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Abstract- One-hundred and twenty cases studied in this study
for whom they take vaccine dose or not, for infected and non-
infected with coronavirus. They are classified to four groups
(Covid-19 — Non-Vaccinated = CN); (Covid-19 — Vaccinated =
CV); (Non Covid-19 — Non-Vaccinated = NN); (Non-Covid-19 —
Vaccinated = NV) each group involved 30 cases. After
withdrawing the blood from each person, the blood poured into
two tube (5 ml to Gel tube and 2 ml to EDTA tube) and
immunological  parameters  directly  performed by
hematological analyzer, while the serum, after centrifugation of
blood and storing them in special tubes, used to estimation of
IFN- y by Enzyme Linked Immunosorbent Assay (ELIZA) and
Lactate Dehydrogenase (LDH) by chemical analyzer. The study
showed that there is a slight increasing in IFN- y as pro-
inflammatory cytokine and LDH concentration which related
to the severity of the disease, while there is rising in WBC
number both vaccinated groups and cases with COVID-19
infection.
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l. INTRODUCTION

Coronaviruses (CoVs) are a family of covered
viruses, with an enormous range of properties, including
positive-sense, single-stranded RNA viruses, they set many
types of disease in human and large number of animals in
different organs and systems as respiratory, gastrointestinal,
hepatic, and neurological systems [1]. And have been
divided into five genera: a-coronavirus (a-CoV), B-
coronavirus (B-CoV), 8-coronavirus (8-CoV), y-coronavirus
(y-CoV), Omicron with 17 subtypes [2,3].

White blood cells, particularly lymphocytes move
and circulate throughout the body, producing proteins
(cytokines and antibodies) that are help the immune system
to protect the body from fighting germs, T cells kill infected
abnormal cells in the body that have been harmed by viruses
or cancer, whereas B cells fight as viruses and bacteria
extracellularly, lymphocytes, in particular, are white blood
cells, T cells kill cells in the body that have been injured by
viruses or cancer, whereas B cells attack viruses and bacteria.
Lymphocytes move throughout the body, creating antibodies
and proteins to help the immune system resist illness by
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battling pathogens, it seems natural that those who have a
large number of lymphocytes with no signs and symptoms of
coronavirus, this shows that their immune systems are
successfully combatting the coronavirus by creating
antibodies and attacking infected cells [4].

Interferon gamma is a cytokine effector group of cell
mediated immune response, can go through many of anti-
microbial functions, it helps cell to increase ability of
presenting antigens of antigen presenting cells (APCs) by
improving antigen recognition by T-cells, induce antiviral
responses by up-regulating of reactive oxygen species (ROS)
and reactive nitrogen intermediates (RNIs); in addition, IFN-
v activity kills cancer cells by inducing an anti-proliferative
state, and IFN- y activity is largely responsible for pathogen
immunity [5].

Lactate dehydrogenase (LDH) enzyme has a role in
converting of lactate to pyruvate in a lot of cells of body, and
its activity rises during tissue breakdown [6]. This enzyme is
an intracellular enzyme that trigger the oxidation of pyruvate
to lactate in anaerobic glycolysis. Clinically, serum LDH is
regularly measured in numerous diseases, Elevation in serum
LDH concentration is a bad indicate in many diseases, such
as malignancies and inflammation; and this case also
approached by some researches that acute COVID-19 affects
on rising amount of LDH, proving have not be done by any
studies of its impact on COVID-19 severity and mortality, in
conclusion the blood LDH levels can help determine of
severity and mortality of COVID-19 [7].

Multiple investigations, since the current COVID-19
epidemic, have found relationship between falling down of
lymphocyte number and severity of the disease, this
condition is uncommon among infected children, and the
fatality rate is very rare, while it repeats more in old ages,
especially in severe cases, also death rate is higher [8].

The most considerable cells of the non-specific line
of immune response in immune system, Monocytes and
Macrophages, play a crucial role in the body's defense to
combat viral infections, they primarily respond to microbial
antigens by releasing inflammatory mediators in order to
eliminate infectious agents and heal tissue damage;
nonetheless, abnormal changes in their activity, such as
cytokine storm, can be extremely damaging to the host in
corona virus instances of acute respiratory distress
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syndrome. These cells may be engaged in hypersensitive and
aggravated reactions during infection, contributing to tissue
destruction, particularly lung hurt, which results in lung
dysfunction and respiratory disease [9].

The pathology and physiology of severe COVID-19
is characterized by changes in neutrophil numbers,
phenotype, and function. After infection with SARS-CoV-2,
increased of neutrophils count have been found in the
nasopharyngeal epithelium and afterwards in the more
distant parts of the lung [10]. In a number of researches,
eosinopenia has been seen in individuals with moderate-to-
severe COVID-19, and there is a relationship between
eosinopenia and illness severity [11].

Basophils play a major role in the immune response
to the Corona virus. According to earlier studies on viral
infections, a drop in basophil counts may reduce the
efficiency of 1gG responses to Corona virus. According to
the researchers, the decrease in basophils occurred within the
first three days of hospitalization and was quickly reversed
[12].

There is a link betweenCOVID-19 and PLT
parameters, a relationship has been established between
severe COVID-19 patients and a specific coagulation index,
such as a high D-dimer level, a prolonged prothrombin time,
and a low PLT count, according to several investigations
[13].

. MATERIALS AND METHODS

Methods

One Hundred twenty persons participated in this
study as four groups The study includes four groups; (Covid-
19 — Non-Vaccinated = CN); (Covid-19 — Vaccinated = CV);
(Non Covid-19 — Non-Vaccinated = NN); (Non-Covid-19 —
Vaccinated = NV) each group involved 30 cases. For
Evaluation of Interferon gamma (IF-y), Lactate
Dehydrogenase (LDH) and immunological parameters.

Collection of sample

The total collection of 120 blood samples was
aseptically done from all four groups. Seven ml of blood with
drawed from all cases in each group via sterile disposable
syringes. Then the blood samples distributed and poured into
Gel tube (5ml) then centrifuged at 2500 rpm for fifteen
minutes for serum collection; the serum of each patient was
stored in Eppendorf tubes at -20°C until use for performing
IF-y and LDH, and EDTA tube (2ml) for performing
hematological parameters.

IF-y ELISA Test

Interferon gamma was performed for each sample
following the procedure that was conducted according to kit
instructions of ELISA test by (Biotek “ELx800”/ USA) after
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thawing the serum sample and bringing it to room
temperature:

The concentrated standard diluted into small Eppendorf’s
first to get concentrations as (1/ 72 pg/ml, 2/ 48 pg/ml, 3/ 24
pa/ml, 4/ 12 pg/ml, 5/ 6 pg/ml).

Prepare Eliza plate according to the numbers of samples, the
first well leaved empty as blank control. Add 50ul to
standard wells respectively, then added 40pl Sample dilution
buffer with 10ul sample, shaked gentle to be mix well. Then
sealed the plate and incubate for 30 min at 37°C.

Washed the wells 5 times (aspirated and refilled with the
wash solution and discarded after 30 seconds of filling).
Diluted the concentrated (30X) washing buffer before using
with deionized water.

Later added 50ul HRP-Conjugate reagent to each well
without blank well. Incubated and washed as explained in
Step 2 and 3 respectively.

Then added 50 pl Chromogen Solution A and 50 pl
Chromogen Solution B to each well, mixed well and
incubated in a dark place at 37°C for 15 minutes.

Finally added 50 pl stop solution to each well to stop the
reaction. The color changed from blue to yellow as reaction
termination indicator.

Read optical density (absorbance) at 450nm using Eliza
Reader within 15 minutes.

Lactate Dehydrogenase Test

Perform in the LDH test were done by using a full
automated chemical analyzer (Accent 200) (made in
Switzerland and Poland) for determining of their
concentration within serum.

Hematological Tests

Determination of complete blood count (CBC) was
done by using the auto analyzer three parameter Convergys
x3 Hematology Analyzer for each case in all groups within
one hour of sample collection.

Statistical Analysis

Computer program software Statistical package for
Social Sciences (SPSS) version 20 was used for statistical
evaluation analyzing and organizing data in tables.
Quantitative variables were compared accordingly via using
the ANOVA (F-test). Results were considered significant if
the P value was less than 0.05 and highly significant of 0.01.

I1. RESULTS

Mean serum levels of Interferon Gamma.

The Below table represents the mean serum level of
IF-y that significantly upregulated in both vaccinated groups
when compared with other non-vaccinated groups (P<0.05).
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Table: Mean serum levels of IF-y.

Mean + SE
. F-Test
Immunological
P CN cVv NN NV P Value
arameter o
(N0.=30) | (N0.=30) | (N0.=30) | (No.=30) | Probability
IFN-y 7.25+ 11.74 + 6.25 + 1351+ 0.013
(pg/ml) 0.46 @ 3.60° 151° 4.82° S*

P value >0.05: Non significant; *P value <0.05: Significant; **P <0.01: Highly

Significant
ab Different letters: There is Significant difference between them (Duncan)

Mean serum levels of Lactate Dehydrogenase.

After running the samples for evaluation of LDH,
the result reveals that there is significant difference between
NN group with other groups (P<0.05), presented in table
below.

Table: Mean serum levels of LDH.

Mean + SE

F-Test
Parameter CN cV NN NV P Value
(No.=30) | (N0.=30) | (N0.=30) | (No.=30) | Probability

LDH | 41583+ | 41386+ | 387.06 + | 414.23 + 0.012
(ng/ml) | 10.08° | 1072° | 17.56° 751° S*

P value >0.05: Non significant; *P value <0.05: Significant; **P <0.01:
Highly Significant
abe Different letters: There is Significant difference between them (Duncan)

Table: Mean levels of immunological and hematological parameters

Mean + SE
Immunological F'TEISt
Parameters CN cv NN NV 2V ue
(No.=30) | (N0.=30) | (No.=30) | (No.=30) | Probability
WBC 751+ 6.43 = 741+ 6.44 + 0.029
(1073/uL) 0.49° 0222 0.26° 0312 S*
Lymphocyte 208+ 2.04 + 218+ 196+ 0.202
(1073/uL) 0.10° 0.10® 0.10° 0.132 N.S
Monocyte 168+ 0.57 + 0.58 + 049 + 0.017
(1073/uL) 1.112 0.04° 0.04° 0.04" S*
Granulocyte 4.89 + 382+ 451 + 397+ 0.046
(1073/uL) 0.47° 0.192 0.20° 0.22? S*
Plt 270.63+ | 290.64+ | 27567+ | 27230 0.236
(1073/uL) 14.012 9.91° 8.45° 9.792 N.S

P value >0.05: Non significant; *P value <0.05: Significant; **P <0.01: Highly

Significant
ab Different letters: There is Significant difference between them (Duncan)
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Mean levels of immunological and hematological
parameters

The following table shows all means of
immunological and hematological parameters. When the
mean of total WBC count in all groups shows significant
decrease in both vaccinated groups (P<0.05). While, the
mean level of lymphocytes counts reveals non-significant
decrease in NV group according to other groups (P>0.05).
But the mean of monocyte counts of CV group reveals
significant rise in comparison to other groups (P<0.05).
However, the mean counts of granulocyte showed significant
increase in both non-vaccinated groups with vaccinated
groups (P<0.05).

Platelet mean count presents non-significant
difference when between all groups (P<0.05).

V. DiscussION

In the present study, the mean serum level of IFN-y
shows significant upregulated in both vaccinated groups (CV
and NV). Gadotti and his researchers demonstrate the higher
levels of IFN-y were related to a poorer indicator; however,
these levels were not sustained beyond ten days of
symptoms, and mortality increase in individuals with
persistent IFN-y levels [14]. In corona virus recovered
patients, the correlation was very strong between
identification of IFN-y expressing cells by intracellular
cytokine labeling and measurement of soluble IFN-y by
ELISA [15].

Evaluation of serum LDH concentration reveals
that there is significant rising in all three groups (CN, CV,
and NV). It is similar to a study display after the First Dose
of COVID-19 vaccination there is residue of component of
intravascular hemolysis coupled with a major process of
extravascular as demonstrated by the presence of very high
LDH level [16]. Similar to other independent risk factors
increased [17]. The main conclusion of Li and his colleagues'
study is that one of the risk factors of COVID-19 is
increasing of serum LDH; as well as low lymphocyte, beside
of their activity as risk factor they become also risk indicators
for death among COVID-19 patients [18].

In the first few days of disease, the total WBC count
is normal or low, with low lymphocytes and developing
lymphocytopenia in severe instances [19]. But in many other
infection total WBC count shows an increasing [20,21]. As
in the present study, the mean of total WBC count in all
groups shows significant decrease in both vaccinated groups.
While, the mean level of lymphocytes counts reveals non-
significant decrease in NV group according to other groups.
In severe patients, however, lymphocyte number consistently
tended to fall [22]. Dynamic alterations in WBCs and
differential count could be helpful for the prognosis of
COVID-19 patients, the patient's condition should improve
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if these parameters return following continued reduction;
otherwise, the indications may be bad [19]. The majority
vaccinated COVID-19 patients had a low absolute
lymphocyte count, many of them had a lymphocyte count
less than 108 cellssfmm3—which could be the reason for their
inability to establish an immunological response [22]. The
inactivated vaccine recipients also had significantly higher
white blood cell counts and lactate dehydrogenase levels at
admission [18,23].

In severely and critically COVID-19 disease
patients, monocytes were dramatically modified, with an
increased percentage of monocytes and significantly reduced
variety [24]. Vaccination resulted in major alterations in
inflammatory responses, which were found to be mostly
occurring in classical monocytes; vaccination also raised
classical monocyte content, which has been linked to the
development of severe symptoms in monocytes [25]. While
the mean of monocyte counts of CV group reveals significant
rise in comparison to other groups.

In this study, the mean of granulocyte count showed
significant increase in both non-vaccinated groups with
vaccinated groups. Non-severe patients had significantly
greater leukocyte and neutrophil counts, as well as a higher
neutrophil-lymphocyte ratio [26]. Histology revealed
neutrophilic pustular dermatitis in various stages of
progression, sometimes with necrotizing neutrophilic
infiltrate containing nuclear residues ("nuclear dust"), but no
evidence of inflammation of blood vessels, IHC revealed a
high prevalence of neutrophil’s myeloperoxidase and
histiocytes (CD68+), with rare T (CD3+) and B (CD20+)
cells but no plasma cells [27]. The eosinophil count is
particularly decrease [28]. The combination of the maximum
virus protection and the lowest risk of eosinophilic
immunopathology yields the best results [29]. Another study
suggests that corona virus infection might be associated with
suppression of T helper 2 (Th2)-polarized immune responses
and decreased chemotaxis of CRTH2+ cells [30]. Immediate
or type | immunological reaction that occurs after
vaccination, it is the worst type of hypersensitivity and is
triggered by the activation of mast cells and basophils
triggered after binding of IgE to their specific receptor of cell
membrane, the subsequent secretion of inflammatory
mediators (histamine, tryptase, cytokines, and chemokines)
causes a fast indicator from mild symptoms (like pruritus,
urticaria, headache, metallic taste, and disorientation) to life-
threatening symptoms like mucosal swelling, tachycardia,
bronchoconstriction, vomiting and diarrhea, seizures,
vasodilation, and shock, to confirm the diagnosis, at least two
organs must be involved. It need prompt treatment to avoid
disease-specific death [31].

The results of the blood tests were separated into
two groups: severe and non-severe, and Mann-Whitney U
nonparametric tests were used to compare them. In the severe
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sample group, Lym percent and HGB were much lower,
while lymphocyte percent and Hb were significantly greater,
as compared to the non-severe sample group, this meant that
as the disease progressed, the number of lymphocytes and
the concentration of Hb both dropped, as a result, Lym
percent, HGB, and Lym percent and Hb may all be used to
distinguish between severe and mild cases. COVID-19 [32].

Patients with COVID-19 who have confirmed
lower range platelet counts (but are not thrombocytopenic)
[28]. However, normal platelet counts were found in all four
groups in this investigation, whether they were vaccinated or
not. The risk of thrombocytopenia and venous
thromboembolism following corona virus vaccination does
not appear to be larger than the risk situation in the general
population, which is consistent with the syndrome's rare and
sporadic nature [33].

V. CONCLUSION

There are many immunological changes during
infection with coronavirus and administration of its vaccine,
IFN-y is one of the pro-inflammatory cytokines rise during
the mentioned cases, as well as LDH is a factor can be used
as an index of COVID-19 severity. The number of WBCs
increase during vaccination and it was an indicator of
stimulating immune response.
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