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Summary 

coronavirus disease 2019 (COVID-19) is a pandemic acute respiratory disease 

caused by a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). It is a 

highly transmissible coronavirus that emerged in China in late 2019 and it is 

considered as a public health emergency worldwide by the World Health 

Organization. 

This pandemic has also changed the people's life style; caused extensive job 

losses and threatened the sustenance of millions of people, as businesses have shut 

down to control the spread of virus. The most effective and promising method of 

combating this widespread viral pandemic was through vaccination. 

A cross sectional study was conducted in College of Applied Medical 

Sciences, Kerbala university. Sample collection was carried out for 6 months, 

starting from November /2021 to April/2022. The total number of participants were 

174 vaccinated subjects divided into three groups; 105(60.3%) subjects had received 

the Pfizer vaccine, 59(33.9%) subjects had received the Sinopharm vaccine, and 

10(5.7%) subjects of them had received AstraZeneca. ELIZA tests were done for all 

subjects to measure IFN-γ, and SARS-CoV-2 IgG II Quant antibody test was used 

to measure IgG anti spike. 

From 174 subjects, 90  subjects (51.7%) were men and 84 (48.2%) were 

women with ages ranged from 18 to 70 years. The mean age of participant was 25.97 

± 9.327. Compares anti-spike (IgG) levels among the three types of vaccines reveals 

significant difference. AstraZeneca and Sinopharm's vaccines had lower IgG 

concentrations as compared to Pfizer's vaccine. 

The overall antibody concentration in participants under the age of 25 was 

higher than that in people above the age of 25. Also, there were significant 
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differences among the three types of vaccine within both age groups, and the highest 

concentration was seen in participants vaccinated with Pfizer.  

Regarding IFN-γ, there was no significant difference within and between the 

two age groups, exception the AstraZeneca vaccine there was significant difference 

between less and more than 25 age.  

Additionally, there was a significant difference in IgG concentration among 

the three types of vaccines within male and female subjects, and the antibody 

production was higher in participants vaccinated with Pfizer. The mean IgG 

concentration was higher in males than females in subjects vaccinated with Pfizer 

and AstraZeneca. However, no significant difference between males and females’ 

subjects was observed for each type of vaccine. Regarding the IFN γ, there were no 

significant differences either among the three types of vaccines, nor between males 

and females for each vaccine. 

The anti-spike IgG concentration for vaccination with Pfizer varied 

significantly among the weeks after vaccination and the maximum concentration 

occurring between the sixth and seventh weeks. The weeks after vaccination do not 

significantly differ for the Sinopharm and AstraZeneca vaccinations. 

There was 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 and Sinopharm. However, there was a significant difference in the case of the 

AstraZeneca vaccine regarding IgG levels but not for IFN-γ levels.  

The antibody concentration is significantly different among the three types of 

vaccines in overweight and obese subjects. whereas no significant difference was 
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observed in the case of underweight subjects. The mean was higher in subjects 

vaccinated with Pfizer vaccine.  Moreover, there was marginally significant 

difference between the mean of antibody concentration of normal weight subject 

vaccinated with Pfizer vaccine and those subjects in other groups (underweight, 

overweight, and obese). 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.  

Finally, we conclude from this study the Participants vaccinated with Pfizer 

vaccine produces the highest antibody and IFN-γ concentration, younger participants 

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

participants, no difference between male and female in immune response to vaccine, 

no difference between first and second dose after vaccination and no effect for 

previous infection in improve the response to vaccine. 
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Chapter one 

                                       Introduction 

1.1 General overview  

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) disease 

has caused  a worldwide challenging and threatening pandemic (COVID-19), with 

huge health and economic losses.  It was A novel and unique strain of RNA member 

of coronavirus that have not been previously observed in humans causing respiratory 

and gastrointestinal infections  (Pal et al., 2020). This virus, which has recently 

emerged in Wuhan, China, is capable of inflicting serious diseases on humans and 

has a broad range of host adaptability. The average number of days that COVID 

takes to incubate were two to seven (range of one to two weeks) (Neumann-

Prochaska et al., 2020).  

The disease was defined by certain medical symptoms and indicators, 

including as dry cough, exhaustion, shortness of breath, and fever, were more 

frequently mentioned, but myalgia, sore throat, rhinorrhea, and nasal congestion 

were very uncommon. Sometimes, non-respiratory symptoms like palpitations, 

diarrhea, or headaches came first (Pal et al., 2020).  

It can spread by either direct or indirect contact with infectious respiratory 

droplets or fomites on mucous membranes (such as the eyes, nose, or mouth). Risks 

of transmission rise with time and proximity to contacts/infected people (Schilling-

Loeffler et al., 2022). Morphologically Coronaviruses were enclosed, positive-sense 

single-stranded RNA viruses with a diameter of 60–140 nm (Dutta et al., 2020).  

The coronavirus gets its name because of the envelope’s 20-nm-long spikes, 

which resemble the sun's corona under an electron microscope, Among the RNA 

viruses that are currently known, it has the biggest genome (Park, 2020). Within the 
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coronavirus particle A nucleoprotein (N) wraps the RNA genome to create a coiled 

tubular structure, this helical nucleocapsid was encased in the viral envelop (E). With 

the viral envelop are two or three structural proteins. The envelope contains the 

matrix protein (M). The target of the neutralizing antibody was the spike structural 

protein (S) anchored in the envelope. Numerous beta coronaviruses include the 

hemagglutinin esterase (HE) (Malik, 2020).  

By March 5, 2020, there had been 80,555 confirmed cases in China and 

17,821 confirmed cases in 90 countries outside of China during the first three months 

following the initial notification of the outbreak in Wuhan. By July 2022, COVID-

19 had spread to every country in the world, infected 561million people, and killed 

more than 6. 37million. In Iraq, the disease causes a total of 2.4 million cases and 

25,263 fatalities (Dong et al., 2020) . The most effective and promising method of 

combating this widespread viral pandemic was vaccination (Bhavana et al., 2020).  

According to the most popular classification scheme, vaccines can be 

characterized as either classical or new generation depending on the platforms on 

which they were produced (Simões & Rodríguez-Lázaro, 2022). Pfizer, 

AstraZeneca, and Sinopharm vaccines were the most significant and widely used 

vaccines in Iraq.  

The first mRNA vaccine, Comirnaty (Pfizer/BioNTech), was created within a 

year of the WHO's pandemic statement. The BNT162b2 mRNA, which encodes the 

whole SARS-CoV-2 spike protein, was the active component. The mRNA 

vaccination serves as an adjuvant and antigen, which, once inside the cell, triggers 

an immune response (Turner et al., 2021).  

In contrast, the Oxford/AstraZeneca COVID-19 vaccine was a replication-

deficient simian adenovirus vector vaccine, meaning that several crucial genes were 
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removed and replaced by a gene encoding the spike protein. The chimpanzee 

adenovirus ChAdOx1 was modified and utilized as a vector (Jamkhande et al., 

2021).  

The two vaccine formulations — mRNA encoding the SARS-CoV-2 spike 

(S) protein encapsulated in lipid nanoparticles or adenovirus (AdV) vectors encoding 

the S protein — gain entry into dendritic cells (DCs) at the injection site or in lymph 

nodes, where high levels of S protein are produced (Teijaro & Farber, 2021). The 

intrinsic adjuvant activity of the vaccines also activates innate sensors, which leads 

to the generation of type I interferon and many proinflammatory cytokines and 

chemokines(Fan et al., 2022).  

As a result, activated DCs deliver antigen and co-stimulatory molecules to 

naive T cells that were specific for the S protein. These effector cells then 

differentiate into cytotoxic T lymphocytes or helper T cells after becoming activated 

and differentiating(Yao et al., 2018).  

High affinity anti-S protein antibodies were produced by T follicular helper 

(TFH) cells, which also assist S protein-specific B cells in differentiating into plasma 

cells that secrete antibodies. IgG molecules are created and released by plasma B 

cells. IgG is the main type of antibody found in blood and extracellular fluid, 

allowing it to control infection of body tissues, IgG protects the body from infection. 

IgG antibodies are generated following class switching and maturation of the 

antibody response, thus they participate predominantly in the secondary immune 

response. it’s a major component of humoral immunity. Following vaccination, high 

affinity SARS-CoV-2 antibodies circulate along with S protein-specific memory T 

cells and B cells, which together help prevent subsequent SARS-CoV-2 infection 

(Teijaro & Farber, 2021). 
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As a result of the potential of mRNA and adenovirus vaccines to stimulate 

intracellular S protein synthesis and innate immune responses, both CD8+ and CD4+ 

T cells should be primed for effector and memory subset differentiation. IFN-γ, or 

type II interferon, is a cytokine that is critical for innate and adaptive immunity 

against viral. IFN-γ is an important activator of macrophages and inducer of major 

histocompatibility complex class II molecule expression, and its produced 

predominantly by natural killer cells (NK) as part of the innate immune response, 

and by CD4 Th1 and CD8 cytotoxic T lymphocyte (CTL) effector T cells once 

antigen-specific immunity develops. This cytokine represents cellular immunity    

(Pardi et al., 2018).  

Three vaccinations need two doses spaced 3–4 weeks apart to achieve 

optimum protection. Sinopharm, a state-owned Chinese business, is creating the 

Sinopharm/BIBP COVID-19 vaccine. is an inactivated vaccine that contains viral 

particles and is administered to the body as a dead copy of SARS-CoV-2 (Zahid et 

al., 2021) . Thus, these vaccines are created using highly purified, non-contagious 

viruses. There was difference in the in immune response between individual 

according to age, where it was the majority of young individuals experience mild 

disease from SARS-CoV-2 (Brodin, 2020). Sex where men overrepresented among 

patients with severe disease, likely as a result of variations in the immunological 

responses that are induced (Takahashi et al., 2020). and chronic disease including 

Obesity may be a risk factor, the immune system is suppressed in obese people 

especially in vulnerable people with multiple comorbidities (Jayanama et al., 2021). 

Despite the great published information globally, still there were little 

information about which type of vaccines are better for certain group of population 

(with specific age, sex, and other risk factors like BMI), especially among Iraqi 



Chapter One                                                                          Introduction 

 

5 
 

individuals residing in Karbala Province, and which type of vaccines produce more 

cellular and humeral immune response and how long these antibodies may persist.  

 

Aim of this study  

Evaluation and comparison of IgG and IFN γ concentrations generated against 

the available types of COVID-19 vaccine in Iraq. 

Objectives of the study: 

1. Measuring the humoral immune response by determining the titter of IgG 

antibodies against the S1 subunit of the virus’s spike protein in subjects 

vaccinated with the available vaccines. 

2. Measuring cellular immune response by determining the titter of IFN γ level 

in vaccinated subjects. 

3. Comparison the mean levels of IgG and IFN γ produced in vaccinated subjects 

with different types of vaccines.  

4. Comparing the level of IgG and IFN γ in concerning to the dose number, 

weeks after vaccination, and the presence of previous infection. 

5. Analysis the association of different risk factors (like age, sex, and BMI) with 

the level of IgG and IFN γ 

6. Study the presence of correlation between IgG and IFN γ production.     
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2 Chapter two 

Literatures Review 

2.1 Coronavirus disease (COVID-19) 

COVID-19 was an infectious disease caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2). The majority of virus-infected individuals 

will experience mild to severe respiratory diseases and will recover without the need 

for special care. However, some people will get serious illnesses and need to see a 

doctor. Serious sickness is more likely to strike older people and those with 

underlying medical illnesses, including cancer, diabetes, cardiovascular disease, or 

chronic respiratory diseases. COVID-19 can cause significant illness or death in 

anyone, at any age (WHO, 2020) . 

The average number of days that COVID takes to incubate was 2 to 7 (a range 

of 1 to 2 weeks). The clinical presentation is characterized by a high fever, cold, 

coughing, breathlessness or trouble breathing, diarrhea, muscle aches or tiredness, 

and hematuria. (Neumann-Prochaska et al., 2020). Pneumonia can occur in patients 

with severe forms, and case fatality rates can vary greatly. Serious outcomes like 

heart failure, lung failure, and liver failure are more common in the elderly people 

(Pal et al., 2020). Respiratory failure is the biggest problem with COVID-19; during 

the acute stage, at least half of the patients (mainly elderly individuals) need oxygen 

supply (Daher et al., 2021) , acute respiratory distress syndrome, which requires 

invasive mechanical ventilator support, develops in roughly 20% of patients. 

However, the severity is often mild in infected young children (Precit et al., 2020). 

Deaths have been reported as early as day 4 and as late as 108 days after the onset 

of symptoms (Baiocchi et al., 2021) . It was shown that respiratory virus shedding 
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peaked around 10 day and then decreased. Additionally, the gastrointestinal tract's 

viral excretion was seen (Wölfel et al., 2020). 

2.2. Epidemiology 

In December 2019, atypical unknown pneumonia was first recorded in Wuhan 

City. High temperatures (over 38 C), a dry cough, malaise, and breathing issues have 

all been present in the patients. The illness, known as COVID-19, has been 

connected to Wuhan, China's seafood industry (Sarhan et al., 2020). 

As of July 2022, there were 561 million global cases of COVID-19. while 

there had   6. 37 million deaths(Dong et al., 2020).  The seafood market was closed 

on January 1st in accordance with the World Health Organization. The virus was 

identified on January 7 as a coronavirus with > 95% homology to the bat coronavirus 

and > 70% resemblance to the SARS-CoV. Positive results from environmental 

samples from the Huanan Sea food market also indicated that the virus originated 

there (Singhal, 2020). There was an exponential rise in the number of cases, some 

of which did not involve the live animal market, pointing to the possibility of human-

to-human transmission (Jagtap et al., 2020). It quickly expanded to neighboring 

countries in Southeast Asia, followed by the Middle East and Europe. On May 18, 

2022, 227 countries and territories around the world were affected, there has been a 

significant increase in COVID-19 cases. 

In Iraq, the first confirmed case was reported on February 24. On February 

25, four other cases from one family in the Kirkuk province were also recorded, this 

family had traveled to Iran previously (Jassim Abd-Alhussein et al., 2020). On 

February 27, another case of a patient who had recently been travelled to Iran was 

reported in Baghdad. On July 2022 in iraq the total registered cases and death, where 

2.4M and 25,263 respectively (Dong et al., 2020). 
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2.3 Coronavirus structure  

The Coronaviridae subfamily of viruses includes coronaviruses (CoVs), 

which are spherical enclosed, positive single-stranded RNA viruses with helical 

nucleocapsids, genus Coronavirus and the order Nidovirales (Mazzini et al., 2021). 

They make up the majority of viruses that cause gastrointestinal and respiratory 

diseases. Alphacoronavirus, which includes the human coronavirus (HCoV)-229E 

and HCoV-NL63 (Liu et al., 2021), Betacoronavirus, which includes HCoV-OC43, 

the Middle Eastern respiratory syndrome coronavirus (MERS-CoV), the human 

coronavirus for the severe acute respiratory syndrome (SARS-CoV-1), and the 

recently discovered Severe Acute Respiratory Syndrome Coronavirus 2 (Zhu et al., 

2020) . Infectious bronchitis virus-related viruses were only included in the terms 

Gammacoronavirus and Deltacoronavirus(Abdel-Moneim, 2017). 

SARS-COV-2 is a rare strain of RNA virus that has never been seen in humans 

before (Pal et al., 2020) .The virus is capable of causing serious illnesses in a variety 

of hosts, including people, mice, camels, masked palm civets, cats, dogs, pigs, 

chickens, and bats (Mahdy et al., 2020). In both people and animals, SARS-CoV-2 

often causes gastrointestinal and illness respiratory (Luo et al., 2020) .The capsid 

protein, the virus's outer covering, makes up the virus. The N protein participates in 

processes that affect the viral genome, the viral replication cycle, and the host cells' 

biological response to viral infection(Bakhshandeh et al., 2021). The protein wraps 

the viral RNA genome and is needed for it to be copied and read. 

The membrane protein, or M protein, is another significant protein that is 

widely distributed on the viral surface. This influences how the form of the virus 

envelope is determined (Cao et al., 2022) . All other structural proteins can bind to 

this protein. It is thought that binding with M protein is the main way that 



Chapter Two                                                                Literatures Review 

 

9 
 

coronaviruses put themselves together. This is because binding with M protein helps 

to stabilize nucleocapsids or N proteins and makes it easier for viruses to put 

themselves together (Thomas, 2020). 

The E-protein is a tiny membrane protein that is made up of 76 to 109 amino 

acids and minor viral particle components(Gupta et al., 2021). It is important for 

virus assembly, the ability of the host cell membrane to let the virus in, and virus-

host cell contact. 

Hemagglutinin-esterase dimers (HE) have been identified on the surface of 

the virus. The HE protein may be involved in virus entry and appears to be essential 

for infecting the natural host cell, although it is not required for virus reproduction 

as shown in figure 2.1 (Kim, 2020). 

It’s identified that the virus's surface has been enhanced with the S-protein. It 

facilitates the virus's attachment to the host cell's surface receptors and induces the 

membrane to fuse, making it simpler for the virus to enter the host cell (Alejandra 

Tortorici et al., 2019). Two distinct protein domain segments, S1 and S2, which are 

related to cell identification and the joining of viral and cellular membranes, 

respectively, make up this glycoprotein. Each of its three identical chains contains 

1273 amino acids (Mishra et al., 2020). Many human cells, particularly those in the 

lungs, have angiotensin converting enzyme (ACE2) receptors on their surface, and 

when the coronavirus spike (S) protein attaches to these receptors, the virus can enter 

those cells(Ni et al., 2020). The coronavirus S protein is cleaved at two locations 

known as the S1/S2 site, which is the boundary between the S1 and S2 subunits, by 

two host proteases called trypsin and furin  (Örd et al., 2020).  Later cleavage occurs 

at the S2 domain (S20 site) to liberate the fusion peptide. This will cause the 

membrane fusion mechanism to begin working. 



Chapter Two                                                                Literatures Review 

 

10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Structure of SARS-COV 2 (Lee et al., 2020) 
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2.4 Transmission  

SARS-COV2 spread either direct or indirect contact with fomites or infectious 

respiratory droplets with mucous membranes (such as the eyes, nose, or mouth), or 

by aerosols, as well as during medical procedures and the handling of laboratory 

specimens. The pathogenesis and development of the disorders depend on specific 

structural proteins that may be found on the virus surface (Beig Parikhani et al., 

2021). 

Additionally, it is possible for SARS-CoV to pass from bats to tree animals or 

mammal horses before infecting people(Frutos et al., 2020). Human-to-human 

transmission or human infections and may result from reintroduction of an animal 

reservoir, persistent illness in previously ill individuals, or lab strains (Pal et al., 

2020). According to (Patel et al., 2021) transmission risks rise related to time and 

proximity to contacts/infected people.  

It is unknown how long SARS-CoV-2 will survive in the environment, 

according to recent studies, SARS-CoV-2 can survive for up to two weeks after 

being dried and for five days at40–50 % relative humidity and 22–25 °C before 

gradually losing viability (Chan et al., 2011) . inversely, it has been documented that 

the virus declines after 24 hours at 38 °C and 80-90 % relative humidity (Riddell et 

al., 2020). While bueckert documented that the virus can survive on various surfaces 

for 48 hours at 20°C and 40% relative humidity, but only for 8 hours at 30°C and 

80% relative humidity (Bueckert et al., 2020). This demonstrates that low humidity 

and temperature conditions are favorable for the virus's ability to survive in the 

environment. According to the evidence of a rapidly increasing prevalence of 

infections and the risk of transmission by asymptomatic carriers, SARS-CoV-2 can 

successfully spread between people and demonstrates great potential for a pandemic 

(Bandala et al., 2021). The development and ease of international travel may also 
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contribute to the SARS-CoV2 virus's ability to spread throughout the world (Datta 

et al., 2020). Public health concerns arise from the potential for SARS-CoV-2 feco-

oral transmission, particularly in unsanitary places (Odih et al., 2020). In severe 

situations, the illness results in bleeding, pneumonia, septic shock, and metabolic 

acidosis (Helmy et al., 2020) . According on age and prior infection history, the 

incubation time has been predicted to be between 5 and 14 days and may differ from 

patient to patient. Numerous investigations have shown that COVID-19 can spread 

between people by direct touch and nasal droplets in both symptomatic and 

asymptomatic patients (Jayaweera et al., 2020). 

2.5 Risk factor   

It is obvious that there is a wide range in how (SARS-CoV-2) infection 

manifests itself. Public health professionals have identified a number of risk factors 

(Brodin, 2020) states that the vast majority of young people have moderate 

conditions. According to takahashi men are more likely to have severe illness than 

women, likely because of variations in the immunological responses that are induced 

between the sexes (Takahashi et al., 2020). Despite the fact that there is a higher 

chance of developing severe disease as people age, a small subset of young and 

middle-aged people has severe COVID-19 disease, which is characterized by low 

oxygen saturation and significant lung inflammation (Felsenstein & Hedrich, 2020). 

Severe COVID-19 disease is linked to comorbidities such as hypertension, chronic 

obstructive pulmonary disease, and cardiovascular disease (Huang et al., 2020) . 

Smoking is another risk factor since it increases angiotensin-converting enzyme 2 

(ACE2) expression, which allows SARS-CoV-2 to penetrate cells and may even 

impact viral invasion in addition to its detrimental effects on lung function as a whole 

(Huang et al., 2020). Numerous studies have sought to identify the mediating factors 
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of such hyperinflammatory disease presentations. Such cases require rapid 

management and intensive care. 

Obesity, defined as an abnormal accumulation of body fat, is typically 

measured using body mass index (BMI), which is calculated by dividing body 

weight (kg) by height squared (m2) (Ridha Guedjati et al., 2022) .In the entire world, 

there are more and more obese people. Adiposity influences harmful health 

consequences such as fatty liver disease, coronary artery disease, cerebrovascular 

disease, insulin resistance, and hypertension (Ghoorah et al., 2016) . In addition to 

contributing to mechanical health issues, fat buildup also causes the release of a large 

number of adipokines, which are inflammatory mediators (Nimptsch et al., 2019) . 

However, the immune system is weakened in obese people, especially in weak 

people with a lot of health problems (Jayanama et al., 2021) (Misumi et al., 2019) . 

Obese people may be more vulnerable to SARS-CoV-2 infection. A pathology of 

COVID-19 is a dysfunctional immune response that damages several organs, 

especially the lower airways (Gallo, 2021) Due to a similar cause, COVID-19's bad 

effects and severity may be linked to obesity (Jayanama et al., 2021). 

2.6 Clinical signs  

In general, SARA-COVID-2 early clinical symptoms can resemble those of 

other seasonal viral respiratory diseases, making it difficult for doctors to recognize 

the condition in its earliest stages (Carpenter et al., 2020). Between two and seven 

days following the start of the infection, respiratory symptoms frequently worsen 

and are typically accompanied by a nonproductive cough and dyspnea. Breathing 

issues include (Bertolino et al., 2020). It is unusual to get more severe respiratory 

symptoms, such as rhinorrhea and sore throat (Y. Wang et al., 2020). After 7–10 
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days of infection, patients with SARS-CoV positive lab results may exhibit advanced 

radiographic lung alterations indicative of pneumonia (Shan et al., 2020) . 

2.7 Diagnosis 

It is best to collect samples from the upper respiratory tract (such as 

nasopharyngeal swabs, oropharyngeal swabs, nasopharyngeal aspirates, and nasal 

washes) or, if the patient is in a hospital or intensive care unit, also from the lower 

respiratory tract (such as bronchoalveolar lavages, endotracheal aspirates, and 

expectorated sputum) (Ahmadzadeh et al., 2021). The diagnostic techniques 

comprise: 

1-Molecular testing; When possible, SARS-CoV-2 nucleic acids are detected 

in nasopharyngeal fluids by molecular testing, such as real-time reverse-

transcription polymerase chain reaction (RT-PCR). Serological tests are currently 

the best way to find viruses, but nucleic acid assays are more sensitive and 

specific(Kevadiya et al., 2021). 

2-Serological testing: Serological testing is a useful adjunct to viral 

identification since it can reveal previous infections that may be useful for 

therapeutic purposes. The qualitative detection of IgG or IgM antibodies is used in 

the enzyme-linked immunosorbent test, which detects antibodies. It cannot be 

utilized to diagnose acute SARS-CoV-2 infections on its own but it could be useful 

in a number of situations, such as when molecular tests come back negative, when 

patients show up late or have symptoms that last a long time, or in sero-surveillance 

studies. 

 

 



Chapter Two                                                                Literatures Review 

 

15 
 

3-The rapid diagnostic test 

_Rapid antibody detection kits for the qualitative identification of SARS-CoV-2 

IgG/IgM antibodies in serum, plasma, or whole blood have received approval. 

_ Antigen testing is based on the direct identification of SARS-CoV-2 viral proteins 

in nasal swabs and other samples from the respiratory tract. This is done with a 

lateral flow immunoassay. 

4-chest x-rays to stop the spread, all imaging procedures should be done in 

line with regional policies for preventing and controlling infections. In some 

facilities, lung ultrasonography is employed as a diagnostic technique in place of 

chest x-rays and chest computed tomography. Its accuracy as a diagnostic tool is 

only backed up by evidence with a very low level of certainty, but it might be useful 

as an extra or different imaging modality. 

5-A new test for identifying SARS-CoV-2 viral RNA is called RT-LAMP 

tests, which uses reverse transcription loop-mediated isothermal amplification. 

Assays are quick and easy, but there is less support for their use.  

6- virus isolation as a standard diagnostic method, viral isolation is not advised. 

For any process in cell culture that needs to isolate a virus, qualified people and 

biosafety level 3 (BSL-3) facilities are needed(Kampf et al., 2020). 
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2.8 Treatment 

To stop the virus from spreading to other people, patients, and healthcare 

workers, the first step is to make sure the person is properly isolated (Singhal, 2020).   

-The management of mild illnesses at home should include education on 

warning indicators (Greenhalgh et al., 2020) . 

-The standard guidelines include keeping hydrated, eating well, and managing 

fever and cough, it has been documented those antibiotics and antiviral like 

oseltamivir shouldn't be used routinely in cases where they have been proven to work 

(Costa et al., 2022). 

It is recommended to provide oxygen to hypoxic patients using nasal prongs, 

a face mask, a high flow nasal cannula (HFNC), or non-invasive ventilation (Costa 

et al., 2022) It may be necessary to use artificial breathing or even extracorporeal 

membrane oxygen support. 

-Possible requirement for renal replacement treatment (Singhal, 2020).If co-

infections are thought to exist or are confirmed, antibiotics and antifungals are 

necessary. 

The antivirals being tested for SARS-CoV-2 can be split into two categories: 

those that target the virus's proteins or RNA and those that target the host proteins, 

such as host proteases. Researchers in the lab and in the real world will find that the 

following types of drugs are effective against SARS-CoV-2 (Zhang et al., 2022): 

1)  Antiviral targets the viral genome replication process by acting as an 

RNA-dependent RNA polymerase inhibitor for example Remdesivir 
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       2) Antiviral inhibitors of viral protease for example Lopinavir 

       3) Antiviral inhibitors virus proliferation in the cell for example Ribavirin 

       4) Antiviral inhibitors both viral entry and the inflammatory response for 

example Baricitinib 

       5) Antiviral inhibit the fusion process during viral entry into the host cells for 

example umifenovir 

       6) Antiviral inhibitors of viral entry for example Hydroxychloroquine 

The most abundant and efficient therapies use in Iraq and world were blood 

plasma transfusion, the combination of hydroxyl-chloroquine with azithromycin, 

and remdesivir(Faraj et al., 2022).   

2.9 Immune response to coronavirus infection   

The COVID-19 pandemic can be controlled, people can be protected from life-

threatening illness, and viral dissemination can be restricted by developing 

immunity against the SARS-CoV-2(Chang & Radbruch, 2021). Immunity to viral 

infection is caused by a variety of specific and nonspecific mechanisms. The 

activation of different immune functions and the duration and magnitude of the 

immune response depend on how the virus interacts with host cells (on whether it 

is a cytolytic, steady-state, latent, and/or integrated infection) and on how the virus 

spreads (by local, primary hematogenous, secondary hematogenous, and/or 

nervous system spread). Therefore, viral antigens may be present in different parts 

of the body depending on the route of spread and phase of infection(Shah et al., 

2020) . The host has multiple immune defense functions that can eliminate virus 

and/or viral disease. In this sense, the immune response can be divided into: 
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2.9.1 Cellular immune response 

        The term cell-mediated immunity refers to the recognition and/or killing 

of virus and virus-infected cells by leukocytes and the production of different soluble 

factors (cytokines) by these cells when stimulated by virus or virus-infected cells. 

the T lymphocytes prevent virus multiplication by destroying infected cells before 

mature, infectious virus particles can be assembled. This hypothesis assumes that 

viral antigens appear on the plasma membrane before the release of virus progeny, 

a view that is substantiated by studies of many, but not all, infections (G. Li et al., 

2020). Several types of T cells are involved in this response. 

Exposure to a virus-infected cell can cause the antigen-specific T   

lymphocytes to differentiate into cytotoxic effector T cells, which can lyse virus 

infected or virally transformed cells. The CD8+ T cytotoxic cells directly recognize 

viral peptides presented by major histocompatibility complex (MHC) class I at the 

surfaces of infected cells, which destroy the infected cell by release cytoplasmic 

granular and granzymes, causing apoptosis (a form of programmed cell death) and 

preventing the virus from spreading further (Fialkowski et al., 2020). 

Helper T cells may be as important as cytotoxic T cells in the immune 

response to a virus infection. Helper T cells are required for the generation of 

cytotoxic T cells and for optimal antibody production (Duckworth & Groom, 2021). 

These neutralizing antibodies can recognize whole viruses and act by blocking the 

virus from infecting cells (Asarnow et al., 2021). In addition, helper T cells, and 

cytotoxic T cells produce a number of important soluble factors (lymphokines) that 

can recruit and influence other cellular components of the immune and inflammatory 

responses (Tay et al., 2020). 

Alveolar macrophages identify the viruses that have been neutralized and the 

apoptotic cells that have been eliminated by CD8+ T cells and phagocytose them or 
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will use MHC class II to present the antigen to T helper 1 cell (Singh et al., 2021). 

Th1 release IFN-γ antiviral properties activator of macrophages (Increases lysosome 

activity of macrophages, activates inducible nitric oxide synthase (iNOS) release 

free radical and O2) and induce of MHC class II molecule expression, it has the 

ability to inhibit viral replication directly, which is considered the most important 

function  (Kak et al., 2018). Activation of Th1 cells and release IFN-γ could 

stimulate CD8 T cytotoxic cells (Toor et al., 2021). 

2.9.2 Humoral immune response  

The bone marrow produces an immature B lymphocyte at the beginning, 

which is one of the Antigen presenting cell (APC), and on its surface it has express 

MHC Class II and specific type of antibody, usually IgM and express CD40 that 

needed it to attachment with T cell (Upasani et al., 2021). B cell settles in the lymph 

node, waiting for it to recognize a specific antigen. When virus enters the body as a 

product or outside the cell, it recognized by antibody (AB) on B cell (Shah et al., 

2020).  

B cell will be activated by linking the antigen with AB, and this is the primary 

signal, so it needs a secondary signal to complete the activation process, by 

presenting the antigen to the T cells, which in turn releases certain cytokines that 

complete the activation and transformation of the B cell to plasma cell that can 

secreted specific antibodies to virus antigen (they produce antibodies that can 

recognize viral proteins).  

Antibody response can be directed against all viral proteins, although Spike 

and nucleocapsid are considered the main targets of humoral response. Antibodies 

against receptor-binding domain (RBD), appear earlier in the course of infection 

than those antibodies against nucleocapsid, and it became clear that plasma cells can 

differentiate into memory cells and release antibodies to provide long-lasting 
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defense. In the bone marrow, memory plasma cells can be preserved for decades, if 

not a lifetime (Brochot et al., 2020). 

2.10 Antigenic escape from immune cell  

In order to better survive and infect host cells, viruses, particularly 

coronaviruses, have a variety of techniques to evade the immune system cells (X. Li 

et al., 2020). this a process is introduced before it enters the cell or after it has already 

reached the host cell. It can employ avoidance tactics by creating duplicate vesicles 

on the outside of the cell during the recognition process. As an intermediate viral 

replication product, the creation of these vesicles causes shield recognition of 

cytosolic Pattern Recognition Receptors (PRRs) to dsRNA (Astuti & Ysrafil, 2020).  

In addition to forming a double vesicle, this virus possesses 8 proteins that can 

suppress INF to evade the immune system (Kasuga et al., 2021). For example, 

SARS-Covid-2 has a 5 cap smaller than the RNA of the host cell, which makes it 

simple for immune system cells to detect its existence and trigger an immunological 

response (Gorkhali et al., 2021). The virus devised a technique to imitate the host 

capping mechanism in order to get around this. This method uses two non-structural 

proteins: nsp 14, which triggers cap formation, and nsp 16 which modifies the viral 

RNA caps such that they resemble host cell RNA and prevents PRRs from 

recognizing them (Etido et al., 2021).  

Additionally, other coronavirus nonstructural proteins that have the capacity 

to shield SARS-CoV from immune responses are used as agents in the virus' evasion 

of immune response-inducing pathogens (Gu et al., 2022). SARS-CoV may also use 

its protein accessories to evade immune responses in addition to nonstructural 

proteins. For instance, the gene segment on open reading farm (ORF3b) of this virus 

can block the INF signaling pathway and prevent the activation of effector cells, 

which will stop the spread of the infection (Redondo et al., 2021). 
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2.11 Covid Vaccines 

Throughout history, vaccines have been shown to be the most efficient 

method of containing viral pandemics (Bhavana et al., 2020). The outbreak started 

a race for vaccinations around the world. At the end of 2020, 259 COVID-19 

vaccination studies were ongoing, with 11 in phase III clinical trials (Chakraborty et 

al., 2021). According to the most popular classification scheme, vaccines can be 

characterized as either classical or new generation depending on the platforms on 

which they are produced (Simões & Rodríguez-Lázaro, 2022).  

Three main processes are involved in vaccine action: antigen presentation and 

phagocytosis, T cell activation and cytokine generation, and B cell differentiation 

into plasma cells stimulated by cytokines. Therefore, an immunological response 

connected to vaccinations involves both B and T cells. As a result, choosing the right 

antigen and therapeutic target is essential for a vaccine's effectiveness. The S protein, 

in particular the RBD, will be the therapeutic target for COVID-19 because it blocks 

binding to the host receptors. This is the most common and effective method of 

targeting the virus. The S protein, which comprises two domains (S1 and S2), 

likewise functions as the neutralizing antibodies' principal target. The RBD is a 

component of the S1 domain that eventually interacts to the ACE2 receptor with a 

comparatively high affinity(Harvey et al., 2021). 

2.12 Vaccination Platforms 

The following are the vaccination platforms used to prepare the various 

vaccines. 

-mRNA vaccines have been developed by Moderna and Pfizer-BioNTech. A 

cutting-edge technique called RNA and DNA vaccines employs genetically 
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modified RNA or DNA produce a protein that safely elicits an immune response 

(Mascellino et al., 2021). 

- Several companies, including Astra-Zeneca, Johnson & Johnson, Reithera, 

and Sputnik, have created viral vector (adenovirus) vaccines. Viral vector vaccines 

use a virus that has been genetically modified to not only cause disease but also to 

create coronavirus proteins in order to safely elicit an immune response (Mendonça 

et al., 2021). 

- Sinopharm has developed inactivated viral vaccinations. Immunizations 

against weakened or inactivated viruses don't make disease, but they do boost the 

immune system.  

-Protein subunit vaccines have been created by Novavax. In order to safely 

stimulate an immune response, protein-based vaccinations employ innocuous 

protein fragments or protein shells that resemble the COVID-19 (Gao et al., 2020). 

2.13 Current and Most Common COVID-19 Vaccines 

2.13.1 Pfizer 

According to the interim analysis (“Safety and Efficacy of the BNT162b2 

MRNA Covid-19 Vaccine,” 2021) Pfizer's mRNA vaccination was the first vaccine 

to be approved for emergency use against COVID-19. It has a prospective efficacy 

of more than 90%. This vaccine, which is given intramuscularly (IM), is made up of 

a lipid-enclosed, nucleoside-modified mRNA that specifies the shape of a COVID-

19 spike protein that has undergone mutation (Walsh et al., 2020) . Two 30 g doses 

make up the Pfizer vaccine, with the second dosage being given three weeks after 

the first (Cohen, 2020).  

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 
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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, which are antigen-presenting cells 

that show CD4 and CD8 cells, natural killer cells, and blood vessels (Siddique & 

Ahmed, 2021).The lipid nanoparticles are ingested by the cells, then the mRNA 

reaches the ribosomes, which are then used to synthesize the viral spike proteins in 

processes referred to as translation (Pušnik et al., 2021). The proteins are then 

recognized by antigen-presenting cells, such as B-cells, macrophages, and dendritic 

cells, which possess MHC-2 molecules on their surface or cells that possess MHC-

1 molecules. 

 The binding of the protein acting as an antigen to the MHC molecules leads 

to immune recognition of the S-proteins by cytotoxic T-cells in the case of MHC-I 

cells and helper T-cells (Th) in the case of MHC-II cells. The CD4+ T-cell receptors 

on Th cells bind to the antigen-presenting MHC-II which triggers the production of 

cytokines such as IL-2, IL-4, and IL5 (Cox & Brokstad, 2020). 

These interleukins cause our body’s B-cells to mature into plasma cells, which 

create a significant quantity of Abs targeting viral spike proteins. In the meantime, 

interleukins (IL) result in memory T-cell proliferation. The TCRs of CD8+ T-cells 

are activated by the presentation of the spike protein antigens by MHC-1 proteins on 

cell membranes, resulting in the production of cytotoxic T-cells (Tcx) which directly 

cause the death of virus-infected cells using harmful molecules such as granzyme 

and perforin (Bettini & Locci, 2021).Tcx cells also secrete immune signals to further 

amplify the immune response (He et al., 2021) . 

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 (Dan et al., 2021). 
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The safety of vaccinations is concerned with the detection of adverse reactions 

either after the first dose or after the second. The first and second doses are given 21 

days apart, and any potential symptoms are noted seven days after the previous dose. 

There are only moderate or negligible adverse effects recorded for both vaccinations. 

After the second dose, it's possible to notice a slight pinched pain at the injection 

site, a little bit of redness, fatigue, headaches, muscle and joint pain, and fever. Even 

though they are extremely rare, several severe side effects of the Pfizer vaccination 

have been documented in the literature, including the Guillain-Barre syndrome, 

anaphylactic reactions, and allergic reactions.  

Twenty-one people out of the 1.893.360 who received the first dose of the 

Pfizer-BioNTech COVID-19 vaccine between December 10 and December 23, 

2020, experienced life-threatening allergic reactions, including anaphylaxis. This 

rate of cases per million doses administered is estimated to be 11.1 cases. However, 

no anaphylaxis-related deaths have been reported. a rare case of Bell’s palsy of facial 

paralysis, has been observed in Covid-19 patients. However, following vaccination, 

this incidence did not increase (Mascellino et al., 2021). 

2.13.2 AstraZeneca 

The AstraZeneca adenovirus viral vector vaccine was developed in a 

collaboration between Oxford University and AstraZeneca in the United Kingdom 

and makes use of a genetically engineered vector carrying genetic information 

encoding a wild-type S protein. The immune response in the AstraZeneca vaccine is 

generated from the use of a modified replication-deficient chimpanzee DNA 

adenovirus, ChAdOx1, that human populations have not been exposed to. The DNA 

encodes a protein that elicits a similar immune response as the SARS-CoV-2 S-

peptide along with a tissue plasminogen activator (Ramasamy et al., 2020). 
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 In human host cells, this vector leads to the production of new adenovirus 

viral proteins that generate this immunological response. The adenovirus latches on 

to the outside of the human host cell and DNA is then injected into the cytoplasm 

where it travels to the nucleus. The DNA is transcribed into mRNA by the host cells 

and this RNA is later translated into the appropriate proteins by ribosomes. MHC1 

and MHC2 complexes are formed when the proteins are expressed on cell 

membranes. The processes of RNA and DNA vaccines are identical at this point, 

leading to the activation of T-cells, B-cells, and plasma cells along with the 

production of antibodies (Jones & Roy, 2021). Only 10% of vaccine recipients in 

the trials for the AstraZeneca vaccine reported adverse effects, with headache, 

nausea, and muscle soreness, pain at the injection site, and redness being the most 

frequent (Ricke, 2021). However, the MHRA (Medicines and Health-Care 

Regulatory Agency) recorded 6 cases of Bell's palsy and 13 cases of allergic 

reactions (all patients recovered well). These side effects were not definitively linked 

to the vaccine. 

Out of more than 9 million vaccines, there have been 194 complaints of 

anaphylaxis, which is a side effect (Mascellino et al., 2021) . The majority of the 

143 people who were reported to have passed away soon after receiving a 

vaccination were elderly patients with underlying medical issues. Therefore, these 

fatalities did not necessarily point to the vaccine as the direct cause. The analysis of 

the negative consequences of the immunizations is still ongoing. There have been 

concerns expressed concerning the AstraZeneca vaccine's potential side effects, 

including as uncommon blood clots linked to bleeding-related or not-bleeding 

thrombocytopenia (including cerebral venous sinus thrombosis [CVST] or 

pulmonary embolism) or thromboembolic events (Pai et al., 2021).  
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The European Medicines Agency (EMA) pulled the vaccine off the market 

because of these side effects on March 15, 2021, but it was approved again three 

days later on the grounds that the vaccine's advantages exceeded its drawbacks. The 

COVID-19 vaccination from AstraZeneca: EMA discovers a potential connection to 

extremely uncommon blood clots with low blood platelets. AstraZeneca has thus 

been outlawed in Germany and other European nations for those under the age of 

60. It hasn't been shown that the vaccine is to blame for these problems, but it has 

been decided that more research is needed to figure out what's going on. 

2.13.3 Sinopharm 

Sinopharm, a state-owned Chinese company, it is creating the 

Sinopharm/BIBP COVID-19 vaccine. is a virus-containing inactivated vaccine that 

is administered to patients as a dead version of pathogen and are generally the 

quickest choice for antiviral immunization  (Zahid et al., 2021) . Thus, these vaccines 

are created using highly purified, non-infectious viruses.  

The Sinopharm vaccine is a complete viral vaccine that has been inactivated 

and created using Vero cells. The SARS-CoV-2 virus is produced by these cells in 

large quantities, and after being exposed to beta-propiolactone, the virus is rendered 

inactive by binding to its genes. Inactivated vaccines need adjuvants, which are 

introduced into the vitro cell once more to ensure that the virus don't multiply while 

maintaining their form (Siddique & Ahmed, 2021). These vaccines, which contain 

an adjuvant of aluminum hydroxide to modify the immune system, offer certain 

advantages because they can be delivered and kept at typical refrigerator 

temperatures. For the prevention of diseases brought on by viruses, these 

vaccinations have been found to be both secure and efficient (Joshi et al., 2021).  
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The Sinopharm vaccines come in two doses and are injected intramuscularly (IM). 

Sinopharm's examination of their vaccinations, however, indicates that BBIBP-

CorV has an efficacy of only about 79 percent, which is significantly lower than 

that of the vaccines produced by Pfizer and AstraZeneca. However, the 

information that is now available demonstrates that when both dosages are given, 

an effective humoral immune response is produced in all recipients. Studies for 

Sinopharm studies' adverse effects have been conducted in total. Headache, 

myalgia, fatigue, pain at the injection site, in the body, or in the muscles; shortness 

of breath; stomach pain; and diarrhea are all possible side effects(Attash et al., 

2022). 
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3 Chapter three 

Materials and Methods 

3.1 Subjects  

A cross-sectional study was conducted at College of Applied Medical 

Sciences/ University of Karbala, Figure (3.1). Out of 174 vaccinated healthy 

individuals were enrolled in this study age range 18-70 with one or two doses from 

different health centers in Karbala Province. Blood samples collection from the 

participant was done during the period from November 2021 to April 2022, serum 

samples were separated from blood to be used in the detection IgG and interferon 

game IFN levels. Every subject with certain disease like Diabetic patients, 

Hypertension patients, cardiovascular diseases, all kinds of Cancer, Smokers, and 

Pregnant woman were excluded from the study. while people who have vaccine and 

do not have chronic diseases, diseases that weaken immunity, and non-smokers are 

the ones who have been done included to this study. 

 

3.2 Sample collection  

Five milliliters of venous blood were drawn from all participants by using a 

disposable syringe. Drawn blood was put into gel tubes and centrifuged at 4000 xg 

for 20 mint to get serum used to analyze, IgG antibody, and interferon gamma 

automatically. 
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Figure 3.1study design 



Chapter Three  Materials and Methods 

30 
 

3.3 Materials  

3.3.1 Devices and Equipment   

Table (3.1) shows the instruments and apparatus that were used in this study. 

 

Table 3.1 Devices and Equipment 

No Equipment  Manufacturer 

1 Deep freeze German  

2 Micro centrifuge German  

3 Eppendorf tube German 

4 Micropipette Iraq 

5 Elisys Uno fully automated ELISA  Human (Germany)  

6 ARCHITECT C4000 clinical chemistry analyzer Abbott (Germany) 

 

3.3.2 Kits and Chemicals Materials 

 Chemicals and kits used in current study are presented in table (3-2). 

Table 3.2 Kits and Chemicals 

NO Kits Manufacturer 

1 SARS-CoV-2 IgG II Quant Abbott (Ireland) 

2 IFN gamma kit Sun log (China) 

 

 

3.4 Methods 

3.4.1 Determination Human IFN-γ (Interferon Gamma) using ELISA Kit 

Interferon Gamma was measured according to procedure mentioned by sun long 

(China). 
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3.4.1.1 principle 

This ELISA kit uses the Sandwich-ELISA principle. The micro-ELISA plate 

provided in this kit has been pre-coated with an antibody specific to Human IFN-γ. 

Samples (or Standards) are added to the micro-ELISA plate wells and combined 

with the specific antibody. Then a biotinylated detection antibody specific for 

Human IFN-γ and Avidin-Horseradish Peroxidase (HRP) conjugate are added 

successively to each micro plate well and incubated. Free components are washed 

away. The substrate solution is added to each well. Only those wells that contain 

Human IFN-γ, biotinylated detection antibody and Avidin-HRP conjugate will 

appear blue in color. The enzyme-substrate reaction is terminated by the addition of 

stop solution and the color turns yellow. The optical density (OD) is measured 

spectrophotometrically at a wavelength of 450 nm ± 2 nm. The OD value is 

proportional to the concentration of Human IFN-γ. You can calculate the 

concentration of Human IFN-γ in the samples by comparing the OD of the samples 

to the standard curve. 

 

3.4.1.2 Kit components  

Kits can be kept unopened for one month at 2 to 8 °C. Once the kit is received, 

if it is not intended to be used within a month, the components must be stored 

individually and in accordance with the following guidelines. Table 3.3, shows the 

details of the kit.   
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Table 3.3 ELISA kit details 

No Items  

1 Micro ELIZA strip plate  

2 Standard :108pg/ml 

3 Standard diluent  

4 HRP-Conjugate reagent 

5 Sample diluent  

6 Chromogen Solution A 

7 Chromogen Solution B 

8 Stope solution  

9 Wash solution  

 

3.4.1.3 Procedure  

1- Dilution of Standards: the standard was diluted by small tubes first, then the 

volume of 50ul was pipetted from each tube to microplate well, each tube uses two 

wells, total ten wells 

2- In sample wells, 40μl Sample dilution buffer and 10μl sample were added. The 

samples were loaded onto the bottom without touching the well wall, and it was 

mixed well with gentle shaking 

 3- Incubation: the plat was incubated for 30 min at 37℃ after sealed with Closure 

plate membrane.  

4- Dilution: the concentrated washing buffer was diluted with distilled water (30 

times for 96T) 
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5- Washing: the wash solution was aspirated and refilled. the wash solution was 

discarded after resting for 30 seconds. the washing was repeated procedure for 5 

times. 

 6- 50 μl HRP-Conjugate reagent was added to each well except the blank control 

well.  

7. Incubation: the plat was incubated 30 min at 37℃ 

 8. Washing: the washing procedure was repeated as step 5  

 9. Coloring: 50 μl Chromogen Solution A and 50 μl Chromogen Solution B were 

added to each well, mixed with gently shaking and incubated at 37℃ for 15 

minutes.  

10. Termination: 50 μl stop solution was add to each well to terminate the reaction. 

The color in the well should change from blue to yellow.  

11. Read absorbance O.D. at 450nm using a Microtiter Plate Reader. The OD value 

of the blank control well is set as zero. Assay should be carried out within 15 

minutes after adding stop solution. 

3.4.2 Determination Human anti-SARS-CoV-2 S1(RBD) IgG using 

On the ARCHITECT I System, the SARS-CoV-2 IgG II Quant test is a 

chemiluminescent microparticle immunoassay (CMIA) used to determine the 

quantity and quality of IgG antibodies to SARS-CoV-2 in human serum and plasma.  
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3.4.2.1 Principles 

Using chemiluminescent microparticle immunoassay (CMIA) technology, 

this assay is an automated, two-step immunoassay for the qualitative and quantitative 

detection of IgG antibodies to SARS-CoV-2 in human serum and plasma. 

The sample is mixed with the assay diluent, paramagnetic microparticles coated with 

the SARS-CoV-2 antigen, and then incubated. The SARS-CoV-2 antigen-coated 

microparticles attach to the IgG antibodies against SARS-CoV-2 that are present in 

the sample. The combination is cleaned. A reaction mixture is made by mixing in 

the conjugate of anti-human IgG that has been acridinium-labeled. Pre-Trigger and 

Trigger Solutions are added after a wash cycle. A relative light unit is used to 

measure the chemiluminescent reaction that results (RLU). The amount of SARS-

CoV-2 IgG antibodies in the sample and the RLU picked up by the system optics are 

directly correlated. 

3.4.2.2 Procedure  

Serum sample in Eppendorf tube was entered to the equipment (Architect Abbott) 

and analyzed automatically to measure IgG. 

 

3.5 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 table to compare three vaccine and independent sample t test to compere 

groups and LSD to test less significant deference  
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3.6 Ethical considerations 

This study was approved by Ethical Committee at College of Applied Medical 

Science/ University of Kerbala. All subjects involved in this work were informed 

and agreement was obtained verbally from each one before the collection of samples.
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Chapter four 

4   Results and Discussions 

4.1 Distribution of subjects   

Serum sample was collected from One hundred and seventy-four patients, between 

1 November 2021 to April 2022 in Karbala,  Iraq.  the most and main participant were 

medical student in Kerbala university. The information for each participant was 

documented according to the questionnaire form, which include age, sex, weight, 

high, type of vaccine taken, type and date of dose administration, date of previous 

infection if found, and other questions, as shown in questionnaire form in appendix. 

The participants' ages ranged from 18 to 70 years, the mean age was 25.97, they 

were divided into 2 groups: those under 25 years old 109 (62.6 %), and those over 25 

years old 65 (37.3 %). 90 subjects (51.7%) were men and 84 (48.2%) were women. 

105 out of 174 (60.3%) had received the Pfizer vaccine, 59 (33.9%) had received the 

Sinopharm vaccine, and 10 (5.7%) of them had received AstraZeneca. The sample 

was taken at various times and weeks. Some of them 69 had received one dose, with 

a percentage of (39.6%); while the other part 105 had received two doses, with a 

percentage of (60.3%). Additionally, some of them 59 (33.9%) had a confirmed 

infections prior to receiving the vaccine whereas others 115 did not (66%). 

Furthermore, according to BMI, 100 subjects (57.4%) had a normal weight and 50 

(28.7%) had overweight, as shown in Table (4.1). 
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Table 4.1data distribution 

Variables Frequencies (%) 

Gender Female 84 (48.2%) 

Male 90 (51.7%) 

Age (Mean ±SD 25.97 

9±.327) 

More than 25 65 (37.3%) 

Less than 25 109 (62.6%) 

 

Dose 

 First 69 (39.65%) 

Second 105 (60.34%) 

 

Type of vaccine 

 

Pfizer 105 (60.34%) 

Sinopharm 59 (33.9%) 

AstraZeneca 10 (5.7%) 

 

Previous infection 

 

Vaccination without 

previous infection 

 

115 (66%) 

vaccination with previous 

infection 

 

59(33.9%) 

 

 

 

 

 

 



Chapter Four                                                                                                           Results and Discussion  

 

38 
 

Variables  Frequencies  

 

 

 

 

 

Weeks 

 

 

1 week 

 

19 (10.9%) 

 

2-3 weeks 

 

29 (16.6%) 

 

4-5 weeks 9 (5.1%) 

 

6-7 weeks 14 (8%) 

 

8-9 weeks 13 (7.4%) 

 

10& more weeks 90 (52.7%) 

 

 

 Body mass index 

 

Underweight 9 (5.17%) 

Normal weight 100 (57.47%) 

 

Over weight 50 (28.73%) 

Obese 15 (8.62%) 

4.2  Comparison of IgG and IFN-γ concentration among the 

three types of vaccines 

As shown in table (4.2), Comparing anti-spike (IgG) levels among the three 

types of vaccines revealed significant difference. AstraZeneca and Sinopharm's 

vaccines had lower IgG concentrations as compared to Pfizer's vaccine.  

This result is in agreement with previous study in which the author reported 

that the Pfizer BioNTech vaccination produce greater antibody readings after a first 

dose than the Oxford AstraZeneca vaccine (Eyre et al., 2021).  
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Table 4.2 Comparison of IgG and IFN γ level among the three types of vaccines 

 Type of vaccine  

 IgG AU/ml IFN-γ pg/ml 

Mean ± S. D Mean ± S. D 

Pfizer 16960.6 ±11092.0 64.6 ±14.7 

Sinopharm 4118.3 ±1380.3 64.2 ±12.5 

AstraZeneca  3195.6 ±658.6 60.9 ±12.1 

P value  0.00** 0.719 

ISD 2793   

LSD: Least Significant Difference, ** highly significant difference 

Additionally, other study documented that comparison of ChAdOx1 (Oxford-

AstraZeneca) and BNT162b2 (Pfizer-BioNTech) revealed that the mRNA vaccine 

BNT162b2 induces a stronger humoral response than the adenovirus-based 

ChAdOx1 vaccine, both after the first and second doses (Romero-Pinedo et al., 

2022). Moreover, and according to other investigation revealed that those who 

received two doses of BNT162b2 were much more likely to have anti-SARS-CoV-

2 antibodies than those who received Sinopharm (99.4 % Vs 71.0 %, respectively) 

(Gómez de la Torre et al., 2022).   

Additionally, another study was conducted to evaluate the best effective 

vaccination. The results showed that there was no statistically significant difference 

between the antibody titers produced by the Sinopharm traditional inactivated virus 

vaccine and the Pfizer-BioNTech mRNA vaccine (Alqassieh et al., 2021) .  

Comparison of IFN γ levels among the three types of vaccines revealed no 

significant difference. Similarly, previous results showed that there were only 

marginally different variations in the cumulative number of IFN γ producing cells in 

participant vaccinated with mRNA (BNT162b2) and inactivated virus (Sinopharm) 

(Gómez de la Torre et al., 2022).                              
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4.3 Differences in IgG and IFN γ according to age groups 

The overall antibody concentration in participants under the age of 25 was 

higher than that in people above the age of 25. Also, there were significant 

differences among the three types of vaccine within both age groups, and the highest 

concentration was seen in participants vaccinated with Pfizer, as shown in table 

(4.3).  

Table 4.3 Differences in IgG and IFN-γ according to age group 

 LSD: Least Significant Difference, ** highly significant difference, * significant difference 

Despite this, the current study does not observe any significant difference in 

IgG concentration between persons younger and older than 25 whom vaccinated 

with Sinopharm and Pfizer vaccines, whereas, there is a significant difference 

between the two age groups in subjects vaccinated with the AstraZeneca vaccine.   

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

that S1 IgG levels caused by BNT162b2 immunization decreased with age, with the 

maximum amounts seen in people between the ages of 12 and 19(Wei et al., 2022). 

Also, another study documented that the geometric mean titer of anti-spike IgG was 

  

Type of 

vaccine   

  

                           IgG AU/ml            IFN-γ Pg/ml 

Less than 25 More than 25  P 

value  

Less than 25  More than  P value 

Mean ± S. D  Mean± S. D Mean± S. D Mean± S. D 

Pfizer 18329.5±1146

1.0 

14714.2±10204.8 0.109 65.5±14.9 63.1±14.5 0.429 

Sinopharm 4110.8±1274.8 4132.5±1597.1 0.955 64.5±13.1 63.8±11.7 0.852 

AstraZeneca 3551.1±446.3 2662.4±580.9 0.025* 67.0±8.3 51.7±11.5 0.04* 

Total  12505.6±1130

1.4 

10589.8±9634.8  65.2±13.9 62.6±13.6   

P value 0.00** 0.00**  0.89 0.252 
 

 LSD 3577 4405   
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consistently lower in the older age group and declined following the second 

vaccination (Ikezaki et al., 2022).  

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 (Anastassopoulou et al., 2022).  

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. (Collier et al., 2021) 

It has been found that mRNA vaccines (BNT162b2) induce a stronger 

humoral response, both after the first and the second dose, than the adenovirus-based 

ChAdOx1 vaccine on the contrary, IgG1 increased progressively reaching its 

maximum level around 2-4 weeks after the second, boosting, dose and decreasing 

slightly afterwards. Of note, ChAd vaccine induced delayed kinetics, highlighting a 

decreased potency compared to mRNA vaccines (Romero-Pinedo et al., 2022). 

Also, AstraZeneca Vaccine-Induced Prothrombotic Immune Thrombocytopenia 

(VIPIT)., adults under the age of 55 should not receive (Health Ontario, 2021). 

Additionally, it was the first vaccination to reach Iraq and its use was specified. so, 

the significant differences in IgG level between age groups may be due to the low 

antibody concentration and the small number of participants vaccinated with 

AstraZeneca. 

This study approved that the exception of the AstraZeneca vaccine, there were 

no significant differences in IFN γ levels between the two age groups or within either 

group, as shown in table (4.3). However, the mean level of IFN γ for the subjects 

whom less than 25 years were higher than that in subjects with more than 25 years. 

This in agreement with previous study in which the author reported that older 
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participants produce less IFN γ from SARS-CoV-2 spike-specific T cells than 

younger participants did (Collier et al., 2021).  

Additionally, in table (4.4) there were no correlations was found between the 

overall age of participant and IgG, IFN γ levels and also no correlation was found 

between the male and female age in IgG and IFN γ levels. Similarly, in another 

study, Age and RBD-IgG have a poor correlation in males (r = 0.410) and no 

relationship was found in females (Fujigaki et al., 2022). Inversely, the anti-spike 

IgG level was strongly inversely correlated with age in previous study (Ikezaki et 

al., 2022).  

Table 4.4 Relation between ages, sex and IgG /IFN-γ levels 

 

 

 

 

 

Previous studies showed a link between the age and the potency of the humoral or 

cellular response (Ebersole et al., 2018). 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 (Weinberger et al., 2008), 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. Some people actually have 

immune systems that are much older or younger than they are. Some 60-year-olds 

have the immune system of a 40-year-old, while others have an immune system more 

Sample variable p 

value  

 IgG AU/ml IFN-γ Pg/ml 

all sample Age 0.023 0.013 

p value  0.762 0.867 

Male Age 0.033 0.011 

P value  0.758 0.918 

Female Age 0.067 0.019 

P value  0.552 0.864 
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similar to an 80-year-old. The environment and the right system free of harmful 

things can make an older person with immunity better than a person of a younger 

age but with a wrong health system (Simon et al., 2015).  Variations in the results of 

this study in comparison with other study  the context with age and humoral and 

cellular immune response after vaccination and even after infection might possibly 

due to the nature of the place in which the study was conducted, the health system 

that individuals follow, and the differences in sample size and subgrouping of 

participants according to age. 

 

 

 

 

 

 

 

 

 

4.4 Differences in IgG and IFN γ levels with Sex 

As shown in table (4.5), the current study revealed that there was significant 

difference in IgG concentration among the three types of vaccines within male and 

female subjects and the antibody production was higher in participants vaccinated 

with Pfizer. The mean of the IgG concentration was higher in males than females in 

Figure 4.1 Different in IgG levels according to age group 
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subjects vaccinated with Pfizer and AstraZeneca. However, no significant difference 

between males and females’ subjects was observed for each type of vaccines.  

Table 4.5 Differences in IgG and IFN-γ level with sex 

  

Type of 

vaccine   

  

                           IgG AU/ml            IFN-γ Pg/ml 

Male  Female  P 

value  

Male    Female P value 

Mean ± S. D  Mean± S. D Mean± S. D Mean± S. D 

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

Sinopharm 3927.1±1001.5 4273.7±1624.5 0.346 62.7±11.6 65.5±13.3 0.413 

AstraZeneca 3251.4±546.2 2972.5±1300.4 0.622 63.3±12.3 51.1±3.3 0.216 

Total  12020.4±10820.5 11554.6±10687.6 0.95 62.8±13.4 65.9±14.1   

P value 0.00** 0.00**  0.99 0.70 
 

 LSD 4081 3928   
  

LSD: Least Significant Difference, ** highly significant difference 

Similarly, in a previous study, where the Euroimmun 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 (Dörschug et al., 

2021). Additionally, the mean value for all types of vaccines (Sinopharm, 

AstraZeneca, Pfizer) showed no significant differences in IgG titer for vaccinated 

males and females(Abdul-Ghani, 2022). While inversely, 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(Gharpure et al., 2021). 

Regarding the IFN γ, there were no significant differences neither among the 

three types of vaccines, nor between males and females for each vaccine despite that 

the mean level of IFN γ in females were higher than that in males in subjects 

vaccinated with Pfizer and Sinopharm. The IFN γ level was higher in males in 
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comparison to females in subjects vaccinated AstraZeneca. Significant difference in 

the IFN γ levels between male and females in fully vaccinated subjects was observed 

by Kurteva (Kurteva et al., 2022). CD4+ and CD8+ T cells in female generate more 

robust responses to viral infections (Raza et al., 2021).This 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 

(Takahashi et al., 2020). 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 (Fink & Klein, 

2015).Whereas, strong immune response generated by females to self-antigens make 

them susceptible to autoimmune diseases(Klein & Flanagan, 2016). Post-

vaccination adverse events are more common in women, as are adverse events from 

pharmaceutical medications more broadly(Nyankerh et al., 2022) . 

There are also sex differences in antiviral immunity, “caused by sex steroid 

hormone signaling (i.e., testosterone, estrogens, and progesterone), genetics (e.g., 

immune function genes that escape X inactivation), and sex-specific composition of 

the microbiome”. Women seem to recover better from infection as they induce a 

stronger immune response to the virus. Estrogens have also been shown to help heal 

acute lung injury. Sex hormones, for example, testosterone and estrogen, seems to 

play diverse roles in immune responses. While estrogen has immune-stimulatory 

roles, progesterone and androgens are immune-suppressive and counteract the 

pathways affected by estrogen(Ciarambino et al., 2021). 
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Figure 4.2 Differences in IgG concentration between sex among the three types of 

vaccines 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5 Differences of IgG and IFN γ concentrations according to 

dose 

As shown in table (4.6), there was no significant variation between the first 

and second dose for each type of the three vaccines However, there was a significant 

difference in IgG concentration between the Pfizer vaccine and Sinopharm for the 

first dose, and among the three types of vaccine in the second dose. The highest 

concentration was seen in Pfizer vaccine.  

Regarding IFN γ, there were no significant difference between the first and 

second doses for each type of vaccines and among the first dose and second dose for 

all types of vaccines.  

Additionally, comparison the levels between the first and second doses 

revealed the presence of significant difference in IgG and marginally significant in 

IFN γ levels, as shown in table (4.6).  Furthermore, the mean level of both IgG and 
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IFN γ were decreased in the second dose. This might possibly due to that samples 

from more than 78%, 100%, and 75% of the subjects were collected after 10 weeks 

from the administration of the second dose with Pfizer, AstraZeneca, and 

Sinopharm, respectively, Table (4.6).  

Table 4.6 Differences of IgG and IFN γ concentrations according to dose 

  

Type of 

vaccine   

  

                           IgG            IFN gamma 

dose 1 dose 2 P 

value  

dose 1   dose 2 P value   

Mean ± S. D  Mean± S. D Mean± S. 

D 

Mean± S. D 

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

Sinopharm 4498±1592 3934±1245 0.146 68±15 63±11 0.167 

AstraZeneca 
 

3196±659   61±12 
 

P value 0.00 ** 0.00**  0.61 0.84 
 

LSD: Least Significant Difference, ** highly significant difference 

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 (Busà et al., 2022). 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 (Samanovic et al., 2022). 

Moreover, Fonseca, 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)(Fonseca et al., 2022). Tormo 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 (Tormo et al., 2022).   
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Inversely, other study which has been done in Bagdad clarified that the second 

dose of vaccine caused a significant higher increase in the mean levels of IgG (29.08 

± 2.37) as compared to the mean levels (23.42 ± 1.25) of those who were 

administered the first dose all types of vaccine (Abdul-Ghani, 2022). The differences 

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

Table 4.7 Differences in IgG and IFN γ according to dose 

Dose  IgG AU/ML IFN pg/ML 

1 Mean  25200.597 67.109 

St. Deviation  62312.091 16.710 

2 Mean  11563.508 62.374 

St. Deviation  15022.640 18.485 

P value  0.033* 0.08⁑ 

LSD: Least Significant Difference, * significant difference, ⁑ marginally significant 

Table 4.8 Cross-tabulation between the type of dose and weeks after vaccination 

Group Dose   

1 2 Total 

Pfizer  Weeks  

after vaccination  

2 Weeks 15(30%) 4(7.2%) 19 (18.1%) 

4 Weeks 20(40%) 3(5.4%) 23 (21.9%) 

6 Weeks 4(8%) 3(5.4%) 7(6.6%) 

8 Weeks 4(8%) 2(3.6%) 6(5.7%) 

10 Weeks 4(8%) 10(18.1%) 14 (13.3%) 

12 Weeks 0 4(7.25%) 4(3.8%) 

More than12 weeks  3(6%) 29(52%) 32 (30.4%) 

Total  50 55 105 

AstraZeneca  Weeks after  

Vaccination  

8 Weeks  1(10%) 1(10%) 

More than12 weeks  9(90%) 9(90%) 

Total   10 10 

Sinopharm  Weeks after 

Vaccination  

2 Weeks 4(21%) 1(2.5%) 5(8.4%) 

4 Weeks 4(21%) 4(10%) 8(13.5%) 

6 Weeks 2(10.5%) 1(2.5%) 3(5%) 

8 Weeks 0 4(10%) 4(6.7%) 

10 Weeks 0 1(2.5%) 1(1.6%) 
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12 Weeks 0 8(20%) 8(13.5%) 

More than12 weeks  9(47%) 21(52.5%) 30(28.5%) 

Total  19 40 59 

4.6 Differences in Immune Response to Vaccine According to 

Weeks  

IgG antibody concentration for vaccination with Pfizer varied significantly 

among the weeks after vaccination, the concentration increases with weeks and the 

maximum concentration occurring between the sixth and seventh weeks and the 

lowest concentration being between the tenth and above weeks. The weeks after 

vaccination do not significantly differ for the Sinopharm and AstraZeneca 

vaccinations (AstraZeneca is the first type of vaccine introduced in Iraq and thus the 

number of participants were low and had the vaccine before long period of time from 

this study). Additionally, Comparison the antibody levels and their presence for 

weeks after vaccination among the three types of vaccines revealed that they were 

significantly different and that the Pfizer vaccine had the highest level of antibody, 

as shown in table (4.9). 

Table 4.9 Differences in IgG against vaccine within weeks 

IgG AU/ml 

  

Type of 

vaccine   

  

 1 week  2-3 weeks  4-5 weeks  6-7 weeks 8-9 weeks  10 & more   

Mean ± S. D Mean ± S. D Mean ± S. D Mean ± S. D Mean ± S. D Mean ± S. 

D 

P 

value 

LSD 

Pfizer 16293.7 

±12400.9 

19491.7 

±11842.4 

21624.3 

±8893.2 

25312.5 

±8736.1 

20010.0 

±10850.7 

12965.2 

±9786.9 

.023 7054 

Sinopharm 4388.4 

±1725.9 

4318.7 

±1765.9 

3814.9 

±111.9 

3309.0 

±164.9 

3637.7 

±10.4 

4174.2 

±1411.8 

.848   

AstraZeneca       3081.2   3208.3 

±697.2 

.867 

Total  13787.3 

±12040.4 

15306.1 

±12189.5 

17666.6 

±10999.6 

16125.4 

±13059.3 

17491.2 

±11658.3 

8225.1 

±8117.4 

  



Chapter Four                                                                                                           Results and Discussion  

 

50 
 

P value 0.078⁑ 0.001** 0.031* 0.002** 0.064⁑ 0.00** 

LSD    
 

4512   2995 

*Significant difference at 0.05 level, ** highly significant difference, ⁑ marginally significant 

difference 

In the line of the current study, in previous studies, the mean anti-RBD IgG 

titer differs widely amongst various vaccination types. Participants who received a 

third booster shot of the vaccination had the highest titer levels, followed by the 

Pfizer/BioNTech, AstraZeneca, and Sinopharm vaccines. The Pfizer vaccination 

group had the highest mean titer levels of anti-RBD IgG antibodies after vaccination, 

but their levels began to decline after 60 days, in contrast to AstraZeneca and 

Sinopharm vaccine-induced antibodies, whose mean titers remained stable until 120 

days but whose levels were significantly lower. The Sinopharm vaccination group 

suffered from the majority of breakthrough infections, which occurred at sporadic 

intervals for the three primary vaccine kinds.(Sughayer et al., 2022) 

The Pfizer/BioNTech vaccine is about 90% effective against illnesses with 

high viral loads, per the manufacturer's specifications, but only one month after the 

second dosage. However, after two months and three months, this effectiveness falls 

to 85% and 78%, respectively. These statistics show a loss of several percentage 

points in the vaccine's protective abilities. In contrast, the Oxford/AstraZeneca 

vaccine's effectiveness dropped by only six percentage points (the equivalent 

protection was 67 %, 65 % and 61 % over the same period) Consequently, this 

mRNA vaccine caused a rapid loss of antibodies in the first six months following 

the second dosage. (Pouwels et al., 2021). 

Concerning IFN γ, there were no significant differences in concentration 

either between three types of vaccines in each week nor between the weeks after 
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each vaccine, with higher concentration in the sixth to seven weeks as shown in table 

(4.10). 

Table 4.10 Differences in IFN-γ for vaccine within weeks 

                                                                                  IFN-γ Pg/ml 

  

Type of 

vaccine   

  

 1 week  2-3 weeks  4-5 weeks  6-7 weeks 8-9 weeks  10 & more   

Mean ± S. D Mean ± S. 

D 

Mean ± S. D  Mean ± S. 

D 

 Mean ± S. 

D 

 Mean ± S. 

D 

P 

value  

Pfizer 67.0 ±16.1 64.0 ±15.0 72.7±14.5 72.8 ±15.1 57.6 ±14.0 63.1 ±13.7 0.174 

Sinopharm 67.1 ±15.5 60.9 ±13.5 53.1 ±3.6 69.9 ±13.5 73.1 ±20.3 64.1 ±12.0 0.540 

AstraZeneca       64.9   60.4 ±12.7 0.745 

Total  67.0 ±15.5 63.2 ±14.4 68.4 ±15.3 71.2 ±13.4 60.0 ±15.2 63.3 ±12.8   

P value 0.99 0.617 .112 ± 0.863 0.195 0.736 

 

This result is in consistent with studies that show T cells produced much less 

IFN γ in the first two weeks following the second dose of the vaccine. This down 

regulation of the immune response may be due to regulatory T cells (Tormo et al., 

2022). Inversely, IFNγ production was found to be increased after 2 weeks from the 

second dose to levels similar to those achieved after the first dose   (de Wolf et al., 

2017, Tormo et al., 2022). 

Figure (4.3), reflects that the antibody production appears to be higher in 

males than the females during the seven weeks from vaccination. However, females 

produce more antibodies than male after the seven weeks. Inversely, IFN γ levels 

were higher in females during the first 5 weeks and after the 7th week the cytokine 

level was higher in males as show in figure (4.4).     
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Figure 4.3 Differences IgG level, weeks, after vaccination 

Figure 4.4 Sex difference in IFN γ level weeks after vaccination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disagree with study published the evaluation of IgG titers between males and 

females showed levels increased in females in first (3 weeks) and second (4weeks 

and more) dose, and increase in igg concentration after second dose more than in 

female and decrease more than male after 6 months from second dose (Fonseca et 

al., 2022). 
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         inversely demonbreum documented that after 2 doses, IgG levels remained 

significantly higher for women compared to men while percent inhibition was 

similar (Demonbreun et al., 2021). Importantly, these sex-based differences in 

humoral immunity contribute to variation in the responses to vaccines and may 

explain some disparities in vaccine efficacy between the sexes. Elevated humoral 

immunity in females compared with males is phylogenetically well conserved, 

suggesting an adaptive advantage of elevated antibody for reproductive success, 

including for the transfer of protective antibodies to offspring (Higher B cell activity, 

including antibody production and activity of memory B cells, in females might 

improve vaccine efficacy in females compared with males)(Fink & Klein, 2018). 

 

4.7 Differences in IgG and IFN γ level between previously 

Infected and uninfected subjects  

As shown in Table (4.11), there were no statistically significant difference in 

IgG and IFNγ mean levels between vaccinated subject with confirmed previous 

infection group versus vaccinated subject without apparent previous infection in 

subjects vaccinated with Pfizer (p value, 0.354 and 0. 53, respectively) and 

Sinopharm (p-value, 0.896 and 0.07, respectively). However, there were significant 

difference in case of AstraZeneca vaccine regarding IgG levels (p-value,0.04) but 

no significant difference concerning IFNγ level (p-value, 0.923). Additionally, there 

were significant differences in IgG antibody level (but not in IFNγ levels) among 

the vaccinated subjects with three types of vaccines within group of confirmed 

previous infection and among vaccinated subjects without confirmation of previous 

infection.  
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Table 4.11 Differences in IgG and IFN γ level between previously Infected and uninfected subjects 

  

Type of 

vaccine   

  

                           IgG AU/ml            IFN-γ Pg/ml 

Vaccinated 

without 

confirmed 

previous infection 

Vaccination with 

confirmed 

previous infection 

P 

 

value  

Vaccinated 

without 

confirmed 

previous infection 

Vaccinated with 

confirmed 

previous 

infection 

P 

value

   

Mean ± S. D  Mean± S. D Mean± S. D Mean± S. D 

Pfizer 16159.3 ±11561.2 18331.3 ±10242.7 0.354 65.6 ±14.1 63.0 ±15.7 0.53 

Sinopharm 4143.1 ±1228.6 4040.5 ±1831.0 0.896 65.9 ±12.7 58.9 ±10.6 0.07⁑ 

AstraZeneca 3663.2 ±539.2 2884.0 ±561.1 0.04* 61.0 ±16.9 60.8 ±9.5 0.923 

P value           0.00** 0.00**  0.79 0.647   

  

 LSD 3387 5178   
  

*Significant difference at 0.05 level, ** highly significant difference, ⁑ marginally significant 

difference 

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 (Tretyn et al., 2021).  

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 (Sasikala et al., 2021). 

Tormo, 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 (Tormo et al., 2022).  

Moreover, Tretyn and Abdul-Ghani documented that in vaccinated 

individuals who had experienced COVID-19 infection, IgG levels were found to be 

at their greatest (Tretyn et al., 2021, Abdul-Ghani, 2022).  
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There are only a handful of studies on the importance of previous infection in 

improve immune response to covid vaccine. However, researchers found that people 

who had hybrid immunity is more protective than either vaccination or infection 

alone. So, compared to individuals with only natural immunity, those who had been 

exposed to the virus and received a single dose of the COVID vaccination were 58% 

less likely to contract it again. Those with two-dose and hybrid immunity had a 66% 

lower chance of reinfection. The combination of a previous SARS-CoV-2 infection 

and a respective vaccination seems to confer the greatest protection against SARS-

CoV-2 infections immunity acquired from a previous infection plus either one or 

two doses of a COVID-19 vaccine(Nordström et al., 2022). 

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  (Wang et al., 2021). 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(Oran & Topol, 2020). However, it has been reported that more than 30% 
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of population were infected without symptoms and 80% of population have a mild 

illness, much like normal flu or bad cold.  

 

4.8 Differences in IgG and IFN γ according to BMI  

The statistical analysis of the current study revealed that the antibodies 

concentration is significantly different among the three types of vaccines in 

overweight and obese subjects. Whereas no noticeable difference was found in case 

of underweight subjects. The mean was higher in subjects vaccinated with Pfizer 

than that in subjects vaccinated with other two types of vaccines.  Moreover, the 

mean antibody concentration of patients with normal weight and those in other 

groups (underweight, overweight, and obese) who received the Pfizer vaccine 

showed a slightly significant difference (0.061), table (4.12). 

Table 4.12 Differences in IgG according to BMI 

                                                                        IgG AU/ml 

 

Type of 

vaccine 

  

 Underweight normal weight Overweight Obese P value 

Mean± S. D Mean± S. D Mean± S. D Mean± S. D 

Pfizer 10254.0±5650.7 19345.6±11409.7 13815.7±10416.2 13921.0±9247.9 .061⁑ 

Sinopharm 3398.1±  4315.52±16591.1 3847.5±834.0 3802.5±254.7 .604 

AstraZeneca 3975.8±  3390±730.1 2827.2±710.1 2968.6±159. .468 

P value 0.493 0.00** 0.00** 0.05* 
 

LSD   3752 4878 7894 
 

 *Significant difference at 0.05 level, ** highly significant difference, ⁑ marginally significant 

difference 
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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(Pellini et al., 2021).  

Kooistra, 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 

(Kooistra et al., 2021). 

Inversely, Other previous study showed that following vaccination, BMI had 

no real effect on RBD-specific IgG titers and simulated neutralizing titers(Bates et 

al., 2022a). Also Bates et al., documented that BMI had no influence on the size and 

persistence of the antibody response to mRNA-based vaccinations (Bates et al., 

2022). 

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). 

Table 4.13 Differences in IFN γ according to BMI 

IFN-γ Pg/ml 

  

Type of vaccine   

  

 Underweight normal weight Overweight Obese P value 

Mean± S. D Mean± S. D Mean± S. D Mean± S. D 

Pfizer 59.9±14.7 65.3±15.9 62.7±13.2 68.6±11.1 .663 

Sinopharm 88.6± 63.3±13.1 60.7±8.4 77.9±8.5 .007** 

AstraZeneca 71.6± 62.1±13.3 60.9±11.0 53.0±16.9 .717 

P value 0.337 0.774 0.836 0.05* 
 

LSD 
   

12 
 

 *Significant difference at 0.05 level, ** highly significant difference,  
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Kooistra, reported no potential link between BMI and the cytokine response, 

(Kooistra et al., 2021).  

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. 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 (Piernas et al., 2022). On the other hand, other study 

reported that Current COVID-19 vaccine trials have shown no difference in the 

vaccine efficacy between normal and obese BMI groups (Kipshidze et al., 2021) 

BMI is an effect refers of someone's risk of developing weight-related health 

issues. It has also been used as an indicator of a potential weakened immunological 

response to vaccinations. (Louie et al., 2009) 

All age groups are affected by the global public health crisis of obesity and 

overweight. Both conditions are regarded as multifactorial illnesses that cause an 

abnormal buildup of fatty tissue, and obese or overweight patients exhibit 

immunological as well as metabolic type changes. Additionally, due to these 

immunological alterations, infections are more likely to occur and/or be more 

serious, and immunizations are less effective (Fariñas Guerrero & López Gigosos, 

2021). 

Obesity has been shown to impede the adaptive immunological response to 

infection. Growing evidence points to dysregulation of food, hormone, and 

adipokine levels in the obese as the cause of these T cell metabolic disturbances, 

which in turn suppress this immunological response. (Pugliese et al., 2022). 
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Additionally, Obesity has been demonstrated to lower the number of T lymphocytes 

in the circulation as well as to affect their function by lowering IL-2 receptor 

expression and IFN-γ production (Green & Beck, 2017). 

Additionally, adipocytes have been reported to have increased expression 

levels of the angiotensin converting enzyme 2 receptor, which SARS-CoV-2 uses to 

enter cells, in adipocytes from patients with obesity and type 2 diabetes. Therefore, 

it is possible that adipose tissue could act as a virus reservoir, causing more 

pronounced and long-lasting viral shedding that would result in an ongoing 

inflammatory response and poor outcome.(Gómez‐zorita et al., 2021). 

4.9 Correlation of IgG with IFN γ 

The current study revealed that there was positive significant correlation 

between IgG and IFN γ. This mean that their levels increase/or decreased 

simultaneously, table (4.14). 

Table 4.14 Correlation between IgG and IFN γ 

Correlations 

 IFN-γ 

pg/ml 

 IgG 

AU/Ml 

IFN-γ 

pg/ml 

Pearson Correlation 1 .178* 

Sig. (2-tailed)  .020 

 IgG 

AU/Ml 

Pearson Correlation .178* 1 

Sig. (2-tailed) .020  

*. Correlation is significant at the 0.05 level (2-tailed). 

 

This is in agreement with previous study that showed direct association 

between IgG-S titers and the intensity of IFN- γ response against spike 

antigens(Jesús et al., 2022). 
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 Inversely, the results of the current study inconsistent with other previous 

study in which the author stated that the production of IgG and IFN-γ were closely 

associated, but on an individual basis, they observed that patients with high-antibody 

titers but low IFN-γ levels and vice versa (Schiffner et al., 2021).  Other study 

demonstrate that the strength of CD4+ and CD8+ T cell responses to almost all 

proteins is substantially linked. Follicular helper T cells correlate with humoral 

immunity in the memory phase, and spike-specific T cell responses, which are CD4+ 

dominated, are expected to enhance antibody production (Moss, 2022). 

The main paracrine source of IFN-γ in adaptive immunity is T cells. Due to 

cytotoxic T cell activation, which enhances cell-mediated immunity, IFN-γ is 

essential for upregulating cell surface MHC class I, which is essential for the host 

response to intracellular pathogens like viral infection. IFN-γ is necessary for the 

generation of cytotoxic T cell precursor proliferation and functions directly as a 

cytotoxic CD8 T cell differentiation signal. IFN-γ also increases the expression of 

cell surface MHC class II on APCs, facilitating the activation of CD4 T cells in 

response to peptides. IFN-γ also releases IL2, which activates B lymphocytes to 

produce plasma cells and antibodies, resulting in a humoral immune response 

(Anaya JM, 2013). 
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Conclusions                            

Current study concludes the following:  

1- Participants vaccinated with Pfizer vaccine produces the highest antibody 

and IFN-γ concentration as compared to AstraZeneca and Sinopharm 

vaccines. 

2- Younger participants under the age of 25 had higher antibody and IFN γ 

concentrations than older participants vaccinated with Pfizer and 

Sinopharm but not for the significant level.   

3- Regarding Sex, Pfizer vaccine produce higher antibody level and less 

 IFN-γ in males than females. Sinopharm vaccine produce higher antibody 

and IFN γ levels in females whereas AstraZeneca produce lower antibody 

and IFN γ levels in females. 

4- After the first dose with Pfizer and Sinopharm, antibody and IFN γ 

production were higher than that produced after the second dose but not 

for significant level. 

5- The IgG level was significantly increased with weeks after vaccination 

with Pfizer and the maximum IgG concentration occurred between the 

sixth and seventh weeks. Regarding IFN γ, high level was seen during the 

first week after vaccination with Pfizer and Sinopharm and then raised 

after the 6-7 weeks. 

6- Previous infection with covid 19 seems to have no effect on antibody level 

and IFN γ concentrations after vaccination with Pfizer and Sinopharm. 

Inversely, AstraZeneca produce significant difference in IgG level but not 

in IFN γ level.   
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7- Normal weight subjects might possibly respond better to vaccine and 

produce more antibody level while underweight subjects respond better in 

case of AstraZeneca. 

8- The level of IFN γ and the concentration of IgG were closely related  
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Recommendations 

Current study recommended the following:  

1. Detection of IgG and IFN γ levels before and after vaccination to overcome 

the problem of asymptomatic or mild infections with COVID-19. 

2. Design a cohort study with follow up of the subjects aimed to determine the 

IgG and IFN γ concentration after each dose in each subject. 

3. Study the safety and efficacy of vaccines in immunocompromised 

individuals. 

4. Detection of IgG and IFN- γ in subjects vaccinated with heterologous 

vaccine platform.
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 الخلاصة

هر  ظهو مرض تنفسي حاد وبائي سببه فيروس شديد العدوى وممرض   2019مرض فيروس كورونا  

اواخر   في  الصين  مخاوف    2019في  في  تسبب  مما  العالم  أنحاء  في جميع  بسرعه  ينتشر  ولايزال 

خطيرة ادت الى الإعلان عن حالة طوارئ صحية عامة في جميع أنحاء العالم من قبل منظمة الصحة 

ول على الجهاز  العالمية . أثبتت الأدلة المتزايدة أن انتقال العدوى من إنسان إلى آخر يؤثر في المقام الأ

إنه يهدد  التنفسي السفلي مما يؤدي إلى التهاب رئوي وخيم. حيث  يليه تلف الجهاز  التنفسي العلوي 

 مليون شخص في جميع أنحاء العالم.  37.  6صحة الإنسان والسلامة العامة، قتل أكثر من 

إلى أبريل   2021  أشهر ابتداء من نوفمبر /  6حيث أجريت دراسة )من النوع المقطع العرضي( لمدة  

مشاركا ؛ تم تقسيمهم    174في كلية العلوم الطبية التطبيقية وبلغ العدد الإجمالي للمشاركين    2022  /

شخصًا منهم لقاح سينوفارم ،   59شخصًا منهم تلقى لقاح فايزر ، وتلقى    105إلى ثلاث مجموعات ،  

٪( من الذكور  وثمانية 51.7صًا )أشخاص منهم لقاح الأسترازينيكا ، كان بينهم تسعون شخ  10وتلقى  

عامًا وتم اجراء الاختبارات    70و    18٪( من الاناث  . تراوحت اعمارهم  بين  48.2واربعين شخصا ) 

المناعية لهم ومقارنه النتائج  )القياس الكمي للأجسام المضادة لفيروس كورونا وقياس الانترفيرون 

 كاما (

انواع اللقاحات كان هناك فرق معنوي بينهم حيث ان لقاحا  عند مقارنه تركيز الاجسام المضادة بين  

الاسترازنيكا والسينوفارم هم الاقل تركيزا مقارنه بلقاح الفايزر وعلى الرغم من عدم وجود فروقات 

  25عاما وفئه عمريه اكبر من    25عمري اقل من    همعنويه بين الفئات العمرية المقسمة والتي تشمل فئ 

لعمرية الاصغر اظهرت استجابة اكبر للقاح بتراكيز مناعيه اعلى .  كذلك اظهر  عاما الى انه الفئة ا

الذكور استجابة مناعية اعلى من الاناث وبالأخص المشاركين المطعمين بلقاح الفايزر وكذلك لم تخلو  

بين الذكور مع بعضهم والاناث مع بعضهن .اما بالنسبة الى الجرع   تفاوتات واختلافات  النتائج من 

اك اختلاف معنوي بين الجرعة الاولى والثانية بالنسبة لتركيز الاجسام المضادة للفيروس وكذلك فهن

يختلف  المضادة  الاجسام  تركيز  ان  لوحظ  كذلك  و  الثلاثة  للأنواع  بالنسبة  جرعة  كل  بين  فروقات 

السادس والسابع واقل تركيز كان   الى اعلى تركيز في الاسبوع  في  باختلاف الاسابيع حيث  يصل 

سابقا   والمصابين  الملقحين  الاشخاص  بين  معنوي  فرق  هناك  نلاحظ  لم  .كذلك  العاشر  الاسبوع 

والاشخاص الملقحين وغير المصابين  اما في الاشخاص الذين يعانون من السمنة والذين لديهم وزن  

النهاية  وفي  فيهم  اللقاحات  نواع  لا  المناعية  الاستجابة  بين  معنوي  فرق  هناك  هذه    نستنتج  زائد  من 



فايزر   بلقاح  تطعيمهم  تم  الذين  المشاركين  أن  المضاده    أعلى  ينتجونالدراسة  الاجسام  تركيزمن 

عامًا لديهم أجسام مضادة    25، وكان المشاركون الأصغر سنًا الذين تقل أعمارهم عن  والانترفيرونات  

وتركيزات   الذ -IFNأعلى  بين  فرق  يوجد  ولا   ، سنًا  الأكبر  المشاركين  من  في أعلى  والإناث  كور 

الاستجابة المناعية لـلقاح ، لا فرق بين الجرعة الأولى والثانية بعد التطعيم وليس هناك تأثير للعدوى  

 السابقة في تحسين الاستجابة للقاح.

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

  جامعة كربلاء

 المتكونة لأنواع لقاحات كوفيد المختلفة  IFN- γ, IgGتقييم مستويات

 رساله مقدمه  
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