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Abstract

Background: Over 221 million illnesses and over 4.6 million fatalities caused by the coronavirus
disease 2019 (COVID-19) were confirmed as of September 2021, according to the WHO.
Accelerated vaccine development initiatives and widespread immunization campaigns were
implemented to address the enormous morbidity and death load. The most reliable approach
to stop the spread of infectious illnesses is through vaccination. Methods: The study had eighty-
one (81) participants ranging from 18 to 66 years old who were recently injected with COVID-
19 mRNA Pfizer/BioNTech [BNT162b2] vaccines. They received two vaccine doses of 30 ug, 0.3
mL injections twenty-one (21) days apart. Before the first vaccination, blood samples were
collected. This procedure was repeated on days 7-10 following the first immunization, and on
7-10 days following the second dosage. All samples were tested for TLR-4 using a High
Sensitivity Human ELISA Kit (Elabscience/United State). Results: TLR-4 levels did not significantly
rise in any of the groups. Conclusions: The elevated TLR-4, was not significantly rise in any of
the studied groups of our study. Further clinical studies are needs to understand the role of
other immunological factors in safety of COVID-19 vaccines.
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1. Introduction

A pneumonia of an unknown origin surfaced in
Wuhan, China, around the end of 2019. Acute
respiratory failure was the primary reason why most
patients arrived at the hospital, while some also
experienced serious consequences [1]. It was
eventually determined that the new coronavirus
SARS-CoV-2(severe acute respiratory syndrome
coronavirus 2) was the cause of this illness, (COVID-
19, coronavirus disease 2019) [2]. A non-segmented,

enveloped,  positive-sense  RNA  virus  at
approximately ~ 30-kilobase, SARS-CoV-2 is a
developing virus with enormous worldwide

relevance. Belonging to the family Coronaviridae
(group beta - coronavirus in the subfamily
Orthocoronavirinae) [3,4], SARS-CoV-2 virions (i.e.,
entire virus particles) are spherical in shape like other
coronaviruses. With a 65-125 nm diameter [5], its
most notable feature is the spike projection coming
from the virions’ surface. These spike projections
make the virus resemble a crown, and thus the name
coronavirus [6,7]. TLRs are the primary immune
system controllers and are a subclass of pathogen-
recognition receptors (PRR). The phylogenetically
maintained TLR family triggers an innate immune
response in response to SARS-CoV-2 infection. The
protecting and maladaptive responses to lower
respiratory viral infection are thought to depend on
TLRs [8]. The nasal cavity and the submucosa of the
respiratory tract both include mast cells that express
TLR. These function as a sort of microbial defense
barrier. Additionally, SARS-CoV-2 can activate mast
cells, which results in the early release of
inflammatory substances such as protease and
histamine. Late activation results in the production of
pro-inflammatory IL-1 family members, such as IL-1
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and IL-33, as well as IL-6 and TNF-a, which further
activate the macrophages and cause airway
inflammation [9]. According to Conti et al. [10],
activation of the TLRs during COVID-19 infection
may cause the release of IL-1B and other pro-
inflammatory cytokines. People suffering from severe
COVID-19 have greater serum levels of pro-
inflammatory cytokines and chemokines, including
as IL-2, IL-6, IL-1B, IL-8, IL-17, G-CSF, GM-CSF, IP10,
MCP1, MIP1a, and TNF-a, compared to individuals
who are not infected [11-13]. Organ damage and
host cell death result from this pro-inflammatory
state and the virus's direct infection. DAMPS like
HMGB1 and oxPAPC are released by damaged host
cells and are able to increase inflammation via TLR
binding, through the MyD88-NF-B pathway. A
negative feedback loop results when pro-
inflammatory conditions are followed by an increase
in the production of anti-inflammatory cytokines. For
downstream of MyD88, IL-10 acts as a suppressor of
the immunological response. According to
translational research, IL-10 is raised in COVID-19
and is greater in patients who are severely sick, just
like pro-inflammatory cytokines [14,15].
Furthermore, the interaction of TLRs with virus
particles results in immunopathological effects that
lead to mortality in COVID-19 patients [16]. Another
SARS-CoV2 investigations have demonstrated the
pathogenic function of TLR4 in COVID19 patients'
increased inflammation, which resulted in NETosis
and inflammasome activation [17-19]. The most
reliable, cost-efficient, and safe method of pandemic
control is vaccination. Among the top brands are
Sinovac, CanSino, AstraZeneca, Moderna from the
United States and a vaccine developed jointly by the
United States and Germany by Pfizer-BioNTech. A
novel method for creating SARS-CoV-2 vaccines is
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messenger RNA (mRNA) [20]. Here, we characterized
the TLR-4 responses to the 1st and 2nd dose of the
BNT162b2 mRNA (Pfizer/BioNtech) vaccine in
vaccinated participants with diseases (hypertension,
diabetes, and individuals with hypertension,
diabetes, and heart disease) in comparison with
healthy participants.

2. Materials and Methods

Study Design and Participants

The present study included eighty-one (81)
participants who were recently vaccinated with
mRNA Pfizer/BioNTech [BNT162b2] vaccines. This
exploratory analysis used samples from healthy
participants from 18 to 66 years old who have
already received two vaccine injections 21 days apart
at a dose of (30 pg, 0.3 mL). The participants were
divided into four groups, first the healthy subjects,
the second with hypertension, the third with
diabetes, and finally those with hypertension,
diabetes, and heart disease. All participants received
their vaccination between October 2021 and March
2022. Blood samples were collected as previously
described. Samples collected at baseline (before first
vaccination), (Day 7-10, after first vaccination), and
(Days 7-10, after second vaccination), were analysed.
Informed consent in oral and written form were
obtained from all the participants.

Specimen Collection and Preparation
A. Specimen collection

Participants' serum samples were extracted from
blood samples in serum collection tubes by
centrifugation for 10 minutes at 1,000-2,000 x g.,
and serum fractions were organized, collected, and
frozen for later use. Before analysis, frozen materials
were thawed at room temperature for 1 hour. Before
analysis, thawed samples were vortexed. Analyzing
preserved samples from multiple time periods of the
same donor was done in parallel studies.

B. ELISA technique

Levels of TLR-4 were quantified using a High
Sensitivity Human ELISA Kit identical for each marker
(Elabscience/United State). Briefly, 50uL of standard
or sample was added to each well and incubated for
90 minutes at 37 C. Then, the liquid was eliminated
and 50pL of biotinylated detection Ab was added
and incubated for one hour at 37 C. Next, the
solution is aspirated from the wells and washed three
times. Then, 50uL of HRP Conjugate was added and
incubated for 30 minutes at 37 C. After that, the
solution was aspirated from the wells and washed
five times. Then, 50uL of substrate reagent was
added and incubated for 15 minutes at 37 C. Finally,
25pL of stop solution was added and the OD value
was determined at 450 nm instantly.

3. Statistical Analysis

GraphPad prism7 was used to analyze the data
[21,22]. Results are represented as mean= SD [23].
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4. Results

Eighty-one  were  vaccinated with mRNA
Pfizer/BioNTech [BNT162b2] COVID-19 vaccine. The
age of entire groups (mRNA Pfizer/BioNTech)
ranged between (18-66) years old; 69 were women
and 12 were men. vaccinated individuals were
included 45 healthy individuals, 15 with
hypertension, 12 with diabetes, and 9 with
hypertension, diabetes, and heart disease. TLR-4 was
measured for all participants (before the first
vaccination), (Days 7-10, following the first
immunization), and (Days 7-10, following the second
immunization) using High Sensitivity Human ELISA
Kit corresponding for each marker
(Elabscience/United State) as shown in Figure 1-4. All
results are displayed by GraphPad Prism 7.
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Figure1: Dynamic changes in TLR-4 in COVID-19
vaccinated healthy participants. A: before the first
vaccine, B: after (7-10 days) of vaccine dose, C: after (7-
10 days) of the second vaccine dose.
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Figure 2: Dynamic changes in TLR-4 in COVID-19
vaccinated hypertension participants. A: before the first
vaccine, B: after (7-10 days) of vaccine dose, C: after (7-

10 days) of the second vaccine dose.
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Figure 3: Dynamic changes in TLR-4 in COVID-19
vaccinated diabetic participants. A: before the first
vaccine, B: after (7-10 days) of vaccine dose, C: after (7-
10 days) of the second vaccine dose.
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Figure 4: Dynamic changes in TLR-4 in COVID-19
vaccinated hypertension, diabetic, and heart diseases
participants. A: before the first vaccine, B: after (7-10

days) of vaccine dose, C: after (7-10 days) of the second
vaccine dose.

5. Discussion

The creation of a COVID-19 vaccine is believed to be
a necessary and essential part of the worldwide effort
to contain this pandemic, and several businesses are
working to provide a safe and efficient vaccine [24].
Anti-SARS CoV-2 mRNA a breakthrough vaccine
called BNT162b2 is being used to immunize
countless numbers of individuals worldwide. It is
based on a genetically modified RNA that can
produce a protein in the treated people that triggers
an immune response, providing the recipients of the
vaccine with immunity versus SARS CoV-2. The acute
type of COVID-19 is characterized by an aberrant
and exaggerated immune host reaction that favors a
bad prognosis in a large percentage of patients,
particularly ~ those  with  obesity, diabetes,
hypertension, and atherosclerosis. Tumor necrosis
factor-alpha (TNF-alpha) and interleukin-6 (IL-6) are
two  pro-inflammatory  cytokines  that are
overexpressed, which are byproducts of the Toll-Like
receptors 4 (TLR4) pathway, describes the ongoing
inflammation that occurs in various cardiometabolic
disorders [25]. According to a recent study, the full-
length S protein of the SARS-CoV-2 virus has
antigenic epitopes that can bind to the TLR4/MD-2
complex and trigger an immune response [26]. This
relationship was shown in an in-silico investigation,
which also suggested the possibility that the COVID-
19 inflammatory effects may be influenced by the
TLR pathway. The scientists' molecular docking
investigation showed strong interaction between the
viral S protein and human innate immune receptors
TLR1, TLR4, and TLRé, with TLR4 having the greatest
reported binding energy [27]. As ACE2 expression is
increased by TLR4 activation in cells that would
normally express it at relatively modest levels, this
study offers a mechanism for the increased virulence
of SARS-CoV-2 and shows that the influence of
PAMPs and VAMPs on TLR4 is extensive. Two
scenarios most likely play a part in these outcomes:
(i) Through their spike glycoproteins, the SARS-CoV-
2 viruses themselves bind to TLR4 to increase ACE2
expression and so improve infectivity and (ii) TLR4 in
tissues would be activated by the cleaved S1
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glycoprotein subunits that are released into the
interstitial  space and  blood stream. By
furin/TMPRSS2 or cathepsins B/L in the endosomes,
the outer S1 subunits are separated from the spike
(28], During the process of viral entrance, for
instance, after cell interaction with ACE2 [29, 30].
Thus, cleaved spike S1 may potentially activate TLR4
intracellularly (perhaps in endosomes), however if it
were exported from the cell via the secretory channel
during the viral departure phase, it would perform a
more important function [31, 32]. Additionally, there
is proof that the S1 domain was shed into the
extracellular environment, where TLR4 could be
activated, especially considering that COVID-19
patients' blood and urine both included spike S1[33,
34]. Aboudounya et al work's established that the
SARS-CoV-2 spike protein S1 domain activates TLR4,
suggesting that TLR4 may function as a receptor or
accessory factor for the virus [35]. Most individuals
with severe COVID-19 have pre-existing illnesses
[36], such as diabetes [37]. TLR4 may be responding
to both exogenous (PAMPs) and endogenous
(DAMPs) ligands during SARS-CoV-2 infection,
however a definitive mechanism of activation has not
yet been established. Diabetes patients already have
increased amounts of PAMPs [38-40], and DAMPs
[41], in their blood, which might go worse with a
diagnosis of COVID-19. Fohse et al investigation's
revealed that following BNT162b2 vaccination,
innate immune cells responded less strongly to TLR4
and TLR7/8 ligands while responding more strongly
to cytokines produced by fungus [42]. A more
balanced inflammatory response to SARS-CoV-2
infection may be indicated by the induction of
tolerance towards stimulation with TLR7/8 (R848) or
TLR4 (LPS) ligands following BNT162b2 vaccination.
One would wonder if such an impact could help to
reduce the likelihood of excessive inflammation in
COVID-19, one of the leading causes of mortality
[43]. In our study, TLR-4 levels did not significantly
rise in any of the research groups.

6. Conclusions

In the current study, 81 participants ranging from 18
to 66 years old who were recently vaccinated by
mRNA Pfizer/BioNTech [BNT162b2] vaccines. They
received two vaccine doses of 30 pg, 0.3 mL
injections twenty-one (21) days apart. Before the first
vaccination, and after first and second vaccine dose
blood samples were collected. TLR-4 was elevated
using ELISA test. The results showed that the TLR-4
levels did not significantly rise in any of the groups.
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