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Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and the resulting coronavirus disease 2019 (Covid-

19) have afflicted tens of millions of people in a worldwide pandemic. The most reliable approach to stop the spread of infectious illnesses 

is through vaccination. Safe and effective vaccines are needed urgently.  

Methods: The study had eighty-one (81) participants ranging from 18 to 66 years old who were recently injected with COVID-19 mRNA 

Pfizer/BioNTech [BNT162b2] vaccines. They received two vaccine doses of 30 µg, 0.3 mL injections twenty-one (21) days apart. Before 

the first vaccination, blood samples were collected. This procedure was repeated on days 7-10 following the first immunization, and on 7–

10 days following the second dosage. All samples were tested for IFN-γ using a High Sensitivity Human ELISA Kit corresponding to each 

marker (Elabscience/United State). 

Results: Compared to before vaccination and the first dosage, IFN-g levels were higher after the second dose. 

Conclusions: Our study demonstrated that vaccinations caused Th1 biases in all groups.  
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INTRODUCTION 

The coronavirus disease 2019 (COVID-19) pandemic has 

resulted in a public health crisis with serious long-term 

social and economic impact. Its growth has had catastrophic 

impacts in many nations. The pathogenic mechanism of the 

extremely contagious COVID-19 has received a lot of 

interest. COVID-19 is caused by an infection from the 

severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) virus [1], The main method of transmission for 

SARS-CoV-2 is airborne respiratory droplets [2]. SARS-

CoV-2 is a combination of serious pathogenicity (i.e., able 

to cause disease) and being highly infectious. This 

infectivity is made worse by the fact that virus transmission 

can be done by asymptomatic and pre-symptomatic 

individuals. 

 

 

 

 

 

This is unlike SARS-CoV-1 and MERS-CoV, which were 

transmitted by symptomatic patients and, thus could be 

contained more efficiently [3,4]. 

The "cytokine storm" occurrence, which is brought on by the 

too much production of pro-inflammatory cytokines, is 

associated with the COVID-19 disease. The root cause of CS 

is an uncontrolled immune response that result from immune 

cells, such as lymphocytes and macrophages, to continually 

activate and expand as well as release vast quantities of 

cytokines, causing a cytokine storm. 
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The clinical results of CS are related to activity of 

proinflammatory cytokines such IL-1, IL-6, IL-18, IFN-γ 

and TNF-a [5].  

The SARS-CoV-2 virus triggers a strong host defense that 

causes an excessive inflammatory response. According to a 

research by Ruan et al., of a 68 fatal instances, 36 patients 

(53%) died from respiratory failure, five (7%) from 

circulatory failure due to myocardial injury, 22 (33%) from 

both, and the last five from undetermined causes, and they 

hypothesized that fulminant myocarditis or virus-activated 

"cytokine storm syndrome" would be the causes of COVID-

19 death [6]. The immune system will launch a fierce attack 

on the body in response to the cytokine storm, in acute cases 

of SARS-CoV-2 infection, similar to what happens with 

SARS-CoV and MERS-CoV infection, the virus can induce 

ARDS, multiple organ failure, and ultimately death [7]. 

Therefore, it is of utmost importance for all of humanity to 

find effective vaccinations against SARS-CoV-2 infection. 

Countries all over the globe are competing with one another 

to find and implement the best preventative, curative, and 

prophylactic measures to lower the morbidity and death 

brought on by this virus [8,9]. The most reliable, cost-

efficient, and safe method of pandemic control is 

vaccination. Vaccines work by triggering the body's natural 

immunological response. As soon as the Chinese 

government published the genetic sequence of the new 

coronavirus in early 2020, manufacturing companies for 

vaccines started to take action all around the world. Among 

the top brands are Sinovac, CanSino, AstraZeneca, Moderna 

from the United States and a vaccine developed jointly by 

the United States and Germany by Pfizer-BioNTech. A 

novel method for creating SARS-CoV-2 vaccines is 

messenger RNA (mRNA) [10]. In this study, we compared 

the IFN-γ responses to the 1st and 2nd dose of the 

BNT162b2 mRNA (Pfizer/BioNtech) vaccine in vaccinated 

participants with diseases (hypertension, diabetes, and 

individuals with hypertension, diabetes, and heart disease) 

to healthy participants.  

 

Materials and Methods 

Study Design and Participants 

The present study included eighty-one (81) participants who 

were recently vaccinated with mRNA Pfizer/BioNTech 

[BNT162b2] vaccines. This exploratory analysis used 

samples from healthy participants from 18 to 66 years old 

who have already received two vaccine injections 21 days 

apart at a dose of (30 µg, 0.3 mL). The participants were 

divided into four groups, first the healthy subjects, the 

second with hypertension, the third with diabetes, and 

finally those with hypertension, diabetes, and heart disease. 

All participants received their vaccination between October 

2021 and March 2022. Blood samples were collected as 

previously described. Samples collected at baseline (before 

first vaccination), (Day 7-10, after first vaccination), and 

(Days 7-10, after second vaccination), were analysed. 

Informed consent in oral and written form were obtained from 

all the participants. 

Specimen Collection and Preparation 

A. Specimen collection 

Participants' serum samples were extracted from blood 

samples in serum collection tubes by centrifugation for 10 

minutes at 1,000–2,000 x g., and serum fractions were 

organized, collected, and frozen for later use. Before analysis, 

frozen materials were thawed at room temperature for 1 hour. 

Before analysis, thawed samples were vortexed. Analyzing 

preserved samples from multiple time periods of the same 

donor was done in parallel studies. 

B. ELISA technique 

Levels IFN-γ were quantified using High Sensitivity Human 

ELISA Kit identical for each marker (Elabscience/United 

State). Briefly, 50µL of standard or sample was added to each 

well and incubated for 90 minutes at 37 ̊C. Then, the liquid 

was eliminated and 50µL of biotinylated detection Ab was 

added and incubated for one hour at 37 ̊C. Next, the solution 

is aspirated from the wells and washed three times. Then, 

50µL of HRP Conjugate was added and incubated for 30 

minutes at 37 ̊C. After that, the solution was aspirated from 

the wells and washed five times. Then, 50µL of substrate 

reagent was added and incubated for 15 minutes at 37 C̊. 

Finally, 25µL of stop solution was added and the OD value 

was determined at 450 nm instantly. 

Statistical analysis 

GraphPad prism7 was used to analyze the data [11, 12]. 

Results are represented as mean± SD [13].  

 

Result  

Eighty-one were vaccinated with mRNA Pfizer/BioNTech 

[BNT162b2] COVID-19 vaccine. The age of entire groups 

(mRNA Pfizer/BioNTech) ranged between (18-66) years old; 

69 were women and 12 were men.  vaccinated individuals 

were included 45 healthy individuals, 15 with hypertension, 

12 with diabetes, and 9 with hypertension, diabetes, and heart 

disease. IFN-γ measured for all participants (before the first 

vaccination), (Days 7–10, following the first immunization), 

and (Days 7–10, following the second immunization) using 

High Sensitivity Human ELISA Kit corresponding for each 

marker (Elabscience/United State) as shown in Figures 1-4 

respectively. 
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Figure1: Dynamic changes in IFN-ɤ in COVID-19 

vaccinated healthy participants. A: before the first vaccine, 

B: after (7-10 days) of vaccine dose, C: after (7-10 days) of 

the second vaccine dose.     

Figure 2: Dynamic changes in IFN-ɤ in COVID-19 

vaccinated hypertention participants. A: before the first 

vaccine, B: after (7-10 days) of vaccine dose, C: after (7-10 

days) of the second vaccine dose. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Dynamic changes in IFN-ɤ in COVID-19 

vaccinated diabetic participants. A: before the first vaccine, 

B: after (7-10 days) of vaccine dose, C: after (7-10 days) of 

the second vaccine dose. 

Figure 4: Dynamic changes in IFN-ɤ in COVID-19 

vaccinated hypertension, diabetic, and heart diseases 

participants. A: before the first vaccine, B: after (7-10 days) 

of vaccine dose, C: after (7-10 days) of the second vaccine 

dose. 

 

Discussion 

The creation of a COVID-19 vaccine is believed to be a 

necessary and essential part of the worldwide effort to contain 

this pandemic, and several businesses are working to provide 

a safe and efficient vaccine [8,9]. Anti-SARS CoV-2 mRNA 

a breakthrough vaccine called BNT162b2 is being used to 

immunize countless numbers of individuals worldwide. It is 

based on a genetically modified RNA that can produce a 

protein in the treated people that triggers an immune 

response, providing the recipients of the vaccine with 

immunity versus SARS CoV-2. 

The generation of interferon-gamma (IFN-γ) by T cells is a 

crucial element of the Th1 response. IFN-γ is also necessary 
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for the establishment and maintenance of type 1 and antiviral 

immune responses [13,14]. Natural killer (NK) cells, CD8 T 

cells, and Th1 effector CD4 T cells all generate substantial 

amounts of the inflammatory cytokine IFN-γ.  To begin the 

development of activated T cells into the IFN-producing 

Th1 state, IFN- itself must be present [15]. It has also been 

shown that IFN-g influences humoral responses by 

regulating the Ig isotypes that B cells generate and by 

promoting long-lived antibody-secreting cells [16,17]. 

Increased levels of proinflammatory cytokines, such as IFN-

g, TNF-a, IL-6, and IL-8, have been linked to severe lung 

damage and unfavorable outcomes from SARS-CoV or 

MERS-CoV infection, according to earlier research [18-21]. 

Decreased IFN- expression in CD4+ T cells and 

lymphopenia (in CD4+ and CD8+ T cells) have also been 

linked to severe COVID-19 in a number of studies [22,23].  

The majority of researches have reported the clear 

immunological dysfunction in moderate and severe illness, 

including decreased expression of IFN-γ by CD4 + T, CD8 

+ T, and NK cells [24]. The same author discovered that 

IFN- production by CD4 + T cells was often lower in severe 

cases compared to moderate instances. It has recently been 

shown that IFN-γ secretion levels by CD4+ and CD8+ T 

cells from individuals with moderate illness are comparable 

to those in critically sick patients. In this instance, IFN-γ 

levels reduced in moderate patients while increasing with 

time in severely sick patients. The virus may boost the 

release of these cytokines, though, since there was a 

significant link between viral load and IFN-γ. [25]. In 

patients with severe COVID-19 illness, IFN-ɑ, IFN-γ, and 

TNF-ɑ levels were shown to be high and to be linked with 

viral load [26]. According to Zhou et al., ISGs have been 

shown to be highly expressed in COVID-19 patients, to the 

point where they may be detrimental [27]. 

IFN-γ has a significant role in cellular immunity, has 

immunomodulatory actions that improve antigen 

presentation and processing, stimulate leukocyte trafficking, 

induce an antiviral status, promote antimicrobial responses, 

and affect cellular proliferation and apoptotic [28]. In 59 

nations, research by Husseini et al. assessed their possible 

correlation with the BCG, HAV, and flu vaccines as well as 

their natural infections against COVID-19 infection. They 

also looked at the associated death rate. It is suggested that 

the BCG vaccination, together with the high prevalence of 

viral diseases such hepatitis A and influenza, which cause a 

greater level of IFN-γ among people in countries with lower 

COVID-19 mortality, may assist to explain the mortality 

variations between nations [29].  

In contrast to Th2 (IL-13+, GATA3+) or Th17 (IL-17+, 

RORgammaT+) cells, mRNA COVID-19 vaccines are 

known to primarily generate Th1 CD4+ T cells expressing 

IL-2, IFN-gamma, and the transcription factor Tbet [30]. 

During adaptive immunity, T cells are the main generator of 

IFN-γ. In a research by Lozano-Ojalvo et al., it was shown 

that the SARS-CoV-2 spike and peptide pools triggered the 

release of IFN-gamma in COVID-19 recovered effector 

antigen-specific CD4+ effector T cells, but not in naive 

donors, and COVID-19 recovered patients mount a greater 

IFN-gamma response compared to naive participants, 

according to IFN-gamma produced 10 days following the 

initial BNT162b2 vaccine dosage, While recovered people 

reduced their IFN-gamma production after day 10 of the 

second dosage, naive individuals had a rise in IFN-gamma to 

substantial levels [31].  

In a study by Bergamaschi et al. that examined the cytokine 

reactions to the first and second doses of the BNT162b2 

mRNA vaccine (Pfizer/BioNtech) in antigen-naive and 

previously infected participants, it was discovered that there 

was a similar pattern of cytokine expression at 24 hours after 

vaccination between vaccine recipients with pre-existing 

SARS-CoV-2 immunity who received the first vaccine dose 

and antigen-naive individuals after the second vaccine dose. 

For the quick attraction and activation of effector immune 

cells, it is suggested that anamnestic responses be induced 

with increased levels of IFN-γ and TNF-a [32]. According to 

our findings, INF-g levels in all groups rose after the second 

dosage in comparison to both before and after the first dose 

of the vaccination. 

 

Conclusions: 

The vaccine polarizes the T-cell response towards type 1 

immunity by inducing IFN-γ production, which inhibits Th2 

cell differentiation and induce antiviral immune responses. 
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