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Abstract—The SARS-CoV-2 instigated “cytokine storm” elicited upon infection is known 
to majorly cause lung injury and even mortality in severe cases. Early clinical progno-
sis to alleviate the exaggerated release of inflammatory cytokines is thus looked upon. 
Considering the recent attention and advantages of saliva as a clinical specimen, i.e. ease 
and painlessness of collection, which does not require trained staff and could allow self-
sampling, the present study attempts to explore saliva for detection of IL-6, TNF-α and 
IL-10 which constitute major inflammatory genes that are elevated in COVID-19 using RT-
PCR. Blood specimens of the same patients were also parallelly assessed to compare and 
validate the inflammatory marker expression. A total of 64 COVID-19 subjects who met 
the inclusion criteria were enrolled in this pilot study. Paired samples of blood and saliva 
from each patient were collected as per standard sampling protocols. RNA from all speci-
mens were extracted using Qiagen RNA Blood Mini Kit and subjected to RT-PCR. IL-6, 
TNF-α and IL-10 expression were assessed in Ct (cycle threshold) values. It was observed 
that all 64 (100%) patients expressed IL-6 gene and TNF-α gene, whereas only 7 (5.19%) 
patients expressed IL-10 in both blood and saliva samples. The mean Ct values of IL-6 
gene expressed in blood and saliva were 26.68 ± 2.26 and 28.53 ± 3.11 respectively. Simi-
larly, the mean Ct values of TNF-α gene expressed in blood and saliva were 27.98 ± 2.45 
and 28.92 ± 3.70 respectively. The observed mean Ct values of IL-10 gene expressed in 
blood and saliva were 31.26 ± 3.96 and 30.11 ± 4.12 respectively. Accordingly, the results 
indicate that inflammatory genes IL-6, TNF-α and IL-10 were detectable in both patient 
saliva as well as in blood. Moreover, mean Ct values of IL-6, TNF-α and IL-10 in both 
samples were found to be comparable. This finding thus suggests the possible use of saliva 
as an alternative specimen to blood for monitoring inflammation in COVID-19 patients.
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INTRODUCTION

A growing body of clinical data acknowledge that 
an exaggerated immune response known as “cytokine 
storm” is associated with COVID-19 severity and is also 
considered to be an undeniable cause of death [1, 2]. In 
the absence of an effective cure for COVID-19, there is 
a demanding need to understand the cytokine storm that 
governs disease severity [1]. Cytokines have long been 
thought to play a crucial role in viral infection immunopa-
thology. The initial line of defence against viral infection 
is a quick and well-coordinated innate immune response. 
However, excessive and dysregulated immune responses 
lead to damage to the body [3]. In vitro cell experiments 
demonstrated release of cytokines and chemokines in 
respiratory epithelial cells, macrophages and dendritic 
cells at the early stage of SARS-CoV-2 infection followed 
by low levels of antiviral factors and interferons (IFNs) 
and high levels of proinflammatory cytokines (inter-
leukin (IL)-1β, IL-6 and tumour necrosis factor (TNF)) 
and chemokines (C–C motif chemokine ligand (CCL-2, 
CCL-3 and CCL-5)) secreted by the cells [3]. Several 
investigations also report the utility of inflammatory 
markers in COVID-19 severity and progression. Severe 
cases of COVID-19 exhibited increased plasma levels of 
IL-2, IL-6, IL-7, IL-10, GSCF, IP-10, MCP-1, MIP-1A 
and TNF-α compared to mild cases, indicating that meas-
urement of inflammatory cytokine release is critical in 
understanding COVID-19 progression and severity [4]. 
Among these cytokines, IL-6 and IL-10 are noteworthy 
predictors of COVID-19 severity and are reported to be 
elevated in severe infections compared to mild or moder-
ate cases [5, 6].

An early research on COVID-19 also reported 
that proinflammatory cytokines such as IL-1, IL-6 and 
TNF-α and even IL-10 (which is otherwise thought be an 
anti-inflammatory molecule in major diseases) [6] were 
released by activated mast cells in respiratory tract sub-
mucosa which led to worsening of inflammatory state and 
pathogenesis [7–9].

The reported detection of these inflammatory mark-
ers in the mentioned studies was mainly from human 
specimens such as serum [10], plasma [11–13] and BALF 
[4] of COVID-19 patients.

Though human saliva is reported to be used for 
detection of numerous inflammatory markers such as 
IL-1, IL-6, TNF, arachidonate 5-lipoxygenase (5-LOX), 
chemokines, vascular endothelial growth factor (VEGF), 
prostaglandin-endoperoxide synthase 2 (COX-2), matrix 

metalloproteinases (MMPs), twist-related protein 
(TWIST) and cell surface adhesion molecules in patients 
affected with chronic diseases [14, 15], we could not find 
any study reporting the detection of salivary inflamma-
tory markers in COVID-19 patients.

Considering the recent attention towards saliva as a 
diagnostic specimen with regard to its ease and painless-
ness of collection, which does not require trained staff, 
this study aimed to explore the detection of three major 
inflammatory markers, i.e. IL-6, TNF-α and IL-10 in 
the saliva of COVID-19 patients for monitoring inflam-
mation, using RT-PCR. Additionally, gene expression 
of inflammatory cytokines, IL-6, TNF-α and IL-10, in 
patient saliva was also compared to whole blood, indi-
vidually, to further validate the finding.

The demonstrated approach of using saliva as a 
specimen to detect and monitor inflammation could serve 
early detection and systematic monitoring of inflamma-
tory markers which in turn provides scope for an easy 
and time effective prognosis which could possibly aid 
early medical intervention for effective patient manage-
ment and care.

METHODOLOGY

Study Population
Subjects over 18 to 75 years of age of either sex, 

who were diagnosed with COVID-19 via RT-PCR, were 
recruited between May 2021 and July 2021. Exclusion 
criteria included patients of age less than 18 years and 
more than 75 years; patients with a COVID-19-positive 
test done more than 48 h prior to enrolment in study; 
pregnancy and lactation; severe or complicated course of 
COVID-19 disease; presence of acute hypoxic respiratory 
failure/need for intensive care unit (ICU) stay/patients 
who need mechanical ventilation; any uncontrolled sys-
temic disease/infection; and those with serious cardiovas-
cular, cerebrovascular, respiratory, liver or renal disease 
or any other disorder/conditions, which in the opinion of 
the investigators made the patient unsuitable for enrol-
ment or could interfere in adherence of the study protocol 
such as difficulty in providing blood or saliva samples.

The protocol was approved by the Orchid Spe-
cialty Hospital Ethics committee, and the trial was 
registered in Clinical Trials Registry India (CTRI—
CTRI/2021/04/033143). Informed consent was obtained 
from all participants.
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Sample Collection

From 135 subjects, both saliva and blood 
samples were collected using Umbrella Life Sci-
ence Saliva Collection Device (ULSD019) and BD 
Vacutainer® EDTA Tubes in the same sitting. A stand-
ard venipuncture was performed to collect blood from 
patients. Saliva samples were collected in Umbrella 
Life Science saliva collection tubes by following the 
manufacturer’s instructions. Patients were provided 
with a pair of gloves, a paper towel and saliva col-
lection tube which had a funnel connected to a tube 

filled with buffer. The patient was instructed to expel 
2 mL of saliva through the funnel, which collected in 
the attached buffer tube. The funnel was removed and 
discarded by them and the tube was tightly closed. 
Patients were asked to shake the tube for 5 s to mix 
the buffer and sample well. A nurse received the tubes 
wearing gloves and deposited it into a cooler contain-
ing ice packs for transport to the laboratory. Qual-
ity control of saliva specimen and other preparations 
before saliva collection was ensured by following the 
recommended guidelines [14]. All samples were pro-
cessed within the same day.
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Fig. 1   A–C Graphical representation indicating the expression of IL-6, TNF-α and IL-10 gene in both blood and saliva samples of the same patient.
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RT‑PCR Testing

Both saliva and blood samples underwent RNA 
extraction (200 μL of the sample) using Qiagen RNe-
asy Protect Saliva mini kit and Qiagen RNA Blood 
Mini kit as per the manufacturer’s instruction. Extracted 
RNA extracted was then subjected to RT-PCR analy-
sis on a Qiagen Rotor-Gene Q PCR machine (Qiagen 
Inc., Valencia, CA, USA) using commercially avail-
able One-step multiplex RT-PCR kit (PROGNOSEEZ 
™, India) for detection of IL-6, TNF-α and IL-10, as 
per the manufacturer’s instruction. Briefly, the reaction 
set up for each sample included 12.5µL of Master mix, 
2.0 µL of RT mix, 4.0 µL of PP mix and 6.5 µL RNA 
template (extracted mRNA). β-actin served as the refer-
ence gene. Each run was performed in triplicates with 
positive and non-template controls to ensure test quality. 
For each gene, assessment of quality and specificity was 
performed by examining PCR melt curves. All results 
inferred according to the manufacturer’s specifications 
and are represented in Ct values.

Statistical Analysis

The statistical analysis was performed by IBM 
SPSS 26.0 software. Categorical variables are expressed 
using frequency and percentage. Continuous variables are 
presented by mean and standard deviation.

RESULTS

Gene expression of IL-6, TNF-α and IL-10 from 
blood and saliva samples were assessed in cycle threshold 
(Ct) values (Fig. 1). In total, 64 (100%) patients expressed 
IL-6 and TNF-α gene, whereas only 7 (5.19%) patients 
expressed IL-10 in both blood and saliva specimens. The 

mean Ct value of IL-6 gene expressed in blood and saliva 
was 26.68 ± 2.26 and 28.53 ± 3.11 respectively. Similarly, 
the mean Ct value of TNF-α gene expressed in blood and 
saliva was 27.98 ± 2.45 and 28.92 ± 3.70 respectively. The 
observed mean Ct value of IL-10 gene expressed in blood 
and saliva was 31.26 ± 3.96 and 30.11 ± 4.12 respectively 
(Table 1). Additionally, the Ct values of SARS-CoV-2 
detected in these patients at day 0 of COVID-19 diag-
nosis is also given in Table 2 for better understanding of 
the levels of the inflammatory markers detected in these 
patients at the time. Thus, the results indicate that the 
mean Ct values of inflammatory genes IL-6, TNF-α and 
IL-10 detected in patient saliva and blood specimens are 
comparable. This finding supports the use of saliva as an 
alternative specimen to blood.

DISCUSSION

COVID-19 has been an undeniable cause of death 
recently urging all health facilities to take immediate 
and effective medical action to curb disease spread. The 
alarming rate of mortality among infected persons is 
majorly due to lethal pneumonia and acute respiratory 
distress syndrome (ARDS) [16]. Even though the mecha-
nisms of COVID-19-induced lung damage are still being 
discovered, an exaggerated response of innate immunity 
system known as “cytokine storm” has become one pro-
found term used both in scientific literature as well as 
media. Broadly speaking, the so-called storm denotes a 
hyperactive immune response that involves the release 
of interleukins, interferons, tumour-necrosis factors, 
chemokines and several other mediators. This storm 
poses to be a threat to the host [16]. Various studies which 
analysed cytokine profiles from COVID-19 patients sug-
gested that the exaggerated cytokine storm indicated lung 
injury, multi-organ failure and unpropitious prognosis of 
severe COVID-19. Huang et al. and several other inves-
tigators reported that compared to non-ICU patients, ICU 
patients had higher plasma levels of IL-2, IL-7, IL-10, 
GSCF, IP10, MCP1, MIP1A and TNF-α [12, 17, 18]. All 
cytokine profile studies performed to date were based 
on protein level analysis from serum/plasma of subjects, 
none of the studies emphasized on gene level analysis 
and the use of easy to procure and non-invasive salivary 
diagnostics in this context. Saliva has been regarded as 
a potential specimen in both diagnosis and prognosis of 
numerous diseases by investigators around the world [14]. 
Also, saliva sample collection is relatively much easier, 

Table 1   Mean Ct Value of IL-6, TNF-α and IL-10 Gene in Blood and 
Saliva

Variable Samples Mean ± SD

IL-6 Blood 26.68 ± 2.26
Saliva 28.53 ± 3.11

TNF-α Blood 27.98 ± 2.45
Saliva 28.92 ± 3.70

IL-10 Blood 31.26 ± 3.96
Saliva 30.11 ± 4.12
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non-invasive, requires less stress and promotes low-cost 
storage than any other body fluid. Oral fluid sampling 
promotes low-cost storage [19]. Moreover, salivary 
analysis makes frequent monitoring easy, especially in 
infants, children and elderly patients, as well as in con-
ditions where urine or blood sampling is not practical. 

However, despite its numerous advantages, saliva is not 
yet considered to be an established analytical specimen 
due to the insufficient information about its biochemical 
composition and correlation with plasma levels [14, 20]. 
In our study, we have tried to fill this gap area by ana-
lysing the inflammatory genes, IL-6, TNF-α and IL-10 
from blood and saliva samples of 64 subjects who were 
tested positive for SARS-CoV-2 not more than 2 days 
before enrolling to study,out of the total study popula-
tion, all 64 (100% patients expressed IL-6 gene and 
TNF-α, whereas 7 (5.19% patients expressed IL-10 in 
both blood and saliva samples. Therefore, the acquired Ct 
values of blood and saliva samples seem to be comparable 
when the expression of IL-6, TNF-α and IL-10 genes is 
analysed, supporting our recommendation to use saliva 
over blood to monitor and detect inflammatory genes in 
COVID-19 patients.

CONCLUSION

Saliva is acknowledged as a mirror that reflects 
one’s physical state and is a potential specimen in diag-
nosis and prognostication of various diseases. The present 
trial was performed to study the potentiality of saliva as a 
specimen to detect inflammatory genes IL-6, TNF-α and 
IL-10 in COVID-19 patients using RT-PCR technique. 
The results obtained are encouraging and support the use 
of saliva over blood in this context. However, this study is 
limited by the lack of COVID-19-negative tested popula-
tion which paves way for future investigations that may 
focus on identifying normal range levels of inflamma-
tory genes IL-6, TNF-α and IL-10 in healthy patient’s 
saliva compared to those infected. This investigation also 
encourages more scientists/researchers to conduct studies 
pertaining to salivary diagnostics in various disease con-
ditions by emphasizing on the detection of inflammatory 
genes using RT-PCR.
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Table 2   Ct Values of SARS-CoV-2 Detected in the Study Population 
at Day 0 of COVID-19 Diagnosis

Patient ID No SARS-CoV-2 
RT-PCR
Ct values on 
day 0

Patient ID No SARS-
CoV-2 
RT-PCR
Ct values 
on day 0

1 22.4 33 23
2 16.3 34 27
3 18 35 23
4 22 36 25
5 18 37 28
6 20 38 25
7 24 39 26
8 19 40 20
9 19 41 22
10 19 42 13
11 23 43 29
12 13 44 26
13 15 45 20
14 16 46 19
15 22 47 23
16 16 48 24
17 21 49 26
18 18 50 25
19 19 51 19
20 27 52 23
21 21 53 28
22 28 54 15
23 19 55 18
24 21 56 29
25 22 57 23
26 27 58 30
27 17 59 30
28 26 60 18
29 27 61 30
30 16 62 27
31 26 63 16
32 17 64 30
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