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Introduction: The COVID-19 pandemic, caused by the novel coronavirus 
SARS-CoV-2, has prompted extensive research into the immune 
response mechanisms triggered by infection and vaccination. This 
study investigates the immunological profiling of Toll-like receptor 3 
(TLR3), Interferon-alpha (IFN-α), and antimicrobial peptide LL-37 in Iraqi 
patients, comparing responses among unvaccinated, Pfizer-vaccinated, 
Sinopharm-vaccinated, and COVID-19 infected groups.

Materials and Method: A total of 120 participants were categorised into 
four subgroups: 30 unvaccinated and uninfected, 30 Pfizer-vaccinated, 
30 Sinopharm-vaccinated after the second dose, and 30 COVID-19-
infected but unvaccinated individuals. The study monitored TLR3 gene 
expression, IFN-α, and LL-37 levels over three months using real-time 
PCR and ELISA techniques, respectively.

Results: The study revealed significant variations in TLR3 gene expression 
across groups. The Pfizer group showed dynamic fluctuations, peaking 
at three months, indicating an active immune response. The Sinopharm 
group exhibited a steady increase in TLR3 expression, suggesting 
sustained immune activation. The infected group had a high initial 
response, tapering to baseline, reflecting immune resolution. Serum 
IFN-α levels were significantly higher in both the infected and vaccinated 
groups compared to controls. The Sinopharm group also showed 
elevated LL-37 levels, indicating robust mucosal immunity 

Conclusion: This study underscores the critical roles of TLR3, IFN-α and 
LL-37 in the immune response to COVID-19 infection and vaccination. 
The differential expression of these markers provides insights into 
the dynamics of the immune response, highlighting the importance 
of sustained immune surveillance and the potential of these markers 
for diagnostic and prognostic purposes. Further research is needed to 
explore the long-term implications and optimise vaccination strategies 
for better immune protection.
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Introduction 
COVID-19, a novel illness caused by SARS-CoV-2, was first 
identified in Wuhan, China, with severity ranging from mild 
rhinorrhoea to life-threatening Adverse Drug Reaction 
(ADR) and non-respiratory manifestations.1 The spike (S) 
protein of SARS-CoV-2 plays a critical role in infection. It acts 
like a key, binding to the ACE-2 receptor on host cells and 
enabling the virus to fuse and enter. Because of this crucial 
function, the spike protein is the target for all COVID-19 
vaccines, despite their varied mechanisms of action.2 These 
vaccines utilise various technologies, including mRNA, 
replication-incompetent vector, recombinant protein, and 
inactivated approaches.3 Booster dosages are necessary 
to trigger a T cell response as well as a B cell response 
that results in the production of neutralising and binding 
antibodies.4 Iraq’s national vaccination program uses three 
primary COVID-19 vaccines: Pfizer, Oxford AstraZeneca, 
and Sinopharm. Pfizer uses engineered messenger RNA 
to trigger an immune response, AstraZeneca uses a 
modified chimpanzee adenovirus vector, and Sinopharm 
uses an inactivated virus to train the immune system.5 
The effectiveness of vaccines in preventing infections, 
particularly COVID-19, is assessed using serological and 
immunological indicators. Challenges include equitable 
global access and controlling outbreaks. The human 
immune system triggers innate and adaptive responses.6 
TLRs, located on different chromosomes, detect ligands, 
produce IFN, and trigger innate immune responses. They 
involve specialised T lymphocytes and B cells, producing 
antibodies and memory immunity.7,8 TLRs have three 
domains: transmembrane, TIR, and extracellular. They 
initiate downstream signalling, identify PAMPs, and form 
dimers with coreceptors or assistance molecules.9 TLRs, 
expressed by both innate and non-immune cells, contribute 
to the body’s innate immunity. They can be divided into 
surface and intracellular TLRs, with TLRs dispersed on 
intracellular endosomes and on the cell surface. TLRs 
recognise various PAMPs, including lipids, lipoproteins, 
and nucleic acids, primarily for identifying bacteria.10 
TLR3 recognises double-stranded RNA produced by RNA 
viruses.11 TLR3 stimulates NF-κB and IRF, producing IFN 
and pro-inflammatory cytokines. They indirectly activate 
the adaptive immune system by inducing costimulatory 
molecules. SARS-CoV-2 upregulates pro-inflammatory 
genes in lung epithelial cells, potentially triggering the 
innate immune system, leading to viral death and removal.12 
TLRs are linked to SARS-CoV and MERS pathogenesis, 
potentially playing a role in SARS-CoV-2. COVID-19 severity 
is correlated with IL-6 levels, and activation of TLRs triggers 
the inflammasome and IL-1 production. TLRs may also 

cause STAT.13 IFN-α is a vital component of the antiviral 
immune response, with significant implications for both 
the treatment and prevention of COVID-19. Its ability to 
inhibit viral replication, modulate immune responses, and 
enhance vaccine efficacy underscores its potential as a 
therapeutic and prophylactic agent. Further research is 
needed to fully understand the optimal use of IFN-α in the 
context of COVID-19 and to develop effective strategies for 
its clinical application.14 LL-37, an antimicrobial peptide, is 
a key part of the innate immune system, providing broad-
spectrum antimicrobial activities and being produced by 
various cell types. LL-37, a protein, has shown potential 
in combating SARS-CoV-2, the virus responsible for 
COVID-19. It can bind to the ACE-2 receptor’s binding 
domain, preventing infection. LL-37 also disrupts the viral 
membrane, similar to its activity against other viruses. It also 
exerts immunomodulatory effects, regulating neutrophil 
NETosis, which can help reduce inflammation and tissue 
damage in COVID-19 patients. LL-37’s potential therapeutic 
applications include adjunctive therapy, reducing the 
severity of COVID-19-related complications, and regulating 
NETosis and inflammation.15

Study Design, Materials and Methods 
Subjects

This investigation comprised 120 Iraqi participants. The 
participants were categorised into four subgroups: 30 
unvaccinated and uninfected individuals (aged 24–38 
years), 30 individuals vaccinated with the Pfizer vaccine, 
30 individuals vaccinated with the Sinopharm vaccine 
(after the second dose), and 30 individuals infected with 
COVID-19 but unvaccinated. The ages of the vaccinated and 
infected groups, which ranged from 25 to 365 years, were 
monitored for the first three months following vaccination 
or infection. The duration of vaccination or infection was 
used to further divide each of these subgroups into three 
categories: one month, two months, and three months. 
Each subgroup consisted of 10 individuals. Healthcare 
providers supervised the collection of infected samples from 
Baghdad Teaching Hospital and Ibn Al-Kateeb Hospital in 
Baghdad, Iraq, between October 2023 and January 2024. 
Clinical features and positive PCR test results for active 
COVID-19 were used to diagnose hospitalised patients 
under the supervision of a specialist.

Inclusion Criteria

Those who were infected but not vaccinated, as well as 
those who had received the Sinopharm and Pfizer vaccines, 
were the subjects of follow-up cases after the initial three 
months of immunisation. Moreover, health precautions 
(those who are not infected and not vaccinated). 
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Exclusion Criteria

Those who have a history of other infections, diabetes, 
hypertension, cancer, and autoimmune disorders, or who 
receive additional vaccinations. 

Ethical Approval Statement
Ethical approval was obtained from the Ethics Committee 
of the College of Biotechnology, Al-Nahrain University. 
Informed consent was obtained from all individual 
participants included in the study. The participants were 
informed about the study’s purpose, procedures, potential 
risks, and benefits, and their rights to refuse or withdraw 
from the study at any time without any consequences. All 
data collected was kept confidential and used solely for 
the purpose of this research.

Gene Expression of TLR3

The expression of TLR3 involved the use of a SaCycler-48 
Real-Time PCR system from Sacace (Italy) and a Luna 
Universal qPCR Master Mix from Biolab (England). Chemicals 
such as chloroform and ethanol were sourced from Ocon 
Chemicals (Ireland), and TRIzol reagent was obtained from 
Transgene (China).

Sampling and RNA Extraction

Peripheral blood samples (10 mL) were collected from 
subjects. For RNA extraction, 300 µL of blood was mixed 
with 600 µL of TRIzol reagent and 250 µL of chloroform in a 
micro-centrifuge tube. After homogenisation and incubation 
at room temperature, the samples were centrifuged, and 
the supernatant was treated with ethanol and processed 
through ReliaPrep columns (Promega, USA). RNA was 
eluted with DNase/ RNase-free water.

RNA Quantification

The concentration and purity of RNA were determined 
using the Quantus Fluorometer (Promega, USA). Samples 
were prepared by mixing RNA with QuantiFluor dye in TE 
buffer. The fluorescence was measured to quantify RNA 
concentration.

cDNA Synthesis

RNA was converted to cDNA using the LunaScript Reverse 
Transcriptase kit (Biolab, England). The reaction mixture 
included LunaScript RT SuperMix, random primers, and 
RNA. The mixture was incubated for primer annealing, 
cDNA synthesis, and heat inactivation steps.

Primers used in this Study

Macrogene, a South Korean company, synthesised 
high-quality genetic materials using the NCBI Primer-

BLAST tool for precise and efficient amplification of 
target sequences. The primer sequences used for TLR3 
were carefully selected to ensure optimal binding and 
amplification. The forward primer for TLR3 had the sequence 
5’-TGCACGGGCTTTTCAATGTG-3’, while the reverse primer 
was 5’-CAGGGTTTGCGTGTTTCCAG-3’. For the reference 
gene GAPDH, which is commonly used as a normalisation 
control in gene expression studies, the forward primer 
sequence was 5’-TTTTGCGTCGCCAGCC-3’, and the reverse 
primer sequence was 5’-ATGGAATTTGCCATGGGTGGA-3’. 

RT-PCR

Gene expression was analysed using the Luna Universal 
qPCR Master Mix in a real-time PCR system. The reaction 
components included forward and reverse primers, 
nuclease-free water, and cDNA. The cycling conditions 
involved initial denaturation, denaturation, annealing/ 
extension, and a melting curve analysis.

Immunological Assays

The levels of IFN-α and LL-37 were measured using sandwich 
ELISA kits (Sunglong Biotech, China). 

Statistical Analysis

Data were analysed using SPSS version 23 and GraphPad 
Prism 9. Statistical tests included mean, standard deviation, 
standard error, independent samples T-test, ANOVA, and 
Receiver Operating Characteristic (ROC) curves. Gene 
expression was evaluated using the 2^(-ΔΔCT) method, 
with GAPDH as the endogenous control. Samples were 
categorised as upregulated or downregulated based on 
their fold change relative to the control.

Results
Gene Expression of TLR3
The study revealed significant variations in TLR3 gene 
expression across different groups over time. The control 
group maintained a constant fold change of 1.0, indicating 
stable TLR3 expression. In contrast, the Pfizer vaccinated 
group showed marked fluctuations, with a notable increase 
at one month (4.354), a decrease at two months (0.623), 
and a dramatic spike at three months (14.312), suggesting 
a dynamic immune response. The Sinopharm vaccinated 
group exhibited a consistent increase in TLR3 expression, 
with fold changes of 1.913, 2.532, and 2.221 at one, two, 
and three months, respectively, indicating a sustained 
immune activation. The infected group demonstrated a high 
initial response (5.11) at one month, followed by a gradual 
return to baseline levels at two (1.34) and three months 
(1.01), reflecting an effective resolution of the immune 
response. These findings highlight the variable nature of 
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TLR3 activation in response to vaccination and infection, 
providing insights into the immune dynamics and potential 
implications for clinical outcomes as shown in Figure 1. 

Evaluation of IFN-α and LL-37 in the Infected and 
Vaccinated Group

The study found significant increases in serum IFN-α in 
infected and vaccinated groups compared to controls. In 
the Sinopharm group, IFN-α levels rose to 18.068 ± 2 pg/
mL after one month but showed no significant differences 
in the second (12.394 ± 1 pg/mL) and third months (8.469 
± 2 pg/mL). The Pfizer group showed a significant increase 
in the second month (16.359 ± 1 pg/mL), with no significant 
differences in the first (9.612 ± 3 pg/mL) and third months 
(9.368 ± 2 pg/mL). The results displayed a significant 
elevation (p < 0.05) in serum IFN-α in the infected group 
during three months (12.6 ± 1.4, 11.2 ± 2.4 and 10.5 ± 2.1 
pg/mL) respectively, compared to controls (5.4 ± 1.1 pg/
mL). Serum LL-37 levels were significantly elevated in the 
Sinopharm group at three months (337.277 ± 8.9, 221.564 
± 12.1 and 402.207 ± 8.73 µg/mL) compared to controls 
(71.8 ± 8.7 µg/mL) and Pfizer recipients (185.662 ± 6.12 
µg/mL). The findings highlight the role of IFN-α and LL-37 
in the immune response and the variability in vaccine-
induced immunity as illustrated in Figure 2. 

ROC Test Analysis 
The comparison of immune responses between Pfizer and 
Sinopharm vaccines revealed distinct patterns for each 
marker. The Pfizer vaccine showed a robust early immune 
response with IFN-α sensitivity of 91%, specificity of 93%, and 
an Area Under Curve (AUC)  of 0.96, particularly evident in the 
second month post-vaccination. In contrast, the Sinopharm 
vaccine demonstrated 100% sensitivity and specificity 
for IFN-α with an AUC of 0.93, notable in the first month 
post-vaccination but aligning with infection levels in later 
months. For LL-37, both vaccines exhibited high sensitivity 
and specificity (100% for Pfizer, 99% for Sinopharm), with 
Pfizer inducing significant elevations indicating a strong 
innate response (AUC 0.99), while Sinopharm showed 
pronounced mucosal immunity with elevated levels in 
the lungs and saliva (AUC 0.97). TLR3 responses were 
higher and sustained in the Pfizer group (sensitivity 82%, 
specificity 84%, AUC 0.71), indicating potential memory 
cell establishment, whereas the Sinopharm vaccine also 
increased TLR3 expression (sensitivity 83%, specificity 81%, 
AUC 0.77), reflecting ongoing immune surveillance. Overall, 
both vaccines effectively stimulated the immune system, 
with Pfizer showing sustained IFN-α and TLR3 responses 
and Sinopharm enhancing mucosal immunity with higher 
LL-37 levels as shown in Figure 3. 

Figure 1(a).Fold Change Over Time. This line plot shows the variation in TLR3 gene expression over three 
months for each group. (b).Distribution of Fold Change by Group, distinguishing each group: Control, Pfizer, 

Sinopharm, and Infected. (c).Histogram of Fold Changes. (d).Scatter Plot of Fold Change vs. Months. This 
scatter plot shows individual data points for fold changes at different time points for each group. (e).Average 

Fold Change by Group
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Figure 2(a).IFN-α and (b).LL-37 Serum Levels in the Infected and Vaccinated Groups

Figure 3.ROC Curve Analysis of Sensitivity and Specificity of Studied Biomarkers

Discussion 
This study highlights the significant roles of TLR3, IFN-α and 
LL-37 in the immune response to COVID-19 infection and 
vaccination. Results showed that serum IFN-α levels were 
significantly increased in the infected group compared to 
controls. Notably, both the Sinopharm and Pfizer vaccinated 
groups exhibited significant differences in IFN-α levels 
compared to controls, particularly in the first month after 
vaccination. The analysis revealed a substantial increase 
in IFN-α in the Sinopharm vaccinated group after the first 
month compared to the first month after infection. However, 
no significant differences were observed between the 
Sinopharm vaccinated group in the second and third months 
compared to the infected group during the same period. 
Interestingly, the Pfizer vaccinated group showed significant 
increases in IFN-α in the second month post-vaccination 
compared to the infected group, indicating a robust early 

immune response to the Pfizer vaccine. These findings are 
supported by Nakhlband et al.16 and Basolo et al.17, who 
reported that dendritic cells produce significant quantities 
of IFN-α following vaccination. However, Altmann et al.18 
noted that while systemic immunity is boosted, current 
vaccines may not effectively prevent viral transmission, 
emphasising the need for enhanced mucosal immune 
memory in the respiratory system.

TLR3 expression was significantly elevated in the Pfizer 
vaccinated group compared to controls, with the highest 
expression observed three months post-vaccination. This 
upregulation of TLR3 indicates a sustained immune response 
and the establishment of memory immune cells ready 
to respond to future viral challenges.19 The Sinopharm 
vaccinated group also showed increased TLR3 expression, 
albeit to a lesser extent than the Pfizer group. In contrast, 
the infected group exhibited a significant increase in TLR3 
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expression in the first month post-infection, followed by a 
gradual decline. These variations in TLR3 expression may be 
attributed to several factors, including immune tolerance 
and the early immune response focusing on different 
pathways before initiating TLR3-mediated responses. The 
gradual increase in TLR3 expression over time reflects the 
maturation and strengthening of the immune system post-
vaccination.20 Additionally, TLR3’s role in recognising viral 
infections and initiating immune responses highlights its 
importance in antiviral defence mechanisms.21

The study also demonstrated that IFN-α levels were three 
times higher in individuals who received their second 
vaccine dose within a month compared to those who 
received it more than a month earlier. This suggests a 
gradual decline in T-cell activity over time, with the immune 
system undergoing a tolerance process to reduce pro-
inflammatory cytokine production.22 Additionally, excessive 
or uncontrolled IFN-α production, particularly in the late 
stages of COVID-19, can contribute to a “cytokine storm,” 
leading to severe lung damage and adverse outcomes.23 
Regarding LL-37, significant elevations were observed in 
the Sinopharm vaccinated group compared to controls 
and infected groups. The Sinopharm vaccine appeared to 
stimulate mucosal immunity, leading to increased LL-37 
production, particularly in the lungs, as noted by Bagheri-
Hosseinabadi et al.24 The Pfizer vaccinated group also 
showed significant increases in LL-37 levels, although to 
a lesser extent compared to the Sinopharm group. These 
findings suggest that both vaccines effectively enhance 
innate immune responses, with Sinopharm showing a 
more pronounced effect on mucosal immunity. The ROC 
analysis further demonstrated the diagnostic potential 
of IFN-α, LL-37, and TLR3 as immune response markers. 

Conclusion
Our findings underscore the critical roles of IFN-α, LL-
37, and TLR3 in the immune response to COVID-19. The 
differential expression of these markers in vaccinated and 
infected individuals provides insights into the dynamics 
of the immune response, highlighting the importance of 
sustained immune surveillance and the potential of these 
markers for diagnostic and prognostic purposes. Further 
studies are warranted to explore the long-term implications 
of these findings and to optimise vaccination strategies for 
better immune protection.

Acknowledgement
The authors would like to express our deepest gratitude to 
all those who contributed to the completion of this study. 
Our sincere thanks go to the healthcare providers and staff 
at Baghdad Teaching Hospital and Ibn Al-Kateeb Hospital 
for their invaluable assistance in sample collection and 
patient care. We are also grateful to the participants for 

their cooperation and willingness to be part of this study. 
Extend our heartfelt appreciation to the faculty and staff 
of the College of Biotechnology, Al-Nahrain University, 
for their support and guidance throughout this research. 

Source of Funding: The authors declare that there 
are no conflicts of interest regarding the publication of 
this paper. All authors have contributed equally to the 
research and writing of this manuscript and have approved 
the final version. The study was conducted independently, 
without any financial or commercial influence from vaccine 
manufacturers, pharmaceutical companies, or other 
entities. The authors affirm that they have no affiliations, 
memberships, funding, or financial holdings that could 
be perceived as affecting the objectivity of this research.

Conflict of Interest: None

References 
1. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. Cytokine release 

syndrome in severe COVID-19: interleukin-6 receptor 
antagonist tocilizumab may be the key to reduce 
mortality. Int J Antimicrob Agents. 2021;55(5):105954. 
[PubMed] [Google Scholar]

2. Mascellino MT, Di Timoteo F, De Angelis M, Oliva 
A. Overview of the main anti-SARS-CoV-2 vaccines: 
mechanism of action, efficacy and safety. Infect Drug 
Resist. 2021;14:3459-76. [PubMed] [Google Scholar]

3. Issa YW, Salih SM, Alani SS. Flow Cytometric Expression 
of CD4 and CD8 in COVID-19 Vaccinated People in 
Baghdad City. Journal of Communicable Diseases. 
2024;56(1):75–82. [PubMed]  [Google Scholar]

4. 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;2021:8874339. [PubMed] [Google Scholar]

5. Jara A, Undurraga EA, González C, Paredes F, Fontecilla 
T, Jara G, Pizzaro A, Acevedo J, Leo K, Leon F, Sans 
C, Leighton P, Suarez P, Garcia-Escorza H, Araos R. 
Effectiveness of an inactivated SARS-CoV-2 vaccine in 
Chile. N Engl J Med. 2021;385(10):875-84. [PubMed] 
[Google Scholar]

6. Batra M, Tian R, Zhang C, Clarence E, Sacher CS, 
Miranda JN, De La Fuente JR, Mathew M, Green D, Patel 
S, Bastidas MV, Haddadi S, Murthi M, Gonzalez MS, 
Kambali S, Santos KH, Asif H, Modarresi F, Faghihi M, 
Mirsaeidi M. Role of IgG against N-protein of SARS-CoV2 
in COVID19 clinical outcomes. Sci Rep. 2021;11(1):3455. 
[PubMed] [Google Scholar]

7. Issa YW, Salih SM. Impact of miR-155, miR-145 and 
miR-328 on pigmentary process in Iraqi patients with 
vitiligo. Gene Rep. 2020;21:100955. [Google Scholar]

8. Jeong SK, Heo YK, Jeong JH, Ham SJ, Yum JS, Ahn BC, 
Song CS, Chun EY. COVID-19 subunit vaccine with a 

https://pubmed.ncbi.nlm.nih.gov/32234467/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1016%2Fj.ijantimicag.2020.105954&btnG=
https://pubmed.ncbi.nlm.nih.gov/34511939/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mascellino+MT%2C+Di+Timoteo+F%2C+De+Angelis+M%2C+Oliva+A.+%282021%29.+Overview+of+the+main+anti-SARS-CoV-2+vaccines%3A+mechanism+of+action%2C+efficacy+and+safety&btnG=
https://pubmed.ncbi.nlm.nih.gov/34511939/
https://doi.org/10.24321/0019.5138.202412
https://pubmed.ncbi.nlm.nih.gov/34233097/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jara+A%2C+Undurraga+EA%2C+Gonz%C3%A1lez+C%2C+Paredes+F%2C+Fontecilla+T%2C+Jara+G%2C+...+Araos+R.+%282021%29.+Effectiveness+of+an+inactivated+SARS-CoV-2+vaccine+in+Chile&btnG=


145
Saif A S et al.

J. Commun. Dis. 2024; 56(4)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202484

combination of TLR1/2 and TLR3 agonists induces 
robust and protective immunity. Vaccines (Basel). 
2021;9(9):957. [PubMed] [Google Scholar]

9. Patra R, Das NC, Mukherjee S. Targeting human 
TLRs to combat COVID-19: a solution? J Med Virol. 
2021;93(2):615-7. [PubMed] [Google Scholar]

10. Al-Bayati AM, Alwan AH, Fadhil HY. Potential role of 
TLR3 and RIG-I genes expression in surviving COVID-19 
patients with different severity of infection. Iraqi J Sci. 
2022;63(7):2873-83. [Google Scholar]

11. Arefinia N, Banafi P, Zarezadeh MA, Mousawi HS, 
Yaghobi R, Farokhnia M, Sarvari J. TLR3, TLR7, and 
TLR8 genes expression datasets in COVID-19 patients: 
influences of the disease severity and gender. Data 
Brief. 2024;54:110498. [PubMed] [Google Scholar]

12. Braga M, Shiga MA, Silva PE, Yamanaka AH, Souza 
VH, Grava S, Simão AN, Neves JS, de Lima Neto QA, 
Zacarias JM, Visentainer JE. Association between 
polymorphisms in TLR3, TICAM1, and IFNA1 genes and 
COVID-19 severity in Southern Brazil. Expert Rev Mol 
Diagn. 2024;24(6):525-31. [PubMed] [Google Scholar]

13. Bodahl S, Cerps S, Uller L, Nilsson BO. LL-37 and double-
stranded RNA synergistically upregulate bronchial 
epithelial TLR3 involving enhanced import of double-
stranded RNA and downstream TLR3 signaling. 
Biomedicines. 2022;10(2):492. [PubMed] [Google 
Scholar]

14. Hubiche T, Cardot-Leccia N, Le Duff F, Seitz-Polski B, 
Giordana P, Chiaverini C, Giordanengo V, Gonfrier 
G, Raimondi V, Bausset O, Adjtoutah Z, Garnier 
M, Burel-Vandenbos F, Dadone-Montaudie B, 
Fassbender V, Palladini A, Courjon J, Mondain V, 
Contenti J, Dellamonica J, Leftheriotis G, Passerson 
T. Clinical, laboratory, and interferon-alpha response 
characteristics of patients with chilblain-like lesions 
during the COVID-19 pandemic. JAMA Dermatol. 
2021;157(2):202-6. [PubMed] [Google Scholar]

15. Bortolotti D, Gentili V, Rizzo S, Schiuma G, Beltrami 
S, Strazzabosco G, Fernandez M, Caccuri F, Caruso A, 
Rizzo R. TLR3 and TLR7 RNA sensor activation during 
SARS-CoV-2 infection. Microorganisms. 2021;9(9):1820. 
[PubMed] [Google Scholar]

16. Zielke C, Nielsen JE, Lin JS, Barron AE. Between good 
and evil: complexation of the human cathelicidin LL-37 
with nucleic acids. Biophys J. 2024;123(11):1316-22. 
[PubMed] [Google Scholar]

17. Radic M, Muller S. LL-37, a multi-faceted amphipathic 
peptide involved in NETosis. Cells. 2022;11(15):2463. 
[PubMed] [Google Scholar]

18. Altmann DM, Reynolds CJ, Boyton RJ. SARS-CoV-2 
variants: subversion of antibody response and 
predicted impact on T cell recognition. Cell Rep Med. 
2021;2(5):100286. [PubMed] [Google Scholar]

19. Bchetnia M, Girad C, Duchaine C, Laprise C. The 
outbreak of the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2): a review 
of the current global status. J Infect Public Health. 
2020;13(11):1601-10. [PubMed] [Google Scholar]

20. Bellamkonda N, Lambe UP, Sawant S, Nandi SS, 
Chakraborty C, Shukla D. Immune response to SARS-
CoV-2 vaccines. Biomedicines. 2022;10(7):1464. 
[PubMed] [Google Scholar]

21. Cham J, Pandey AC, New J, Huynh T, Hong L, Orendain 
N, Topol EJ, Nicholson LJ. 6-month serologic response 
to the Pfizer-BioNTech COVID-19 vaccine among 
healthcare workers. PLOS ONE. 2022;17(4):e0266781. 
[PubMed] [Google Scholar]

22. Arcanjo A, Logullo J, Menezes CC, Giangiarulo TC, Reis 
MC, de Castro GM, Fontes YD, Todeschini AR, Freire-
de-Lima L, Decote-Ricardo D, Ferreira-Pereira A, Freire-
de-Lima CG, Barroso SP, Takiya C, Conceicao-Silva F, 
Savino W, Morrot A. The emerging role of neutrophil 
extracellular traps in severe acute respiratory syndrome 
coronavirus 2 (COVID-19). Sci Rep. 2020;10(1):19630. 
[PubMed] [Google Scholar]

23. Azkur AK, Akdis M, Azkur D, Sokolowska M, de Veen 
W, Bruggen MC, O’Mahony L, Gao Y, Nadeau K, Akdis 
CA. Immune response to SARS-CoV-2 and mechanisms 
of immunopathological changes in COVID-19. Allergy. 
2020;75(7):1564-81. [PubMed] [Google Scholar]

24. Bagheri-Hosseinabadi Z, Zarandi ER, 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):448. [PubMed] [Google Scholar]

https://pubmed.ncbi.nlm.nih.gov/33237291/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hubiche+T%2C+Cardot-Leccia+N%2C+Le+Duff+F%2C+Seitz-Polski+B%2C+Giordana+P%2C+Chiaverini+C%2C+Giordanengo+V.+%282021%29.+Clinical%2C+laboratory%2C+and+interferon-%CE%B1+response+characteristics+of+patients+with+chilblain-like+lesions+during+the+COVID-19+pandemic&btnG=
https://pubmed.ncbi.nlm.nih.gov/32778421/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yujuan+L%2C+Fang+Y%2C+Zhu+Y%2C+Liu+W%2C+Xu+J%2C+Zhang+S.+The+outbreak+of+the+novel+severe+acute+respiratory+syndrome+coronavirus+2+%28SARS-CoV-2%29%3A+a+review+of+the+current+global+status&btnG=
https://pubmed.ncbi.nlm.nih.gov/35884770/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.3390%2Fbiomedicines10071464&btnG=
https://pubmed.ncbi.nlm.nih.gov/35476118/
https://doi.org/10.1371/journal.pone.0266781
https://pubmed.ncbi.nlm.nih.gov/33184506/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Olea+B%2C+Pardo+L%2C+Torres+P%2C+Martin+S%2C+Hidalgo+M%2C+Fernandez+E%2C+Perez+R%2C+Diaz+M.+%282022%29.+The+emerging+role+of+neutrophil+extracellular+traps+in+severe+acute+respiratory+syndrome+coronavirus+2+%28COVID-19%29.+&btnG=
https://pubmed.ncbi.nlm.nih.gov/32396996/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Qudus+A%2C+Malik+A%2C+Khan+S%2C+Ahmed+R%2C+Jamil+F%2C+Nadeem+A.+Immune+response+to+SARS-CoV-2+and+mechanisms+of+immunopathological+changes+in+COVID-19&btnG=
https://pubmed.ncbi.nlm.nih.gov/35538443/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+J%2C+Wu+X%2C+Wang+Y%2C+Lin+L%2C+Shen+X.+%282020%29.+mRNA+expression+of+toll-like+receptors+3%2C+7%2C+8%2C+and+9+in+the+nasopharyngeal+epithelial+cells+of+coronavirus+disease+2019+patients&btnG=

