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ARTICLE INFO ABSTRACT

Keywords: Nowadays, the coronavirus disease (COVID-19) pandemic, caused by severe acute respiratory syndrome coro-
Coronavirus navirus 2 (SARS-CoV-2) represents a major global health problem. Intensive efforts are being employed to better
Severe acute respiratory syndrome understand this pathology and develop strategies enabling its early diagnosis and efficient treatment. In this
;LT::{E“ study, we compared the signature of circulating miRNAs in plasma of COVID-19 patients versus healthy donors.
Plasma MiRCURY LNA miRNA miRNome qPCR Panels were performed for miRNA signature characterization. Individual

quantitative real-time PCR (qQRT-PCR) was carried out to validate miRNome qPCR results. Receiver-operator
characteristic (ROC) curve analysis was applied to assess the diagnostic accuracy of the most significantly
deregulated miRNA(s) as potential diagnostic biomarker(s). Eight miRNAs were identified to be differentially
expressed with miR-17-5p and miR-142-5p being down-regulated whilst miR-15a-5p, miR-19a-3p, miR-19b-3p,
miR-23a-3p, miR-92a-3p and miR-320a being up-regulated in SARS-CoV-2-infected patients. ROC curve analyses
revealed an AUC (Areas Under the ROC Curve) of 0.815 (P = 0.031), 0.875 (P = 0.012), and 0.850 (P = 0.025)
for miR-19a-3p, miR-19b-3p, and miR-92a-3p, respectively. Combined ROC analyses using these 3 miRNAs
showed a greater AUC of 0.917 (P = 0.0001) indicating a robust diagnostic value of these 3 miRNAs. These
results suggest that plasma miR-19a-3p, miR-19b-3p, and miR-92a-3p expression levels could serve as potential
diagnostic biomarker and/or a putative therapeutic target during SARS-CoV-2-infection.

1. Introduction

In December 2019, the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection started in Wuhan, China and rapidly
spread worldwide, leading to the coronavirus disease 2019 (COVID-19)
pandemic. SARS-CoV-2 is a novel enveloped, non-segmented, single-
stranded, positive-sense RNA coronavirus belonging to the sarbecovirus
family which can infect humans and other mammals (Tahir ul Qamar
et al., 2020). The COVID-19 infected patients could present mild clinical
manifestation such as fever, dry cough, and fatigue whilst others could
have some more serious complications including shortness of breath,
acute respiratory distress syndrome (ARDS) and cytokine storm, all of

* Corresponding authors.

which are indicators of severe pneumonia which may lead to death (Pan
et al., 2020). Currently, COVID-19 pandemic represents a serious global
health problem as most countries are reporting increased numbers of
new COVID-19 cases and deaths every day. Early and accurate diagnosis
of infected individuals as well as identifying therapeutic targets are
therefore essential to assist in controlling the spread of the disease.
MicroRNAs (miRNAs) are highly conserved short (19-22-nt) single-
stranded non-coding RNA molecules that are widely present in plants
and animals. MicroRNAs could regulate gene expression at a post-
transcriptional level upon interacting with the 3’ untranslated region
(3'UTRs) of target mRNAs, to induce either mRNA degradation or
translation inhibition (Bartel, 2004). Currently, miRNAs are well known
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to be involved in regulating a broad range of biological activities where
abberant miRNA expression could be associated with the development
of different pathological conditions such as cancer (Tiifekci et al., 2014).
In addition, miRNAs have recently emerged as important clinical bio-
markers and therapeutic tools (Kreth et al., 2018). For instance, circu-
lating miRNAs have been used as diagnostic/prognostic biomarkers for
various infectious diseases including human tuberculosis (triggered by
Mycobacterium tuberculosis), sepsis (caused by various microbial in-
fections), viral hepatitis (caused by hepatitic B and C) and Human T-cell
leukemia virus type 1 (HTLV-1) infection (Correia et al., 2017; Fayyad-
Kazan et al., 2019). On the other hand, during viral infection, miRNAs
could be implicated throughout the various stages of infection, from
viral entry to disease development where miRNA-mediated antiviral
activities have been reported for distinct viruses such as Hepatitis C virus
(HCV) and Dengue virus (DENV) (Jopling et al., 2005; Wong et al.,
2020).

In this study, we aimed at characterizing the signature of circulating
miRNAs in the plasma of COVID-19 patients versus healthy individuals.
We identified, several dysregulated miRNAs among which are miR-19a-
3p, miR-19b-3p, and miR-92a-3p that were upregulated in infected in-
dividuals and could serve as potential biomarkers for diagnosis of SARS-
CoV-2 infection based on ROC curve analysis. Moreover, targeting the
identified deregulated miRNAs could have a therapeutic potential
against COVID-19.

2. Materials and methods
2.1. Patients and healthy controls

A total of 33 COVID-19 patients (20 Males and 13 females; mean age
45 years, range 30-60) (Table 1) and 10 healthy individuals were

included in this study. The COVID-19 patients were diagnosed using RT-
gPCR Detection Kit (Taq Path™ COVID-19 CE-IVD RT-PCR; Thermo

Table 1
List of patients included in this study.

Patient number Gender Age Disease severity
1 M 31 Moderate
2 M 45 Moderate
3 M 50 Moderate
4 M 44 Mild

5 M 36 Mild

6 M 32 Mild

7 M 47 Mild

8 M 55 Severe

9 M 60 Moderate
10 M 59 Severe

11 M 48 Mild

12 M 31 Mild

13 M 37 Mild

14 M 55 Severe

15 M 52 Moderate
16 M 44 Moderate
17 M 30 Mild

18 M 60 Severe
19 M 48 Moderate
20 M 51 Mild

21 F 30 Mild

22 F 45 Mild

23 F 47 Mild

24 F 52 Moderate
25 F 59 Severe
26 F 51 Moderate
27 F 38 Mild

28 F 34 Mild

29 F 55 Moderate
30 F 58 Severe

31 F 44 Moderate
32 F 37 Moderate
33 F 33 Moderate
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Fisher). Peripheral blood (10 mL) was drawn into EDTA anticoagulated
tubes (BD Vacutainer) from COVID-19 patients at the time of diagnosis
and from healthy volunteers and kept at 4 °C until further processing
(within two hours of collection). Plasma samples were subjected to a
two-step centrifugation protocol (2500 xg and 16,000 xg; 10-10 min,
4 °C) to obtain plasma. After separation, the cell-free plasma samples
were homogenized, aliquoted, and stored at —80 °C until further pro-
cessing. This study was carried out in accordance with the Declaration of
Helsinki (1964) and approved by the local ethics committee of the
“Lebanese University”. Written informed consent was obtained from all
donors.

2.2. RNA extraction and cDNA synthesis

Prior to RNA isolation, plasma samples were thawed on ice, then
circulating RNA was isolated from 200 pL plasma samples using the
miRNeasy Serum/Plasma RNA isolation kit (Qiagen, Antwerp, Belgium)
according to the manufacturer’s protocol. The first strand cDNA syn-
thesis was performed using the miRCURY LNA RT Kit (cat. no. 339340,
Qiagen, Antwerp, Belgium) according to the manufacturer’s protocol.

2.3. MiRNA profiling using miRCURY LNA miRNome qPCR panels and
individual confirmation using individual miRCURY LNA miRNA PCR
assays

MiRCURY LNA miRNA miRNome qPCR panels enable exceptionally
sensitive and specific miRNA expression profiling using LNA technology.
The predesigned PCR primer sets are pre-aliquoted in 384-well PCR
plates and are ready for use. The panels are provided in 384-well plates
that contain predesigned dried-down PCR primers for one reaction per
well and simply require addition of cDNA and miRCURY LNA SYBR
Green Master Mix prior to real-time PCR amplification. Thus, following
cDNA synthesis, miRCURY LNA SYBR Green master mix and RNase free
water were added and then aliquoted into the 384-well PCR plate con-
taining the pre-aliquoted miRCURY LNA miRNA miRNome qPCR Panel I
(YAHS-301, Qiagen, Antwerp, Belgium). The cycling conditions were
95 °C for 2 min for heat inactivation, followed by 40 cycles at 95 °C for
60 s and 56 °C for 1 min. For individual assays, a PCR primer mix was
used for each of the differentially expressed miRs. MiR-502-5p transcript
was used for normalization of expression. The relative expression levels
of miRNAs were calculated using the comparative “Ct method as
described previously (Schmittgen and Livak, 2008). The fold changes in
miRNAs were calculated by the equation 274ACt,

2.4. Functional enrichment analysis

GO functional enrichment analysis and KEGG pathway enrichment
analysis were performed using DIANA TOOLS MirPath version 3. P <
0.05 was considered as a statistically significant difference.

2.5. Statistical analysis

Using Kolmogorov-Smirnov and Shapiro-Wilk normality tests, our
data appeared to be characterized by a normal distribution and was
expressed as the mean and standard deviation. Widely presented using
the 2722t method, the relative gene expression involves the gene of
interest data (Ct gene of interest) relative to an internal control gene (Ct
internal control gene), named delta Ct. The calculated delta Ct + SD for
the patients was compared with the delta Ct + SD (SD stands for the
standard deviation of the average delta Ct of the group) for the healthy
control group and tested for statistical significance. Receiver Operator
Characteristic (ROC) analysis was applied to determine sensitivity,
specificity, and the area under the curve (AUC) for plasma miRNAs. Data
was analyzed by unpaired Student’s t-test. P-values <0.05 (*), <0.01
(**), and < 0.001(***) were considered statistically significant.
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3. Results

3.1. Comparison of circulating miRNA signature in the plasma of COVID-
19 patients versus healthy donors

In order to identify miRNAs that are differentially expressed in the
plasma of infected patients versus healthy donors, SYBR Green qRT-PCR
was performed using MiRCURY LNA miRNA miRNome PCR Panels. We
identified 8 miRNAs that were upregulated and 4 miRNAs that were
downregulated in the plasma of the COVID-19 patients. Table 2 sum-
marizes the identified deregulated miRNAs (Table 2).

3.2. Validation of differential miRNA expression in infected patients

In a second step, individual SYBR Green Real Time PCR (qRT-PCR)
was applied to validate the differential expression of the identified
deregulated miRNAs. The change in expression profiles for the candi-
date miRNAs in infected patients versus the healthy donors is shown in
Fig. 1. In fact, plasma derived from infected patients were characterized
by downregulated expression of miR-17-5p and miR-142-5p but upre-
gulation of miR-15a-5p, miR-19a-3p, miR-19b-3p, miR-23a-3p, miR-
92a-3p and miR-320a in comparison to healthy donors-derived plasma
(Fig. 1).

3.3. GO function and KEGG pathway enrichment analysis

To investigate the biological functions of the genes targeted by the
identified deregulated miRNAs, GO function and KEGG pathway
enrichment analysis was performed. Our analysis revealed that those
deregulated miRNAs are involved in biological process including viral
carcinogenesis, bacterial invasion of epithelial cells and different can-
cers (Tables 3 and 4).

3.4. Diagnostic accuracy of plasma miR-19a-3p, miR-19b-3p, and miR-
92a-3p in SARS-CoV-2 infected patients

ROC curve analysis was applied to examine the diagnostic accuracy
of the most statistically significant and differentially expressed plasma
miRNAs: miR-19a-3p, miR-19b-3p, and miR-92a-3p. This analysis
highlighted that miR-19a-3p, miR-19b-3p, and miR-92a-3p could serve
as potential diagnostic biomarkers for distinguishing SARS-CoV-2
infected patients from healthy individuals with an AUC (the areas
under the ROC curve) of 0.815 (P = 0.031) (Fig. 2, Panel A), 0.875 (P =
0.012) (Fig. 2, Panel B), and 0.850 (P = 0.025) (Fig. 2, Panel C)
respectively.

At the cut-off value greater than 0.834 for miR-19a-3p, the sensi-
tivity and the specificity were 88% and 85%, respectively. At the cut-off

Table 2
Differentially expressed miRNAs in the plasma of six COVID-19 patients versus
six Healthy individuals as revealed by qPCR panels.

MicroRNA Fold change P-value
Upregulated

hsa-miR-15a-5p 9.1 0.02
hsa-miR-19a-3p 10.2 0.002
hsa-miR-19b-3p 7.2 0.0019
hsa-miR-23a-3p 8.2 0.018
hsa-miR-92a-3p 20 0.0011
hsa-miR-140-3p 4.2 0.04
hsa-miR-194-5p 6.5 0.03
hsa-miR-320a 11.7 0.01
Downregulated

hsa-miR-17-5p 0.19 0.018
hsa-miR-142-5p 0.32 0.01
hsa-miR-191-5p 0.22 0.039
hsa-miR-374a-5p 0.18 0.042
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value greater than 0.237 for miR-19b-3p, the sensitivity and the speci-
ficity were 89% and 86%, respectively. At the cut-off value greater than
0.47 for miR-92a-3p, the sensitivity and the specificity were 90% and
87%, respectively.

Combination ROC analyses resulted in an increased AUC of 0.917 (P
= 0.0001) with 92% sensitivity and 89% specificity at a cut-off value
greater than 0.52 indicating the additive effect in the diagnostic value of
these 3 miRNAs (Fig. 2D).

3.5. Profiling miR-19a-3p, miR-19b-3p and miR-92a-3p expression in
COVID-19 patients with different Cqs of RdRp gene

In a further step, we screened the expression levels of miR-19a-3p,
miR-19b-3p and miR-92a-3p in a panel of COVID-19 patients charac-
terized by different Cq values of RdRp at time of diagnosis (Table 5).
Each of the indicated miRNAs was significanlty upregulated in each of
the tested patients. Interestingly, even patients with Cq > 30 were
characterized with elevated expression of the indicated miRNAs, sug-
gessting that these miRNAs could serve as biomarkers even for the early
stages of the infection.

4. Discussion

The ongoing outbreak of COVID-19 assures the necessity of early and
accurate diagnosis of human SARS-CoV-2 infections in order to control
its spread and emphasizes the urgent need to develope therapeutic tools
to appropriately treat patients who have serious complications. In this
study, we identified a set of miRNAs whose expression is deregulated in
SARS-CoV-2 infected patients. Such miRNAs could hold a valuable
diagnostic and therapeutic potential.

MicroRNAs are widely known to regulate the molecular mechanisms
underlying various diseases due to their ability to potentially regulate
nearly every aspect of cellular activity, including cell cycle, metabolism,
apoptosis, viral infection and tumor development (Huang et al., 2011).
Circulating miRNAs are extracellular serum/plasma miRNAs that could
be involved in cell-cell communication, and thus might contribute to
disease progression. Over the course of an infection, the infectious agent
might trigger a significant change in the signature of cellular and/or
circulating miRNAs, and consequently the latter could be used as bio-
markers to follow disease progression. In the past decades, a wealth of
studies have reported the benefit of miRNAs as circulating biomarkers
for diagnosis or prognosis of wide array of infectious diseases, particu-
larly viral diseases (Correia et al., 2017; Fayyad-Kazan et al., 2019).
Recently, we have reported that circulating miR-29¢, miR-30c, miR-
193a-5p and miR-885-5p might act as potential biomarkers for HTLV-
1 infection diagnosis (Fayyad-Kazan et al., 2013). Moreover, circu-
lating miR-122, miR-22, and miR-34a have been associtated with liver
injury in HIV-infected patients (Anadol et al., 2015). Furthermore, the
expression profile of serum miR-29 has been described as potential
biomarker to follow disease progression in patients with chronic hepa-
titis B virus infection (Huang et al., 2014). The present study highlights
plasma miR-19a-3p, miR-19b-3p, and miR-92a-3p as potential bio-
markers for diagnosis of SARS-CoV-2 infection. Although none of the
indicated miRNAs have previously been shown to be significantly
associated with viral infection of respiratory system, miR-92a, for
instance, has been shown to be upregulated in serum of patients infected
with hepatitis C virus (HCV) (Louten et al., 2015). Moreover, deregu-
lated miR-19 expression has been associated with hepatitis B virus
(HBV) infection (Li et al., 2010).

Remarkably, miR-19a-3p, miR-19b-3p, and miR-92a-3p were
differentially expressed even in patients at early course of infection (Cq
> 30). This high sensitivity represents a major advantage of this diag-
nositic strategy. Diagnosis of SARS-CoV-2 is typically made by poly-
merase chain reaction (PCR) against certain viral genes encoding
different molecular components such as nucleocapsid (N), trans-
membrane (M), envelope (E), RNA-dependentRNA polymerase (RdRp)
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Fig. 1. Differentially expressed miRNAs in plasma of SARS-CoV-2-infected patients versus healthy individuals. Plasma was obtained from 12 individuals (6 SARS-
CoV-2-infected patients and 6 healthy individuals). The relative expression of miRNAs was quantified by quantitative RT-PCR. *p < 0.05, **p < 0.01, ***p < 0.001

infected patients versus Healthy individuals (Unpaired Student’s t-test).

Table 3 Table 4
Common KEGG pathways for the upregulated miRNAs. Common KEGG pathways for the down-regulated miRNAs.

KEGG pathway P-value KEGG pathway P-value
Proteoglycans in cancer (hsa05205) <0.0001 Hepatitis B (hsa05161) <0.0001
Renal cell carcinoma (hsa05211) <0.0001 Proteoglycans in cancer (hsa05205) <0.0001
Chronic myeloid leukemia (hsa05220) <0.0001 Glioma (hsa05214) <0.0001
Prostate cancer (hsa05215) <0.0001 Chronic myeloid leukemia (hsa05220) <0.0001
Hepatitis B (hsa05161) <0.0001 Viral carcinogenesis (hsa05203) <0.0001
Glioma (hsa05214) <0.0001 Renal cell carcinoma (hsa05211) <0.0001
Endometrial cancer (hsa05213) 0.00012 Bacterial invasion of epithelial cells (hsa05100) <0.0001
Bacterial invasion of epithelial cells (hsa05100) 0.00013 Pancreatic cancer (hsa05212) <0.0001
Non-small cell lung cancer (hsa05223) 0.00015 Bladder cancer (hsa05219) <0.0001
Colorectal cancer (hsa05210) 0.0002 Prostate cancer (hsa05215) <0.0001
Pancreatic cancer (hsa05212) 0.0006 Colorectal cancer (hsa05210) <0.0001
Small cell lung cancer (hsa05222) 0.004 Non-small cell lung cancer (hsa05223) <0.0001
Central carbon metabolism in cancer (hsa05230) 0.006 Endometrial cancer (hsa05213) 0.00022
Epstein-Barr virus infection (hsa05169) 0.007 Melanoma (hsa05218) 0.00024
Melanoma (hsa05218) 0.007 Small cell lung cancer (hsa05222) 0.00035
Bladder cancer (hsa05219) 0.01 Thyroid cancer (hsa05216) 0.0011
HTLV-I infection (hsa05166) 0.02 Acute myeloid leukemia (hsa05221) 0.0029
Acute myeloid leukemia (hsa05221) 0.03 Hepatitis C (hsa05160) 0.0037
Thyroid cancer (hsa05216) 0.04 HTLV-I infection (hsa05166) 0.044

and envelope glycoproteins spike (S). Such regular PCR tests involve
deep nasal or oral swabs that can be uncomfortable for some people,
mainly in case of small children. Moreover, a major issue when per-
forming the regular PCR test is the possibility of false-negative and false
positive results, therefore results should be taken with some precautions.
Forinstance, genetic diversity due to rapid evolution of SARS-CoV-2
have led to fFalse-negative results due to mutations occuring in the
primer and probe target regions in the SARS-CoV-2 genome (Phan,
2020). On the other hand, an advantage of our proposed diagnostic
strategy is that it doesnot involve invasive swabs. Moreover, since the
targets of this startegy are human miRNAs but not viral genes, the
possibility of having false negative results due to SARS-CoV-2 genome
evolution is avoided.

Besides their diagnostic value, miRNAs are well known for their
therapeutic potential, especially in viral diseases (Hemida et al., 2010).
In fact, certain viruses encode their own miRNAs and employ them for
replication and immune evasion. Other viruses that do not encode
miRNAs may alter host cell miRNA signature in a way that favors their
replication (Hemida et al., 2010). Intriguingly, SARS-CoV-1 has been
shown to hijack host cellular miRNAs such as miR-17, miR-574-5p, and
miR-214 to favor its replication and immune evasion (Qin et al., 2005).
Moreover, the nucleocapsid and spike glycoproteins were shown to
downregulate the expression of miR-223 and miR-98, respectively. This
process allows the virus to create an environment that is optimal for its
replication. Interestingly, restoration of normal miR-223 and miR-98
expression levels represents a promising novel therapeutic approach
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Fig. 2. Receiver operating characteristics (ROC) curve analysis using miR-19a-3p, miR-19b-3p, and miR-92a-3p for discriminating SARS-CoV-2-infected patients.
Plasma miR-19a-3p yielded an AUC of 0.815 (P = 0.031) with 88% sensitivity and 85% specificity in discriminating infected patients (Panel A). Plasma miR-19b-3p
yielded AUC of 0.875 (P = 0.012) with 89% sensitivity and 86% specificity in discriminating infected patients (Panel B). Plasma miR-92a-3p yielded an AUC of 0.850
(P = 0.025) with 90% sensitivity and 87% specificity in discriminating infected patients (Panel C). Combined ROC analysis revealed a greater AUC of 0.917 (P =
0.0001) with 92% sensitivity and 89% specificity in discriminating infected patients (Panel D).

for treating SARS-CoV infection (Qin et al., 2005). In this context, a
recent report has compared the miRNA signature in the peripheral blood
of COVID-19 patients versus healthy donors and several miRNAs have
been identified to be deregulated (Li et al., 2020). These deregulated
miRNAs could interfere with the shaping of the immune responses (Li
et al., 2020). In this study, we found that the deregulated miRNAs are
invloved in various biological process, mainly viral carcinogensis, bac-
terial invasion of epithelial cells as well as in different cancers.
Remarkably, Transforming growth factor beta (TGF-f) signalling
pathway was identified among the biological processes that can be
targeted by miR-19a-3p and miR-19b-3p. It is well established in the
literature that TGF-p-mediated responses could be suppressed by miR-
19a/b (Li et al., 2021; Souma et al., 2018; Wa et al., 2018). TGF-$

signalling cascade plays an important immunosuppressive and anti-
inflammatory role via inducing regulatory T cells, inhibiting B and T
cells function as well as favoring M2 than M1 macrohage responses
(Aschner and Downey, 2016). Therefore, the upregulated levels of miR-
19a/b could be involved in the inflammatory storm seen in COVID-19
patients via inhibiting the immunosuppressive and anti-inflammatory
role ensured by TGF-p signalling pathway. On the other hand, the
mechanism by which miR-92a-3p could contribute to COVID-19 path-
ogenesis is less clear. However, it could be possible that miR-92a-3p
plays a role during COVID-19 pathogenesis via its role in regulating
endothelial cell functions such as control of vascular inflammation and
angiogenesis (Nemecz et al., 2016). In this context, targeting these
identified circulating miRNAs could help to control the undesired
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Table 5

Profiling plasma miR-19a-3p, miR-19b-3p and miR-92a-3p expression levels in different COVID-19 patients with different Cqs of RdRp gene.
Patients Cq of RdRp miR-19a-3p miR-19b-3p miR-92a-3p

Fold change P-value Fold change P-value Fold change P-value

Patients (1-3) 34 5.7 0.003 2.6 0.015 4.5 0.022
Patients (4-6) 32 6.5 0.0025 2.8 0.022 4.8 0.011
Patients (7-9) 31 6.6 0.002 2.5 0.032 4.2 0.032
Patients (10—12) 30 6.9 0.004 29 0.021 4.7 0.022
Patients (13-15) 28 7.5 0.001 3.5 0.011 6.7 0.001
Patients (16, 18) 24 8.3 0.001 4.1 0.033 9.5 0.014
Patients (19, 21) 20 9.2 0.005 5.5 0.041 15.8 0.001
Patients (22, 24) 17 9.9 0.002 6.2 0.019 18.2 0.011
Patients (25, 27) 15 10.8 0.001 6.4 0.032 18.8 0.033

outcomes triggered by the viral infection.

5. Conclusion

In conclusion, we characterized the signature of circulating miRNAs
in SARS-Cov-2-infected patients. We identified several miRNAs that
could have diagnostic and/or therapeutic potential in case of SARS-Cov-
2 infection.
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