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COVID-19 is characterized by a wide range of symptoms where the genetic
background plays a key role in SARS-CoV-2 infection. In this study, the relative
expression of IRF9, CCL5, IFI6, TGFB1, IL1B, OAS1, and TFRC genes (related to
immunity and antiviral activity) was analyzed in upper airway samples from 127
individuals (97 COVID-19 positive and 30 controls) by using a two-step RT-PCR.
All genes excepting /L1B (p=0.878) showed a significantly higher expression
(p<0.005) in COVID-19 cases than in the samples from the control group
suggesting that in asymptomatic-mild cases antiviral and immune system cells
recruitment gene expression is being promoted. Moreover, IFI6 (p=0.002) and
OAS1 (p=0.044) were upregulated in cases with high viral loads, which could be
related to protection against severe forms of this viral infection. In addition, a
higher frequency (68.7%) of individuals infected with the Omicron variant
presented higher viral load values of infection when compared to individuals
infected with other variants (p<0.001). Furthermore, an increased expression of
IRF9 (p<0.001), IFI6 (p<0.001), OASI (p=0.011), CCL5, (p=0.003) and TGFBI1
(p<0.001) genes was observed in individuals infected with SARS-CoV-2
wildtype virus, which might be due to immune response evasion of the viral
variants and/or vaccination. The obtained results indicate a protective role of IF/6,
OASI and IRF9 in asymptomatic -mild cases of SARS-CoV-2 infection while the
role of TGFB1 and CCL5 in the pathogenesis of the disease is still unclear.
The importance of studying the dysregulation of immune genes in relation to the
infective variant is stand out in this study.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged
in Wuhan (China) in December 2019. Its efficient transmission and
the wide human mobility worldwide promoted the fast spread of
COVID-19, with the World Health Organization (WHO) declaring
it a pandemic on 11 March 2020. Since then, COVID-19 has
become a world public health issue causing dramatic health and
economic issues in many countries (Wiersinga et al., 2020; Deng
et al.,, 2021; Hu et al., 2021).

Coronaviruses constitute a family of large, enveloped, single-
stranded RNA viruses, well-known for causing respiratory
infections. Two coronaviruses caused epidemic outbreaks, the
severe acute respiratory syndrome (SARS) in 2002-2003 (China)
and the Middle East respiratory syndrome (MERS) in 2012
(Arabian Peninsula). The origin of SARS-CoV-2 remains unclear
although a zoonotic event is suspected focusing on bats as natural
reservoirs of this virus (Ovsyannikova et al., 2020; Wiersinga et al.,
2020; V’kovski et al., 2021).

SARS-CoV-2 is mainly transmitted by droplets expelled during
talking, coughing, or sneezing (Wiersinga et al., 2020). When
humans are infected by SARS-CoV-2, the virus main target are
the airway cells. Moreover, the virus is able to invades cells after the
binding of the S protein to the ACE2 (angiotensin-converting
enzyme 2) receptor, while TMPRSS2 (transmembrane serine
protease 2) promotes viral uptake by cleaving ACE2. After that,
SARS-CoV-2 starts to replicate in epithelial cells from the
respiratory tract and then migrates to the lungs. In this scenario,
strong immune responses are promoted which can trigger off
damage in the lung instead of relieving the infection (Wiersinga
et al., 2020; Deng et al.,, 2021; Hu et al,, 2021; Kumar et al.,, 2021;
Yang and Rao, 2021). The cytokine storm is the main characteristic
of this immune response, resulting from an acute increase of
proinflammatory cytokines which promotes the influx of immune
cells like T cells or macrophages from circulation to the lungs. As a
result of the acute lung damage, patients may progress to develop
respiratory distress syndrome and respiratory failure followed by
multi-organ failure. Cytokine storm is considered the main cause of
mortality in COVID-19 cases (Ragab et al., 2020).

People with COVID-19 have a wide range of symptoms, from
asymptomatic or mild symptoms (the most common symptoms are
fatigue, dry cough, and fever) to severe cases that need
hospitalization or intensive care. Most of the severe symptoms
affect people over 60 years, especially men. Biological and genetic
factors may be involved in these facts (Wiersinga et al., 2020; Hu
2021; Inde et al., 2021; Tharakan et al., 2022). Clinical
comorbidities like diabetes, obesity, cardiovascular pathologies,

et al,

etc. can increase the risk of developing an acute respiratory
distress syndrome too (Casanova and Su, 2020; Debnath et al,
2020). However, the age and clinical features are not enough to
explain the phenotypic variability of COVID-19. The genetic
variability of each individual is playing a crucial role in the
susceptibility and pathogenesis of the virus (Amati et al., 2020).
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The gene expression analysis has been useful for detecting
deficiencies in other respiratory viruses related to worse disease
outcomes. There is evidence to show the same with COVID-19,
although studies were mainly performed on severe cases of the
disease, which does not contribute to explain the whole spectrum of
heterogeneity in the disease (Amati et al., 2020; Casanova and Su,
2020; Mick et al., 2020).

The study of gene expression on pathways related to the
pathogenesis of SARS-CoV-2 and the immune system response
could shed some light on why certain people develop severe forms
of the disease and why others do not. In upper airways takes place
infection, replication, and a local immune response, being these the
first target of SARS-CoV-2 before reaching the lungs (Huang et al,,
2021). Moreover, the analyses of different tissue samples show a
differential response to SARS-CoV-2 infection among tissues, likely
because of a local immune response but relating to the disease
severity at systemic level (Gomez-Carballa et al., 2022).The main
objective of the study was to determine any alteration in
inflammatory or immune Genes expression in upper airways
samples from individuals with COVID-19 asymptomatic or with
mild symptoms in contrast to controls that were not infected with
SARS-CoV-2. The identification of potential genetic biomarkers
related to COVID-19 development may improve the patient
diagnosis and prognosis, and will increase the disease knowledge
(Ovsyannikova et al., 2020).

Materials and methods
Individuals included in the study

Upper airway samples that included nasopharyngeal and
oropharyngeal/saliva were collected from 97 cases with a
molecular diagnosis of COVID-19, which were recruited from a
population screening study at University of La Laguna and private
laboratories in Tenerife, Spain. The samples analyzed were collected
during the first seven days of infection or at the beginning of
symptoms. The study included male and female individuals of a
wide range of ages and focused on asymptomatic and mild
symptomatic infected individuals. Subjects were full vaccinated
(with 2 or 3 doses) at the time of sample collection, except for
individuals infected with the wildtype variant, since COVID-19
vaccines were not available at that period. Thirty individuals from
the general population with a negative diagnosis of COVID-19 were
also included as a control group. These subjects were analyzed for
SARS-CoV-2 infection by qPCR at least in two different time points
within five days. A negative report of having suffered any viral
infection during the last 2 months before sample collection was
required for participate. Subjects with underlying diseases or those
undergoing medical treatment were excluded from the study. The
study was approved by the ethical committee board and written
informed consent was obtained from all participants (CHUC
B1947). This study was conducted in accordance with the
Declaration of Helsinki.
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Selection of genes

Genes were selected based on existing literature where the type
of sample, methodology of the study, and relevant results were
considered. The search was focused on genes related to the host
antiviral and immune response that have been reported to be
differentially expressed in different type of samples, particularly
upper airways, in COVID-19 cases of different severity. TFRC was
initially chosen as a candidate reference gene, although its
expression has found to be altered in the samples of study and
subsequently been analyzed as another target gene.

Gene expression study

The RNA extraction was carried out using Maxwell® 16 Viral
Total Nucleic Acid Purification Kit (Promega) and Mag-Bind®
Viral RNA XPress Kit (Omega Bio-Tek), and quality was
evaluated by NanoDrop Lite (ThermoScientific, USA).

The relative gene expression analysis was set up in a two-step
RT-PCR. First, RNA was retrotranscribed into cDNA using the
High-Capacity ¢cDNA Reverse Transcription Kit (Applied
Biosystems, USA) following the manufacturer’s instructions. In a
second step, a qPCR was performed by using the: TaqManTM Gene
Expression Master Mix and TaqManTM Gene Expression Assays
(ThermoFisher Scientific, Applied Biosystem, USA)
(Supplementary Table 1), and 2.5 ul of cDNA in a final volume
reaction of 10 ul. The reaction was performed in a real-time gPCR
machine QuantStudio 5 (ThermoFisher Scientific, Applied
Biosystem, USA). Each reaction was performed in duplicate,
setting up the experiment in 40 cycles. For data normalization,
the ACTB housekeeping gene was used. The relative expression
analysis of the target genes was determined using the comparative
threshold method 2—AACt (Kumar et al., 2022).

Statistical analysis

The viral load analysis was ranged based on the Ct values that
resulted from the qPCR diagnostic test: a low load (Ct>30), medium
load (24>Ct>30), and high load (Ct<24). The expression data
distribution was analyzed by the Kolmogorov-Smirnov test. Data
were normalized using the method of the log two-fold and absolute
gene-wise changes in expression. Non-parametric tests, the Mann-
Whitney U test, and the Kruskal-Wallis test were used for group
comparisons. The correlation between variables was analyzed by
Spearman’s rank correlation coefficient. Chi-squared test was
performed to determine differences in gene expression frequencies
between groups. Principal component analysis (PCA) was
performed for dimension reduction and better interpretability of
the data. For applying PCA, the data must achieve some
requirements: multiple variables must be significatively related,
and the determinant of the correlation matrix must be close to
zero. The sampling adequacy is shown by the Kaiser-Meyer-Olkin
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Measure and for knowing data suitability for reduction Bartlett’s
test of sphericity was performed. For all analyses, significance was
set at p<0.05. The statistical analysis was performed using SPSS v. 25
(IBM Corp, USA) and GraphPad Prims v. 9.4.1 (Dotmatics,
UK) software.

Results

A total of 127 individuals were analyzed in the present study.
From these, 97 individuals were positive when tested for COVID-19
and 30 individuals with a negative record were included as controls.
The main characteristics of these subjects are shown in Table 1.
Infected individuals presented mild symptoms (fever, cough,
headache, etc.) (33.37%) or were asymptomatic (66.67%). The
COVID-19-positive individuals were 50.52% of men with a mean
age of 42 years and were age-matched with controls without
the infection.

Within the infected individuals, 34% presented a high viral load,
34% medium load, and 32% a low load (average viral load was Ct=
25.67 * 6.56). Four SARS-CoV-2 variants were detected as
responsible for infection within the recruited individuals as
follows: forty-one were infected with the original virus from
Wuhan (index virus), four with variant B.1.1.7, eleven with
B.1.617.2, and forty-one corresponded to individuals infected with
B.1.1.529 (Table 1).

The expression of TFRC, IRF9, IFI6, OASI, CCL5, ILIB, and
TGFBI genes was determined in all the participants. All genes were
highly expressed in COVID-19 individuals when compared to the
control group except for ILIB (Figure 1).

TABLE 1 Demographic and clinical characteristics of the individuals with
COVID-19 included in the study.

COVID-19 cases

Variables n=97
Age (mean + SD) 41.93 + 16.94
Sex (%)

« Women 49.48
* Men 50.52
Type of sample (%)

« Nasopharyngeal 77.32
« Oropharyngeal/saliva 22.68
SARS-CoV-2 variant ¥(%)

« Wild type 4227
«B.1.1.7 4.12
« B.1.617.2 11.34
« B.1.1.529 42.27

#B.1.17: Alpha variant; B.1.617.2: Delta variant; B.1.1.529: Omicron variant. https://
www.who.int/activities/tracking-SARS-CoV-2-variants. Pango nomenclature was used
(Rambaut et al., 2020).
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FIGURE 1
Differential gene expression in individuals with COVID-19 in contrast to controls subjects without infection. Lines represent the median with an

interquartile range. (A) TFRC, (B) IRF9, (C) IFI6, (D) OASL, (E) CCL5, (F) IL1B and (G) TGFBL1. p-values<0.05 were considered significant
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Differential gene expression among individuals infected with different SARS-CoV-2 variants. Lines represent the median with an interquartile range

(A) TFRC, (B) IRF9, (C) IFI6, (D) OAS1, (E) CCLS5, (F) IL1B and (G) TGFBL1. p-values<0.05 were considered significant
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32.3% respectively; p<0.001). Significative differences were found
between the expression of the studied genes and the viral load
within COVID-19 cases. Individuals that presented a high viral load
also had increased expression levels of OASI (p=0.011) and IFI6
(p<0.001) genes (Figure 3, Supplementary Figure 1).

In relation to sex, infected men were found to highly express
OASI when compared to women (p=0.026), but among healthy
individuals non-significative result was found. No significant
relationship was found between sex and other variables, such as
viral load (p=0.753) or the SARS-CoV-2 variants (p=0.387).

Analysis of gene expression through
principal component

For the principal component analysis, criteria for valid results
were first tested as adequate. Multiple variables were significatively
related to each other (Supplementary Table 2) and the correlation
matrix was determined as 0.043. The sampling adequacy was
detected by the Kaiser-Meyer-Olkin Measure (0.834) and
Bartlett’s test of sphericity (p<0.001).

Two components based on eigenvalues > 1 were selected. The
two resulting components explained 68.92% of the total variance
and showed that most of the genes were related to component 1,
with ILIB related to component 2 (Supplementary Figure 2).

Discussion

SARS-CoV-2 can cause a wide range of symptoms, and elder and
previous pathologies often are indicators of worse outcomes,
however, other factors may play an important role (Jajou et al., 2022).
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In the present study, the differential expression of a profile of
immune-related and antiviral genes was evaluated in upper airway
samples in relation to asymptomatic and mild COVID-19 cases.

All the studied genes were differently expressed between SARS-
CoV-2 individuals and the healthy control group, except for IL1B,
which was confirmed by the PCA analysis. The first component
grouped genes that were overexpressed in COVID-19 cases when
compared to healthy controls. These genes, related to the immune
system, IFI6, IRF9, and OASI are interferon-stimulated genes (ISG)
that play an important role in pathogen control (Malterer et al., 2014;
Meyer et al., 2015).

IFI6 is a mitochondria-target protein that participates in
apoptosis regulation and its expression has been related to viral
inhibition (Meyer et al., 2015; Kuroda et al., 2020). The higher
expression of IFI6 observed in infected individuals is in agreement
with another study which finds its upregulation in SARS-CoV-2
infections when compared with other respiratory viruses (Mick
etal,, 2020). The expression of IFI6 does not inhibit viral replication
by itself but might enhance the antiviral effect of IFN-o (Meyer
et al., 2015).

IRF9 expression has been related to multiple respiratory diseases
and its deficiency is associated with worse outcomes of respiratory
viral infections, including SARS-CoV-2 (Zhang et al., 2021). Our
results showed a higher expression in COVID-19 cases, that
included only asymptomatic or mild forms of the disease, then,
the higher expression of IRF9 may be related to better outcomes
which is in accordance to other studies which found IRF9 deficient
levels in severe cases (Zhang et al,, 2021; Ziegler et al.,, 2021).

In the same way, OASI was highly expressed in infected
subjects. A higher expression of OASI may be characteristic of
mild-moderate COVID-19 patients while the expression deficiency
has been related to a higher risk of severe COVID-19 in other
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studies (Ziegler et al, 2021; Banday et al, 2022) suggesting a
protective effect in SARS-CoV-2 infection for OASI. This gene
was the only one dysregulated between sexes with higher levels of
expression among men. OASI presents different polymorphisms
that can alter its expression levels, however, their analysis was
beyond the scope of the present study (Zhou et al., 2021; Banday
et al., 2022).

CCL5 is a chemoattractant for several immune cells like
monocytes and natural killers. Our results are in agreement
with Perez-Garcia et al. (2022) who reported that high levels of
CCL5 were associated with better outcomes in COVID-19
patients. However, other studies found a higher expression of
CCL5 in critical COVID-19 patients, suggesting a role prompting
inflammation disorders (Montalvo Villalba et al., 2020; Ye et al,,
2020). Studies on severe COVID-19 cases are needed to confirm
this fact.

Our study found higher expression of TGFBI in the SARS-
CoV-2 infected group in contrast to controls. TGFBI is the
predominant isoform expressed in the immune system and
plays a role in cell proliferation, differentiation, migration, and
survival. It exists evidence of viruses that promote the expression
of TGFBI, such as the neuraminidase of influenza A and influenza
B (Li et al., 2006). Another example is the papain-like protease of
SARS-CoV that induces the upregulation of TGFBI (Li et al,
2016). Furthermore, higher levels of TGFBI were reported to be
associated with pulmonary fibrosis, including COVID-19 patients
(Li et al., 20165 Florindo et al., 2020). Studies that include mild to
severe and critical cases are needed to confirm if the upregulation
of TGFBI1 enhances poor COVID-19 outcomes as may be
pulmonary fibrosis development.

IL1B presented similar levels of expression between cases and
controls. Mick et al. (2020) suggested that SARS-CoV-2 infection
promotes a low expression of ILIB compared to other respiratory
viruses in the early course of the infection. Similarly, a recent study
did not detect any significative differential IL1B expression in severe
cases (Gomez-Carballa et al, 2022). ILIB is produced by the
inflammasome complex which is particularly representative in the
macrophage population, and though inflammasome pathways
might be non-responsive during SARS-CoV-2 infection (Mick
et al., 2020; Gomez-Carballa et al., 2022). However, IL1B is a pro-
inflammatory cytokine that contributes to developing ARDS (Acute
Respiratory Distress Syndrome) in SARS and MERS infections, and
higher expression levels of ILIB have been found in severe cases.
Macrophage populations could overexpress pro-inflammatory
mediators which promote excessive inflammation (Chua et al,
2020; Ye et al,, 2020) in severe forms of the disease, not in mild
forms or asymptomatic cases as confirmed in the present study.

TFRC was analyzed as a candidate reference gene, however, we
found a higher expression of this gene between SARS-CoV-2
infected individuals and the healthy control group. TFRC might
have an indirect relationship with ACE2 which could explain its
overexpression in COVID-19 cases (Wicik et al., 2020).

The viral load has become one of the most appealing points in
research, due to its relationship with the transmission of the virus.
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Moreover, a higher viral load in the upper respiratory tract has
been associated to comorbidities, aging, and severe forms of the
disease (Maltezou et al., 2021; Jajou et al., 2022). In the present
study, it was found that OASI and IFI6 were overexpressed in
individuals with a high viral load of infection. Both genes are
inducible by interferon; a previous study found out higher levels of
interferon-responsive genes in individuals with high viral loads
(Lieberman et al., 2020). OASI encodes for an antiviral enzyme
that negatively affects viral replication. OAS proteins can identify
viral RNA, synthesize 2’-5" oligoadenylates, and then bind and
activate RNase L degrading the viral RNA (Kristiansen et al., 2011;
Padariya et al., 2021). High viral load involves a greater amount of
viral particles, which entails an increase of OASI activity, and
translates into higher expression levels that may contribute to the
protection against the severe forms of the disease (Wickenhagen
et al, 2021). In the same way, the IFI6 gene takes part in the
antiviral response (Schoggins et al., 2011), so its overexpression in
individuals with high viral load could be related to mechanisms
that reduce the viral replication (Meyer et al., 2015; Dukhovny
et al., 2019; Kuroda et al., 2020).

Different variants have spread during the pandemic and each
variant has mutations that provide adaptations that allow them to
take advantage over other lineages (Chen et al.,, 2022). B.1.1.529
variant (Omicron) showed higher ratios of viral load than the other
variants which prompt its higher transmissibility as has been
demonstrated in other studies (He et al., 2021). An increased
expression of genes related to the immune system in relation to
the SARS-CoV-2 wild-type infection was observed in the present
study and might have two reasons. First, several studies have shown
that the new variants that surged after the original one can evade the
immune response and escape from the immune system (Garcia-
Beltran et al., 2021; Zhang L. et al., 2022), showing in consequence
the downregulation of these genes in individuals infected with the
mutant variants. Second, individuals who were infected with the
wild-type virus were not yet vaccinated, so they developed a
different immune response facing individuals who were later
vaccinated and subsequently infected with a mutant SARS-CoV-2
varijant (Cohen and Burbelo, 2021; Harvey et al., 2021; Netea and Li,
2021; Planas et al., 2022; Zhang Z. et al.,, 2022).

The present study has some limitations. First, our study focused
on asymptomatic and mild COVID-19 cases, excluding severe cases
which might be necessary to confirm some of the present findings.
Secondly, wild-type (index virus) and Omicron SARS-CoV-2
variants were the predominant ones in this study. Few individuals
infected with B.1.1.7 and B.1.617.2 were included.

In conclusion, SARS-CoV-2 infection increased the expression
of genes related to the immune system in asymptomatic and mild
symptomatic individuals. While a protective effect of OASI, IRF9,
and IFI6 in asymptomatic and mild COVID-19 is confirmed, the
role of TGFBI and CCL5 is still controversial. OASI and IFI6 were
overexpressed in individuals with a high viral load of infection.
Importantly, the appearance of new variants might change our
vision of SARS-CoV-2 pathogenesis hence further studies in this
field are necessary.
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