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1  |  INTRODUC TION

Coronaviruses are a large family of viruses known to cause diseases 
ranging from common cold to more serious diseases such as Middle 
East Respiratory Syndrome (MERS) and Severe Acute Respiratory 

Syndrome (SARS).1 Among them, SARS- CoV- 2 is the novel corona-
virus responsible for worldwide COVID- 19.2 The clinical features 
of COVID- 19 are different, ranging from asymptomatic state or 
mild sub- clinical symptoms to acute respiratory distress syndrome 
(ARSD) and to multi- organ dysfunction according to the age, gender, 
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Abstract
Severe Acute Respiratory Syndrome Coronavirus- 2 (SARS- CoV- 2) is the novel corona-
virus responsible for worldwide coronavirus disease (COVID- 19). We previously ob-
served that Angiotensin- converting enzyme 2 (ACE2) and Dipeptidyl peptidase- 4 (DPP4) 
are significantly overexpressed in naso- oropharyngeal swabs (NPS) of COVID- 19 pa-
tients, suggesting their putative functional role in the disease progression. ACE2 and 
DPP4 overexpression in COVID- 19 patients may be associated to epigenetic mecha-
nism, such as miRNA differential expression. We investigated if hsa- let7b- 5p, reported 
to target both ACE2 and DPP4 transcripts, could be involved in the regulation of these 
genes. We verified that the inhibition and overexpression of hsa- let7b- 5p matched to 
a modulation of both ACE2 and DPP4 levels. Then, we observed a statistically signifi-
cant downregulation (FC = −1.5; p < 0.05) of hsa- let7b- 5p in the same COVID- 19 and 
control samples of our previous study. This is the first study that shows hsa- let7b- 5p 
low expression in naso- oropharyngeal swabs of COVID- 19 patients and demonstrates 
a functional role of this miR in regulating ACE2 and DPP4 levels. These data suggest 
the involvement of hsa- let7b- 5p in the regulation of genes necessary for SARS- CoV- 2 
infections and its putative role as a therapeutic target for COVID- 19.

K E Y W O R D S
ACE2, COVID- 19, DPP4, hsa- let7b- 5p, miRNAs, SARS- CoV- 2

www.wileyonlinelibrary.com/journal/jcmm
mailto:
https://orcid.org/0000-0003-0859-4328
http://creativecommons.org/licenses/by/4.0/
mailto:borgiani@med.uniroma2.it


    |  4941Latini et aL.

and underlying patient health conditions.3 In addition, the clinical 
expression of COVID- 19 may also depend on the inter- individual ge-
netic variability that can make subjects more or less susceptible to 
the onset and progression of viral infection and therapy response.4– 8

SARS- CoV- 2 is a single- stranded RNA (ssRNA) virus; following 
virus attachment and entry into host cells, the viral particle is un-
coated and its positive- sense ssRNA genome is released into citosol, 
where it serves as a matrix for the host translation machinery to pro-
duce viral proteins.9 This replication cycle potentially exposes viral 
RNA to an antiviral cellular defence arranged by the host's endoge-
nous microRNAs (miRNAs). These miRNAs could directly degrade 
viral RNA and/or prevent viral protein translation, such as has been 
reported for the influenza virus.10 On the other end, to facilitate 
their infection, some viruses have developed strategies to exploit 
host miRNAs that regulate immunology tolerance.11,12 Recently, an 
in silico approach identified potential host miRNAs that target genes 
involved in immune signalling pathways activated by SARS- CoV- 2 
infection.13– 15 All these data suggest an important functional role of 
miRNAs in contrasting and/or taking part to viral infections.

Although miRNAs constitute only 3% of the human genome, they 
regulate approximately 60%– 70% of coding genes, and alterations of 
their different expression levels are implicated in the development of 
several diseases, including viral diseases.16 Moreover, genes coding 
for miRNAs, as other genes, show genetic inter- individual variabil-
ity, and different studies have shown that genetic variants in miRNA 
genes can influence, in some cases, their expression, maturation, and 
even affinity with their target genes.17 Therefore, a possible variable 
that might be considered to influence the high clinical variability of 
COVID- 19 could also be the presence of these genetic variants, such 
as SNPs (single- nucleotide polymorphisms) in microRNA target sites 
(MTSs) or miRNA sequences.18

In the last 2 years, several studies have investigated the poten-
tial function of microRNAs as biomarkers or therapeutic targets in 
COVID- 19, focusing primarily on circulating miRNA alterations.19 
Although differences of miRNA expression profiles have been ob-
served between infected and uninfected subjects,20 at present, little 
is known about possible miRNA expression changes in human naso-
pharyngeal tissue following SARS- CoV- 2 infection.

Our previous paper described the significant upregulation of 
Angiotensin- converting enzyme 2 (ACE2) and Dipeptidyl peptidase- 4 
(DPP4) genes in naso- oropharyngeal swabs (NPS) of COVID- 19 pa-
tients, thus suggesting that these receptors may play an important 
and complementary role in virus entry and in the onset and progres-
sion of disease.21 It has been widely reported that ACE2, highly ex-
pressed in the lungs and in particular in alveolar type II (AT2) cells, is 
the host receptor for SARS- CoV- 2.22– 24 ACE2 is a type I integral mem-
brane protein, involved in the regulation of the renin– angiotensin 
system and blood pressure, by the conversion of angiotensin II to 
the vasodilator Ang- (1– 7). ACE2 is also involved in the regulation of 
several signalling pathways, including integrin signalling.25 However, 
DPP4/CD26 has been reported as a co- receptor of ACE2; in fact, 
SARS- CoV- 2, such as MERS- CoV, interacts with the identical resi-
dues of DPP4, in particular K267, R336, R317, and Q344.26,27 DPP4 

is a type II transmembrane glycoprotein, with serine exopeptidase 
activity, expressed in alveolar epithelial cells, endothelial cells, and 
in bronchiolar epithelial cells and involved in various biological pro-
cesses as inflammation with post- translational cleavage of hormones 
and chemokines, T- cell activation, cell adhesion, and apoptosis.27 
Moreover, DPP4 had different roles in nutrition, metabolism and im-
mune and endocrine systems.28

Literature data described several putative miRNAs targeting and 
regulating ACE2 and DPP4 genes.29– 33

Among these, hsa- let7b- 5p is a miRNA that potentially could tar-
get both ACE2 and DPP4 genes. Indeed, Zhang et al. have shown 
that hsa- let7b- 5p promotes the development of hypoxic pulmonary 
hypertension by targeting ACE2.30 In addition, Srivastava et al. show 
that members of hsa- let7 family, including hsa- let7b- 5p, negatively 
regulate DPP4 gene.31

Hsa- let7b- 5p, one of the most studied members of hsa- let7 
miRNA family, has been extensively investigated in several dis-
eases, such as cancer, cardiovascular diseases,34 and type 2 diabe-
tes mellitus,35 and it is involved in inflammatory processes.34,36,37 
Noteworthily, hsa- let7b- 5p potentially could target SARS- CoV- 2 in 
human bronchial epithelial cells according to a bioinformatics predic-
tion.38 Moreover, hsa- let7b- 5p also emerged among host miRNAs, 
identified by in silico analysis, that target genes involved in immune 
response pathways to SARS- CoV- 2.39

ACE2 and DPP4 overexpression, observed in NPS of severe 
COVID- 19 patients,21 may also be linked to the regulatory effect 
of hsa- let7b- 5p. The aim of this study is to investigate the putative 
modulation of ACE2 and DPP4 expression by hsa- let7b- 5p and anal-
yse its expression level in NPS of COVID- 19 patients.

2  |  MATERIAL S AND METHODS

2.1  |  In silico prediction analysis

We performed an in silico analyses using the MiRWalk database 
(http://mirwa lk.umm.uni- heide lberg.de/) to identify the puta-
tive binding sites of hsa- let7b- 5p on DPP4 and ACE2 transcripts. 
The MiRWalk database provides the largest available collection of 
miRNA– target interactions obtained from 12 established predic-
tion programs. This database stores predicted data obtained with 
a machine- learning algorithm including experimentally verified 
miRNA– target interactions.

2.2  |  Cell culture and miRNA 
overexpression and inhibition

HeLa cell line (ATCC) was cultured in complete medium DMEM 
supplemented with 10% Fetal Bovine Serum (FBS), 1X L- glutamine 
at 37°C and 5% CO2. The cells were seeded at a 250,000 cell/well 
density and grown in complete culture medium. To overexpress and 
to inhibit the microRNA has- let7b- 5p, HeLa cells were transiently 

http://mirwalk.umm.uni-heidelberg.de/
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transfected with mirVana® miRNA mimic and inhibitor, respec-
tively (Thermofisher Scentistic). For both transfections, we used 
a final concentration of 45 pmol of mimic and inhibitor and 5 μl of 
Lipofectamine™ RNAiMAX Transfection Reagent (Invitrogen) fol-
lowing the manufacturer's instructions. Cells were harvested 24, 
48 and 72 h after transfection and suspended in 500 μl of TRIzol 
(Ambion) until RNA extraction.

2.3  |  Expression study on transfected HeLa cells

Total RNA of transfected HeLa cells was extracted using TRIzol 
reagent (Ambion) according to the manufacturer’s instructions. 
One μg of total RNA was retrotranscribed in cDNA using the High 
Capacity cDNA Reverse Transcription Kit (Thermofisher Scientific) 
according to the manufacturer’s instructions. To evaluate the ex-
pression level of ACE2 and DPP4, a qRT- PCR (SYBR Green assay 
Applied Biosystems™) assay was performed, using Real- Time PCR 
7500 Software (Applied Biosystems™). Primers, qRT- PCr conditions, 
and data analysis have been performed as described in our previ-
ous paper.21 GADPH has been selected as the housekeeping gene for 
data normalization in HeLa cells.

For the hsa- let7b- 5p expression analysis, 500 ng of total 
RNA was retrotranscribed into cDNA using the miScript II RT kit 
(QIAGEN). To evaluate the hsa- let7b- 5p expression level, ABI7500 
Fast Real- time PCR System (Applied Biosystems™ Themofisher 
Scientific), miScript SYBR Green PCR kit (QIAGEN), and miRNA- 
specific miScript Primer Assays (hsa- let7b- 5p, MS00003122) were 
performed. SNORD95 (MS00033726) was used for data normaliza-
tion since it was referenced as housekeeping by different expression 
studies40– 42; additionally, we did not observe any significant differ-
ences in its expression among our samples. The qRT- PCR expression 
analyses were performed in duplicate. Data analysis was performed 
using the comparative threshold cycle (Ct) method quantification (2- 

ΔCt method) (https://www.proto cols.io/view/compa rativ e- ct- metho 
d- quant ifica tion- 2- ct- metho d- zp7f5rn).

2.4  |  Patients' recruitment

Sixty naso- oropharyngeal swabs, derived from a cohort of 
COVID- 19 patients and SARS- CoV- 2 negative subjects enrolled 
from 20th March to 20th April 2020, during the first severe pan-
demic wave in Italy, were collected to analyse miRNA expres-
sion. A venous blood sample (2 ml BD Vacutainer® EDTA Tubes) 
of all 60 subjects was also collected during their transition to the 
Tor Vergata University Hospital's, to sequence the LET7b gene. 
Available clinical data and SARS- CoV- 2 host gene expression lev-
els were extrapolated from previous analysis as already described 
in our previous paper.21

This study was approved by the ethical committee of Tor Vergata 
University Hospital -  Rome, Italy (protocol no. 50/20), and all patients 

received and signed a written informed consent, in agreement with 
the principles of the Declaration of Helsinki.

2.5  |  Diagnostic test of SARS- CoV- 2

To detect the qualitative presence of SARS- CoV- 2 viral nucleic acids 
in naso- oropharyngeal swabs, we used Allplex™ 2019- nCoV Assay 
(Seegene Inc.) (http://www.seege ne.com/uploa d/produ ct/Allpl 
ex_2019_nCoV_perfo rmance_data.pdf).21 A multiplex qRT- PCR re-
action targeting SARS- CoV- 2 envelope (E) Nucleoprotein (N), and 
RNA- directed RNA polymerase 1 (RdRP1) genes was used to diag-
nose acute viral infection by presence of viral RNA. Participants were 
diagnosed as COVID- 19- positive with a comparative threshold cycle 
(Ct) value <40.

2.6  |  Hsa- let7b- 5p expression study in naso- 
oropharyngeal swabs

The residual swabs, obtained after viral RNA detection, contain both 
human RNA and microRNAs. RNA in residual swabs was evaluated 
by NanoDrop DS- 11 (DeNovix), and to isolate miRNA fraction, 50 ng 
of total RNA was retrotranscribed into cDNA using the miScript II RT 
kit (QIAGEN). The qRT- PCR expression analyses were performed as 
described in paragraphs 2.3.

2.7  |  Genomic analysis

Genomic DNA of all 60 participants was extracted from 2 ml of periph-
eral blood samples using standard procedures and the Qiagen blood 
DNA mini- Kit (Qiagen). LET7B gene was amplified by PCR and analysed 
by direct sequencing with ABI 3130xl Automated Sequencer (Applied 
Biosystems™). The amplified region included the pre- miR region, 
which comprises both hsa- let7b- 5p and hsa- let7b- 3p strands, plus 
200 bp upstream and downstream of the flanking sequence. Primers 
sequences are the following: 5′- AGCCAGGGACTTCCCAAGA- 3′ and 
5′- AGTCTCATGACCTGGAACAG- 3′.

2.8  |  Statistical analysis

Statistical analyses of expression data were performed using 
GraphPad Prism 6.0 (GraphPad Software) and SPSS program, ver-
sion 19 (IBM Corp). The Kolmogorov– Smirnov test was used to 
analyse the distribution of expression data from qRT- PCR assays. 
The Mann– Whitney test, Kruskal- Wallis test and anova test were 
used for data analysis as appropriate. Non- parametric distribu-
tion, expression data, and clinical data are represented as mean 
and standard deviation (SD). For all analysis, significance was set 
at p ≤ 0.05.

https://www.protocols.io/view/comparative-ct-method-quantification-2-ct-method-zp7f5rn
https://www.protocols.io/view/comparative-ct-method-quantification-2-ct-method-zp7f5rn
http://www.seegene.com/upload/product/Allplex_2019_nCoV_performance_data.pdf
http://www.seegene.com/upload/product/Allplex_2019_nCoV_performance_data.pdf
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3  |  RESULTS

3.1  |  In silico prediction analysis results

In order to confirm the interaction between hsa- let7b- 5p and its 
two putative target genes, we first performed in silico analyses. 
The bioinformatic analysis through the prediction tool MiRWalk 
highlighted putative target sites of hsa- let7b- 5p onto DPP4 and 
ACE2 transcripts. In particular, for the ACE2 gene, we observed 
five putative binding sites (High Score = 1) in the two main tran-
scripts (NM_021804 and NM_001371415), while for the DPP4 
gene, we found one putative binding site (Score = 0.85) (Table S1). 
All these putative binding sites are located on the coding region of 
ACE2 and DPP4 genes.

3.2  |  ACE2 and DPP4 modulation by hsa- let7b- 5p 
mimic/inhibitor

To evaluate the regulatory effect of hsa- let7b- 5p on the two pu-
tative gene targets, we performed in vitro functional assays. Hsa- 
let7b- 5p mimics and inhibitors were used to functionally investigate 
the role of this miR on ACE2 and DPP4 expression levels.

As expected, in HeLa cells treated with the hsa- let7b- 5p inhib-
itor, we observed a progressive increase in ACE2 and DPP4 mRNA 
levels compared to untreated cells (Figure 1). These changes of 
expression levels reached statistical significance after 48 h of 
treatment for both genes. In particular, hsa- let7b- 5p inhibition in-
duces a 6- fold and 11- fold increase in ACE2 and DPP4 expression, 
respectively. Accordingly, overexpression of hsa- let7b- 5p in HeLa 
cells causes a significant decrease of ACE2 mRNA levels compared 
to untreated cells, both at 48 and at 72 h after treatment. DPP4 
mRNA levels are significant decreased at all time points after 
treatment (Figure 2).

3.3  |  Sample collection

The 60 naso- pharyngeal swabs (NPS) studied were collected at Tor 
Vergata University Hospital -  Rome, during the first lockdown period 
in Italy (20rd March– 20th April 2020). Thirty- five NPS derived from 
patients who showed symptoms (dry cough, fever, and dyspnea) ref-
erable to COVID- 19 and then resulted positive to the SARS- CoV- 2 
molecular test (COVID- 19 patients); the others NPS (n = 25) were 
from subjects who had contact with SARS- CoV- 2 positive patients 
but resulted negative to the test and showed no clinical symptoms 
of COVID- 19 (Negative subjects). All COVID- 19 patients (n = 35) 
were hospitalized at Tor Vergata University Hospital. Available clini-
cal data of the COVID- 19 patients are summarized and reported in 
Table S2 and in reference 21. The positive patients and negative sub-
jects (controls) were matched for sex and age.

Most of the enrolled COVID- 19 patients were male (M = 26/35; 
75%). Age ranged between 20 and 92 years (mean age ± SD = 62 ± 16; 

Men mean age ± SD = 59 ± 16; Female mean age ± SD = 66 ± 17). Age 
in SARS- CoV- 2 negative group (n = 25, control group) ranged from 
27 and 84 years old (mean age ± SD = 58 ± 16): nineteen out of 25 
were men (76%; mean age ± SD = 58 ± 16), and six out of 25 were 
women (24%; mean age ± SD = 59 ± 21).

3.4  |  Hsa- let7b- 5p expression level in SARS- CoV- 2 
positive and negative naso- oropharyngeal swabs

We analysed the expression level of hsa- let7b- 5p miRNA in the 60 
naso- oropharyngeal residual swabs described above and previously 
investigated for ACE2 and DPP4 expression.21 In this study, we de-
tected an overexpression of ACE2 and DPP4 genes in the 35 severe 
COVID- 19 patients. Hsa- let7b- 5p displayed a significant differential 
expression in NPS (p- value<0.05) (Figure 3); in fact, hsa- let7b- 5p 
resulted in downregulation in COVID- 19 patients compared to nega-
tive subjects. The decrease of hsa- let7b- 5p expression levels in NPS 
of COVID- 19 patients is in line with the overexpression of ACE2 and 
DPP4 genes (ACE2 FC = +1.88, p ≤ 0.05; DPP4 FC = +3, p < 0.01) in 
the same patient samples, observed in our previous paper.21

3.5  |  Genomic analysis

In order to verify if the presence of genetic variants might associ-
ate with different hsa- let7b- 5p expression levels, we sequenced the 
LET7B gene in all 60 enrolled subjects. After direct sequencing of 
pre- miR region plus 200 bp upstream and downstream, we identified 
only one single- nucleotide polymorphism (SNP) in the LET7B gene: 
rs143676966 (G > C). We did not observe significant difference in 
the variant allele frequency of this polymorphism between positive 
(2.2%) and negative (5.5%) patients. Moreover, the observed fre-
quencies are similar to the frequency reported in the GnomAD da-
tabase for non- Finnish Europeans (2.2%). No statistically significant 
association was observed between the rs143676966 polymorphism 
and the expression level of hsa- let7b- 5p.

3.6  |  Correlation analysis

We analysed, by Pearson correlation test, the relationship among 
the expression profile of the hsa- let7b- 5p and ACE2 and DPP4 tran-
scripts, respectively in COVID- 19 patients (n = 35) and negative 
subjects (n = 25). We observed a negative correlation between hsa- 
let7b- 5p and ACE2 and DPP4 expression level (Pearson r = −0.215 
and −0.200, respectively), although it does not reach statistical 
significance. Moreover, we verified whether the expression levels 
of hsa- let7- 5p was correlated with any inflammatory markers, such 
as IL- 6, TNF- α, fibrinogen, and D- dimer and with specific diseases 
symptoms, such as fever, dry cough, dyspnea, and gastrointestinal 
disorders. No correlation was found among the hsa- let7b- 5p expres-
sion data and the clinical data of COVID- 19 patients.
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4  |  DISCUSSION AND CONCLUSION

The pandemic coronavirus disease 2019, due to SARS- CoV- 2 in-
fection, has shown several differences in clinical manifestations 
and complications, suggesting variability in the disease onset and 
progression.44,45 Age and chronic medical conditions are the most 
common COVID- 19 adverse prognostic factors; however, genetic 
variants in human genome can cause inter- individual variation in 
disease susceptibility and/or severity of clinical features in COVID- 
19.4,5,43– 46 A better knowledge of the host regulatory mechanisms 
opposing to SARS- CoV- 2 virus infection and virulence can provide 
actionable insights to identify novel therapeutics against COVID- 19.

It is well known that miRNA expression profiles are cell- type- 
specific and can be affected, for example, by cellular stress re-
sponses such as endoplasmic reticulum stress and the downstream 
activation of stress responses.47,48 Thus, the individual and epi-
genetic differences in the miRNA profiles during an infection in 
different cell types, such as naso- oropharyngeal cells, could affect 
the effectiveness of the antiviral responses and disease severity.38 
Viruses tend to increase their gene expression downregulating the 
host gene expression both at transcriptional and post- transcriptional 
level.49 By this perspective, miRNAs are important master regula-
tors controlling gene expression at the post- transcriptional levels. 

Noteworthily, the expression level of miRNAs is generally altered 
in normal versus diseased conditions. Several studies performed in 
the peripheral blood of patients with COVID- 19 compared with the 
healthy controls have observed differences in miRNA profiles, and 
cluster analysis has revealed that many of the differentially expressed 
miRNAs target genes as peptidases, protein kinases, and protein of 
the ubiquitin system.49,50 Moreover, computational predictions of 
direct interactions between miRNAs and human coronavirus RNAs 
and bioinformatic analysis of binding sites have identified several 
host miRNAs with high binding probability to this virus family.39,51 
All these data bolster the innovative therapeutic approach that uses 
synthetic miRNAs (or alternatively siRNAs) to target and suppress 
specific translation of proteins critical for SARS- CoV- 2 production 
and/or infection.52 For example, recent studies have tested exo-
somes, inorganic nanoparticles, and lipid moieties containing a mix 
of miRNAs that bind different regions on SARS- CoV- 2 open- reading 
frame (ORF) and 3’UTRs.53,54

Since ACE2 appears to be the primary receptor for SARS- CoV- 2, 
several strategies have already been tested to target it, for exam-
ple, antibodies against ACE2 or pseudoligands to dominate the 
binding site for SARS- CoV- 2.55 Moreover, in a recent study, a syn-
thetic peptide homologous to the DPP4 receptor has been tested on 
three- dimensional complex lung organoid structures derived from 

F I G U R E  1  Effect of hsa- let7b- 5p 
inhibition on ACE2 and DPP4 mRNA 
levels in HeLa cell line. Expression level 
of hsa- let7b- 5p, ACE2, and DPP4 at three 
different time point (24, 48 and 72 h) after 
let7b- 5p inhibitor treatment. anova test 
was used for data analysis. Expression 
data (2- ΔCt) are represented as mean with 
SD. *p- value < 0.05, **p- value < 0.01, ***p- 
value < 0.001
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human- induced pluripotent stem cells as immunotherapeutic candi-
dates for COVID- 19 treatment.56

The aim of our pilot- study is to verify if the deregulated expres-
sion of ACE2 and DPP4 genes, previously identified in COVID- 19 pa-
tients, can also be due to epigenetic mechanisms such as differential 
miRNA expression. Literature data described putative miRNAs that 
could target and regulate ACE2 and DPP4 genes.29– 33 In particular, 
we investigated hsa- let7b- 5p expression levels, which seems to tar-
get both the genes.30,31

Our in silico analysis predicts the putative interaction of hsa- 
let7b- 5p with both ACE2 and DPP4 mRNA. This analysis indicated 
DPP4 and ACE2 among hsa- let7b- 5p putative target genes; in 
fact, both transcripts contained binding sites for hsa- let7b- 5p 
(Table S1).

In vitro overexpression or inhibition of hsa- let7b- 5p in an epi-
thelial cell line (HeLa) showed a progressive increase in ACE2 and 
DPP4 mRNA levels after treatment with let7b- 5p inhibitor (Figure 1) 
and a significant decrease of transcripts levels after let7b- 5p mimic 
treatment (Figure 2).

Based on these data, we analysed the expression level of 
hsa- let7b- 5p in naso- oropharyngeal residual swabs of the same 
COVID- 19 patients and negative subjects for SARS- CoV- 2 infec-
tion, analysed in our previous study.21 We revealed a statistically 

significant downregulation of hsa- let7b- 5p in COVID- 19 patients 
(Figure 3). Accordingly, the expression level of hsa- let7b- 5p showed 
a negative correlation with ACE2 and DPP4 expression level (Pearson 
r = −0.215 and −0.200, respectively) in NPS, although it does not 
reach statistical significance. The lack of statistical significance 
might be explained by the fact that hsa- let7b- 5p is probably one of 
the factors that could regulate ACE2 and DPP4 expression in NPS, 
but probably it is not the only one. Moreover, the small number of 
samples could contribute to this result. We also analysed a possible 
correlation between the expression levels of hsa- let7- 5p and any in-
flammatory markers or specific disease symptoms, but we did not 
observed any significant results.

The low expression level of hsa- let7b- 5p that we observed in 
NPS of COVID- 19 patients is in agreement with previous studies, 
indicating its downregulation in patients with type 2 diabetes melli-
tus and in inflammation.35– 37 Interestingly, a recent study suggested 
that, in aged COVID- 19 patients, a lower abundance of miRNAs 
might be a contributing factor in disease severity.20 Furthermore, 
six miRNAs (hsa- miR- 1- 3p, hsa- miR- 17- 5p, hsa- miR- 199a- 3p, hsa- 
miR- 429, hsa- miR- 15a- 5p, and hsa- miR- 20a- 5p) previously reported 
to be anti- viral in respiratory diseases, were downregulated in lung 
tissues during viral infection but overexpressed in normal lung 
tissues.13

F I G U R E  2  Effect of hsa- let7b- 5p 
overexpression on ACE2 and DPP4 mRNA 
levels in HeLa cell line. Expression level 
of hsa- let7b- 5p, ACE2, and DPP4 at three 
different time point (24, 48 and 72 h) after 
let7b- 5p mimic treatment. anova test was 
used for data analysis. Expression data 
(2- ΔCt) are represented as mean with SD. 
**p- value < 0.01, ***p- value < 0.001.
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Moreover, we sequenced the LET7B gene in all 60 enrolled sub-
jects and identified only one polymorphism in the LET7B gene, the 
rs143676966 (G > C). A not statistically significant association was 
observed between this polymorphism and the expression level of 
hsa- let7b- 5p. This result seems to suggest that the genomic variabil-
ity of this miRNA gene does not influence the expression levels of 
hsa- let7b- 5p in NPS.

To the best of our knowledge, this is the first study that ex-
plores hsa- let7b- 5p expression in naso- oropharyngeal swabs of 
COVID- 19 patients, demonstrating a significant downregulation of 
this miRNA. Hsa- let7b- 5p low expression in naso- oropharyngeal 
cells of COVID- 19 patients may in part be correlated to the dis-
ease by means of a lack of regulation of genes (ACE2 and DPP4) 
exploited by SARS- CoV- 2. For this reason, we think that our re-
sults might be useful to scientific community and could provide 
the inspiration for further studies on miRNAs involvement in 
COVID- 19.

AUTHOR CONTRIBUTIONS
Andrea Latini: Methodology (equal); writing –  original draft (equal). 
Chiara Vancheri: Conceptualization (equal); investigation (equal); 
methodology (equal); writing –  original draft (equal). Francesca 
Amati: Conceptualization (equal); data curation (equal); methodology 
(equal); writing –  original draft (equal); writing –  review and editing 
(equal). Elena Morini: Methodology (equal). Sandro Grelli: Resources 
(equal); validation (equal). Matteucci Claudia: Investigation (equal); 
validation (equal). Petrone Vita: Validation (equal). Vito Luigi Colona: 
Formal analysis (equal). Michela Murdocca: Methodology (equal). 
Massimo Andreoni: Resources (equal); supervision (equal). Vincenzo 

Malagnino: Investigation (equal). Massimiliano Raponi: Resources 
(equal); supervision (equal). Dario Cocciadiferro: Formal analy-
sis (equal). Antonio Novelli: Supervision (equal). Paola Borgiani: 
Conceptualization (equal); data curation (equal); formal analysis 
(equal); writing –  original draft (equal); writing –  review and editing 
(equal). Giuseppe Novelli: Conceptualization (equal); funding ac-
quisition (equal); project administration (equal); supervision (equal); 
writing –  review and editing (equal).

FUNDING INFORMATION
This study was supported in part by a grant of LazioInnova 
(Italy, Progetti di Gruppi di Ricerca 2020 A0375- 2020- 36663 
GecoBiomark) to G.N. and A.N.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

INFORMED CONSENT
Informed consent was obtained from all subjects involved in the 
study.

ORCID
Paola Borgiani  https://orcid.org/0000-0003-0859-4328 

R E FE R E N C E S
 1. Ceraolo C, Giorgi FM. Genomic variance of the 2019- nCoV corona-

virus. J Med Virol. 2020;92(5):522- 528. doi:10.1002/jmv.25700
 2. World Health Organization. Naming the coronavirus disease 

(COVID- 19) and the virus that causes it. 2020. https://www.who.
int/emerg encie s/disea ses/novel - coron aviru s- 2019/techn ical- guida 
nce/namin g- the- coron aviru s- disea se- (covid - 2019)- and- the- virus 
- that- cause s- it. Accessed on 12/04/2022.

 3. Singhal T. A review of coronavirus disease- 2019 (COVID- 19). Indian 
J Pediatr. 2020;87:281- 286. doi:10.1007/s12098- 020- 03263- 6

 4. Casanova JL, Su HC. COVID human genetic effort. a global ef-
fort to define the human genetics of protective immunity to 
SARS- CoV- 2 infection. Cell. 2020;181:1194- 1199. doi:10.1016/j.
cell.2020.05.016

 5. Latini A, Agolini E, Novelli A, et al. COVID- 19 and genetic variants 
of protein involved in the SARS- CoV- 2 entry into the Host Cells. 
Genes (Basel). 2020;11:1010. doi:10.3390/genes11091010

 6. Zhang Q, Bastard P, Liu Z, et al. Inborn errors of type I IFN im-
munity in patients with life- threatening COVID- 19. Science. 
2020;370:eabd4570. doi:10.1126/science.abd4570

 7. Zhang Q, Bastard P, Human Genetic Effort COVID, et al. Human 
genetic and immunological determinants of critical COVID- 19 
pneumonia. Nature. 2022;603(7902):587- 598. doi:10.1038/
s41586- 022- 04447- 0

 8. van de Veerdonk FL, Giamarellos- Bourboulis E, Pickkers P, et al. A 
guide to immunotherapy for COVID- 19. Nat Med. 2022;28(1):39- 
50. doi:10.1038/s41591- 021- 01643- 9

 9. Fehr AR, Perlman S. Coronaviruses: an overview of their rep-
lication and pathogenesis. Methods Mol Biol. 2015;1282:1- 23. 
doi:10.1007/978- 1- 4939- 2438- 7_1

F I G U R E  3  Hsa- let7b- 5p expression level in Negative subjects vs 
COVID- 19 patients (p- value<0.05). The Kolmogorov– Smirnov test 
was used to analyse the distribution of expression data. The Mann– 
Whitney test was used for data analysis. Expression data (2- ΔCt) are 
represented as mean with SD.*p < 0.05.

https://orcid.org/0000-0003-0859-4328
https://orcid.org/0000-0003-0859-4328
https://doi.org/10.1002/jmv.25700
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://doi.org/10.1007/s12098-020-03263-6
https://doi.org/10.1016/j.cell.2020.05.016
https://doi.org/10.1016/j.cell.2020.05.016
https://doi.org/10.3390/genes11091010
https://doi.org/10.1126/science.abd4570
https://doi.org/10.1038/s41586-022-04447-0
https://doi.org/10.1038/s41586-022-04447-0
https://doi.org/10.1038/s41591-021-01643-9
https://doi.org/10.1007/978-1-4939-2438-7_1


    |  4947Latini et aL.

 10. Peng S, Wang J, Wei S, et al. Endogenous cellular microRNAs me-
diate anti- viral defense against influenza A virus. Mol Ther Nucleic 
Acids. 2018;10:361- 375. doi:10.1016/j.omtn.2017.12.016

 11. Drury RE, O'Connor D, Pollard AJ. The clinical application of 
microRNAs in infectious disease. Front Immunol. 2017;8:1182. 
doi:10.3389/fimmu.2017.01182

 12. Tsitsiou E, Lindsay MA. microRNAs and the immune response. Curr 
Opin Pharmacol. 2009;9:514- 520. doi:10.1016/j.coph.2009.05.003

 13. Sardar R, Satish D, Gupta D. Identification of novel SARS- CoV- 2 drug 
targets by host microRNAs and transcription factors co- regulatory 
interaction network analysis. Front Genet. 2020;11:571274. 
doi:10.3389/fgene.2020.571274

 14. Bertolazzi G, Cipollina C, Benos PV, Tumminello M, Coronnello 
C. miR- 1207- 5p can contribute to dysregulation of inflamma-
tory response in COVID- 19 via targeting SARS- CoV- 2 RNA. 
Front Cell Infect Microbiol. 2020;10:586592. doi:10.3389/
fcimb.2020.586592

 15. Barbu MG, Condrat CE, Thompson DC, et al. MicroRNA involve-
ment in signalling pathways during viral infection. Front Cell Dev 
Biol. 2020;8:143. doi:10.3389/fcell.2020.00143

 16. Huang W. MicroRNAs: biomarkers, diagnostics, and 
therapeutics. Methods Mol Biol. 2017;1617:57- 67. 
doi:10.1007/978- 1- 4939- 7046- 9_4

 17. Liu X, Han Z, Yang C. Associations of microRNA single nucleotide 
polymorphisms and disease risk and pathophysiology. Clin Genet. 
2017;92:235- 242. doi:10.1111/cge.12950

 18. Moszynska A, Gebert M, Collawn JF, et al. SNPs in microRNA 
target sites and their potential role in human disease. Open Biol. 
2017;7:170019. doi:10.1098/rsob.170019

 19. Paul S, Bravo- Vázquez LA, Reyes- Pérez PR, et al. The role of mi-
croRNAs in solving COVID- 19 puzzle from infection to therapeu-
tics: a mini- review. Virus Res. 2022;308:198631. doi:10.1016/j.
virusres.2021.198631

 20. Farr RJ, Rootes CL, Stenos J, Foo CH, Cowled C, Stewart CR. 
Detection of SARS- CoV- 2 infection by microRNA profiling of 
the upper respiratory tract. PLoS One. 2022;17(4):e0265670. 
doi:10.1371/journal.pone.0265670

 21. Amati F, Vancheri C, Latini A, et al. Expression profiles of the 
SARS- CoV- 2 host invasion genes in nasopharyngeal and oropha-
ryngeal swabs of COVID- 19 patients. Heliyon. 2020;6:e05143. 
doi:10.1016/j.heliyon.2020.e05143

 22. Hoffmann M, Kleine- Weber H, Schroeder S, et al. SARS- CoV- 2 
cell entry depends on ACE2 and TMPRSS2 and is blocked by a 
clinically proven protease inhibitor. Cell. 2020;181:271- 280.e8. 
doi:10.1016/j.cell.2020.02.052

 23. Xin Z, Chen K, Zou J, et al. Single- cell RNA- seq data analysis on 
the receptor ACE2 expression reveals the potential risk of differ-
ent human organs vulnerable to 2019- nCoV infection. Front Med. 
2020;14:185- 192. doi:10.1007/s11684- 020- 0754- 0

 24. Lan J, Ge J, Yu J, et al. Structure of the SARS- CoV- 2 spike 
receptor- binding domain bound to the ACE2 receptor. Nature. 
2020;581(7807):215- 220. doi:10.1038/s41586- 020- 2180- 5

 25. Gheblaw M, Wang K, Viveiros A, et al. Angiotensin- converting 
enzyme 2: SARS- CoV- 2 receptor and regulator of the renin- 
angiotensin system: celebrating the 20th anniversary of the dis-
covery of ACE2. Circ Res. 2020;126(10):1456- 1474. doi:10.1161/
CIRCRESAHA.120.317015

 26. Vankadari N, Wilce JA. Emerging Wuhan (COVID- 19) corona-
virus: glycan shield and structure prediction of spike glycopro-
tein and its interaction with human CD26. Emerg Microbes Infect. 
2020;17(9):601- 604. doi:10.1080/22221751.2020.1739565

 27. Li Y, Zhang Z, Yang L, et al. The MERS- CoV receptor DPP4 as a 
candidate binding target of the SARS- CoV- 2 spike. iScience. 
2020;23(6):101160. doi:10.1016/j.isci.2020.101160

 28. Widagdo W, Raj VS, Schipper D, et al. Differential expression of 
the Middle East respiratory syndrome coronavirus receptor in the 

upper respiratory tracts of humans and dromedary camels. J Virol. 
2016;14(90):4838- 4842. doi:10.1128/JVI.02994- 15

 29. Beacon TH, Delcuve GP, Davie JR. Epigenetic regulation of ACE2, 
the receptor of the SARS- CoV- 2 virus. Genome. 2021;64(4):386- 
399. doi:10.1139/gen- 2020- 0124

 30. Zhang R, Su H, Ma X, et al. MiRNA let- 7b promotes the develop-
ment of hypoxic pulmonary hypertension by targeting ACE2. Am 
J Physiol Lung Cell Mol Physiol. 2019;316:L547- L557. doi:10.1152/
ajplung.00387.2018

 31. Srivastava SP, Goodwin JE, Kanasaki K, Koya D. Inhibition of 
angiotensin- converting enzyme ameliorates renal fibrosis by mit-
igating DPP- 4 Level and restoring antifibrotic microRNAs. Genes 
(Basel). 2020;11:211. doi:10.3390/genes11020211

 32. Tang M, Wang Q, Wang K, Wang F. Mesenchymal stem cells- 
originated exosomal microRNA- 152 impairs proliferation, in-
vasion and migration of thyroid carcinoma cells by interacting 
with DPP4. J Endocrinol Invest. 2020;43:1787- 1796. doi:10.1007/
s40618- 020- 01406- 2

 33. Roush S, Slack FJ. The let- 7 family of microRNAs. Trends Cell Biol. 
2008;18:505- 516. doi:10.1016/j.tcb.2008.07.007

 34. Taheri M, Eghtedarian R, Ghafouri- Fard S, Omrani MD. Non- coding 
RNAs and type 2 diabetes mellitus. Arch Physiol Biochem. 2020;6:1- 
10. doi:10.1080/13813455.2020.1843498

 35. Pasquali L, Svedbom A, Srivastava A, et al. Circulating microR-
NAs in extracellular vesicles as potential biomarkers for psoriatic 
arthritis in patients with psoriasis. J Eur Acad Dermatol Venereol. 
2020;34:1248- 1256. doi:10.1111/jdv.16203

 36. Mandolesi G, Rizzo FR, Balletta S, et al. The microRNA let- 7b- 5p 
is negatively associated with inflammation and disease severity in 
multiple sclerosis. Cell. 2021;10:330. doi:10.3390/cells10020330

 37. Bartoszewski R, Dabrowski M, Jakiela B, et al. SARS- CoV- 2 may 
regulate cellular responses through depletion of specific host 
miRNAs. Am J Physiol Lung Cell Mol Physiol. 2020;319:L444- L455. 
doi:10.1152/ajplung.00252.2020

 38. Sardar R, Satish D, Birla S, Gupta D. Dataset of mutational analysis, 
miRNAs targeting SARS- CoV- 2 genes and host gene expression in 
SARS- CoV and SARS- CoV- 2 infections. Data Brief. 2020;32:106207. 
doi:10.1016/j.dib.2020.106207

 39. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. 
Pathophysiology, transmission, diagnosis, and treatment of corona-
virus disease 2019 (COVID- 19): a review. JAMA. 2020;324:782- 793. 
doi:10.1001/jama.2020.12839.10

 40. Sperveslage J, Hoffmeister M, Henopp T, Klöppel G, Sipos 
B. Establishment of robust controls for the normalization of 
miRNA expression in neuroendocrine tumors of the ileum 
and pancreas. Endocrine. 2014;46(2):226- 230. doi:10.1007/
s12020- 014- 0202- 5

 41. Shen J, Wang Q, Gurvich I, Remotti H, Santella RM. Evaluating nor-
malization approaches for the better identification of aberrant mi-
croRNAs associated with hepatocellular carcinoma. Hepatoma Res. 
2016;2:305- 315. doi:10.20517/2394- 5079.2016.28

 42. Cer RZ, Herrera- Galeano JE, Frey KG, et al. Differential MicroRNA 
analyses of burkholderia pseudomallei-  and francisella tularensis- 
exposed hPBMCs reveal potential biomarkers. Int J Genomics. 
2017;2017:6489383. doi:10.1155/2017/6489383

 43. Harb JG, Noureldine HA, Chedid G, et al. SARS, MERS, COVID- 19: 
clinical manifestations and organ- system complications: a mini 
review. Pathog Dis. 2020;78:ftaa033. doi:10.1093/femspd/
ftaa033

 44. Strafella C, Caputo V, Termine A, et al. Analysis of ACE2 genetic 
variability among populations highlights a possible link with COVID- 
19- related neurological complications. Genes (Basel). 2020;11:741. 
doi:10.3390/genes11070741

 45. Godri Pollitt KJ, Peccia J, Ko AI, et al. COVID- 19 vulnerability: the 
potential impact of genetic susceptibility and airborne transmission. 
Hum Genomics. 2020;14:17. doi:10.1186/s40246- 020- 00267- 3

https://doi.org/10.1016/j.omtn.2017.12.016
https://doi.org/10.3389/fimmu.2017.01182
https://doi.org/10.1016/j.coph.2009.05.003
https://doi.org/10.3389/fgene.2020.571274
https://doi.org/10.3389/fcimb.2020.586592
https://doi.org/10.3389/fcimb.2020.586592
https://doi.org/10.3389/fcell.2020.00143
https://doi.org/10.1007/978-1-4939-7046-9_4
https://doi.org/10.1111/cge.12950
https://doi.org/10.1098/rsob.170019
https://doi.org/10.1016/j.virusres.2021.198631
https://doi.org/10.1016/j.virusres.2021.198631
https://doi.org/10.1371/journal.pone.0265670
https://doi.org/10.1016/j.heliyon.2020.e05143
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1161/CIRCRESAHA.120.317015
https://doi.org/10.1161/CIRCRESAHA.120.317015
https://doi.org/10.1080/22221751.2020.1739565
https://doi.org/10.1016/j.isci.2020.101160
https://doi.org/10.1128/JVI.02994-15
https://doi.org/10.1139/gen-2020-0124
https://doi.org/10.1152/ajplung.00387.2018
https://doi.org/10.1152/ajplung.00387.2018
https://doi.org/10.3390/genes11020211
https://doi.org/10.1007/s40618-020-01406-2
https://doi.org/10.1007/s40618-020-01406-2
https://doi.org/10.1016/j.tcb.2008.07.007
https://doi.org/10.1080/13813455.2020.1843498
https://doi.org/10.1111/jdv.16203
https://doi.org/10.3390/cells10020330
https://doi.org/10.1152/ajplung.00252.2020
https://doi.org/10.1016/j.dib.2020.106207
https://doi.org/10.1001/jama.2020.12839.10
https://doi.org/10.1007/s12020-014-0202-5
https://doi.org/10.1007/s12020-014-0202-5
https://doi.org/10.20517/2394-5079.2016.28
https://doi.org/10.1155/2017
https://doi.org/10.1093/femspd
https://doi.org/10.1093/femspd
https://doi.org/10.3390/genes11070741
https://doi.org/10.1186/s40246-020-00267-3


4948  |    Latini et aL.

 46. Fung TS, Liu DX. Coronavirus infection, ER stress, apoptosis 
and innate immunity. Front Microbiol. 2014;5:296. doi:10.3389/
fmicb.2014.00296

 47. Chan CP, Siu KL, Chin KT, Yuen KY, Zheng B, Jin DY. Modulation 
of the unfolded protein response by the severe acute respiratory 
syndrome coronavirus spike protein. J Virol. 2006;80:9279- 9287. 
doi:10.1128/JVI.00659- 06

 48. Li Z, Cui X, Li F, et al. Exploring the role of human miRNAs in virus– 
host interactions using systematic overlap analysis. Bioinformatics. 
2013;29:2375- 2379. doi:10.1093/bioinformatics/btt391

 49. Li C, Hu X, Li L, Li JH. Differential microRNA expression in the pe-
ripheral blood from human patients with COVID- 19. J Clin Lab Anal. 
2020;34:e23590. doi:10.1002/jcla.23590

 50. Nersisyan S, Engibaryan N, Gorbonos A, Kirdey K, Makhonin A, 
Tonevitsky A. Potential role of cellular miRNAs in coronavirus- host 
interplay. Peer J. 2020;8:e9994. doi:10.7717/peerj.9994

 51. Kaufmann SHE, Dorhoi A, Hotchkiss RS, Bartenschlager R. Host- 
directed therapies for bacterial and viral infections. Nat Rev Drug 
Discov. 2018;17:35- 56. doi:10.1038/nrd.2017.162

 52. El- Nabi SH, Elhiti M, El- Sheekh M. A new approach for COVID- 19 
treatment by micro- RNA. Med Hypotheses. 2020;143:110203. 
doi:10.1016/j.mehy.2020.110203

 53. Gallicano IG, Casey JL, Fu J, et al. Molecular targeting of vulnerable 
RNA sequences in SARS CoV- 2: identifying clinical feasibility. Gene 
Ther. 2020;29:1- 8. doi:10.1038/s41434- 020- 00210- 0

 54. Chen F, Chen C, Yang S, et al. Let- 7b inhibits human cancer pheno-
type by targeting cytochrome P450 epoxygenase 2J2. PLoS One. 
2012;7:e39197. doi:10.1371/journal.pone.0039197

 55. Jia H, Neptune E, Cui H. Targeting ACE2 for COVID- 19 therapy: op-
portunities and challenges. Am J Respir Cell Mol Biol. 2021;64(4):416- 
425. doi:10.1165/rcmb.2020- 0322PS

 56. Spitalieri P, Centofanti F, Murdocca M, et al. Two different thera-
peutic approaches for SARS- CoV- 2 in hiPSCs- derived lung organ-
oids. Cell. 2022;11(7):1235. doi:10.3390/cells11071235

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Latini A, Vancheri C, Amati F, et al. 
Expression analysis of miRNA hsa-let7b-5p in naso-
oropharyngeal swabs of COVID-19 patients supports its role 
in regulating ACE2 and DPP4 receptors. J Cell Mol Med. 
2022;26:4940-4948. doi: 10.1111/jcmm.17492

https://doi.org/10.3389/fmicb.2014.00296
https://doi.org/10.3389/fmicb.2014.00296
https://doi.org/10.1128/JVI.00659-06
https://doi.org/10.1093/bioinformatics
https://doi.org/10.1002/jcla.23590
https://doi.org/10.7717/peerj.9994
https://doi.org/10.1038/nrd.2017.162
https://doi.org/10.1016/j.mehy.2020.110203
https://doi.org/10.1038/s41434-020-00210-0
https://doi.org/10.1371/journal.pone.0039197
https://doi.org/10.1165/rcmb.2020-0322PS
https://doi.org/10.3390/cells11071235
https://doi.org/10.1111/jcmm.17492

	Expression analysis of miRNA hsa-let7b-5p in naso-oropharyngeal swabs of COVID-19 patients supports its role in regulating ACE2 and DPP4 receptors
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|In silico prediction analysis
	2.2|Cell culture and miRNA overexpression and inhibition
	2.3|Expression study on transfected HeLa cells
	2.4|Patients' recruitment
	2.5|Diagnostic test of SARS-CoV-2
	2.6|Hsa-let7b-5p expression study in naso-oropharyngeal swabs
	2.7|Genomic analysis
	2.8|Statistical analysis

	3|RESULTS
	3.1|In silico prediction analysis results
	3.2|ACE2 and DPP4 modulation by hsa-let7b-5p mimic/inhibitor
	3.3|Sample collection
	3.4|Hsa-let7b-5p expression level in SARS-CoV-2 positive and negative naso-oropharyngeal swabs
	3.5|Genomic analysis
	3.6|Correlation analysis

	4|DISCUSSION AND CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	INFORMED CONSENT
	REFERENCES


