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ABSTRACT

OBJECTIVE: Identifying the factors related to the severity of COVID-19 has been one of
the biggest challenges since the outbreak of this disease. Disrupted innate immune responses
are a significant factor in the severity of COVID-19.

METHODOLOGY: In this case—control study, we explored the expression of Toll-like
receptors (TLR3, TLR4, TLR7, and TLRY9) and retinoic acid—inducible gene I (RIG-I) in
peripheral blood mononuclear cells (PBMCs) of patients with COVID-19. of included 30
patients with varying disease severity (15 mild/moderate and 15 severe cases) and 15 healthy
individuals. We recruited patients from Afzalipour Hospital, Kerman, Iran, between February
and April 2021, and measured gene expression levels using real-time PCR.

RESULTS: TLR gene expression levels, as well as RIG-I expression, were higher in
COVID-19 patients than in the control group, and this increase was significant for some
genes. Additionally, comparing these genes in severe patients with those in mild patients
revealed lower expression of TLR3 (p-value = 0.038) and higher expression of TLR4 (p-value
=0.026).

CONCLUSION: These data indicate that dysregulation of the 7LR signaling pathway,
particularly 7LR3 and TLR4, may be associated with COVID-19 severity.

KEYWORDS: SARS-CoV-2, Inflammation, Retinoic acid-inducible gene I (RIG-I), Toll-
like receptors (TLRs), COVID-19 severity
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an emerging disease of global proportions in recent
human history that occurred in 20192 Despite the passage of over five years after the
emergence of COVID-19 and control of the COVID-19 pandemic, significant knowledge
gaps still exist regarding the etiology of the disease and the immune response to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)*°. In many cases, patients show no
noticeable symptoms or recover following a self-limiting antiviral response characterized by
the production of neutralizing antibodies and cell-mediated immunity. 13.9% of patients with
moderate COVID-19 infection suffer from acute respiratory distress syndrome, lymphopenia,
and extensive chest X-ray abnormalities, and 6.1% of people manifest severe disease, with
respiratory and multi-organ failure and need admission to intensive care units (ICU)*'.
Based on available evidence and clinical observations, the development of severe disease is
frequently linked with a hyperinflammation state (also known as cytokine storm), a state
characterized by dysregulated and excessive production of cytokines, immunomodulatory
dysfunction accompanied by systemic inflammation affecting several organs.

Although the mechanism underlying exaggerated inflammation in COVID-19 remains well
understood, accumulating evidence suggests that aberrant function of Pattern recognition
receptors (PRRs) plays an important role in orchestrating host immunity and influencing
disease severity and complications®. Among virus-sensing PRRs, key sensors, including
TLRs, NLRs, and RIG-I-like receptors, play important roles in sensing key viral molecular
signatures. These receptors detect multiple moieties present on viral pathogens. Upon
detection of these ligands, they orchestrate a series of complex signalling events. This
cascade of events is crucial for triggering the innate immune system, the first line of defence
against viral intrusion. Moreover, these receptors cross-modulate the effector components of
adaptive immunity, refining the immune response to make it more efficient and focused
against the viral threat. Besides these roles, activation of these PRRs significantly influences
the production of cytokines (signaling molecules that help immune cells communicate). It
therefore shapes the overall immune response during a viral infection (9). TLR3, TLR4, TLR7,
TLRS, and TLRY genes play an important role in the antiviral response, including defense
against SARS-CoV-2 infection'”. Among them, 7LR3, together with RIG-I, detects viral
double-stranded RNA, while TLR4 recognizes the viral spike (S) protein. Endosomal TLR7
and TLRS sense single-stranded RNA, and 7LR9 contributes to the detection of viral RNA.
Collectively, these receptors initiate early immune signaling pathways, shaping the host's
initial antiviral response'"'2. Upon viral sensing, TLR-mediated signaling pathways are
rapidly activated, leading to the modulation of transcriptional programs governed by IRFs
and NF-«xB. This signaling network enhances the expression of inflammatory mediators and
drives robust innate immune activation, which may exacerbate inflammatory damage in
SARS-CoV-2 infection. Also, 7LRs induce type I interferon responses through the alternative
IRF3 pathway®'®!'. Type I interferons are secreted by virus-infected cells, and through the
JAK-STAT signaling pathway, they induce interferon-stimulated genes (ISGs) and play an
important role in the cellular antiviral response'*'*. Immune system defects, especially
defects in the interferon signalling pathway, and excessive inflammation caused by excessive
activation of the TLR-NF-«kB signalling pathway have been identified as one of the important
factors affecting the severity of the disease of COVID-19. Both TLR- NF-«xB and TLR-IRF'3
pathways play a role in viral defense, and in healthy individuals with normal immune
systems, the two pathways occur in a relative balance and lead to the elimination of infection.
But in individuals with immune system deficiencies, the imbalance between the two
pathways causes an increase in the 7LR- NF-xB pathway response and a relative decrease in
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the antiviral response of the 7LR-IRF3 pathway, failing to remove virus-infected cells,
leading to ongoing production of abnormal cytokines, and death '"'2.

As a consequence, 7LRs assume a dual function during viral infections. Various studies have
shown that increasing or decreasing TLR expression plays a significant role in COVID-19
severity of COVID-19. Accordingly, this research aimed to investigate whether differential
expression of 7LR3, TLR4, TLR7, TLR9, and RIG-I in peripheral blood mononuclear cells is
associated with COVID-19 disease severity, thereby providing insights into the role of innate
immune dysregulation in SARS-CoV-2 infection.

METHODOLOGY

Study participants and sampling method

This case—control study included 30 patients with COVID-19 consecutively recruited from
Afzalipour Hospital, Kerman, Iran, between February and April 2021. We invited all eligible
patients who met the inclusion criteria during the study period to participate. We obtained
samples from the PBMCs of COVID-19 patients. Based on the severity of the disease the
samples was separated 15 samples with mild/ moderate COVID-19 infection (with positive
results of real-time PCR test with or without clinical symptoms, without evidence
of pneumonia or mild pneumonia, no need for hospitalization), 15 samples with severe
COVID-19 infection (with positive results of real-time PCR test, with oxygen saturation <
94%, respiratory rate > 30, needing intensive care unit) and 15 samples as control samples
(without history of COVID-19). We confirmed the control samples were negative by real-
time PCR. Inclusion criteria included patients aged >18 years with a laboratory-confirmed
COVID-19 diagnosis by PCR; exclusion criteria included immunodeficiency, cancer, HIV
infection, tuberculosis, or other specific viral diseases. We matched the participant groups by
age and sex. We also recorded the demographic characteristics of each patient.

RNA extraction, cDNA synthesis, and quantitative real-time PCR

We extracted RNA from PBMC samples using a TRIzol total RNA extraction kit (Yekta
Tajehiz, Iran) according to the manufacturer's instructions. Extracted RNA was converted
into cDNA via a cDNA synthesis kit from Parstous. Then, we used quantitative real-time
PCR to measure the relative mRNA levels of target genes using gene-specific primers (Table
1) and SYBR Green Master Mix (AMPLICON) on an ABI StepOnePlus real-time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.), of normalized target gene
expression using GAPDH as a housekeeping gene. Results were expressed as relative gene
expression using the 2-AA" method.

Table I: The primer sequences used for quantifying 7LRs mRNA expression using real-
time PCR are listed below

Annealing
Gene Forward primer (5' — 3’) Reverse primer (5' — 3') temperature | Reference
O
TLR3 CAAACACAAGCATTCGGAATCTG | AAGGAATCGTTACCAACCACATT 58 (15)
TLR4 AGTTGATCTACCAAGCCTTGAGT | GCTGGTTGTCCCAAAATCACTTT 58 (16)
TLR7 TCAAGAAAGTTGATGCTATTGGG | CTAGCCCCAAGGAGTTTGGAA 59 (17)
TLRY AATCCCTCATATCCCTGTCCC GTTGCCGTCCATGAATAGGAAG 58 (18)
RIG-1 CGTAAGAGTGATAGAGGAATGCC | GGCTTGGGATGTGGTCTACTC 59 (17)
GAPDH CCCACTCCTCCACCTTTGAC CATACCAGGAAATGAGCTTGACA 60 (19)
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Statistical analysis

SPSS (version 22) was used to determine the frequency, percentage, mean, and standard
deviation. Chi-square tests, t-tests, and one-way ANOVA were employed for data analysis.
Additionally, GraphPad Prism 9 software was used to create the graphs and tables.

Ethical considerations

The study protocol was approved by the Ethics Committee of Kerman University of Medical
Sciences (Approval No.: IR. KMU.AH.REC.1401.202). The study followed the ethical
principles of the Declaration of Helsinki. We obtained written informed consent from all
participants before their inclusion in the study.

RESULTS

Demographic characteristics

As mentioned above, the present study assessed 30 COVID-19 patients, including
mild/moderate and severe cases, and 15 healthy individuals. In total, 22 (48.8%) were male,
including 7 (46.6%), 6 (40%), and 9 (60%) in the mild/moderate, severe, and healthy groups,
respectively. The mean age of participants was 48.73 = 10.98, 47.40 + 6.02, 53.40 + 15.51,
and 45.40 £ 11.41 in the mild/moderate, severe, healthy, and control groups, respectively
(Table II). We compared demographic features across the mild/moderate, severe, and control
groups and found no statistically significant differences (gender, p=0.536; age, p=0.159).

Table I1: Demographic characteristics of participants

Variables Mild/moderate Severe Control F02r the P
(n=15) (n=15) (n=15) X* test
Age (years, mean+SD) 47.40+6.02 | 53.40.+15.51 | 4540+ 11.41 1.917 | 0.159
Male, n (%) 7 (46.6) 6 (40) 9 (60) 1.245 | 0.536

mRNA expression of TLRs

Overall analysis of 7LR and RIG-I gene expression revealed a general upregulation in
PBMCs of COVID-19 patients compared with control subjects. However, this increase was
statistically significant only for specific genes (Figure 1).

The results showed a significant increase in the mRNA expression of 7LR4 (fold change =
3.030£1.07, p <0.0001) and TLRY (fold change = 2.2+0.88, p = 0.0015) in the severe group
compared to the control group. In contrast, the upregulation of 7LR7 (fold change =
2.00+£2.393, p = 0.5726), TLR3 (fold change = 1.500£1.726, p = 0.5259) and RIG-I (fold
change = 1.040=1.378, p >0.9999) was not statistically significant in the severe group
compared to the control group.

In the mild/moderate group, TLR3 mRNA expression increased significantly (fold change =
2.500£1.602, p <0.0001) compared with the control group. Still, there was no significant
upregulation of 7LR9 (fold change = 1.300+0.63268, p = 0.5609), TLR7 (fold change =
1.090+1.024, p >0.9999), TLR4 (fold change = 0.901+£0.911, p >0.9999), and R/G-I(fold
change = 1.449+1.698, p = 0.8925) in the mild/ moderate group compared to the control
group.

Additionally, the severe group showed significant upregulation of TLR4 expression (p =
0.026) and significant downregulation of TLR3 expression (p = 0.038) compared with the
mild/moderate group.
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Figure 1: mRNA expression levels of TLRs in COVID-19 patients compared to the
healthy individuals; A: TLR9, B: TLR7, C: TLR4, D: TLR3, E: RIG-1

J Liaquat Uni Med Health Sci September 21, 2026 doi: 10.22442/jlumhs.2026.01445 Page S of 10



ONLINE FIRST

DISCUSSION

Since the emergence of COVID-19, researchers have made considerable progress in defining
the clinical features of the disease, its transmission dynamics, and diagnostic approaches. Yet
our understanding of how the human immune system responds to SARS-CoV-2 remains
surprisingly incomplete. Several lines of evidence have highlighted the crucial role of
interferons and certain immune cell populations in disease progression, but many mechanistic
details remain unknown?’. After the acute pandemic phase, the virus continues to circulate,
and new variants keep emerging; therefore, investigating these mechanisms remains crucial
to develop better tools to manage long-term post-COVID and prepare for future coronavirus
threats. They can also deepen our fundamental understanding of innate and antiviral
immunity. 7LRs are key pattern-recognition receptors in the innate immune system and
among the first sensors to detect SARS-CoV-2.

Interestingly, these receptors appear to have dual, contradictory roles: they help mount an
antiviral response and promote viral clearance, but they can also drive harmful
hyperinflammation that contributes to severe outcomes. Therefore, a clearer picture of how
SARS-CoV-2 engages TLR-dependent signaling pathways is essential for rationally
designing both preventive and therapeutic interventions. As indicated above, the literature on
TLR expression during COVID-19 is inconsistent. Some groups have reported upregulated
TLR levels in severe cases, whereas others have documented the opposite pattern® 2. Given
these conflicting findings, the present study aimed to evaluate the gene expression of several
key antiviral PRRs, specifically TLR3, TLR4, TLR7, TLRY, and RIG-I, in patients with
confirmed SARS-CoV-2 infection with different severity states and in healthy controls.

In this study, we observed higher expression of TLR3, TLR4, TLR7, TLR9, and RIG-I in
COVID-19 patients than in uninfected individuals. However, the increase was not uniform
across all receptors. This selective pattern suggests that SARS-CoV-2 likely triggers a
specific subset of innate sensing pathways rather than global activation. These results agree
with several earlier reports. For example, Hosseinabadi and colleagues found significantly
higher levels of TLR3, TLR7, TLRS, and TLR9Y expression in people with mild, moderate, and
severe COVID-19 compared to healthy controls®’. Similarly, Menezes et al. reported
increased transcript levels of TLR3, TLR7, TLR9Y, and RIG-I in patients with varying degrees
of disease severity’’. When we classified the COVID-19 patients of our study according to
clinical severity, a clearer picture emerged. Interestingly, individuals with severe disease
showed markedly higher TLR4 expression and significantly lower TLR3 expression than
those with mild or moderate illness. Downregulation of 7LR3 in severe COVID-19 suggests a
weakened antiviral interferon response, which may impair viral clearance and contribute to
disease progression.

In contrast, upregulation of 7LR4 may enhance pro-inflammatory signaling and promote
cytokine-mediated tissue injury, thereby exacerbating disease severity. Altogether, this
pattern suggests a shift from effective antiviral defence to excessive inflammation in severe
cases. These findings highlight TLR3 and TLR4 as potential therapeutic targets. Enhancing
TLR3-mediated antiviral responses or inhibiting TLR4-driven inflammatory pathways may be
promising strategies to restore immune balance in severe COVID-19; however, further
clinical validation is required.

To our knowledge, this reciprocal pattern of gene expression, decreased 7LR3 and increased
TLR4 in the most severe cases, may represent an immunologic signature linked to worse
clinical trajectories. Menezes and co-workers™ previously described the same directional
change (lower TLR3, higher TLR4 in severe versus non-severe disease). Furthermore, Shon
et al. have shown enhancement of TLR4 expression in patients with severe COVID-19**. As
mentioned previously, 7LR3 has been identified as a critical element of the immune system's
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response to RNA viruses™. It seems that the TLR3 gene plays a significant part in the
immune system's response to COVID-19 infection, and the decrease in expression of the
TLR3 gene causes a drop in the generation of type 1 interferons. As a result, the virus cannot
be cleared, and it can spread. Zhang and colleagues found that mutations in the 7LR3 gene
can lead to severe, inherited immune deficiencies in COVID-19 patients, emphasizing the
gene's essential role in antiviral protection®.

Additionally, Menezes et al. proposed that differences in TLR3 expression between the mild
and severe groups may be linked to the severe group's higher neutrophil count, as peripheral
blood evidence suggests that TLR3 expression is augmented in T-cells. The decreased TLR3
expression in the COVID-19 severe §roup may indicate a diminished fraction of lymphocytes
in their peripheral blood samplesz. However, the lower expression of 7LR3 in severe
COVID-19 than in the mild group is not only due to the elevated neutrophil count; more
research is required to ascertain the origin of the variation in 7LR3 expression. Researchers
have identified a significant association between pathological inflammation and 7LR4
signalling, especially in COVID-19. TLR4 can recognize lipopolysaccharide from Gram-
negative bacteria26; however, in silico investigations suggest it may also play a role in the
immune response to SARS-CoV-2 infection®’.

Furthermore, Aboudounya et al. hypothesized that the coronavirus spike glycoprotein binds
to TLR4 and activates signalling, which then increases surface expression of ACE2. As a
result, increased ACE?2 allows the virus to enter cells more frequently, worsening the illness
(28). Menezes et al. suggested that this finding, i.e., increased 7LR4 gene expression in
severe COVID-19 patients, may indicate a compensatory response by leukocytes in
conditions of decreased TLR3 gene expression.

From there, TLR3 and TLR4 act synergistically against viral challenge and use the same
intracellular signaling pathways, so it seems reasonable that the reduction of 7LR3 expression
leads to a compensatory increase in 7LR4 expression”’. Furthermore, Aboudounya's study
showed that during COVID-19, decreased pulmonary surfactant secretion led to increased
TLR4 expression in airway cells. HMGB1 (High mobility group box 1 protein) released by
lysed cells can also activate TLR4 and cause further inflammation and fibrosis. Furthermore,
SARS-CoV-2 may activate TLR4, enhancing the PI3K/Akt signalling pathway in infected
cells, which suppresses apoptosis and prolongs viral replication. Aberrant inflammatory
signaling may also involve extra-pulmonary 7LR4-expressing tissues, potentially contributing
to multi-organ damage in COVID-19 (28). In our study, we found no significant differences
in TLR7, TLRY, or RIG-I expression between mild and severe cases, despite previous reports
such as Fallerini indicating reduced TLR7 expression in patients with severe disease™.

Also, Solanich found a lack of TLR7 function in several men with severe COVID-19
disease”. Investigations have shown that in men with severe COVID-19, defects in X-
chromosomal copies of TLR7 have been detected; decreased TLR7 expression has resulted in
diminished production of IFN1/2, reduced antiviral response, and deterioration of patients'
condition. Furthermore, previous studies indicate that because the TLR7 gene of located on
the X chromosome, its expression is higher in women than in males***’; however, we did not
observe this in our investigation, which may be related to the small sample size. This study
has several limitations. First, the relatively small sample size may have limited the statistical
power. Second, this single-centre study at Afzalipour Hospital, Kerman, Iran, may limit the
generalizability of the findings. Third, the study evaluated only mRNA expression; it did not
assess protein expression or perform functional immune assays. Therefore, larger multi-
centre studies incorporating protein expression analyses and functional immunological assays
are needed to validate and extend these findings. Overall, the findings show that immune
system deficiencies, particularly impairments in the TLR signalling pathway, can affect the
severity of COVID-19. As a result, 7LR immune modulators, such as agonists and
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antagonists, may one day be used as adjuvants in vaccines or medications to treat
hyperinflammatory reactions following SARS-CoV-2 infection.

CONCLUSION

This study shows that dysregulation of TLR signaling pathways, particularly altered
expression of 7LR3 and TLR4, is associated with COVID-19 disease severity.
Downregulation of 7LR3 may be linked of impaired antiviral interferon responses, while
upregulation of TLR4 may exacerbate inflammatory signalling; these regulatory patterns may
contribute to severe clinical outcomes. Altogether, these results indicate that manipulation of
TLR-mediated pathways can serve as a potential therapeutic approach for controlling
excessive inflammation while preserving effective antiviral immunity in COVID-19 patients.

Ethical Permission: Kerman University of Medical Sciences, Iran, ERC approval letter No.
IR.KMU.AH.REC.1401.202.

Conflict of interest: There is no conflict of interest between the authors.

Financial Disclosure / Grant Approval: No funding agency was involved in this research.
Data Sharing Statement: The corresponding author can provide the data proving the
findings of this study on request. Privacy or ethical restrictions bound us from sharing the
data publicly.

AUTHOR CONTRIBUTION

Karimi N: Performed concepts, design and definition of intellectual content, did literature
searches and clinical studies, performed experimental studies, analyzed the data, performed
manuscript preparation and manuscript editing

Lajmiri H: Performed literature searches and clinical studies

Mousavi E: Developed concepts, performed experimental studies, performed a manuscript
review

Maskouni EJ: Performed literature searches and clinical studies, performed manuscript
preparation and manuscript editing

Meymandi B: Analyzed the data, performed manuscript preparation and manuscript editing
Farrokhnia M: Performed a manuscript review

Ebrahimi S: Performed concept development, performed the design and definition of
intellectual content, analyzed the data, performed manuscript preparation and manuscript
editing, performed a manuscript review

J Liaquat Uni Med Health Sci September 21, 2026 doi: 10.22442/jlumhs.2026.01445 Page 8 of 10



ONLINE FIRST

REFERENCES

1. Wu YC, Chen CS, Chan YJ. The outbreak of COVID-19: An overview. J Chin Med
Assoc. 2020; 83(3): 217-20.

2. Lajmiri H, Ahmadi N, Ebrahimi S, Nikoo HR, Farrokhnia M, Heidari E et al. Risk factors
associated with mortality among vaccinated COVID-19 patients: A retrospective study. J
Acute Dis. 2024;13(6):199-207.

3. Khanmohammadi S, Rezaei N. Role of Toll-like receptors in the pathogenesis of COVID-
19. J Med Virol. 2021; 93(5): 2735-9.

4. Lajmiri H, Ahmadi N, Ebrahimi S, Nikoo HR, Farrokhnia M, Heidari E et al.
Investigation of Epstein-Barr virus coinfection and changes in the gene expression of
angiotensin converting enzyme Il in peripheral blood mononuclear cells in COVID-19
patients. Biochem Biophys Reports. 2025; 44: 102311.

5. Ahmadi N, Lajmiri H, Ebrahimi S, Nikoo HR, Farrokhnia M, Heidari E et al. Changes in
the gene expression of activation-induced cytidine deaminase in peripheral blood
mononuclear cells in COVID-19 patients. J Acute Dis. 2024; 13(5): 173-8.

6. Organization WH. Clinical management of severe acute respiratory infection (SARI)
when COVID-19 disease is suspected: interim guidance, 13 March 2020. WHO; 2020.

7. Salomao R, Assis V, de Sousa Neto IV, Petriz B, Babault N, Durigan JLQ et al.
Involvement of Matrix Metalloproteinases in COVID-19: Molecular Targets,
Mechanisms, and Insights for Therapeutic Interventions. Biology (Basel). 2023; 12(6):
843.

8. Mabrey FL, Morrell ED, Wurfel MM. TLRs in COVID-19: How they drive
immunopathology and the rationale for modulation. Innate Immun. 2021; 27(7-8): 503-
13.

9. Jung HE, Lee HK. Current Understanding of the Innate Control of Toll-like Receptors in
Response to SARS-CoV-2 Infection. Viruses. 2021; 13(11): 2132.

10. Manik M, Singh RK. Role of toll-like receptors in modulation of cytokine storm signaling
in SARS-CoV-2-induced COVID-19. J Med Virol. 2022; 94(3): 869-77.

11. McElvaney OJ, McEvoy NL, McElvaney OF, Carroll TP, Murphy MP, Dunlea DM et al.
Characterization of the Inflammatory Response to Severe COVID-19 Illness. Am J Respir
Crit Care Med. 2020; 202(6): 812-21.

12. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al. A novel coronavirus from patients
with pneumonia in China, 2019. New Engl J Med. 2020; 382(8): 727-33.

13. Maskouni EJ, Abbasi S, Mousavi E, Najafimemar Z, Arabzadeh AM, Farrokhnia M et al.
Expression level of interferon-stimulated genes PKR, OAS1, MXI1, and ISGIS5 in
peripheral blood mononuclear cells of COVID-19 patients: A retrospective study. J Acute
Dis. 2024; 13(3): 111-5.

14. Ortega-Prieto AM, Jimenez-Guardeio JM. Interferon-stimulated genes and their antiviral
activity against SARS-CoV-2. Mbio. 2024; 15(9): 2100-24.

15. O'Loughlin T, Kruppa AJ, Ribeiro AL, Edgar JR, Ghannam A, Smith AM, et al. OPTN
translocates to an ATG9A-positive compartment to regulate innate immune signalling and
cytokine secretion. bioRxiv. 2019: 744672.

16. Chen Y, Zeng Z, Shen X, Wu Z, Dong Y, Cheng JC-H. MicroRNA-146a-5p negatively
regulates pro-inflammatory cytokine secretion and cell activation in lipopolysaccharide-
stimulated human hepatic stellate cells through inhibition of toll-like receptor 4 signaling
pathways. Int J Mol Sci. 2016; 17(7): 1076.

17. Gilanipour A, Teimoori A, Arabzadeh SA, Mollaic HR, Mousavi E. Toll-like receptor 7
and RIG-I-like receptors expression in peripheral blood mononuclear cells of naive
patients with hepatitis C. BMC Res Notes. 2023; 16(1): 344.

J Liaquat Uni Med Health Sci September 21, 2026 doi: 10.22442/jlumhs.2026.01445 Page 9 of 10



ONLINE FIRST

18. Narovlyansky A, Pronin A, Poloskov V, Sanin A, Mezentseva M, Fedyakina I et al.
Expression of Toll-like Receptor Genes and Antiviral Cytokines in Macrophage-like
Cells in Response to Indole-3-carboxylic Acid Derivative. Viruses. 2024; 16(11): 1718.

19. Lechler P, Balakrishnan S, Schaumburger J, Grissel S, Baier C, Grifka J et al. The
oncofetal gene survivin is re-expressed in osteoarthritis and is required for chondrocyte
proliferation in vitro. BMC Musculoskel Disord. 2011; 12: 1-8.

20. Menezes MCS, Veiga ADM, Martins de Lima T, Kunimi Kubo Ariga S, Vieira Barbeiro
H, de Lucena Moreira C et al. Lower peripheral blood Toll-like receptor 3 expression is
associated with an unfavorable outcome in severe COVID-19 patients. Sci Rep. 2021;
11(1): 1-12.

21. Bagheri-Hosseinabadi Z, Rezazadeh Zarandi E, Mirabzadeh M, Amiri A, Abbasifard M.
mRNA expression of toll-like receptors 3, 7, 8, and 9 in the nasopharyngeal epithelial
cells of coronavirus disease 2019 patients. BMC Infect Dis. 2022; 22(1): 1-10.

22. Fallerini C, Daga S, Mantovani S, Benetti E, Picchiotti N, Francisci D et al. Association
of Toll-like receptor 7 variants with life-threatening COVID-19 disease in males: findings
from a nested case-control study. Elife. 2021; 10: e67569.

23. Fitzgerald KA, Kagan JC. Toll-like Receptors and the Control of Immunity. Cell. 2020;
180(6): 1044-66.

24. Sohn KM, Lee SG, Kim HJ, Cheon S, Jeong H, Lee J et al. COVID-19 Patients
Upregulate Toll-like Receptor 4-mediated Inflammatory Signaling That Mimics Bacterial
Sepsis. J Korean Med Sci. 2020; 35(38): ¢343.

25. Zhang Q, Bastard P, Liu Z, Le Pen J, Moncada-Velez M, Chen J et al. Inborn errors of
type I IFN immunity in patients with life-threatening COVID-19. Science. 2020;
370(6515): eabd4570.

26. Takeuchi O, Hoshino K, Kawai T, Sanjo H, Takada H, Ogawa T et al. Differential roles
of TLR2 and TLR4 in recognition of gram-negative and gram-positive bacterial cell wall
components. Immunity. 1999; 11(4): 443-51.

27. Choudhury A, Mukherjee S. In silico studies on the comparative characterization of the
interactions of SARS-CoV-2 spike glycoprotein with ACE-2 receptor homologs and
human TLRs. J Med Virol. 2020; 92(10): 2105-13.

28. Aboudounya MM, Heads RJ. COVID-19 and Toll-Like Receptor 4 (TLR4): SARS-CoV-
2 May Bind and Activate TLR4 to Increase ACE2 Expression, Facilitating Entry and
Causing Hyperinflammation. Mediators Inflamm. 2021; 2021(1): 8874339.

29. Solanich X, Vargas-Parra G, van der Made CI, Simons A, Schuurs-Hoeijmakers J, Antoli
A, et al. Genetic Screening for TLR7 Variants in Young and Previously Healthy Men
With Severe COVID-19. Front Immunol. 2021; 12: 719115.

J Liaquat Uni Med Health Sci September 21, 2026 doi: 10.22442/jlumhs.2026.01445 Page 10 of 10



