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Abstract

Immunological genes, including TLR3 and RIG-1, have recently been established
to have linked to predisposition to coronavirus disease 2019 (COVID-19) and its
severity. The purpose of this case-control study (100 recovered COVID 19 cases and
100 healthy individuals) was to determine the role of gender, age, TLR3 and RIG-I
genes in COVID-19 aggressiveness. TLR3 and RIG-1 gene expression was detected
using a quantitative real-time polymerase chain reaction (QRT-PCR). COVID-19
infection intensity increased with age and no statistical difference between males
and females (p>0.05) was found. TLR3 and RIG-I gene expression levels were
higher in patients compared to healthy which is positively connected to infection
severity development. The aforementioned genes have a favorable relationship in
screening COVID-19 infection. According to receiver operating characteristic curve
these genes have high sensitivity in assessing COVID-19 infection. This study found
that age, TLR3 and RIG-I genes may play a role in COVID-19 predisposition
worsening.

Keywords: COVID-19, Gene expression, PRRs, Immunological genes, TLR3 and
RIG-I genes.

dalide cllal o Gblaiad) 19-2868 apm 8 RIG— 5 TLR3 clisa yadl Jlad) sl
Badd)

2l Guisy S cgralall lsle s (o T Al sas 38 s
LGl calan (A peativeall daalad) | alall IS cslall ol aud !
bl alaiy ¢ 3ak Axals calell ZS (Ll asle aud

Ladal
Glialh Bage papall s2ds (19-285) 2019 UoysS Gugpd Ly LlaY) 446 wlag)
e laie e 100) o3 claaVly (ompall Al con LRIG- 5 TLR3 i Jie Zpelid)
Uaye 528 & RIG 5 TLR3 Clims ¢ yeall ¢ uinll dpaal ans ) (slawal 100 5 19-2858
dobeaid) 5ll) Jelis 258 Gph e RIG- 5 TLR3 clial sl juetll 8 2 . 19-288
e Sl eSS o Adlean) (358 3sas pre @l gl L(QRT-PCR) adall gajlls oS
el il e 3L ) cuiy LS yeall 038 aae 2la5 &l 5as o yelas « COVID-19
5ad oty lag) JSE Alagye 8L odg ¢ elanaVl Ajlie iyl SRIG- 5 TLR3 lisl]

*Email:alaaalbayati1l88@gmail.com
2873



Al-Bayati et al. Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2873-2883

ROC Jiiwall it Jaie ,lid) (i3S LRIG— 5 TLR3 cilim 0 el b)) dllia . (gpaal)
S Al eyl ¢ il 8.19-28sS (g0 puiasi SRIG 5 TLR3 sl Adle Loules oo
19—A§5‘5§ sadd ua‘)aﬂ\ z\gmb.u; L;A R/G—/j TLR3 c;l\.\ga ‘;‘\ :Xﬁb.a}“.i ‘J\A:J\ L.';J\ d‘da..d\ J}ﬂ\

1. Introduction

The clinical manifestations of SARS-CoV-2 illness are extensive, spanning from silent or
mild variants to acute severe pneumonia with serious lung damage and mortality [1]. SARS-
CoV-2 intensity and death have been linked to old age, overweight, chronic illnesses and
vitamin D deficiency [2]. Furthermore, the intensity of COVID-19 is compounded by an
enhanced inflammatory response generated by SARS-CoV-2 which manifests itself as
increased levels of inflammatory indicators, mainly pro-inflammatory mediators [3].
The immune response includes two types of reactions: adaptive and innate [4]. Adaptive
immunity detects pathogens-associated molecular patterns (PAMPs) which are defined by
pattern recognition receptors (PRRs)which are mostly represented in innate defense cells [3].
Toll-like receptors (TLRs), nucleotide-binding domain and leucine-rich repeat carrying
receptors (NLRs) and retinoic acid-inducible gene-l1 (RIG-)-like receptors are some of the
PRRs that have been identified (RLRS) [4]. TLRs may play a role in both the initial rejection
of antiviral therapy as well as the later growth of the catastrophic clinical symptoms of
extreme COVID-19, basically ARDS with terminal respiratory arrest [5]. Interestingly,
whereas TLR3 is favorable in the early stages of antiviral therapy high expression can lead to
hyper inflammation and cytokine storms which are common in serious COVID-19 infections
[5]. The good binding selectivity of SARS-CoV non-structural proteins 10 (NSP10) with
TLR3 leads to its downstream induction [6].
While RLRs could be captured by SARS-CoV proteins to avoid the host immune system [7],
very little is understood about their differential involvement in SARS-CoV-2 illness. The
removal of RIG-I1 (retinoic acid-inducible gene 1) seemed to have no effect on the generation
of interferon (IFN) reactions by SARS-CoV-2, but somehow it does increase viral replication,
indicating that RIG-1 has an antiviral function that is independent of IFN [8]. RIG-I
production was scarcely detectable in human bronchial epithelial cells obtained from two
independent individuals with chronic obstructive pulmonary disease (COPD) according to
Yamada et al. [9]. The anti-SARS-CoV-2 effect of melanoma differentiation associated
protein 5 (MDA5) was found to be crucial but RIG-I-role in restricting SARS-CoV-2
infection was found to be unnecessary [10]. Thus, the conducted study aimed to assess the
significance of gender, age and gene expression of TLR3 and RIG-I in the severity of COVID-
19 in Iraqgi individuals with COVID-19.
2. Materials and Methods
2.1 Populations Studied
A case-control study was conducted from February April 2021 to evaluate the levels of TLR3
and RIG-1 genes expression in the Iragi COVID-19 recovered individuals. Consecutive 100
cases (53 males and 47 females) who had recovered from COVID-19 were studied from the
health centers and hospitals within Diyala province. The WHO 2020 guidelines on COVID-
19 infection divided the cases into mild to moderate, severe and critical, depending on the
specialist or physician’s diagnosis and recovery time. These cases were distributed into 14
mild to moderate, 48 severe and 38 critical. The 100 healthy individuals samples included 67
males and 33 females. Their asymptomatic status, COVID-19 antibodies and the reverse
transcriptase real-time PCR (RT-PCR) results were negative. The age means * standard
deviation of patients and healthy was 32.63 + 12.10 and 30.83 £ 16.49 years accordingly.
2.2 Quantitative Gene Expression of TLR3 and RIG-1 Genes
2.2.1 RNA Extraction from Blood Samples
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Fresh venous blood samples (3 ml) were collected from all 100 COVID-19 recovered patients
after being diagnosed with the infection through examination in the RT-PCR in the Public
Health Department, Baquba Teaching Hospital, Diyala Health Department. Blood samples
were similarly collected from 100 healthy individuals. The blood samples collected in EDTA
tubes were then immediately transferred in a tube containing 600 pl of Tizol and mixed well.
The tubes were then stored at -20 °C until use for RNA extraction to study the gene
expression of TLR-3 and RIG-I genes. The RNA extraction from blood samples of both the
recovered COVID-19 and healthy cases was achieved using TransZOIl Up plus RNA kit
(Transgen, China) and according to the manufacturer's instructions.

2.2.2 Two-step Quantitative Real Time-PCR for Gene Expression

A- gDNA Elimination and cDNA Production

The complementary DNA (cDNA) production was performed by utilizing protocol within
EasyScript® One-Step gDNA deleted and complementary DNA generation Super-Mix
(Transgen, China).

Procedure

3-5 uL of extracted RNA was transferred to RT-PCR tubes containing 1 pL Anchored Oligo
(dT) Primer (0.5pg/ul) with 1 pL Random Primer (0.1pg/pul) and then incubated in
thermocycler at 65°C for five minutes and 4°C for ten minutes). After incubation, it was
added to 10 pL EX reaction mix; 1 uL. gDNA remover, 1 pL Easy Script®RT/RI enzyme mix
and 3 pL. RNase-free water to complete a final volume of 20 pL.

Incubation in thermocycler is shown below:

A-Stepl: temperature (25°Cc), time (10min) and purpose (Random Primer (N9) (primer
binding)).

B- Step2: temperature (42°Cc), time (15min) and purpose (Anchored Oligo (dT)18 (extension)
).

C- Step3: temperature (85°Cc), time (5seconds) and purpose (Inactivate reverse transcriptase
enzyme (inactivation)).

B- Amplification of cDNA

The amplification on cDNA was done using TransStart® Green qPCRSuper mix kit with
specific primers (Transgen, China). This process included several primers: TLR-3 gene
(Forward-TCTGGAAAGGCGCAACC and Reverse-CCGTTGGACTCTAATTCAAGAT)
(Medhi et al. 2011), RIG-1 gene (Forward-TGATGAATGCCACAACACTAGT and Reverse-
GGCCTGAAGATCCTCCAAGT) (designed in this study), and Beta-actin (Housekeeping
genes) (Forward-GAAGGATTCCTATGTGGGCG and Reverse-
TGGTGGTAAAGCTGTAC) (Medhi et al. 2011).

The following steps were followed to carry out the amplification in a reaction volume of 20
pl:

1 - Sybr Green qPCR Super Mix were defrosted at ambient temperature (25°C).

2 - Component’s volume required to prepare the required number of reactions, were
calculated as below:

Master mix SybrGreen (10 pl), forward primer (1 pl), reverse primer (1 pl), cODNA (3 pl),
nuclease free water (N.F.W) (5 pl).

3 - All components were placed in a tube that was quickly spun to tumble down the material
and to remove any unwanted bubbles.

4 - qRT-PCR program conditions included several stages as following:

A- Stage 1: initial denaturation included: 94°C temperature for 30 minutes, 1 cycle.

B- Stage 2: denaturation 94°C, annealing 58°C and extension 72°C, time (5, 15, 20 seconds
respectively), 40 cycles.

C- Stage 3: dissociation included: temperature 55-95°C temperature, 1 minute time and 1
cycle.
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2.3 Statistical Analysis

The quantities of RIG-I and TLR3 genes expression had first been checked for normalcy
using Kolmogorov-Smirnov and Shapiro-Wilk test kits. Parameters having fit these tests (no
large differences) were officially named Mean = SD. Error and significant differences
between the means were calculated using the Student t-test for comparing two numerical
variables and the F test for comparing three or more numerical variables. The parameters that
won't pass the normality tests (large differences), were reported as median and range, with
Mann-Whitney tests used to determine whether there was a notable change between them (for
comparison between two groups). The other factors were expressed as percent frequencies.
Pearson-Chi-square tests were used to see whether there were significant differences in
frequency. The kind and degree of the association between variables were explained using
Pearson correlation (R). A receiver operator characteristic (ROC) curve was created for every
variable and the area under the curve (AUC), sensitivity and specificity were calculated as a
result. A p-value of less than 0.05 was deemed significant. These analysis were carried out
using the statistical tool SPSS version 25.0 and Graph pad prism V.6.

3. Results and Discussion

3.1  Baseline Characters of Participants

Regarding the age group, our study discovered that there were significant differences
(p<0.05) among age groups for patients and healthy individuals, where the age group 19-40
years scored highest percentage for patients and healthy,68% vs 45%. The age group >60 and
<18 years scored least percentage for patients, 2% and 7% respectively. While 41-50 and 51-
60 age groups scored least percentage for healthy, 8% and 7% respectively with significant
difference (p<0.05) (Table 1).

Table 1 - Comparative anthropometric characters of the studied groups using Chi-square test.

Anthropometric Groups
characters Patients Healthy Total P value
(n=100) (n=100)
n |53 66 119
Male P>0.05
% | 53.00% 66.00% 59.50%
Gender n |47 34 81
Female
% | 47.00% 34.00% 40.50% P>0.05
P value P>0.05 P<0.01** P<0.01**
n |7 30 37
=18 P<0.001%**
% | 7.00% 30.00% 18.50%
n 68 45 113
19-40 P<0.05*
% | 68.00% 45.00% 56.50%
n |13 8 21
Age 41-50 P>0.05
groups % | 13.00% 8.00% 10.50%
(years) n |10 7 17
51-60 P>0.05
% | 10.00% 7.00% 8.50%
n |2 10 12
>60
% | 2.00% 10.00% 6.00% P<0.05*
P value P<0.001*** P<0.001*** P<0.001***
Mean+SD 32.63+12.16 26.53+4.51 31.83+14.51 P<0.05*
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The current findings demonstrated that 53% of males had a greater rate of COVID-19 illness
than females which was 47%). Hence, no significant differences were recorded between them
(P>0.05). Wolf et al. [2] noticed that the males comprise 54.3-57.3% of hospital admissions
and 61.1% of intensive care unit (ICU) patients in China [2].However our study revealed that
the male patients comprised 41-46% of hospital admissions and 55.62% of intensive care unit
(ICU) in Baghdad. According to Krieger et al. [11] males accounted for 62% of in-hospital
mortality in Wuhan.

Male’s number instances were identical to the female’s number instances. However, men had
nearly twice the chance of dying from COVID-19, guiding to a variety of ideas around
behaviors, hormones (e.g., Estrogen), the pathophysiology of each organ system and
chromosomal structural differences [11]. According to a recent survey, females’ innate
immunological defenses are much stronger than males [12]. Nonetheless, males have higher
levels of pro-inflammatory cytokines and chemokines according to the study applied by Draif
et al. [3]. Also the fundamental cytokines storm, IL-6 receptor, is significantly abundant
within lung epithelial cells in males, indicating that males are much more sensitive to it,
which could contribute to COVID-19 worsening [12]. These observations were in accordance
with our results that showed high frequency of COVID-19 in males.

The current study found significant differences (p<0.05) among age groups for COVID-19
patients and healthy individuals in 19-40 year olds comprising the greatest percentage, 68 %
and 45 % accordingly, than other groups. These age discrepancies between patients and
healthy people, as well as among patients, suggested that age is a potential risk factor,
indicating that older people are more likely to become infected with COVID-19. This
conclusion appeared to be consistent with a recent research that showed the relationship
between the age and COVID-19 disease [13]. Lower angiotensin-converting enzyme 2 (ACE-
2) production throughout the nasal epithelium of kids may well be the cause of reduced
SARS-CoV-2 sensitivity, and hence minimal or non-existent COVID-19 disease in infants
[14]. This can explain the lower percentage rates of the positive COVID-19 infections among
younger age groups. COVID-19 fatality is more age-dependent than in fatalities from other
diseases. Males have an increased risk in comparison to the females, which is less obvious as
they get older [15]. Over 65 years individuals have a potential risk of COVID-19-related
incidence and death than other age groups, making them to be prioritized for COVID-19
immunization [16]. COVID-19 infection is more common in patients with age progression
which could be due to a lowered immune system, chronic illnesses, malnutrition, increased
ACE-2 expression and/or organ failure [17].

3.2 Mean Levels of RIG-1 and TLR3 Genes Levels within Study Groups

Results of the current study reported high median levels of RIG-I1 and TLR3 genes in patients
than healthy cases, 3.378; 0.686 and 2.394; 0.629 respectively. It appeared that there were
significant differences between for RIG-1 and TLR3 genes (p<0.05) (Table 2).

Table 2 - Comparison of gene expression of RIG-1 and TLR3 genes between study groups by
Mann-Whitney test.

Groups N Median Minimum Maximum Range Statistics
RIG-I | Patients | 100 | 3.378 0.338 14.440 14.102 Mann-Whitney U=
gene | Healthy | 100 | 0.686 0.211 1.777 1.566 673.00 P<0.001***
TLR3 | Patients | 100 | 2.394 0.449 9.607 9.158 Mann-Whitney U=
gene Healthy | 100 0.629 0.041 1.258 1.217 1693.00 P<0.001***

The current investigation found that COVID-19 patients have higher TLR3 gene expression
levels than that of healthy people, which agreed with results recorded by other investigators
[18]. Toll-like receptors (TLRs) are the most well-known because of the host defense system's
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PRRs and play an important role in recognition and fighting against pathogens, including
Coronaviruses (SARS Co-V2) [6]. TLRs7/8 identify single-stranded positive-sense RNA,
while TLR3 is specified for the double-stranded RNA intermediately generated throughout
viral replication [19]. TLR3 stimulation is useful in the treatment of a variety of RNA virus
infections [20]. TLR3 has been implicated in the formation of a protective response towards
coronaviruses in several investigations on SARS-CoV and MERS [21]. Though TLR3 is
helpful in the early stages of viral clearance, hyperactivation can lead to hyperinflammation
and cytokine storms, which are common in extreme forms of the disease [5]. The good
binding selectivity of SARS-Cov non-structural proteins 10 (NSP10) with TLR3 leads to
induction of TLR3 downstream [6]. TLR3 has also been shown to play a protective function
in COVID-19 infection outbreaks, including SARS-CoV1 and the Middle East respiratory
sickness (MERS-CoV) in earlier investigations [22]. Some investigators found that TLR3
transcription increases after coronavirus illness as early as the second day following infection
[21]. This can help determine the stimulation of downstream molecules like TIR-domain-
containing adapter-inducing interferon (TRIF) which also helps determine the stimulation of
transcriptional regulators like interferon regulatory factor-3 (IRF3) and nuclear factor-kappaB
(NF-kB) that stimulate large production of type | interferons (IFN alpha and beta),
inflammatory mediators (IL-6, TNF) and IFN-gamma, where these results were compatible
with our results showing high levels of TLR3 in coronavirus infections in patients than the
healthy. Researchers have investigated whether a mixture of toll-like receptors (TLR)1/2 and
TLR3 contrast (L-pampo) can become a powerful adjuvant for SARS-CoV-2 subunit vaccine
and have discovered that TLR agonists, L-pampo, can become a potent subunits vaccine to
encourage adequate resistance mechanisms (cellular and humeral) against SARS-CoV-2 [23].
These results helped us in using TLR3 in therapy and vaccination against for SARS-CoV-2.

In contrary to viral RNA-detected TLRs (TLR3, TLR7) which are primarily found in the
protective cells, Rig-like receptors (RLRs) signaling is active within tissues and cell kinds and
consists of MDA5 and RIG-I proteins [24]. MDAS loss had a comparable effect on viral
replication and type I/lll1 IFNs as mitochondrial antiviral signaling protein (MAVS deletion
did [8], indicating that MDAS is the main protein of RLR. RIG-I removal did not affect
SARS-CoV-2 activation of IFN reactions. However, it did raise viral replication, thus
indicating that RIG-I has an antiviral role that is distinct from MAVS-IFN. Even 1 hour after
infection, RIG-I/ cells had a 2.5-fold increase in ACE2 expression relative to the wild type
and other knockout cells. This showed that RIG-1 might prevent SARS-CoV-2 from infected
cells by suppressing ACE2 messenger RNA expression [25]. These results show importance
of RIG-I in resistance toward SARS-CoV-2 . RIG-I could stimulate antiviral effector
expression through a method that is not dependent on the IFN-Janus kinase (JAK) signal
transducer and activator of transcription (STAT) [25]. RIG-I inhibited viral replication by
disrupting the engagement of hepatitis B virus polymerase with the 5'-region of viral pre-
genomic RNA in an RNA-binding dependent way [26]. MDAGS has a significant anti-SARS-
CoV-2 activity, although RIG-I has a little involvement in suppressing SARS-CoV-2
infectious, according to a study [10]. In a nutshell, researchers discovered that MDAS has a
prominent role in recognizing SARS-CoV-2 and triggering immunological responses and that
RIG-I has an IFN-independently anti-SARS-CoV-2 effect. According to the authors, RNA
sensing of SARS-CoV-2 in lung epithelium is a primary cause of inflammation, the degree of
which is regulated by the inflammatory process of the local environment, and targeting host
defense responses may help decrease inflammation-related COVID-19 [27]. RIG-I expression
amounts are significantly suppressed within most lungs cells isolated from sick individuals
with chronic obstructive pulmonary disease (COPD) [28]. These results were not compatible
to our results that showed high levels of RIG-I in patients with respiratory diseases. The
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differences in RIG-I expressions are related to host immune status, pathogen type and
infection site.

Researchers have discovered that when lung cells obtained from COPD patients were treated
with All-trans retinoic acids (ATRA), the protein content of RIG-I was dramatically
overexpressed in a dose-dependent way, whereas ATRA did not affect the amino acids
manifestations of ACE2 and TMPRSS2 [9]. However, therapies with ATRA significantly
reduced SARS-CoV-2 viral loads in such cells which reduced SARS-CoV-2 viral loads in
these cells, which was reliant on RIG-1 [9]. These findings imply that the RIG-I protein level
is a key factor in anti-SARS-CoV-2 natural defense modulation. SARS-CoV-2 has a single-
stranded positive-sense RNA that should be converted into a negative-sense RNA by viral
RNA-dependent RNA polymerase (RdRp) in the early phase of viral multiplication, and as a
result, the association of RIG-I with SARS-CoV-2 may impede this RdRp-dependent
mechanism, according to the researchers [29]. Just the lack of RIG-1 was positive-sense viral
RNA collected with RdRp which did not affect RdRp protein expression levels. In a dose-
dependent way, recombinant RIG-1 (rRIG-1) but not recombinant MDA5 competitively
blocked RdRp attachment to viral RNA [29]. The next step was to figure out which region(s)
of the SARS-CoV-2 RNA genome is involved in the RIG-I connection. The RdRp has been
shown to induce negative-strand manufacturing in those other SARS-related beta
coronaviruses by gaining access to the 3"-untranslated region (3’ UTR) of the genome, which
Is consistent in terms of RNA secondary structure and sequence in SARS-CoV-2 [30].
Finally, high doses of RIG-I to patients with SARS-CoV-2 increases resistance toward this
virus through prevent connecting RdRp to viral RNA. Therefore, we notice high levels of
RIG-I in most recovered COVID-19. RIG-I level was scarcely detectable in human primary
bronchial epithelial cells obtained from two independent COPD patients, according to
Yamada et al. [9].

3.3 Mean Levels of RIG-1 and TLR3 Genes Levels with COVID-19 Patients Infection Types

In relation to infection types, no significant differences were observed between mean levels of
infection types in relation to RIG-I and TLR-3 genes.

TLR3 and RIG-I gene concentrations appeared to be increased with the intensity of COVID-
19 illness, indicating an increase in the inflammatory process as the disease progressed.
Although a well-regulated innate immunity is the primary line of defense against viral
infections [31], serious COVID-19 infection causes hyper inflammation (“cytokine storm"),
which can lead to acute respiratory distress syndrome (ARDS) [32]. TLR activation
stimulates the nuclear factor-B (NF-B) sending signals ripple, having caused monocytes to
produce markers of inflammation (interleukin -IL-1, tumor necrosis factor-alpha (TNF-a),
and IL-6) in response to virus infections via direct anti-viral passageways, as well as the
recruiting efforts of many other white blood cells [33]. Furthermore, the intensity of COVID-
19 is influenced by the worsened oxidative stress generated by increased cytokine amounts, as
well as lowered concentration levels of interferon ((IFN-a, IFN-B) [34]. According to other
researcher findings, the SARS-CoV-2 N protein inhibits the IFN reaction by affecting the first
stage in the host defense system, possibly the cellular PRR—RNA-recognition phase. As a
result scientists believe that the SARS-CoV-2 N protein inhibits IFN-production by
interacting with RIG-1 [35]. SARS CoV-1 N protein, notably, can block IFN generation by
inhibiting ubiquitination and stimulation of RIG-I [7]. By inhibiting the activation of NFB,
the SARS CoV-1 M protein can also limit IFN signaling [36]. In general, the intensity of
infection is based on immune status and viral dose. Therefore, we noticed increased levels of
TLR3 and RIG-1 with the severity of COVID-19 infections and that because SARS-CoV-2 is
firstly connecting with these proteins and then inhibits IFN production.
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Figure 1-RIG and TLR3 gene expression depending on the patient’s infection types.

3.4 Correlation Relationship between RIG-1 and TLR3 Genes

The current results showed a positive significant correlation between RIG-I and TLR3 genes
(r=0.410** p<0.01) in COVID-19 patients (Figure 2).

The RIG-1 and TLR3 genes were found to have a positive significant connection according to
the current obtained results. Because the TLR3 and RIG-I sensors connect to viral double-
stranded RNA molecules, this association boosts RIG-1 and TLR3 gene production, which in
turn boosts the inflammatory reaction by activating cytokines [37].

151
r=0.41** P=0.01

10 - )

TLR3 gene

RIG-1 gene

Figure 2-Relations between RIG-I and TLR3 genes among COVID-19 patients

3.5 Receiver Operating Characteristic (ROC) Curve of RIG-1 and TLR3 Genes

According to the receiver operator characteristic (ROC) curve, the current observations
showed high sensitivity of RIG-I gene (AUC= 0.93 and Sn=95%) and TLR3 gene (AUC=
0.83 and Sn=84%) in screening COVID-19 patients with significant differences (P<0.05).
Based on specificity, RIG-1 and TLR3 genes scored low specificity, 29-% and 32%
respectively (Figure 3).

Owing to such genes that encode TLR3 and RIG-1 receptors which are considered primary
defensive lines of the protective immune response towards RNA viruses including
coronavirus, the reactivity of RIG-I and TLR3 genes enhanced in evaluating patients with
COVID-19 illness [38].
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Figure 3- ROC curve of RIG-1 and TLR3 genes.
Study Limitations

The study shortcomings included the small number of patients and healthy individuals,

particularly those with mild to moderate COVID-19 illness, and the necessity to distinguish
between them.

4. Conclusions
In conclusion, this study indicated the major roles of the age, RIG-I and TLR3 genes in

susceptibility to COVID-19 severity. There is a positive significant correlation between RIG-I
and TLR3 genes.
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