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ABSTRACT  

The SARS-CoV2 vaccines are safe and smart way to protect ourselves. Once the body takes one 

or more doses of the vaccine, it produces an immune response without being fully exposed to the 

disease. It is important to evaluate the immune response generated against vaccine. So, the aim 

of the study was measuring the level of IgG and IFN-γ levels and study the differences their 

levels according to some risk factors like age, sex, previous infection, and BMI. that done by 

Cross-sectional study, where it was conducted between November 2021 and April 2022. Serum 

samples were obtained from 105 vaccinated persons with Pfizer. SARS-CoV-2 IgG levels and 

IFN-γ were detected. And the results obtain were the participants' ages ranged from (18-72) 

years, they were divided into 2 groups: those under 25 years old 66 (62.9%), and those over 25 

years old 39 (37.1%). 56 subjects (53.3%) were males and 49 (46.7%) were females. The sample 

was taken at various times and weeks. 50 individuals (74.6%) had received one dose, while the 

others 55 (52.4%) had received two doses, Additionally, 39 subjects (37.1%) had a confirmed 

infections prior to receiving the vaccine whereas others did not 66 (62.9%). Furthermore, 

according to BMI, 63 subjects (60%) had a normal weight and 29 (27.6%) had overweight, 

finally this study Concluded that younger participants under the age of 25 had higher antibody and 

IFN γ concentrations. higher antibody level and lower IFN γ in males than females were 

observed. Previous infection with covid 19 seems to have no effect on antibody and IFN γ level 

after vaccination with Pfizer. 

Keywords: COVD19 vaccine, IgG concentration, IFN γ concentration, Pfizer  

 



   

25 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

 

 الخلاصة

بمجرد أن يأخذ الجسم جرعة  من الاصابه بالمرض حيث انه هي طريقة آمنة وذكية لحماية أنفسنا SARS-CoV2لقاحات 

تجابة من المهم تقييم الاسكان  لذلكدون التعرض الكامل للمرض.للفيروس واحدة أو أكثر من اللقاح ، فإنه ينتج استجابة مناعية 

الفروق في مستوياتهما وفقًا  ودراسة IFNو  IgG ياتقياس مستو ة هو الهدف من الدراسولذلك فان  المناعية الناتجة عن اللقاح

 0202أجريت دراسة مقطعية بين نوفمبر  حيثلبعض عوامل الخطر مثل العمر والجنس والعدوى السابقة ومؤشر كتلة الجسم.

تم الكشف عن مستويات  ومن ثمفايزربلقاح الشخص تم تلقيحهم  221تم الحصول على عينات مصل من و. 0200وأبريل 

SARS-CoV-2 IgG  وIFN.( سنة ، وتم تقسيمهم إلى 40-21تراوحت أعمار المشاركين من )فلنتائج لما بالنسبة ا

 16كان و(. ٪94.2) مشاركا 96كانو سنة  01( ، ومن هم فوق ٪60.6) مشاركا  66كانو  سنة  01مجموعتين: من هم دون 

حيث  لعينة في أوقات وأسابيع مختلفةتم أخذ او ( من الإناث٪ 76.4)مشاركا منهم  76( من الذكور و ٪ 19.9) مشاركا منهم

( جرعتين ، بالإضافة إلى ذلك ٪10.7) مشاركا منهم11( تلقوا جرعة واحدة ، بينما تلقى الآخرون ٪74.6) منهم فرداً 12 كان

شخصا مشاركا بالفايروس  66وهم الآخرون يصاب ( إصابات مؤكدة قبل تلقي اللقاح بينما لم ٪94.2شخصًا ) 96، كان لدى 

كانو ( ٪04.6) 06و ا طبيعي اوزنيمتلكون ( ٪62شخصًا ) 69 يناوفقًا لمؤشر كتلة الجسم ، كان لد اما ، (٪60.6) التلقيح  قبل

عامًا  01المشاركون الأصغر سنًا الذين تقل أعمارهم عن  , وبناءا على ذلك كانت الاستنتاجات كالاتي : يعانون من زيادة الوزن

لوحظ ارتفاع مستوى الأجسام المضادة وانخفاض  من المشاركين الاخرين .وكماأعلى  IFNوتركيزات  لديهم أجسام مضادة

IFN γ  .ليس لها أي  26أن الإصابة السابقة بفيروس كوفيد  وحسب النتائج الاحصائيه  يبدووعلى ما في الذكور عن الإناث

 فايزر.بلقاح التأثير على الجسم المضاد ومستوى الإنترفيرون بعد التطعيم 
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Introduction  

COVID-19 is the disease emerged in December 2019 caused by SARS-CoV-2. It was severe, and 

has caused millions of deaths around the world as well [1]. Due to the spread of the SARA-

Coronavirus-2 different vaccines strategies were developed. Immunization is a quick, safe, and 

efficient method of disease prevention, where the importance of this vaccine lies in protecting 

against subsequent exposure with this contagious virus by inducing of the immune response to 

produce antibodies to fight it and prevent or control the infection [2]. At the end of 2020, 259 

COVID-19 vaccination studies were conducted, with 11 in phase III clinical trials [3] . In Iraq, 

Pfizer vaccine (which is approved by WHO for emergency use against COVID-19) was 

administered in 1 December 2021  [4].  

Pfizer's mRNA vaccine (which has a prospective efficacy of more than 95%) is made up of a lipid-

enclosed, nucleoside-modified mRNA that specifies the shape of a COVID-19 spike protein that 

has undergone mutation [4] . It is given intramuscularly (IM) in two 30 g doses and the second 

dose is applied after three weeks from the first dose [5]. Lipid nanoparticles enable delivery of 

COVID-19 S gene mRNA into the host cell, maintaining the integrity of the mRNA and preventing 

it from being mistaken with other RNA molecules, leading to expression of the COVID-19 spike 

protein antigen. Lipid nanoparticles are injected into the deltoid as part of the Pfizer mRNA 

vaccinations. These muscle cells have T cells, antigen-presenting cells, natural killer cells, and 

blood vessels [6].The lipid nanoparticles are ingested by the cells, allowing the cells to produce the 

COVID-19 spike protein [7] Eventually, proteins enter cells and uploaded into MHC-II (antigen-

presenting cells) and MHC-I, which is present in all nucleated cells in the body. The MHC-II 

complex is only found in B cells, macrophages, and dendritic cells. These are s-protein-stimulated 

and attract immune system cells. Particularly in T-helper (Th) cells, a special membrane protein 

(TCR, T cell receptor) interacts to the viral s-protein-MHC II complex. Strongly activated T cells 

begin to generate cytokines such as IL-2, IL-4, and IL5. As a result of these interleukins, the body's 

B-cells transform into plasma cells and begin to produce many antibodies that can neutralize or 

eradicate the virus [8] . 
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The interleukins also encourage Th cells to multiply and form memory T cells. T-cytotoxic cells 

(Tcx cells) are a different class of cells that generate CD8 proteins by interacting with the MHC-I 

protein on cell membranes through their TCR. These proteins could enable the Tcx cells to produce 

hazardous compounds that would cause the cells to die if they became infected with the virus in 

the future [9]. On the other hand, Tcx cells can also create chemicals that intensify the 

aforementioned immune response. The body develops immunity against the virus thanks to this 

process, which involves the vaccination eliciting an immune response to the spike protein. This 

immunity should last for six to nine months [10].  

Thus, the aim of this study is to evaluate the IgG and IFN-γ levels generated after vaccination with 

Pfizer vaccine. 

 

Method 

This study (which is cross-sectional study) was conducted in the College of Applied Medical 

Sciences at the University of Kerbala during the period from November 2021 to April 2022. The 

majority of participants were students of both sexes, with participants' ages ranging from 18 to 70. 

Age, sex and dose of each participant were documented, as well as other information. Five ml 

blood samples were drawn and serum was separated to be used. SARS-CoV-2 IgG levels were 

determined using the SARS-CoV-2 IgG II Quant antibody test, which use chemiluminescent 

microparticle immunoassay (CMIA) for the qualitative and quantitative assessment of IgG 

antibodies to SARS-COV-2 in human serum. Additionally, SARS-CoV-2 IFN-γ level detection 

was performed using human IFN-γ. 

 

Statistical analysis  

IBM SPSS VERSION 24 software was used for statistical analysis of data. Quantitative results are 

indicated as mean ± SD. Pearson test was used for analyzing correlations between parameters. The 

statistical significance level was set at P<0.05. ANOVA and independent sample t test were used 

to compere groups. 
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Results  

Serum sample was collected from 105 subjects. The participants' ages ranged from (18-72) years, 

they were divided into 2 groups: those under 25 years old 66  (62.9%), and those over 25 years old 

39 (37.1%). 56 subjects (53.3%) were males and 49 (46.7%) were females. The sample was taken 

at various times and weeks. Some of them (50; 47.6%) had received one dose, while the others 

(55; 52.4%) had received two doses, Additionally, (39; subjects 37.1%) had a confirmed infections 

prior to receiving the vaccine whereas others did not (66; 62.9%). Furthermore, according to BMI, 

(63; subjects 60%) had a normal weight and (29; 27.6%) had overweight, as shown in Table (1). 

Table (1): Demographic Data of the vaccinated participants 

 

Sex Dose 

Age groups N (%) 

Total ≤25 >25 

Female 1 19(69%) 5 (20%) 24 (49%) 

2 12 (48%) 13 (52%) 25 (51%) 

Total 31 (63.3%) 18 36.7% 49 46.7% 

Male 1 21 (80.7%) 5 (19.2%) 26 (46.4%) 

2 14 (46.6%) 16 (53.3%) 30 (53.6%) 

Total 35 (62.5%) 21 (37.5%) 56 (53.3%) 

Total 1 40 (80%) 10(20%) 50 (47.6%) 

2   

 

26 (47.2%) 29 (52.7%) 55 (52.4%) 

 

 

 

 

 

 

 

 

 

 

 

Female Confirmed Previous 

infection 

No 21 (60%) 14 (40%) 35 (71.4%) 

Yes 10 (71.4%) 4 (28.5%) 14 (28.6%) 

Total 31 (63.2%) 18 (36.7%) 49 (46.7%) 

Male Confirmed Previous 

infection 

No 19 (61.2%) 12 (38.7%) 31 (55.4%) 

Yes 16 (64%) 9 (36%) 25 (44.6%) 

Total 35 (62.5%) 21 (37.5%) 56 (53.3%) 

Total Confirmed Previous 

infection 

No 40 (60.6%) 26 (39.3%) 66(62.9%) 

Yes 26 (66.6%) 13 (33.3%) 39 (37.1%) 

Total 66 (62.9%) 39 (37.1%) 105 
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Female BMI groups underweight 2 100% 0 2 (4.1%) 

Normal weight 21 (75%) 7 (25%) 28 (57.1%) 

overweight 7 (46.7%) 8 (53.3%) 15(30.6%) 

obese 1 (25%) 3 (75%) 4 (8.2 %) 

Total 31 63.3% 18 (36.7%) 49 (46.7%) 

Male BMI groups underweight 2 (100%) 0 2 (3.6%) 

Normal weight 23 (65.7%) 12 (34.3%) 35 (62.5%) 

overweight 8 (57.1%) 6 (42.9%) 14 (25%) 

obese 2 (40%) 3 (60%) 5 (8.9%) 

Total 35 (62.5%) 21 (37.5%) 56 (53.3%) 

Total BMI groups underweight 4 (100%) 0 4 (3.8%) 

Normal weight 44(69.8%) 19 (30.2%) 63(60%) 

overweight 15 (51.7%) 14 (48.3%) 29 (27.6%) 

obese 3 (33.3%) 6 (66.7%) 9(8.6%) 

Total 66 (62.9%) 39 (37.1%) 105 

 

 

Differences in IgG and IFN γ levels according to age groups 

The overall antibody concentration and IFN γ in participants under the age of 25 was higher than 

that in people above the age of 25. The current study does not observe any significant difference 

in IgG and IFN γ concentration between persons younger and older than 25 as shown in table (2).  

Table (2): Differences in IgG and IFN-γ levels according to age group in Pfizer vaccine  

 

 

 

 

Pfizer 

                           IgG AU/ml (Mean± S. D)            IFN-γ Pg/ml(Mean± S. D) 

≤25 years > 25 years P value  ≤25 years > 25 years P value 

18329.5±11461.0 14714.2±10204.8 0.109 65.5±14.9 63.1±14.5 0.429 
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Differences in IgG and IFN γ levels with Sex 

As shown in table (3) there was no significant difference observed in the concentrations of IgG 

and IFN γ between males and females’ individuals, but the mean of the IgG concentration was 

higher in males than females, regarding the IFN γ, the mean level of IFN γ in females were higher 

than that in males. 

 

Table (3): Differences in IgG and IFN-γ level with sex in Pfizer vaccine 

Pfizer 

IgG AU/ml (Mean± S. D) IFN-γ Pg/ml (Mean± S. D) 

Male  Female  P value  Male    Female P value 

17030.8±11011.8 16877.0±11305.4 0.945 62.7±14.5 66.9±14.7 0.155 

 

 

 

 

 

Differences of IgG and IFN γ concentrations according to number of vaccine’s dose 

As shown in table (4), there was no significant variation between the first and second dose for  

IFN γ and IgG concentration, while the mean of both markers is higher in first dose than second 

dose. 
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Table (4): Differences of IgG and IFN γ concentrations according to number of vaccine’s 

dose in Pfizer vaccine 

Pfizer 

IgG AU/ml (Mean± S. D) IFN-γ Pg/ml (Mean± S. D) 

dose 1 dose 2 P value  dose 1   dose 2 P value   

18123±11062 15905±11116 0.313 66±13 64±16 0.247 

 

Differences in IgG and IFN γ level between previously Infected and uninfected subjects  

As shown in Table (5), there were no statistically significant difference in IgG and IFN-γ mean 

levels between vaccinated subjects with confirmed previous infection group versus vaccinated 

subjects without apparent previous infection in subjects vaccinated with Pfizer. 

 

Table (5): Differences in IgG and IFN γ level between previously Infected and uninfected 

subjects in Pfizer vaccine 

Pfizer 

IgG AU/ml (Mean± S. D) IFN-γ Pg/ml (Mean± S. D) 

Vaccinated 

without 

confirmed 

previous 

infection 

Vaccination 

with 

confirmed 

previous 

infection 

P 

value 

Vaccinated 

without 

confirmed 

previous 

infection 

Vaccinated 

with 

confirmed 

previous 

infection 

P 

value 

16159.3 

±11561.2 

18331.3 

±10242.7 

0.354 65.6 ±14.1 63.0 ±15.7 0.53 
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Differences in IgG and IFN γ according to BMI  

The statistical analysis of the current study revealed that the antibodies concentration is higher 

than in subjects with normal weight regarding the IFN γ the higher concentration observed in 

obese, in spite of that there was no significant deference in IFN γ and IgG concentration observed 

between categories of weight as shown in tables (6)  

Table (6): Differences in IgG and IFN γ according to BMI in Pfizer vaccine 

Pfizer 

IgG AU/ml (Mean± S. D)  IFN-γ Pg/ml (Mean± S. 

D) 
Underweight 10254.0±5650.7 Underweight 59.9±14.7 

normal weight 19345.6±11409.7 normal 

weight 
65.3±15.9 

Overweight 13815.7±10416.2 Overweight 62.7±13.2 

Obese 13921.0±9247.9 Obese 68.6±11.1 

 P value  .061  P value  .663 

 

 Discussion  

 Every year, vaccinations save millions of lives, and the COVID-19 vaccine may do the same for 

you. The COVID-19 vaccines are safe and effective, offering great defense against fatal sickness. 

WHO reports that unvaccinated people have at least 10 times higher risk of death from COVID-

19 than someone who has been vaccinated. Even if you had COVID-19 before, getting the 

vaccination as soon as it is your turn is crucial. You can build up immunity to COVID-19 more 

safely by getting vaccinated than by getting sick. So, one of the most important steps toward 

assisting us in returning to doing more of the activities we enjoy with the people we love is the 

development of safe and effective COVID-19 vaccines. There are many COVID-19 vaccines that 

have been approved for use by WHO (given Emergency Use Listing). Despite the differences in 

their mechanisms, all of the themes share a common role and purpose [1]. 
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Differences in IgG and IFN γ according to age groups show no significant differences 

between age groups. However, the mean of younger age group was higher, as shown in table (2). 

The result of the current study is in agreement with previous research showed that IgG levels 

caused by Pfizer immunization decreased with age, with the higher amounts seen in people 

between the ages of 12 and 19[11]. Also, another study documented that the geometric mean titer 

of anti-spike IgG was consistently lower in the older age group and declined following the 

second vaccination [12]. Inversely, Age-related differences in IgG antibody levels were evident 

in previous study, especially between participants in the younger (aged 21 to 30) and older age 

groups [13]. Elderly adults are also substantially more likely to have inadequate or no post-

vaccination humoral response, and the values of anti-SARS-CoV-2 antibodies after vaccination 

are higher than in the elderly [14]. Regarding IFNγ, the result is in agreement with previous 

study in which the author reported that older participants produce less IFN γ from SARS-CoV-2 

spike-specific T cells than younger participants did [15]. Previous studies showed a link between 

the age and the potency of the humoral or cellular response ([16] . In spite of the increase in age 

makes the immune system suffer from characteristic changes that lead to an increase in the 

severity and the extent of the spread of infectious diseases, as well as to a lack of complete 

protection after the vaccine [17], But it was becoming clear that when considering the immune 

health, age is just a number, where age was not a measure to how well the immune system was.  

Regarding sex, as shown in table (3) higher IgG concentration in males and higher IFN γ mean 

levels in females was seen. Similarly in a previous study, where the anti-SARS-CoV-2 S1 IgG 

ELISA assay was used to monitor humeral response to COVID-19 mRNA BNT162b2 vaccine, 

did not show any statistically significant correlation between the sex of the individuals and the 

anti-spike protein antibody titers [18] . Additionally, the mean value for Pfizer vaccines showed 

no significant differences in IgG titer for vaccinated males and females [19]. nversely, significant 

difference in IgG concentration between males and females was observed previously. The anti-

Spike-RBD IgG response were observed to be significantly more in females than in males after 

vaccination with BNT162b2[20]  
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Disagreement with study show significant difference in the IFN γ levels between male and 

females in vaccinated subjects [21] .While agree with other said the CD4+ and CD8+ T cells in 

female generate more robust responses to viral infections [22] .and with Takahash study reported 

lower T cell levels in males associated with worsening disease as compared to females. 

Moreover, number of activated CD8 T cells were significantly higher in females [23]. Higher 

activity of T cells may in turn contribute to potentially better antiviral adaptive immune response 

in females, which may lead to greater viral clearance.  It is well established that, compared to 

males, females develop stronger humeral and cellular immune response to foreign antigenic 

stimulation, vaccination and infections than male which is considered as benefit [24] .Whereas, 

strong immune response generated by females to self-antigens make them susceptible to 

autoimmune diseases [25].  

Concerning the type of the dose, the mean of both markers is higher in first dose than second 

dose as show in table 4. The result of the current study is in agreement with other recent study 

which found that the second dose of the vaccination did not improve humoral or cellular immune 

responses since neither anti-spike IgG levels nor specific IFN γ producing T cells significantly 

increased [26]. In another study, stated that despite infected patients with COVID-19 showed 

robust humoral and antigen-specific responses to the first dose, these responses did not improve 

following the second dose of the vaccine at the time points examined [27] .Moreover, Fonseca et 

al., reported that following receiving the second dose of the vaccine, there was no increase in 

anti-S IgG in the group of healthcare professionals who had previously infected COVID-19) 

[28]. Tormo et al., reported that IFN γ production by T cells improved over time following the 

second dose, reaching levels comparable to those seen following the first dose [29].The 

differences in the result of the current study and this study might possibly due to of sample 

collection. Differences in IgG and IFN γ level between previously Infected and uninfected 

subjects. 
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While when compare in IgG and IFN γ level between previously Infected and uninfected 

subjects there were no statistically significant difference in IgG and IFN-γ mean levels between 

vaccinated subject with confirmed previous infection group versus vaccinated subject without 

apparent previous infection in subjects vaccinated with Pfizer. As shown in Table (5), These 

findings were inconsistent with other previous published data in which authors were reported that 

in people who were vaccinated after contracting COVID-19, antibody responses after the first dose 

of Pfizer/BioNTech vaccine were 6.8 times higher, and T-cell responses were 5.9 times higher 

than in people who had never had the disease [30].  In another study, Memory CD4+ T-cell and 

total CD8 responses elicited by a single dose of vaccine were significantly higher in the previously 

infected group compared with the no prior exposure group [31].Tormo et al., found that 

participants who had previously been exposed to COVI-19 had fewer and slower increases in both 

cellular and humeral immunity markers than those who had not experienced the prior infection 

[29]. Vaccination after recovery from natural SARS-CoV-2 infection, or “hybrid immunity,” has 

been reported to substantially increase both the potency and breadth of humoral response to 

COVID-19 [32] .This occurs as a result of the combined effect of acquired (vaccine) immunity 

and natural immunity, which produces stronger antibody responses than either kind of immunity 

alone. It provides 25 to 100 times more antibody responses than natural and vaccine-produced 

immunity alone. 

The differences of the current study findings with other previously published data might be 

possibly due to the lack of confirmation for the absence of infection with COVID-19. It has been 

documented that there were high proportion of individuals who are infected with COVID-19 and 

had never develop symptoms or experience a very mild or almost unrecognizable symptoms. 

This proportion is difficult to quantify because it requires intensive prospective clinical sampling 

and symptom screening from a representative sample of individuals with and without infection 

[33] .However, it has been reported that more than 30% of population were infected without 

symptoms and 80% of population have a mild illness, much like normal flu or bad cold[34]. 

 

 



   

36 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

 

Regarding BMI, the antibody concentration mean is higher in subjects with normal weight 

whereas the IFN γ was higher in obese participants, tables (6). This result supports previous 

researches that found humoral response was seen in all study participants, with normal-weight 

groups showing higher values than pre-obesity and obese groups [35] . 

Kooistra et al., found that There was a statistically significant difference in IgG values between 

underweight and overweight BMI and between obese subjects and normal weight; and finally, 

between obese and overweight groups for IgG testing [36] . Inversely, Other previous study 

showed that following vaccination, BMI had no real effect on RBD-specific IgG titers and 

simulated neutralizing titers. Also Bates et al., documented that BMI had no influence on the size 

and persistence of the antibody response to mRNA-based vaccinations [37]. Regarding the IFN γ 

level, there were significant difference among the three types of vaccines in obese subjects. The 

highest mean was observed in subjects vaccinated with Sinopharm vaccine. Additionally, there 

were highly significant difference among the four groups vaccinated with Sinopharm vaccine 

(the highest means was observed in underweight and obese subjects, Table (4.13).  Kooistra et 

al., reported no potential link between BMI and the cytokine response [36] .  

There is evidence that vaccination protects against severe COVID-19 to a degree comparable to 

that of persons who are of a healthy weight in those who are overweight or obese[38]. People 

who were underweight had slightly reduced vaccination effectiveness, and they also had the 

lowest overall vaccination uptake. When compared to the vaccinated population who were of a 

healthy weight, there were higher chances of severe COVID-19 outcomes in the vaccinated 

cohort for those who were obese or underweight [39] .  
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Conclusion  

Younger participants under the age of 25 had higher antibody and IFN γ concentrations than older 

and Pfizer vaccine produce higher antibody level and less IFN γ in males than females. Higher 

mean of both antibody and IFN γ production was produced after the first dose but not for 

significant level. Previous infection with covid 19 seems to have no effect on IgG level and IFN γ 

concentrations after vaccination with Pfizer. Normal weight subjects might possibly respond better 

to vaccine and produce more antibody level whereas obese subjects’ tent to mount more IFN γ 

concentration. 

Reference  

1.  C. O. F. WHO, “World health organization,” Responding to Community Spread of 

COVID-19. Reference WHO/COVID-19/Community_Transmission/2020.1, 2020. 

 
2. H. D. Chang and A. Radbruch, “Maintenance of quiescent immune memory in the 

bone marrow,” European Journal of Immunology, vol. 51, no. 7. John Wiley and 

Sons Inc, pp. 1592–1601, Jul. 01, 2021. doi: 10.1002/eji.202049012. 

 

3.  S. Chakraborty, V. Mallajosyula, C. M. Tato, G. S. Tan, and T. T. Wang, “SARS-

CoV-2 vaccines in advanced clinical trials: Where do we stand?,” Advanced Drug 

Delivery Reviews, vol. 172. Elsevier B.V., pp. 314–338, May 01, 2021. doi: 

10.1016/j.addr.2021.01.014. 

 

 

4. E. E. Walsh et al., “Safety and Immunogenicity of Two RNA-Based Covid-19 

Vaccine Candidates,” New England Journal of Medicine, vol. 383, no. 25, pp. 

2439–2450, Dec. 2020, doi: 10.1056/nejmoa2027906. 

 

5. J. Cohen, “Vaccine wagers on coronavirus surface protein pay off,” Science, vol. 

370, no. 6519. American Association for the Advancement of Science, pp. 894–

895, Nov. 20, 2020. doi: 10.1126/science.370.6519.894. 

 

 

6. S. Siddique and S. Ahmed, “COVID-19 Vaccines in Pakistan: Efficacy, Adverse 

Effects and Availability,” Journal of Islamabad Medical & Dental College, vol. 

10, no. 2, pp. 125–130, Jun. 2021, doi: 10.35787/jimdc.v10i2.723. 

 



   

38 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

7. J. Pušnik et al., “Memory B cells targeting SARS-CoV-2 spike protein and their 

dependence on CD4+ T cell help,” Cell Rep, vol. 35, no. 13, Jun. 2021, doi: 

10.1016/j.celrep.2021.109320. 

 

8. Z. He et al., “Seroprevalence and humoral immune durability of anti-SARS-CoV-2 

antibodies in Wuhan, China: a longitudinal, population-level, cross-sectional 

study,” The Lancet, vol. 397, no. 10279, pp. 1075–1084, Mar. 2021, doi: 

10.1016/S0140-6736(21)00238-5. 

 

9. H. Asao, “Interleukin-21 in viral infections,” International Journal of Molecular 

Sciences, vol. 22, no. 17. MDPI, Sep. 01, 2021. doi: 10.3390/ijms22179521. 

 

10. J. M. Dan et al., “Immunological memory to SARS-CoV-2 assessed for up to 8 

months after infection,” Science (1979), vol. 371, no. 6529, Feb. 2021, doi: 

10.1126/science.abf4063. 

 

11.  J. Wei et al., “Antibody responses and correlates of protection in the general 

population after two doses of the ChAdOx1 or BNT162b2 vaccines,” Nat Med, 

May 2022, doi: 10.1038/s41591-022-01721-6. 

 

 

12.  H. Ikezaki, H. Nomura, and N. Shimono, “Dynamics of anti-Spike IgG antibody 

level after the second BNT162b2 COVID-19 vaccination in health care workers,” 

Journal of Infection and Chemotherapy, vol. 28, no. 6, pp. 802–805, Jun. 2022, 

doi: 10.1016/j.jiac.2022.02.024. 

13.  C. Anastassopoulou et al., “Age and sex associations of SARS-CoV-2 antibody 

responses post BNT162b2 vaccination in healthcare workers: A mixed effects 

model across two vaccination periods,” PLoS One, vol. 17, no. 4 April, Apr. 2022, 

doi: 10.1371/journal.pone.0266958. 

 

14.  D. A. Collier et al., “Age-related immune response heterogeneity to SARS-CoV-2 

vaccine BNT162b2,” Nature, vol. 596, no. 7872, pp. 417–422, Aug. 2021, doi: 

10.1038/s41586-021-03739-1. 

 

 

 

 



   

39 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

15. [D. A. Collier et al., “Age-related immune response heterogeneity to SARS-CoV-2 

vaccine BNT162b2,” Nature, vol. 596, no. 7872, pp. 417–422, Aug. 2021, doi: 

10.1038/s41586-021-03739-1. 

 

16.  J. L. Ebersole, M. Al-Sabbagh, O. A. Gonzalez, and D. R. Dawson, “Ageing 

effects on humoral immune responses in chronic periodontitis,” J Clin 

Periodontol, vol. 45, no. 6, pp. 680–692, 2018, doi: 10.1111/jcpe.12881. 

 

 

17.  B. Weinberger, D. Herndler-Brandstetter, A. Schwanninger, D. Weiskopf, and B. 

Grubeck-Loebenstein, “Biology of immune responses to vaccines in elderly 

persons,” Clinical Infectious Diseases, vol. 46, no. 7. pp. 1078–1084, Apr. 01, 

2008. doi: 10.1086/529197. 

 

18.  A. Dörschug et al., “Comparative assessment of sera from individuals after s-gene 

rna-based sars-cov-2 vaccination with spike-protein-based and nucleocapsid-based 

serological assays,” Diagnostics, vol. 11, no. 3, 2021, doi: 

10.3390/diagnostics11030426. 

19. [19] M. N. Abdul-Ghani, “Immune Response among Different Types of SARS-

CoV-2 Vaccines in Iraq,” Journal of Communicable Diseases, pp. 103–108, 2022, 

doi: 10.24321/0019.5138.202216. 

20.  R. Gharpure, A. Patel, and R. Link-Gelles, “First-Dose COVID-19 Vaccination 

Coverage among Skilled Nursing Facility Residents and Staff,” JAMA - Journal of 

the American Medical Association, vol. 325, no. 16. American Medical 

Association, pp. 1670–1671, 2021. doi: 10.1001/jama.2021.2352. 

 

21.  E. Kurteva et al., “Interferon-gamma release assays outcomes in healthy subjects 

following BNT162b2 mRNA COVID-19 vaccination,” Rheumatol Int, vol. 42, no. 

3, pp. 449–456, 2022, doi: 10.1007/s00296-022-05091-7. 

 

 

22. H. A. Raza, P. Sen, O. A. Bhatti, and L. Gupta, “Sex hormones, autoimmunity and 

gender disparity in COVID-19,” Rheumatology International, vol. 41, no. 8. 

Springer Science and Business Media Deutschland GmbH, pp. 1375–1386, 2021. 

doi: 10.1007/s00296-021-04873-9. 

 

23. [23] T. Takahashi et al., “Sex differences in immune responses that underlie 

COVID-19 disease outcomes,” Nature, vol. 588, no. 7837, pp. 315–320, 2020, doi: 

10.1038/s41586-020-2700-3. 

 

 



   

40 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

24. [24] A. L. Fink and S. L. Klein, “The evolution of greater humoral immunity in 

females than males: implications for vaccine efficacy,” Current Opinion in 

Physiology, vol. 6. Elsevier Ltd, pp. 16–20, Dec. 01, 2018. doi: 

10.1016/j.cophys.2018.03.010. 

 

25. S. L. Klein and K. L. Flanagan, “Sex differences in immune responses,” Nature 

Reviews Immunology, vol. 16, no. 10. Nature Publishing Group, pp. 626–638, 

2016. doi: 10.1038/nri.2016.90. 

 

 

26.  R. Busà et al., “Specific Anti-SARS-CoV-2 Humoral and Cellular Immune 

Responses After Booster Dose of BNT162b2 Pfizer-BioNTech mRNA-Based 

Vaccine: Integrated Study of Adaptive Immune System Components,” Front 

Immunol, vol. 13, 2022, doi: 10.3389/fimmu.2022.856657. 

 

27.  M. I. Samanovic et al., “Robust immune responses are observed after one dose of 

BNT162b2 mRNA vaccine dose in SARS-CoV-2-experienced individuals,” 2022. 

[Online]. Available: https://www.science.org. 

 

 

28.  M. H. G. Fonseca, T. de F. G. de Souza, F. M. de Carvalho Araújo, and L. O. M. 

de Andrade, “Dynamics of antibody response to CoronaVac vaccine,” J Med Virol, 

vol. 94, no. 5, pp. 2139–2148, 2022, doi: 10.1002/jmv.27604. 

 

29.  N. Tormo et al., “Commercial Interferon-gamma release assay to assess the 

immune response to first and second doses of mRNA vaccine in previously 

COVID-19 infected versus uninfected individuals,” Diagn Microbiol Infect Dis, 

vol. 102, no. 4, 2022, doi: 10.1016/j.diagmicrobio.2021.115573. 

 

 

30.  A. Tretyn et al., “Differences in the concentration of anti-sars-cov-2 igg 

antibodies post-covid-19 recovery or post-vaccination,” Cells, vol. 10, no. 8, Aug. 

2021, doi: 10.3390/cells10081952 

 

31.  M. Sasikala et al., “Immunological memory and neutralizing activity to a single 

dose of COVID-19 vaccine in previously infected individuals,” International 

Journal of Infectious Diseases, vol. 108, pp. 183–186, 2021, doi: 

10.1016/j.ijid.2021.05.034. 

 

 

 

 

https://www.science.org/


   

41 
 

Kerbala journal of pharmacy and pharmaceutical science               01\02\2023 مجلة كربلاء للعلوم الصيدلانية   

 

32.  Z. Wang et al., “Naturally enhanced neutralizing breadth against SARS-CoV-2 

one year after infection,” Nature, vol. 595, no. 7867, pp. 426–431, 2021, doi: 

10.1038/s41586-021-03696-9. 

 

33. D. P. Oran and E. J. Topol, “Prevalence of asymptomatic SARS-CoV-2 infection. 

A narrative review,” Ann Intern Med, vol. 173, no. 5, pp. 362–368, 2020, doi: 

10.7326/M20-3012. 

 

 

34.  P. Kaplonek et al., “Hybrid immunity expands the functional humoral footprint of 

both mRNA and vector-based SARS-CoV-2 vaccines,” 2022, doi: 

10.1101/2022.06.28.22276786. 

 

35. R. Pellini et al., “Initial observations on age, gender, BMI and hypertension in 

antibody responses to SARS-CoV-2 BNT162b2 vaccine,” EClinicalMedicine, 

2021, doi: 10.1016/j.eclinm.2021.100928. 

 

 

36.  E. J. Kooistra et al., “A higher BMI is not associated with a different immune 

response and disease course in critically ill COVID-19 patients,” Int J Obes, vol. 

45, no. 3, pp. 687–694, 2021, doi: 10.1038/s41366-021-00747-z. 

 

37.  J. T. Bates et al., “IgG Antibody Response to the Pfizer BNT162b2 SARS-CoV-2 

Vaccine in Healthcare Workers with Healthy Weight, Overweight, and Obesity,” 

Vaccines (Basel), vol. 10, no. 4, 2022, doi: 10.3390/vaccines10040512 

. 

38.  F. Fariñas Guerrero and R. M. López Gigosos, “Obesity, immunity and 

vaccination,” Vacunas, vol. 22, no. 3. Ediciones Doyma, S.L., pp. 180–188, 2021. 

doi: 10.1016/j.vacun.2021.07.001. 

 

39.  C. Piernas et al., “Associations of BMI with COVID-19 vaccine uptake, vaccine 

effectiveness, and risk of severe COVID-19 outcomes after vaccination in 

England: a population-based cohort study,” Lancet Diabetes Endocrinol, 2022, 

doi: 10.1016/S2213-8587(22)00158-9. 

 

 

 

 


