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Abstract

Background The coronavirus disease 2019 (COVID-19) has become a na-
tional pandemic for more than 2 years, and it continues to have an unimag-
inable impact on our way of life and quality of life. It is critical to gain a
deeper understanding of how immunity is regulated in response to SARS-CoV-
2 infection. The C-reactive.protein.(CRP) was the first acute phase protein to
be identified, and it serves as a highly sensitive systemic indication of tissue
damage, infection, as well as inflammation. Smooth muscle cells, lympho-
cytes, macrophages, endothelial cells, and adipocytes are all involved in the
production of this protein. Interleukin.10.(IL-10), commonly described as hu-
man.cytokine.synthesis.inhibitory.factor (CSIF). The IL-10 gene in humans pro-
duces interleukin 10, a pleiotropic cytokine with strong anti-inflammatory as well
as immunosuppressive activities.

The Aim the aim of this study is to evaluate the vaccine effectiveness using
diagnostic biochemical markers.

Material and method this study included 125 patients (56 males and 69 fe-
males) with vaccinated and non-vaccinated COVID-19 with an age range of 20-70
years. These patients are divided into two main groups: 1. vaccinated (vaccinated
with COVID-19 infection, vaccinated without COVID-19 disease, vaccinated re-
covered from the CoV-19 virus), 2. Unvaccinated (infected with the CoV-19 virus
and non-vaccinated, recovered from COVID-19 and unvaccinated). The outcome
is measured using the enzyme-linked immunosorbent assay (ELISA) technique.
This study was conducted during the period from November 2021 to May 2022 at
Al-Shifaa medical center and the vaccine unit at Al-Diwaniyah Educational Hos-
pital, Diwaniyah governorate, Iraq.

Results The results showed an increase in CRP level for the vaccinated groups
was significantly higher (P<0.0001) in group G2 (vaccinated with COVID) more
than in G1 (vaccinated without COVID) and G3 (vaccinated recovered COVID).
For non-vaccinated groups, it was significantly higher (P<0.01) in group G4 (no
vaccine with COVID) more than in group G5 (no vaccine recovered COVID). The
results also showed that the IL-10 in the 2nd and 4th weeks after vaccination had a
higher level in G1 (vaccinated without COVID) and G2 (vaccinated with COVID)
than in any other time incident. For G4 (no vaccine with COVID) showed that a
significant increase was noticed in the 2nd week after diagnosis more than other
time incidents. While G3 (vaccinated recovered COVID), G5 (no vaccine recov-
ered COVID) showed that no significant increase was noticed among the different
time incidents.

Conclusion the use of mRNA for CoV-19 vaccination significantly modulates
the increment of C-reactive protein and interleukin-10 and improves the immune
response in patients with COVID-19 infection.
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1 Introduction

The COVID-19 family of viruses includes a diverse
range of enclosed, positive-sense, single-stranded
RNA viruses. In both animals and humans, they
cause a variety of disorders that have varying de-
grees of severity and disrupt the respiratory, diges-
tive, hepatic, and neurological systems [1]. The mes-
senger RNA (mRNA) vaccine is a form of vaccine that
triggers an immunological response by using a copy
of the mRNA molecule. Individuals who have taken
the COVID-19 vaccine are much less likely than those
who have not had it to experience severe symptoms
[2].

C-reactive protein (CRP) was the first acute phase
protein identified, and it serves as a highly sensitive
systemic marker of tissue damage, infection, as well
as inflammation [3]. Smooth muscle cells, lympho-
cytes, macrophages, endothelial cells, and adipocytes
are all involved in the production of this protein. Dur-
ing the six hours of acute inflammatory stimuli, it is
excreted in large volumes [4]. Interleukin (IL)-6, a
pro-inflammatory cytokine, is the principal inducer
of its excretion by the liver. CRP is a protein that
belongs to the pentraxin family. These proteins are
extraordinarily well maintained throughout develop-
ment and predate the immune response’s emergence.
Pentraxin has a unique structure made up of five con-
formable subunits arranged in a cyclic pentamer con-
figuration, which may be seen as a doughnut in elec-
tron microscopy [5]. As a result, the CRP concentra-
tion is a very useful, non-specific biochemical indica-
tor of inflammation, whose measurement plays a sig-
nificant role in: (A) investigation for organic disease,
(B) observing the response to treating inflammation
and infection, (C) identifying concurrent infections in
immunocompromised individuals, as well as in few
particular diseases characterized by simple or truant
acute-phase responses [6].

C-reactive protein (CRP) may be used to early iden-
tify pneumonia, and individuals with acute pneumo-
nia showed higher CRP levels [7]. The liver gener-
ates high levels of acute-phase proteins (APPs), such
as CRP, in response to infections. This highly inflam-
matory protein is a much more sensitive indicator of
inflammation, tissue injury, and infection. CRP lev-
els have been linked to levels of inflammation in sev-
eral studies [8]. A positive feedback cycle of proin-
flammatory cytokines known as the cytokine storm
occurs in certain individuals with acute COVID-19,
which may worsen lung damage and, in rare circum-
stances, lead to vasodilatory shock and organ fail-
ure. Interleukin-6 (IL-6) is a cytokine released by
airway macrophages that has been linked to the im-
munological response to COVID-19 taking on mal-
adaptive forms. The primary signal for the synthe-

sis of CRP is IL-6 [9]. Interleukin 10 (IL-10), com-
monly known as human cytokine synthesis inhibitory
factor (CSIF). The IL-10 gene in humans produces
the pleiotropic cytokine il-10, which has strong anti-
inflammatory as well as immunosuppressive proper-
ties [10]. Initially thought to be produced by T helper
2 cells, IL-10 is now established to be produced by a
variety of myeloid as well as lymphoid-derived im-
mune cells involved from both innate immunity and
adaptive immunity [10]. The host immune system’s
response to pathogens as well as microbiota is in-
hibited by IL-10 upon infection, which reduces im-
munopathology as well as tissue damage. In order to
achieve this, IL-10 inhibits excessive T cell activation
and proliferation as well as antigen presentation and
the production of pro-inflammatory cytokines in acti-
vated monocytes/macrophages, dendritic cells, and
other immune cells. The interaction between IL-10
and the IL-10 receptor, which is most abundantly ex-
pressed on monocytes and macrophages, stimulates
the JAK1-TYK2-STAT3 pathway and causes STAT3 to
direct the transcription of genes that suppress the in-
flammatory reaction [11].

Patients with severe COVID-19 cases frequently ex-
hibit overproduction of pro-inflammatory cytokines
that is fueled by excessive immune cell activation
(cytokine storm), which is thought to be the cause
of mortality [12]. The dramatic early rise in IL-10
— canonically classified as an anti-inflammatory cy-
tokine — appears to be a distinguishing feature of
hyperinflammation during severe SARS-CoV-2 in-
fection [13] and several studies indicate that IL-
10 levels predict poor outcomes in patients with
COVID-19 [14]. Depending on its well-known anti-
inflammatory as well as immunosuppressive proper-
ties [11], the dramatic increase in IL-10 could be re-
garded as an attempt to control hyperinflammation
as well as protect tissue.

2 Materials and methods

2.1 The Subjects

One hundred and twenty-five subjects participated
in this study. All of them attended Al-Shifaa medi-
cal center and the vaccine unit at Al-Diwaniyah Ed-
ucational Hospital. During the period, extending
from November 2021 to May 2022, samples were col-
lected from males and females infected with COVID-
19 and non-COVID-19 patients, also vaccinated and
non-vaccinated from Al-Qadisiyah Governorates. Di-
vided into 5 groups (each group has 25 subjects). The
first main group was divided into the following sub-
groups:
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¢ Group 1: individuals with a positive vaccine for
COVID-19. [15]

* Group 2: patients with positive COVID-19 and
vaccinated. [15]

* Group 3: patients with recovered COVID-19 and
vaccinated. [15]

The second main group was also further subdivided
into:

¢ Group 4: patients with positive COVID-19 but
non-vaccinated. [15]

¢ Group 5: patients with recovered COVID-19 but
non-vaccinated. [15]

About 5ml of venous blood was obtained from each
participant. Blood samples were left for 15 minutes
at room temperature to clot. Ten minutes of centrifu-
gation at 3000 rpm were used to isolate serum after
coagulation. Serum was aspirated and divided into
small aliquots and the serum was converted into an

Eppendorf tube, labeling of the tube, and stored at
(-80 °C) until assayed for C — reactive protein and
Interleukin-10.

2.2 Statistical Analysis

Data were summarized, analyzed, and presented us-
ing GraphPad Prism 9.2.0 and Microsoft Office Excel
2013, presented as mean + standard deviation. T-test,
ANOVA, and correlation analysis were used to mea-
sure the degree of significant. P-value was considered
significant at (p-value <0.05).

2.3 Measurement of C-reactive protein as
well as Interleukin-10

The sandwich ELISA technique was used to assess
serum C-reactive protein [16] as well as interleukin-
10 levels [17] using Elabscience (USA) kits.

3 Result

Table 1: Comparison of the clinical and hemodynamic variables for the study groups.

Characteristic ¢l G2 3 G e P
n=25 n=25 n=25 n=25 n=25

Age (years)

Mean + SD 28 +4 31+10 30.4+8  34+9 32.44+8.8

Range 20-41 21-45 22-70 20-70 22-70

Gender

Male, n (%) 8(32%)  15(60%) 11 (44%) 9(36%) 13 (52%)

Range 20-41 21-45 22-70 20-70 22-70

BMI! (kg/m?)

Mean +£SD 25+ 2 247417 25+3 255421 24.3+2

Range 19.9-279 21.8-27.2 21-28 21-29 19.9-27.7

3.1 Estimation of Serum C-reactive pro-
tein Concentrations

. The measurement of serum C-reactive protein level
(ng/ml) for the vaccinated groups (G1, G2, and G3)
showed that the concentration of C-reactive protein
was significantly higher (P<0.0001) in group G2 (vac-
cinated with COVID-19) more than in groups G1 and

G3, and also in G3 more than in G1 (P<0.05) as shown
in Figure 1.

IBMI: Body Mass Index, SD: standard deviation, NS: not significant.
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Figure 1: The measurement of serum C-reactive protein
level (ng/ml).Group 1 (vaccinated without COVID-19),
Group 2(vaccinated with COVID-19) and Group 3 (vacci-
nated recovered COVID-19). C-reactive protein was sig-
nificantly higher (P<0.0001) in group G2 (vaccinated with
COVID-19) more than group G1 and G3, also in G3 more
than G1 (P<0.05).

For non-vaccinated groups (G4 and G5), the C-
reactive protein was significantly higher (P<0.01) in
group G4 (no vaccine with COVID-19) than in group
G5 (no vaccine recovered COVID-19), as shown in
Figure 2.
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Figure 2: The measurement of serum C-reactive protein
level (ng/ml).Group 4 (no vaccine with COVID-19) and
Group 5 (no vaccine recovered COVID-19) C-reactive pro-
tein was significantly higher (P<0.01) in group G4 (no vac-
cine with COVID-19) more than group G5 (no vaccine re-
covered COVID-19).

The level of serum C-reactive protein in ng/ml
was significantly lower in G1 than in G2, 4, and 5
(P<0.0001), in addition to G3 (P<0.05).
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Figure 3: Estimation of C-reactive protein concentrations
(ng/ml) for all study. The level of serum C - reactive protein
in ng/ml was significantly low in G1 more than G2, 4, and
5 (P<0.0001), in addition to G3 (P<0.05).

The comparison between G2 (vaccinated) and
G4 (no-vaccine) showed that G4 has a significantly
higher level of serum C-reactive protein. As shown
in Figure 4.
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Figure 4: Estimation Plot showing the degree of significant
between G2 (vaccinated) and G4 (no-vaccine) G4 has a sig-
nificantly higher level of serum C - reactive protein.

Also, the comparison between G3 (vaccinated)
and G5 (no-vaccine) showed that G5 has a signifi-
cantly higher level of serum C-reactive protein. As
shown in Figure 5.
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Figure 5: Estimation Plot showing the degree of significant
between G3 (vaccinated) and G5 (no-vaccine) G5 has a sig-
nificantly higher level of serum C - reactive protein.

Studying the difference among different age
groups, for G2 and G4, the results showed that non-
vaccinated patients have C-reactive protein concen-
trations significantly higher (P<0.0001) than vacci-
nated groups at all age groups. However, the (60-70)
years old have the highest concentration as compared
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to other age groups, whether vaccinated or not. As
shown in Figure 6.
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Figure 6: Evaluation of serum C-reactive protein concentra-
tion in ng/ml for vaccinated and non-vaccinated patients
with COVID-19 infection based on different age groups.

A simillar trend was observed for G3 and Gb5.
The results showed that non-vaccinated patients have
C-reactive protein concentrations significantly higher
(P<0.0001) than vaccinated groups at all age groups.
However, the (60-70) years old have the highest con-
centration as compared to other age groups, whether
vaccinated or not.
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Figure 7: Evaluation of serum C-reactive protein concentra-
tion in ng/ml for vaccinated and non-vaccinated patients
recovered from COVID-19 infection based on different age
groups.

4 Estimation Serum level of IL-10

Measurement of IL-10 concentration in pg/ml for G1,
the results showed that the 2nd and 4th weeks af-
ter vaccination had a higher level (P<0.01) more than
other time incident.
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Figure 8: Serum level of IL-10 concentration in pg/ml.
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Measurement of IL-10 concentration in pg/ml for
G2, the results showed that the 2nd and 4th weeks af-
ter vaccination had a higher level (P<0.01) more than
other time incident.

15
£ = Asiwk
3= = 2nd wk
5 5 10 = ahwk

[s%
Sc = sthwk
To
£n ®
& =
[
[s]
o 0

123 45067 8 91011121314151617181920
weeks after diagnosis

Figure 9: Serum level of IL-10 concentration in pg/ml, G2
(vaccinated with COVID-19)

Measurement of IL-10 concentration in pg/ml for
G3 showed that no significant increase was noticed
among the different time incidents.
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Figure 10: Serum level of IL-10 concentration in pg/ml.

Measurement of IL-10 concentration in pg/ml for
G4 showed that a significant increase (P<0.01) was
noticed at the 2nd week after diagnosis more than
other time incident.
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Figure 11: Serum level of IL-10 concentration in pg/ml

Measurement of IL-10 concentration in pg/ml for
G5 showed that no significant difference was found
among the different time incident.
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Figure 12: Serum level of IL-10 concentration in pg/ml.

5 Discussion

Estimation of Serum C -reactive protein
(CRP)

The present results demonstrated a significant in-
crease in CRP levels in patients with COVID-19 com-
pared to recovery group, and this result agrees with
study conducted by S. Saswati Das, V. Shailza, et al.,
It suggests that the pro-inflammatory marker CRP
should be measured in COVID -19 patients as part
of their follow-up strategy in order to monitor indi-
viduals” recovery [18]. The result by N. Smilowitz,
D. Kunichoff, et al., it suggests that CRD, is strongly
associated with acute respiratory distress syndrome
(ARDS), critical illness, and in-hospital mortality in
patients with COVID-19. Inflammatory biomarker-
based approaches to risk stratification and treatment
should be evaluated to improve outcomes of patients
with SARS-CoV-2 infection [19,20]. Also a significant
increase was found in vaccinated with COVID-19
more than vaccinated without COVID-19, and in vac-
cinated recovered with COVID-19 more than vacci-
nated without COVID-19, and this result agrees with
study conducted by H. Edelman-klapper, E. Zittan, et
al., which reveal the CRP was not increased follow-
ing vaccination [21]. There are no previous studies
of CRP levels in people who have been vaccinated or
have recovered from COVID-19. CRP was discovered
as the first acute-phase protein, and it acts as a highly
sensitive general indicator of inflammation, infection,
as well as tissue damage [3,4]. That protein is pro-
duced by cells derived from smooth muscle, lympho-
cytes, endothelial cells, macrophages, and adipose
cells [22]. It during 6 hours of inflammatory process
stimulation, substantial quantities are ejected [4, 23].
The overproduction of inflammatory cytokines may
be responsible for the increased CRP values [24]. Al-
though cytokines work to combat pathogens, lung tis-
sue can be harmed when the immune system is over-
active [25]. In COVID-19 patients, tissue damage and
inflammatory cytokines both cause CRP production
[15,26].

Estimation of Serum Interleukin 10 (IL-10)

IL-10 is a cytokine that reduces inflammation and
keeps the immune system’s response in check, en-
abling infection to be cleared while causing the least
amount of host-related harm [27,28].

In the present result, IL-10 levels were significantly
higher at 2nd and 4th weeks after vaccination more
than other time incident in group 1 (vaccinated with-
out COVID-19) and group 2 (vaccinated with COVID-
19), we did not find any previous research on this
topic. My interpretation of these results of elevated
IL-10 levels at 2 weeks or longer following may be re-
flected the typical immunological reaction to reestab-
lish the homeostasis.

In the present result, showed that no significant in-
crease was noticed among the different time incident
in IL-10 levels in recovery individual with or with-
out vaccine, IL-10 is a crucial part of the cytokine
system [29] that controls and inhibits the production
of proinflammatory cytokines during the recovery
phases [10] of infections and consequently reduces
the damage caused by inflammatory cytokines [29].
This results agrees with study conducted by Y. Pan,
X. Jiang, et al., [30] that revealed no significant dif-
ferences were observed in IL-2, IL-12, IFN-v, IL-5, IL-
6, IL-15, IL-17, IL-10, IFN-a, and TNF-a during the
follow-up of convalescent individuals.

In the present study, the levels of IL-10 in serum of
non-vaccinated COVID-19 infected patients was sig-
nificantly increased at second week more than other
time, this result agrees with study conducted by H.
Islam, T. Chamberlain, et al., [10] that revealed the
dramatic elevation in IL-10 could be interpreted as
an attempt to temper hyperinflammation and prevent
tissue damage. However, the concurrent elevations
in IL-10 and various pro-inflammatory cytokines, and
the observed relationship between elevated IL-10 lev-
els and disease severity, suggest that IL-10 is either
failing to appropriately suppress inflammation (as
observed in other inflammatory conditions or acting
in a manner that deviates from its traditional role as
an anti-inflammatory molecule. Also similar to our
results, study by R. Luporini, J. Rodolpho, et al., [31]
demonstrated not only elevated IL-10 level in some
COVID-19 patients, but also that this unbalanced cy-
tokine production predicts disease severity and IL-10
were independently associated with mortality.
Additionally, there was a notable correlation between
the levels of IL-10, IL-6, and other inflammatory indi-
cators including C-reactive protein. However, it has
become clear that IL-10 is significant as a potential im-
munological biomarker for assessing the severity of
COVID-19 disease. High IL-10 expression is a marker
for poor outcomes in COVID-19 patients, just like IL-
6. Clinically significant levels of IL-10 have been seen
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in the serum of COVID-19 patients, and this find-
ing has often been interpreted as a biomarker for an
immune-inhibitory or anti-inflammatory mechanism
that is being triggered by the rapid buildup of proin-
flammatory cytokines as a negative feedback loop
[32]. Additionally, some researchers have suggested
recombinant IL-10 for treatment ARDS in COVID-19
patients due to its immunoregulatory as well as an-
tifibrotic properties [13,33].

Studies have shown that serum levels of interleukin-
10 (IL-10) in the cytokine storm in patients with
COVID-19 infection increase significantly [34,35]. It
has also been shown that COVID-19 patients ad-
mitted to the intensive care unit (ICU) have signifi-
cantly more elevated serum levels of interleukin-10
than other non-ICU patients [36]. Importantly, el-
evated serum interleukin-10 levels in patients with
COVID-19 infection can be both an anti-inflammatory
mechanism and an immunosuppressive biomarker
[32]. Additionally, increased gene expression in
macrophages, which may be due to LPS, is inhibited
by IL-10 [37].

6 Conclusion

1. It's possible that COVID-19 patients’ increased
CRP levels are caused by their overproduction of
inflammatory cytokines.

2. Elevated IL-10 levels 2 weeks or longer after im-
munization can be an indication of a healthy im-
mune response that promotes homeostasis.
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