alfa 2b 
antibodies. Hence interferon products can be eluted and purified 
[32].

METHODOLOGY

Designing and cloning of interferon genes

The codon sequences of the IFN genes, which are available in 
online database sequences and have been previously discovered and 
designed by the farmer’s research can be used for insertion for the 
application through vector (pET28a expression vector) insertion 
in the bacteria. E. coli is a natural choice for the commercial 
production of interferon (Castro et al., 2021). In case when the 
codon sequence of the IFN genes is online not available, it can 
design in any advanced molecular laboratory [33].

Amplification of IFN genes

conditions. To complete this operation typically, reverse and 
forward primers, Taq polymerase, MgCl2 dNTP, and PCR buffer 
are required. Further, this DNA sequence is utilized on agarose gel 
electrophoresis under UV rays.

Selection of vector and Bacterial strain 

Only an expression vector is used in the production of IFN and the 
most preferred vector is the pET28a expression vector. DH5α and 
BL21 (DE3) strain of E. coli is used in the amplification of plasmid 
and molecular cloning respectively.

Culture media and protein synthesis 

media are also used concerning microorganisms that are intended 
to insertion of the insertional gene in the vector. For example, a 
serum-based culture medium can be used which has growth factors, 
amino acids, vitamins, etc. Impellers Based Bioreactors are used, 
equipped with pH, temperature controller, DO probe, oxygen, anti-
foaming agent supplier, cooling jackets, etc. [34]. The bioreactor 
can also be used with an optimal supply of culture media. Once 
the exponential growth of bacteria was started, the expression of 
the recombinant IFN within the bacterial cells was also started with 
help of the expression vector (expression system). 

Figure 3: Overview of the manufacturing of IFN-based biopharmaceuticals 
(ATPS–Aqueous two-phase system; AC–Affinity chromatography; 
IEX–Ion-exchange chromatography; HIC–Hydrophobic interaction 
chromatography; RP–Reverse phase chromatography; SEC–Size 
exclusion chromatography) (Grabarz et al., 2021).

To make multiple copies of the IFN gene, PCR is used in-vitro 

Luria-Broth culture media is used to culture E. coli and other 
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Purification of recombinant IFN protein

For the best outcomes, affinity chromatography and ion exchange 
or gel filtration are used to separate our desired interferon. In 
Affinity chromatography, the column is packed with Anti alpha-2b 
antibodies in the stationary phase, or the column can be packed 
with nickel ions in a resin and bind with an intracellular interferon 
tag with Histidine. Once IFN is isolated, the columns are eluted 
with a decreasing slope gradient of pH (8 to 4) with the help of 
an elution buffer through gradient elution. This will give 99.9% 
purity; hence desired interferon alpha can be obtained.

Validation of recombinant IFN protein

DS-PAGE which stands for Sodium Dodecyl-Sulfate Polyacrylamide 
Gel Electrophoresis is often used to check the purity and 
concentration of the IFN proteins. Digital gel doc, reading 
machine of SDS-PAGE, analyses the test sample with help of 
the band’s density and with [6,16].Lowry and Bradford’s assays 
are also used to determine the concentration of IFN protein by 
calculating the relative value of the test sample with the standard 
samples HPSEC which stands for High-Performance Size-Exclusion 
Chromatography is used to concentrate the isolated recombinant 
IFN proteins [35].

Validation of Antiviral activity of IFN protein

To check the effectiveness of the recombinant IFN protein, 
spectrophotometric observance-based tests are used. In this test, a 
human cell line in two different cultures (which can vary with the 
requirements) was infected with SARS-CoV-2 for 2 hours and the 
then recombinant IFN protein was added in one test culture (test 
sample) while others are left untouched (blank sample). O.D. has 
been recorded initially, followed by after 2 hours and the end of the 
test. By comparing the O.D. value of the test sample with the blank 
sample, data has been drawn.

DISCUSSION 

This study found that the use of interferon in viral infection 
show fewer side effect, is highly accurate, and easy to administer. 
As the failure of COVID-9 vaccination in many countries like 
China against the new variants of SARS-CoV-2, looking forward 
to a new category of drugs is necessary to control the second wave 
of the pandemic within a few years. As the literature suggest the 
use of interferon for the viral disease is going to be a new trend 
in the clinical biology and research field. Selection of a right cell 
lines will be reducing the overall production cost by reducing the 
maintenance, contamination, culture media cost.

pET28a expression vector is the key part and the DH5α and BL21 
(DE3) strain of E. coli is most useful in the production. As we scale 
up the IFN.

Recombinant protein production, cost of IFN drugs will be reduced 
which will be helpful for developing and under developed nations. 

Overall, the results of these studies suggest that interferon may be 
effective in the treatment or prevention of COVID-19 caused by 
SARS-CoV-2. More research is needed to determine the potential 
role of interferon in the management of this disease. It is important 
to note that these studies were conducted early in the COVID-19 
pandemic, and more recent research may have found different 
results. It is also important to follow the recommendations 
of public health authorities and healthcare providers for the 
prevention and treatment of COVID-19. In humans, IFNs are to 

be used as treatment and prophylaxis for interferon therapy is not 
new although the introduction of RDT in the production of IFN 
is the latest technology. IFNs were used many centuries ago as a 
transfer of immunized plasma of one patient to another patient; for 
example, during the pandemic of Spanish influenza H1N1 in the 
year 1918-20 (Ripoll et al., 2021). If in various viral diseases, then, 
the knowledge of the relative capacity of various cells to produce 
human interferon should contribute toward the development of an 
economical method of production. This drug will be effective with 
the least side effects. It will be a lifesaving drug worldwide and the 
Economy will be more productive and better.

CONCLUSION

Exploring therapies for SARS-CoV-2 is relevant and urgent, 
especially considering the inequitable access to SARS-CoV-2 
vaccines, with some countries reporting <30% of their population 
vaccinated. IFN therapies’ unique administration schedule (e.g., 
can be administered once, weekly, or more in severe cases), limited 
adverse effects, and minimal follow-up make IFN a compelling 
treatment option in populations with fewer or lower-skilled 
providers and limited access to pharmaceuticals. However, the 
high diversity of intervention types and delivery methods and 
the absence of consistent outcome measures make it difficult to 
synthesize the available data. Ahead of patients being capable of 
benefiting from outcomes of therapeutic uses of IFN, standardized 
reporting and outcomes for interferon trials are critically required 
to ease evidence synthesis and production.

CHALLENGES 

Antibiotics and other viral medicine are mostly preferred for the 
treatment of COVID-9 as for the current scenario aspects. Vaccines 
and monoclonal antibodies are also proved their utility in the 
treatment of SARS-CoV2. But due to the new dimension of drugs, 
highly variable outcomes, variables in types of administration, the 
variable effect of interferon with late and early intervention, and 
less exploration of IFN type, are restricted to use of it in a wide 
range of applications for the treatment of the viral infection. Before 
starting the large clinical application of IFN, it is urgently required 
standardized the outcome measures. The research community needs 
to do a more detailed and focused study on types of interferon and 
their specific clinical uses.
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