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Abstract

Background and Objectives: This study aimed to examine the levels of the toll-like receptors TLR4 and TLR2 in the blood and 
saliva of patients with coronavirus disease-2019 (COVID-19) receiving orthodontic care in Babylon Province. Materials and Methods: 
Sixty serum and saliva samples were collected and divided into three groups of 20 patients: patients with COVID-19 who did not 
receive orthodontic treatment (group 1); patients with COVID-19 who received orthodontic treatment (group 2); and patients with 
COVID-19 who received orthodontic treatment and recovered (group 3). Thirty samples of serum and saliva from healthy outpatient 
clinics comprised the control group. Enzyme-linked immunosorbent assay was used to determine the result. Results: TLR4 levels 
in saliva increased in all experimental groups (1–3) as compared with the control group. However, only COVID-19 patients and 
orthodontic patients in group 2 had elevated blood levels of TLR4, whereas the levels were reduced in the other two groups (1 
and 3). All experimental groups showed an increase in TLR2 levels in saliva relative to the control group. In the first and second 
experimental groups, serum TLR2 concentrations increased dramatically, whereas they declined in the third group. There was no 
correlation between TLR4 and TLR2 in either group of patients. The concentrations of TLR4 and TLR2 in saliva were higher in the 
experimental groups than in the control group.
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IntroductIon
Coronavirus 2 causes a severe acute respiratory illness 
known as coronavirus disease (SARS-CoV-2). In 
December 2019, it was discovered in Wuhan, China, 
and after rapidly spreading throughout the world, it was 
proclaimed a global pandemic.[1] Coronavirus disease-2019 
(COVID-19) is primarily transmitted through direct 
contact or respiratory droplets. Consequently, rules for 
healthcare professionals began to modify, which assisted 
in preventing the spread of COVID-19.[2,3] The majority 
of people who test positive for COVID-19 either have 
mild symptoms or none at all. However, some of these 
individuals also experience heart failure, blood clots, 
neurological issues, Hepatitis B virus reactivation, and 
an inflammatory response that increases the risk of 
acute respiratory distress syndrome.[4-9] The oral cavity’s 
significance in COVID-19 has been contested. Recent 
research[10] suggests that the oral mucosa may contribute 

to the pathogenesis and transmission of SARS-CoV-2. 
The mouth is essential for eating, communicating, and 
living a meaningful life. The most prevalent oral diseases 
are dental caries and periodontal diseases, both of which 
can typically be prevented.[11] Caries is the most common 
chronic pediatric ailment that lasts into adulthood. 
According to national data from 2011 to 2014, 32.7% of 
adults in the United States had untreated tooth decay.[12] 
During the suspension of orthodontic practice and home 
quarantine, many orthodontists and patients stayed 
at home and communicated via online telemedicine 
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services or smartphones.[2,13] Due to the patient’s inability 
to attend regular sessions during this long period of 
dental treatment suspension,[14] orthodontic concerns, 
such as loose archwires and brackets, could not be 
swiftly corrected. Toll-like receptor 4 (TLR4) plays a 
role in the beginning of inflammatory responses, and 
its overstimulation can lead to hyperinflammation. 
Several diseases, including ischemia-reperfusion damage, 
atherosclerosis, hypertension, cancer, neurodegenerative 
disorders, and neuropsychiatric disorders, have been 
linked to the onset or progression of TLR4 signaling 
dysregulation.[15,16] TLR4 is also involved in the activation 
of the host’s immune system in response to bacterial and 
viral.[17] Pathogens, including bacteria, viruses, fungi, and 
parasites, are detected by toll-like receptor 2 (TLR2).[18] 
Neutrophils and monocytes, among other immune cells, 
include TLR2. Neutrophils are the first cells to arrive at 
an infected site, identify the pathogen, and activate an 
immune response. Alternatively, the binding of a specific 
ligand to monocytes induces coordinated adaptive 
response activation at TLR2 and TLR4.[19,20] The aim of 
this study was to examine the amounts of soluble toll-
like receptor 2 (sTLR2) and soluble toll-like receptor 4 
(sTLR4) in orthodontic patients healing from COVID-19.

MaterIals and Methods

Study population
Ninety serum and saliva samples from adults in Babylon 
city who had orthodontic treatment and were between 
the ages of 18 and 30 years were collected for the current 
investigation and divided into four groups. These samples 
were sorted:

Group  1 consisted of 20 patients with COVID-19 
(nasopharyngeal swap positive) who did not receive 
orthodontic treatment.

Group  2 consisted of 20 patients with COVID-
19 (nasopharyngeal swap positive) who received 
orthodontic therapy.

Group 3 consisted of 20 orthodontic-treated patients who 
have recovered from COVID-19 (nasopharyngeal swap 
negative) recovered after two weeks.

Group  4 consisted of 30 serum and saliva samples 
collected from healthy persons in outpatient clinics 
with nasopharyngeal swap negative (control group 
both gender and 18–35 age).

Blood and saliva samples
A disposable syringe was used to collect 5 mL of serum, 
blood, and then centrifuged samples from 60 patients 
that were divided into three groups (groups 1–3) and 30 
blood and saliva samples from healthy people. Using 
an enzyme-linked immunosorbent assay (ELISA) and a 
technique called a quantitative sandwich immunoassay 
with Elabscience kit the amounts of TLR2 and TLR4 in 

the blood and saliva were measured. Sandwich ELISA 
tests were used to measure the levels of TLR2 and TLR4 
in serum and saliva, and the results were computed using a 
standard curve. According to the company (Elabscience), 
this test achieved the following:

1 Before usage, the kit’s components were equilibrated at 
room temperature.

2 The components of  the kit were prepared. Sandwich 
ELISA was the technique used in this kit of  ELISA. 
In this kit, the micro-ELISA plate was precoated 
with an antibody specific to human TLR2 and 
TLR4. Samples or standards were combined with 
the appropriate antibody in the ELISA plate wells. 
Each microplate was then treated with an Avidin-
horseradish peroxidase (HRP) conjugate and a 
biotinylated detection antibody specific for human 
TLR2 and TLR4. Washing was used to remove the 
free parts. The addition of  substrate solution to each 
well was performed. Only the wells containing human 
TLR2 and TLR4, the bio-tinylated detection antibody, 
and the Avidin-HRP conjugates had a blue color. By 
adding a stop solution, which likewise allowed the 
color to turn yellow, the enzyme-substrate process was 
terminated. The optical density (OD) was determined 
by spectrophotometer at a wavelength of  450 ± 2 nm. 
The OD value correlated with the concentration of 
human TLR2 and TLR4. The estimation of  both 
TLR2 and TLR4 human concentrations in the samples 
was performed by matching the OD of the samples to 
the standard curve.

Statistical analysis
Data were analyzed by using the Statistical Package for 
Social Sciences software program, version 23.0. The 
results were presented as mean and standard deviation. 
An independent t test was used to compare the blood and 
saliva samples from all patient groups with those from 
the control group. A  value of P< 0.05 was considered 
statistically significant.

Ethical approval
The study was conducted in accordance with the ethical 
principles. It was carried out with patient’s verbal and 
analytical approval before the sample was taken. The 
study protocol and the subject information and the 
consent form were reviewed and approved by Babylon 
University College of Dentistry, a local ethics committee 
according to document number 102 on November 1, 2022, 
to get this approval.

results
The outcomes of this study revealed that the TLR4 in 
saliva increased in three groups as compared with the 
control group. Interestingly, TLR4 serum levels were 
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increased only in the second group as compared with the 
control group, whereas concentrations declined in the 
other two groups (groups 1 and 3). TLR2 concentrations 
in saliva were significantly higher in all the three groups 
(groups 1–3) as compared with the control group. TLR2 
serum concentrations increased in the first and second 
groups relative to the control group, but decreased in the 
third group, as seen in Tables 1–3.

dIscussIon
TLR4 is a “pattern recognition receptor” that is essential 
for the innate immune system. Pathogen-associated 
molecular patterns (PAMPs) are shared by bacteria, 
viruses, and other pathogens.[21] During viral infection, 
“host tissue injury, specific”, “damage-associated 

molecular patterns” such as heat-shock proteins, and “high 
mobility group box 1” were identified and generated by 
dead or lytic cells.[22] TLR4 is expressed on the cell surfaces 
of immune cells such as macrophages and dendritic cells, 
and this expression aids in the management of acute 
inflammation. It is also expressed on the cell surface of 
some populations of tissue-resident cells for cell defense 
against infection and/or to alter their fibrotic phenotype 
after tissue damage.[23,24]

TLR2 is unique in that it forms a heterodimer with TLR1 
or TLR6 to detect and respond to microbial cell wall 
components such as lipoteichoic acid, peptidoglycan, and 
lipoproteins or lipopeptides.[25,26] Sarah et al.[27] reported 
that TLR2 expression was greater in gingivitis samples. 
TLR2 identifies the aforementioned PAMPs that are 
frequent in gingivitis. Furthermore, Hajishengallis et al.[28] 
discovered that Porphyromonas gingivalis acting through 
TLR2 can activate a different inside-out signaling 
pathway than lipopolysaccharide acting through TLR4, 
as seen in chronic periodontitis. This current investigation 
found a high concentration of  TLR-2 when compared to 
the control group, which is consistent with Zhao et al.,[29] 
who found that the level of  sTLR-2 in saliva with active 
caries was substantially greater (29.5 ± 3 pg/mL) than in 
saliva devoid of  caries (24.8 ± 0.6 pg/m). Previous research 
has shown that TLR signaling in host cells triggers 
cytokine release.[30] This finding was compatible with 
the findings obtained by several authors worldwide,[31-32] 
who discovered that the healthy group had significantly 
lower values for all clinical measures (P = 0.05). TLR4 
concentrations in saliva were significantly higher in 
chronic periodontitis patients (P  =  0.05) than in the 
control group [Tables 1–3]. The second and third groups 
had higher serum TLR2 concentrations than the control 
group, while the first group had lower serum TLR2 
concentrations. TLR4 concentration was only high in the 
first group when compared to the control group, but low 
in the second and third groups when compared with the 
control group.

conclusIon
Three patient groups had higher TLR2 and TLR4 
concentrations in their saliva as compared with the 
control group, TLR4 concentrations increase in COVID-
19 patients and orthodontic patients in group 2 only; 
however, the levels reduced in the other two groups (groups 
1 and 3). TLR2 concentrations in serum increased in the 
first and second experimental groups, whereas TLR2 
concentrations decreased in the third group.

Data availability
All the data that support the study results are available 
from the corresponding author (Basma Abdel Khaleq 
Eidan, e-mail: basma.abid@mustaqbal-college.edu.iq) 
upon request.

Table 1: Mean and standard deviation of toll-like receptor 2 
and toll-like receptor 4 in patients and control group (group 1)

Parameters Mean ± SD P Value 

Patients Control 
TLR2 serum 3.976 ± 2.35 2.876 ± 1.93 0.21

TLR2 saliva 62.913 ± 53.79 164.891 ± 46.25 0.000***

TLR4 serum 293.943 ± 97.55 187.284 ± 133.66 0.04*

TLR4 mucosal* 0.307 ± 0.21 0.134 ± 0.04 0.002**
SD = standard deviation

Significant at P < 0.05
*Significant
**Very significant
***Very high significant

Table 3: Mean and standard deviation of toll-like receptor 2 
and toll-like receptor 4 in patients and control group (group 3)

Parameters Mean ± SD P Value 

Patients Control 
TLR2 systemic 0.02* 2.876 ± 1.93 305.605 ± 113.78

TLR2 mucosal 0.08 164.891 ± 46.25 236.840 ± 165.90

TLR4 systemic 0.08 187.284 ± 133.66 4.230 ± 1.94

TLR4 mucosal 0.006* 0.134 ± 0.04 0.537 ± 0.58

SD = standard deviation
Significant at P < 0.05
*Significant

Table 2: Mean and standard deviation of toll-like receptor 2 
and toll-like receptor 4 in patients and control group (group 2)

Parameters Mean ± SD P Value 

Patients Control 
TLR2 systemic 306.677 ± 90.776 2.876 ± 1.93 0.02*

TLR2 mucosal 109.929 ± 94.666 164.891 ± 46.25 0.04*

TLR4 systemic 3.1617 ± 2.08 187.284 ± 133.66 0.7

TLR4 mucosal 0.744 ± 0.721 0.134 ± 0.04 0.001**
SD = standard deviation
Significant at P < 0.05
*Significant
**Very significant
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