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Abstract

Introduction

A subset of individuals with COVID-19 can suffer from a severe form of the disease requiring
breathing support for respiratory failure and even death due to disease complications.
COVID-19 disease severity can be attributed to numerous factors, where several studies
have associated changes in the expression of serum pro-inflammatory cytokines with dis-
ease severity. However, very few studies have associated the changes in expression of pro-
inflammatory changes in the nasopharyngeal milieu with disease severity. Therefore, in the
current study, we performed differential gene expression analysis of various pro-inflamma-
tory cytokines in the nasopharyngeal milieu of mild & severe COVID-19 cases.

Material and method

For this retrospective, cross-sectional study, a total of 118 nasopharyngeal swab samples,
previously collected from mild and severe (based on the WHO criteria) COVID-19 patients
were used. A real-time gPCR was performed to determine the viral loads and also evaluate
the mRNA expression of eight cytokines (IL-1, IL-2, IL-4, IL-6, IL-10, IFN-y, TGF-G1, and
TNF-a). Subsequently, an unpaired T-test was applied to compare the statistical difference
in mean expression of viral loads and each cytokine between the mild and severe groups,
while the Pearson correlation test was applied to establish a correlation between disease
severity, viral load, and cytokines expression. Similarly, a multivariable logistic regression
analysis was performed to assess the relationship between different variables from the data
and disease severity.
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Results

Out of 118 samples, 71 were mild, while 47 were severe. The mean viral load between the
mild and severe groups was comparable (mild group: 27.07+ 5.22; severe group: 26.37
17.89). The mRNA expression of cytokines IL-2, IL-6, IFN- y, and TNF-a was significantly
different in the two groups (p<0.05), where the Log, normalized expression of IL-2, IL-6,
IFN-y, and TNF-a was found to be 2.2—, 16—, 2.3—, and 1.73—fold less in the severe group
as compared to the mild group. Furthermore, we also observed a significant positive correla-
tion between all the cytokines in the severe group. The multivariate analysis showed a signif-
icant relationship between age, IL-6, and disease severity.

Conclusion

This decreased expression of certain cytokines (IL-2, IL-6, TNF-a, and IFN-y) in the naso-
pharyngeal milieu may be considered early biomarkers for disease severity in COVID-19
patients.

Introduction

The novel coronavirus (SARS-CoV-2) infection is one of the most serious public health issues
at the current time. This virus may result in severe pneumonia with the onset of multiple other
illnesses [1]. Clinical features of SARS-CoV-2 infection are similar to that of SARS-CoV,
which include fever, dry cough, lethargy, etc. [2].

SARS-CoV-2 enters the host cell through the ACE2 receptor and the proteolytic activity of
Transmembrane protease, serine 2 (TMPRSS2). The innate immune response is the initial
defense against SARS-CoV-2 infection, which stimulates certain interferons, pro-inflamma-
tory cytokines, and chemokines, as well as coordinates the activation of the adaptive immune
response against the virus [3]. The host’s response is influenced by a variety of characteristics,
including health status, age, and gender [4]. To develop an antiviral response, innate immune
cells recognize the pathogen-associated molecular patterns (PAMPs) found in the form of viral
genomic RNA, or act as intermediate during viral replication such as double-stranded RNA
(dsRNA), which are identified either by endosomal RNA receptors (Toll-like receptor 3
(TLR3) and Toll-like receptor 7 (TLR7)) or by the cytosolic RNA sensor Retinoic acid-induc-
ible gene I (RIG-I) and melanoma differentiation-associated gene 5 (MDAD5) [5]. This event
also activates the down streaming cascade signaling through the Interferon regulatory factor 3
(IRF-3) and Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«xB) pathway,
resulting in the translocation of IRF-s/NF-kB to the nucleus [6]. These transcription factors
upregulate the expression of type I interferon and other pro-inflammatory cytokines. Addi-
tionally, through the interferon-o/ receptor (IFNAR), type 1 interferon (IFN) stimulates the
JAK-STAT pathway, where STAT 1 and 2 are phosphorylated by JAK1 and Non-receptor tyro-
sine-protein kinase (TYK2) [7]. STATI and 2 bind with Interferon regulatory factor 9 (IRF9)
and synergistically move into the nucleus to start the transcription of IFN genes under the con-
trol of a promoter containing IFN-stimulating response elements (ISREs) [8]. A cytokine
storm, inflammation, and vascular disruption might result from excessive activation of the
innate immune response, resulting in the wide range of symptoms seen in COVID-19 individ-
uals [9].

Recent studies have shown that overexpression of pro-inflammatory cytokines (e.g. IL-6,
IL-12, IFN- v, IL1B, monocyte chemoattractant protein-1 (MCP-1), and interferon gamma-
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induced protein 10 (IP-10) in serum is strongly correlated with multiple organ failure in
patients with COVID-19 disease [10]. Similarly, another study showed high levels of IP10,
MCP1, granulocyte colony-stimulating factor (GCSF), Macrophage inflammatory protein-1
alpha (MIP-1a), and TNF-a in patients who required ICU admittance, indicating that the
severity of the infection was correlated with the cytokines [11].

While most of these studies have focused on cytokine changes in serum, few have associated
early cytokine changes following viral infection of the nasopharyngeal region [12], with disease
severity. One study from China showed that pro-inflammatory cytokines/chemokine can be
detected in the nasopharyngeal swab sample, where levels of cytokines can be valuable for the
diagnosis and prognosis of systemic disease [13]. This suggests that the expression of certain
cytokines in the nasopharyngeal samples may serve as early biomarkers predicting the severity
of the disease. In this study, therefore, we performed differential gene expression analysis of
various pro-inflammatory cytokines in the nasopharyngeal milieu of mild & severe COVID-19
cases.

Methodology

Sample collection and characterization of the sample as mild and severe
based on the patient’s symptoms

For this retrospective, cross-sectional study, a total of 118 nasopharyngeal swab samples, previ-
ously collected from mild and severe (based on the WHO criteria [14]) COVID-19 patients
were used after obtaining written informed consent from the patients. For nasopharyngeal
sample collection, a flocked swab was inserted into the patient’s nostril until it reaches the
nasopharynx, and the swab was then rotated a few times and left in the nasopharynx for
approximately 5-10 seconds. The swab was taken out and immediately placed in viral trans-
port media and stored at -80°C until further use. The samples were procured, respectively,
from the Aga Khan University Hospital SARS-CoV-2/COVID-19 sample biorepository, and
Cancer Foundation Hospital, Karachi-Pakistan. The patients with fever, cough, sore throat,
etc., with no requirement of oxygen therapy or oxygen by mask or nasal cannula, were catego-
rized in the mild group; whereas samples from patients requiring non-invasive ventilation
(<93% oxygen saturation at rest) or invasive mechanical ventilator without other organ sup-
port, or invasive mechanical ventilation with other organ support were categorized in the
severe group [15]. In the mild group, none of the patients were hospitalized and swabs/samples
were collected as part of the COVID diagnostic test upon the onset of symptoms; while in the
severe group, most of the swabs/samples were collected at the time of patient’s visit to Aga
Khan University Hospital’s Emergency Department upon worsening of symptoms. However,
there were eight cases where the PCR test was found to be positive, a few days prior to the
patient’s hospital admittance. This study was approved by the Ethics Review Committee, Aga
Khan University Hospital (ERC# 2021-5456-15382). Written consent forms were taken from
each patient. To ensure the patient’s confidentiality the sample were given unique IDs.

RNA extraction and cDNA synthesis

From all the SARS-CoV-2 positive nasopharyngeal samples, viral RNA was extracted using
QIAamp viral RNA kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions.
The extracted RNA was stored at -80C till further use. From each sample, 2.5 pg RNA/20 pl of
cDNA synthesis reaction was reverse transcribed using ONE SCRIPT PLUS cDNA Synthesis
Kit (CAT # G236) from Applied Biological Materials inc. (ABM) following the manufacturer’s
instructions and as described previously [16].
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qPCR for estimation of viral loads and cytokines gene expression

The viral load was determined using the COVID-19 genesig® Real-Time PCR assay (Primer
design). Each 20yL triplex reaction mix containing 8pL of eluted RNA, and 12pL of the master
mix was subjected to the following thermocycling conditions: 55°C for 10 min, 95°C for 2 min
followed by 45 cycles of 95°C for 10 s, 60°C for the 60s. Ct values of Internal control and Target
(ORF1lab) genes were measured on Hex and FAM channels, respectively, on Rotor Gene™
3000 (Qiagen, USA). Viral load was plotted as Ct values.

The cDNA samples were used in the qPCR assay to estimate the expression level of
each of the cytokine’s genes using gene-specific primers (S1 Table). The B-actin gene
was used as a housekeeping gene to normalize the gene expression. For qPCR analysis,
2ul of cDNA was mixed with 4ul of BlasTaq 2X qPCR Mastermix (Cat # G891; ABM),
and 0.5ul of each reverse and forward primers were added. The qPCR was performed
using the following thermal cycling conditions: 95°C for 3 minutes, 40 cycles of 95°C for
15 seconds, and 57.8°C to 64°C (depending on the primer) for 1 minute with a melt curve
at 55-95C. All reactions were run in duplicate. The delta Ct method was used to plot/com-
pare the expression of each cytokine in both groups, while 2044“Y methods were used to
estimate the relative expression/fold change of each cytokine in the severe vs mild group
[17,18].

An unpaired T-test was applied to compare the statistical difference in mean expression of
viral loads and each cytokine between the mild and severe groups. We also applied the Pearson
correlation test to establish a correlation between cytokine expression. Furthermore, a multi-
variable logistic regression analysis was performed with all the variables from the data set
using ‘severity’ as the outcome variable. In all tests, a p<0.05 was considered significant. IBM
SPSS software, version 20 was used for statistical analyses.

Results

Viral loads in mild and severe groups and correlation between viral loads
and disease severity

For this study, a total of 118 nasopharyngeal swabs samples in viral transfer medium were col-
lected, out of which, 71 samples were from patients with mild symptoms (ranging from mild
flu to sore throat), while 47 samples were from patients with severe symptoms (ranging from
fever to critical covid pneumonia) (Table 1). The mean viral loads for the mild and severe
groups were (27.07+ 5.22) 10 copies/ml and (26.37 £7.89) 10 copies/ml, respectively (Fig 1A).
Statistically, no significant difference was found between the two groups, and no statistically
significant correlation was found between viral loads and disease severity.

Table 1. Demographic data. The demographic data of 118 participants from the SARS COV2 patients.

Variables Category Percentage total (n = 118)
Age 1-19 7 (6.0%)
20-39 21 (17.7%)
40-70 90 (76.2%)
Sex Male 76 (64.4%)
Female 42 (35.5%)
Disease severity Mild 71 (60%)
Severity 47 (39.8%)

https://doi.org/10.1371/journal.pone.0279270.t001
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Fig 1. Viral loads and cytokine expression in mild vs severe group. The figure shows A) viral loads (Ct values)
distribution, B) expression of cytokines (mean ACt values) in mild and severe groups, while C) shows Log2 normalized
fold change (2°*4“Y) in cytokine expression in severe groups relative to the mild group. B) The line above bars with an
asterisk sign indicates a significant difference (p<0.05) in the expression of the tested genes between the mild and

severe groups.

https://doi.org/10.1371/journal.pone.0279270.9001

Differential expression of cytokines between the mild and severe group and
correlation between cytokine expression and disease severity

Analysis of differential expression of cytokines in the mild and severe groups showed the
expression of IL-2 (severe: 3.41+0.77, mild: 1.11+0.23 Mean * S.E), IL-6 (severe: -6.95+1.71,
mild: -22.95+1.41 Mean + S.E), TNF-« (severe: 0.72+0.7, mild: -1.01+0.40 Mean + S.E), and
IFN-y (severe: 1.57+0.75, mild: -0.85+0.57 Mean + S.E) to be significantly (p<0.05) different
in the two groups (Fig 1B), where the Log2 normalized expression of IL-2, IL-6, IFN- y, and
TNF-a was found to be 2.2—, 16—, 2.3-, and 1.73-fold less in the severe group as compared to
the mild group. (p<0.05; Fig 1C).
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Table 2. Correlation between cytokine expressions in the mild and severe groups. Each column shows the coefficient of correlation (r). Correlations with significant p-
values (p<0.05) are shown in bold.

Mild group
Cytokines IL- 1 IL-2 IL-4 IL-6 IL-10 IFN-y TNF—a TGF-p1

IL- 1 - 0.01 0.11 0.31 0.19 0.01 0.19 -0.02
IL-2 0.01 - 0.40 -0.11 0.22 0.13 0.22 0.33
IL- 4 0.11 0.40 - -0.14 0.46 0.78 -0.01 -0.17
IL-6 0.31 -0.11 -0.14 - 0.14 -0.14 0.12 0.18
IL-10 0.19 0.22 0.46 0.14 - 0.03 0.31 -0.14
IFN-y 0.01 0.13 0.78 -0.14 0.03 - -0.03 0.09

TNF- o 0.19 0.22 0.12 -0.14 0.03 -0.03 - 0.12

TGF-p1 -0.02 0.33 -0.17 0.18 -0.14 0.09 0.12 -

Severe group
Cytokines IL- 1 IL-2 IL-4 IL-6 IL-10 IFN-y TNF-o TGF-p1

IL- 1 - 0.45 0.37 -0.10 0.45 0.54 0.50 0.37
IL-2 0.45 - 0.65 0.30 0.81 0.91 0.91 0.80
IL- 4 0.37 0.65 - 0.16 0.65 0.73 0.68 0.58
IL-6 -0.10 0.30 0.16 - 0.05 0.20 0.19 0.22
IL-10 0.46 0.82 0.65 0.05 - 0.88 0.90 0.72
IFN-y 0.54 0.92 0.74 0.20 0.88 - 0.95 0.80

TNF- o 0.50 0.92 0.68 0.19 0.90 0.95 - 0.80

TGF-p1 0.38 0.81 0.58 0.22 0.72 0.80 0.80

https://doi.org/10.1371/journal.pone.0279270.t002

In the next step, the Pearson correlation test was applied to investigate the relationship
between cytokine expression in mild and severe groups (Table 2). In the mild group, a statisti-
cally significant weak positive correlation was found between IL-2 and IL-4 (r = 0.403,

p =0.00), IL-2 and TGF-f1 (r = 0.334, P = 0.004), IL-1 and IL-6 (r = 0.31, p = 0.01), and IL-10
and IL-4 (r = 0.403, p = 0.00). In the severe group, a significant moderate to strong positive
correlation was observed between all the cytokines, except IL-6 (Table 2).

Multivariate analysis for the association between disease severity and
different variables

Multivariable logistic regression performed using all variables from the data set with ‘outcome
variable’, namely severity, in the mild/severe groups, showed a statistically significant associa-
tion between age, IL-6 expression, and severity (Table 3).

Discussion

In this study, nasopharyngeal swab samples were obtained from patients with mild and severe
COVID-associated symptoms and were used to study the viral loads and the differential
expression of various cytokines in the samples and their association with the severity of the
COVID-19 disease [19]. For the better management of the patients, the diagnosis and treat-
ment guidelines for SARS-CoV-2-associated pneumonia recommend the monitoring of the
cytokine expression to assess the progression of the disease [20]. It also highlights the need to
identify the potential early biomarkers to identify those patients who might be on their way
toward a severe form of the disease [21]. Therefore, we analyzed the viral loads and the differ-
ential gene expression profiles of eight cytokines (IL-1, IL-2, IL-4, IL-6, IL-10 IFN-y, TNF-c,
and TGF-B1) in a total of 118 gPCR confirmed COVID-19 cases. It is important to mention
that this study is part of the larger study assessing immunological response against
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Table 3. A multivariable logistic regression model including all variables. The table shows the odds ratio (OR),
information coefficient (IC), and 95% confidence interval (CI). Multivariable logistic regression: forward model, for
only significant variables in the full analysis, is shown in the bottom half.

Variables OR IC 95% CI
IL-1 0.925 0.824 1.037
IL-2 1.227 0.900 1.674
IL-4 0.941 0.813 1.088
IL-6 1.083 1.039 1.128
IL-10 1.017 0.886 1.168

IFN-y 1.208 0.873 1.671

TNF- a 1.053 0.811 1.367

TGF-p1 0.834 0.654 1.064

AGE 1.042 1.008 1.077

GENDER 1.080 0.345 3.381

Viral load (Ct value) 1.031 0.935 1.136
Multivariable logistic regression: forward model

Variables OR IC 95% CI
IL-6 1.083 1.039 1.128
AGE 1.042 1.008 1.077

https://doi.org/10.1371/journal.pone.0279270.t003

SARS-CoV-2 in HIV-positive and HIV-negative individuals. All samples used in this study
were from HIV-negative individuals.

Although the high viral load has been associated with increased severity of the disease [22],
however, we did not find a statistically significant difference in the viral loads of mild and
severe groups. This finding is supported by other studies which also did not find a significant
association between the clinical outcome of COVID-19 and viral load [23], and have shown
that it is an uncontrolled immune response involving hypercytokinemia, and not just the high
viral titers, which is associated with the adverse clinical outcomes in COVID-19 patients [24].

The differential expression of cytokines in the nasopharyngeal mucosa forms an important
component of mucosal immunity against COVID-19 disease and many pro-inflammatory
cytokines are secreted by epithelial cells to mediate immune response against the virus, where
the optimal expression and activity of the anti-viral cytokines ensures viral clearance [25, 26].
Interestingly, in this study, the analysis of the differential expression of cytokines in the mild
and severe COVID-19 patient groups revealed the expression of IL-2, IL-6, TNF-a, and IFN-y
to be significantly decreased in severe cases as compared to mild cases. In contrast, studies per-
formed on serum samples had earlier reported higher IL-2, TNF-o, IFN-0, and IFN-y levels in
serum of patients with severe COVID-19 disease as compared to the mild or mild-moderate
patients [19, 27-32]. Boan Li et al, while investigating the differential serum cytokine expres-
sion in individuals with severe and mild COVID-19 disease, reported that IL-6 was signifi-
cantly increased in COVID-19 of the severe group as compared with the mild disease group
[33]. This difference, observed in the current study, may be due to the type of patient samples
used (serum vs nasal swabs) and suggest that the downregulation of the key cytokines, IL-2, IL-
6, TNF-a, and IFN-y, occurs in the nasopharyngeal milieu during the early infection. However,
other studies have shown that some of the COVID-19 patients not only had higher levels of
serum IL-6 but also the severe form of the disease was predicted by the imbalanced cytokine
production [34]. Similarly, Abers et al [35] showed that elevated levels of IL-6 were indepen-
dently related to high mortality in a study that examined the levels of 66 soluble biomarkers in
patients with varying levels of COVID-19 severity. In addition, a recent meta-analysis sug-
gested that the levels of IL-6 are associated with the severe form of the disease [36]. It is
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possible that the suppression of these cytokines (some being potent antiviral cytokines) in the
nasopharyngeal mucosa may allow the propagation and the systemic dissemination of virus
which may lead to systemic cytokine storm, resulting in the severe form of the disease.

This observation was further confirmed by our multivariate logistic regression model
results showed that the severity of the disease was significantly associated with age and naso-
pharyngeal IL-6 expression. Age was found to be an independent factor in our study showing
a significant association with the disease severity. Earlier studies on COVID-19 frequently
associated disease severity with age, where elderly patients were found to experience a severe
form of the disease [37].

In the correlation analysis in the severe group, we found a positive correlation between IL-1
and TNF-a, IFN- y, TGF-B1; IL-2 and IFN- y, TNF-a, TGF-B1; and IL-4 and IFN- y, TNF-a,
TGF-P1; IL-10 and IFN- y, TNF-a, TGF-f1, respectively. A previous study on acute-phase cyto-
kines in the nasopharynx also reported cytokines IL-1, IL-6, and TNF-¢ to be positively corre-
lated with each other [38]. Furthermore, studies on serum of COVID-19 patients have
recommended assessing TGF-a, IFN-y, TGF-f, IL-1, and IL-10 because of their association
with the severity of the disease [39-41], however, importantly the role of these immune media-
tors as part of nasopharyngeal mucosal immunity against COVID-19 has yet to be established.

We identify several limitations of our study. Firstly, in this study, we did not assess and
adjust the role of other co-morbid conditions in mild and severe patients, which tend to have
an important role in the clinical outcome of the disease [42]. Secondly, in our dataset, all age
groups were represented, which may act as a confounder (age-related) for gene expression pro-
files of the cytokines in the nasopharyngeal mucosa [43]. Lastly, we only examined the gene
expression profiles of the cytokine in nasopharyngeal mucosa, and levels of these cytokines in
serum were not accessed due to the unavailability of serum samples, and, therefore, a relation-
ship between cytokine expression in nasopharyngeal milieu and serum and disease severity
cannot be established. However, this does not undermine our original aim to examine early
cytokine changes in the nasopharyngeal mucosa and assess its possible role in predicting the
severity of the disease.

In conclusion, we found the decreased nasopharyngeal expression of pro-inflammatory
cytokines IL-2, Il-6, IFN-y, and TNF-a to be significantly higher in the severe group as com-
pared to the mild group. Early detection of the cytokine profile may be useful in predicting the
development of the severe form of the disease in patients with COVID-19, and such patients
can be provided with appropriate anti-viral therapy or monitored closely for development of
severe symptoms.
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