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ABSTRACT

Background and Objectives: The influenza infection remains a significant global health challenge, it leads to illnesses that
vary from mild to severe, and in certain cases, death. The innate immune response is the first line of defense against pathogen
invaders; identification of variants associated with susceptibility or protection could further elucidate immune mechanisms
and provide the basis for new therapeutic targets.

Materials and Methods: We investigated four widely studied SNPs on the immune response to RNA infection in samples
collected as part of sentinel influenza surveillance system. Of 1925 nasopharyngeal swabs collected from patients with
Severe Acute Respiratory Infection (SARI) and Influenza-Like Illness (ILI), 115 samples were positive for ILI and 83
were positive for SARI. A third group of healthy individuals was also enrolled as a control. Genetic polymorphisms of the
OAS3 (rs10735079), TYK2 (rs74956615) and APOBEC3G (rs8177832 and rs2294367) genes were genotyped using Human
TagMan SNP Genotyping Assays (ThermoFisher Scientific©). The association of Single Nucleotide Polymorphisms (SNPs)
with ILI and SARI was investigated using SNPStats software.

Results: The rs2294367 in APOBECG3 show a strong and significant association with ILI and SARI across all genetic mod-
els, with a p-value<0.001 and OR between 2 and 6, while no association was found with rs8177832. The results for TYK2
suggest a potential protective effect, while the OAS3 SNP shows a strong and significant association with a decreased risk of
Influenza infection specially with ILI group (OR<1 and p < 0.0001).
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Conclusion: Our results open up a new perspective for new methods and strategies of therapy aimed to enhance the body's

natural defenses against influenza virus infection.
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INTRODUCTION

The infection caused by the influenza virus re-
mains a significant global health challenge, resulting
in seasonal outbreaks and sporadic pandemics. It
leads to illnesses that can vary from mild to severe,
and in certain cases, death, prompting us to consider
that the immune response of the host is vital in in-
fluencing both the vulnerability and the intensity of
influenza-related illness.

The initial host response to viral infection relies
largely upon the innate immune response, which is
the first line of defense against pathogen invaders.
The innate response employs a broad array of pattern
recognition receptors to detect conserved molecular
patterns on pathogens. When viral components are
detected, a cascade of signaling events is initiated
leading to type I and type 11 interferon (IFN) pro-
duction (1).

The TYK2 gene is a critical component of Type |
and Type Il Interferon (IFN) signaling pathways,
which are responsible for host defense against viral
infections. Type | IFNs (IFN-a/p) are elicited direct-
ly after viral infection and play a key role in causing
an antiviral cell state (2).

It accomplishes this by inducing the transcription
of thousands of interferon-stimulated genes (ISGs),
whose proteins function to directly inhibit several
sites of the viral life cycle, ultimately resulting in the
inhibition of viral replication and spread (2).

Among these ISGs, the 2'-5'-oligoadenylate syn-
thetase (OAS) family of enzymes stands out as a sig-
nificant component of the cell's antiviral mechanism.
Within this family, the OAS3 gene generate a key en-
zyme that plays a role in both antiviral function and
signal transduction.

As part of the host immune defense, the APO-
BEC3G genes also play a vital role in limiting viral
replication and regulating the immune response.

This enzymatic function plays a vital role in its an-
tiviral activity, especially against retroviruses such
as HIV-1, as APOBEC3G can trigger hypermutations
in the viral genome, resulting in its inactivation (3).

Furthermore evidence supports a potential candi-
date link between polymorphisms in APOBEC3G
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and susceptibility to Human Papillomavirus (HPV)
infection, as well as the progression of cervical lesions
(4) and it has been demonstrated that APOBEC3G
can also bind with and inhibit negative-strand RNA
viruses, such as respiratory syncytial virus (RSV),
measles, and mumps (5).

Although APOBECS3G is recognized as a restric-
tion factor for many viruses, its function regarding
RNA viruses such as influenza remains ambiguous.
Research has indicated that infection with influen-
za A virus can lead to an increase in APOBEC3G
expression; however, this increase does not automat-
ically result in effective antiviral responses against
the virus (6).

In fact, genetic differences in all these genes, like
single nucleotide polymorphisms (SNPs), may im-
pact the function of the protein and, as a result, influ-
ence how an individual responds to viral infections

).

Context of the study. All these finding results
point to the need to consider the functional impli-
cations of the APOBEC3G, OAS3 and TYK2 SNPs
in the scope of host-virus interactions and disease
outcomes. It is possible that these genetic variances
have direct or indirect effects on the progression of
influenza infection by several possible mechanisms,
which led us to study these SNPs on positive cases
detected in sentinel influenza surveillance cases to
see if there is a relationship with susceptibility and
or severity with influenza infection on the Moroccan
population.

Identification of variants associated with increased
susceptibility or protection could further elucidate
immune mechanisms and potentially provide the ba-
sis for new therapeutic targets.

MATERIALS AND METHODS

Study participants. In Morocco, influenza surveil-
lance is carried out by a sentinel system whose objec-
tives are to monitor the evolution of seasonal influen-
za, estimate its burden of disease, identify circulating
viruses and monitor their sensitivity to antivirals.
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The Virological surveillance system is based on
a public network of 8 first health care for moderate
cases ILI (Illness Like Influenza) and 8 hospital cen-
ters for the severe acute respiratory infection (SARI),
plus a second private network of 30 volunteer doc-
tors from the liberal sector (especially general prac-
titioners, pediatricians and pneumo-physiologists) for
ILI cases also.

A total of 1925 cases, either ILI or SARI, that met
the WHO definition for suspected cases were col-
lected in this study. The study time frame was in the
season 2023-2024 from August 25, 2023, to April 17,
2024. Nasopharyngeal (NP) and oropharyngeal (OP)
specimens were collected in tubes containing 3ml of
VTM, and transported to the National Influenza Cen-
ter within 48 hours and stabilized at 4°C temperature.

All samples were tested by multiplex RT-PCR for
the screening of Influenza A, B, and SARS-CoV-2
viruses according to WHO recommendations, using
Kits supplied by the CDC Atlanta. Subsequently, 115
ILI samples and 83 SARI samples tested positive and
were included in our study.

A third group of healthy people collected through
the blood transfusion center in Rabat was enrolled in
this study as a control case.

Genotyping. Patients with influenza infection were
included for the genetic analysis. The cohort includ-
ed 83 SARI,115 ILI and 60 Healthy group. Human
DNA for ILI and SARI was extracted from 400 pL of
nasopharyngeal swabs using the EZ 1 Qiagen auto-
mated system, and 60 pL of the eluate was collected.

For the healthy group, extraction was made from
300 ul of EDTA anticoagulant blood, DNA us-
ing MagPurix®Blood DNA Extraction Kit with the
Zinexts MagPurix EVO 24 CE 1VD system (Zinexts
Life Science Corp., New Taipei City, Taiwan).

Genetic polymorphisms of the OAS3 (rs10735079),
TYK2 (rs74956615) and APOBEC3G (rs8177832 and
rs2294367) genes were genotyped using specific Hu-
man TagMan SNP Genotyping Assays 40x (Ther-
moFisher Scientific©). Real-time PCR reactions were
performed using the TagMan Genotyping Master
Mix Multiplex Master mix (ThermoFisher Scientif-
ic©) and performed in the Quant studio 5 Real-Time
PCR System 0.2 mL.

Statistical analysis. We performed Hardy-Wein-

berg Equilibrium (HWE) tests to test the genetic
equilibrium of the study population. Genotypic and
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allelic frequencies were also calculated in both ILI
and SARI cases and controls using SNPStats soft-
ware. Deviations from HWE were checked for each
SNP using a chi-squared test.

Association between ILI, SARI and SNPs for re-
sponse was investigated by using SNPStats software,
Odds ratio (OR) and confidence intervals (CI) at 95%
were calculated to estimate the associations of infec-
tion with all the SNPs polymorphisms (if the confi-
dence interval includes 1, the association is statistical-
ly not significant). Logistic regression analyses were
subsequently applied to all the models, including co-
dominant, dominant, and recessive models. We con-
sidered a p-value <.05 to be statistically significant.

Ethical considerations. The protocol is classified
as a non-interventional study according to Moroccan
law 28-13, which is focused on the protection of in-
dividuals participating in biomedical research. For
this reason, it does not require approval from an eth-
ics committee or IRB. Verbal informed consent was
obtained with caution from all study patients and the
control group to align with the ethical standards.

Limits of study. There are some limitations to this
study. Due to the relatively small sample size, the gen-
eralizability of the results was limited, indicating that
larger cohorts are needed. Furthermore, we analyzed
all influenza positive cases combined without strati-
fying by virus type (A/HIN1, A/H3N2, and influenza
B) or age group, which may have hidden important
differences in subgroups.

RESULTS

The study sample involved 1925 patients collect-
ed during the season 2024-2025 and among the re-
cruited cases a total of 198 were confirmed positive
to Influenza virus by RT PCR, with 83 SARI cases
and 115 ILI cases. The average of age was 44 years
in the SARI group and 23 years in the ILI group. As
for healthy controls, 60 subject were enrolled in this
study, and their mean age was 35 years, ranging from
18 to 59 years.

Genotype frequencies: OAS3 genotype frequen-
cies. According to the OAS3 frequency, as shown in
Fig. 1, the A/A genotype is significantly more frequent
in infected cases (IL1 80% and SARI 64%) than in
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controls (48%). In case of the heterozygous A/G gen- 100%
otype, the frequency was the highest in controls cases
(around 42%) and it is less represented in other cases,
particularly in ILIs (around 17%). Moreover, the fre-

quency of the G/G genotype was relatively rare in all 40%
groups, but slightly more frequent in controls (around 20% I I
I =
A/A A/G G/G

80%

60%

10%), which may also be associated with a possible
protective effect.

The G allele (present in A/G and especially G/G gen- EControl MIL WSARI
otypes) appears to be more frequent in the ILI group.

0%

Fig. 1. OAS3 genotype frequencies
TYK2 genotype frequencies. The frequency of the
AJA genotype is very low in all groups (around 3% in

control and ILI and 0% in SARI), and also low for the 100%

T/A genotype in all three groups (around 2% in con- 80%

trol and SARI, 7% in ILI), while the T/T genotype is 60%

the most common in all three groups, with the highest 20%

frequency in the SARI group (around 98%), followed 20%

by the control group (around 95%), and then the ILI o —._

group (around 90%) (Fig. 2). A/A /A T

The very low frequencies of the A/A and T/A geno-  Control LI ®SARI

types make it difficult to draw strong conclusions vi-

sually. The high prevalence of T/T across all groups, Fig. 2. TYK2 genotype frequencies
especially SARI, aligns with the lack of significant

association found in the table.

90.00%

. 80.00%

APOBEC3G rs8177832 genotype frequencies. 70.00%

Concerning rs8177832 the A/A genotype is the most 60.00%

frequent in all three groups, with similar high per- Zg‘gg

centages (around 79-82%), while the A/G genotype TR

has a lower frequency (around 17-20%) across the 20.00%
groups, with a slightly higher percentage in the SARI 1333: III o

group, and the G/G genotype is rare in all three groups ’ AA AG 6/G

(around 1-2%) (Fig. 3).

The relatively similar genotype frequencies across
the control, ILI, and SARI groups visually reinforce
the lack of significant association found in the tables  Fig. 3. Apobec rs8177832 genotype frequencies
for this SNP with either condition.

M Control WSARI mIl

70%

APOBEC3G rs2294367 genotype frequencies. The ik

frequency of the C/C genotype is highest in the control 0%

group (around 60%), followed by ILI (around 27%), —

and then SARI (around 28%), and the C/G genotype 30%

is more frequent in the SARI group (around 48%), 20%

followed by ILI (around 43%), and then the control 10% I I
group (around 32%), while the G/G genotype is high- 0% o

est in the ILI (around 30%), followed by SARI group e e 6/6
(around 24%), and it is the lowest in the control group m Control MILI mSARI

(around 8%) (Fig. 4).
This visualization strongly supports the association Fig. 4. Apobec rs229367 genotype frequencies
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between our findings. The frequency of the G allele
(present in C/G and G/G genotypes) increases in both
the ILI and SARI groups, with a more pronounced rise
in the latter, compared to the control group.

Association with response. The APOBEC3G SNP
rs2294367 shows a significant association with SARI
across all three genetic models tested: Codominant,
Dominant, and Recessive with a significant p-value
and a higher odd (Table 1). The presence ofthe G
alleleisstrongly associated with an increased risk of
SARI. The association is statisti- cally significant
across all tested genetic models. The codominant
model suggests a dose-dependent effect, with the
G/G genotype conferring the highest risk.

In contrast to rs2294367, the rs8177832 SNP does
not show a statistically significant association with ei-
ther SARI or ILI in any of the tested genetic models
(p > 0.05), and the genotypes appear to be similarly
distributed between controls and SARI (Table 2).

Same result for ILI group, the association is sta-
tistically significant with rs2294367 across all tested
genetic models, p-value is very significate and or vary
between 2 and 8, with the homozygous G/G genotype
showing the strongest effect with an increased risk of
ILI.

The analysis of TYK2 association with SARI and ILI
(Table 3) shows that the A/A genotype is particularly
rare in this population (ILI and SARI), while the T/T
genotype being more representative.

For SARI group in codominant model, individuals
with the A/A genotype have an odds ratio of 0.00 (95%
Cl: 0.00-NA). This result is based on 2 individuals
with A/A in the control group and none in the SARI
group. The p-value is not reported here, likely due to
the issue with calculating the odds ratio. In the domi-
nant model, individuals with at least one A allele (T/A
or A/A) have an odds ratio of 0.47, and the p-value
is not significant (95% CI: 0.08-2.90, p = 0.41). The
small number of individuals with the A allele likely
influences this result.

The Recessive Model (A allele recessive) is simi-
lar to the codominant model. This suggests a potential
protective effect, but the lack of A/A individuals in the
SARI group makes the estimate unreliable. The p-val-
ue of 0.061 is close to the conventional significance
threshold of 0.05 but should be interpreted cautiously
given the data limitations.

Same result for the ILI group; there is no statisti-
cally significant association found between this TYK2
SNP and the risk of Influenza-like Illness in this study.
While some odds ratios suggest potential trends (in-
creased risk with the T/A genotype in the codominant
model OR=4.38), these are not supported by statisti-
cally significant p-value (P=0.25) and are often based
on small numbers of individuals with the minor allele
(1 in control, 8 in IL1I).

Table 4 shows that the A/A genotype in the control
group was about 48.3% compared to 63.9% for the
SARI group and 80% in the ILI group. In the SARI

Table 1. Association between the 2 APOBEC3G SNPs for SARI cases

rs2294367 Association with response Patient: SARI
Model Genotype Control SARI OR (95%) P-value
Codominant c/C 36 (60%) 23 (27.7%) 1 3.00E-04
CIG 19 (31.7%) 40 (48.2%) 3.30 (1.55-7.02)
GIG 5 (8.3%) 20 (24.1%) 6.26 (2.06-19.02)
Dominant CIC 36 (60%) 23 (27.7%) 1 1.00E-04
CIG-GIG 24 (40%) 60 (72.3%) 3.91(1.93-7.92)
Recessive CIC-CIG 55 (91.7%) 63 (75.9%) 1 0.011
GIG 5 (8.3%) 20 (24.1%) 3.49 (1.23-9.93)
rs8177832
Codominant A/A 49 (81.7%) 65 (78.3%) 1 0.83
A/G 10 (16.7%) 17 (20.5%) 1.28 (0.54-3.04)
GIG 1(1.7%) 1(1.2%) 0.75 (0.05-12.35)
Dominant AIA 49 (81.7%) 65 (78.3%) 1 0.62
AIG-GIG 11 (18.3%) 18 (21.7%) 1.23 (0.53-2.85)
Recessive AIA-AIG 59 (98.3%) 82 (98.8%) 1 0.82
GIG 1 (1.7%) 1 (1.2%) 0.72 (0.04-11.74)
http:/ijm.tums.ac.ir IRAN. J. MICROBIOL. Volume 18 Number 3 (June 2026) 357-366 361
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Table 2. Association between the 2 APOBEC3G SNPs for ILI cases

rs2294367 Association with response Patient: ILI
Model Genotype Control ILI OR (95% CI) P-value
Codominant CIC 36 (60%) 31 (27%) 1 <0.0001
CIG 19 (31.7%) 49 (42.6%) 2.99 (1.47-6.12)
GIG 5(8.3%) 35 (30.4%) 8.13 (2.84-23.30)
Dominant CiC 36 (60%) 31 (27%) 1 <0.0001
CIG-GIG 24 (40%) 84 (73%) 4.06 (2.10-7.87)
Recessive CI/C-CIG 55 (91.7%) 80 (69.6%) 1 4.00E-04
GIG 5 (8.3%) 35 (30.4%) 4.81 (1.77-13.06)
rs8177832
Codominant A/A 49 (81.7%) 91 (79.1%) 1 0.92
AIG 10 (16.7%) 22 (19.1%) 1.18 (0.52-2.70)
GIG 1(1.7%) 2 (1.7%) 1.08 (0.10-12.18)
Dominant A/A 49 (81.7%) 91 (79.1%) 1 0.69
A/G-G/G 11 (18.3%) 24 (20.9%) 1.17 (0.53-2.60)
Recessive A/A-AIG 59 (98.3%) 113 (98.3%) 1 0.97
GIG 1(1.7%) 2 (1.7%) 1.04 (0.09-11.76)
Table 3. Association between TYK2 SNP and Influenzastatus (ILI, SARI)
TYK2 association with response Patient
Model Genotype Control SARI OR (95% CI) P-value
Codominant TIT 57 (95%) 81 (97.6%) 1 0.17
TIA 1(1.7%) 2 (2.4%) 1.41 (0.12-15.90)
A/A 2 (3.3%) 0 (0%) 0.00 (0.00-NA)
Dominant TIT 57 (95%) 81 (97.6%) 1 0.41
TIA-A/A 3 (5%) 2 (2.4%) 0.47 (0.08-2.90)
Recessive TIT-TIA 58 (96.7%) 83 (100%) 1 0.061
A/A 2 (3.3%) 0 (0%) 0.00 (0.00-NA)
Model Genotype Control ILI OR (95% CI) P-value
Codominant TIT 57 (95%) 104 (90.4%) 1 0.25
TIA 1(1.7%) 8 (7%) 4.38 (0.53-35.94)
A/A 2 (3.3%) 3 (2.6%) 0.82 (0.13-5.06)
Dominant TIT 57 (95%) 104 (90.4%) 1 0.27
T/IA-AIA 3 (5%) 11 (9.6%) 2.01 (0.54-7.50)
Recessive TIT-TIA 58 (96.7%) 112 (97.4%) 1 0.79
A/A 2 (3.3%) 3 (2.6%) 0.78 (0.13-4.78)

group, the A/G and G/G genotypes in the codominant
model show odds ratios of 0.57 and 0.36, respectively;
these suggest a potentially decreased risk of SARI, al-
though the p-value is not statistically significant. Fur-
thermore, the G/G genotype has an odds ratio of 0.46
(95% CI: 0.12-1.69, p = 0.23).

We observed that the G allele in the dominant mod-
el has an odds ratio of 0.53 (95% CI: 0.27-1.04, p
= 0.064). This odds ratio suggests a potentially de-
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creased risk of SARI, and the p-value is approaching
statistical significance (typically < 0.05), though it
does not cross the conventional threshold.

For the ILI group, in both the codominant and dom-
inant models, the A/G and G/G genotypes show sig-
nificantly lower odds ratios for having ILI (0.25, 0.16,
and 0.23), and the p-value is highly significant (p <
0.0001). This indicates a strong protective effect of the
A/G and G/G genotype against ILI.

http://ijm.tums.ac.ir
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Table 4. Association between OAS3 SNP and Influenzastatus (ILI, SARI)

OAS3 association with response Patient

Model Genotype Control SARI OR (95% CI) P-value
Codominant AIA 29 (48.3%) 53 (63.9%) 1 0.15
AIG 25 (41.7%) 26 (31.3%) 0.57 (0.28-1.16)
GIG 6 (10%) 4 (4.8%) 0.36 (0.10-1.40)
Dominant AIA 29 (48.3%) 53 (63.9%) 1 0.064
AIG-G/G 31 (51.7%) 30 (36.1%) 0.53 (0.27-1.04)
Recessive AIA-AIG 54 (90%) 79 (95.2%) 1 0.23
GIG 6 (10%) 4 (4.8%) 0.46 (0.12-1.69)
Model Genotype Control ILI OR (95% ClI) P-value
Codominant A/A 29 (48.3%) 92 (80%) 1 1.00E-04
A/G 25 (41.7%) 20 (17.4%) 0.25 (0.12-0.52)
GIG 6 (10%) 3(2.6%) 0.16 (0.04-0.67)
Dominant A/A 29 (48.3%) 92 (80%) 1 <0.0001
AIG-GIG 31 (51.7%) 23 (20%) 0.23(0.12-0.46)
Recessive AIA-AIG 54 (90%) 112 (97.4%) 1 0.042
GIG 6 (10%) 3(2.6%) 0.24 (0.06-1.00)
DISCUSSION BECGS3 has a strong and significant association with

Infectious disease development is significantly in-
fluenced by genetic variations in human host genes.
The impact of host genetics on disease susceptibili-
ty has been the subject of extensive research during
the COVID-19 pandemic, and rare genetic variations
linked to innate immunity that increase the risk of
severe COVID-19 have been discovered by genetic
research (8).

In this study, we focused on SNPs that had been
examined in the context of infectious diseases and
were associated with susceptibility to, and severity
of, public health—relevant conditions. APOBEC3G
belongs to the APOBEC family of cytidine deami-
nases, recognized for their capability to facilitate the
conversion of cytosine to uracil in single-stranded
DNA through the process of deamination (5), This
protein consists of two domains of cytidine deami-
nase, with the C-terminal domain exhibiting catalytic
activity, whereas the N-terminal domain plays a role
in RNA binding and the incorporation of virions (9).

A study in Moroccan subjects by our team in HIV
lab have indicated that the rs2294367 CG genotype
was associated with protection against HIV-1 infec-
tion, particularly in older individuals and females,
and the GG genotype in females showed susceptibil-
ity to HIV-1 (10).

We found in our study that the rs2294367 in APO-
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ILI across all genetic models, with even higher odds
ratios than observed for SARI.

The G allele is strongly and significantly associated
with an increased risk of ILI and SARI across all ge-
netic models. For both the ILI and SARI groups, the
G/G genotype shows the highest odds ratio.

This suggests that this SNP might have a stronger
influence on the development of any influenza-like
illness compared to specifically severe cases. This
significant association of rs2294367 with SARI and
ILI suggests that this genetic variant might play a role
in the susceptibility of Influenza infection. Research
has indicated that infection with influenza A virus
can lead to an increase in APOBEC3G expression;
however, this increase does not automatically result
in effective antiviral responses against the virus (6).

APOBEC3G does not exhibit direct antiviral ac-
tivity against influenza, the role of rs2294367 in in-
fluenza susceptibility or severity might be related to
its potential influence on APOBEC3G expression or
other indirect effects on the host immune response
to the virus.

Further research is needed to understand the bio-
logical mechanisms through which this SNP influ-
ences the susceptibility and progression to severe
outcomes.

Regarding the rs8177832 polymorphism in the
same gene, which is referred to H186R, this variant
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is among the most thoroughly examined variations in
the APOBEC3G gene, This SNP leads to a non-syn-
onymous substitution, replacing histidine (H) with
arginine (R) at the 186 amino acid position in the
protein (3). In our study no statistically significant
association was found between this SNP and the risk
of Influenza-like Illness and Severe Acute Respira-
tory Iliness in any of the tested genetic models. This
reinforces the idea that this particular SNP might not
be involved in susceptibility to either general influ-
enza-like illness or severe acute respiratory illness
in this studied population. Although this variant
186R (rs8177832) has been associated with acceler-
ated HIV disease progression in studies with diverse
ethnicities, it was not associated in a French cohort
from Montreal (5). This finding is consistent with our
study, which demonstrated no association with influ-
enza infection outcomes.

For the 2 other SNPs involved in innate immu-
nity, there was no statistically significant correlation
found between the presence of the A allele and dis-
ease susceptibility when the TYK2 SNP was ana-
lyzed in relation to respiratory influenza infections
(ILI and SARI). Although the A/A genotype was
relatively uncommon in the ILI group and absent
in the SARI group, an odds ratio of zero suggests
this genotype might be protective against SARI in
this small sample. However, the confidence interval
cannot be reliably estimated (NA) due to the zero
count in the SARI group. This finding is based on
extremely small numbers and lacks statistical power.
The ILI group, on the other hand, had a slightly high-
er frequency of the T/A genotype, which led to wide
confidence intervals and elevated but non-significant
odds ratios, suggesting significant uncertainty in the
estimate.

TYK2 plays a specifically crucial role for full ac-
tivation of transcription factors like STAT1, STAT2,
and STAT4 on Type | IFN response to ensure pow-
erful antiviral protection (11). Likewise, Type Il In-
terferons (IFN-A) are crucial in the defense of muco-
sal surfaces like the respiratory and gastrointestinal
tracts against viral infection, and TYK2 is also in-
volved in signaling for them (12).

The proper activity of TYK2 is therefore crucial
for the host to identify and eliminate viral invaders
by mediating the crucial interferon-induced antiviral
state.

Experiments have shown that a lack of TYK2 can
lead to increased susceptibility to certain viral infec-
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tions, highlighting its function in antiviral immunity
(13).

Similarly, in humans, TYK2 deficiency has been
associated with increased susceptibility to diverse
microorganisms, including viruses, fungi, and my-
cobacteria (14).

Furthermore, therapy with JAK inhibitors, includ-
ing those against TYK2, has the potential to impair
antiviral immunity through suppression of interferon
signaling pathways, which can increase the risk of
viral infections in treated individuals (12).

However, in a specific context, pharmacological
inhibition of TYK2 in an influenza A virus (1AV)
linked pneumonia model was found to reconstitute
the virally suppressed immune response to second-
ary bacterial infections (15).

In summary for TYK2 the lack of significant ev-
idence for either increased risk or protection con-
ferred by the A allele is indicated by the fact that the
p-values remained above the 0.05 threshold across
all models and infection types, and the confidence
intervals consistently included 1. Overall, these re-
sults indicate that there is no apparent correlation
between this SNP and the population under study's
susceptibility to ILI or SARI; however, the potential
protective effect of the A/A genotype against SARI
merits additional research and investigation in larger
cohorts.

And for the OAS3 SNP, in ILI group, the G allele
was strongly and significantly associated with a de-
creased risk of Influenza-like Iliness across all ge-
netic models, showing significantly lower odds. This
suggests a protective effect of the G allele against
moderate respiratory infections, the dominant model
highlights this protective effect most clearly. We can
say that the G allele might be associated with a more
effective OAS3 function in response to the influen-
za viruses that cause ILI. Perhaps this allele leads to
a quicker or stronger activation of RNase L, result-
ing in more efficient viral clearance and less severe
symptoms.

Inastudy conducted by Yize Li etal., it was demon-
strated that OAS3, but not OAS1 or OAS2, is required
to activate RNase L and to restrict the replication of
four different human viruses: West Nile virus, Sind-
bis virus, and influenza virus (2).

Activation of this enzyme which is the RNase L,
produces a potent antiviral action by degrading viral
and cellular single-stranded RNA (ssRNA), ultimate-
ly leading to the inhibition of protein synthesis and
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restriction of viral replication (1).

The OAS3-RNase L pathway has demonstrated an-
tiviral effects against several viruses such as SARS
CoV 2, Chikungunya virus, Semliki forest virus,
Sindbis virus (SINV) and Hepatitis C virus(16); and
for Dengue virus certain OAS3 variants are associ-
ated with reduced risk of severe dengue infection, it
exhibits anti-DENV activity via an RNase L-depen-
dent mechanism (17).

Different alleles of this SNP can lead to subtle
changes in the OAS3 gene, potentially affecting the
protein produced, it might lead to higher or lower
levels of the OAS3 enzyme, and perhaps can affect
the activity of the OAS3 protein making the enzyme
more or less efficient at synthesizing 2-5As in re-
sponse to viral dsSRNA.

For SARI group, we observed an odds ratios (OR)
less than 1 for the genotypes carrying the G allele
(A/G and G/G in the codominant model, and the com-
bined A/G-G/G in the dominant model), this results
show a trend towards the G allele being protective,
but this association did not reach statistical signifi-
cance at the conventional p < 0.05 level. The domi-
nant model shows the strongest trend with a p-value
of 0.064, suggesting that further investigation with a
larger sample size might be warranted.

The trend for SARI is less clear but suggests po-
tential protection with the G allele. While not statis-
tically significant at the conventional threshold, the
odds ratios for SARI also pointed towards a protec-
tive effect of the G allele, particularly in the domi-
nant model. It's possible that the effect of this SNP
on severe outcomes is subtler or requires a larger
sample size to detect. Perhaps the OAS3 pathway is
important in the initial response to the virus (hence
the strong association with ILI). However, other fac-
tors may become more critical in determining the
severity of the illness, or this could depend on the
specific subtype of Influenza A (e.g., HIN1, H3N2)
or Influenza B. More research with a larger sample
size is needed to confirm these possibilities.

CONCLUSION

These results highlight the complex interplay of ge-
netics in influencing the susceptibility and severity
of respiratory illnesses. Some genetic variants might
predispose individuals to both moderate and severe
forms, while others might have more specific effects.

http://ijm.tums.ac.ir

The OAS3 result is particularly interesting as it sug-
gests a potential genetic factor that might help in
fighting off milder infections.

Our results open a new perspective for therapeutic
methods aimed at boosting human immunity against
the influenza virus. This approach is particularly
timely in an era characterized by emerging patho-
gens and the long development timelines required for
new, pathogen-specific treatments.
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