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Introduction

SARS-CoV-2 is the virus that triggered the global
COVID-19 pandemic, which has resulted in significant
illness and death around the world(1). As a member of
the Betacoronavirus family, SARS-CoV-2 is
genetically similar to SARS-CoV and MERS-CoV,
however it exhibits unique mechanisms to escape
immune detection and enhance its pathogenicity(2). By
June 2024, more than 770 million cases had been
reported worldwide, with over 7 million deaths,
placing immense pressure on health systems
globally(3). SARS-CoV-2 is notable for its capacity to
inhibit the host's interferon (IFN) response, a key
component of antiviral immunity. The viral accessory
proteins ORF7a and ORF7b interfere with IFN
signaling by blocking the activity of interferon-
stimulated genes and hindering the phosphorylation of
STAT1 and STAT2, facilitating viral replication and
disease progression(4).

IFN-B, which belongs to the group of cytokines
known as type | interferons, has a crucial role in
regulating viral proliferation by activating antiviral
pathways and shaping immune responses(5). Although
interferon responses are crucial for antiviral defense,
SARS-CoV-2 utilizes diverse strategies to circumvent
these pathways, contributing to the progression of
severe disease(6, 7). Elevated expression of ORF7a
and ORF7b has been linked to higher viral loads and
dysfunctional immune responses observed in patients
suffering from severe COVID-19(8). ORF7a is known
to promote viral replication through suppression of the
host immune responses, while ORF7b is believed to
interfere with IFN signaling pathways, further
suppressing antiviral defenses(4). Additionally, studies
suggest that SARS-CoV-2 suppresses IFN production
through various non-structural and accessory proteins,
making the IFN pathway a critical target for therapeutic
interventions(9).

Despite the established role of ORF7 proteins in
immune modulation, the precise correlation between
ORF7 subgenomic RNA (sgRNA) expression and
IFN-B levels remains unclear. Given the essential role
of IFN-B in antiviral defense, investigating this
relationship could provide meaningful perspectives on
the severity and prognosis of COVID-19 in affected
individuals. This study aimed to quantify ORF7
sgRNA levels in upper respiratory tract samples from
COVID-19 patients and analyze their relationship with

IFN-f expression and disease prognosis. By addressing
this gap, our results could contribute to a deeper
comprehension of how SARS-CoV-2 escapes immune
detection and highlight new avenues for therapeutic
intervention.

Methods

Participants and Clinical Specimens

The present cross-sectional study was performed
between August and February 2022. During this
period, respiratory samples consisting of combined
nasopharyngeal and oropharyngeal flocked swabs
preserved in viral transport medium were collected
from laboratory-confirmed COVID-19 patients
immediately after hospital admission. The study was
conducted on hospitalized patients at Ayatollah
Rouhani and Shahid Yahyanejad Hospitals, Associated
with Babol University of Medical Sciences, located in
northern Iran. All samples were handled in a Class Il
biosafety cabinet following standard biosafety
guidelines without dilution or heat inactivation. The
specimens were aliquoted and kept at —70°C until
analysis. Demographic, clinical, and para-clinical data
were extracted from the electronic medical records of
patients, who were assessed by specialists in infectious
diseases. Clinical results observed in patients
diagnosed with COVID-Y4 were used to classify them
into two distinct groups. The poor prognosis group
included patients with at least one of the following
conditions: intubation and mechanical ventilation,
intensive care unit (ICU) admission, or death due to
COVID-19.

The good prognosis group consisted of patients who
were discharged in stable condition without
experiencing any of the aforementioned complications.
Among the 89 patients fulfilling the inclusion criteria,
49 belonged to the poor prognosis group while, 40 were
in the good prognosis group. The study was granted
ethical approval by the Ethics Committee at Babol
University of Medical Sciences (Approval Code:
IR.MUBABOL.HRI.REC.1401.050), and all participants
provided written informed consent prior to their
inclusion. Funding for this study was provided
by Babol University of Medical Sciences (grant
number: 140014025). Variant identification was
conducted using SARS-CoV-2 One Step RT-PCR Kit
(Geneova, Iran) according to our recently published
study(10).
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RNA lIsolation

Extraction of total RNA (viral and cellular) was
performed on 140uL of viral transport medium using
the RNJia Virus Kit (ROJE Technologies, Yazd, Iran).
Following the manufacturer's protocol, each sample
received 560uL of BFC lysis buffer containing 1pg/uL
of carrier RNA. The samples were then incubated for
10 minutes at room temperature to facilitate thorough
lysis. RNA purification was performed using a silica-
based mini spin column, according to the kit protocol.

RNA Quality and Quantity Assessment

The integrity and quantity of RNA were assessed
prior to gPCR analysis using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA) and
gel electrophoresis. RNA concentration was measured
using the NanoDrop, while RNA integrity was
evaluated through gel electrophoresis, confirming the
absence of degradation. Only samples with high-
quality RNA (RIN > 7.0) were used for further
analysis.

ORF7a and ORF7b sgRNA mRNA Quantification
The quantification of SARS-CoV-2 ORF7a and
ORF7b sgRNAs was conducted using a one-step real-
time reverse transcription PCR (rRT-PCR) protocol on
the QIlAquant 96 5plex platform (Qiagen, Hilden,
Germany). Custom-designed primers and a TagMan
probe specific to the sgRNAs were synthesized by
Metabion International AG (Martinsried, Germany)(11).
Each 25ul reaction mixture included 5SpuL of 4x
CAPITAL™ 1-Step gRT-PCR Probe Master Mix
(Biotech Rabbit, Germany), 1uL of 20x RTase
supplemented with RNase inhibitor, 0.3 uM of each
primer, and 0.2 uM of a dual-labeled fluorescent probe.
The thermal cycling protocol started with a reverse
transcription stage of 50°C for 10 minutes, followed by
an initial denaturation at 95°C for 3 minutes.
Amplification then proceeded through 40 cycles, each
including a 15-second denaturation at 95°C and a
combined annealing/extension step at 60°C for a
duration of 30 seconds. Expression levels were
normalized against B2-microglobulin using the
Relative Expression Software Tool (REST)(12).

Real-Time PCR for IFN-p Expression
Quantification of IFN-pB expression was carried out

using the QlIAquant 96 5plex real-time PCR instrument

(Qiagen, Hilden, Germany) with gene-specific primers

for IFN-B (13) and B2-microglobulin (14) as the
internal control, the one-step rRT-PCR was conducted
in a final reaction volume of 25uL. The reaction setup
included 12.5pL of 2x SYBR® RT-PCR buffer, 0.5uL
of TaKaRa Ex Taq HS (5 U/uL), 0.5uL of reverse
transcriptase (Takara, Shiga, Japan), and 10puM of each
primer per reaction. The initial step involved
synthesizing complementary DNA through reverse
transcription at 42°C for 5 minutes, then the reaction
proceeded with a 10-second denaturation at 95°C. The
PCR amplification involved 40 cycles, each cycle
featuring a 5-second denaturation at 95°C and a 30-
second annealing/extension at 60°C. The specificity of
the amplification was validated through melting curve
analysis and agarose gel electrophoresis, confirming
the absence of nonspecific products. Gene expression
data for IFN-B were normalized to 32-microglobulin
using the REST(12).

Statistical Evaluation

Data analysis was conducted using IBM SPSS
Statistics, version 23. Associations between categorical
variables were assessed employing the chi-square test,
and continuous variables were analyzed using the
independent t-test or Mann-Whitney U test. Gene
expression was normalized using the REST version 2.0,
following Pfaffl method(12) with B2-microglobulin as the
internal control. Logistic regression was used to assess
the association between ORF7 expression and clinical
outcomes (poor vs. good prognosis) using a stepwise
approach. A p-value of <0.05 was considered
statistically significant.

Results

This cross-sectional study included 89 samples
obtained from patients diagnosed with COVID-19.
Patients were categorized into two groups based on
prognosis: good prognosis (n=40) and poor prognosis
(n=49). Participants' ages spanned from 23 to 90 years,
with a mean age of 59.65 + 17.54 years (40 males, 49
females). All demographic and underlying diseases of
the patients is provided in Table 1. Notably, the
majority of patients with a good prognosis were
women, whereas the majority of those with a poor
prognosis were men. Hypertension was the most
common comorbidity, affecting 36 patients. Overall,
individuals with a poor prognosis had a higher
prevalence of underlying diseases compared to those
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with a good prognosis. Regarding the SARS-CoV-2
variants, the included patients were infected with 4
different variants of concern (Table 2). There was a
strong correlation between the patients' prognosis and
their admission to the intensive care unit. Specifically,
nearly 96% of individuals classified under the poor
prognosis category needed ICU care, while patients
with a favorable prognosis did not require ICU
admission (P < 0.001). Likewise, survival rates were
significantly higher in the good prognosis group
compared to the poor prognosis group, where 40.8% of
patients did not survive (P < 0.001).

Laboratory parameters showed significant
differences between the two groups. Statistically
significant differences were observed in pro B-type
natriuretic peptide (NT-proBNP) (P = 0.001),
erythrocyte sedimentation rate (ESR) (P = 0.001), CRP
(P =0.004), creatinine (P = 0.007), blood urea nitrogen
(BUN) (P = 0.006), and platelet count (P = 0.032)
(Table 3). However, the use of Remdesivir and
corticosteroids (Cortone) did notshow a statistically

significant association with disease prognosis
(Remdesivir: P = 0.797; Cortone: P = 0.196). The
expression levels of viral ORF7a and ORF7b sgRNAS
and the cellular IFN-B gene were analyzed in both
groups using quantitative PCR (qPCR). Relative gene
expression levels were normalized to the f2-
microglobulin housekeeping gene. As shown in Figure
1, the median fold change expression of ORF7a was
significantly higher in the poor prognosis group (9.68;
interquartile range: 1.21-387.19) compared to the good
prognosis group (1.21; interquartile range: 0.09-4.23)
(P < 0.001) (Figure 1A). Similarly, ORF7b expression
was markedly elevated in the poor prognosis group
(71.01; interquartile range: 0.83-1704.29) relative to
the good prognosis group (0.55; interquartile range:
0.13-4.43) (P < 0.001) (Figure 1B). Additionally, a
significant reduction in IFN-B expression was observed
in the poor prognosis group (0.46; interquartile range:
0.23-0.92) compared to the good prognosis group
(0.92; interquartile range: 0.45-1.83) (P < 0.001)
(Figure 1C).

Table 1. Demographic and underlying diseases of COVID-19 hospitalized patients with different prognosis.

Variable Good Prognosis (n=40) ‘ Poor Prognosis (n=49) ‘ P-value
Gender

Male 15 25 0.202
Female 25 24

Age (years)

Mean + SD 54.62 + 16.79 63.75+17.21 0.014
Underlying Disease

Diabetes 11 19 0.263
Hypertension 13 23 0.167
Ischemic heart disease 6 9 0.673
Cerebrovascular accident (CVA) 4 2 0.268
Asthma 3 2 0.486
Hypothyroidism 4 3 0.499
Hyperlipidemia 1 7 0.053
Chronic kidney disease 1 2 0.603

Table 2. Frequency of SARS-CoV-2 Variants in COVID-19 hospitalized patients with different prognosis.

Variant Good Prognosis (n=40) Poor Prognosis (n=49) Total (n=89)
Wuhan 9 24 33
Alpha 19 7 26
Delta 11 20
Omicron 7 10
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Table 3. Laboratory Parameters in COVID-19 hospitalized patients with different prognosis.

Laboratory Variable Goo?nP:qu)nosis Poor Prognosis (n=49) P-value
NT-proBNP(pg/mL) 16 4 0.001
ESR (mm/h) 18 7 0.001
CRP (mg/L) 34 28 0.004
Creatinine (mg/dL) 34 30 0.007
BUN (mg/dL) 30 18 0.006
Platelet Count 36 20 0.032

*Percentages represent the proportion of patients with abnormal laboratory values in each group

103

10%

P<0.001

101k

ORF7a median fold change expression (log scale)
ORF7b median fold change expression (log scale)

Good Prognosis

P<0.001

Good Prognosis

2.0

P<0.001

IFNB median fold change expression

Paor Prognosis Good Prognosis Poor Prognosis

Figure 1. Comparison of SARS-CoV-2 ORF7a (A), ORF7b (B) subgenomic RNAs and host IFN-B (C) median
fold change expression levels between good prognosis and poor prognosis groups. Bars represent median
values, and error bars indicate interquartile ranges (IQR). Logarithmic scale is used for panels A and B.
Statistically significant differences (P < 0.001) were observed between the two groups for all three targets.

Analysis using Pearson's correlation showed that IFN-
B expression did not significantly correlate with ORF7a
or ORF7b sgRNAs levels in both prognosis groups (r
=0.216, P =0.181; r = 0.167, P = 0.303, respectively).
Tables 4 to 6 provide a detailed analysis of the
association between ORF7a, ORF7b, and IFN-B
expression levels with disease prognosis. Among the
patients older than 50 years, those classified with poor
prognosis exhibited a notably higher median expression
level of ORF7a compared to the group with favorable
prognosis, as detailed in Table 4 (P = 0.004). Gender
analysis revealed that this difference was statistically
significant only among females (P = 0.006).
Additionally, considering factors such as comorbidities,

CRP, ESR, PCT, IL6, NT-proBNP, and D-dimer, the
results indicate that the median fold change in ORF7a
expression increased in the poor prognosis group
relative to the good prognosis group. Considering
demographic and clinical factors, ORF7b expression
was found to be significantly greater in the poor
prognosis group than in the good prognosis group
(Table 5, P < 0.05). As demonstrated in Table 6, IFN-
B expression was consistently lower in the poor
prognosis group across all studied variables, with
notable differences reaching statistical significance (P
< 0.05) in individuals above 50 years of age, both
genders, individuals with comorbidities, and those with
abnormal ESR, IL-6, NT-proBNP, and D-dimer levels.
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Table 4. Association between median expression levels of ORF7a and clinical variables in patients with
different prognosis.

[ Downloaded from ijmcmed.org on 2026-06-10 ]

. Good Prognosis Poor Prognosis

Variable . . P-value
(Median [Q1-Q3]) (Median [Q1-Q3])

Age
<50 years 1.21 (0.15-10.88) 82.27 (0.75-619.51) 0.071
> 50 years 1.21 (0.07-4.84) 9.68 (1.21-154.87) 0.004
Sex
Male 2.42 (0.15-19.35) 9.68 (0.91-387.19) 0.100
Female 1.21 (0.07-2.42) 77.44 (1.21-503.36) 0.006
Underlying Disease
Present 1.21 (0.07-2.42) 9.68 (0.61-154.87) 0.005
Absent 2.42 (0.15-14.52) 82.27 (1.51-1084.15) 0.027
CRP
Normal 1.81 (0.15-9.68) 7.26 (0.75-503.36) 0.030
Abnormal 0.34 (0.07-4.22) 77.43 (0.61-1316.47) 0.012
ESR
Normal 2.42 (0.61-9.68) 9.68 (0.91-1239.04) 0.144
Abnormal 1.21 (0.07-4.22) 19.36 (0.76-387.19) 0.007
PCT
Normal 2.42 (0.61-9.68) 9.68 (0.75-619.52) 0.019
Abnormal 1.21 (0.07-4.22) 77.44 (0.61-154.87) 0.320
IL6
Normal 0.91 (0.15-3.67) 7.26 (0.75-503.36) 0.017
Abnormal 2.42 (0.07-9.68) 77.44 (1.21-619.51) 0.013
NT-proBNP
Normal 2.42 (0.15-4.22) 0.91 (0.07-7.56) 0.385
Abnormal 1.81 (0.21-7.86) 77.43 (1.21-619.52) 0.005
D-dimer
Normal 9.68 (0.91-619.52) 77.44 (0.61-619.52) 0.308
Abnormal 1.21 (0.07-4.22) 9.68 (0.61-154.87) 0.016

Table 5. Median expression levels of ORF7b and clinical variables in patients with different prognosis.

[ DOI: 10.22088/IIMCM.BUMS.14.2.726 ]

Variable Good Prognosis (Median [Q1-Q3]) ] Poor Prognosis (Median [Q1-Q3]) ‘ P-value
Age

<50 years 1.11 (0.21-9.98) 142.02 (4.64-1988.35) 0.034
> 50 years 0.55 (0.14-4.43) 71.01 (0.83-1704.29) <0.001
Sex

Male 0.55 (0.14-8.87) 35.51 (1.38-825.15) 0.007
Female 1.11 (0.10-4.44) 142.02 (0.69-2272.39) 0.001
Underlying Disease

Present 1.11(0.14-9.98) 142.02 (1.11-1988.35) \ 0.034
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Variable Good Prognosis (Median [Q1-Q3]) | Poor Prognosis (Median [Q1-Q3]) | P-value
Absent 0.55 (0.07-4.43) 71.01 (0.55-1704.29) <0.001
CRP

Normal 0.92 (0.23-4.43) 53.26 (1.11-994.17) 0.001
Abnormal 0.55 (0.15-3.88) 142.02 (0.14-3408.59) 0.003
ESR

Normal 0.92 (0.21-4.43) 71.01 (0.14-1704.29) 0.002
Abnormal 1.66 (0.17-7.76) 35.51 (0.55-1704.29) 0.002
PCT

Normal 0.92 (0.14-8.87) 35.51 (0.14-568.09) 0.004
Abnormal 1.66 (0.15-4.43) 71.01 (0.55-568.09) 0.115
IL6

Normal 0.92 (0.21-9.88) 35.51 (0.55-7953.39) 0.032
Abnormal 2.21(0.14-8.87) 71.01 (0.55-2272.39) 0.002
NT-proBNP

Normal 0.92 (0.24-3.88) 35.51 (0.21-2272.39) 0.962
Abnormal 1.66 (0.08-7.76) 35.51 (0.55-2272.39) 0.001
D-dimer

Normal 0.92 (0.17-5.32) 35.51 (0.72-568.09) 0.15
Abnormal 1.66 (0.14-4.43) 35.51 (0.14-2272.39) 0.016

Table 6. Median fold change expression levels of IFN-B and clinical variables in patients with different

prognosis.
Variable | Good Prognosis (Median [Q1-Q3]) | Poor Prognosis (Median [Q1-Q3]) | P-value
Age
< 50 years 0.92 (0.34-1.83) 0.92 (0.16-0.92) 0.269
> 50 years 0.92 (0.45-3.66) 0.46 (0.23-0.92) 0.001
Sex
Male 0.92 (0.46-3.67) 0.46 (0.17-0.92) 0.026
Female 0.92 (0.69-1.83) 0.46 (0.23-0.92) 0.033
Underlying Disease
Present 0.92 (0.46-1.83) 0.46 (0.11-0.92) 0.001
Absent 0.92 (0.34-2.75) 0.92 (0.46-0.92) 0.264
CRP
Normal 0.92 (0.46-2.29) 0.46 (0.11-0.92) 0.001
Abnormal 0.92 (0.46-3.21) 0.92 (0.34-0.92) 0.263
ESR
Normal 0.37 (0.80-3.67) 0.46 (0.57—1.83) 0.091
Abnormal 0.92 (0.28-1.83) 0.46 (0.23-0.92) 0.033
PCT
Normal 0.92 (0.46-3.67) 0.46 (0.11-0.92) 0.041
Abnormal 0.92 (0.52-3.83) 0.46 (0.23-1.83) 0.743
IL6
Normal 1.83 (0.28-3.67) 0.46 (0.28-1.49) 0.339
Abnormal 0.92 (0.46-1.83) 0.46 (0.23-0.92) 0.03
NT-proBNP
Normal 0.68 (0.28-3.83) 0.14 (0.05-0.74) 0.086
Abnormal 0.83 (0.92-3.67) 0.46 (0.23-0.92) 0.003
D-dimer
Normal 0.92 (0.28-3.83) 0.23 (0.23-0.46) 0.086
Abnormal 1.83 (0.463.67) 0.46 (0.23-0.92) 0.013

732
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Discussion

This study examined the expression levels of
ORF7a and ORF7b sgRNAs in upper respiratory tract
samples from hospitalized COVID-19 patients and
assessed their relationship with IFN-f expression and
clinical outcomes. The results indicated that patients
with poor prognosis exhibited higher expression levels
of ORF7a and ORF7b compared to those with a better
prognosis. Furthermore, IFN-B expression was reduced
in patients with poor prognosis, suggesting a potential
role of this factor in disease severity. Previous studies
have demonstrated that ORF7a and ORF7b play a
crucial role in suppressing antiviral immune responses.
For instance, Garcia-Garcia et al. reported that these
two proteins impair immune processes and inhibit key
antiviral pathways(8). Additionally, Shemesh et al.
showed that ORF7b suppresses IFN-B production,
facilitating immune evasion(9). These findings align
with our results, suggesting that increased ORF7a and
ORF7b expression may be associated with reduced
IFN-B response and, consequently, increased disease
severity. However, despite this apparent inverse trend,
we did not observe a statistically significant correlation
between IFN-B expression and ORF7a/b sgRNA levels.

This unexpected finding may be due to inter-
patient variability in immune response timing, as well
as the influence of confounding factors such as
corticosteroid or antiviral treatments that were not
accounted for in this study. Additionally, ORF7a and
ORF7b might exert their immunosuppressive effects
through mechanisms that do not directly modulate
IFN-B transcription. Further studies with larger cohorts
and controlled clinical variables are warranted to
elucidate  this relationship. Moreover, recent
comprehensive reviews have emphasized that SARS-
CoV-2 accessory proteins, including ORF7a and
ORF7b, contribute significantly to immune evasion by
interfering with key antiviral pathways, such as the
interferon signaling cascade. According to a 2022
review article by Zandi et al., these proteins suppress
interferon production and signaling, disrupt JAK-STAT
pathways, and interfere with other immune regulators,
facilitating viral persistence and pathogenesis() ).

Recent evidence also has indicated that ORF7a
interacts with the NF-xB pathway, promoting
inflammation while simultaneously inhibiting type | IFN
responses(16). This dual mechanism may explain the
exaggerated inflammatory response observed in

critically ill COVID-19 patients. Furthermore,
structural analysis of ORF7a by Kim et al. revealed that
this protein binds to BST2/Tetherin, preventing virus
recognition by the immune system and facilitating viral
dissemination(17). Unlike earlier studies that primarily
focused on ORF7a’s role in immune suppression, our
research highlights that ORF7b is also significantly
upregulated in patients with poor prognosis, especially
in individuals infected by the Delta and Omicron
variants.

This suggests that these newer variants may have
developed enhanced mechanisms of immune evasion,
potentially through upregulation of ORF7b, which
could play a key role in modulating immune responses
and influencing disease severity. These findings
highlight the importance of considering variant-
specific differences in viral immune modulation and
provide a basis for future research into how viral
evolution impacts immune escape mechanisms.This
finding indicates that more recent variants may have
evolved mechanisms that enhance the immunosuppressive
effects of ORF7 proteins(18).

In addition to investigating ORF7a and ORF7b
expression, this study examined the influence of host
factors such as age and gender on disease severity.
Consistent with previous reports, advanced age was
significantly associated with worse outcomes, likely
due to weakened immune responses and increased
comorbidities in older individuals(19). Although no
significant difference was observed between genders in
this study, some reports suggest that hormonal and
genetic factors might influence immune responses
differently in males and females, warranting further
investigation(20).

Another key aspect analyzed in this study was the
relationship between laboratory markers and disease
prognosis. Laboratory markers such as CRP, NT-
proBNP, and D-dimer exhibited significant differences
between the two groups. Elevated CRP levels in the
poor prognosis group support the role of systemic
inflammation in  worsening disease outcomes(21).
Similarly, increased levels of D-dimer and NT-
proBNPlikely indicate greater involvement of the
coagulation and cardiovascular systems in these
patients. Our results align with earlier research that
identified these biomarkers as critical indicators of
COVID-19 severity(22). Similarly, Cr and PLT levels
showed significant variation across prognosis groups.
Elevated Cr levels are indicative of renal dysfunction,
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while abnormal PLT counts suggest hematologic
involvement, both of which are associated with worse
clinical outcomes. On the other hand, markers such as
IL-6, NT-proBNP, D-dimer, ESR, AST, and Hb were
mostly abnormal in both prognosis groups,with NT-
proBNPand ESR showing noteworthy differences.Elevated
IL-6 levels, characteristic of cytokine release syndrome,
have been associated with severe COVID-19 and
poorer prognosis. High NT-proBNP levels suggest cardiac
involvement, while elevated D-dimer levels are
indicative of coagulopathy, both of which are markers
of severe disease. These findings underscore the
complex nature of COVID-19 pathology, which
involves multiple organ systems and inflammatory
processes. Given the potential role of ORF7a and ORF7b
in IFN suppression, targeting these proteins could serve
as a promising therapeutic approach to enhance the
immune response against SARS-CoV-2.

Developing inhibitors that block the interaction of
ORF7a and ORF7b with key immune regulators such
as STAT2 may help mitigate disease severity and
improve clinical outcomes. Additionally, regular
monitoring of laboratory markers like CRP and D-
dimer could aid in identifying high-risk patients and
optimizing treatment strategies. There are several
limitations in this study, including a small sample size
that can limit the generalization of the results.
Although we determined the SARS-CoV-2 variant
types in our study population, we did not perform a
comparative analysis of ORF7a, ORF7b, or IFN-B
expression across different variant groups. This was
due to the limited number of samples within each
variant subgroup, which precluded meaningful
statistical evaluation and increased the risk of
inaccurate conclusions. Future studies with larger,
well-stratified cohorts are needed to investigate
whether specific SARS-CoV-2 variants differentially
modulate the expression of these immune-related
genes. Furthermore, the effects of therapeutic
interventions such as corticosteroids and antiviral
drugs on IFN-B expression were not assessed, which
could influence the observed trends. Additionally,
other SARS-CoV-2 ORFs involved in immune evasion
were not investigated, and their role remains to be
explored in future research.

To validate our findings and expand the scope of
this study, future research should be conducted on
larger cohorts, considering the effects of antiviral and
anti-inflammatory treatments on IFN- and ORF7a/b

sgRNAs expression.In  conclusion, this study
highlights the crucial role of SARS-CoV-2 accessory
proteins ORF7a and ORF7b in inhibiting type | IFN
signaling and their implications for disease severity.
The findings suggest that targeting these viral factors
could enhance antiviral defenses and improve clinical
outcomes. Additionally, the identification of key
laboratory markers associated with disease prognosis
provides valuable insights for clinical management.
Further research into the intricate interplay between
viral immune evasion mechanisms and host immune
responses will be essential for developing effective
therapeutic strategies against COVID-19.
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