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Background: The necessary urgent global response measures were implemented to contain the rapid spread of coronavirus disease
2019 (COVID-19). Vaccination has been the most effective way to combat this pandemic. Objective: The aim of the current study
was to evaluate the hematological parameters and COVID-19-specific antibodies in a healthy population with different COVID-
19 and vaccination backgrounds, taking gender into account. Materials and Methods: The study involved 80 healthy adults who
were categorized into four groups based on their COVID-19 and vaccination status. The male and female categorization was later
added to these groups. Blood samples were collected and analyzed for COVID-19-specific antibodies, IgG and IgM, and complete
blood count parameters. The samples were collected in Karbala, Iraq. Results: The results showed that the IgG levels of IV and
NIV subsets were higher than INV NINV subsets at P value < 0.001. No significant differences were found in white blood cell
parameters except for lymphocytes, neutrophils, and their ratio between the four groups. However, when gender was taken into
account, few significant differences were observed in white blood cells, lymphocytes, and neutrophils between the groups. The
platelet indices showed no significant changes within the individual groups or genders. Red blood cell variables also showed no
significant changes between groups, but variations in red blood cells, hematocrit, and hemoglobin were found for each gender-
divided group specifically (P value < 0.001). Conclusion: The present study concludes that vaccination mimics infection. No
changes were observed for most hematological parameters between the four explored subsets. However, the study revealed gender-
specific responses to red blood cell counts and other related parameters, reinforcing the importance of complete blood count
testing and advocating a deeper exploration into gender-specific responses, especially for patients with specific hematological
conditions.
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INTRODUCTION Vaccination is widely acknowledged as the most effective
The rapid spread of coronavirus disease 2019 (COVID- way to comba this pandemic. Various forms of COVID-

. . . " . 19 vaccines have been developed such as inactivated

19) since its emergence in December 2019 has required viral ol RNA . d ad al-based
particles, m vaccines, and adenoviral-base
urgent global response measures. COVID-19, caused by vaccines.B1% While the vaccines have been shown to be
- i - D .123] i .

the novel f COTonavirus, S.AR.S CoV-2, present's with effective against COVID-19 infections, there are concerns
symptoms ranging from mild illness to acute respiratory about their safety, particularly those developed using
distress syndrome (ARDS), sepsis, and death. Changes ’
in hematological markers have been observed to correlate
with disease stage and severity.*> These markers, which
include white blood cell and lymphocyte counts, play
crucial roles in patient management and can potentially
provide insights into prognostic outcomes.®
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new mRNA technology, which resulted in some vaccine
hesitancy.!'!

Previous reports of hematological abnormalities, such
as thrombocytopenia and immune thrombocytopenic
purpura (ITP) following vector-based or mRNA-based
vaccinations!!>!3 as well as transient neutropenia post the
AstraZeneca vaccine,™ underline potential impacts on
the immune response and the blood system. Given the
potentially life-threatening complications that could arise
from such abnormalities, it is essential to understand these
impacts and estimate the associated risks.!"”

Blood plays a crucial role in the human body as it is
intricately connected to various cells and tissues, offering
a diverse range of valuable information.!® The complete
blood count (CBC) and the COVID-19-specific antibodies
(IgG, IgM) are valuable and rapid tools in the management
of this disease and provide a lot of information about the
individual health’s status. In particular, CBC is used as the
most common test in clinical practice especially in many
countries with limited resources for patients with COVID-
19 or to predict patient recovery.!'’!8 It provides essential
diagnostic and therapeutic information, with reference
intervals (RI) having significant clinical utility.[!>2"
However, alterations in these markers have been reported
post-recovery from COVID-19, and post-vaccination,
potentially impacting pre-established R1.223

There are few findings that have been published for
follow-up studies on hematological changes in patients
who recovered from COVID-19 and were vaccinated.!'™
Given the context, the aim of this study was to investigate
the influence of COVID-19 vaccination and COVID-
19 infection on hematological indices. The study was
designed to evaluate the hematological parameters and
COVID-19-specific antibodies in a healthy population
with different COVID-19 and vaccination backgrounds,
divided into four distinct groups.

MarteriaLs AND MEeTHODS
Study design

A cross-sectional study was conducted to evaluate the
association between the Pfizer COVID-19 vaccine and
hematological values in healthy individuals with different
COVID-19 and vaccination backgrounds. Healthy adult
volunteers who visited the Imam Hussain Hospital,
Karbala, Iraq during a period from November 2022 to
January 2023 were engaged.

After being agreed to participate, participants
were subjected to a detailed interview to collect
sociodemographic data and background data on COVID-
19 and vaccination, their medical history and other
relevant factors. Based on the questionnaire, individuals
were first divided into two groups: COVID-19 vaccination
and non-COVID-19 vaccination. The two groups were

then classified into two further subsets after receiving
the results of the COVID-19 antibody titer tests. These
four groups of recovered participants from COVID-
19 and its vaccines were infected with COVID-19 and
vaccinated (IV), infected with COVID-19, non-vaccinated
(INV), vaccinated, non-infected COVID-19 (NIV) and
non-infected COVID-19 and non-vaccinated (NINYV)
individuals. Later, these four groups were divided into
male and female sets.

Study cohort or participant characteristics

Participants aged >20 were included if they were considered
clinically healthy. These were accepted as blood donors
and entered into the study groups. The sample size was 80
individuals including 44 women and 36 men distributed
into four previous describing groups. The study excluded
individuals who had any medical conditions such as high
blood pressure, diabetics, or those who had taken any type
of medicine within 60 days before the hematological tests.
Other specific conditions included history of cancer, recent
chemotherapy, radiotherapy, or use of drugs for malignant
disease, and immunosuppression within 90 days prior
were also excluded. Participants who were smoking and
alcoholic habits were excluded.

Blood sample analyses

Blood samples were collected from the elbow veins of each
participant. These samples were divided into two tubes:
one ethylenediaminetetraacetic acid (EDTA) tube to
prevent coagulation and another gel tube.

COVID-19 antibody titer

The gel tubes were used to detect IgG and IgM. The
COVID-19 IgG and IgM titers were determined using
the mini-VIDAS (BioM¢érieux, France) assay according
to the manufacturer’s instructions. All blood samples
were analyzed on the hematology autoanalyzer (Sysmex
Corporation, Kobe, Japan).

Complete blood count

Blood samples collected in EDTA tubes were analyzed
using the Swelab autoanalyzer hematology machine
(BOULE, Sweden). This device automatically measured
and analyzed various blood parameters, including the
absolute white blood cell (WBC, leucocytes), lymphocytes,
neutrophils, mixed, and the ratio of lymphocytes and
neutrophils (LNR). Their percentiles in addition to the
values of platelet count (PLT), mean platelet volume (MPYV,
f1), and platelet distribution width (PDW) were noted. The
red blood cell (RBC, x10'%/L), hemoglobin concentration
(Hb, g/dL), hematocrit (HCT, %), mean corpuscular
volume (MCV, fL), mean corpuscular hemoglobin
(MCH, pgfcell), Mean Corpuscular Hemoglobin
Concentration (MCHC, g/dL), RBC distribution width
standard deviation (RDW-SD, fL), RBC distribution
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width-coefficient of variation (RDW-CV, %) were also
recorded. The machine utilized a combination of optical
and electrical methods to perform the analysis, with
results displayed on a computer screen and subsequently
saved for further reference and interpretation.

Ethical approval

The research was conducted in accordance with the
tenets of the Helsinki Declaration. Written informed
consent was obtained from each participant, ensuring
their clear understanding of the study’s purpose, potential
risks, and benefits. Thus, the participants gave their
consent voluntarily, upholding their protection and well-
being. The ethical approval was obtained from a local
ethics committee that evaluated and approved the study
protocol and subject information at the Al-Qasim Green
University, College of Biotechnology and Karbala Health
Directorate (according to research committee letter
20220180 dated October 30, 2022).

Statistical analysis

The collected data were analyzed using the Statistical
JMP®Pro version 16.0.0 (2021, SAS Institute Inc., USA).
An analysis of variance (ANOVA) test was performed
to identify any significant differences among the means
of the four groups. The Tukey HSD (honest significant
difference) test was used for pairwise comparison between
groups. Results were considered statistically significant
when the P value was less than 0.05.

ResuLts

The current study included 80 individuals divided
into four groups based on COVID-19 and vaccination
backgrounds [Table 1]. To ensure an unbiased analysis
accounting for age and gender, these factors were
considered during data evaluation. Their mean ages
differed among the four investigated groups without
significant differences. Females accounted for 50% of the
infected and vaccinated (IV) group, 70% of the infected and
not-vaccinated (INV) group, 45% of the not-infected and
vaccinated (NIV) group, and 55% of the not-infected
and not-vaccinated (NINV) group. However, a P value of
0.431 indicated no significant association between gender
and infection/vaccination statuses. The current results
of titer tests revealed no statically dramatic differences
between IgG of NIV, and IV sub-groups compared to
IgG of INV and NINV sets even when gender is taken
into account.

The result showed that there were no significant
differences in the WBC count and neutrophils (NEU),
lymphocytes (LYM), and mixed cell (MXD) percentiles
among the four main groups. However, statistically
significant differences were found in the NEU, LYM,
and NLR parameters where the number of LY Ms has the
strongest association among the investigated parameters
in the CBC test (P = 0.000) [Table 2] and considerably
lower counts in the NIV and NIV sets compared to the
1V group.

Table 1: Main characteristics of healthy individuals with various COVID-19 and vaccination histories and their immunoglobulins

COVID-19 and vaccination statuses v INV NIV NINV P value
Age (years) 32.45+1.84 35.2+2.34 38.85+2.05 31.8+2.38 0.0950
Gender number (%)
Female 10 (50) 14 (70) 9 (45) 11(55) 0.431
Male 10 (50) 6 (30) 11(55) 9 (45)
COVID-19 Ab
1gG 29.84+7.10 14.57 £4.04 32.30+7.46° 0.31+0.21° <0.001
IgM 0.34+0.26° 0.28+0.21* 0.37%0.30* 0.34+0.28" 0.794

IV: infected, vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated; NINV: not-infected, not-vaccinated; Age expressed as meant
standard deviation (SD); COVID-19-Ab (IgG and IgM) expressed as mean £ SD

abe Statistically significant differences (P < 0.05).

Table 2: Parameters of white blood cells in the different COVID-19 and vaccination backgrounds

COVID-19 and vaccination statuses \] INV NIV NINV P value
WBC (x10°/L) 8.71%0.59a 7.56+0.5a 7.24%0.42a 7.55+0.41a 0.1590
NEU (%) 59.36+1.46 61.65+1.78 59.48+1.87 57.55+1.69 0.4130
LYM (%) 30.79+1.52 27.59+1.65 30.56+1.68 32.15+1.39 0.2190
MXD (%) 9.96+0.54 10.81+0.5 9.96+0.78 11.16£0.7 0.4420
NEU (x10°/L) 5.71%0.52a 4.54+0.48ab 3.940.28b 4.62%0.25ab 0.0190
LYM (x10°/L) 3.01+0.24a 1.91+0.19b 2.1+0.13b 2.3540.14b 0.0000
MXD (x10%/L) 0.89+0.09 0.78+0.06 0.76+0.07 0.8+0.06 0.5650
NLR ratio 1.93+0.14b 3.13%0.51a 1.8£0.16b 2.11%0.18ab 0.0060

NEU: neutrophils, LYM: lymphocytes, MXD: mixed cell, NINV: not-infected, not-vaccinated; INV: infected, not-vaccinated; NIV: not-infected,

vaccinated; IV: infected, vaccinated
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The interactions between gender and groups of COVID-
19 and vaccination backgrounds revealed variable and
statically significant differences in the WBC, NEU, and
LYM counts between the studied groups [Figure 1].
The I'V-males had statically higher WBCs compared to
NINV-females. Furthermore, IV-males had levels of
NEU and LYM compared to NIV and INV females.
However, there were no significant differences noted
among other groups.

Additionally, the PLT parameter was shown to be
generally without statistically significant differences
(P > 0.05) in the TV, NIV, INV, and NINV groups. It is

noteworthy that the NINV group had slightly higher PLT
counts compared to the other three groups nevertheless
no significant distinctions were displayed [Table 3].

The Gender-specific analysis within each group revealed
no statistically significant differences for the absolute
counts of PLT, MPV, and PDW (P > 0.05, [Figure 2]).
Notably, NINV- males had higher PLT counts compared
to NINV-females, while IV-females exhibited higher PLT
counts compared to IV-males. However, both increased
levels were not statistically significant.

The red blood cell variables and their indices categorized
based on infection and vaccination status showed no
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Figure 1: Parameters of white blood cells determined by gender in the different COVID-19 and vaccination backgrounds. NINV: not-infected, not-
vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated; IV: infected, vaccinated. *The values not connected by any letter and indicated
having the same letter (@) is not significantly different or values without letters added indicate that they have the same letter (a) and are not statistically

significant
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Table 3: Platelet parameters in the different COVID-19 and vaccination backgrounds

COVID-19 and vaccination background NINV INV NIV \'] P value
PLT (103) uL 301.15+13.86 290.8+18.04 250.6+15.11 291.15+10.65 0.0800
MPV 10.134+0.15 10.02+0.25 9.81+0.22 9.87+0.19 0.6770
PDW 13.76+0.34 13.28£0.54 13.26%0.7 13.1840.53 0.8730

NINYV: not-infected, not-vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated; I'V: infected, vaccinated
The values not connected by any letter indicate there are not significantly different.
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Figure 2: Complete 4 platelet parameters determined by gender with different COVID-19 and vaccination backgrounds. NINV: not-infected, not-
vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated; and IV: infected, vaccinated. *The values not connected by any letter and
indicated having the same letter (a) is not significantly different or values without letters added indicate that they have the same letter (a) and are not

statistically significant

Table 4: Erythrocyte parameters assessed in the different COVID-19 and vaccination backgrounds

NINV INV NIV v P value

RBC 4.45%0.31 4.73£0.15 5.01£0.2 4.85%0.14 0.2970
HCT 40.16£0.94 38.79+0.88 40.83£0.73 40.11£0.76 0.37
HGB 12.77£0.31 12.51£0.35 13.18%£0.3 12.94£0.27 0.474
MCV 78.43£1.08 78.51%£1.81 81.03%£1.41 81.63£1.29 0.257
MCH 26.13£0.57 26.19£0.92 27.75£0.65 26.87%0.63 0.334
MCHC 33.04+0.28 32.92£0.56 33.47£0.35 32.25+0.32 0.184
RDW-SD 43.431+0.84 43.27£0.96 43.49%0.93 4310.64 0.978
RDW-CV 13.08£0.31 13.98£0.52 13.03£0.22 13.63+0.45 0.268

NINYV: not-infected, not-vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated; I'V: infected, vaccinated
The values not connected by any letter indicate there are not significantly different.

statistically significant alteration between the groups for
any of these blood parameters based on P value [Table 4].

The results presented variable correlations between various
RBC parameters for categorized groups by infection and
vaccination status, as well as gender [Figure 3]. The NIV-
male group had a statically higher RBC count compared
to the NIV-female group in addition to INV-female,
IV-female, and NINV-female groups, whereas IV-male

had statically only a higher RBC count compared to
the NIV-female [Figure 3A]. Similarly, the percentages
of HCT for the IV-male, NIV-male, and NINV- male
clusters were significantly greater and different from
the IV- female INV-female, and NINV- female [Figure
3B]. Additionally, the values of HGB in NIV-male and
IV-male groups were slightly increased compared to IN'V-
male and NINV-male without noteworthy alterations,
but their levels were significantly higher than NIV-female

WY Mcdical Journal of Babylon | Volume 21 ! Issue 2 | April-June 2024
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Figure 3: The red blood cell (RBC) variables categorized based on COVID-19 and vaccination backgrounds or the red blood cell variables assessed
for different COVID-19 and vaccination backgrounds. NINV: not-infected, not-vaccinated; INV: infected, not-vaccinated; NIV: not-infected, vaccinated;
and IV: infected, vaccinated. *The values not connected by any letter and indicate they have the same letter (a) and are not statistically significant

group among [V-female and NINV-female [Figure 3C].
However, the rest RBC parameters do not show strong
evidence of statistical significance with respect to group
comparisons [Figure 3].

Discussion

In this study, the IgG values of NIV and IV sub-groups
were higher than those of INV and NINV subgroups,
even when gender was taken into consideration [Table
2]. That is, it is evident that the vaccination mimicked an
infection.? CBC represents a valuable test providing a
wealth of information about an individual’s health.? It
has also been used to determine the RI of CBC in healthy
populations with different COVID-19 and vaccination

backgrounds."¥! However, to our knowledge, this is the first
study in Iraq to examine the impact of COVID-19 infection
and vaccination status on individuals after recovery.

Generally, the current results indicated no significant
differences in the levels of leukocytes, percentiles of
neutrophils, and lymphocytes, and mixed cells were
verified with their counts among four groups. Consistent
changes in homological profiles in healthy volunteers
after vaccination have been reported, similar to changes
in COVID-19 patients.? The proposed vaccination
mimicked infection.” The results confirmed the results
that WBC parameters can be used to detect the severity of
COVID disease and be associated with lung involvement,
oxygen requirements, and disease activity.?"*!
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However, changes and statistically significant differences
were found in the neutrophil, lymphocyte, and NLR
parameters among the current investigated groups.
These changes were obvious when gender was also being
taken into account. These results agreed with previous
observations indicating their stronger correlations
among the considered parameters in COVID-19 patients
compared to control groups.?3% It has been recorded that
high levels of leukocytes and neutrophilic count and lower
levels of lymphocyte count among severe patients with
COVID-19.2" In the current study, documented lower
levels of lymphocytes in the INV group after recovery may
be the result of a condition called lymphopenia, which is
commonly seen in severe COVID-19 cases.’!’ Lymphopenia
can be caused by virus attachment or immune injuries
from inflammatory mediators.®? Despite variations in
the definition of disease severity across various studies,
consistent reductions in lymphocyte subset counts have
been observed.? Also, not having significant differences
between the levels of lymphocyte counts in NIV and
INV sets in the presented data indicated that vaccination
simulated an infection. Some studies have highlighted
hematological abnormalities in vaccinated individuals but
concluded that the benefits of vaccination outweighed the
risks.B34

The presented study noticed variable and statically
significant changes in the WBC, NEU, and LYM counts
between the investigated groups when gender was taken
into account [Figure 1]. The higher WBC, NEU, and LYM
values of IV-males compared to NINV, NIV, and INV-
females respectively in this study may relate to biological
variation in the immune system and genetic factors.>3"

The present results revealed no statistically significant
differences between the four groups: NINV, INV, NIV,
and IV for the mean values and standard deviations for
the three platelet indices: PLT, MPV, and PDW. Similarly,
within each gender group for all three platelet indices,
there were no statistically noteworthy alterations as
indicated by P value greater than 0.05. These findings
agreed with Oraibi and Mansour’s?¥ study who did not
find significant differences in platelet counts between
vaccinated and unvaccinated individuals. Though, Sing
et al.®¥ identified thrombocytopenia as a hematological
abnormality following COVID-19 vaccination concluding
the benefits of vaccination outweighed the risks.

The red blood cell variables and their indices categorized
based on infection and vaccination status showed there
were no significant alterations between the groups for
any of the clinical hematological parameters based on
the P value in the presented data [Table 4]. These findings
agreed with others who compared RBC variables between
healthy and infected individuals.®

Nevertheless, various alterations were detected in blood
parameters for each group divided by gender specifically

for RBC, HCT, and HGB [Figure 3]. Variable responding
in females was documented in this study such as a decrease
in RBC of NIV, HCT of IV, and HGB of 1V levels during
infections or vaccinations [Figure 3]. These dichotomies
might be due to differences in male and female biology.*
Changes in red blood cell and hemoglobin levels and
the red blood cell (RBC) membrane homeostasis at the
protein and lipid levels during SARS-CoV-2 infection
leading to affective of its capacity to carry and deliver
oxygen to tissuesP? might also be suggested to explain
different responses between female and male. Thus,
changes in various blood parameters such as hemoglobin
concentration and ferritin levels could be indicative of an
inflammatory response or altered iron metabolism due to
infection with SARS-CoV-2.# Varying side consequences
between women and men after vaccination have been
reported in the past, for example, with the human
papillomavirus (HPV) vaccine.*! However, few studies
informed these effects during infection and vaccination
or after recovered individuals with different infection and
vaccination backgrounds.

In conclusion, the study demonstrated that IgG values
were higher in vaccinated groups, suggesting vaccination
mimics infection. Though no significant differences were
found in most hematological parameters among the
groups, there were significant differences in neutrophil-to-
lymphocyte ratio parameters, especially when considering
gender. These findings reaffirm existing observations of
correlations between these parameters in COVID-19
patients. No significant alterations were found for platelet
indices among groups or within each gender group.
However, variable responses, specifically for red blood cell
count, hematocrit, and hemoglobin levels, were identified
when considering gender. The study substantiates the
value of CBC testing and highlights the need for further
research to understand gender-specific responses.
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