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< summary

A study was conducted randomized on vaccinated people in Babylon governorate for both
sexes, the number of vaccinated people were 695 people, including 561person taken Pfizer
vaccine, 120 people taken Sinovac, and 14 people taken AstraZeneca, The study report
shows that the highest rate of vaccinated people was Pfizer in the rate of (80.71%) and
followed by the Sinovac vaccine in the rate of (17.36%), While less percentage was
AstraZeneca vaccine in the rate of (2.01%). All vaccinated people in this study were
distributed according to gender (males and females), were found the number of vaccinated
females more than males, the highest number of vaccinated females with Pfizer vaccine
(415), followed by the Sinovac vaccine (31), While less number of vaccinated females with
the AstraZeneca vaccine (8).

Blood was collected from some vaccinated and unvaccinated ,then serum was separated
and then stored in freezing until estimation total protein by Total protein kit and Estimation
the immunoglobulin and complement component C3 and C4 by Mansin method (single
radial immunodiffussion).

The results were appeared investigated the levels of C3, C4, IgG, IgM, and Total protein
concentrations in the serum of the vaccinated people, and compared them with unvaccinated
people. The study had shown elevated levels of C3, IgG, IgM, and Total protein
concentrations serum of the vaccinated people compared with the control, while the
concentration of C4 is low compared with the control .

The conclusions of this study found most common type of vaccine was taken was Pfizer
followed with Sinopharm and less with AstraZeneca, and found vaccines Enhanced humoral
Immune response .
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CHAPTER ONE

INTRODUCTION




1.1: Introduction

Coronavirus is a zoonotic virus, an RNA virus in the family Coronaviridae of the order
Nidovirales[1].It is a family of viruses that cause respiratory infections, which were first
isolated in 1937 and designated coronaviruses, because they have a crown-like appearance
under microscopy, in 1965[2].

The types of coronavirus known to date are as follows: the alpha corona -viruses HCoV-
229E and HCoV-NLG63; the beta coronaviruses HCoV-OC43 and HCoV-HKUL1; SARS-
CoV, which causes severe acute respiratory syndrome (SARS); MERS-CoV, which causes
Middle East respiratory syndrome (MERS); and SARS-CoV-2, a

new coronavirus described in late 2019 after cases were reported in China[2], which causes
the disease known as coronavirus disease 2019 (COVID-19) .

The different vaccine technologies like inactivation, attenuation, nucleic acid, viral vector,
subunit, and viral particle based techniques are employed to develop a safe and highly
efficient vaccine. The progress in vaccine development for SARS-CoV?2 is much faster in the
history of science. Even though there exist of lot of limitations, continuous efforts has put
forward so as to develop highly competent and effective vaccine for many human and animal
linked diseases due to its unlimited prospective. [3].

The aim of the research to survey Types of vaccine in immunization pupils in University
of Babylon and study some humoral parameters in groups of them to achieve this aim,
followed the steps

1- Information's from pupils were collected on type of vaccine and some Questioners.

2- Blood samples was collected randomly from immunized (test group) and un immunized
(as control)

3- Serum was separated to determine total protein concentrations and C-Reactive protein

4- Estimation the Concentrations of immunoglobulin IgG and IgM by single radial immun
diffusion

5- Estimations the concentrations of complement component C3 and C4 By single radial
immun diffusion.

6- study the relation ships among immunological parameters by statistical analysis
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LITERATURE REVIEW.,




2-Literature Review:

2.1: Corona disease:
2.1.1: Historical review:

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a member of the
subgenus Sarbecovirus, causes coronavirus disease 2019 (COVID-19), and the first cases
occurred in late 2019 [4]. On 11 March 2020, the World Health Organization (WHO)
declared the SARS-CoV-2 outbreak to be a pandemic. As of 28 May 2021, almost 3,520,000
deaths and 169,480,000 cases of SARS-CoV-2 infection have been reported worldwide [5].
An understanding of the immune responses to SARS-CoV-2 and the coronavirus vaccines is

necessary because of its rapid spread.

In response to SARS-CoV-2 infection, humans produce specific antibodies, CD4+ T cells,
which activate high-affinity antibodies produced by B cells, and CD8+ T cells, which
destroy infected cells [6-8]

During a global pandemic, mRNA vaccines are the fastest available vaccines due to their
short production time and low biological requirements [4]. These mRNA-based vaccines
avoid the risk of integrating viral genetic material into the host cell’s genome and are capable
of producing pure viral protein. The technology of producing vaccines against COVID-19 in
the form of lipid nanoparticles (LNP) enables the delivery of precise genetic information
along with an adjuvant effect to antigen-presenting cells [4]. The SARS-CoV-2 vaccines are
based on the virus’s mRNA, specifically on the fragment encoding the spike (S) protein,
which attaches the virion to the host cell’s membrane [9]. Moreover, the S1 subunit of the S
protein contains an immunologically relevant receptor-binding domain (RBD), which is a
key antibody target [4]. According to clinical studies, subjects developed a strong dose-
dependent antibody response to the S protein after the first and second inoculations [10].
Neutralizing antibodies were found in all subjects after the second inoculation, and the
antibody titers were equal to or greater than the neutralizing antibody titers of COVID-19
patients [10].

The mRNA vaccine is a Comirnaty concentrate from Pfizer and BioNTech. One dose (0.3

mL) contained 30 micrograms of the COVID-19 mRNA vaccine. The active substance of the
10



preparation is the mRNA that encodes the spike protein of the virus and acts as an antigen
[11,12]. The vaccine also contains four types of fats in the form of lipid nanoparticles: (4-
hydroxybutyl)azanediyl, bis(hexane-6,1-diyl), bis(hexyl-2-decanoate), (ALC-0315),2-
((polyethylene glycol)-2000)-N, N-ditetradecylacetamide (ALC-0159), 1,2distearoyl-sn-
glycero-3-phosphocholine (DSPC), cholesterol and other substances such as potassium
chloride, potassium dihydrogen phosphate, sodium chloride, disodium phosphate dehydrate,
saccharose, and water for injections [11]. Comirnaty is indicated for the active immunization
of a person from the age of 16 years for the prevention of COVID19 disease caused by the
SARS-CoV-2 virus. The product is administered intramuscularly into the deltoid muscle

after dilution, and a second dose is administered after at least 21 days [11,12].

The immune response to COVID-19 is poorly understood. There is insufficient knowledge
about safe and immunologically effective vaccination strategies against SARS-CoV-2, and it
Is not known which vaccination strategies will be most effective [13]. Moreover, there is still
insufficient information on the short- and long-term effects of these mMRNA vaccinations.
The aim of the research was to determine the humoral and cellular responses in vaccinated

persons and in convalescents.

2.1.2: classification of coronavirus:

Coronaviruses members of Coronaviridae family, and are Orthocoronavirinae subfamily of
the Nidovirales order. Among RNA viruses, CoVs have the largest genomes, with genome
sizes ranging 26 - 32 kb. Depending on genetic and antigenic criteria, coronaviruses are
classified into four genera: alphacoronavirus (a-CoV), betacoronavirus (B-CoV),
gammacoronavirus (y-CoV), and deltacoronavirus (8-CoV)[14]. Bats and mice act as
reservoirs for alpha and beta coronaviruses, while birds serve as reservoirs for gamma and
delta coronaviruses[15].SARS-CoV-2 belongs to the subgenus Sarbecovirus of the genus
Betacoronavirus, according to phylogenetic analysis as shown in Figure (1-1) [16].
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Figure( 2.1): Classification of SARS-CoV-2.
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2.1.3: Structure of coronavirus:

Coronaviruses are large particles viruses that are spherical in shape and have spikes that
form a surface projection[17].The particles are about 125 nanometers in diameter. The
envelope diameter is 85nm, and the spikes are 20 nm long; however, SARS-spikes Cov-2S
ato larger, increasing its pathogenicity. The viral envelope, like any other membrane, was
made up of a lipid bilayer and a variety of proteins with structural functions, including
membrane (M), envelope (E), and spike (S)[17]in a ratio of E:S:M 1: 20:300[18].The
particle's total number of spikes is about 74 [19].However, as shown in figure (1-2), SARS-
CoV-2 has another short projection of a proteinous structure known as hemagglutinin
esterase (HE)[20].
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The spikes are folded into homotrimers and are divided into two sections, Sl is the spike's
head structure, with receptor-binding domains (RBD) that The spikes are folded into
homotrimers and are divided into two sections, contain the signal peptide, and s2 is the
spike's stem, with heptad repeat regions (HR1 and HR2) and a putative fusion peptide (F).
The transmembrane domain and endo-domain, are also present. All of these subunits aid in
the activation of these subunits to facilitate fusion, which is essential for pathogenesis and
maintaining envelope integrity [21].Finally, the nucleocapsid is made up of nucleic acid
(positive-sense single-stranded RNA genome) folded on several copies of proteins

(nucleocapsid, N). The organization is organized in a continuous bead-on-a- string pattern

a) SARS - CoV 2
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[21].All of these structures are essential for the virus's defense when it is outside of host cells
[22].

Figure (2.2): Structure of SARS-CoV-2(Cui et al.; 2019).

2.1.4:Coronavirus Transmission:

SARS-CoV-2, the virus, mainly spreads from person to person. People release respiratory
fluids during exhalation (e.g., quiet breathing, speaking, singing, exercise, coughing,
sneezing) in the form of droplets across a spectrum of sizes. These droplets carry virus and
transmit infection. The largest droplets settle out of the air rapidly, within seconds to
minutes. The smallest very fine droplets, and aerosol particles formed when these fine
droplets rapidly dry, are small enough that they can remain suspended in the air for minutes

to hours.
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Risk of transmission is greatest within three to six feet of an infectious source where the
concentration of these very fine droplets and particles is greatest. If you breathe them in or
swallow them, the virus can get into your body. Some people who have the virus don't have
symptoms, but they can still spread the virus.

While less likely, you can also get the virus from touching a surface or object the virus is on,
then touching your mouth, nose, or possibly your eyes. Most viruses can live for several
hours on a surface that they land on. A study shows that SARS-CoV-2 can last for several
hours on various types of surfaces:

I.  Copper (pennies, teakettles, cookware): 4 hours.
Ii.  Cardboard (shipping boxes): up to 24 hours.
ii.  Plastic (milk containers, detergent bottles, subway and bus seats, elevator buttons):2 to
3 days.
Iv.  Stainless steel (refrigerators, pots and pans, sinks, some water bottles): 2 to 3 days.

That's why it's important to wash or sanitize your hands regularly and disinfect surfaces to
get rid of the virus.

Some dogs and cats have tested positive for the virus. A few have shown signs of illness.
There's no evidence that humans can catch this coronavirus from an animal, but it appears it
can be passed from humans to animals.[23]

2.1.5: Symptoms of coronavirus :

People with COVID-19 have had a wide range of symptoms reported — ranging from mild
symptoms to severe illness. Symptoms may appear 2-14 days after exposure to the virus.
Anyone can have mild to severe symptoms. People with these symptoms may have COVID-
19 including: Fever or chills, Cough, Shortness of breath or difficulty breathing, Fatigue,
Muscle or body aches, Headache, New loss of taste or smell, Sore throat, Congestion or
runny nose, Nausea or vomiting, and Diarrhea. This list does not include all possible
symptoms . Older adults and people who have severe underlying medical conditions like
heart or lung disease or diabetes seem to be at higher risk for developing more serious
complications from COVID-19 illness [24].

2.2: Vaccines and types of vaccines used against COVID-19:
+ The COVID-19 vaccine may help:

v" Prevents you from contracting COVID-19 or from becoming seriously ill or dying
from COVID-19
14



v' Preventing the spread of COVID-19 to others

v The number of vaccinated community members increases against COVID-19 -
which slows the spread of the disease and contributes to herd immunity (so-called
herd immunity(

v' It prevents the virus that causes COVID-19 from spreading and replication, the two
processes that allow it to create a mutation that may be better able to resist vaccines.

%+ The COVID-19 vaccine can cause minor side effects after the first or second
dose, including: Pain, redness, or swelling where the vaccine was injected, fever,
fatigue, headache, muscle pain, chills, Joint pain, Nausea and vomiting, feeling,
unwell, and swollen lymph nodes

You may be monitored for 15 minutes after receiving the COVID-19 vaccine to be sure of
any immediate reaction to your doctor. Most side effects go away within a few days. The
side effects of the second dose may be more severe. Many people do not get side effects.

2.2.1: Pfizer-BioNTech COVID-19 Vaccine ( known as COMIRNATY):

+ General Information

a. Manufacturer: Pfizer, Inc., and BioNTech

b. Number of Shots: 2 shots, 21 days apart
Moderately or severely immunocompromised people ages 5 years and older should get
an additional primary shot at least 28 days after their second shot.

c. Booster Shot: Everyone ages 12 years and older is recommended to get a booster

shot at least 5 months after completing their Pfizer-BioNTech primary series. Teens

12-17 years old can only get a Pfizer-BioNTech COVID-19 vaccine booster. For

adults 18 vyears and older, a booster dose of either Pfizer-BioNTech

or Moderna (MRNA COVID-19 vaccines) is preferred in most situations.

Type of Vaccine: mMRNA

How Given: Shot in the muscle of the upper arm

Does NOT Contain: Eggs, preservatives, latex, metals

Name: BNT162b2

Brand name: COMIRNATY

S@ oo

*

Ingredients in the original Pfizer-BioNTech COVID-19 vaccine for people ages 12
years and older

The original Pfizer-BioNTech COVID-19 vaccine for people ages 12 years and older
contains the following ingredients:

15


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/booster-shot.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html

Type of Ingredient:
A. Messenger ribonucleic acid (MRNA):

Nucleoside-modified mRNA encoding the viral spike (S) glycoprotein of SARS-CoV-
2

Purpose : Provides instructions the body uses to build a harmless piece of a protein from the
virus that causes COVID-19. This protein causes an immune response that helps protect the
body from getting sick with COVID-19 in the future.

B. Lipids (fats):
v 2[(polyethylene glycol (PEG))-2000]-N,N-ditetradecylacetamide.
v 1,2-distearoyl-sn-glycero-3-phosphocholine.
v Cholesterol (plant derived).
v ((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate).
Purpose : Work together to help the mRNA enter cells.
C. Salts and sugar:
v Dibasic sodium phosphate dehydrate.
v Monobasic potassium phosphate.
v Potassium chloride (common food salt).
v Sodium chloride (basic table salt).
v Sucrose (basic table sugar).

Purpose: Work together to help keep the vaccine molecules stable while the vaccine is
manufactured, frozen, shipped, and stored until it is ready to be given to a vaccine recipient.

The Pfizer-BioNTech vaccine is recommended for people ages 5 years and older but If you
have had a severe allergic reaction or have a diagnosed allergy to any ingredient in the
Pfizer-BioNTech COVID-19 vaccine (such as polyethylene glycol), you should not get this
vaccine.

If you had a severe allergic reaction after getting a dose of the Pfizer-BioNTech COVID-
19 vaccine, you should not get another dose of an mRNA vaccine.[25]

2.2.2: Sinopharm COVID-19 Vaccine (BBIBP-CorV):

16



The Sinopharm BIBP COVID-19 vaccine, also known as BBIBP-CorV,[26] the Sinopharm
COVID-19 vaccine,[27] or BIBP vaccine,[27,28,29] is one of two inactivated virus COVID-
19 vaccines developed by Sinopharm's Beijing Institute of Biological Products (sometimes
written as Beijing Bio-Institute of Biological Products,[30] resulting in the two different
acronyms BBIBP and BIBP for the same vaccine). It completed Phase |11 trials in Argentina,
Bahrain, Egypt, Morocco, Pakistan, Peru, and the United Arab Emirates (UAE) with over
60,000 participants[31]. BBIBP-CorV shares similar technology with CoronaVac and
Covaxin, other inactivated virus vaccines for COVID-19[32]. Its product name is SARS-
CoV-2 Vaccine (Vero Cell),[33,34,35] not to be confused with the similar product name of
CoronaVac[36,37]. Peer-reviewed results published in JAMA of Phase Il trials in United
Arab Emirates and Bahrain showed that the vaccine 78.1% effective against symptomatic
cases and 100% against severe cases (21 cases in vaccinated group vs. 95 cases in placebo
group)[38]. In December 2020, the UAE previously announced interim results showing 86%
efficacy[39].

While mRNA vaccines like the Pfizer—BioNTech COVID-19 vaccine and Moderna
COVID-19 vaccine showed higher efficacy of over 90%, those present distribution
challenges for some nations as they require deep-freeze facilities and trucks. The BIBP

vaccine could be transported and stored at normal refrigerated temperatures.[40]

The vaccine is being used in vaccination campaigns by certain countries in
Asia,[41,42,43] Africa,[44,45,46]. South America,[47,48,49] and Europe.[50,51,52]
Sinopharm expects to produce one billion doses of the vaccine in 2021[53]. By May,
Sinopharm had supplied 200 million doses[54].

On (7 May 2021), the World Health Organization approved the BIBP vaccine for use in
COVAX]55,56]. Sinopharm has signed purchase agreements for 170 million doses from
COVAX][57].

The similarly-named Sinopharm WIBP COVID-19 vaccine is also an inactivated virus
vaccine.

17



Similar to Sinovac, Sinopharm vaccine is a vaccine that uses inactivated COVID-19 virus
to teach your immune system to make antibodies against COVID-19, creating an immune
response to COVID-19.

When introduced to your body, your immune system will make antibodies against the
coronavirus, attaching to viral proteins. As the vaccine uses a dead or inactivated virus, the
vaccine can be safely injected into the arm without causing the individual to develop
COVID-109.

Once the vaccine is in your system, some of the inactivated viruses will be absorbed by a
type of immune cell called the anti-gen presenting cell. This type of cell will then display
some of the fragments of inactivated virus on its surface, then known as a helper T cell. If the
fragment fits onto the surface protein of the cell, it then can be activated and gets other

immune cells to also respond to the vaccine.

When you are vaccinated with Sinopharm, your body’s immune System can respond to an

infection of live coronaviruses by producing antibodies to block the virus.

¢ General Information P ?
e Inactive COVID-19 virus It uses inactivated virus to fight against o

COVID-19, o

Sinopharm uses a traditional and widely known method of inactivated d »

virus to protect against COVID-19.

e The virus is inactivated through chemical treatment, e T &

Beta-propiolactone is the chemical that binds to the SARS-CoV-2 -
virus’ genetic material and inactivates it, preventing it from replicating and C
causing COVID-19.

e |t is stored at normal fridge temperatures,

Like the traditional flu vaccination, Sinopharm can be stored at
normal refrigerator  temperatures.

2.2.3: AstraZeneca vaccine:

18



The Oxford—AstraZeneca COVID-19 vaccine, codenamed AZD1222[58], and sold under
the brand names Covishield[59] and Vaxzevria[60,61] among others, is a viral vector
vaccine for prevention of COVID-19. Developed in the United Kingdom by the Oxford
University and British-Swedish company AstraZeneca [62,63,64]. Using as a vector the
modified chimpanzee adenovirus ChAdOx1[65]. The vaccine is given by intramuscular
injection. Studies carried out in 2020 showed that the efficacy of the vaccine is 76.0% at
preventing symptomatic COVID-19 beginning at 22 days following the first dose, and 81.3%
after the second dose[66]. A study in Scotland found that, for symptomatic COVID-19
infection after the second dose, the vaccine is 81% effective against the Alpha variant
(lineage B.1.1.7), and 61% against the Delta variant (lineage B.1.617.2)[67].

The vaccine is stable at refrigerator temperatures and has a good safety profile, with side
effects including injection-site pain, headache, and nausea, all generally resolving within a
few days[68,69]. More rarely, anaphylaxis may occur; the UK Medicines and Healthcare
products Regulatory Agency (MHRA) has 268 reports out of some 21.2 million vaccinations
as of 14 April 2021[69]. In very rare cases (around 1 in 100,000 people) the vaccine has been
associated with an increased risk of blood clots when in combination with low levels of
blood platelets (Embolic and thrombotic events after COVID-19 vaccination)[70,71,60].
According to the European Medicines Agency as of 4 April 2021, a total of 222 cases of
extremely rare blood clots had been recorded among 34 million people who had been

vaccinated in the European Economic Area (a percentage of 0.0007%)[72].

» Medical uses

The Oxford—AstraZeneca COVID-19 vaccine is used to provide protection against infection
by the SARS-CoV-2 virus in order to prevent COVID-19 in adults aged 18 years and
older[60]. The medicine is administered by two 0.5 ml (0.017 US fl oz) doses given by
intramuscular injection into the deltoid muscle (upper arm). The initial course consists of
two doses with an interval of 4 to 12 weeks between doses. The World Health Organization

(WHO) recommends an interval of 8 to 12 weeks between doses for optimal efficacy[73].

There is no evidence that a third booster dose dose is needed to prevent severe disease in
healthy adults[73,74].
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» Pharmacology:

The Oxford—AstraZeneca COVID-19 vaccine is a viral vector vaccine containing a
modified, replication-deficient chimpanzee adenovirus ChAdOx1[65]. Containing the full-
length codon-optimized coding sequence of SARS-CoV-2 spike protein along with a tissue
plasminogen activator (tPA) leader sequence[75,76]. The adenovirus is called replication-
deficient because some of its essential genes required for replication were deleted and
replaced by a gene coding for the spike protein. However, the HEK 293 cells used for
vaccine manufacturing, express several adenoviral genes, including the ones required for the
vector to replicate[77,78,79]. Following vaccination, the adenovirus vector enters the cells
and releases its genes, in the form of DNA, which are transported to the cell nucleus;
thereafter the cell's machinery does the transcription from DNA into mRNA and the
translation into proteins.[80] The approach to use adenovirus as a vector to deliver spike
protein is similar to the approach used by the Johnson & Johnson COVID-19 vaccine and the
Russian Sputnik V COVID-19 vaccine[81,82].

The protein of interest is the spike protein, an external protein that enables the SARS-type
coronavirus to enter cells through the ACE2 receptor[72]. Producing it following vaccination
will prompt the immune system to attack the coronavirus through antibodies and T-cells if it
later infects the body[28].

2.3: The role of non-specialized immunity:
2.3.1:-Immunoglobulins :
2.3.1.1: Introduction to Immunoglobulins:

Immunoglobulins, also known as antibodies, are glycoprotein molecules produced by
plasma cells (white blood cells). They act as a critical part of the immune response by
specifically recognizing and binding to particular antigens, such as bacteria or viruses, and
aiding in their destruction. The antibody immune response is highly complex and
exceedingly specific. The various immunoglobulin classes and subclasses (isotypes) differ in
their biological features, structure, target specificity and distribution. Hence, the assessment

of the immunoglobulin isotype can provide useful insight into complex humoral immune
20



response. Assessment and knowledge of immunoglobulin structure and classes is also
Important for selection and preparation of antibodies as tools for immunoassays and other

detection applications.[83]

+» Soluble vs. membrane-bound immunoglobulins

Immunoglobulins occur in two main forms: soluble antibodies and membrane-bound
antibodies. (The latter contain a hydrophobic transmembrane region.) Alternative splicing

regulates the production of secreted antibodies and surface bound B-cell receptors in B cells.

Membrane-bound immunoglobulins are associated non-covalently with two accessory
peptides, forming the B-cell antigen receptor complex. The first antigen receptors expressed
by B cells are IgM and IgD. The receptor is a prototype of the antibody that the B cell is
prepared to produce. The B cell receptor (BCR) can only bind antigens. It is the heterodimer
of Ig alpha and Ig beta that enables the cell to transduce the signal and respond to the
presence of antigens on the cell surface. The signal generated causes the growth and

proliferation of the B cell and antibody production inside the plasma cell [83].

2.3.1.2:Structure of immunoglobulins:

Antibody (or immunoglobulin) molecules are glycoproteins composed of one or more
units, each containing four polypeptide chains: two identical heavy chains (H) and two
identical light chains (L). The amino terminal ends of the polypeptide chains show
considerable variation in amino acid composition and are referred to as the variable (V)
regions to distinguish them from the relatively constant (C) regions. Each L chain consists of
one variable domain, VL, and one constant domain, CL. The H chains consist of a variable
domain, VH, and three constant domains CH1, CH2 and CH3. Each heavy _chain has about
twice the number of amino acids and molecular weight (~50,000) as each light chain
(~25,000), resulting in a total immunoglobulin monomer molecular weight of approximately
150,000[84].

2.3.1.3:Classes of immunoglobulins:

The five primary classes of immunoglobulins are 1gG, IgM, IgA, IgD and IgE. These are

distinguished by the type of heavy chain found in the molecule. IgG molecules have heavy
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chains known as gamma-chains; IgMs have mu-chains; IgAs have alpha-chains; IgEs have

epsilon-chains; and IgDs have delta-chains.

Differences in heavy chain polypeptides allow these immunoglobulins to function in
different types of immune responses and at particular stages of the immune response. The
polypeptide protein sequences responsible for these differences are found primarily in the Fc
fragment. While there are five different types of heavy chains, there are only two main types
of light chains: kappa (k) and lambda (}).

Antibody classes differ in valency as a result of different numbers of Y-like units
(monomers) that join to form the complete protein. For example, in humans, functioning
IgM antibodies have five Y-shaped units (pentamer) containing a total of 10 light chains, 10
heavy chains and 10 antigen-binding [84].
2.3.1.4:Complement C3/CA4:

Complement (C3/C4) are proteins that are part of the immune system. Measuring
complement involved a simple blood test that measures the levels of C3 and C4 in the blood.

complement levels is typically done in autoimmune diseases that affect the levels of
complement. For example, in patients with lupus the complement levels can be low when the
disease is active.[85]

C3 and C4 Levels

Complement are small proteins that are produced by the liver. The complement system is
part of the immune system. It’s normal job is to enhance (or complement) the ability of the

immune system to clear foreign invaders.

When the immune system becomes activated (with autoimmune diseases) the complement
system may become involved in the attack. This can result in a reduction in the levels of

complement as it is consumed in the autoimmune attack.

A complement test may be used to monitor people with an autoimmune disorder. It is done
to see if treatment for their condition is working. When the complement system is turned on
during inflammation, levels of complement proteins may go down. For example, people with
active lupus erythematosus may have lower-than-normal levels of the complement proteins

C3 and CA4.[85]. The test may also be done for the following conditions such as Fungal
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infections, Gram negative septicemia, Parasitic infections, such as malaria, Paroxysmal

nocturnal hemoglobinuria (PNH),and Shock.

2.3.2: Total protein:

The total protein test measures the total amount of two classes of proteins found in the fluid
portion of your blood. These are albumin and globulin.

Proteins are important parts of all cells and tissues.

« Albumin helps prevent fluid from leaking out of blood vessels. It also carries
chemicals in your blood.

« Globulins are an important part of your immune system.[86]

2.3.2.1:Total protein range:

The normal range for total protein is between 6 and 8.3 grams per deciliter (g/dL). This
range may vary slightly among laboratories. These ranges are also due to other factors such
as age, gender, population, test method. The total protein measurement may increase during
pregnancy. If total protein is abnormal, additional tests must be performed to identify which
specific protein is low or high before a diagnosis can be made. Elevated total protein may
indicate: inflammation or infections, such as viral hepatitis B or C, or HIV bone marrow

disorders, such as multiple myeloma or Waldenstrom’s disease.

L ow total protein may indicate:

Bleeding, liver disorder, kidney disorder such as a nephrotic disorder or
glomerulonephritis, malnutrition, malabsorption conditions such as celiac disease or
inflammatory bowel disease, extensive burns, agammaglobulinemia, which is an inherited
condition in which your blood doesn’t have enough of a type of globulin, affecting the
strength of the immune system, inflammatory conditions and delayed post-surgery

recovery [87].

2.3.3: C-Reactive Protein:

C-reactive protein (CRP) is an annular (ring-shaped) pentameric protein found in blood

plasma, whose circulating concentrations rise in response to inflammation. It is an acute-
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phase protein of hepatic origin that increases following interleukin-6 secretion by
macrophages and T cells. Its physiological role is to bind to lysophosphatidylcholine
expressed on the surface of dead or dying cells (and some types of bacteria) in order to
activate the complement system via CIq[88]. CRP is synthesized by the liver[89] in response
to factors released by macrophages and fat cells (adipocytes)[90]. It is a member of the
pentraxin family of proteins[89]. It is not related to C-peptide (insulin) or protein C (blood
coagulation). C-reactive protein was the first pattern recognition receptor (PRR) to be
identified[91], CRP binds to the phosphocholine expressed on the surface of dead or dying
cells and some bacteria. This activates the complement system, promoting phagocytosis by

macrophages, which clears necrotic and apoptotic cells and bacteria [92]

2.3.3.1: Role of CRP test in COVID-19:

Based on worldwide data and recommendations from experts, CRP test has become a
requisite for people with COVID-19 admitted in hospitals. What is most significant is that
elevated levels of CRP may help in early detection of cases that can progress into severe
COVID-109.

Though coronavirus is a respiratory virus that replicates in the nose, throat, and lungs,
moderate or severe disease can cause hyper inflammation in the body. This dysregulated
Immune response can be lethal. Hence, keeping a track of inflammatory markers like CRP

becomes crucial.

Normally, CRP level in blood is less than 5 mg/L. According to a study that looked at the
clinical characteristics of people with COVID-19, a significantly elevated CRP levels
(average 20 to 50 mg/L) were seen in COVID-19 cases. People who had severe COVID-19
had a far elevated CRP level as compared to the people with mild disease. CRP elevations
were observed in up to 86% in severe COVID-19 cases. Another study reported that while
those who had severe symptoms had on average CRP levels of 39.4 mg/L, those with mild
symptoms had an average CRP levels of 18.8 mg/L. Other evidence has also shown that CRP

Is increased at the initial stages in the moderate or severe group than those in the mild group.
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The authors also observed that the chances of developing severe symptoms is increased by
5% for every one-unit rise in CRP levels in people with COVID-19.

High CRP levels in COVID-19 cases can indicate the need for hospitalization and advanced

treatment modalities. In a study, people who died from COVID-19 had about 10 fold higher
levels of CRP than those who recovered.[93]
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3-Materials and methods

3.1: Materials:
3.1.1: Instrument and Equipment:
The equipment used in the current study were listed in the table (3-1) below .
Table (3.1) : Instruments and Equipment in this study
Table (3.1) : Materials

Instrument and Equipment Origin
Gloves Malaysia
Cotton Iraq
Alcohol Irag
Tournica China
Syringe China
Gel tube Jordan
Eppendorf tubes China
pastol pipet China
Centrifuges Germany
ELISA reader +Washer USA _Bioteck

3.1.2: Serological kits test:
Table (3.2) : Serological kits test

Kits origin company
Easy RID Italy Liofilchem
Colorimetric total protein kit | France Biolabo
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3.2:Methods:

3.2.1: Sample collection :

Blood samples were collected from Babylon University students, aged between 20-30
years, of both genders (males and females), for the period from {14-11 to 14-12} for the
year 2021-2022.

3.2.2: Separation of the serum:

Separation of the serum A blood sample of 5 ml was withdrawn from the humeral vein
using a special one-time syringe. The drawn blood was placed in tubes containing a gel that
helps to separate the serum. Then the blood was separated using a centrifuge at a power of
4500 for 5 minutes, then the serum was separated using Pasteur pipette and the sera were
kept in Eppendorf tubes and kept by freezing at a temperature of 5 ° C...

3.2.3: Nonspecific humeral immunity:
3.2.3.1: Total protein test :

This test was done to detect total protein by depending of kit procedure.

3.2.3.1.1: Test principle:

Colorimetric method described according to manufacture company The peptide bound of
protein react with Cu+ in alkaline solution to form a coloured complex which absorbance,
proportional to be concentration of total protein in the specimen is measured at 550 nm. The
biuret reagent contain sodium potassium tartrate to complex cupric ions and maintain their
solubility in alkalin solution.

3.2.3.1.2: Testing procedure:

1- The stand reagents and specimen was putted at room temperature.

Pipette into well Reagent Standard
identified test tube blank
Reagent R1 1mi il

Standard 20 ul

Specimen
Demineralized Water

2- All was mixed well and waited for 10 minutes at room temperature.

28



3- Absorbance was recorded at 550 nm(530-570)against reagent blank
3.2.3.1.3 : Calculation:

Abs(Assay)

X Standar concentration
Abs(Standar)

Result =

ESAY RID(Radial immune diffusion) are plates with 12 wells for quantitative
determination in radial immunodiffusion of human plasma proteins in serum and plasma to
estimate of antibodies 1gG,IgM ,IgA and complements C3,C4 were used in the study.

3.2.3.2.1: Princeple of method :

When antigen diffuses from a well into agar containing suitably diluted antiserum, initially
it is present in a relatively high concentration and forms soluble complexes; as the antigen
diffuses further the concentration continuously falls until the point is reached at which the
reactants are nearer optimal proportions and a ring of precipitate is formed. The higher the
concentration of antigen, the greater the diameter of this ring. By incorporating, say, three
standards of known antigen concentration in the plate, a calibration curve can be obtained
and used to determine the amount of antigen in the unknown samples tested.

3.2.3.2.2: Test procedure:

1- ESAY RID was removed from the envelope, open the plate and leave to stand for about 5
minutes at room temperature so that any condenser water in the well can evaporate.

2- The well was filled with 5 pl of undiluted patient sample.

3- The plate was closed with the lid, after the sample has diffused into the gel for about
20,leaved to stand ,overturned into the envelope at room temperature for 48 hours.

3.2.3.2.3: Interpretation of result:

After 48h, measure the diameter of the precipitin ring using a suitable measuring device
(mm) .The protein concentration for the precipitin ring diameters can be read using the
standard table.
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4-Result _and Discussion

Study Population:

A study was conducted randomized on vaccinated people in Babylon governorate for
both sexes, the number of vaccinated people were 695 people, including 561person taken
Pfizer vaccine, 120 people taken Sinovac, and 14 people taken AstraZeneca, The study
report shows that the highest rate of vaccinated people was Pfizer in the rate of (80.71%) and
followed by the Sinovac vaccine in the rate of (17.36%), While less percentage was
AstraZeneca vaccine in the rate of (2.01%) as shown in figure (4.1).

2.01

‘ |

Figure (4.1): Percentage of vaccination groups 1-Pfizer vaccine, 2-Sinovac , 3- AstraZeneca.

The highest rate of vaccinated people was Pfizer in the rate of (80.71%) this result agrees
with (Halim et al., 2021) who said based on the research, the Pfizer vaccine has the highest
percentage efficacy of 95 %, showing that the vaccine is effective, 78% for sinovac vaccine
and 70.4% for AstraZeneca vaccine respectively.

A total of (695) people (males and females) were distributed into two groups according
to Symptom and without symptoms associated with  Pfizer vaccine, Sinovac, and
AstraZeneca where the symptoms were fever and pain. The results showed that the highest
rate of symptoms was in the AstraZeneca vaccines, where the percentage of symptoms of
AstraZeneca(98.85%), followed by the percentage of symptoms of Pfizer vaccine(75.22%),
and the percentage of symptoms of Sinovac (65%) as shown in figure (4.2).
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Figure (4.2): Percentage Symptom and without symptom associated with a-Pfizer vaccine
, b-Sinovac c- AstraZeneca 1- without symptom 2- symptom such as fever and pain.

This agree with (Meo et al., 2021) they reported the COVID-19 vaccines can cause mild
adverse effects after the first or second doses, including pain, redness or swelling at the site
of vaccine shot, fever, fatigue, headache, muscle pain, nausea, vomiting, itching, chills, and
joint pain.

Also, agree with (Malayala, et al., 2021) they reported in the trials related to the vaccine
in the United States for the prevention of COVID-19 infection since December 2020,
appeared Mild to moderate intensity side effects like low-grade fever, myalgia, chills, and
malaise after being taken where the "Moderna vaccine”.

All vaccinated people in this study were distributed according to gender (males and
females), were found the number of vaccinated females more than males, the highest
number of vaccinated females with Pfizer vaccine (415), followed by the Sinovac vaccine
(31), While less number of vaccinated females with the AstraZeneca vaccine (8) shown in
figure(4.3).

1 H1l 1

o2 2 2

3 b

Figure (4.3): Number of a-Pfizer vaccine, b-Sinovac, c- AstraZeneca, groups according
gender 1-male 2 —female.

The study included the recognition of the Concentrations of C3, C4, 1gG, IgM, and
Total protein concentrations, by using the special kit.
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In this study, we investigated the levels of C3, C4, IgG, IgM, and Total protein
concentrations in the serum of the vaccinated people, and compared them with non-
vaccinated people.

The study has shown elevated levels of C3, IgG, IgM, and Total protein concentrations
serum of the vaccinated people compared with the control, while the concentration of C4 is
low compared with the control as shown in tables (1,2,3,4,5).

The mean of C3 concentration in serum of vaccinated people of Pfizer vaccine
was256.2250+78.56689 pg/ml, Sinovac vaccine was 291.3333+43.16901pg/ml and
AstraZeneca vaccine was 328.9000+29.01293pg/ml while control was 282.028+46.18720
pg/ml, there significantly as show in table (4.1).

Table (4.1): Concentrations of C3 among immunization groups

groups Mean +Sd

Control 282.028+46.18720
F 256.2250+78.56689
S 291.3333+43.16901
A 328.9000+29.01293

LSD >0.05  sig=0.27

Complement protein C3 is a central molecule in the complement system, and its
activation is required for all of the system's important functions, including phagocytosis,
local inflammatory responses against pathogens, and instructing the adaptive immune system

to select appropriate antigens for humoral responses (Sahu, and Lambris, 2002).

Kurtovic and Beeson (2021) they said we hypothesize that complement may also have a
protective role and could function to enhance virus neutralization by antibodies, promote
virus phagocytosis by immune cells, and lysis of virus. These functions might be exploited in

the development of effective therapeutics and vaccines against SARS-CoV-2.

In one study, researchers looked at the link between complement and mortality in COVID-
19 disease in humans and discovered that higher C3 levels in the blood were linked to a
lower risk of death compared to those with lower levels (Fanga et al., 2020).

The mean of C4 concentration in serum of vaccinated people of Pfizer vaccine was
77.5500+21.40537pg/ml, Sinovac vaccine was 74.9667+15.95755 pg/ml and AstraZeneca
vaccine was 73.5000+27.36110 pg/ml while control was 89.0060+14.18771 pg/ml there
significantly as show in table (4.2).
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Table (4.2 ): Concentrations of C4 among immunization groups

groups Mean £Sd
Control 89.0060+14.18771
F 77.5500£21.40537
74.9667+15.95755
A 73.5000£27.36110

LSD =>0.05 sig=0.34

The complement system is vital for anti-microbial defense. In the classical pathway,
pathogen-bound antibody recruits the C1 complex that initiates a cleavage cascade involving
C2, C3, C4, and C5 and triggering microbial clearance, human genetics suggest that C4 has
important immune. The importance of C4 in immunity from viral mechanisms where is that
the C4-dependent antiviral mechanism is independent of downstream complement
components (Bottermann et al., 2019).

The study has shown elevated levels of Immunoglobulin G (IgG), and Immunoglobulin

M (IgM) in serum of vaccinated people to all vaccines (Pfizer vaccine, Sinovac vaccine, and

AstraZeneca vaccine), and showed there a significance of (IgG), and (IgM) in serum of
vaccinated people compared with control, as shown in the tables (4.3).

The mean of IgG concentration in serum of vaccinated people of Pfizer vaccine was
3115.0000£620.38648pg/ml, Sinovac vaccine was 3115.0000+£620.38648 pg/ml and
AstraZeneca vaccine was 3582.9667+459.37998 pg/ml  while control  was
2836.4000£943.85630 pg/ml, there significantly as show in table (4.3).

Table (4.3): Concentrations of IgG among immunization groups

groups Mean +Sd
Control 2836.4000+943.85630
F 3115.0000+620.38648
3582.9667+459.37998
A 3485.8333+£307.69131

LSD >0.05 sig=0.20
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Immunoglobulin G (IgG) is an antibody that interacts with a range of antigens and is
essential for protection against invading pathogens. It is one of the most abundant proteins in
human serum, 1gG playing a central role in systemic antiviral immunity. Initial results
suggested that IgM antibodies to SARS-Cov-2 appeared earlier than IgG antibodies, and that
testing both IgM and IgG antibodies might enhance SARS-Cov-2 infection detection
(Elslande, et al., 2020)

The study has shown the concentration of IgG more than compared with control, this agree
with (Wisnewski, et al., 2021) they reported that 1gG levels rose exponentially and
plateaued 21 days after the initial vaccine dose. After the second vaccine dose IgG levels
increased further, reaching a maximum approximately 7—-10 days later, and remained
elevated (average of 58% peak levels) during the additional >100 days follow up period.

The mean of IgM concentration in serum of vaccinated people of Pfizer vaccine was
439.0500+£57.44635 pg/ml, Sinovac vaccine was 459.1333£120.95488 pg/ml and
AstraZeneca vaccine was 525.4667+£112.06770 pg/ml  while control  was
402.3500£172.40591 pg/ml, there significantly as show in table (4.4).

Table (4.4 ): Concentrations of IgM among immunization groups

groups Mean +Sd
Control 402.3500+172.40591
F 439.0500+57.44635

459.1333+120.95488

A 525.4667+112.06770

LSD >0.05 sig=0.22

These data revealed some potential differences in the nature of the humoral response
induced by the three vaccines, these results may be agree with (Parry et al., 2021) who
reported antibody titers by Roche ELISA were 691-fold higher in vaccinated donors with a
previous infection compared to vaccinated people without a previous infection.

Correlation between 1gG and IgM, Correlations between C3 and C4 in serum of
vaccinated people:

Correlation between 1gG and IgM was positive correlation and Show in figure (5),
while the correlation between C3 and C4 was negative correlation Show in figure (6).
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Immunoglobulin M (IgM) and immunoglobulin G (IgG) Il antibody tests are clinically
important because they enable the assessment of humoral immunity after infection and

vaccination (Kitagawa, et al., 2021).

Table (4.5 ): Correlations between 1gG and IgM

19G IgM
19G Pearso_n 1 711
Correlation
Sig. (2-tailed) .010
IgM Pearso_n 11 1
Correlation
Sig. (2-tailed) 010

**_Correlation is significant at the 0.01 level (2-tailed).

IgM and 1gG antibody levels vary with time after infection in COVID-19, which is expected
because antibodies are produced during the lag period after infection, early IgM antibodies
are later replaced by IgG antibodies, and antibody levels in blood generally decrease with
time after infection resolution (Shah, et al., 2021).

This result agree with (Shah, et al., 2021) who said detection of either 1gG or IgM antibodies
was better than 1gG or IgM alone for assessing.

Table (4.6 ): Correlations between C3 and C4

C3 C4
C3 Pearson
Correlation 1 ~298-
Sig. (2-tailed) 281
C4 Pearsop _208- 1
Correlation
Sig. (2-tailed) 281

The complement system has been observed to be activated in coronavirus illness 19
(COVID-19). Immunoassays are commonly used in clinical practice to determine and
monitor complement activation using the complement proteins C3 and C4. C3 and C4 testing
in COVID-19 patients may provide useful information about the balance of 'physiological’
vs. 'abnormal’ complement activation and overall clinical risk, C3 is often decreased through
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consumption during infections whereas a combined reduction in C3 and C4 is observed in
iImmune complex diseases (Zinellu and Mangoni 2021).
Table (4.7): Total protein concentrations

groups Mean £Sd
Control 5.7780+.16574
F 6.1660+.16562
5.5880+.18913
A 5.3980+.15482

LSD >0.05 sig=0.000

conclusions

o most common type of vaccine was taken was Pfizer followed with Sinopharm
and less with AstraZeneca ,and found vaccines

o Vaccine Enhanced humoral immune response

Recommendation
-Study the other immunoglobulin isotypes IgE and IgA

- study some cytokine invaccinated
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