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 In order to tackle COVID-19 pandemic and the emerging variants, 

researchers around the globe have investigated many vaccine candidates 

from different manufacturers, however vaccine development is not an 

easy task but is a top priority to restore normalcy as represented a step to 

achieve the desired herd immunity threshold. In this study we assessed 

and compared the level the peripheral mononuclear cells proliferation 

(PBMC) activity and in vitro INF-gamma release by the S1 spike protein 

stimulated T cells as they represent cellular immunity triggered from 

each vaccine against SARS-CoV2 infection in 123 vaccinated 

supposedly not infected subjects, by using Microculture tetrazolium 

assay (MTT) proliferation assay and an ELISA technique for the 

assessment of INF-gamma level in a cell culture supernatant. This study 

findings indicated that there was significant variety in the elicited levels 

of cell mediated immunity by dual vaccination at 1month and much 

more sustained different levels of cellular immunity among the studied 

previously mentioned vaccines by month8. Interestingly, both the PBMC 

proliferation percentage and the concentration of the in vitro IFN-y 

release, which represent the cellular immunity to SARS-CoV-2, were 

remarkably higher in 8 months than in 1month post-2nd dose vaccination 

groups of the three vaccines studied in this study (P<0.0001). For the 

PBMC proliferation percentage, AstraZeneca vaccine induced much 

higher proliferation percentage than Pfizer and Sinopharm (P<0.01) 

which both showed very close PBMC proliferation (P>0.05). For the 

concentration of the in vitro lFN-y release, again AstraZeneca induced 

distinguishing higher levels than Sinopharm and Pfizer groups 

(P<0.0001); nevertheless, unlike the trend found with the PBMC 

proliferation, Pfizer group showed significantly higher concentration of 

the in vitro lFN-y release than Sinopharm group (P<0.05). Moreover, the 

cellular immune response to all three vaccines studied showed no 

relationship with age, sex, and comorbidities of the vaccinated 

population of the study. Taken together, AstrZeneca showed superior 

effect on inducing robust cellular immunity followed by Pfizer vaccine, 

 

 
 



F. Mohammed and A. Sahib, 2022                                                                         Azerbaijan Medical Journal 

 

3016 
 

while Sinopharm showed minimal cellular immune response induction. 

And for all vaccines studied, the cellular immunity increased with time 

over 8 months after vsccination. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Coronavirus disease (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus2 

(SARS-CoV2), has posed serious threats to public health, the global society and economy [1]. Therefore, it 

is imperative to develop safe and effective vaccines to defeat SARS-CoV-2 and, more importantly, the 

emerging variants circulating worldwide [2]. 

 

Spike (S) proteins on the surface of SARS-CoV-2 virus mainly consist of S1 and S2 domains, which are 

responsible for virus-cell attachment and membrane fusion, respectively, the receptor-binding domain 

(RBD) in the S1 subunit is the key component that directly mediate the recognition and binding of the virus 

to the receptor angiotensin-converting enzyme 2 (ACE2) on host cells [1], [3]. 

 

The S1 and RBD are ideal targets for developing subunit vaccines against SARS-CoV-2 wild type and its 

variants [4], [5]. However, RBD-based subunit vaccines may face some important challenges, mostly 

arising from their relatively low immunogenicity, which must be combined with appropriate adjuvants or 

optimized for suitable protein sequences, fragment lengths, and immunization schedules [6]. 

 

As of Feb 3, 2021 the world has shown an impressive capacity for an accelerated COVID-19 vaccine 

development process, many COVID-19 vaccine candidates have been authorized or approved for human 

use and others were in experimental phases of clinical testing, only five of vaccines those developed by 

AstraZeneca in partnership with Oxford University, BioNTech in partnership with Pfizer, Gamaleya, 

Moderna, and Sinopharm in partnership with the Beijing Institute— have been authorized by stringent 

regulatory agencies or WHO [7]. 

 

Among the approved vaccines, different platforms have been implemented: inactivated virus, viral vectors, 

and mRNA-based vaccines which focus the immune response against only the key viral proteins of interest. 

Generally, all of them are qualified to stimulate an immune response and are efficacious against SARS-

CoV-2, even at different levels [8]. Although vaccination effectiveness against SARS-CoV-2 has been 

astonishing, but booster immunizations are clearly required for maintenance of effectiveness over time, they 

are far from perfect. Immunity wanes with time elapsed, and viral antigenic variation [9]. 

 

Vaccines induce both adaptive humoral and cellular immune responses, most of the currently accepted 

correlates of protection are based on neutralizing antibody responses, however, if there is no detectable 

antibody response after vaccination the vaccines may still offer protection through cellular immunity, since 

cellular responses and antibody responses are often correlate to some extent [10- 12]. 

 

Three vaccines were introduced to Iraq for use namely, Pfizer, AstraZeneca, and Sinopharm. These three 

vaccines were introduced after being tested in controlled randomized double-blind clinical trials. However, 

none of these trials was done in Iraq. It is well known that immune response to vaccines might be affected 

by race, environment, age, sex, underlying health conditions and level of exposure of the population to the 
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virus [13], Hence, it was important to set off a study investigating the cellular immune response in a sample 

of vaccinated Iraqi individuals with these three vaccines and to test the longevity of the immune response of 

these vaccines for 8 months after taking the second dose of the vaccine. 

 

2. Materials and methods 

 

2.1 Study design and subjects 

The study is a cross sectional study of 6 groups of vaccinated healthy volunteers who received full doses of 

vaccines in Baghdad province; each group consists of 30individual. To assess the effect of age on the 

immunological response to the studied vaccines, each group was equally divided into 2 halves: namely15 

individuals of age less than 60 years and 15 with age more than 60 years. Both sexes were involved and 

from different geographical residences without any bias in selection. The study was conducted in the period 

between 15 December 2021 to 5 July 2022.The included groups of the study population were as follows: at 

(1 month and 8months) post dual vaccination with Pfizer, at (1month and 8months) post dual vaccination 

with Sinopharm and at (1month and 8months) post dual vaccination with AstraZeneca. Accordingly, the 

target of the current study was to attain a sample size of 180 individuals. The exclusion criteria of the study 

population are: subjects should not have history of symptomatic infection, are not on immunomodulating or 

immunosuppressive therapy, and have no any kind of immunosuppression-related disease. 

 

The following data were taken into consideration and recorded for each participant by oral questionnaire: 

the name of the vaccinated healthy volunteer, age, sex, type of the vaccine received, number of the received 

vaccine doses, the duration after the second dose of each vaccine which was determined by the vaccination 

card for each individual, comorbidities such as diabetes, hypertension, cardiovascular diseases and others, 

negative PCR result if done so far, absence of COVID-19 signs and symptoms, and not being in contact 

with an infected individual, to assure healthy status, and having an immunosuppressive disease or taking 

immune-suppressive or modulating drugs. These data were adjusted to the selection criteria at the time of 

sample collection, the volunteers were selected from Baghdad with the help of Al-Kadhymia vaccination 

regional center. 

 

2.2 Ethical approval 

The study was approved by the Institutional Review Board at al Nahrain University, College of medicine 

under number 20211047. Informed consent was obtained from all subjects to participate in the study. 

 

2.3 Limitation of the study 

1-discontinuity of vaccine supply precisely AstraZeneca vaccine. 

2-vaccine reluctance and vaccination hesitancy. 

3-the highest transmissibility Omicron variant outbreak. 

4- third vaccine dose recommendation. 

5- heterologous prime-boost vaccination. 

6-uncertainty of healthy status and possibility of asymptomatic COVID-19 infection. 

 

2.4 Samples collection 

Up to 2ml of blood were drawn into ready-made sodium citrate containing glass tube to isolate peripheral 

blood mononuclear cells (PBMC) in order to evaluate the immunological reactivity of PBMC of SARS 

CoV2 vaccinated healthy volunteers in response to SARS CoV-2 spike protein as a stimulator (since S1 

contains major immunodominant epitopes) to measure the duration of cell activation and proliferation using 

the methyl microculture tetrazolium MTT assay. 
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Up to 60ul of cell culture supernatant were collected at the second day of stimulation (at 24 hrs incubation 

period) for the measurement of IFN-γ level secreted by activated cells using human interferon gamma 

ELISA kit. 

 

2.5 Microculture tetrazolium assay (MTT) 

After preparation of PBMC-complete RPMI 1640 media suspension which is suitable for cell culture. 

Approximately 13×104 cells in 135 ul complete RPMI 1640 media was plated as following: 

- One tube with recombinant SARS-CoV-2 S1 protein, positive control. 

 - One tube without SARS-CoV-2 protein for control negative. 

PBMC-RPMI 1640 media with/without S1 protein were plated for each individual. And read by ELISA 

reader at 490 nm at the end [14]. 

 

Recombinant SARS-CoV-2 protein was diluted by PBS to concentration 10 ug/ml and stored at -20 C in 

aliquots to minimize freezing thawing cycles. Up to 15 ul of recombinant SARS-CoV-2 protein was added 

into each tube to be 1 ug/ml, the stimulatory concentration used [15]. It is noteworthy to mention that S1 

protein concentration was achieved according to other researches to measure the proliferation of PBMC 

[16- 18]. At 24 hours of incubation positive control tubes were centrifuged for 5 mints at 200 g to collect 

cell culture supernatant in to aseptic tubes to be used for the measurement of INF y level. 

 

2.6 ELISA kit to assess Human Interferon γ(IFN-γ) levels in human serum, plasma, culture media or 

any biological fluid 

This ELISA kit used is a Sandwich-ELISA. The Microelisa strip plate provided in this kit (Sunlong biotech, 

China. REF SL0960Hu) has been pre-coated with an antibody specific to IFN-γ. Standards or samples are 

added to the appropriate Micro elisa strip plate wells and combined to the specific antibody. Then a 

Horseradish Peroxidase (HRP)-conjugated antibody specific for IFN-γ is added to each Micro elisa strip 

plate well and incubated. Free components are washed away. The TMB substrate solution is added to each 

well. Only those wells that contain IFN- γ and HRP conjugated IFN-γ antibody will appear blue in color 

and then turn yellow after the addition of the stop solution. The optical density (OD) is measured 

spectrophotometrically at a wavelength of 450 nm. The OD value is proportional to the concentration of 

IFN-γ. You can calculate the concentration of IFN-γ in the samples by comparing the OD of the samples to 

the standard curve. 

 

3. Results 

 

3.1 Characteristics of the participants in the study 

To compare the effectiveness of the elicited humoral and cellular immune responses from the used COVID-

19 vaccines in Iraq namely: Pfizer, AstraZeneca and Sinopharm,123 healthy supposedly non-infected 

vaccinated volunteers were assessed and classified into mainly 6 groups; each group was subdivided into 

two groups according to the vaccine type, duration of post 2nd vaccine dose and age. 

 

Up to 50 individuals (40.7%) were vaccinated with Pfizer, 35 (28.5%) were vaccinated with AstraZeneca 

and 38 (30.9%) were vaccinated with Sinopharm. And 47 individuals (38.2%) were at 1month duration post 

2nd dose of vaccination and 76 (61.8%) were at 8 months duration post 2nd dose. 

 

In regard to age, 86 individuals (69.9%) were <=60 year and 37 (30.1%) were >60 year. According to sex, 

70 (56.9%) were males and 53 (43.1%) were females. And 99 (80.5%) were without comorbidities while 24 

(19.5%) were with comorbidities. 
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3.2 Groups of the vaccinated subjects 

A total of 22 vaccinated subjects (17.9%) were at 1month duration post vaccination with the 2nd dose of 

Pfizer vaccine and 28 vaccinated subjects (22.8%) were at 8months, a group of 30 subjects (34.9%) were 

<=60 year and 20 subjects (54.1%) were >60, and 26 subjects (37.1%) were males and 24 subjects (45.3%) 

were females. 

 

A total of 8 vaccinated subjects (6.5%) were at 1month post vaccination with the 2nd dose of AstraZeneca 

and 27 vaccinated subjects (22%) were at 8months post vaccination, a group of 27 subjects (31.4%) were 

<=60 year and 8 subjects (21.6%) were >60, and 24 subjects (34.3%) were males and 11 subjects (20.8%) 

were females. 

 

A total of 17 vaccinated subjects (13.8%) were at 1month post vaccination with the 2nd dose of Sinopharm 

vaccine and a total of 21 vaccinated subjects (17.1%) were at 8months post vaccination, a group of 29 

subjects (33.7%) were <=60 and 9 vaccinated subjects (24.3%) were >60, and 20 subjects (28.6%) were 

males and 18 subjects (34%) were females.  

 

3.3 Vaccine induced cell mediated immunity with age, sex and comorbidity 

The PBMC proliferation percentage and in vitro IFN-y release were shown to be not significantly different 

among age groups (P >0.05), as shown in table 1. 

 

Table 1: The mean rank and median values along with the P values of proliferation percentages of PBMC 

and in vitro concentration of IFN-y in age group <=60 versus >60 year. 

Mann-Whitney 

 Age group N Mean Rank Median P value 

Proliferation_percentage <=60 year 86 59.59 31.6  

>60 year 37 67.59 33.3 0.24 

Total 123    

IFNy_concntration_pg_ml <=60 year 86 61.58 93.4  

>60 year 37 62.97 103.3 0.84 

Total 123    

 

Regarding sex, the PBMC proliferation percentage and in vitro IFN-y release were shown to be not 

significantly different between male versus female sex groups (P >0.05), as shown in table 2. 

 

Table 2: The mean rank and median values along with the P values of proliferation percentages of PBMC 

and in vitro concentration of IFN-y in male versus female sex. 

 

Mann Whitney test 

Sex N Mean Rank Median P value 

Proliferation_percentage Males 70 64.49 33.3  
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Females 53 58.72 33.3 
 

0.37 

 Total 123 
   

IFNy_concntration_pg_ml Males 70 64.20 95.9  

 
0.43 

 
Females 53 59.09 78.6 

 
Total 123 

  

 

As expected, the group of participants with comorbidities was with higher age median, than those without 

comorbidities (P<0.05). In this study, the findings did not show any significant difference in the PBMC 

proliferation % and concentration of the in vitro IFN-y release between participants with and without 

comorbidities (P>0.05), as shown in table 3. 

 

Table 3: The mean rank and median values along with the P values of proliferation percentages of 

PBMCand in vitro concentration of IFN-y in participants with and without comorbidities. 

 

Mann-Whitney 

comorbidity N Mean Rank Median P value 

Age(years) No 99 55.47 41  

 
<0.0001 

 
Yes 24 88.92 61 

 
Total 123 

  

prolferation_percentage (%) No 99 60.44 33.3  

 
0.31 

 
Yes 24 68.44 33.3 

 
Total 123 

  

IFNy_concntration_pg_ml No 99 60.44 93.4  

 
0.32 

 
Yes 24 68.42 108.2 

 
Total 123 

  

 

3.4 Vaccine induced cell mediated immunity at different time interval 

Interestingly, both the PBMC proliferation percentage and the concentration of the in vitro IFN-y release, 

which represent the cellular immunity to SARS-CoV-2, were remarkably higher in 8 months than in 

1month post-2nd dose vaccination groups of the three vaccines studied in this study (P<0.0001). as shown in 

table 4. 
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Table 4: The mean rank and median values along with the P values of proliferation percentages of PBMC 

and in vitro concentration of IFN-y in 1month versus 8months duration post 2nd vaccine dose. 

 

Mann-Whitney 

 N Mean Rank Median P value 

Proliferation_percentage 1 month 47 52.94 14  

 
0.025 

 
8 months 76 67.61 33.5 

 
Total 123 

  

IFNy_concntration_pg_m 

l 

1 month 47 34.26 48.93  

 
<0.0001  8 months 76 79.16 140 

 
Total 

 
 

123 

  

 

3.5 Vaccine induced cellular immunity considering the vaccine type 

For the PBMC proliferation percentage, it was revealed that the participants of AstraZeneca vaccine showed 

much higher proliferation percentage than participants of Pfizer and Sinopharm (P<0.01) and both Pfizer 

and Sinopharm participants showed very close percentages of PBMC proliferation (P>0.05). For the 

concentration of the in vitro lFN-y release, again AstraZeneca group revealed distinguishing higher levels 

than Sinopharm and Pfizer groups (P<0.0001); nevertheless, unlike the trend found with the PBMC 

proliferation %, Pfizer group showed significantly higher concentration of the in vitro lFN-y release than 

Sinopharm group (P<0.05).as shown in table 5. 

 

Table 5: The mean rank and median values along with the P values of proliferation percentages of PBMC 

and in vitro concentration of IFN-y in Pfizer versus AstraZeneca versus Sinopharm vaccines. 

 

Kruskal- Wallis test 

Vaccine type N Mean Rank Median P value 

 Pfizer 50 66.76 53  

 
0.46 

 
AstraZeneca 35 59.31 45 

 
Sinopharm 38 58.21 44.5 

 
Total 123 

  

Proliferation_percentage (%) Pfizer 50 57.53 18.2  
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AstraZeneca 35 77.79 76  

0.006 
 

Sinopharm 38 53.34 29 

 
Total 123 

  

IFNy_concntration_pg_ml Pfizer 50 61.20 100.8  

 
<0.0001 

 
Astrazeneca 35 94.26 174 

 
Sinopharm 38 33.34 40.3 

 
Total 123 

  

 

3.6 Vaccine induced cellular immunity considering study group 

By using Kruskal Wallis test, the proliferation percentage was shown to be significantly different among the 

study groups (P<0.01); for 1-month participants, marginally Sinopharm was highest, then AstraZeneca, and 

lowest value in Pfizer group; for 8-month participants, AstraZeneca was far highest (P<0.01), then Pfizer 

then Sinopharm. These findings unravel that AstraZeneca vaccine especially at 8months time interval post 

vaccination was the most effective in stimulating lymphocytes proliferation when compared to the other 

two vaccines. For the in vitro Interferon-y release, it was found that levels are highly variable among the 

study groups (P<0.0001). For both 1-month and 8-months groups, the far highest levels of IFN-y release 

seen in AstraZeneca, then in Pfizer and then in Sinopharm (P<0.01). Accordingly, both AstraZeneca and 

Pfizer vaccines were found to be highly successful in inducing IFN-y synthesis and release which is a 

necessary step for T-helper 1 polarization and specific cellular immunity stimulation, while, on contrary, 

Sinopharm vaccine proved to be relatively poor in inducing IFN-y synthesis and release which in turn 

becomes short in stimulating the specific cellular immunity to SARS-CoV-2, as shown in table 6. 

 

Table 6: The mean rank and median values along with the P values of proliferation percentages of PBMC 

and in vitro concentration of IFN-y in Pfizer (1and 8 months) versus Astrazeneca (1and 8months) versus 

Sinopharm (1and 8 months). 

 

Study_group 
N Mean Rank 

Median P value 

Proliferation_percent 

age 

Pfizer 1 month post 

vaccination 

 

22 
 

52.18 
9  

 

 

 

 

 

 

 

 
 

0.006 

 
Pfizer 8 months post 

vaccination 

 
28 

 
61.73 

33.3 

 
Astrazeneca 1 month post 

vaccination 

 
8 

 
52.69 

18.2 

 
Astrazeneca 8 months post 

vaccination 

 
27 

 
85.22 

89 
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Sinopharm 1 month post 

vaccination 

 
17 

 
54.03 

30 

 
Sinopharm 8 months post 

vaccination 

 
21 

 
52.79 

28.6 

 
Total 123 

  

IFNy_concntration_p 

g_ml 

Pfizer 1 month post 

vaccination 

 

22 

 

37.07 
53.8  

 

 

 

 

 

 

 

 
 

<0.0001 

 
Pfizer 8 months post 

vaccination 

 
28 

 
80.16 

140.4 

 
Astrazeneca 1 month post 

vaccination 

 
8 

 
63.12 

102.2 

 
Astrazeneca 8 months post 

vaccination 

 
27 

 
103.48 

197.2 

 
Sinopharm 1 month post 

vaccination 

 
17 

 
17.03 

31.6 

 
Sinopharm 8 months post 

vaccination 

 
21 

 
46.55 

51.4 

 
Total 123 

  

 

4. Discussion 

In regard to the findings of the current study, it was found that vaccine potency in eliciting cellular 

immunity might be insignificantly associated with age, sex and comorbidity regardless of any of the studied 

vaccine types. 

 

A previous report stated that the cellular immunity of SARS-CoV-1, which is very close to SARS-CoV-2, 

sustained from 2003 to 2020, up to 17 years [19]. Therefore, it is strongly proposed that the cellular 

immunity of SRAS-CoV-2 spans for 20 years or more. Moreover, if post-vaccination exposures to infection 

is taken into account, cellular immunity might eventually increase with time [20]. 

 

The longevity of vaccine response is an important factor for the success of any vaccination particularly for 

genetically stable viruses, vaccine-induced specific T cells responses could still confer protection against 

VOCs since T cells recognize small peptides paired with HLA molecules and could still react against both 

mutated and non-mutated regions of S-protein displayed by HLA class-I and HLA class-II molecules to 

CD4+ and CD8+ T cells [21], and T cells in one individual recognize different parts of the virus than do T 

cells in another individual; So a virus could mutate to escape one person’s T-cell response, but not another’s 

[22]. Our findings followed [23] speculated that T-cell immunity may be more durable than humoral 

neutralizing immunity in controlling the novel coronavirus infections; thus, escaping from T-cell response 
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is much harder [24]. Seemingly, when nAbs blocked the certain epitopes of S1 unit of SARS COV2 spike 

B-cells stopped to proliferate while the T-cells continued to be stimulated due to the unblocked epitopes 

then differentiated into effector and memory subsets, an interplay between humoral and cellular immune 

responses. 

 

Interestingly, all vaccines studied in the current study showed significant increase in the proliferation 

percentage of PBMC and in vitro release of IFN-y over 8 months than in 1month post-vaccination. For the 

tested Iraqi subjects, this trend seemed obvious. The explanation might be due to continuous exposure of 

Iraqi individuals to the virus with asymptomatic or mild-moderate symptomatic infection. By all means, 

increasing level of cellular immunity in vaccinated Iraqi people is a positive sign of vaccination success 

which affects the subsequent severity of infection rather than protection against infection. In fact, sterilizing 

immunity is a rare outcome of viral vaccines [25]. 

 

AstraZeneca was shown to be the golden horse in terms of inducing vigorous and quick cellular immunity 

and followed with Pfizer while Sinopharm performed least. A study by Moss P. concluded that the 

magnitude of spike-specific T cell induction varies according to vaccine subtype, with the adenovirus-based 

platforms generating stronger responses while mRNA platforms develop higher antibody titers, this has led 

to interest in the use of heterologous vaccine platforms [26]. Taken together, Pfizer and AstraZeneca both at 

8months post dual vaccination revealed a massive diversity in elicited cellular immunity in the long term in 

favor of AstraZeneca group. As such cell mediated immunity triggering significantly different among the 

current study groups. 

 

Inactivated whole virus vaccines are known to be weak inducers for cellular immunity as the killed virus is 

kept outside cells and thus no role of MHC-class I and II are actively involved which results in only shallow 

level of induction of cellular immunity relied mainly on the phagocytosed fragments of the whole killed 

virus antigens. On the other hand, mRNA and viral vector vaccines are designed to exploit the cellular 

machinery for viral antigen transcription and translation, the process mimics the natural viral infection. 

Hence, MHC class I and II- mediated presentation of viral antigens will be engaged and this would ensure a 

potent TCR-mediated signaling of T cells clonal expansion and polarization [27]. Therefore, it is evident 

that Sinopharm has no chance to keep pace with the other two vaccines in inducing the same level of 

cellular immunity. This observation is backed by previous studies [28], [29]. Despite that [30] observed that 

two-doses regimen of Sinopharm vaccine exerted a potent and de novo SARS-CoV-2 specific cellular 

response, still detected after one year. 

 

A question might be asked that why AstraZeneca vaccine performed much better than Pfizer vaccine in 

inducing both clonal expansion of PBMC and Th1 polarization. There might be no straight forward answer 

to this question; speculatively, the proliferation-deficient viral vectors – based vaccines seem to mimic the 

natural viral infection more closely than mRNA-based platforms; moreover, the viral vector itself might 

play a role in augmenting cellular immunity response by adjuvant-like manner [31]. Moreover, 

comparatively, AstraZeneca, employed full length spike glycoprotein without mutations, whereas, Pfizer 

contains the coding sequence of a full-length S with two proline substitutions [32], this might be of the 

factors contribute to the disparity rate of cellular response, which needs more elaborative studies. 

 

In this endeavor, monitoring in vitro release of IFN-y helped in differentiating real world portfolio of cell-

mediated response to the tested vaccines in our study. Accordingly, measuring solely the proliferation 

percentage of PBMC is not enough for comparatively studying vaccines response as PBMC proliferation 

percentage is merely the first step of a long cascade of antiviral cellular immune response [33]. 
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4.1 proliferated PBMC percentage 

The findings of the current study revealed that in vitro release of IFN-y is positively correlated with the 

proliferative percentage of PBMC. This is explained by the central downstream role of IFN-y inTh1 

polarization which in turn has positive feedback on the rate of T cells proliferation and suppressant effect on 

the Th2 line, which is mainly involved in the humeral neutralizing immunity [34]. However, does it 

necessarily mean the good vaccine in inducing cellular immunity can be a bad vaccine for inducing humeral 

immunity? actually the immune system is a complex responder, if the vaccine present antigens properly to 

induce both humeral and cellular immunity arms, then both arms of immune system will be triggered 

simultaneously by targeting different non-competitive epitopes [35]. 

 

Upon using regression analysis of the correlative behavior between IFN-y and the proliferative percentage 

of PBMC, IFN-y is considered the independent factor on which T cells proliferation is dependent. Hence, 

IFN-y can be used as a predictive marker for the clonal expansion of T cells; adding more evidence on the 

importance of choosing IFN-y in vitro release in understanding the complex relationships of immune 

responses got by multi-pathway stimulating vaccines. 

 

5. Conclusions and Recommendations 

We can conclude from the current study that Pfizer and AstraZeneca vaccines were shown to be quite 

effective in eliciting cell mediated immunity, it was robustly activated against SARS-CoV-2 from two doses 

as early as 1 month. Sinopharm vaccine was shown to be weak in eliciting cellular immune response.  The 

cellular immune response induced by Pfizer, AstraZeneca, and Sinopharm vaccines was shown to be 

maintained and even augmented at 8 months when compared to just 1 month after the second dose of 

vaccines, maybe due to frequent re-exposures to the virus. 

 

The level of immune response by the vaccines studied did not correlate with age, sex and comorbidities of 

the vaccinated individuals. 

 

Vaccine design platforms seem to play a crucial role in vaccine effectiveness and how far this effectiveness 

can be sustained; AstraZeneca, compared to other two vaccines showed remarkable capability for priming 

in vitro peripheral lymphocytes in inducing high levels of IFN-gamma, the central cytokine for T-helper1 

polarization and antiviral cytotoxicity. 

 

We recommend that COVID-19 vaccines with high immune response should be encouraged in Iraqi 

vaccination campaigns as these vaccines showed long term cell-mediated immunity which prevents severe 

illnesses. 

 

Further studies are recommended for more follow up of the vaccine effectiveness and protection against the 

variants of concern of SARS-CoV-2 in Iraq. 

 

It is recommended to conduct studies to monitor the complete profile of the triggered cytokines released by 

T-lymphocytes in COVID-19 vaccinated population. 

 

It is recommended to conduct studies to monitor COVID-19 vaccines effectiveness in age younger than 18 

years and even in children. 
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