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Abstract 
 
Background Vaccine development is not an easy task but is a top priority to restore normalcy for Coronavirus-

19 disease (COVID-19) and achieve the herd immunity. 

Objective To compare the level and duration of humeral versus cellular immune response in vaccinated 
individuals at one and 8 months after second dose of three different vaccines to severe acute 
respiratory syndrome-coronavirus-2 (SARS-CoV-2), namely Pfizer, AstraZeneca, and Sinopharm 
vaccines.  

Methods The level of neutralizing antibodies and the peripheral mononuclear cells proliferation (PBMC) 
activity and in vitro IFN-γ release by the S1 spike protein-stimulated T cells were monitored using 
isotype- and species- free competitive blocking ELISA, microculture tetrazolium assay (MTT) 
proliferation assay and an ELISA technique for the assessment of IFN-γ level in a cell culture 
supernatant, respectively.  

Results PBMC proliferation percentage and the concentration of the in vitro IFN-γ release were 
remarkably higher in 8 months than in 1-month 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).  

Conclusion AstraZeneca showed superior effect on inducing robust cellular immunity followed by Pfizer 
vaccine, while Sinopharm showed minimal cellular immune response induction. And for all 
vaccines, the cellular immunity increased with time over 8 months after vaccination. Moreover, 
Pfizer vaccine proved to be of highest and most durable neutralizing anti-RBD IgG antibodies and 
followed with Sinopharm and AstraZeneca vaccines. 
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(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 their relatively low 
immunogenicity, which must be combined with 
appropriate adjuvants, fragment lengths, and 
immunization schedules (6). 
At 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, underling health 
conditions and level of exposure of the 
population to the virus (13). Hence, it was 
important to set off a study investigating the 
cellular and neutralizing humeral immune 
responses in a sample of vaccinated Iraqi 
individuals with these vaccines and to test the 
longevity of the immune response of these 
vaccines.  
The objective of the current study was to assess 
the humeral and cellular immune response to 
the currently used vaccines to COVID-19 
patients. 
 
Methods 
Study design and subjects 
This was a cross-sectional study of 6 groups of 
vaccinated volunteers who received full doses 
of vaccines in Baghdad province; each group 
consists of 30 individuals; however, at the end 
of the study and for technical obstacles, only 
123 individuals were included. The study was 
conducted in the period between 15 December 
2021 to 5 August 2022. The included groups 
were as follows: at (1 month and 8 months) post 
dual vaccination with Pfizer, at (1 month and 8 
months) post dual vaccination with Sinopharm 
and at (1 month and 8 months) post dual 
vaccination with AstraZeneca. Accordingly, the 
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target of the current study was to attain a 
sample size of 180 individuals.  
The exclusion criteria of the study population 
were: individuals had history of symptomatic 
infection, those who on immunomodulating or 
immunosuppressive therapy, and had 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 
polymerase chain reaction (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-Kadhimiya vaccination regional 
center. 
 
Ethical approval 
The study was approved by the Institutional 
Review Board at al Nahrain University, College 
of Medicine under number 20211047 on 
12/11/2021. Informed consent was obtained 
from all subjects to participate in the study. 
 
Limitation of the study 
The limitations of the current study were: 
discontinuity of vaccine supply precisely 
AstraZeneca vaccine, vaccine reluctance and 
vaccination hesitancy, the highest 
transmissibility Omicron variant outbreak, third 
vaccine dose recommendation, heterologous 
prime-boost vaccination and uncertainty of 
healthy status and possibility of asymptomatic 
COVID-19 infection. 
 

Samples collection 
Up to 3 ml of non-anticoagulant whole blood 
were drawn into 10 ml serum separator tubes 
for serum isolation to determine the amount 
and level of anti RBD-Neutralizing antibodies by 
indirect competitive inhibitory enzyme linked 
immunosorbent assay (ELISA) kit. The blood was 
allowed to clot at room temperature for about 
two hr. Then, it was centrifuged for 10 min at 
1000 g and the resultant serum was isolated and 
stored at C at -20°C in aliquots for later use in 
ELISA. 
The remaining 2 ml of blood were drawn into 
ready-made sodium citrate containing tube to 
isolate peripheral blood mononuclear cells 
(PBMC) in order to evaluate the immunological 
reactivity of PBMC of vaccinated healthy 
volunteers in response to viral 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.  
Up to 60 µl of cell culture supernatant were 
collected at the second day of stimulation (at 24 
hr incubation period) for the measurement of 
interferon gamma (IFN-γ) level secreted by 
activated cells using human interferon gamma 
ELISA kit. 
 
Microculture MTT 
After preparation of PBMC-complete Roswell 
Park Memorial Institute (RPMI) 1640 media 
suspension, approximately (13×104) cells in 135 
µl complete RPMI 1640 media were plated as 
following: one tube with recombinant SARS-
CoV-2 S1 protein, positive control and one tube 
without SARS-CoV-2 protein for negative 
control. 
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 phosphate-buffered saline (PBS) to 
concentration 10 µg/ml and stored at -20°C in 
aliquots to minimize freezing thawing cycles. Up 
to 15 µl of recombinant SARS-CoV-2 protein was 
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added into each tube to be 1 µg/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 hr of incubation, positive and 
negative control tubes were centrifuged for 5 
min at 200 g to collect cell culture supernatant 
in to aseptic tubes to be used for the 
measurement of IFN-γ level. 
 
ELISA kit to assess human IFN-γ levels  
This ELISA kit used is a Sandwich-ELISA. The 
micro-ELISA 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 were 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 was added to each 
micro-ELISA strip plate well and incubated. Free 
components were washed away. The 3,3′,5,5′-
tetramethylbenzidine (TMB) substrate solution 
was added to each well. Only those wells that 
contain IFN-γ and HRP conjugated IFN-γ 
antibody appeared blue in color and then 
turned yellow after the addition of the stop 
solution. The optical density (OD) was measured 
spectrophotometrically at a wavelength of 450 
nm. The OD value is proportional to the 
concentration of IFN-γ.  
 
Isotype-free competitive ELISA for the 
detection and quantification of SARS-COV-2 
neutralizing antibodies in the serum of 
vaccinated healthy individuals. 
This ELISA kit uses competitive-ELISA as the 
method to quantitatively detect and quantify 
anti-SARS-CoV-2 neutralization antibodies in 
the serum. The micro-ELISA plate provided in 
this kit (SARS-CoV-2 Neutralization Antibody 
ELISA Kit. Elabscience, USA. Cat No.: E-EL-E608) 
is pre-coated with recombinant human ACE2. 
During the reaction, the SARS-CoV-2 
neutralization antibodies in the pretreated 
samples or controls competes with a fixed 

amount of human ACE2 on the solid phase 
supporter for sites on the HRP conjugated 
recombinant SARS-CoV-2 RBD fragment (HRP-
RBD). After incubation at 37℃, the unbound 
HRP-RBD as well as any HRP-RBD bound to non-
neutralization antibody were captured on the 
plate and eventually form the ACE2-RBD-HRP 
complex, while the circulating neutralization 
antibodies HRP-RBD complexes remain in the 
supernatant and were removed during washing. 
Then a TMB substrate solution was added to 
each well. The enzyme-substrate reaction is 
terminated by the addition of stop solution and 
the color change was measured 
spectrophotometrically at a wavelength of 
450±2 nm. The inhibition ratio resulted 
indicated the level of SARS-CoV-2 neutralization 
antibodies exists in the tested samples. The 
concentration of SARS CoV-2 neutralization 
antibodies in the samples was then determined 
by comparing the OD of the samples to the OD 
of the kit standard curve. 
 
Statistical analysis 
The data were analyzed to parametric and non-
parametric and student t-test and ANOVA were 
used for quantitative data while Chi-square test 
was used for qualitative data. P values <0.05 
were considered significant.   
 
Results 
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 1 month duration post 2nd dose of vaccination 
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and 76 (61.8%) were at 8 months duration post 
2nd dose. 
 
Groups of the vaccinated individuals 
A total of 22 vaccinated individuals (17.9%) 
were at 1 month duration post vaccination with 
the 2nd dose of Pfizer vaccine and 28 vaccinated 
individuals (22.8%) were at 8 months. 
A total of 8 vaccinated individuals (6.5%) were 
at 1 month post vaccination with the 2nd dose of 
AstraZeneca and 27 vaccinated individuals 
(22%) were at 8 months post vaccination. 
A total of 17 vaccinated individuals (13.8%) 
were at 1month post vaccination with the 2nd 
dose of Sinopharm vaccine and a total of 21 
vaccinated individuals (17.1%) were at 8months 
post vaccination. 
 
 
 
 
 
 

Vaccine induced cellular and humoral 
immunity against SARS -COV-2 considering 
vaccine type 
In regard to 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 IFN-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). In regard to the 
serum level of the neutralizing IgG antibodies, 
Pfizer group revealed the highest level 
compared to AstraZeneca and Sinopharm 
groups (P <0.05); the Sinopharm showed trend 
of higher levels of neutralizing antibodies than 
AstraZeneca but without reaching statistical 
significance (P >0.05) as shown in table (1). 
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Table 1. Comparison among Pfizer, AstraZeneca and Sinopharm vaccines in PBMC proliferation, 
neutralizing antibodies and in vitro concentration of IFN-γ 

 

Parameters Vaccine type No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 50 57.53 18.2 

0.006 AstraZeneca 35 77.79 76 

Sinopharm 38 53.34 29 

Total 123    

nAb** concentration (µg/ml) 

Pfizer 50 72.83 4.3 

0.019 AstraZeneca 35 54.97 3.7 

Sinopharm 38 54.22 3.95 

Total 123    

IFN-y concentration (pg/ml) 

Pfizer 50 61.20 100.8 

<0.0001 AstraZeneca 35 94.26 174 

Sinopharm 38 33.34 40.3 

Total 123    
*: Kruskal-Wallis test, **: nAb= neutralizing antibodies 

 
 
Vaccine induced cellular and humoral 
immunity against SARS- COV-2 considering the 
study groups 
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 8 months' 
time interval post vaccination was the most 
effective in stimulating lymphocytes 
proliferation when compared to the other two 
vaccines. 
For IgG anti-RBD neutralizing antibodies 
concentration µg/ml in 1 month and 8 months 
post vaccination, it was shown that the median 
levels were significantly different among the 
study groups (P <0.01). It was found that Pfizer 
then AstraZeneca, then Sinopharm induced the 
highest median levels of neutralizing antibodies 
1 month post vaccination, respectively (P 

<0.05); on contrary, for 8 months post 
vaccination, Sinopharm, then, Pfizer, and 
AstraZeneca induced highest levels of 
neutralizing antibodies, respectively, (P <0.05). 
Altogether, the current findings reveal that 
Pfizer vaccine, then AstraZeneca, then 
Sinopharm are the best ones for inducing high 
neutralizing antibodies shortly after the 
vaccination; nevertheless, AstraZeneca proved 
to be short in preserving good level of 
neutralizing antibodies after 8 months of 
vaccination while the best vaccine found to 
preserve highest levels of neutralizing 
antibodies 8 months after vaccination was 
Sinopharm then Pfizer.  
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-
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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 clarified in 
table (2). 

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

of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in Pfizer (1 
and 8 months) versus AstraZeneca (1 and 8months) versus Sinopharm (1and 8 months) 

 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 1 month post vaccination 22 52.18 9  

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 0.006 

Sinopharm 1 month post vaccination 17 54.03 30  

Sinopharm 8 months post vaccination 21 52.79 28.6  

Total 123    

nAb concentration 
(µg/ml) 

Pfizer 1 month post vaccination 22 95.36 4.4  

Pfizer 8 months post vaccination 28 55.12 3.6  

AstraZeneca 1 month post vaccination 8 82.69 4.3  

AstraZeneca 8 months post vaccination 27 46.76 3.4 <0.001 

Sinopharm 1 month post vaccination 17 59.29 4  

Sinopharm 8 months post vaccination 21 50.12 3.7  

Total 123    

IFN-y concentration 
(pg/ml) 

Pfizer 1 month post vaccination 22 37.07 53.8  

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 <0.0001 

Sinopharm 1 month post vaccination 17 17.03 31.6  

Sinopharm 8 months post vaccination 21 46.55 51.4  

Total 123    

           *: Kruskal Wallis test 
 

 
Vaccine induced cellular and humoral 
immunity comparison among different 
vaccine and between different time interval 
Comparison of cellular and humoral immunity 
between 1 month of Pfizer vaccination and 1 
month of AstraZeneca vaccination 
PBMC proliferation percentage at 1 month of 
vaccination for Pfizer and AstraZeneca showed 
close effect to each other (P >0.05); however, 
AstraZeneca showed a better trend in 
stimulating PBMC proliferation 1 month after 

vaccination. For neutralizing antibodies 
stimulation 1 month after vaccination, both 
vaccines performed very similarly (P >0.05) 
with marginal higher levels of antibodies by 
Pfizer than AstraZeneca. However, for the 
level of the in vitro IFN-y release the story is 
different. AstraZeneca vaccine effectively 
induced the synthesis and release of IFN-y by 
PBMC much better than Pfizer did just 1 month 
after the second dose of vaccination (P <0.01), 
as shown in table (3).
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Table 3. The mean rank and median values along with the P values of proliferation percentages 
of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in Pfizer 

and AstraZeneca both at 1 month post 2nd dose 
 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 1 month post vaccination 22 15.23 9 
0.8 

AstraZeneca 1 month post vaccination 8 16.25 18.2 

Total 30    

nAb concentration 
(µg/ml) 

Pfizer 1 month post vaccination 22 16.30 4.4 
0.42 

AstraZeneca 1 month post vaccination 8 13.31 4.3 

Total 30    

IFN-y concentration 
(pg/ml) 

Pfizer 1 month post vaccination 22 12.57 53.8 
0.001 

AstraZeneca 1 month post vaccination 8 23.56 102.2 

Total 30    

           *: Mann-Whitney test 

 
 
Comparison of cellular and humoral immunity 
between 8 months of Pfizer vaccination and 8 
months of AstraZeneca vaccination 
In regard to the cellular immunity indices, 
namely proliferation percentage and in vitro 
IFN-y release at 8 months post Pfizer and post 
AstraZeneca vaccinations, the findings were 
clear for showing the superiority of AstraZeneca 
vaccine over Pfizer vaccine (P <0.05). More to 

the point, AstraZeneca was excellent in inducing 
IFN-y release compared to Pfizer and the 
difference was highly significant (P <0.0001), as 
illustrated in table (4). Hence, AstraZeneca 
vaccine proved to be the best choice for 
preserving highest cellular immunity for the 
longest period when compared to Pfizer 
vaccine. 
 

 
 

Table 4.  The mean rank and median values along with the P values of proliferation percentages 
of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in Pfizer 

and AstraZeneca vaccines both at 8months of 2nd vaccine dose 
 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 8 months post vaccination 28 23.11 33.3 
0.021 

AstraZeneca 8 months post vaccination 27 33.07 89 

Total 55    

nAb concentration 
(µg/ml) 

Pfizer 8 months post vaccination 28 29.41 3.6 
0.5 

AstraZeneca 8 months post vaccination 27 26.54 3.4 

Total 55    

IFN-y concentration 
(pg/ml) 

Pfizer 8 months post vaccination 28 18.70 140.4 
<0.0001 

AstraZeneca 8 months post vaccination 27 37.65 197.2 

Total 55    

           *: Mann-Whitney test 
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Comparison of cellular and humoral immunity 
between Pfizer and Sinopharm vaccination 
both at 1month post vaccination 
At 1 month post Pfizer vaccination and 1month 
post Sinopharm vaccination, (P >0.05), Pfizer 

vaccine performed much better than Sinopharm 
in inducing neutralizing antibodies and 
stimulating IFN-y release just 1 month after the 
vaccination (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, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in Pfizer 

and Sinopharm vaccines both at 1 month 
 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 1 month post vaccination 22 19.66 9 
0.83 

Sinopharm 1 month post vaccination 17 20.44 30 

Total 39    

nAb concentration 
(µg/ml) 

Pfizer 1 month post vaccination 22 26.14 4.4 
<0.001 

Sinopharm 1 month post vaccination 17 12.06 4 

Total 39    

IFN-y concentration 
(pg/ml) 

Pfizer 1 month post vaccination 22 24.80 53.8 
0.002 

Sinopharm 1 month post vaccination 17 13.79 31.6 

Total 39    

           *: Mann-Whitney test 
 
 

Comparison of cellular and humoral immunity 
between Pfizer and Sinopharm vaccination 
both at 8month post vaccination 
At 8 months post Pfizer and Sinopharm 2nd 
dose, both PBMC proliferation percentage and 
level of neutralizing antibodies were in close 
values (P >0.05). Unlike 1-month post 
vaccination, the serum level of neutralizing 
antibodies 8 months after vaccination with 
Sinopharm became close to that of Pfizer or in 
other words the level of neutralizing 
antibodies  in Sinopharm group did not fall as 
much as that of Pfizer 8 months after 

vaccination indicating that although 
neutralizing antibodies triggered by 
Sinopharm was initially lower than that by 
Pfizer vaccine, the level of neutralizing 
antibodies in Sinopharm group persisted 
better for 8 months than in Pfizer group. For 
the in vitro release of IFN-y, Pfizer vaccine 
stimulated IFN-y far higher than Sinopharm 
vaccine after 8 months of vaccination (P 
<0.0001). Unlike Pfizer, this confirms the poor 
performance of Sinopharm in inducing and 
maintain cellular immunity to SARS-CoV-2 as 
shown in table (6). 
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Table 6. The mean rank and median values along with the P values of proliferation percentages 
of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in Pfizer 

and Sinopharm vaccines both at 8 months 
 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Pfizer 8 months post vaccination 28 26.30 33.3 
0.45 

Sinopharm 8 months post vaccination 21 23.26 28.6 

Total 49    

nAb concentration 
(µg/ml) 

Pfizer 8 months post vaccination 28 26.18 3.6 
0.5 

Sinopharm 8 months post vaccination 21 23.43 3.7 

Total 49    

IFN-y concentration 
(pg/ml) 

Pfizer 8 months post vaccination 28 32.05 140.4 
<0.0001 

Sinopharm 8 months post vaccination 21 15.60 51.4 

Total 49    

           *: Mann-Whitney test 
 
 

Comparison of cellular and humoral immunity 
between AstraZeneca and Sinopharm vaccines 
both at 1month post vaccination 
Except for the PBMC proliferation percentage, 
the level of neutralizing antibodies and the IFN-

y in vitro release was much higher in 
participants of AstraZeneca than in Sinopharm 
vaccines 1 month after the second dose (P 
<0.05) as clarified in table (7).

 
 

Table 7. The mean rank and median values along with the P values of proliferation percentages 
of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in 

AstraZeneca and Sinopharm vaccines both at 1month post 2nd dose 
 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Astrazeneca 1 month post vaccination 8 13.19 18.2 
0.93 

Sinopharm 1 month post vaccination 17 12.91 30 

Total 25    

nAb concentration 
(µg/ml) 

Astrazeneca 1 month post vaccination 8 17.56 4.3 
0.031 

Sinopharm 1 month post vaccination 17 10.85 4 

Total 25    

IFN-y concentration 
(pg/ml) 

Astrazeneca 1 month post vaccination 8 21.25 102.2 
<0.0001 

Sinopharm 1 month post vaccination 17 9.12 31.6 

Total 25    

           *: Mann-Whitney test 
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Comparison of cellular and humoral immunity 
between AstraZeneca and Sinopharm 
vaccination both at 8months post vaccination 
Although AstraZeneca induced neutralizing 
antibodies better than Sinopharm early (1 
month after vaccination), the remaining level of 
neutralizing antibodies after 8 months in both 
vaccines was very close to each other (P >0.05) 
indicating a similar long-term efficacy in 
persisting humeral immunity.  Unlike 1 month 
post vaccination when both AstraZeneca and 
Sinopharm induced PBMC proliferation very 

similarly, after 8 months of vaccination 
AstraZeneca induced PBMC proliferation far 
better than Sinopharm did (P<0.05) indicating a 
slow and persistent increase in stimulation of 
PBMC response to SARS-CoV-2 spike antigen 
presented by AstraZeneca vaccine but not by 
Sinopharm vaccine. For the in vitro IFN-y 
release, like in 1month post vaccination, 
AstraZeneca showed far superior effect than 
that of Sinopharm (P<0.05) as clarified in table 
(8). 
 

 
 
Figure 8. The mean rank and median values along with the P values of proliferation percentages 

of PBMC, concentration of neutralizing antibodies, and in vitro concentration of IFN-y in 
AstraZeneca and Sinopharm both at 8 months post vaccination 

 

Parameters Study group No. 
Mean 
Rank 

Median P value* 

Proliferation percentage 

Astrazeneca 8 months post vaccination 27 30.81 89 
<0.0001 

Sinopharm 8 months post vaccination 21 16.38 28.6 

Total 48    

nAb concentration 
(µg/ml) 

Astrazeneca 8 months post vaccination 27 24.09 3.4 
0.82 

Sinopharm 8 months post vaccination 21 25.02 3.7 

Total 48    

IFN-y concentration 
(pg/ml) 

Astrazeneca 8 months post vaccination 27 32.96 197.2 
<0.0001 

Sinopharm 8 months post vaccination 21 13.62 51.4 

Total 48    

           *: Mann-Whitney test 
 

 

Correlations among proliferation percentage, 
levels of neutralizing antibodies and INF-y in 
vitro release in the population of the study 
The correlational behavior among quantitative 
variables of proliferation percentage and levels 
of neutralizing antibodies and INF-y in vitro 
release in 123 individuals participated in this 
study was calculated in terms of Spearman’s 

correlation coefficient, or r, along with the 
significance P value of each correlation. It was 
found that the PBMC proliferation percentage 
was 24.5% positively correlated with the level of 
in vitro IFN-y release (P <0.05) while the 
neutralizing antibodies level was shown to be 
23.4% inversely correlated with the level of IFN-
y in vitro release (P<0.05) as shown in table (9).
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Table 9. Correlation coefficient, r, along with the corresponding significance P values among age, 
proliferation percentage, levels of neutralizing antibodies and INF-y in vitro release in 123 study 

participants 
 

Parameters  Age (yr) 
Proliferation 
percentage 

nAb 
concentration 

(µg/ml) 

Proliferation percentage 
r 0.045   

P 0.619   

nAb concentration (µg/ml) 
r 0.163 -0.010  

P 0.071 0.911  

IFN-y concentration (pg/ml) 
r 0.029 0.245** -0.234** 

P 0.746 0.006 0.009 
**: Correlation is significant at the 0.01 level (2-tailed) 

 

 
Regression of the independent INF-y 
concentration versus the dependent 
neutralizing antibodies level and the 
dependent proliferation percentage 
Assuming IFN-y synthesis and release is the 
governing factor for T-helper cells behavior and 
polarization, hence IFN-y level was considered 
as independent factor in the regression analysis 
versus proliferation of PBMC and level of 
neutralizing antibodies as dependent factors. 

There was a significant negative correlation and 
linear regression of neutralizing antibodies level 
dependent on concentration of IFN-y 
concentrations (P <0.05). Moreover, there was 
a significant positive correlation and linear 
regression of PBMC proliferation percentage as 
dependent factor on the concentration of IFN-y 
concentrations (P <0.05) as shown in tables (10 
and 11). 

 
 

Table 10. Regression of IgG neutralizing antibodies level upon INF-y release 
 

Parameters  nAb concentration (µg/ml) 

IFN-y concentration (pg/ml) 
r -0.234 

P 0.03 

 
 

Table 11. Regression of proliferation percentage upon INF-y release 
 

Parameters  Proliferation percentage 

IFN-y concentration (pg/ml) 
r 0.245 

P 0.002 
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Discussion 
The current study kept up with many other 
studies, conducted across the world, not only to 
subdue the continuing pandemic but to 
compare the effectiveness of the approved and 
rolled out vaccines as well; the matter helps to 
figure out the vaccine with the best 
effectiveness for COVID-19 and for future 
emerging virus variants. 
Our findings revealed that all studied vaccines 
namely, Pfizer, AstraZeneca, and Sinopharm, 
yielded significantly higher neutralizing humoral 
immunity 1 month than in 8 months' time 
interval after 2-doses vaccination; whereas, on 
contrary, cellular immunity was found to 
steadily increase after 2-doses vaccination as 
the level of SARS-CoV-2 specific cellular 
immunity was found to be remarkably higher in 
8 months than in 1 month interval after the 
second dose of vaccines.  
Nonetheless, considering vaccine types, Pfizer, 
AstraZeneca and Sinopharm, Pfizer vaccine 
showed to be significantly of the highest 
neutralizing effectiveness especially at 1 month 
post 2nd vaccination while AstraZeneca showed 
to be significantly of the highest cellular 
immunity especially at 8 months rendering the 
other two studied vaccines with lower cellular 
effectiveness. As such, cellular and neutralizing 
humoral immunity were shown to be 
significantly different among the study groups. 
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, as such nAbs 
declined with time elapsed while cellular 
responses exceled by 8 months. An interplay 
between the elicited humoral and cellular 
immune responses (19). 
An association of vaccine-induced immunity 
with vaccine types and vaccine platforms, the 
cytoplasmic localization of the mRNA-encoded 
proteins allows for direct intracellular 
processing of the translated S proteins, thereby 
efficiently presenting peptide fragments in 
major histocompatibility complex (MHC)-I 
complexes to CD8+ T cells. Finally, exposure of S 
proteins in the extracellular environment makes 

them accessible for MHC-II antigen processing 
by bystander cells on the translated proteins 
can contribute to the antigen presentation to 
CD4+ T- helper cells (19). Hence, Pfizer vaccine 
elicit n Abs more efficiently than AstraZeneca 
and Sinopharm did; attributed to the novel 
platform design of this vaccine which help 
translate mRNA of RBD domain in a robust and 
quick manner (20). Anyway, AstraZeneca and 
Sinopharm performed similarly well in eliciting 
nAbs and they generated quite enough level of 
nAbs. 
Uniquely, a potential advantage of inactivated 
vaccines over other vaccine types is that they 
comprise all viral structural proteins which may 
induce a broader spectrum of immunity in 
addition to nAbs against RBD, this means that 
more epitopes, especially those conserved 
epitopes in proteins other than spike engaged, 
typically elicit broad and potent humoral and 
cellular immune responses (21,22).  
A replication-deficient modified simian 
adenovirus ChAdOx1 carries the transgene of 
the SARS-CoV-2 spike protein into the nucleus, 
where it is transcribed into mRNA by DNA 
polymerase which will be then translated and 
presented as a real viral infection within MHC-
class I (23,24); in agreement of the current study 
with a study by Swanson et al (25), individuals 
who got the ChAdOx1 nCoV-19 vaccine had 
significantly increased IFN-γ and IL-2 level 
beside rapidly proliferated T cells with spike 
protein specific T helper 1 cell bias. 
The three vaccines tested in the current study 
behaved in some aspects quite differently and 
in other aspects behaved similarly. All the 
vaccines tested revealed a clear decline in the 
humeral immunity over 8 months post-
vaccination. This is in harmony with previous 
studies (26-28). This is explained by the fact that 
Coronaviridae family have the tendency to 
induce short-to midterm memory B cells and 
SARS-CoV-2 is not an exception. As known, 
humeral immunity is the only arm of immunity 
is considered a protective immunity (29-31). 
Hence, all the tested vaccines provide up to 6-
12 months protection only.  
In fact, Pfizer and AstraZeneca elicited nAbs at 
quite close levels in both 1- and 8-months 
interval while Sinopharm lagged behind in 
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eliciting nAbs in 1 month interval when 
compared to Pfizer and AstraZeneca; however, 
Sinopharm compensated that shortage at 8-
month interval where nAbs level of Sinopharm 
became comparable to that of Pfizer and 
AstraZeneca. This indicated several notions: 
First, Pfizer and AstraZeneca vaccine are 
potently inducing humeral immunity weeks 
after the second dose while Sinopharm lags 
behind in this completion indicating long-time 
production process. Second, the rate of decline 
of nAbs level by Sinopharm was shown to be 
significantly slower than Pfizer and Astrazeneca 
vaccines. This might be explained that 
inactivated whole viruses are slow triggers of 
humoral immunity when compared to other 
designs and platforms but being whole virus 
with multiple antigens might makes vaccine of 
more durable trigger. This was seen as well by 
other studies (32-34), while other studies 
contradicted this observation (35-37). 
The cellular immunity was measured in this 
study by two factors: the proliferation 
percentage of lymphocytes and the release of 
IFN-y. The proliferation percentage represents 
the aptitude of lymphocytes to proliferate for 
clonal expansion while IFN-y is tailored to the 
downstream T-lymphocytes polarization to Th1 
and cellular cytotoxicity, which is the 
cornerstone of cellular antiviral immunity. 
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 post vaccination. 
This observation attracts careful speculation as 
it is quite known that cellular immunity of 
Coronaviruses does not fade easily and persist 
for maybe decades; however, in this study it is 
found out that SARS-CoV-2 cellular immunity 
increases overtime after vaccination. Some 
studies contradict this observation (38-40) and 
some support it (41-45); anyway, for the tested 
Iraqi vaccinated people, this trend seemed 
obvious. The explanation of this consistently 
increase in the indices of cellular immunity after 
vaccination might be due to continuous 
exposure of Iraqi individuals to the virus with 
asymptomatic or mild-moderate symptomatic 
infection which in turn would augment the 
cellular immunity. However, a question might 

be laid then why the humeral immunity is not 
augmented as well? The answer might be 
because of the emergence of variants of 
concern that show some level of changes in 
epitopes recognized by nAbs but not quite same 
variations in the epitopes recognized by cellular 
immunity. It is well known in the field that 
epitopes of cellular immunity are almost always 
more conserved than epitopes recognized by 
humoral arm of immunity (46). By all means, 
increasing level of cellular immunity in the 
sample of vaccinated people of the current 
study is a positive sign of vaccination success 
which affects mainly the subsequent severity of 
infection rather than protection against 
infection. In fact, sterilizing immunity is a rare 
outcome of viral vaccines (47). 
Almost all studies have focused on the 
magnitude of the spike-specific antibody 
response or neutralizing titer. In contrast, much 
less attention has been given to the magnitude 
or functional profile of cellular immune 
responses. 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. It is obviously 
an expected result. A study by Moss (48) 
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. 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 (49). Therefore, it is evident that 
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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 
several studies (50-52). 
More deeply to the context, a question might be 
pondered that why AstraZeneca vaccine 
performed much better than Pfizer vaccine in 
inducing both clonal expansion of PBMC and T 
helper (Th)1 polarization. There might be no 
straight forward answer; however, 
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 
immune response by adjuvant-like manner (53). 
Nevertheless, mRNA-based vaccines are 
advantageous over viral vector vaccines in 
repeatability and easiness of production and 
tailoring for variants of concern (22). 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 (54), 
this might be the causes of this different rate of 
cellular response, which needs more 
elaborative studies. 
Another observation from the current study is 
that Sinopharm vaccine relatively did well in 
inducing the proliferation percentage of PBMC 
and the level was a bit comparable to that of 
other two vaccines but the pitfall was that 
Sinopharm vaccine exerted poorly in inducing 
IFN-y synthesis. In another words Sinopharm 
vaccine did not succeed in stimulating T 
lymphocyte polarization to Th1 cytotoxic 
profile, which is a milestone for the progression 
of the antiviral cytotoxicity. In this endeavor, 
monitoring in vitro release of IFN-y helped in 
differentiating real world portfolio of cell-
mediated response to the studied vaccines. 
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 (55).   
Actually, in regard to variant prone virus 
vaccines with potent cell-mediated immune 
response are referred over those with poor 

responses. T-cell response can fight better with 
SARS-CoV-2 new variants due to the variation of 
the HLA-specific T-cell epitopes among 
individuals and their wide distribution across 
proteins; thus, escaping from T-cell response is 
much harder (56). 
According to our findings we can suggest that 
AstraZeneca vaccine is the most potent 
stimulator for the release of INF-y, which means 
AstraZeneca is the best vaccine for cell 
mediated immunity triggering and T cell 
polarization, while Pfizer was with the best 
elicited humoral neutralizing immunity. 
Taken together, Pfizer and AstraZeneca groups 
both at 8months post 2-doses vaccination, the 
assessment of the performance of the two 
vaccines revealed almost close sustained levels 
of neutralizing humoral immunity by month 8, 
with a massive diversity in elicited cellular 
immunity in the long term in favor of 
AstraZeneca group. And we observed that 
better sustained levels of neutralizing response 
at month8 might be elicited in Sinopharm group 
than in Pfizer, and greater cellular response was 
in favor of Pfizer group by 8 months. 
The findings of the current study revealed that 
in vitro release of IFN-y is positively correlated 
with the proliferative percentage of PBMC and 
negatively correlated with the level of nAbs. 
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 humoral 
neutralizing immunity (57). This is found in other 
previous studies (58-60). However, does it 
necessarily mean the good vaccine in inducing 
cellular immunity can be a bad vaccine for 
inducing humoral immunity?  
Actually, the immune system is a complex 
responder to antigen challenges and this is not 
as simple as it seemingly takes. If the vaccine 
present antigens properly to induce both 
humoral and cellular immunity arms, then both 
arms of immune system will be triggered 
simultaneously by targeting different non-
competitive epitopes (61,62).  
Upon using regression analysis of the correlative 
behavior between IFN-y and the proliferative 
percentage of PBMC and level of nAbs, the IFN-
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y is considered the independent factor on which 
T cells proliferation and level of nAbs are 
dependent. Hence, IFN-y can be used as a 
predictive marker for the clonal expansion of T 
cells and the level of humeral immunity. This 
adds more evidence on the importance of 
choosing IFN-y in vitro release studies in 
understanding the complex relationships of 
immune responses got by multi-pathway 
stimulating vaccines. 
In conclusion, Pfizer and AstraZeneca vaccines 
were shown to be quite effective in eliciting 
both humoral and cell mediated immunity, both 
arms were robustly activated against SARS-CoV-
2 from two doses as early as 1 month.  
Sinopharm vaccine was shown to be effectively 
eliciting humeral immune response as early as 1 
month after the second dose but it just elicited 
weak cellular immune response. The 
neutralizing humeral immune response induced 
by Pfizer, AstraZeneca, and Sinopharm vaccines 
was shown to last up to 8 months after the 
second dose but at significantly reduced level. 
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. 
AstraZeneca, compared to other two vaccines, 
showed remarkable capability for priming in 
vitro peripheral lymphocytes in inducing high 
levels of IFN-γ, the central cytokine for T-
helper1 polarization and antiviral cytotoxicity. 
 
Acknowledgement 
The authors would like to thank the vaccinated 
volunteers for their help and to the medical and 
health staff in health care units and in hospital. 
 
Author contribution 
Jawad: carried out the research. Dr. Abdulamir: 
designed and research. 
 
Conflict of interest  
The authors declare there no conflict of interest. 
 
Funding 
Self-funded. 
 

References 
1. Witkowski W, Gerlo S, De Smet E, et al. Humoral and 

cellular responses to COVID-19 vaccination indicate 
the need for post-vaccination testing in frail 
population. Vaccines (Basel). 2022; 10(2): 260. doi: 
10.3390/vaccines10020260.  

2. Young M, Crook H, Scott J, et al. Covid-19: virology, 
variants, and vaccines. BMJ Med. 2022 Apr 
1;1(1):e000040. doi: 10.1136/bmjmed-2021-000040. 
PMID: 36936563; PMCID: PMC9951271.  

3. Hoffmann M, Kleine-Weber H, Schroeder S, et al. 
SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 
and Is blocked by a clinically proven protease inhibitor. 
Cell. 2020; 181(2): 271-80. doi: 
10.1016/j.cell.2020.02.052. 

4. Forni D, Cagliani R, Clerici M, et al. Molecular evolution 
of human coronavirus genomes. Trends Microbiol. 
2017; 25(1): 35-48. doi: 10.1016/j.tim.2016.09.001.  

5. Gabler F, Nam SZ, Till S, et al. Protein sequence 
analysis using the MPI bioinformatics toolkit. Curr 
Protoc Bioinformatics. 2020; 72(1): e108. doi: 
10.1002/cpbi.108.  

6. Forni D, Cagliani R, Molteni C, et al. Homology-based 
classification of accessory proteins in coronavirus 
genomes uncovers extremely dynamic evolution of 
gene content. Mol Ecol. 2022; 31(13): 3672-92. doi: 
10.1111/mec.16531.  

7. Wouters OJ, Shadlen KC, Salcher-Konrad M, et al. 
Challenges in ensuring global access to COVID-19 
vaccines: production, affordability, allocation, and 
deployment. Lancet. 2021; 397(10278): 1023-34. doi: 
10.1016/S0140-6736(21)00306-8. 

8. Tiyo BT, Schmitz GJH, Ortega MM, et al. What happens 
to the immune system after vaccination or recovery 
from COVID-19? Life (Basel). 2021; 11(11): 1152. doi: 
10.3390/life11111152. 

9. Edwards AM, Baric RS, Saphire EO, et al. Stopping 
pandemics before they start: lessons learned from 
SARS-CoV-2. Science. 2022; 375(6585): 1133-9. doi: 
10.1126/science. Abn 1900.  

10. Krammer F. A correlate of protection for SARS-CoV-2 
vaccines is urgently needed. Nat Med. 2021; 27(7): 
1147-8. doi: 10.1038/s41591-021-01432-4. 

11. Earle KA, Ambrosino DM, Fiore-Gartland A, et al. 
Evidence for antibody as a protective correlate for 
COVID-19 vaccines. Vaccine. 2021; 39(32): 4423-8. 
doi: 10.1016/j.vaccine.2021.05.063. 

12. Khoury DS, Cromer D, Reynaldi A, et al. Neutralizing 
antibody levels are highly predictive of immune 
protection from symptomatic SARS-CoV-2 infection. 
Nat Med. 2021; 27(7): 1205-11. doi: 10.1038/s41591-
021-01377-8.  

13. Moore S, Hill EM, Dyson L, et al. Modelling optimal 
vaccination strategy for SARS-CoV-2 in the UK. PLoS 
Comput Biol. 2021; 17(5): doi: 
10.1371/journal.pcbi.1008849.  

14. Zhan CS, Chen J, Chen J, et al. CaMK4-dependent 
phosphorylation of Akt/mTOR underlies Th17 
excessive activation in experimental autoimmune 



Iraqi JMS 2024; Vol. 22(2) 
 

 
393 

 

prostatitis. FASEB J. 2020; 34(10): 14006-23. doi: 
10.1096/fj.201902910RRR. 

15. Petrone L, Petruccioli E, Vanini V, et al. A whole blood 
test to measure SARS-CoV-2-specific response in 
COVID-19 patients. Clin Microbiol Infect. 2021; 27(2): 
286.e7-286.e13. doi: 10.1016/j.cmi.2020.09.051. 

16. Søgaard OS, Reekie J, Johansen IS, et al. Characteristics 
associated with serological COVID-19 vaccine 
response and durability in an older population with 
significant comorbidity: the Danish Nationwide 
ENFORCE Study. Clin Microbiol Infect. 2022; 28(8): 
1126-33. doi: 10.1016/j.cmi.2022.03.003.  

17. Ali IH, Abdulamir AS. Measurement of SARS-CoV-2-
specific humoral and cellular immunity in Coronavirus 
disease 2019 convalescent health care workers in Iraq. 
Arch Razi Inst. 2021; 76(5): 1255-2127. doi: 
10.22092/ari.2021.356135.1785.  

18. Sekine T, Perez-Potti A, Rivera-Ballesteros O, et al. 
Robust t cell immunity in convalescent individuals 
with asymptomatic or mild COVID-19. Cell. 2020; 
183(1): 158-68. doi: 10.1016/j.cell.2020.08.017. 

19. Verbeke R, Lentacker I, De Smedt SC, et al. The dawn 
of mRNA vaccines: The COVID-19 case. J Control 
Release. 2021; 333: 511-20. doi: 
10.1016/j.jconrel.2021.03.043.  

20. Xu S, Yang K, Li R, et al. mRNA vaccine era-
mechanisms, drug platform and clinical prospection. 
Int J Mol Sci. 2020; 21(18): 6582. doi: 
10.3390/ijms21186582. 

21. Liu Y, Zeng Q, Deng C, et al. Robust induction of B cell 
and T cell responses by a third dose of inactivated 
SARS-CoV-2 vaccine. Cell Discov. 2022; 8(1): 10. doi: 
10.1038/s41421-022-00373-7. 

22. Cevik M, Bamford CGG, Ho A. COVID-19 pandemic-a 
focused review for clinicians. Clin Microbiol Infect. 
2020; 26(7): 842-7. doi: 10.1016/j.cmi.2020.04.023.  

23. Deng S, Liang H, Chen P, et al. Viral vector vaccine 
development and application during the COVID-19 
pandemic. Microorganisms. 2022; 10(7): 1450. doi: 
10.3390/microorganisms10071450. 

24. Teijaro JR, Farber DL. COVID-19 vaccines: modes of 
immune activation and future challenges. Nat Rev 
Immunol. 2021; 21(4): 195-7. doi: 10.1038/s41577-
021-00526-x.  

25. Swanson PA 2nd, Padilla M, Hoyland W, et al. 
AZD1222/ChAdOx1 nCoV-19 vaccination induces a 
polyfunctional spike protein-specific TH1 response 
with a diverse TCR repertoire. Sci Transl Med. 2021; 
13(620): eabj7211. doi: 
10.1126/scitranslmed.abj7211. 

26. Notarte KI, Guerrero-Arguero I, Velasco JV, et al. 
Characterization of the significant decline in humoral 
immune response six months post-SARS-CoV-2 mRNA 
vaccination: A systematic review. J Med Virol. 2022; 
94(7): 2939-61. doi: 10.1002/jmv.27688. 

27. Saeed U, Uppal SR, Piracha ZZ, et al. SARS-CoV-2 spike 
antibody levels trend among sinopharm vaccinated 
people. Iran J Public Health. 2021; 50(7): 1486-7. doi: 
10.18502/ijph.v50i7.6640. 

28. Hall V, Foulkes S, Insalata F, et al. Protection against 
SARS-CoV-2 after Covid-19 vaccination and previous 
infection. N Engl J Med. 2022; 386(13): 1207-20. doi: 
10.1056/NEJMoa2118691. 

29. Mahaux O, Bauchau V, Van Holle L. 
Pharmacoepidemiological considerations in observed-
to-expected analyses for vaccines. 
Pharmacoepidemiol Drug Saf. 2016; 25(2) :215-22. 
doi: 10.1002/pds.3918.  

30. Li R, Stewart B, Weintraub E. Evaluating efficiency and 
statistical power of self-controlled case series and self-
controlled risk interval designs in vaccine safety. J 
Biopharm Stat. 2016; 26(4): 686-93. doi: 
10.1080/10543406.2015.1052819.  

31. Zheng J, Deng Y, Zhao Z, et al. Characterization of 
SARS-CoV-2-specific humoral immunity and its 
potential applications and therapeutic prospects. Cell 
Mol Immunol. 2022; 19(2): 150-7. doi: 
10.1038/s41423-021-00774-w.  

32. Cheng ZJ, Huang H, Liu Q, et al. Immunoassay and 
mass cytometry revealed immunological profiles 
induced by inactivated BBIBP COVID-19 vaccine. J Med 
Virol. 2022; 94(11): 5206-16. doi: 10.1002/jmv.27983.  

33. Zhang H, Jia Y, Ji Y, et al. Studies on the level of 
neutralizing antibodies produced by inactivated 
COVID-19 vaccines in the real world. medRxiv. 2021. 
doi: https://doi.org/10.1101/2021.08.18.21262214. 

34. Jain S, Batra H, Yadav P, et al. COVID-19 vaccines 
currently under preclinical and clinical studies, and 
associated antiviral immune response. Vaccines 
(Basel). 2020; 8(4): 649. doi: 
10.3390/vaccines8040649. 

35. Peng P, Deng HJ, Hu J, et al. Humoral responses in 
naive or SARS-CoV-2 experienced individuals 
vaccinated with an inactivated vaccine. Cell Discov. 
2021; 7(1): 68. doi: 10.1038/s41421-021-00311-z. 

36. Badano MN, Sabbione F, Keitelman I, et al. Humoral 
response to the BBIBP-CorV vaccine over time in 
healthcare workers with or without exposure to SARS-
CoV-2. Mol Immunol. 2022; 143: 94-9. doi: 
10.1016/j.molimm.2022.01.009. 

37. Wang C, Chen LY, Lu QB, et al. Vaccination with the 
inactivated vaccine (sinopharm bbibp-corv) ensures 
protection against SARS-CoV-2 related disease. 
Vaccines (Basel). 2022; 10(6): 920. doi: 
10.3390/vaccines10060920.  

38. Tomic A, Skelly DT, Ogbe A, et al. Divergent 
trajectories of antiviral memory after SARS-CoV-2 
infection. Nat Commun. 2022; 13(1): 1251. doi: 
10.1038/s41467-022-28898-1.  

39. Pérez-Alós L, Armenteros JJA, Madsen JR, et al. 
Modeling of waning immunity after SARS-CoV-2 
vaccination and influencing factors. Nat Commun. 
2022; 13(1): 1614. doi: 10.1038/s41467-022-29225-4. 

40. Sherina N, Piralla A, Du L, et al. Persistence of SARS-
CoV-2-specific B and T cell responses in convalescent 
COVID-19 patients 6-8 months after the infection. 
Med. 2021; 2(3): 281-95. doi: 
10.1016/j.medj.2021.02.001. 



Jawad & Abdulamir, COVID-19 Vaccines in Iraq: Comparative Study of Pfizer, AstraZeneca, & Sinopharm 

394 
 

 

41. Bertoletti A, Le Bert N, Qui M, et al. SARS-CoV-2-
specific T cells in infection and vaccination. Cell Mol 
Immunol. 2021; 18(10): 2307-12. doi: 
10.1038/s41423-021-00743-3.  

42. Vardhana S, Baldo L, Morice WG 2nd, et al. 
Understanding T cell responses to COVID-19 is 
essential for informing public health strategies. Sci 
Immunol. 2022; 7(71): eabo1303. doi: 
10.1126/sciimmunol.abo1303.  

43. Kudlay D, Kofiadi I, Khaitov M. Peculiarities of the T cell 
immune response in COVID-19. Vaccines (Basel). 
2022; 10(2): 242. doi: 10.3390/vaccines10020242.  

44. Mak WA, Koeleman JGM, van der Vliet M, et al. SARS-
CoV-2 antibody and T cell responses one year after 
COVID-19 and the booster effect of vaccination: A 
prospective cohort study. J Infect. 2022; 84(2): 171-8. 
doi: 10.1016/j.jinf.2021.12.003. 

45. Kent SJ, Khoury DS, Reynaldi A, et al. Disentangling the 
relative importance of T cell responses in COVID-19: 
leading actors or supporting cast? Nat Rev Immunol. 
2022; 22(6): 387-97. doi: 10.1038/s41577-022-00716-
1. 

46. López D. Predicted HLA class I and class ii epitopes 
from licensed vaccines are largely conserved in new 
SARS-CoV-2 omicron variant of concern. Front 
Immunol. 2022; 13: 832889. doi: 
10.3389/fimmu.2022.832889. 

47. Kraaijeveld SR, Gur-Arie R, Jamrozik E. Against COVID-
19 vaccination of healthy children. Bioethics. 2022; 
36(6): 687-98. doi: 10.1111/bioe.13015.  

48. Moss P. The T cell immune response against SARS-
CoV-2. Nat Immunol. 2022; 23(2): 186-93. doi: 
10.1038/s41590-021-01122-w. 

49. Yarmarkovich M, Warrington JM, Farrel A, et al. 
Identification of SARS-CoV-2 vaccine epitopes 
predicted to induce long-term population-scale 
immunity. Cell Rep Med. 2020; 1(3): 100036. doi: 
10.1016/j.xcrm.2020.100036. 

50. Ben Ahmed M, Bellali H, Gdoura M, et al. Humoral and 
cellular immunogenicity of six different vaccines 
against SARS-CoV-2 in adults: A comparative study in 
Tunisia (North Africa). Vaccines (Basel). 2022; 10(8): 
1189. doi: 10.3390/vaccines10081189. 

51. Fodor E, Olmos Calvo I, Kuten-Pella O, et al. 
Comparison of immune activation of the COVID 
vaccines: ChAdOx1, BNT162b2, mRNA-1273, BBIBP-
CorV, and Gam-COVID-Vac from serological human 
samples in Hungary showed higher protection after 
mRNA-based immunization. Eur Rev Med Pharmacol 
Sci. 2022; 26(14): 5297-306. doi: 
10.26355/eurrev_202207_29321. 

52. Vályi-Nagy I, Matula Z, Gönczi M, et al. Comparison of 
antibody and T cell responses elicited by BBIBP-CorV 
(Sinopharm) and BNT162b2 (Pfizer-BioNTech) 
vaccines against SARS-CoV-2 in healthy adult humans. 

Geroscience. 2021; 43(5): 2321-31. doi: 
10.1007/s11357-021-00471-6.  

53. Chavda VP, Bezbaruah R, Athalye M, et al. Replicating 
viral vector-based vaccines for COVID-19: potential 
avenue in vaccination arena. Viruses. 2022; 14(4): 759. 
doi: 10.3390/v14040759. 

54. Martínez-Flores D, Zepeda-Cervantes J, Cruz-Reséndiz 
A, et al. SARS-CoV-2 vaccines based on the spike 
glycoprotein and implications of new viral variants. 
Front Immunol. 2021; 12: 701501. doi: 
10.3389/fimmu.2021.701501.  

55. Serrano-Maciá M, Lachiondo-Ortega S, Iruzubieta P, et 
al. Neddylation tunes peripheral blood mononuclear 
cells immune response in COVID-19 patients. Cell 
Death Discov. 2022; 8(1): 316. doi: 10.1038/s41420-
022-01115-0. 

56. Noh JY, Jeong HW, Kim JH, et al. T cell-oriented 
strategies for controlling the COVID-19 pandemic. Nat 
Rev Immunol. 2021; 21(11): 687-8. doi: 
10.1038/s41577-021-00625-9. 

57. La Sala L, Gandini S, Bruno A, et al. SARS-CoV-2 
Immunization orchestrates the amplification of IFNγ-
producing T cell and NK CELL PERSISTENCE. Front 
Immunol. 2022; 13: 798813. doi: 
10.3389/fimmu.2022.798813.  

58. Garner-Spitzer E, Wagner A, Kundi M, et al. The kinetic 
of SARS-CoV-2 antibody (Ab) decline determines the 
threshold for Ab persistence up to one year. medRxiv. 
2021. doi: 
https://doi.org/10.1101/2021.09.20.21263172. 

59. Bertoletti A, Le Bert N, Tan AT. SARS-CoV-2-specific T 
cells in the changing landscape of the COVID-19 
pandemic. Immunity. 2022; 55(10): 1764-78. doi: 
10.1016/j.immuni.2022.08.008.  

60. AbdelMassih A, Gaber H, El Shershaby M, et al. 
Learned lesson from COVID-19: can routine 
immunizations be the first line of defense against the 
next pandemic?. Egypt Pediatric Association Gaz. 
2022; 70, 14. doi: https://doi.org/10.1186/s43054-
022-00105-2 

61. Quiros-Fernandez I, Poorebrahim M, Fakhr E, et al. 
Immunogenic T cell epitopes of SARS-CoV-2 are 
recognized by circulating memory and naïve CD8 T 
cells of unexposed individuals. EBioMedicine. 2021; 
72: 103610. doi: 10.1016/j.ebiom.2021.103610. 

62. Qu Y, Zhang X, Wang M, et al. Antibody cocktail 
exhibits broad neutralization activity against SARS-
CoV-2 and SARS-CoV-2 variants. Virol Sin. 2021; 36(5): 
934-47. doi: 10.1007/s12250-021-00409-4. 
 

 

Correspondence to Furqan M. M. Jawad 
E-mail: furqanmohammed589@gmail.com 

Received Sep.13th 2022  
Accepted Oct.17th 2022

 

mailto:furqanmohammed589@gmail.com

