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Abstract
Background  Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus, severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). It is known that host microRNAs (miRNAs) can be modulated to favor viral infection or to 
protect the host. Herein, we report preliminary results of a study aiming at identifying differentially expressed plasmatic 
miRNAs in Brazilian patients with COVID-19.
Methods and results  miRNAs were extracted from the plasma of eight patients with COVID-19 (four patients with mild 
COVID-19 and four patients with severe/critical COVID-19) and four healthy controls. Patients and controls were matched 
for sex and age. miRNA expression levels were detected using high-throughput sequencing. Differential miRNA expression 
and enrichment analyses were further evaluated. A total of 18 miRNAs were differentially expressed between patients with 
COVID-19 and controls. miR-4433b-5p, miR-6780b-3p, miR-6883-3p, miR-320b, miR-7111-3p, miR-4755-3p, miR-320c, 
and miR-6511a-3p were the most important miRNAs significantly involved in the PI3K/AKT, Wnt/β-catenin, and STAT3 
signaling pathways. Moreover, 42 miRNAs were differentially expressed between severe/critical and mild patients with 
COVID-19. miR-451a, miR-101-3p, miR-185-5p, miR-30d-5p, miR-25-3p, miR-342-3p, miR-30e-5p, miR-150-5p, miR-
15b-5p, and miR-29c-3p were the most important miRNAs significantly involved in the Wnt/β-catenin, NF-κβ, and STAT3 
signaling pathways.
Conclusions  If validated by quantitative real-time reverse transcriptase-polymerase chain reaction (RT-PCR) in a larger 
number of participants, the miRNAs identified in this study might be used as possible biomarkers for the diagnosis and 
severity of COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), whose initial outbreak occurred in Wuhan, China. 

Unfortunately, this virus has spread rapidly worldwide, 
culminating in the pandemic situation we have been expe-
riencing since mid-March 2020 [1]. SARS-CoV-2 is an 
RNA virus, which belongs to the genus Betacoronavirus, 
and is transmitted by inhalation of droplets containing the 
virus or by hand contact on surfaces containing the virus 
and subsequent contamination through the hands eyes, 
mouth, and nose. Symptoms include fever and dry cough 
in most patients, which may be accompanied by breathing 
difficulties, loss of taste, nausea, and diarrhea [2]. Severe 
cases of COVID-19 can progress to severe acute respira-
tory syndrome (SARS) and to a cytokine storm, in which 
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the virus induces an intense inflammatory cascade [3]. Cur-
rently, there is no specific treatment for the management of 
COVID-19 [4]. Although some vaccines have been approved 
for emergency use by the Food and Drug Administration 
(FDA), such as the Comirnaty and Pfizer-BioNTech, Mod-
erna, and Janssen (Johnson & Johnson) COVID-19 vaccines 
[5], and vaccine campaigns are ongoing, the emergence of 
new variants is a remaining concern [6].

Real-time reverse transcriptase-polymerase chain reaction 
(RT-PCR) performed to detect viral RNA on nasopharyngeal 
or oropharyngeal swabs is the gold standard for the diagno-
sis of SARS-CoV-2. Although it is a specific and sensitive 
quantitative assay, there are some limitations, such as being 
relatively invasive and associated with an increased risk of 
cross-infection [7, 8]. Other methods, such as virus antigen 
or serological antibody testing, may also be used to diagnose 
COVID-19. While rapid antigen tests detect SARS-CoV-2 
in samples from the respiratory tract, rapid serological tests 
detect antibodies (IgM and/or IgG) produced over days to 
weeks after infection by the virus. Both tests are easy to 
handle and require minimal personnel training. Rapid anti-
body tests, while less specific, can be useful for reducing 
exposure to risk factors during repeated sampling and are 
more cost effective compared to RT-PCR tests [7, 9]. Com-
puted tomography of the chest consists of a complementary 
examination for the diagnosis of COVID-19, which allows 
the monitoring of disease evolution [7, 10]. In addition, the 
neutrophil–lymphocyte ratio (NLR) has been suggested as 
a prognostic marker for screening patients with COVID-19, 
with a higher NLR being associated with a poor prognosis 
[11]. Moreover, the detection of microRNAs (miRNAs) in 
human samples may be an alternative to identify effective 
biomarkers for the diagnosis and severity of COVID-19.

miRNAs are defined as small, single-stranded, non-cod-
ing RNA molecules of 21–23 nucleotides in length that bind 
to the target transcript in the 3' untranslated region (UTR), 
inhibiting protein translation and destabilizing their target 
messenger RNAs (mRNAs). miRNAs can regulate almost 
a third of the human genome and are widely involved in 
multiple pathways, such as cell proliferation, cell death, 
stress resistance, and fat metabolism. In addition, evidence 
suggests that a gain or loss of function of one or more miR-
NAs is associated with the diagnosis, progression, and prog-
nosis of several cancers and infectious diseases [12, 13]. 
Therefore, dysregulated miRNAs, in addition to serving as 
biomarkers of disease, may be potential therapeutic targets 
providing a better understanding of the signaling pathways 
involved and the disease pathogenesis.

In a systematic review focused on the description of 
miRNAs associated with SARS-CoV-2 infection in human 
cells, only 2 out of the 29 studies included in the review 
reported the analysis of miRNA expression in patients with 
COVID-19 compared to non-COVID-19 samples [14]. Most 

of the studies included in this review reported miRNA data 
based on genome sequencing of SARS-CoV-2 isolates and 
computational approaches [14]. In addition, our research 
group conducted a scoping review on miRNAs differentially 
expressed in SARS-CoV-2 infected animals and patients 
with COVID-19, excluding studies based only on in silico 
prediction analysis [15]. Twenty studies were included, and 
15 of which were conducted in patients. We have verified 
that miR-21-5p, miR-146a-5p, miR-126-3p, miR-144, and 
miR-155 may serve as important biomarkers of COVID-19 
[15]. However, few studies have included participants from 
North and South America [15], where COVID-19 cases are 
rising again. Thus, the present article reports preliminary 
results (high-throughput sequencing analysis) of a study 
aiming at identifying differentially expressed plasmatic 
miRNAs in Brazilian patients with COVID-19 as possible 
biomarkers for disease diagnosis and severity.

Patients & methods

Study approval

The study was approved by the Research Ethics Commit-
tee of the School of Medical Sciences of the University of 
Campinas (UNICAMP) (numbers 36041420.0.000.5404 and 
31049320.7.1001.5404). All participants or their guardians 
signed a consent form authorizing the use of their samples 
and data.

Participants and eligibility criteria

From May to September 2020, 12 participants were included 
in this study: four patients with severe/critical COVID-19 
had been admitted to the Hospital Estadual Sumaré Dr. 
Leandro Francheschini (HES) in Sumaré city (SP, Brazil), 
affiliated with UNICAMP; four patients with mild COVID-
19 had been admitted to the Hospital Municipal de Paulínia, 
in Paulínia city (SP, Brazil), and four healthy volunteers 
(controls).

The eligibility criteria were age ≥ 18 years and admission 
to HES or Hospital Municipal de Paulínia with a positive 
result in SARS-CoV-2 nasopharyngeal swab RT-PCR for 
patients with COVID-19, and age ≥ 18 years and negative 
result in SARS-CoV-2 nasopharyngeal swab RT-PCR for 
controls. Patients were excluded if their plasma samples 
were not sufficient to perform the experiments.

It is important to note that the control participants were 
not experiencing flu-like symptoms associated with COVID-
19, had no contact with people infected with the SARS-
CoV-2, were not front-line health professionals, and were 
followed up for 15 days after the collection of biological 
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samples to ensure that they would not show COVID-19 
related symptoms.

Demographic and clinical data

Data regarding the characteristics of patients with COVID-
19 were obtained from medical records, including informa-
tion concerning gender, age, race, and comorbidities. Addi-
tionally, they were classified by COVID-19 severity based on 
Falavigna et al.[16]: mild, presence of any signs and symp-
toms of COVID-19, but without dyspnea or abnormal chest 
imaging; moderate, evidence of disease in the lower res-
piratory tract and SpO2 > 93% on room air; severe, presence 
of one of the following factors: respiratory rate > 30 bpm, 
SpO2 ≤ 93% on room air, PaO2/FiO2 < 300 mm Hg, pulmo-
nary infiltrate > 50%; and critical, respiratory failure, sep-
tic shock, and/or multiple organ dysfunction. Patients with 
severe/critical COVID-19 were also characterized by the 
length of hospital stay, drugs used for COVID-19 during 
hospitalization, the time they remained mechanically ven-
tilated, prone position, and death. Data regarding control 
characteristics were obtained from interviews with volun-
teers, including information concerning age, gender, race, 
and comorbidities. Patients with severe/critical COVID-19, 
patients with mild COVID-19, and controls were matched 
for gender and age.

Sample collection and miRNA extraction

Venous whole blood samples were collected in EDTA-con-
taining tubes from all participants (patients and controls). 
All patient samples were collected within ten days of the 
onset of the COVID-19 symptoms. Plasma samples were 
separated from whole blood by centrifugation at 2500 rpm, 
4 °C for 10 min, and stored in freezer at − 80 °C until the 
experiments were carried out.

miRNA extraction was performed with 200 µL of each 
plasma sample using the miRNeasy Serum/Plasma Kit (Qia-
gen, Cat No. 217184), following the manufacturer’s instruc-
tions. At the end of the experiment, the samples were stored 
in a freezer at − 80 °C until further use.

Library construction and sequencing

Library construction was performed with 5 µL of each 
miRNA sample using the QIAseq® miRNA Library Kit 
(Qiagen, Cat No. 331502), following the manufacturer’s 
instructions. For quality control of the samples, 1 μL and 
2  μL of each miRNA sequencing library was analyzed 
using an Agilent Bioanalyzer and a Qubit fluorometer, 
respectively, according to the manufacturer’s instructions. 
A quality check of the raw data is provided in Supplemen-
tary Table 1.

The samples were sent to the Life Sciences Core Facil-
ity (LaCTAD) from UNICAMP for sequencing. The library 
preparations were sequenced on an Illumina HiSeq 2500 
platform, and 75 bp single-end reads were generated.

Bioinformatics analysis

Primary and secondary analyses were conducted in Gene-
Globe. The primary analysis is based on counting the unique 
molecular identifiers (UMIs) and mapping the miRNA 
sequences, while the secondary analysis, using the UMI 
counts for each miRNA, performs the differential expres-
sion analysis. MiRWalk software was used to predict the 
miRNA target genes. MiRWalk provides predicted targets 
according to 12 different databases, including TargetScan 
[17]. A matrix was constructed to identify the interaction 
between miRNAs and their predicted target genes, which 
were sorted according to the potential target genes of differ-
ent miRNAs. For diagnostic analysis, genes related to five or 
more miRNAs were selected for enrichment analysis, using 
the Ingenuity Pathway Analysis (IPA®, Qiagen) software 
to identify the main canonical signaling pathways involv-
ing differentially expressed miRNAs. For severity analysis, 
only target genes predicted by TargetScan and at least five 
different databases were selected for the following analyses. 
The genes targeted by at least two different miRNAs were 
selected for unsupervised enrichment analysis using the IPA 
software.

Statistical analysis

For the secondary analyses, the results were normalized 
using the DESeq2 method and the p values listed were 
returned by the Bioconductor software packages, such that 
p values less than 0.05, were considered significant. The 
results were expressed as fold-change (FC) and fold-regula-
tion (FR). FC is the normalized miRNA expression in each 
test sample divided by the normalized miRNA expression in 
the control sample. FR represents the FC results in a biologi-
cally meaningful way. FC values greater than one indicate 
upregulation, and FR is equal to FC. FC values less than 
one indicate downregulation, and FR is the negative inverse 
of the FC. FR ≥ 1.6, or FR ≤  − 1.6, were used as criteria to 
select differentially expressed miRNAs for the diagnosis of 
COVID-19. FR ≥ 2.0, or FR ≤  − 2.0, were used as criteria 
to select miRNAs differentially expressed for COVID-19 
severity.

For enrichment analysis (the most important canonical 
signaling pathways) of the predicted target genes, p values 
were calculated by Fisher’s exact test, and p values less than 
0.05 were considered significant.
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The Student’s t test (Microsoft Excel) was used to com-
pare the mean age of the groups and a p value less than 0.05 
was considered the cut-off for statistical significance.

Results

Characteristics of participants

Twelve participants were included in this study: patients with 
mild COVID-19 (mild, n = 4; moderate, n = 0; total, n = 4; 
sex: 2 male/2 female; mean age ± standard deviation [SD] 
61.8 ± 11.7 years), patients with severe/critical COVID-
19 [severe, n = 2; critical, n = 2; total, n = 4; sex: 2 male/2 
female (severe: 1 male/1 female; critical: 1 male/1 female); 
mean age ± SD: 64.0 ± 8.6 years], and controls (n = 4; sex: 2 
male/2 female; mean age ± SD: 62.8 ± 14.9 years). Sex and 
age were similar among the three groups (age comparison: 
controls vs. patients with COVID-19, p-value = 0.99; con-
trols vs. mild COVID-19, p-value = 0.92; controls vs. severe/
critical COVID-19, p value = 0.87; severe/critical vs. mild 
COVID-19, p value = 0.77). Table 1 shows the detailed char-
acteristics of the participants.

Regarding patients with severe/critical COVID-19, the 
average length of stay was 36 ± 27 days; all patients received 
amoxicillin + clavulanate (1 g IV t.i.d.) and azithromycin 
(500 mg PO q.d.), two patients also received oseltamivir 
(75 mg PO b.i.d.) as antimicrobial treatment, two patients 
used dexamethasone (6 mg q.d.) to treat inflammation, and 
all patients were treated with anticoagulants (enoxaparin 
40–60 mg/d SC or heparin 10,000–15,000 UI/d SC); they 
remained mechanically ventilated for 515 ± 346 h; two were 
pronated; and two patients died.

miRNAs as possible biomarkers of diagnosis 
for COVID‑19

Differential miRNA expression profiling

A total of 18 miRNAs were differentially expressed 
between patients with COVID-19 and the controls, of 
which 13 were significantly upregulated and five were 
significantly downregulated (Fig. 1 and Table 2). The 
expression of miR-6780b-3p, miR-6883-3p, miR-4769-5p, 
miR-6873-3p, miR-320b, miR-7111-3p, miR-4755-3p, 
miR-320c, miR-6511a-3p, miR-320d, miR-5187-3p, 

Table 1   Characteristics of 
patients with COVID-19 and 
controls (healthy volunteers)

COVID-19 coronavirus disease 2019, ID identification, SC patient with severe/critical COVID-19, M 
patients with mild COVID-19, HV healthy volunteers, NA information not available, y years

ID Gender Age (y) Race Comorbidities

Mild COVID-19
M1 Female 47 NA Systemic arterial hypertension

Diabetes
M2 Male 58 NA None
M3 Female 69 NA None
M4 Male 73 NA Systemic arterial hypertension
Severe/critical COVID-19
SC1 Female 55 Caucasian Systemic arterial hypertension

Diabetes
Congestive heart failure
Chronic kidney disease

SC2 Male 59 Non-caucasian None
SC3 Female 68 Caucasian Systemic arterial hypertension

Diabetes
Hypothyroidism
Obesity

SC4 Male 74 Non-caucasian Systemic arterial hypertension
Diabetes
Chronic kidney disease

Controls
HV1 Female 45 Caucasian None
HV2 Male 56 Caucasian None
HV3 Female 73 Caucasian Arrhythmia
HV4 Male 77 Caucasian Previous myocardial infarction and stroke
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miR-4508, and miR-4659a-5p was at least 1.6-fold higher 
in patients with COVID-19 than in controls. In addition, 
the expression of miR-4433b-5p, miR-16-2-3p, miR126-
3p, miR-150-5p, and miR-224-5p was reduced by more 
than 1.6-fold in patients with COVID-19 compared with 
that in controls (Table 2).

Additional analysis of only patients with mild COVID-
19 compared to controls and only patients with severe/
critical COVID-19 compared to controls were performed 
(Supplementary Table 2 and Supplementary Figs. 1 and 
2). Only eight miRNAs were differentially expressed in 
the three analyses (Table 2 and Supplementary Table 2): 
miR-4433b-5p (downregulated), miR-6780b-3p, miR-
6883-3p, miR-320b, miR-7111-3p, miR-4755-3p, miR-
320c, and miR-6511a-3p (upregulated). Figure 2 shows 
a comparison of the expression levels of these miRNAs 
between the groups.

Enrichment analysis

After the identification of the eight miRNAs cited above 
as possible diagnostic biomarkers, enrichment analysis was 
performed, and the top 50 canonical signaling pathways are 
shown in Fig. 3. Of the 50 most enriched signaling pathways, 
three appear to have an important role in modulating viral 
infections by miRNAs: Wnt/β-catenin signaling, phospho-
inositide 3-kinase/protein kinase B (PI3K/AKT) signaling, 
and the STAT3 pathway. A total of 242 genes were related 
to these pathways, and 64 of them were common to at least 
two of the above-mentioned pathways (data not shown). The 
matrix constructed for the analysis of miRNA-gene interac-
tions indicated that miR-320b and miR-320c interacted the 
most with the 242 selected genes, and their interactions are 
described in more databases.

miRNAs as possible biomarkers of severity 
of COVID‑19

Differential miRNA expression profiling

A total of 42 miRNAs were differentially expressed between 
severe/critical patients with COVID-19 and mild patients 
with COVID-19, all at least twofold lower in patients 
with severe/critical COVID-19 than in patients with mild 
COVID-19 (Fig. 4 and Table 3). miR-451a, miR-101-3p, 
miR-185-5p, miR-30d-5p, miR-25-3p, miR-342-3p, miR-
30e-5p, miR-150-5p, miR-15b-5p, and miR-29c-3p were 
the 10 most downregulated miRNAs (Table 3).

As cited above, an analysis of patients with severe/criti-
cal COVID-19 compared to controls was also performed 
(Supplementary Table 2 and Supplementary Figs. 1 and 2).

Patients with COVID-19 x controls
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Fig. 1   Differential miRNA expression between patients with COVID-
19 and controls (healthy volunteers). The abscissa presents the loga-
rithmic value, logFC, of multiple differences in miRNA expression 
between the two groups and the ordinate represents the negative pair 
value of the p-value of the change in miRNA expression. Each point 
in the figure represents a miRNA. miRNAs with significant differ-
ences are represented by green (downregulated) and red (upregulated) 
dots. miRNAs without significant differences are represented by black 
dots

Table 2   Differentially expressed miRNAs between patients with 
COVID-19 and controls (healthy volunteers) (FR ≥ 1.6 or FR ≤ −1.6)

FC fold change, FR fold regulation

miRNA FR FC p value

Upregulated
miR-6780b-3p 1.89 1.89  < 0.001
miR-6883-3p 1.81 1.81  < 0.001
miR-4769-5p 1.79 1.79  < 0.001
miR-6873-3p 1.79 1.79  < 0.001
miR-320b 1.78 1.78 0.001
miR-7111-3p 1.73 1.73 0.002
miR-4755-3p 1.72 1.72  < 0.001
miR-320c 1.69 1.69 0.003
miR-6511a-3p 1.68 1.68 0.003
miR-320d 1.67 1.67 0.002
miR-5187-3p 1.63 1.63  < 0.001
miR-4508 1.63 1.63 0.005
miR-4659a-5p 1.62 1.62  < 0.001
Downregulated
miR-4433b-5p − 2.15 0.46  < 0.001
miR-16-2-3p − 1.97 0.51  < 0.001
miR-126-3p − 1.77 0.56  < 0.001
miR-150-5p − 1.65 0.61 0.004
miR-224-5p − 1.61 0.62 0.001
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Enrichment analysis

After the identification of 10 miRNAs cited as possible bio-
markers of severity of COVID-19, enrichment analysis was 
performed, and the most important canonical signaling path-
ways are shown in Fig. 5. Three pathways, Wnt/β-catenin, 
NF-κβ, and STAT3 signaling, play an important role in viral 
infection and inflammatory response. A total of 159 genes 
were related to these pathways, and 34 of them were com-
mon to at least two of the above-mentioned pathways (data 
not shown). From the analysis of miRNA-gene interactions, 
miR-185-5p and miR-15b-5p are the ones that most inter-
act with the 159 selected genes, and their interactions are 
described in more databases.

Discussion

miRNAs that enable the identification of SARS-CoV-2 
infection may directly target the viral genome and pro-
teins associated with the entry of the virus into the cell 
(e.g., ACE2, ADAM17, TMPRSS2), as well as regulate the 
immune system [18]. Based on this, a study suggested some 
miRNAs that could be important for COVID-19 diagnosis, 
such as miR-15b-5p, miR-195-5p, miR-221-3p, and miR-
140-3p [18]. In our study, we identified eight important 
miRNAs as possible diagnostic biomarkers (miR-4433b-5p, 
miR-6780b-3p, miR-6883-3p, miR-320b, miR-7111-3p, 
miR-4755-3p, miR-320c, and miR-6511a-3p) that were not 

described in previously published articles on SARS-CoV-2 
infected cells and animals, and patients with COVID-19 
[15]. However, in a recent study, the most downregulated 
miRNA in our study, miR-4433b-5p, was differentially 
expressed between moderate and severe COVID-19 cases, 
suggesting that this miRNA might be a candidate for strati-
fying patients based on severity [19]. In our study, miR-
4433b-5p was downregulated in both mild and severe/criti-
cal cases compared to controls; however, miR-4433b-5p was 
not differentially expressed between severe/critical cases and 
mild cases. In another recently published study, the miR-320 
family, including miR-320b, was strongly downregulated in 
patients with COVID-19 induced severe respiratory failure 
compared to patients with COVID-19 induced moderate res-
piratory failure [20]. In our study, miR-320b was upregu-
lated in both mild and severe/critical cases compared to con-
trols; however, miR-320b was not differentially expressed 
between severe/critical cases and mild cases.

In addition, the expression of miR-16-2-3p was down-
regulated in patients with COVID-19 compared to con-
trols, contrary to the studies by Li et  al. in which the 
expression was upregulated [21, 22]. Moreover, miR-16-
2-3p was found to be positively regulated in cells infected 
with SARS-CoV-2 compared to samples of normal human 
lung tissue [23]. High levels of this miRNA may play a 
role in mediating SARS-COV-2 infection [14]. However, 
the differential expression of miR-16-2-3p in patients with 
COVID-19 does not appear to be specific, since it was 
found in the comparison between patients with recent or 
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only miRNA consistently downregulated. Boxplot features: minimum 
whisker, the smallest value within; minimum box, 25th percentile; 
center, median; maximum box, 75th percentile; maximum whisker, 
the largest value within. ***p ≤ 0.001; **p ≤ 0.01; *p ≤ 0.05
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complicated type 2 diabetes [24]. In addition, miR-16-2-3p 
expression was found to be upregulated in the plasma of 
patients with non-syndromic cleft lip [25] and downregu-
lated in resistant glucocorticoid patients with ulcerative 
colitis [26].

We also found that miR-126-3p was differentially 
expressed and downregulated in patients with COVID-19 
compared with that in controls, corroborating the findings 
of Sabbatinelli et al. [27] and Garg et al. [28]; however, these 
studies compared only patients with severe COVID-19 with 

Fig. 3   Enrichment analysis of the predicted target genes (top 50 canonical signaling pathways). Enrichment analysis performed by Ingenuity 
Pathway Analysis (IPA®, Qiagen bioinformatics). The dashed line represents − log (p value) = 1.3 or p value = 0.05 (Fisher’s exact test)
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healthy volunteers. Although we found miR-126-3p as a pos-
sible diagnostic biomarker in our study, miR-126-3p down-
regulation was associated with inflammation by regulating 
the NF-κβ inhibitor Iκ-Bα. Interestingly, miR-126-3p has 
also been associated with endothelial dysfunction, which can 
partially explain the vascular damage observed in the lungs 
of patients with COVID-19, associated with the presence of 
intracellular viruses and perivascular T-cell infiltrates [29], 
contributing to disease severity. Moreover, Mitchell et al. 
found miR-126-3p downregulated in severely ill COVID-19 
hospitalized patients on mechanical ventilators when com-
pared to mildly ill COVID-19 hospitalized patients [30].

In the comparison between patients with mild COVID-19 
and controls, we found that miR-99a-5p and miR-378a-3p 
were upregulated (Supplementary Table 2). In a study by 
Tang et al. miR-99a-5p was found to be downregulated in 
severe cases compared to healthy volunteers and in severe 
cases compared to moderate cases and was associated with 
the expression of the proinflammatory genes IGF1R and 
MTMR3, which induce weaker antiviral immunity [31]. In 
addition, the increase in miR-378a-3p expression attenuated 
hypoxia-induced lesions in cardiomyocytes by suppressing 
the NEAT1 lncRNA [32], although in a study by Chen et al. 
elevated levels of miR-378a-3p were associated with a poor 
prognosis for COVID-19 [33].

In our study, from the eight most important miRNAs for 
the diagnosis of COVID-19, a total of 242 target genes were 
found to be possibly related to the Wnt/β-catenin signaling, 
PI3K/AKT signaling, and STAT3 pathways, which accord-
ing to Barbu et al. are well known to be involved in viral 

Patients with severe/critical COVID-19 x patients with mild COVID-19
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Fig. 4   Differential miRNA expression between patients with severe/
critical and those with mild COVID-19. The abscissa presents the 
logarithmic value, logFC, of the multiple differences in miRNA 
expression between the two groups, and the ordinate presents the 
negative pair value of the p value of the change in miRNA expres-
sion. Each point in the figure represents a miRNA. Downregulated 
miRNAs with significant differences are represented by green dots. 
miRNAs without significant differences are represented by black dots. 
No miRNA is upregulated

Table 3   Differentially expressed miRNAs between patients with 
severe/critical COVID-19 and in those with mild COVID-19 
(FR ≥ 2.0 or FR ≤ −2.0)

FC fold change, FR fold regulation

miRNA FR FC p value

Upregulated
None
Downregulated
miR-451a − 5.79 0.17  < 0.001
miR-101-3p − 4.15 0.24  < 0.001
miR-185-5p − 3.74 0.27  < 0.001
miR-30d-5p − 3.58 0.28  < 0.001
miR-25-3p − 3.56 0.28  < 0.001
miR-342-3p − 3.55 0.28  < 0.001
miR-30e-5p − 3.49 0.29  < 0.001
miR-150-5p − 3.47 0.29  < 0.001
miR-15b-5p − 3.4 0.29  < 0.001
miR-29c-3p − 3.26 0.31  < 0.001
miR-10b-5p − 3.18 0.31  < 0.001
miR-16-2-3p − 3.17 0.32  < 0.001
miR-186-5p − 3.11 0.32  < 0.001
miR-16-5p − 3.05 0.33  < 0.001
miR-425-5p − 2.97 0.34  < 0.001
miR-187-3p − 2.76 0.36  < 0.001
miR-125a-5p − 2.66 0.38  < 0.001
miR-106b-3p − 2.62 0.38  < 0.001
miR-22-3p − 2.55 0.39  < 0.001
miR-144-5p − 2.48 0.4  < 0.001
miR-151a-3p − 2.44 0.41 0.001
miR-30a-5p − 2.43 0.41  < 0.001
miR-92a-3p − 2.43 0.41 0.002
miR-15a-5p − 2.38 0.42  < 0.001
miR-195-5p − 2.36 0.42 0.002
miR-4508 − 2.35 0.43  < 0.001
miR-194-5p − 2.26 0.44  < 0.001
miR-140-3p − 2.25 0.45 0.003
miR-142-5p − 2.24 0.45 0.004
miR-99a-5p − 2.24 0.45  < 0.001
miR-363-3p − 2.23 0.45  < 0.001
let-7g-5p − 2.18 0.46 0.005
miR-20a-5p − 2.14 0.47 0.002
miR-144-3p − 2.13 0.47  < 0.001
miR-10a-5p − 2.12 0.47 0.001
miR-378a-3p − 2.12 0.47 0.005
let-7f-5p − 2.1 0.48 0.008
miR-660-5p − 2.08 0.48 0.007
miR-3135b − 2.07 0.48 0.002
miR-96-5p − 2.07 0.48 0.002
miR-125b-5p − 2.05 0.49  < 0.001
let-7i-5p − 2.04 0.49 0.008
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infection. Wnt represents a group of highly preserved path-
ways in vertebrates through which extracellular signals are 
transported into the cell. In addition, there appears to be a 
relationship between the Wnt pathway and innate immune 
response in the host. However, there are theories that type I 
interferon (IFN) signaling can be increased while inhibiting 
the Wnt pathway [34]. STAT3 is a member of the STAT pro-
tein family that controls the expression of genes regulating 

different biological processes, such as immune responses, 
inflammation, and apoptosis. STAT3 protein is present 
in the cytoplasm in an inactive form and is activated by 
numerous types of cytokines, especially interleukin-6 (IL-
6), which is a predictive marker of severity in COVID-19. 
Furthermore, STAT3 may have multiple roles during SARS-
CoV-2 infection, including induction of pro-inflammatory 
responses, promotion of a cytokine storm, impairment of 

Fig. 5   Enrichment analysis of the predicted target genes (most important canonical signaling pathways). Enrichment analysis performed by Inge-
nuity Pathway Analysis (IPA®, Qiagen bioinformatics). The dashed line represents − log (p value) = 1.3 or p value = 0.05 (Fisher’s exact test)
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antiviral immune responses, alteration of virus replication, 
and exacerbation of lymphopenia [35]. Finally, with regard 
to the PI3K/AKT signaling pathway, it has an important role 
in viral replication, and its activation has been reported in 
many viruses, such as hepatitis B and C and human immu-
nodeficiency. In addition, Shwetha et al. demonstrated that 
the upregulation of miR-320c during hepatitis C virus infec-
tion targets P13K/AKT signaling, which increases cell sur-
vival and corroborates the results found in our study [34, 
36]. Therefore, these signaling pathways may be dysregu-
lated in patients with COVID-19, thus contributing to its 
pathogenesis.

miRNAs as biomarkers of COVID-19 severity may be 
associated with the host immune response and inflammation 
and may serve as therapeutic targets [31]. Our study showed 
that miR-451a, miR-101-3p, miR-185-5p, miR-30d-5p, miR-
25-3p, miR-342-3p, miR-30e-5p, miR-150-5p, miR-15b-5p, 
and miR-29c-3p were the ten most important downregulated 
miRNAs as possible biomarkers of disease severity. Among 
these miRNAs, miR-451a and miR-150-5p were found to 
be downregulated in plasma of patients with COVID-19 
admitted in intensive care unit compared to those admitted 
to the ward in the study by Gonzalo-Calvo et al. and receiver 
operating characteristic (ROC) curve analysis showed that 
miR-451a was able to discriminate the COVID-19 severity 
with high accuracy [37]. Moreover, miR-15b-5p was found 
to be differentially expressed in two previous studies [18, 
31]. According to Kim et al. miR-15b-5p directly binds to 
the viral genome, and in their study, it was also found to be 
downregulated during SARS-CoV-2 infection, which may 
allow the virus to escape the host immune defense by inhib-
iting apoptosis and promoting the proliferation of infected 
cells [18]. However, according to Tang et al. its upregula-
tion can accelerate viral replication, mediate virus-induced 
changes in the cell transcriptome, and intensify the severity 
of COVID-19 [31]. miR-15b-5p was also predicted by three 
independent studies included in the systematic review pub-
lished by Marchi et al. indicating that this miRNA can act 
by regulating host and SARS-CoV-2 genes [14].

The type I IFN signaling pathway is involved in viral 
infections [34]. Recent studies have shown that IFN is cru-
cial for the severity of COVID-19, and its deficiency can 
lead to severe disease [38, 39]. However, the type I IFN path-
way appears not to be significantly enriched in the ten down-
regulated miRNAs in severe/critical COVID-19 patients. On 
the other hand, our study showed that these downregulated 
miRNAs appear to be involved in the Wnt/β-catenin signal-
ing pathway, an immune regulation pathway that may be 
hyperactivated. Once type I IFN signaling can be increased 
while inhibiting the Wnt pathway [34], it is possible that the 
hyperactivated Wnt signaling pathway is related to decreased 
type I IFN signaling pathway. Moreover, NF-κβ and STAT3 
signaling pathways appear to be significantly enriched, and 

they are also known to be involved in viral infection [34]. 
It is known that the severity of COVID-19 is dependent on 
a cytokine storm, most likely induced by the IL-6 ampli-
fier, which is a hyperactivation machinery that regulates the 
NF-κB pathway and is stimulated by the simultaneous acti-
vation of STAT3 and NF-κB signaling in non-immune cells, 
including alveolar epithelial cells and endothelial cells [40]. 
Therefore, the hyperactivation of these two signaling path-
ways plays a key role in the inflammation of non-immune 
cells and may cause fatal symptoms such as acute respira-
tory distress syndrome (ARDS), severe pneumonia, multio-
rgan failure, and coagulation [40]. The signaling pathways 
found may be possible therapeutic targets for the treatment 
of patients with severe or critical COVID-19.

Additional downregulated miRNAs identified in this 
study have been related to the disease severity, including 
miR-195-5p, miR-140-5p, miR-144-3p, miR-125a-5p, miR-
30a-5p, let-7f-5p, let-7 g-5p, and let-7i-5p (Table 3; severe/
critical compared to mild COVID-19), and miR-195-5p, 
miR-144-3p, miR-125a-5p, miR-30a-5p, miR-21-5p, let-
7a-5p, let-7d-5p, and let-7f-5p (Supplementary Table 2; 
severe/critical COVID-19 compared to control). Accord-
ing to Kim et al. miR-195-5p directly binds to the viral 
genome, but unlike our results, this miRNA was upregulated 
in SARS-CoV-2 infection and appears to be related to the 
promotion of apoptosis by inducing cell cycle arrest and 
the prevention of excessive proliferation of infected cells 
[18]. Moreover, miR-140-3p and miR-144-3p were found 
to be downregulated in the studies by Kim et al. and Li et al. 
respectively, as well as in our work [18, 21, 22]; however, 
Li et al. [21, 22] studied miRNAs as diagnostic biomark-
ers (patients with mild or moderate COVID-19 compared 
to healthy volunteers). It is known that miR-140-3p tar-
gets TMPRSS2, and its downregulation can contribute to 
viral infection by inhibiting apoptosis and promoting cell 
proliferation [18]. The pathophysiological implication of 
miR-144-3p dysregulation has not been reported by Li et al. 
[21, 22]. In contrast, Guo et al. showed that this miRNA is 
upregulated in the lung tissues of mice infected with the 
H7N9/AH1-PB2-627E/701 N strain of the influenza virus 
[41]. Furthermore, downregulation of miR-125a-5p and 
miR-30 may favor entry of the virus into the cell. miR-
125a-5p was predicted to directly target ACE2 mRNA or 
associated ACE2 pathways, while miR-30a was found to 
be negatively correlated with the TMPRSS2 protein [14]. 
According to Tang et al. and corroborating our results and 
those of Sabatinelli et al. the downregulation of miR-21-5p 
is associated with inflammation [27, 31], while its upregu-
lation appears to be associated with cardiac fibrosis [28]. 
Finally, the altered expression of members of the let-7 family 
found in our work supports the findings of Chen et al. and 
Zheng et al. revealing the importance of this family in the 
activation of T cells and during the inflammatory response 
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[33, 42]. Indeed, let-7 miRNAs play a key role in the activa-
tion of the immune system and the inflammatory response by 
targeting the IL-6 gene and reducing its expression [43, 44].

This study has some limitations: (a) the blood samples 
were collected at different times after the onset of COVID-
19 symptoms, i.e., different periods of infection between 
patients; (b) we did not include non-COVID-19 patients with 
respiratory viral infection as positive controls (e.g., patients 
infected with influenza virus) to validate the specificity of 
these miRNAs as biomarkers of COVID-19; (c) we also did 
not include asymptomatic SARS-CoV-2 infected patients, 
and thus, it is not known if the differential expression of 
these miRNAs would be useful for diagnosing these patients; 
(d) we do not know which strains of SARS-CoV-2 infected 
the patients studied; (e) although we matched age and gender 
between healthy volunteers and patients with COVID-19, 
race and comorbidities, such as type 2 diabetes, obesity and 
coronary artery diseases, that are known to alter the expres-
sion of miRNAs could not be precisely combined in our 
study; and (f) a small number of participants were included 
in the present study; however, the next step of our research is 
to validate the main miRNAs herein identified by quantita-
tive RT-PCR (preferred method for the identification of miR-
NAs) in a larger cohort. Our results can also guide future 
studies to be conducted by other research groups, which can 
be performed in patients of other ethnicities.

Conclusion

In conclusion, the differentially expressed miRNAs identi-
fied in this study might be used as possible biomarkers for 
the diagnosis and severity of COVID-19 after being vali-
dated by quantitative RT-PCR and in a larger number of 
participants. Moreover, these miRNAs and signaling path-
ways may be possible targets for developing therapeutics for 
treating COVID-19.
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