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ABSTRACT

In December 2019, Wuhan reported its first cases of pneumonia which called coronavirus disease
2019 (COVID-19), a single-stranded RNA virus. COVID-19 vaccine is a safe way to help the
immune system build defenses against COVID-19. The immune system relies on various types of
cells, such as Lymphocytes, monocytes, macrophages, and other immune cells to fight infections.
The aim of the study is to the assessment of blood parameters in different vaccinated groups of
COVID-19 vaccines. We collected 100 samples from individuals that vaccinated with AstraZeneca,
Sinopharm, and Pfizer vaccines and unvaccinated (infected), which were divided into four groups,
each containing 25 samples, and did a CBC test. The study results indicate that different COVID-19
vaccines and natural immunization result in diverse immune responses in males and females. In
males, the Sinopharm vaccine stimulates higher white blood cell count (7.11+0.44s) with a
significant difference (p<0.05), while the AstraZeneca vaccine triggers greater lymphocyte
(LYM%) activation (34.3+x0.99) with a significant difference (p<0.05) than others covid19
vaccines. Natural immunization leads to increased monocyte (MON%) levels (8.34+0.69) with a
significant difference (p<0.05) compared to covidl9 vaccines in which the Sinopharm vaccine
(6.96+0.49) shows significantly lower monocyte activation. The Pfizer and Sinopharm vaccines
induce higher granulocyte (GRA%) activation (60.34+1.88 and 60.28+1.63, respectively) with a
significant difference (p<0.05), while natural immunization (55.87+3.8) shows lower activation
compared to covidl9 vaccines with a significant difference (p<0.05). While in females, The
AstraZeneca, Sinopharm vaccines, and natural immunization (6.1+0.5, 6.89+0.68, and 6.26+0.52,
respectively) had the higher white blood cell (WBC) number with no significant difference(p>0.05)
among them, while the Pfizer vaccine (5.7+0.36) had the lower WBC with a significant difference
(p<0.05). The AstraZeneca vaccine had higher lymphocytes (LYM%) (36.14+1.25) with a
significant difference (p<0.05), while the Sinopharm vaccine had significantly lower (29.85+3.62).
Natural immunization had a significantly higher MON% (8.11+1.28a) with (p<0.05) compared to
covidl9 vaccines (with no significant difference among them), while the Sinopharm vaccine
showed a higher in both GRA% and GRA number (64.38+3.88 and 4.52+0.57, respectively) with a
significant difference (p<0.05). In conclusion, the AstraZeneca vaccine elevated the lymphocytes
(LYM%) while natural immunization increased (MON%) in both genders. The study also reveals
that males and females exhibit varied immune responses to different COVID-19 vaccines and
natural immunization, and these variations may be attributed to vaccine composition, mechanisms
of action, immune response variability, and timing of the research.
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INTRODUCTION

Early in December 2019, Wuhan, the provincial capital of
Hubei, reported its first pneumonia cases of unknown cause.
The pathogen was discovered to be a new enveloped RNA
betacoronavirus2, currently known as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which
shares evolutionary similarities with SARS-CoV(Guan et

al.,, 2020). It is also called coronavirus disease 2019
(COVID-19), which has killed more than 6 million people
worldwide(Cascella et al., 2022). Coronavirus is a member
of the family of Coronaviridae< the Nidovirales class
(Ozdemir, 2020).

Coronaviruses are single-stranded, positive-sense
RNA-containing enclosed viruses(Sotomayor et al., 2020).
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The genome size of COVID-19 is 29,903 bp (Mittal et al.,
2020). Covid19 viral genome encodes four structural
proteins ( Spike protein (S), Membrane protein (M), 16s
Nucleo-capsid protein (N), and Envelope protein (E))and at
least sixteen non-structural proteins (nsps)(Sotomayor et al.,
2020). Because the S glycoprotein that projects from the
viral capsid causes "Corona" spikes, coronaviruses are so
named(Mart et al., 2021). SARS-Cov-2 primarily infects
lower airways in the beginning and binds to ACE2 on
pulmonary epithelial cells via the S1 subunit's receptor-
binding domain (RBD)(Jiang et al., 2020).

The COVID-19 vaccine is a safe strategy to assist the
immune system to develop defenses against COVID-
19(Understanding COVID-19 Vaccines, 2021). The globe
quickly developed, tested, and deployed several COVID-19
vaccinations, and as a result, 69% of people worldwide have
gotten at least one dose of a COVID-19 vaccine (Sarker et
al., 2022). The most widely used COVID-19 vaccines were
the Pfizer-BioNTech Comirnaty (BNT162b2), AstraZeneca
(ChAdOx1S/Covishield), and  Sinopharm  (BBIBP-
CorV)(Sarker et al., 2022).

Similar to infection, vaccination results in the early
production of serum IgA, IgM, and IgG antibodies as well
as long-lasting memory B-cell and T-cell responses(Sharma
& Ravindra, 2022). When exposed to the Spike protein
again, T and B cells establish immunological memory of it
and will be ready to act(Immune Response after COVID-19
Vaccination, n.d.).

The human immune system is a complex network of
cells, molecules, and receptors that work together to protect
the body from infections, and injuries, and promote
healing(Austermann et al., 2022). The immune system relies
on different types of lymphocytes, including CD4+ T cells,
CD8+ T cells, B cells, monocytes, macrophages, Dendritic
cells, Neutrophils, and Natural Killer cells, to combat
infections(Knoll et al., 2021). These cells are activated by
pattern recognition receptors and release pro-inflammatory
cytokines such as IL-1, IL-18, IL-33, and IL-6. These
cytokines activate natural Kkiller (NK) cells, which are
essential for viral defense due to their cytotoxic function and
cytokine release, including interferon-gamma, which
activates both B and T cells(Eksioglu-Demiralp et al., 2022).

During viral infection, Macrophages use pattern
recognition receptors to detect danger signals from
pathogens or damaged tissue. They then release
inflammatory molecules to eliminate pathogens, initiate
inflammation, recruit additional immune cells, and promote
tissue repair(Knoll et al., 2021). Monocytes are contributing
to inflammatory responses, phagocytosis, antigen
presentation, and other immune processes. Inflammatory
signals can cause peripheral circulating monocytes to
migrate into peripheral tissues, where they differentiate into
macrophages and dendritic cells(Sayahinouril et al., 2023).
Neutrophils mainly migrate to the site of infection and
utilize respiratory bursts and phagocytosis to combat

microorganisms. T and B lymphocytes are key immune
mediator cells, but their function is regulated by dendritic
cells. Dendritic cells process antigens, express lymphocyte-
stimulating molecules on their surface and migrate to lymph
nodes, where they secrete cytokines to activate adaptive
immune responses(Sayahinouril et al., 2023). Natural killer
cells are providing rapid responses against pathogens and
tumor cells. They present in mucosal and lymphoid tissues
and quickly migrate to sites of infection, where they can Kill
infected or cancerous cells(Sayahinouril et al., 2023).
Depending on the virus involved, the numbers and subsets
of lymphocytes can change. CD8+ T cells are especially
effective in eliminating virus-infected cells(Lagadinou et al.,
2021). CD4 helper T cells assist in fighting viral infections
by activity of cytotoxic T cells and stimulate B cells to
produce virus-specific antibodies which then neutralize the
virus and help to kill infected cells. Studies in both humans
and animals have found that neutrophils are recruited to the
site of infection in COVID-19, contributing to lung
inflammation. In acute COVID-19 patients, the levels of
neutrophils were significantly higher compared to mild and
moderate COVID-19 patients who required hospitalization
(Rajamanickam et al., 2022).

The aim of the study is to the assessment of blood
parameters in different vaccinated groups of COVID-19
vaccines.

MATERIALS AND METHODS

Sample Collection

Between August 1, 2022, and December 1, 2022, we
gathered 100 samples from individuals aged 20-55 who
were either vaccinated (using AstraZeneca, Sinopharm, or
Pfizer vaccines) or unvaccinated (infected). These
individuals were divided into four groups, with 25 samples
in each group. We collected samples from medical and work
staff at Marjan Teaching Hospital, Al-Hilla Teaching
Hospital, and Imam Al-Sadiq Hospital, as well as from
residential areas in the Babylon province. The personal
information we gathered for each individual included their
name, age, gender, place of residence, academic
background, vaccine type received, history of prior
infection, dates of vaccination doses, vaccine symptoms
experienced, inoculation duration, smoking habits,
pregnancy status for women, any chronic illnesses, infection
type, infection period duration, and whether infection
occurred before or after vaccination.

BLOOD SAMPLING

We obtained two milliliters of blood from every sample by
applying a tourniquet directly on the skin around the arm to
aid in identifying the veins and assist with blood collection.
Before collecting the blood, the skin covering the vein was
sanitized with 70% ethyl alcohol to minimize the possibility
of introducing impurities into the sample. The blood
samples were collected in a sterile EDTA tube.
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Complete Blood Count (CBC) Test

After blood collection immediately done CBC test by the
Human Count 30TS made by a Human company /origin in
Germany.

RESULTS

Physiological Parameters

Comparison of Physiological Parameters in Males
Between COVID-19 Vaccines and Unvaccinated
(infected) People

Table (1) presents a comparison of physiological parameters
in males between individuals who received different
COVID-19 vaccines and those who were unvaccinated but
infected. The results reveal variations in blood cell counts.
The white blood cells (WBC) count was highest in
individuals who received the Sinopharm vaccine
(7.11£0.44), followed by the AstraZeneca vaccine
(7.04+0.25) with a significant difference (p<0.05) than
Pfizer vaccines and unvaccinated (infected) persons in
which they had the lower WBC with minimal difference
between them (6.71+0.49 and 6.73£0.42, respectively). The
least significant difference (LSD) value for WBC was 1.08.

Regarding the percentage of lymphocytes (LYM%), the
AstraZeneca vaccine had the highest percentage (34.3+0.99)
with a significant difference (p<0.05), followed by the
unvaccinated infected group (33.05%£1.44) and the
Sinopharm vaccine (32.58+1.76). The Pfizer vaccine had the
lowest percentage (31.81£1.53). The LSD value for LYM%
was 3.91.

For the percentage of monocytes (MON%), the
unvaccinated infected group had the highest percentage
(8.34+0.69) with a significant difference (p<0.05), followed
by both the AstraZeneca and Pfizer vaccines with no

Table (1): The comparison of Physiological parameters

Unvaccinated(infected) People

significant difference (p>0.05) between them (7.8310.94
and 7.83%0.67, respectively). The Sinopharm vaccine had
the lowest percentage (6.96+0.49). The LSD value for
MON©% was 1.95.

In terms of the percentage of granulocytes (GRA%), the
Pfizer vaccine had the highest percentage (60.34+1.88),
followed closely by the Sinopharm vaccine (60.28+1.63)
with a significant difference (p<0.05) compared to
AstraZeneca vaccine (57.86+1.28) and the unvaccinated
(infected) person (55.87+3.8) which had the lowest
percentage. The LSD value for GRA% was 5.54.

The results also indicate slight differences in the number
of lymphocytes (LYM) between COVID-19 vaccines and
the unvaccinated infected group. The AstraZeneca vaccine
had the highest count (2.37+0.09), followed by the
Sinopharm vaccine, the unvaccinated infected group
(2.21£0.16), and the Pfizer vaccine with the lowest count
(2.06+0.09). These differences were not significant. The
LSD value for LYM was 0.39.

The number of monocytes (MON) was highest in the
unvaccinated infected group (0.57+0.06) and lowest in the
Sinopharm vaccine (0.5+0.06) with a significant difference
(p<0.05). The AstraZeneca and Pfizer vaccines showed
slight differences between them (0.54+0.06 and 0.51+0.05,
respectively), with an LSD value for MON of 0.16.

Lastly, the number of granulocytes (GRA) was highest
in the Pfizer vaccine (4.14+0.41), followed by the
Sinopharm vaccine (4.3+0.29), the AstraZeneca vaccine
(4.04+0.19), and the wunvaccinated infected group
(3.79+0.4), which had the lowest count. There is a
significant difference (p<0.05) between covid19 vaccines
and unvaccinated(infected). The LSD value for GRA was
0.84.

in males between the COVID-19 Vaccine and

Type of | Parameters

vaccine WBC LYM% MON% GRA% LYM MON GRA

NI 6.73+0.42 | 33.05+1.44 | 8.34+0.69 | 55.87+3.8 2.21+0.16 | 0.57+x0.06 | 3.79+0.4
AstraZeneca | 7.04+0.25 | 34.3+0.99 7.83+0.94 | 57.86+1.28 2.37+0.09 | 0.54+0.06 | 4.04+0.19
Sinopharm 7.11+0.44 | 32.58+1.76 6.96+£0.49 | 60.28+1.63 2.32+0.2 0.5+0.06 4.3£0.29
Pfizer 6.71+0.49 | 31.81+1.53 7.83+£0.67 | 60.34+1.88 2.06+£0.09 | 0.51+0.05 | 4.14+0.41
LSD 1.08 3.91 1.95 5.54 0.39 0.16 0.84

Comparison of Physiological Parameters in Females
between COVID-19 Vaccine and Unvaccinated(infected)
People

Table (2) presents a comparison of physiological parameters
in females between different COVID-19 vaccines and
unvaccinated individuals who were infected. The Sinopharm
vaccine exhibited the highest WBC count (6.89+0.68),
followed by the unvaccinated infected group (6.26+0.52),
the AstraZeneca vaccine (6.1+0.5) with no significant
difference (p>0.05) among them, while the Pfizer vaccine

had a significantly lower WBC count (5.7+0.36) with
(p<0.05). The LSD value was 1.65.

Regarding the percentage of lymphocytes (LYM%), the
AstraZeneca vaccine had the highest percentage
(36.14+1.25) with a significant difference (p<0.05),
followed by the Pfizer vaccine (33.63+2.55), the
unvaccinated (infected) persons (33.57+£1.52), and the
Sinopharm vaccine with the lowest percentage (29.85+3.62).
The LSD value was 7.29.

The percentage of monocytes (MON%) was highest in
the unvaccinated (infected) persons (8.11+1.28) with a
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significant difference (p<0.05) compared to COVID-19
vaccines. Among the vaccines, the Pfizer vaccine had a
slightly higher percentage (5.89+0.55) compared to the
Sinopharm vaccine (5.75+0.95), while the AstraZeneca
vaccine had the lowest percentage (5.02+0.57) with no
significant difference (p>0.05). The LSD value for MON%
was 2.83.

In terms of the percentage of granulocytes (GRA%), the
Sinopharm vaccine had the highest percentage (64.38+3.88)
with a significant difference (p<0.05), followed by the
Pfizer vaccine (60.47+2.67), the AstraZeneca vaccine
(58.83+1.2), and the unvaccinated (infected) persons with
the lowest percentage (58.3+2.07). The LSD value was 8.12.

The number of lymphocytes (LYM) was highest in the
AstraZeneca vaccine (2.17+0.14), closely followed by the
unvaccinated (infected) persons (2.13+0.13) with slight
differences between them but significant difference (p<0.05)
than Sinopharm vaccine (1.98+£0.29) and Pfizer vaccine

Table (2): The comparison of Physiological parameters

Unvaccinated(infected) People

(1.86£0.13) which is the lower. The LSD value for LYM
was 0.55.

The number of monocytes (MON) was highest in the
unvaccinated (infected) persons (0.53+0.09), followed by
the Sinopharm vaccine (0.39+0.09), the Pfizer vaccine
(0.34+0.04), and the AstraZeneca vaccine with the lowest
count (0.31+0.04) with no significant difference (p>0.05).
The LSD value for MON was 0.25.

Lastly, the number of granulocytes (GRA) was highest
in the Sinopharm vaccine (4.52+0.57) with a significant
difference (p<0.05), followed by the AstraZeneca vaccine
and the unvaccinated (infected) persons (3.62+0.35 and
3.61+0.32, respectively) with no significant difference
(p>0.05), while the Pfizer vaccine had the lowest count
(3.33£0.42). The LSD value for GRA was 1.31.

in Females between the COVID-19 Vaccine and

Type of | Parameters
vaccine WBC LYM% MON% GRA% LYM MON GRA
NI 6.26+0.52 | 33.57+1.52 | 8.11+1.28% | 58.3+2.07 2.13+0.13 | 0.53+0.09 | 3.61+0.32

AstraZeneca | 6.1+0.5 36.14+1.25 | 5.02+0.57° | 58.83+1.2 2.17+0.14 | 0.31+0.04 | 3.62+0.35

Sinopharm | 6.89+0.68 | 29.85+3.62 | 5.75+0.95" | 64.38+3.88 | 1.98+0.29 | 0.39+0.09 | 4.52+0.57

Pfizer 5.7+0.36 33.63+255 | 5.89+0.55" | 60.47+2.67 | 1.86+0.13 | 0.34+0.04 | 3.33%0.42

LSD 1.65 7.29 2.83 8.12 0.55 0.25 1.31
DISCUSSION granulocytes (GRA%), the Pfizer vaccine demonstrated a

The study results revealed that among males, the Sinopharm
vaccine resulted in a higher white blood cell (WBC) count
compared to other vaccines and natural immunization. This
might be attributed to the specific characteristics and
components of the Sinopharm vaccine, which potentially
trigger a more robust immune response, leading to increased
WBC production. Similarly, the AstraZeneca vaccine
exhibited a higher percentage of lymphocytes (LYM%)
compared to the Pfizer vaccine, suggesting that the
formulation of the AstraZeneca vaccine may enhance
lymphocyte activation and proliferation which means it
activates the adaptive immune response. On the other hand,
natural immunization, which occurs as a result of a previous
infection, also showed higher lymphocyte percentages,
monocytes (MON%) percentages, and numbers compared to
covid19 vaccine, indicating the immune system's response
to the infection by activation of both innate and adaptive
immune responses to fight the virus. In contrast, the
Sinopharm vaccine exhibited lower percentages and counts
of monocytes, suggesting a potentially reduced ability to
activate this particular immune cell type compared to other
vaccines. The AstraZeneca and Pfizer vaccines displayed

similar percentages and counts of monocytes, indicating
comparable effects on monocyte activation. In terms of

higher percentage compared to natural immunization,
potentially indicating a more pronounced activation of
granulocytes by the wvaccine natural infection. The
Sinopharm vaccine also showed higher percentages of
granulocytes compared to the AstraZeneca vaccine,
suggesting differing immune responses elicited by these
vaccines. The differences in GRA counts further support
these findings, with the Pfizer vaccine exhibiting a higher
count and natural immunization displaying a lower count.
Overall, the variations in physiological parameters observed
among the different vaccines and natural immunization can
be attributed to the specific components and formulations of
each vaccine, as well as the immune responses triggered by
natural infection. Differences in immune response activation
can arise due to variations in the composition of vaccines
(Jeewandara et al., 2022). These factors influence the
activation and proliferation of various immune cells,
resulting in variations in blood cell counts and percentages.
The current study also found that WBC count in
females was high in the Sinopharm vaccine followed by
natural immunization than the AstraZeneca vaccine with a
slight difference but lower in the Pfizer vaccine, but all of
these not elevated the WBC count as we expected perhaps
due to the period in which the research was done, far from
the period of vaccination and infection. Also we found that
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LYM% was higher in the AstraZeneca vaccine but lower in
the Sinopharm vaccine with a significant difference, while
both Pfizer vaccine and natural immunization were the
percentage closely with slightly differed, with regards to
LYM count also high in AstraZeneca vaccine but natural
immunization was close to this vaccine with a slight
difference while the Sinopharm and Pfizer vaccines were the
lower with less difference between them, this may be the
AstraZeneca vaccine activated adaptive immune response
higher than others. Natural immunization was found to
highly elevated the percentage of MON% and MON counts
than covid 19 wvaccines with significant differences
compared to covidl9 vaccines, this may be due to the
complex immune processes triggered by the actual viral
infection, resulting in a more substantial recruitment of
monocytes than vaccines. While GRA% and GRA count
was highly increased in the Sinopharm vaccine than other
vaccines and natural immunization with significant
differences.  The reasons for the observed variations in
physiological parameters among the different vaccines and
natural immunization in females might be attributed to
several factors like Vaccine Composition which that
different COVID-19 vaccines have distinct compositions,
including the type of viral vector or technology used. The
variations in vaccine composition can result in differences in
immune response activation (Jeewandara et al., 2022). For
example, the Sinopharm vaccine is an inactivated virus
vaccine, which may stimulate a different immune response
compared to other vaccines like Pfizer or AstraZeneca,
which utilize mRNA or viral vector technology. Another
factor Mechanism of vaccine action is that each vaccine has
a unique mechanism of action, influencing how it interacts
with the immune system. The differences in the activation of
specific immune cells, such as lymphocytes (LYM) or
monocytes (MON), can be attributed to the specific
mechanisms employed by each vaccine to trigger an
immune response (Jeewandara et al., 2022). Immune System
Variability of Individuals may exhibit variations in their
immune responses due to genetic factors, previous exposure
to the virus, or underlying health conditions. These factors
can influence the way vaccines interact with the immune
system and lead to differences in immune cell counts and
percentages (Zepeda-cervantes et al., 2022). The timing of
the research relative to the vaccination or infection period
can also impact the observed results. If the study was
conducted during a specific timeframe that was relatively
distant from vaccination or infection events, it may affect
the immune responses observed in the study participants.
The size and characteristics of the study population, such as
age, gender, health status, or other demographic factors, can
also contribute to the observed differences (Zepeda-
cervantes et al., 2022; Yu et al., 2021). These factors may
introduce variability and influence the immune response
patterns among the different vaccine groups and natural
immunization. It's important to note that further research

and studies are needed to corroborate these findings and
provide a comprehensive understanding of the immune
responses elicited by different COVID-19 vaccines and
natural immunization.

CONCLUSION

In conclusion, there are observed differences in immune
responses between males and females regarding various
COVID-19 wvaccines and natural immunization. The
AstraZeneca vaccine has been found to increase lymphocyte
(LYM%) levels, while natural immunization leads to higher
levels of monocytes (MON%) in both genders. In the case of
the Sinopharm vaccine, it appears to stimulate a higher
white blood cell count in males, while showing greater
activation of granulocytes in females. Conversely, the Pfizer
vaccine demonstrates higher granulocyte activation in
males. These variations can be attributed to factors such as
vaccine composition, mechanisms of action, variability in
immune responses, and the timing of the research. However,
further research is necessary to validate these findings and
develop a comprehensive understanding of immune
responses to different vaccines and natural immunization.
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