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Abstract. Critical patients with pandemic COVID‐19 have dysregulation 
in immune response, like cytokine storm, lymphopenia that led to increase 
mortality, vaccine is the only hope for controlling on this pandemic. 
However, this study design to evaluate effectiveness of Pfizer vaccine on 
serum level for IL-12/IFN-γ pathway  with susceptibility to COVID-19. The 
current study included 160 participants whom separated into two groups for 
further analysis which included Covid-19 patients as unvaccinated and 
vaccinated attended from various hospitals in AL-Najaf provenance and some 
private clinics and healthy control groups as  vaccinated and unvaccinated 
healthy subjects, blood samples were collected from all subjects during 
January - April 2022 to detect IL-12 and IFN-γ concentration by ELISA 
technique. Demographic study indicated the male patients was higher than 
female and the age distribution for unvaccinated and vaccinated were 41-50 
years had the highest frequency which were 17(42.5%) and (35%) 
respectively. The present study observed that the concentration of INF-γ 
(pg/ml) were show serum level decrease with Covid-19 infection, so IFN-γ 
in unvaccinated lower than healthy group and higher than vaccinated 
patients, while IL-12(pg/ml) serum level increase with Covid-19 infection, 
so IL-12 in unvaccinated higher than healthy group  and vaccinated patients 

1 Introduction  
Vaccination is one of the most powerful means to save lives and to increase the level of health 
of mankind [1]. COVID-19 vaccines are critical for containing the pandemic and preventing 
serious SARS-CoV-2 infection of the modern era, several vaccines have been developed 
during the past two years [2]. The mRNA-based vaccine has been developed by BioNTech 
/Pfizer company under the name BNT162 in December 2020 that based on messenger RNA 
with two proline mutations in the S protein of the lipid nanoparticle-based BNT162b2 
vaccination used to prevent fusion [3]. 

Several immune systems activated cells are present in both pathogen-recognizing innate 
immune response and an adaptive immune response directed against a particular antigen , 
which are important in establishing the cytokine environment [4]. Dysregulated immune 
response to the pathogen associated with prolonged high level of cytokines (cytokine storm) 
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may develop sever complication and mediated immunopathology in sever SARS-COV2 
cases [5].  

IL-12 and IFN-γ  play a crucial role against infectious viruses [6].  IL-12 a key player in 
bridging the innate and adaptive immune responses by inducing interferon (IFN) γ production 
by T and NK cells and thereby a TH1 type immune response against viral and bacterial 
infection  [7]. In turn, IFN-γ markedly augments IL-12 production, thus providing an 
important amplifying mechanism in inflammation. This search aim to evaluate role of IL-12 
/IFN-γ with related to Pfizer vaccine in Covid-19 infection. 

1.1 Objectives  

The study was determine the efficacy of Pfizer vaccine on   IL-12/IFN-γ pathway with related 
to COVID-19 infection. 

2 Material and methods 
A case-control study was conducted on 160 participants, whom separated into two groups for 
further analysis which included Covid-19 patients as unvaccinated and vaccinated attended 
AL-Amal  Center , AL-Sadar medical hospital and some private clinics in Najaf provenance  
and healthy control groups as  vaccinated and unvaccinated  during the period from January 
- April /2022 .  3 ml of venous blood drawn from all subjects, Serum was collected in sterile 
Eppendorf tubes and stored at -20 C for determination of Human INF-γ and IL-12 by ELISA 
assay according to (Elabscience® ELISA Kits).  

2.1 Ethical approval 

The study was conducted in accordance with ethical principles that have their origin in the 
Declaration of Helsinki. It was performed with patients' consent both verbally and 
analytically before sampling. The research procedure, subject information, and consent form 
were reviewed and approved by the local ethics committee according to the document 
number 8356 in 9/11/2022 to get this approval. 

All healthy were  interviewed directly by using an anonymous questionnaire form which 
included (age and gender , infected withCovid-19 previously , chronic disease ) 

2.2 Statistical analysis  

Statistical analysis was carried out by using statistical software (IBM SPSS Statistics 26). 
The quantitative data given as mean ± SE and the differences tested by t-test (two means) 
and one-way ANOVA test (more than two means). Probability of (P≤ 0.05) was measured to 
be significant statistically [8]. 

3 Result and discussion 
According to this study, the male patients outnumbered the female patients by a margin of 
26(65 %) to 14(35 %) for unvaccinated patients and 24(60%) vs 16(40%) for vaccinated  
compare to 21(52.5%) vs  19(47.5%) as Vaccinated healthy and 20(50%) vs 20(50%) as 
unvaccinated healthy. The age distribution of unvaccinated  and vaccinated patients  that age 
range between 41-50 years  had the highest frequency and which were 17(42.5% ) and 
14(35%) respectively and so on. Table(1). 
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Table 1. Distribution of patients according to sex and age groups. 

Sex COVID-19 patients Healthy group Total  
(%) Unvaccinated  Vaccinated  Vaccinated  Unvaccinated   

Male  26(65%) 24(60%) 21(52.5%) 20(50%) 91(56.9%) 
Female  14(35 %) 16(40%) 19(47.5%) 20(50%) 69(43.1%) 
Mean of age  48.25±10.6 43±11.8 42.87±14.5 43±9.8  
30-21 2(5%) 5(12.5%) 4(10%) 6(15%) 17(10.6%) 
31-40 5(12.5%) 9(22.5%) 14(35%) 8(20%) 36(22.5%) 
41-50 17(42.5%) 14(35%) 8(20%) 15(37.5%) 54(33.8%) 
51-60 8(20%) 10(25%) 11(27.5%) 8(20%) 37(23.1%) 
61-70 8(20%) 2(5%) 3(7.5%) 3(7.5%) 16(10%) 
Total 40(25%) 40(25%) 40(25%) 40(25%) 160(100%) 

 
In this study the male more numerous than female and this consistent with  local study - 

AL-Najaf city by [9] whom found that  a total of 120 subjects screened for SARS-COV2 
infection, among them  higher rate of infectivity was in males 56%than females 44% .    
According to research conducted in AL-Basra/Iraq by [10],  between May 31 and July 31, 
2020, there were a total of 1014 admitted cases in Iraq, with men accounting for 60.4% and 
females for 39.6%. 

This may attribute to hormonal differences related to gender that could affect the 
pathomechansims of infection and because of the variable immune system for both sex that 
is involved in COVID-19 pathogenesis which is represented by ACE2 receptor  that is 
regulated by sex hormone [11]. 

  In this study choose Pfizer’s this consistent with previous study in Iraq such as [12] they 
confirmed that Pfizer’s BioNTech vaccine seems to be preferred by Iraqi population as it 
gives highest antibody titter as well as its availability and universal usage compared to others 
vaccines. Also, [13] whom indicated that multiple vaccines manufactured using various 
techniques from several different companies have been introduced within one year of the 
epidemic, which was an exceptional and gigantic achievement; however, in Iraq about two -
third  of the participants received Pfizer vaccine followed by AstraZeneca vaccine 17% only 
while  Sinopharm vaccine 14% and indicated that 1,000 vaccinated participants from across 
Iraq, 62.2% were in their 30s and 40s years  and 42.5 % of the participants had a history of 
COVID-19 infection. 

According to research by [14] the average age of a COVID-19 patient is 52.4 years old, 
and the disease is more deadly in the elderly. In contrast, only 2% of patients aged 19 or 
younger have been infected with the virus. Furthermore, if a child or adolescent does contract 
COVID-19, they typically experience only mild symptoms. In line with [15] they  evaluate  
efficiency of vaccines for equaled number of participants as  covid-19 infected patients with 
115,326 participants and 115,326 participants healthy subjects ,  median age of the study 
participants was 31 years, approximately 69% were male and the age group between 30-39 
then 40-49 represent higher aged that received P-fizer vaccine . 

3.1. Immunological study 

3.1.1 Evaluation of Interferon- Gama (INF-γ) in COVID-19 patients 

The present study observed that INF-γ (pg/ml) concentration decrease in Covid-19 group in 
compare to healthy group , the results found that INF-γ level highly decreased  in Covid-19 
vaccinated   than unvaccinated patients ( 30.48± 2.88 ; 11.19 ± 1.70 ) pg/ml,  while in  healthy 
group the Vaccinated were 65.23 ± 1.03 pg/ml and not-Vaccinated healthy were 60.05 ± 1.05 
pg/ml as shown in figure (1). 

3

BIO Web of Conferences 65, 05003 (2023)	 https://doi.org/10.1051/bioconf/20236505003
EBWFF 2023



INF-Gama

unvaccinated patients 

vaccinated patients 

vaccinated health
y

unvaccinated health
y

0

20

40

60

80
Co

nc
en

tra
tio

n o
f IN

F-
Ga

ma

 
Fig. 1. Concentration of INF-γ in serum of COVID-19 unvaccinated  and vaccinated  , control group 
(vaccinated and unvaccinated ). The different letters indicate the existence of significant differences 

The current research found that the overall quantity of IFN-γ serum level was decrease 
significantly in covid-19 patients compared to healthy control at (P˂0.05). The present 
study's findings in line with local study by [9] who confirmed that IFN-γ decreased in Covid-
19 patients (26 .8 ± 5.3) compare to healthy ( 38.7 ± 11.4 ) pg/ml  and highly decreased in 
critical cases compare to mild cases (22.3 ± 3.2 vs 30.7±16.7)  . Also , [16] they demonstrated 
that children with COVID-19 has high level of IFN-γ compared to adults with COVID- 19, 
this indicates that COVID-19 infection is not severe in children and confirmed that IFN-γ 
serum levels has key important in state of disease  .  

[17] they confirmed that BNT162b2 vaccination stimulated antiviral immunity with little 
type I IFN response after the first dose, but a notably enhanced innate response after the 
secondary immunization by increased IFN-γ concentration IL-6, IL-12 . Also, [18] 
BNT162b2 Vaccination  for healthy voleenter found robust production of neutralizing 
antibodies against the wild-type SARS-CoV-2  and significant increases in antigen-specific 
poly-functional CD4 -CD8 T cells , enhanced innate immune response as compared to 
unvaccinated with greater frequency of monocytes;  higher concentration of plasma IFN-γ; 
and  transcriptional signature of innate antiviral immunity. 

According to Pfizer vaccine, [19] indicated that SARS-CoV-2 spike protein and specific 
T-cell expansion with cytokine secretion IFN-γ, IL-2 and IL-10 were observed after 2ed dose 
of Pfizer vaccine. [20] found that there were negative correlations between basal immunity 
IFN-γ, TNF-α, and IL-2 before vaccination and antibody production/neutralizing capacity 
after vaccination and recommended that an extreme immune response prior to vaccination 
may impair the production of neutralizing antibodies while vaccination regulate production 
of IL-2, IFN-γ, and TNF-α that lead to regulate immune response [21].  

4830.  ± 2.88 a 

11.19 ± 1.70 b 

60.05 ± 1.05 c 
65.23 ± 1.03 c 

P-value < 0.0001 *** 
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4830.  ± 2.88 a 

11.19 ± 1.70 b 

60.05 ± 1.05 c 
65.23 ± 1.03 c 

P-value < 0.0001 *** 

Pfizer vaccination data showed that a second dosage induced secretion of IFN-, IL-2, and 
IL-10 from T cells, as well as the production of SARS-CoV-2 spike protein and specific T-
cell growth. Antibody production and neutralizing capacity following vaccination were found 
to be negatively correlated with pre-vaccination levels of IFN-, TNF-, and IL-2 by [20], 
suggesting that an overactive immune response before vaccination could hinder antibody 
production. In contrast, vaccination was found to regulate production of IFN-, TNF-, and IL-
2, thereby regulating the immune response [21] who verified that 9 weeks after receiving two 
doses of Pfizer's vaccine, subjects developed COVID-19 S-specific neutralizing antibodies 
and poly-specific CD4+ and CD8+ T cells, which stimulated the production of IFN- and INF-
type-1. Also, [22] they confirms  a significant difference in the median IFN-γ level in 
vaccinated , unvaccinated patients and healthy group  . Also, [23] they observed  exhibited 
alterations in their levels of IL-18, IFN-γ, IL-12p70 and IL-10 cytokines following 
vaccination in immunocompetent individuals. 

3.1.2. Evaluation of interlukin-12 (IL-12) in COVID-19 

The present study observed that IL-12(pg/ml) concentration increase in Covid-19 group in 
compare to healthy group , the results found that IL-12 level highly increased  in Covid-19 
unvaccinated   than vaccinated patients  (633.3 ± 40.58 , 314.7 ± 39.62) pg/ml,  while in  
healthy group the Vaccinated were 160.5 ± 25.62 pg/ml and not-Vaccinated healthy were 
79.50 ± 4.43 pg/ml as shown in figure (2). 
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Fig. 2. Concentration of IL-12 in serum of unvaccinated   vaccinated Covid patients, Vaccinated and 
Vaccinated healthy. The different letters indicate the existence of significant differences 

633.3 ± 40.58 a 

314.7 ± 39.62 b 

79.50 ± 4.43 c 
160.5 ± 25.62 c 

P-value < 0.0001 *** 
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When a virus enters a cell, a pathogen-associated molecular response triggers the release 
of the heterodimeric cytokine IL-12, which strengthens the links between innate and adaptive 
immune responses [24]. 

The results of the current study showed that the values of cytokines IL-12 significantly 
increase in SARS-CoV-2 unvaccinated patients than in healthy controls (P<0.001). This 
results agreement with   local study in Wasit province by [25] they indicated a highly 
significant increase in the IL-12 (62.03%)  for patient that have COVID-19 in  compared with 
controls and showed the highest value for patients in age lowest 40 IL-12 (12.72) compared 
with patients that age highest than 40.  In same line , [26] who found higher levels of IL-12 
have been associated with COVID-19 patients compare to healthy control group .  

According to Pfizer vaccine [23] they observed that immunocompetent individuals 
exhibited alterations in their levels of IL-12p70, IL-10, IL-18 and IFN-γ cytokines following 
vaccination . [27] they observed that BNT162 vaccine modulate activation of Th-1 cells to 
produce regular level of INF γ and IL-12 proinflammatory cytokines in Covid-19 patients. 

[28] they found that, IL-18 ,TNF-α, IL-17 and IL-12 were higher elevated in the acute 
phase of infection while moderate elevation in Covid -19 vaccinated with two doses of Pfizer 
vaccine. [27] they observed that BN modulate acivation of Th-1 cells to produce regular level 
of INF- γ and IL-12 proinflammatory cytokines 

3.1.3 Correlation between INF-γ and IL-12 serum level according to COVID-19 
infection, Pfizer Vaccine and COVID-19 vaccination  

The correlation coefficient as showed in Figure 4-14 which illustrated negative correlation 
between INF-γ with IL-12 according to COVID-19 vaccinated patients, while, according to 
unvaccinated patients show positive correlation.  

 

 

A                                                      B 

Fig. 3. Correlation coefficient between INF-γ and IL-12  

IL-12 expression regulates the innate immune response during infection and is ultimately 
responsible for determining the length and type of the following adaptive immune response. 
Similarly, IL-12 promotes differentiation in naive CD4+ helper T cells into the Th1 
phenotype that  go on to produce IFN-γ and facilitate cell-mediated immunity [29].  
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IL-12 can drive interferon-γ (IFN-γ) production in dendritic cells (DCs), NK cells, 
macrophages, and T cells [30]. Also, [22] they found a significant correlation among the 
higher in the levels of IL-12 and IL-17A after COVID-19 antigen motivation.  In similar link 
[31] which perform that L-12, /IFN-γ axis exposed to defend from severe vaccinia virus 
infection representative unique effector pathways.  [32] established that IFN-γ and IL-12 
absolutely control each other and type 1 inflammatory responses which are thought to cause 
tissue damage in autoimmune diseases 

4 Conclusion 
The study concluded that BNT162 vaccine modulate the activation of Th-1 and Th-17 to 
produce regular levels of IL-12 and IFN-γ that led to prevent cytokine storm and its 
complication. 
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