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ABSTRACT

Background and Objectives: Coronavirus disease 2019 (COVID-19), due to severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has expanded rapidly to all over the world. Interleukin-17 is one of the inflammatory cytokines which is
highly expressed in the blood of individuals with COVID-19. Our aim in the present survey was to assess the mRNA ex-
pression levels of cytokine IL-17A, IL-17F and TNF-a in the blood of COVID-19 patients compared with healthy control
individuals.

Materials and Methods: A total of 69 patients including 32 mild patients, 20 severe and 17 asymptomatic patients in com-
parison with 25 healthy controls were evaluated. To measure the expression profile of IL-17A and IL-17F in whole blood,
quantitative PCR was used.

Results: Asymptomatic, mild, and severe SARS-CoV-2 infections were found to have significantly higher levels of IL-17A
and IL-17F mRNAs than the healthy group (fold change IL-17A: 3.778; p= 0.002, 4.003; p= 0.001, 2.608; p= 0.0001 respec-
tively, fold change IL-17F: 2.967; p=0.003, 3.819; p=0.001, 2.617; p= 0.0012 respectively). TNF-o. mMRNA expression was
also measured, which shows an approximately similar increase compared to 1L-17 (fold change: 2.726; p= 0.002, 2.383; P=
0.001, 2.631; p= 0.001, respectively).

Conclusion: SARS-CoV-2 infection severity was associated with blood levels of IL-17A and IL-17F mRNA.
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INTRODUCTION

A novel coronavirus known as severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) is the
cause of coronavirus disease 2019 (COVID-19). The
virus was initially identified in Wuhan, China, in De-
cember 2019 in the respiratory systems of pneumo-
nia patients. SARS-CoV-2 is an unsegmented RNA
virus with a genome size of 29.9 kb (1-3). Spike pro-
tein is a transmembrane protein found on the virus's
outer surface, which helps the viral coat attach to the
cell by binding to the human angiotensin-converting
enzyme 2 (hACE2) (4-6). The disease advancement
is more likely to affect those who have underlying is-
sues, such as diabetes, heart disease, and high blood
pressure (2). Apart from the less frequent symptoms
like hemoptysis, angina, diarrhea, nausea, vomiting,
and chest pain, COVID-19 patients frequently have
pyrexia, coughing, exhaustion, headaches, shortness
of breath, sore muscles, and sputum production (1-3).

A SARS-CoV-2 infection leads to a number of
dysregulated inflammatory reactions by continu-
ously interfering with the immune system's normal
functions. Lymphopenia is the primary feature of
COVID-19 in patients, particularly those with severe
illness. TCD4+, TCD8+, NK, and B lymphocytes are
significantly reduced in these individuals (1, 7, 8).
Another feature of severe COVID-19 can be consid-
ered as increased cytokine production; these patients
experience a significant rise in inflammatory cyto-
kines, including IL-6, IL-13, TNF-a, IL-10, MCP-3,
IP-10, GM-CSF, IL-17, and IL-1Ra, that is suggestive
of a cytokine storm (1, 2, 9-12).

IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-
17F are the cytokines that make up IL-17. The bi-
ological activities along with adaptation of IL-17F
and IL-17A are among the most well-known of the
cytokines (13). T helper 17 cells make up the major-
ity of the IL-17A and IL-17F found in adaptive re-
sponses (14). Moreover, these cytokines are made
by other cells, including natural killer cells, macro-
phages, and innate Th17 lymphocytes (15). In order
to eradicate pathogens such Citrobacter rodentium,
Klebsiella pneumoniae, and Staphylococcus aureus,
IL-17F and IL-17A should be considered necessary
(16-18). Dysregulated secretion of IL-17F and IL-17A
can possibly cause inflammation, tissue damage, and
autoimmune illnesses including psoriasis, inflam-
matory bowel disease (13) rheumatoid arthritis (RA)
and multiple sclerosis (MS) (19, 20).
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GM-CSF, TNF-a, and IL-17 cytokine levels are el-
evated in patients with severe COVID-19, a condition
known as the Thl7-type cytokine storm, which may
result to organ damage. Th17 cells stimulate Th17 re-
sponses by overexpressing TNF-a. In the context of
viral diseases, IL-17 can be linked to IL-6, a predic-
tor of COVID-19 severity. Indeed, elevated amounts
of IL-6 have been shown to boost Th17 cell develop-
ment in mouse viral models. IL-6 and IL-17 elevated
secretion may protect infected cells from apoptosis,
thereby increasing viral resistance (21). Furthermore,
IL-17 excess levels can induce T-cell responses and
expand the concentrations of inflammatory cyto-
kines, including IL-1B, IL-6, and TNF-a (22). These
factors have motivated researchers to explore the po-
tential of 1L-17 as a remedial option in the context of
COVID-19, employing cytokine inhibitors (22-25).

To assess the mMRNA quantities of IL-17A, IL-17F,
and TNF-a in the whole blood of SARS-CoV-2 pa-
tients compared to a normal control category, we
conducted this study, as cytokines, particularly IL-
17, play critical roles in predicting the severity and
pathogenesis of viral infections like COVID-19.

MATERIALS AND METHODS

Study design and sample collection. 32 mild pa-
tients (14 females and 18 males) along with 20 severe
patients (5 females and 15 males) were admitted to
Taleghani and Imam Hossein Hospitals for this sur-
vey. Additionally, 17 asymptomatic patients (8 fe-
males and 9 males) who were clinically diagnosed
and real-time PCR SARS-CoV-2 positive throat swab
samples were included, in comparison to 25 healthy
subjects (7 females and 18 males). From March 25 to
August 25, 2020, all sample groups were collected.
The Research Institute's ethics committee accept-
ed the protocols (IR.SBMU.RIGLD.REC.1399.008,
Iran). Furthermore, all participants gave their in-
formed consent.

Extraction and cDNA preparation. To extract to-
tal RNA from whole blood samples, the Hybrid-RTM
blood RNA isolation reagent (GeneAll Biotechnolo-
gy, South Korea) was utilized following the manu-
facturer's instructions. The extraction was performed
from peripheral blood based on glass fiber membrane
technology (26). cDNA was synthesized using the
Thermo Scientific RevertAid Strand cDNA Syn-
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thesis Kit (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) (27). IL-17A and IL-17F expression levels
in the whole blood of patients and a normal control
category was measured employing the SYBR Green
(RealQ plus 2x Master Mix Green, Ampligon, Den-
mark) technique. The reference gene was the stably
expressed reference gene in whole blood, the $2-Mi-
croglobulin. The quantitative PCR utilized pertinent
forward and reverse primers (Table 1). The following
steps were used to run the quantitative PCR: 15 min-
utes at 95°C, 40 cycles of 60°C for 60 seconds, and 15
seconds at 95°C. For calculating relative expression,
the 2-AACT method was utilized.

Measurement of anti-SARS-CoV-2 IgG and IgM
by ELISA assay. Anti-SARS-CoV-2 nucleocapsid
IgM and IgG antibodies were counted in the plasma
samples of mild and severe patients, using BioTek
EIx800 microplate reader according to manufacturer
protocol (Highland park, Winooski, Vermont, USA).

Statistical analysis. The statistical version of the
Social Science Software Package 16 (SPSS Inc., II-
linois, USA) was utilized to conduct the statistical
analysis. The data was analyzed employing one-way
ANOVA, Tukey's post-hoc analysis, or the Krus-
kal-Wallis test, followed by Dunn's post-hoc com-
parisons. The parametric variables were compared
utilizing either the independent sample t-test or the
Mann-Whitney U test. Non-parametric variables were
analyzed applying the ¥2. The potential use of blood
IL-17A and IL-17F levels as a diagnostic marker was
analyzed employing area under the curve (AUC) and
receiver operating characteristic (ROC) curve analy-
sis. The appropriate cut-off was determined by maxi-
mizing Youden's index, defined as max [sensitivity(c)
+ specificity(c) - 1], which provides an excellent di-
agnostic threshold for determining whether an indi-

Table 1. Primer sequences

vidual is ill or healthy (28). A logistic regression test
was conducted to remove the influence of age. Charts
were plotted using GraphPad Prism 8.

RESULTS

Demographic and clinical characteristics. This
study includes data from 17 asymptomatic, 32 mild,
and 20 severe COVID-19 patients, as well as 25
healthy controls. Table 2 shows the demographic in-
formation for the examined subjects. Regression anal-
ysis was used to adjust for the potential confounding
effect of age (Table 2). When comparing moderate and
severe patients by age, there was no significant rela-
tionship between cytokine production and age (after
adjustment to remove the confounding effect). Ten
days after infection, samples from patients with mod-
erate and severe infections were taken. Table 3 shows
the laboratory results, whereas Table 4 describes the
clinical characteristics. According to Table 3, those
with severe diseases showed elevated amounts of
D-dimer, CRP, and neutrophil count, as well as lower
02 saturation and lymphocyte count.

A study of the patients' medical history found that
55.8% of them had underlying medical disorders, such
as chronic heart disease (19.23%), diabetes mellitus
(21.15%), chronic kidney disease (9.61%0), hyperten-
sion (25%) or cancer (25%).

There was no significant relationship between the
examined mRNA levels and the clinical features
as well as comorbidities of moderate and severe
COVID-19 individuals. The illness severity was es-
timated using the COVID-19 clinical therapy guide-
lines (29). As a result, asymptomatic patients are those
who have caught SARS-CoV-2 nevertheless have not
developed signs at all. Individuals with SARS-CoV-2
who need hospitalization and have unique pneumonia

Gene Primer Sequence

B2- microglobulin Forward TGCTGTCTCCATGTTTGATGTATCT
Reverse TCTCTGCTCCCCACCTCTAAGT

Interleukin-17A Forward TCCCACGAAATCCAGGATGC
Reverse GGATGTTCAGGTTGACCATCAC

Interleukin-17F Forward GCTGTCGATATTGGGGCTTG
Reverse GGAAACGCGCTGGTTTTCAT

TNF-a Forward CATCCACAAAGCCCTCATCGAC
Reverse GACTGAGGCTTGGAATCTGC
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Table 2. Demographic data of the studied groups

Healthy control ~ Asymptomatic patient Mild patients Severe patients  P-value
Number of subjects 25 17 32 20
Age (mean = SD) 36.96 * 6.463 39.40+9.318 56.03 + 14.19 65.85+15.72  <0.0001
Gender 0.408
Male, n (%) 18 (72%) 9 (52%) 18 (56.25%) 15 (75%)
Female, n (%) 7 (28%) 8 (48%) 14 (43.75%) 5 (25%)
Table 3. Laboratory findings of mild and severe SARS-CoV-2 infected patients
Laboratory items Normal range Mild patients Severe patients P-value
(n=32) (n=20)
02 saturation (SpO,) - 92.65 88.94 0.034
WBCx 10° (U/L) 4.5-10.5x 10° 7.42 9.17 0.139
Lymphocytex 10° (U/L) 1.32-3.57x 10° 2.326 1.656 0.042
Neutrophilx 10° (U/L) 1.5-6 x 10° 6.77 8.19 0.006
PLTx 10° (U/L) 150-400x 10° 254.59 215.50 0.182
ALT (U/L) 0-41 38.84 109 0.171
AST (U/L) 0-40 41.53 89.45 0.113
Hb (g/ml) 13-17.5 10.89 11.34 0.582
LDH (U/L) <248 512.40 765.75 0.056
ESR (mm/h) 0-15 29.60 51.17 0.10
D-dimer (mg/L) 0-500 1021.30 2121.92 0.022
CRP (mg/L) >10 28.15 40.13 0.033
Table 4. Clinical features of mild and severe patients infected with SARS-CoV-2
Laboratory items Mild patients (%) Severe patients (%) P-value
(n=32) (n=20)
Fever 37.5% (12 of 32) 40% (8 of 20) 0.857
Cough 40.62% (13 of 32) 50% (10 of 20) 0.508
Dyspnoea 43.75% (14 of 32) 60% (12 of 20) 0.254
Myalgia 28.12% (9 of 32) 20% (4 of 20) 0.510
Chest pain 12.5% (4 of 32) 25% (5 of 20) 0.246
Diarrhea 12.5% (4 of 32) 20% (4 of 20) 0.466

signs, including fever, cough, dyspnea, fast breathing,
along with SpO2 values more than 90%, are classed
as moderate. Patients with SARS-CoV-2, pneumonia
symptoms, SpO2 <90%, organ failure requiring ICU
admission, or death were considered to have a severe
infection. Patients were classified as severe based on
their history, which was verified by an infectious dis-
ease physician.

Characteristics of plasma IgM and IgG antibod-
ies in patients. ELISA was used to detect anti-SARS-
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CoV-2 nucleocapsid (N) protein antibody tests for
IgG as well as IgM antibodies in moderate and severe
patients’ blood samples. These findings demonstrated
that the positive rates for IgM and 1gG were 42.30%
(22 of 52) and 63.46%, respectively (33 of 52).

Blood mRNA quantity of IL-17A, IL-17F, and
TNF-0 in COVID-19 patients and healthy controls.
The expression rate of IL-17A, IL-17F and TNF-a re-
markably elevated in asymptomatic, mild and severe
patients in comparison to the normal category (Fold
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change IL-17A: 3.778; p= 0.002, 4.003; p= 0.001,
2.608; p=0.0001 respectively), (Fold change IL-17F:
2.967; p= 0.003, 3.819; p= 0.001, 2.617; p= 0.0012
respectively), (Fold change TNF-a: 2.726; p= 0.002,
2.383; p=0.001, 2.631; p= 0.001, respectively), and
MRNA levels in severe, mild and asymptomatic pa-
tients did not differ significantly (Fold change IL-
17A: 0.2249; p= 0.9867, 1.171; p= 0.3845, 1.396;
p= 0.1295, Fold change IL-17F: 0.8523; p= 0.5920,
0.3506; p= 0.9653, 1.203; p= 0.2487, fold change
TNF-a: 0.3434; p=0.5673, 0.0950; p= 0.8854, 0.2488;
p= 0.6629, respectively), (Fig. 1A-C). The expres-
sion of IL-17F and IL-17A mRNAs is approximate-
ly equal to that of TNF-a as indicator of COVID-19
severity.

Diagnostic value of TNF-a, IL-17F, and IL-17A
in SARS CoV-2 infection. Using the ROC curve, the
diagnostic specificity and sensitivity of Interleukin
17A, 17F, and TNF-o were assessed. The AUC of IL-
17A was 0.8662 (95% CI: 0.7850 to 0.9473, p-value
<0.0001), with the optimal cut-off value estimated
to be less than 0.0786 (Sensitivity, 76%; Specificity,
84.62%) (Fig. 2A). The AUC of IL-17F for SARS-
CoV-2 diagnosis in compared with controls was
0.8681 (95% ClI: 0.7881 to 0.9480, p-value <0.0001).
The optimal cut-off was determined to be less than
0.0742 (Sensitivity, 72%; Specificity, 90.38%) (Fig.
2B). The optimal cut-off was established to be less
than 0.1453 (Sensitivity, 92%; Specificity, 65.38%),
as indicated by the AUC for TNF-o of 0.8238 (95%
Cl: 0.8238, P-value < 0.0001) (Fig. 2C).

DISCUSSION

The production and secretion of numerous proin-
flammatory cytokines, together with T cells trigger-
ing, including CD4+ and CD8+, are all examples of
competent antiviral responses in innate and adaptive
immunity. T cells has been considered indispensable
for controlling of viral propagation, the restriction of
viral dissemination, the elimination of infected cells,
and the reduction of inflammation (30, 31). Cytokines
are a class of signaling molecules which are respon-
sible for modulating a variety of biological processes
through cell surface receptors (32). They are primar-
ily released by immune cells, such as lymphocytes,
monocytes, and macrophages. Organ failure, tissue
injury, and ultimately mortality may be the effect of
too much inflammatory cytokines production (33).
The primary functions of CD4+ T helper cells in the
tissue injury are associated with autoimmune or in-
flammatory diseases as follows (34). Th-17 is classi-
fied as an inflammatory T-helper among the subsets
of T-helper cells, as it generates IL-17. This leads to
chronic inflammation in tissues and subsequent or-
gan failure (14).

The biological association of IL-17 produced by
Th17 cells and their involvement in the pathogenesis
of viral infections, including HBV, HCV, HIV, and
Dengue virus, has been investigated. There has been
a report of an elevation in IL-17 mRNA production
in PBMC during HBV infection (35). Another study
reported that 1L-17 mRNA levels were substantial-
ly raised in HBV patients in comparison to healthy
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Fig. 1. The cytokine gene expression level in asymptomatic, mild, and severe COVID-19 patients and healthy controls. The
gene expression analysis indicated significant increases in the expression level of IL-17A (A), IL-17F (B), and TNF-a (C) in
asymptomatic, mild, and severe COVID-19 patients compared with normal subjects.
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Fig. 2. ROC curve analysis of IL-17A (A), IL-17F (B), and TNF-a. (C) for diagnosis of SARS-CoV-2

individuals (36, 37). Th17 cells are more abundant
in the peripheral blood of persistently infected HCV
patients during HCV infection (38, 39). Moreover,
HIV infection is linked to a low percentage of Thl7
cells, and IL-17 quantities are positively correlated
to a Thl7 cell percentage, and both IL-17 and Thl7
are negatively correlated with the plasma viral load
(40, 41). A high serum rate of 1L-23, 1L-22, IL-17F
and IL-17A, which are marker cytokines primarily
related to Th17 cells, is produced in Dengue virus
infections compared with the healthy group (42). Ad-
ditionally, patients with HCV had higher levels of IL-
17 than healthy controls did (38, 39).

Two mechanisms generate the immune system mal-
function in COVID-19 patients: the excessive pro-in-
flammatory cytokines production by monocytes and
the aberrant generation of lymphocytes by CD4+ T
cells (43, 44). Severe lung tissue damage has been
linked to cytokine storms or cytokine release syn-
drome (CRS), which are marked by an over-inflam-
matory response and cytokines and chemokines (IL-
8, IL-6, IL-17, TNF-a, IFN-y and G-CSF) secretion
into the lungs (45). It has been reported that the fun-
damental cause of ARDS (acute respiratory distress
syndrome) can be the cytokine storm. Many corona-
virus-infected people develop ARDS, which affects
the liver, kidneys, and heart in addition to producing
pulmonary edema (7).

Recent data suggests that the pathophysiology of
COVID-19 involves host Thl7 inflammatory re-
sponses. These responses include the diffusion of
important cytokines like GM-CSF and IL-17 as well
as other immune-boosting factors that help fight off
viral infection by decreasing Treg cell counts, in-
creasing neutrophil migration, and simultaneously
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triggering Th2 responses (46).

In patients with severe COVID-19, an excess of
CCR4+/CCR6+ Thi7 cells in the blood may have
potent proinflammatory effects and encourage Thl7-
type cytokine storm (7). It has also been shown that
patients with SARS-CoV, MERS-CoV, and other
beta coronavirus members have elevated Thl7 re-
sponses. According to recent research MERS-CoV
and SARS-CoV infections increase host's expression
of IL-17 (47-49).

A biological molecule in the blood or tissues that
indicates a common or uncommon operation, cir-
cumstance, or illness is referred to as a biomark-
er, according to the National Cancer Institute. The
body's reaction to a disease treatment may be eval-
uated using a biomarker (50). For instance, IL-17
may be a biomarker for liver transplant recipients
who have liver injury (51, 52). The DNA methylation
measure is generally suitable for use as a biomark-
er for diseases verification (53). Research has shown
that suppressing the hypermethylated IL-17 promot-
er may stop CHB from developing and spreading.
Furthermore, these results suggest that methylation
of the IL-17 promoter might be a biomarker for HBV-
HCC (54). Additionally, Zufiiga, Joaquin, et al. have
shown the potential use of IL-17 as a biomarker for
acute ZIKV infection (55).

Confirming the gene expression of T-helper 17
pathway-related elements, like IL-17F, IL-17A, and
TNF-a, in normal controls and severe COVID-19
patients, moderate and asymptomatic individuals
was the aim of this study. Furthermore, we evaluated
TNF-a, IL-17A, and IL-17F's potential as diagnostic
biomarkers for the infection. We found that the pa-
tients had considerably higher mean mRNA quanti-
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ties of IL-17A, IL-17F, and TNF-o than the healthy
category. Furthermore, whole blood quantities of
TNF-a, IL-17A, and IL-17F may be circulating bio-
markers for the infection, in line with our finding.
It is important to note that the assessment of IL-17F
and IL-17A mRNA quantities in the infection may be
clinically complicated by other respiratory diseases,
including rhinovirus, adenovirus, influenza viruses,
and even bacterial lung infections. Our investigation
also revealed that severe patients had greater levels
of disease-related variables, such CRP and D-dimer,
than mild patients. These findings are supported by
the findings of previous studies (56). Additionally,
our severe patients had significantly greater reduced
02 saturation and cell counts (57-59), which are in-
dicators of infection severity, than our mild patients.
According to earlier research, severe patients had
higher neutrophil counts than mild patients, which is
consistent with our findings (60, 61).

The current study showed a significant elevation
in IL-17F, IL-17A, and TNF-a levels between severe
patients and the healthy group, despite the fact that
many studies have reported a significant difference
in pro-inflammatory cytokines between asymptom-
atic, severe and mild patients (62, 63), However, ac-
cording to the limitations of the research, there was
no discernible difference between individuals who
were asymptomatic and those who were severe. Ac-
cording to earlier research, inflammatory cytokines
such IL-17 is increased and influential for resistance
to the infection. In line with our findings, Sadeghi et
al. reported that 40 COVID-19 patients had signifi-
cantly over expressed plasma quantities of Thl7-re-
lated cytokines like IL-23 in addition to IL-17, than
the 40 healthy controls (64). According to a differ-
ent research, moderate cases of SARS-CoV-2 may
have higher blood concentrations of IL-17 than the
severe and control groups (65). Furthermore, in 23
COVID-19 patients, De Biasi, Sara, et al. showed
substantial increases in IL-17 and TNF-o plasma lev-
els compared with 15 healthy individuals (66). Based
on a research by Valizadeh et al., mRNA levels of
TNF-a were enhanced compared to healthy patients
(67), additionally, increased expression of TNF-o as
an indicator of COVID-19 severity, has been sup-
ported by other studies (1, 68), which corroborates
our data. In earlier investigations, the LDH, CRP,
and D-dimer as inflammatory variables and age were
identified to be connected with severity of COVID-19
(69-72). Tanacan, Atakan, et al. found a positive link
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between inflammatory variables such as CRP and
IL17 expression levels (73), however, this link was
not seen in the current investigation. Furthermore,
comorbidities like diabetes and hypertension are
linked to the probability of severity or mortality in
the infected individuals (74, 75), however cytokine
expression was not connected with these parameters
in our investigation. Future research should include
larger sample sizes that permit stronger subgroup
analyses and prospective studies that carefully eval-
uate and document the presence and extent of under-
lying disease. The study's limitations included the
limited number of samples, short sampling period,
specific kind of therapy, and lack of tests for cytokine
levels.

CONCLUSION

SARS-CoV-2 patients had increased quantities of
IL-17A, IL-17F, and TNF-a mRNAs. The survey
reveals that IL-17F, IL-17A and TNF-a have appro-
priate sensitivity as well as specificity for evaluating
the infected patients, and might work well as a viable
biomarker for SARS-CoV-2 diagnosis. More study
into interleukin-17 inhibitors is also suggested as a
treatment option for lowering pulmonary inflamma-
tion and lung tissue damage.
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