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Ab s t r Ac t
The coronavirus 2019 (COVID-19) pandemic has resulted in 168 million cases and about 3.5 million deaths (as of May 26, 2021) during the last 
18 months. These 18 months of the COVID-19 pandemic have been characterized by phases or waves of new cases, the emergence of new 
variants of the deadly virus, and several new complications. After providing emergency approval to several drugs and adherence to several public 
health measures with frequent full and partial lockdowns, the incidence of new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
could not be contained till now on a global basis. Although prophylactic vaccines have inspired optimism, the scarcity of vaccines and several 
vaccine-related regulations indicate that the vaccine’s benefit would not be reaching the people of developing countries anytime soon. In the 
course of our clinical practice, we used pegylated interferon (Peg-IFN) in 35 patients with chronic liver diseases (CLD), and we found that only 
two of them were infected with SARS-CoV-2 that was mild in nature. These two patients with CLD have a mild course of disease cured without 
any specific therapy. Patients with CLD are usually immune-compromised. However, three CLD patients remained free of SARS-CoV-2 although 
they had COVID-19 patients among their family members. Next, we accomplished two studies for assessing the immune-modulatory capacities 
of Peg-IFN, 1 and 12 injections following administration of Peg-IFN. The data revealed that peripheral blood mononuclear cells (PBMCs) of  
Peg-IFN-administered CLD patients produced significantly higher levels of some cytokines of innate immunity in comparison with the cytokines 
produced by PBMC of CLD patients before Peg-IFN intake. The pattern of cytokine responses and absence of infection of SARS-CoV-2 in 33 of 35 
CLD patients represent some preliminary observations indicating a possible role of Peg-IFN in patients with CLD. The study may be extended to 
other chronic infections and cancers in which patients receive Peg-IFN. The role of Peg-IFN for pre- or postexposure prophylaxis in the acquisition 
of SARS-CoV-2 infection and influencing the natural course of COVID-19 remains to be clarified. 
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In t r o d u c t I o n
The novel human severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) that caused widespread deaths across the globe 
[coronavirus 2019 (COVID-19)] was reported in December 2019.  
It has caused about 168 million infections and 3.5 million deaths  
(as of May 25, 2021) in almost all regions, countries, and territories of 
the world.1 The virus is an enveloped β-coronavirus. The full genome 
sequence reveals a genetic sequence very similar to SARS-CoV-1 
(80%) and bat coronavirus RaTG13 (96.2%).2 Three main proteins 
coat the viral envelope: Spike (S) glycoprotein, envelope (E), and 
membrane (M) proteins. Among these proteins, S protein seems to 
be essential for binding to host cells. The subunit of the S proteins 
(S1) is responsible for receptor binding to angiotensin-converting 
enzyme 2, and the other one (S2) is a potential antiviral target.3

The virus has been declared to induce a pandemic on March 11, 
2020, by the World Health Organization (WHO). Although more than 
1 year has passed after the initial outbreak of SARS-CoV-2, various 
factors related to the acquisition of infection and pathogenesis 
of SARS-CoV-2 are yet to be satisfactorily understood. However, 
the virus transmission is going on in full swing, and about one 
million (0.6–1.7 million) of new infections and thousands of new 
deaths (6,000–17,000 death) have been reported daily during 
the last 6  months. SARS-CoV-2 and the genesis of COVID-19 
diseases become more complicated as most infectious people 
run an asymptomatic course path without any sign or symptoms.4  
On the contrary, several patients develop mild, moderate, or severe  

COVID-19.5,6 However, the mechanisms underlying the acquisition 
of SARS-CoV-2, development of asymptomatic SARS-CoV-2 
infection, the pathogenesis of mild to moderate COVID-19, and 
several forms of COVID-19 are mostly unclear.

The virus enters human hosts mainly via the nasal route, 
although other routes of viral entry remain to be elucidated.  
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MAt e r I A l s A n d Me t h o d s
Several hundred patients with CLD have been receiving Peg-IFN 
weekly. Out of them, 35 patients cooperated in this study and 
provided informed consent. In addition to their liver function 
status, they were critically checked for any evidence of SARS-CoV-2 
infection. The study was conducted in Dhaka, Bangladesh. Dhaka 
is the capital of Bangladesh and is the main hotspot of COVID-19 
in Bangladesh. 

The second set of studies was done to assess if innate immune 
cytokines are produced by IFN treatment. A total of 10 patients 
with CLD were subjected to this study, and inform consent was  
obtained from them to participate in the study. 

The third set of patients with CLD were selected, and peripheral 
blood mononuclear cells (PBMC) were isolated from them before 
starting Peg-IFN therapy and 12 weeks after the end of 12 injections 
of Peg-IFN therapy. 

Treatment Strategy
All patients received Peg-IFN at a dose of 180  µg/week. The 
patients received other drugs for their management of CLD. The 
patients were periodically followed up for safety by assessing 
different parameters of liver function tests and abdominal imaging.  
Upper gastrointestinal endoscopy was also done in some patients 
to assess progression to complications. 

Assessment of SARS-CoV-2
The presence of SARS-CoV-2 RNA was assessed using an automatic 
system and polymerase chain reaction (PCR) kits (Roche 
Diagnostics, Switzerland). However, the assay system did not allow 
the quantification of SARS-CoV-2. 

Hematological Assessment
Clinical laboratory hematology and parameters of safety and liver 
parameters (C-reactive protein, transaminases, creatinine, glycemia, 
and blood pressure) were evaluated following hospital-validated 
procedures using standard assessment techniques. 

Isolation of Circulating PBMC from Peripheral Blood
PBMCs were isolated and enriched by methods that have been 
previously described. PBMCs were isolated from freshly drawn 
heparinized whole blood by Ficoll–Hypaque (Sigma, St. Louis, 
Missouri) density gradient centrifugation (specific gravity: 1.077). 
The cells were retrieved from the interface and washed three times 
in phosphate-buffered saline. Finally, PBMCs were resuspended in 
RPMI 1640 (Nipro, Osaka, Japan) plus 10% autologous serum. The 
use of fetal calf serum (FCS) was avoided to prevent the immune 
stimulatory effect of FCS. The viability of PBMCs was checked with 
the trypan blue exclusion test, and cells those revealed more than 
90% viability were used for immunological studies.27,28

Culture of PBMC
Cytokine production by PBMC was performed by adding 100 μL 
of cell suspension into quadruplicate wells of 96-well U-bottomed 
plates. PBMCs were either not activated or activated with 50 μL 
of concanavalin (Sigma-Aldrich, St. Lous, Missouri) at a final 
concentration of 5 μg/mL. The plates were incubated at 37°C and 5% 
CO2 in a humidified incubator for 72 hours. After incubation, plates 
were centrifuged at 1000g for 1 minute, and cell-free supernatants 
from each well were collected and stored at −20°C until cytokines 
were measured by enzyme-linked immunosorbent assay (ELISA).27,28

It is localized and establishes infection in the nasal mucosa and 
upper pulmonary tract that may continue for variable numbers of 
days. SARS-CoV-2 may be contained in the upper respiratory tract or 
may pass toward the lower pulmonary tree and may develop serious 
complications like pneumonia and several other pathological 
lesions.7 The virus has been detected in various body tissues, but it is 
still unclear if the virus bears replicative or pathogenic potentials in 
these tissues. It is not completely clear about the cytopathic effect of 
the virus, and little is known about the extent of cytopathogenicity 
and magnitude of tissue damages.8 However, high titers of the virus 
have been detected in severe cases of COVID-19. On the other side, 
aberrant immunity and cytokine storm have been regarded as the 
main pathological events relating to the severity of COVID-19. 

Due to the prevalence of these different schools of thought 
about SARS-CoV-2 pathogenicity, evidence-based drugs are yet to 
be developed for the treatment of COVID-19, and the hallmarks of 
COVID-19 management are dependent on symptomatic aliments. 
However, any pandemic provides an opportunity for repurposing 
drugs. As SARS-CoV-2 is a ribonucleic acid (RNA) virus and replicates 
via reverse transcriptase, several drugs that had been developed for 
other pathological conditions previously have been repurposed. 
These drugs have received emergency authorization certificates to 
be used for COVID-19 patients in almost all countries of the world. 
Thus, from chloroquine to ivermectin, remdesivir and favipiravir 
have been extensively used to treat COVID-19 patients.9-13 We and 
others have also used immunomodulatory drugs for the treatment 
of severe COVID-19.14,15 However, recent studies have shown 
the limitations of these drugs, and several countries no longer 
recommend these drugs for the treatment of COVID-19.16-18

Several vaccines have been developed to contain the new 
infection by SARS-CoV-2. A vaccine is regarded as an antidote and 
a saver from the acquisition of a new virus. However, the vaccine 
developed against SARS-CoV-2 is not completely comparable with 
other vaccines that are generally used in developing countries, both 
regarding safety and efficacy as well the concept of prophylaxis 
by the vaccine.19,20 In reality, considerable time is taken to develop 
the protective capacities of vaccine recipients. As the pandemic is 
going on and several people are susceptible to be infected by this 
virus, there is a need to block new viral infection by some means 
other than vaccines. 

Based on these realities about SARS-CoV-2 and COVID-19, 
we assumed that evidence-based prophylaxis and therapy 
development represent challenges to humanity. Our fundamental 
target focuses on repurposing evidence-based molecules for  
SARS-CoV-2 and COVID-19 for prophylaxis and therapeutic purposes.  
In line with this proposition, we have recently concentrated on a 
nasal usage of a therapeutic vaccine for hepatitis B [called NASVAC 
that induces innate immunity and shapes aberrant immunity in 
chronic hepatitis B (CHB) patients].21-23

In this article, we are proposing another immune modulator 
for the prophylaxis purpose of SARS-CoV-2. Type I interferons (IFN) 
represent a group of antiviral agents capable of inducing signals 
that may trigger the expression of several hundred antiviral proteins 
and chemokines with antiviral properties.24-26 The fundamental 
principle of this study was retrieved as there has been a group of 
patients with chronic diseases taking IFN for their primary illness. We 
checked their susceptibility to SARS-CoV-2 by critical observation 
and day-to-day surveillance. Finally, we checked the innate immune 
responses of pegylated interferon (Peg-IFN) in patients with chronic 
liver diseases (CLD).
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Assessment of Cytokine Production in Culture
We measured different cytokines to develop insights into the 
immunogenicity of Peg-IFN in CLD patients. Cytokines in culture 
supernatants were measured by ELISA method using commercial 
kits, according to the manufacturer’s instruction (RD Bioscience 
System, Minneapolis, Minnesota). 

Statistical Analysis
The data have been shown as median and range. For the statistical 
analysis, paired t-test was used for normally distributed data. 
When the distribution was skewed, the Wilcoxon signed-rank test  
was used.

re s u lt

SARS-CoV-2 Infection of the Study Cohort
The age of the patients in this study cohort varied from 22 to 
68  years. Ten of the patients were female, and the rest 25 were 
male. Out of the total of 35 patients who received Peg-IFN for CLD, 
follow-up was accomplished systematically for any possible SARS-
CoV-2 infection. Within an observation period of 6 months, only 2 
of 35 patients with CLD were infected with SARS-CoV-2. The extent 
of the SARS-CoV-2 was mild, and they did not need hospitalization 
or any specific treatment for the virus. They became negative 
for SARS-CoV-2 within 15  days, at which time two consecutive 
assessments revealed viral negativity. Interestingly, the family 
members of three patients in the study cohort were infected with 
SARS-CoV-2. However, the patients with CLD treated with Peg-IFN 
were not infected by SARS-CoV-2. 

Peg-IFN-induced Increased Cytokine Production after 
a Single Injection in CLD Patients
Immunological assessment of cytokine production was possible 
in 10 patients with CLD. The patients were bled twice, once before 
the intake of Peg-IFN and the second one 7  days after Peg-IFN 
intake before getting second dose of Peg-IFN. SARS-CoV-2 did not 
infect these patients during the 6 months of follow-up. The mean 
levels of interleukin-2 (IL-2) and tumor necrosis factor (TNF-α) were 
significantly higher due to the intake of Peg-IFN compared to those 
before taking Peg-IFN (Fig. 1). On the contrary, the levels of IL-10 

and IL-4 were not significantly changed in these patients between 
pre-Peg-IFN and post-IFN periods. 

Inflammatory Cytokines Remained Elevated for 
12 Weeks Receiving Weekly Peg-IFN
The levels of cytokines were measured in eight patients receiving 
12 weekly administration of Peg-IFN. The cytokine levels of these 
patients were compared with the cytokine levels produced before 
the administration of Peg-IFN. Elevated levels of IL-2, IFN-γ, and 
TNF-α were detected due to the administration of Peg-IFN 12 
times weekly (Fig. 2). However, no major change was found in IL-10 
production by Peg-IFN. The levels of different cytokine before the 
start of IFN therapy were regarded as 100%, and the increased or 
decreased amounts were calculated from these basic levels as an 
increase in percentage.

dI s c u s s I o n
Containment of new infection of SARS-CoV-2 and proper 
management of COVID-19 patients represent the major challenge 
of mankind. After its first appearance in December 2019 and 
declaration of a pandemic by WHO on March 11, 2020, a huge figure 
of 168 million people has been infected with SARS-CoV-2 with a 
death toll of 3.5 million. The real figure may be several times greater 
than this considering underreporting by various governments, 
house management of cases, and diagnosis limitation using a 
complicated assessment method like PCR. In addition, several 
thousand people of any country cannot reach the SARS-CoV-2 
diagnosis center due to partial lockdown or complete lockdown 
and unavailability of transport. Also, the social discrimination of 
COVID-19 patients did not allow many of them to be diagnosed and 
get COVID-19 management opportunities. These realities are even 
more harsh and inhumane in developing and resource-constrained 
countries.29 Additionally, the political situations of many countries 
and the role of their leaders have ignited a fire to this pandemic.

Once COVID-19 progresses from moderate to severe or to 
critical forms, the management of these cases will be extremely 
hard. In addition, various new complications have surfaced 
recently that have made COVID-19 management a challenge.30 
The repurposed antiviral drugs have shown limited or no efficacy 
in COVID-19 patients, and many of these drugs have lost the 

Fig. 1: Increase in production of IL-2 and TNF-α in PBMC due to single administration of Peg-IFN
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concept related to the containment of SARS-CoV-2 by Peg-IFN in 
some chronic patients. IFN is related to the induction of innate 
immunity and SARS-CoV-2 bypassing natural innate immunity 
for infecting and inducing COVID-19 in normal individuals.31,32  
Thus, the usage of IFN even for a short duration may benefit in 
controlling infection with SARS-CoV-2.

To get some insights into the underlying mechanisms, the 
second study in 10 patients that analyzed cytokine production 
after one injection of Peg-IFN revealed that a single injection of 
Peg-IFN induced significantly higher levels of cytokines of innate 
immunity. In addition, the third analytical study also revealed that 
after 12 weekly injections of Peg-IFN, the levels of cytokines were 
further accentuated in eight CLD patients. Taken together, it seems 
that if the situation of innate immunity can be exacerbated without 
notable side effects, it may have some effects on virus localization 
and replication at the upper respiratory tract. 

Already, Peg-IFN has been used to combat the serious 
progression of COVID-19.33 The study inspired considerable 
optimism as a family member of three CHB patients was infected 
with SARS-CoV-2, but the CHB patients receiving Peg-IFN remained 
uninfected. Usually, patients with CHB represent one of the risky 
groups for acquiring SARS-CoV-2 due to specific defect of their 
immune system. However, the prophylactic capacity of Peg-IFN and 
postexposure prophylaxis or therapeutic effects of Peg-IFN remain 
to be checked in well-planned randomized studies.
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