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Abstract

Objective: Coronavirus disease 2019 (COVID-19) is complexed infectious disease caused by severe respiratory syndrome 
(SARS) human coronavirus 2 (CoV-2). We have previously shown that the microRNA (miRNA) entangling sorter (METS) 
analysis with quantum miRNA/miRNA language is available for the etiology investigation in silico of human virus-associated 
diseases. To investigate COVID-19 etiology, SARS-CoV-2 infection was simulated by METS algorithm with artificial intelligence 
(AI) machine learning (MIRAI). 
Materials and Methods: The information of coronavirus was extracted from database. Putative CoV-2 miRNAs were predicted 
by functionally analogy analysis. Statistical data was calculated by Prediction One. 
Results: The quantum miRNA immunity was observed in SARS-CoV-2 infection. Acute inflammation and viral infection 
mechanisms in COVID-19 were independently shown in host and viral miRNA networks according to the output of MIRAI. 
SARS-CoV-2 infection induced IL-6 upregulation by downregulation of miR-98-5p hub, and hypoxia was induced protein 
HIF1A suppression by viral miRNAs. C1q complement inhibition was tuned by viral miRNAs.
Conclusion: We found in silico that COVID-19 might show IL-6 production by host miRNAs, and hypoxic vascular hypertension 
and hypocomplementemia-like symptom by viral miRNAs.
   
Keywords: Microrna; SARS-Cov-2; Fibrosis; Quantum Microrna Language; Quantum Microrna Immunity; Machine Learning, 
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Introduction

Since December on 2019, the zoonotic human 
coronavirus (CoV) pandemic has emerged by severe acute 
respiratory syndrome (SARS) CoV-2, and SARS-CoV-2-
related disease was established as coronavirus disease 
2019 (COVID-19) (World Health Organization, WHO) (www.
who.int) by the International Committee on Taxonomy of 
Viruses (ICTV) [1]. On 30th, January 2020, WHO declared 
the novel coronavirus, SARS-Cov-2 outbreak as a public 
health emergency of international concern (PHEIC). At 1st 
May, 2020, 3,181,642 infections and 224,301 death in the 
world were confirmed by WHO. Clinical manifestations in 

this lethal disease at first are pneumonia, fever, difficulty of 
breathing, and the computed tomography (CT) of bilateral 
lower lung lobes with vascular dilatation and the halo sign. 
Given the data of the bed side, approximately 17.7-32.0% of 
severe individuals need a care of intensive care unit (ICU) 
[2]. Further, cytokine releasing syndrome (CRS) in the 
severe COVID-19 patients was observed, such as high level of 
interleukin-6 (IL-6), interleukin-1β (IL-1β), induced protein 
10 (IP10) and monocyte chemoattractant protein-1 (MCP-1) 
in patients’ sera [3,4] and severe lymphopenia [5]. It is well 
known that IL-6 is secreted from macrophages including 
alveolar macrophages, T and B lymphocytes, fibroblast 
endothelial cells and mesangial cells, and IL-6 is also a 

https://doi.org/10.23880/vij-16000243
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central mediator of fever and the acute phase inflammation 
[6]. In an experiment in vivo of mouse pneumonia virus 
infection model, ablation of IL-6 producing alveolar 
macrophage resulted prolonged survival of infected mice 
[7]. In the administration, tocilizumab, humanized anti-IL-6 
receptor monoclonal antibody, was an effective treatment 
in severe patients of COVID-19 [8]. Corticosteroids, one of 
anti-inflammatory agents, were commonly prescribed in 
the treatment of COVID-19 patients [9]. It is suggested that 
cytokine storm by IL-6 dysregulation may cause lung injury 
of COVID-19. However, the precious mechanism of the CRS in 
virus/host interaction remains unclear.

Complement C1q is a starting molecule of the classical 
complement pathway, which quickly initiates C1qC1r2C1s2 
complex. The complex recognizes the Fc portion of IgM and 
IgG antibodies binding with antigen and the complement 
cascade with C3, C5, C6, C7, C8 and C9 induces cytolytic 
effects to virus infected cells [10]. C1q-deficiency in humans 
causes development of systemic lupus erythematosus (SLE) 
and SLE-like hypocomplementemia [11]. Since C1q enhanced 
FcγR-mediated phagocytic function in macrophages as 
opsonization, C1q-deficiency reduced clearance of an 
immune-complex. Therefore, SLE-like glomerulonephritis 
was induced by an immune-complex. COVID-19 patients 
showed kidney injury by the immune complex [12]. 
However, while SLE is characterized as autoimmune disease 
by autoantibodies and there is no evidence of autoantibodies 
in COVID-19, the etiology of SLE is enough to be distinct from 
that of CRS in the clinical data of COVID-19. In case reports 
of virus infection, hepatitis C virus (HCV) was complicated 
with C3 and C4 hypocomplementemia and increasing risk 
of thrombosis was observed in a human immunodeficiency 
virus type 1 (HIV-1) infected patient with SLE [13,14]. 
Furthermore, parvovirus B19 infection had similar 
symptoms of SLE and the infected patients showed low 
serum levels of C3 and C4 [15]. On the other hand, in clinical 
active SLE, IL-6 and circulating immune complexes were 
significantly increasing and immune regulatory lectin IL-6 
increases complement factor B to induce the complement 
alternative pathway for acute inflammation in hepatocytes 
and human alveolar type II epithelial cells [16-18]. Although 
a COVID-19 patient complicated with thrombosis anti-SLE 
agent, hydroxychloroquine would not be effective to suppress 
IL-6 production [19,20]. Thus, it is suggested that three key 
subjects, complement, IL-6 and SLE-like symptoms into 
acute inflammation may be involved into CRS of COVID-19 
under lethal pneumonia; however, the etiology of COVID-19 
has not yet been established.

SARS-CoV-2 targets angiotensin converting enzyme 2 
(ACE2), which are expressed on various cells, such as lung, 
heart, kidney and gastrointestinal tract cells [21]. Viral 

diameter enveloped is 65-125 nm containing single plus 
strand of RNA. About host-virus interaction in immune 
system, pathogenicity of viral protein has been reported. Wild 
type SARS-CoV non-structural protein NSP3 suppressed type 
1 interferon (IFN), interferon-stimulated gene 15 (ISG15), 
c-x-c motif chemokine ligand 10 (CXCL10), IL-6 and tumor 
necrosis factor (TNF) in mouse model, but lung pathology 
development was observed. In contrast, mutant of NSP3 
attenuated severe respiratory disease and prolonged survival 
time, but proinflammatory cytokines were increased [22]. 
Although the data is obtained by SARS-CoV, IL-6 production 
did not cooperate to express severe pneumonia even though 
NSP3 had virulence against the mouse lung. Therefore, it is 
remained to elucidate pathogenicity of SARS-CoV infection in 
humans.

The host microRNA (miRNA) controls pathogenicity 
of viruses, such as hepatitis B virus (HBV), HCV and HIV-
1 [23,24]. We have been reported that miRNA biomarker 
panels show the etiology of viral infection, which was in 
silico simulated by miRNA entangling target sorting (METS) 
algorithm with artificial intelligence (AI) machine learning 
(MIRAI) [24]. Subsequently, we found the third host defense 
neo-mechanism, ‘the quantum miRNA immunity’ against 
human hepatitis and immunodeficiency viruses. In the 
computer simulation, viral miRNAs had an important role 
to develop pathogenicity of viruses. To further investigate 
the etiology of the quantum miRNA immunity against SARS-
CoV infection, the miRNA profiles of SARS-CoV-infected 
alveolar stem cells and SARS-CoV-2 miRNA candidates were 
computed by the METS analysis with AI. 

Materials and Methods

Database Usage

Google scholar (https://scholar.google.co.jp) and 
PubMed (www.ncbi.nlm.gov/pubmed/) were used for 
extraction of miRNA panel data. Total information content 
was 20,735 in coronavirus infection. The gene function 
of protein was searched by GeneCards (www.genecards.
org). Protein ontology was investigated by GO enrichment 
analysis in Geneontology (geneontology.org). Data mining 
about miRNA profile was performed by cleared in top four 
expression levels of up- and down-regulation.

METS in silico Analysis

MMP calculation and METS analysis were performed 
by the computer processing as described previously [23, 
24-28]. MMP from miRNA biomarker panels was calculated 
by double miRNAs’ quantum energy levels of double nexus 
score (DNS) entangling single miRNA quantum energy 

http://www.ncbi.nlm.gov/pubmed/
http://www.genecards.org
http://www.genecards.org
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levels of single nexus score (SNS) (Table 1). Data of multi-
targets to a miRNA were extracted from TargetScan Human 
7.2 (targetscan.org) and miRTarBase Ver. 8.0 (mirtarbase.

cuhk.edu.cn). Target protein/protein interaction and cluster 
analysis was searched by STRING Ver. 11.0 (string-db.org). 

Host miRNA Level SNS Viral miRNA Level SNS
miR-331-3p up 5 COV-miR-1 up 4
miR-497-5p up 6 COV-miR-2 up 5
miR-574-5p up 11 COV-miR-4 up 3

miR-106a-5p down 7 COV-miR-5 up 8
miR-186-5p down 4 COV-miR-6 up 8
miR-223-5p down 6

miR-146b-5p down 5
miR-98-5p down 7

Table 1: Host and viral miRNAs in the simulation.

Viral Mirna and Functionally Analogy Analysis

Data of viral miRNA and viral genome was obtained from 
Viral Genomes (ncbi.nim.nih.gov) and miRBase Ver. 22.1 
(miRbase.org). SARS-CoV-2 sequence (NC_045512.2) was 
used for prediction of putative viral miRNA in the 3’UTR. The 
functional analogy between viral miRNA and host miRNA was 
performed as previously described [24,29,30]. MiRCompare 
(160.80.35.140) was used for homology sequence search. 
The RNA secondary structure of RNA was computed by RNA 
Folding Form (unafold.rna.albany.edu). 

AI Machine Learning

Prediction One Ver. 04.08.20 (Sony Network 
communications Inc. Tokyo, Japan) was used for AI machine 
learning. The area under the curve (AUC) in receiver 
operating characteristic (ROC), accuracy, precision and F 
values were calculated as the percentage by Prediction One.

MIRAI

Previous METS analysis data in hepatitis B virus (HBV), 
hepatitis C virus (HCV) and human immunodeficiency virus 
type 1 (HIV-1) infection was combined with the present data 
to produce the AUC data through AI machine learning.

Results and Discussion

METS Analysis with MIRAI

METS analysis was performed by AI in SARS-CoV-2 
infection. Since the miRNA profile of SARS-CoV infection has 

been shown in bronchoalveolar stem cells the miRNA profile 
data as single miRNA panel was mining and applied for METS 
analysis because generally the cellular miRNA profile has 
the similarity with circulating miRNA one in exosome and 
miRNAs in extracellular vesicles constitute a communication 
among cells [31-33]. We selected three upregulated host 
miRNAs, miR-331-3p, miR-497-5p and miR-574-5p, and 
four downregulated host miRNAs, miR-106a-5p, miR-186-
5p, miR-223-5p, miR-146b-5p and miR-98-5p (Table 1). In 
miRNA target and protein/protein cluster of the quantum 
energy levels, miR-331-3p, miR-186-5p, miR-223-5p and 
miR-146b-5p were less data to be applied for METS analysis 
with AI (data not shown).

SARS-CoV-2 encoded miRNAs have been identified in 
silico [34,35]. Coronavirus miRNA was also encoded in the 
genome of Middle East respiratory syndrome (MARS)-CoV 
[36]. SARS-CoV was encoded viral small RNAs from the 
NSP3 region and the N region (svRNA-N), and anti-svRNA-N 
reduced lung pathogenic effects in vivo [37]. From these 
evidences, we predicted SARS-CoV-2 miRNA candidates from 
two stem loops in the 3’ terminal and from the 3’UTR region 
because functional RNA viral miRNAs have been encoded in 
the non-coding region of the 3’ end [23] (Figue 1). To cohere 
SARS-CoV-2 miRNA candidates in the METS analysis, the seed 
paralogue of viral miRNA candidates was searched in that of 
human host miRNAs. Cov-miR-1, Cov-miR-2, Cov-miR-4, Cov-
miR-5 and Cov-miR-6 were the seed paralogue of miR-4310 
(75% homologous), miR-4291 and miR-3611 (75%), miR-
576-3p (88%), miR-27a/b-3p (75%), miR-216a-3p and miR-
29c-5p (75%), respectively. In the quantum energy levels, 
Cov-miR-1 was less target and subject data to be applied for 
the METS analysis with AI (data not shown). 
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Viral miRNA 
candidate Viral miRNA sequence Analogous human 

miRNAS Human miRNA sequence %homology*

COV2-miR-1 GCAGAAUGAAUUCUCGU hsa-miR-4310 GCAGCAUUCAUGUCCC 75

COV2-miR-2 UUGUGCAGGAAUGAAUUCUCGU hsa-miR-4291 UUCAGCAGGAAAGCU 75

COV2-miR-2 UUGUGCAGAAUGAAUUCUGGU hsa-miR-3611 UUGUGAAGAAAGAAAUUCUUA 75

UUGUGCAGAAUGAAUUCUGGU hsa-miR-4520-2-3p UUGGACAGGAAACACGCAGGU 38

UUCUGGUAACUACAUAGC hsa-miR-4755-5p UUUCCCUUCAGAGCCUGGUUU 50

UUCUCGUAACUACAUAGC hsa-miR-5006-3p UUUCCCUUCAGAGCCUGGCUUU 50

Cov2-miR-4 UAGAUGUAGUUAACUUUAAUCU hsa-miR-576-3p AAGAUGUGGAAAAUUGAAAUC 88

Cov2-miR-5 UUACACCGAGGCCACGCGAUACG hsa-miR-27a-3p UUCACAGUGGCUAAGUUCCGC 75

COV2-miR-6 UCACCGAGGCCACGCCGGAGUACG hsa-miR-216a-3p UACACAGUGGUCUCUGGGAUAU 75

COV2-miR-5 UUCACCGAGGCCACGCGCGGAGUACG hsa-miR-27b-3p UUCACAGUGGCUAAGUUCUGU 75

COV2-miR-6 UCACCGAGGACGGCCACGGAGUACG hsa-miR-290-5p UGACCGAUUUCUCCUGGUGUUC 75

Table 2: Viral miRNA seed paralogue in human miRNAs (*8 seed).

The relation between acute inflammation and viral 
infection were investigated with host miRNA data and SARS-
CoV-2 miRNA data by MIRAI (Table 3, Figure 1). Four SARS-

CoV-2 miRNA candidates from the 3’ end of the SARS-CoV-2 
genome were used for the computing with four host miRNAs 
(Table 1, Figure 2). 

Figure 1: METS analysis with MIRAI. METS analysis against acute inflammation and viral infection was performed by AI 
machine learning. AUC was calculated in acute inflammation, viral infection, inflammation & infection with host miRNAs, viral 
miRNA and host miRNAs plus virus-miRNAs, and the results were depicted with the rad.
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Figure 2: Putative CoV-2 microRNAs. CoV-2-miRNA candidates were presented in the 3’ end of the SARS-CoV-2 RNA genome.

The AUC, accuracy, precision, and F values were computed 
in host miRNA alone, viral miRNA alone and cohered host 
plus viral miRNAs by MIRAI (Table 3). As shown in Figure 
1, significant AUS value was extracted from host miRNAs 
with acute inflammation (blue circle) and viral miRNAs with 

virus infection (red circle). It is suggested that SARS-CoV-2 
infection would not be cooperated to acute inflammation by 
the quantum miRNA immunity. In turn, clinical symptom of 
COVID-19 causes two distinct miRNA packages, which are 
derived from host miRNAs and viral miRNAs. 

Inflammation
Host miR Viral miR Host+Viral miR

AUC 0.9236 0.7336 0.8147
Accuracy 0.9000 0.7586 0.8768
Precision 0.9804 0.8333 0.9589

F value 0.9434 0.8511 0.9272
Viral infection

Host miR Viral miR Host + Viral miR
AUC 0.8618 0.8406 0.8345

Accuracy 0.8833 0.7586 0.8768
Precision 0.9444 0.9000 0.9136

F value 0.9358 0.8372 0.9308
Inflammation + Viral infection

Host miR Viral miR Host miR + Virus miR
AUC 0.8836 0.7029 0.7308

Accuracy 0.9000 0.7586 0.8768
Precision 0.9804 0.9000 0.9136

F value 0.9434 0.8372 0.9308

Data was calculated by Prediction One.
Table 3: Statistic analysis in SARS-CoV-2 infection.
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Network Analysis on Host miRNAs

To further elucidate the data of MIRAI, the quantum 
network analysis with host miRNAs was performed (Figure 
3). IL-6 was increased by downregulation of miR-98-5p 
with let-7a-5p, miR-24-3p and miR-155-5p (Figure 3). IL-6 
upregulation of cytokine releasing syndrome (CRS) was 
observed in the severe COVID-19 patients [3,4]. On the other 
hand, inflammation-related S100 calcium binding protein 
A12 (S100A12) was reduced by upregulation of miR-574-
5p with miR-1224-5p, miR-5889-5p and miR-5004-5p 

(Figure 3) and excess inflammation in the lung was inhibited 
by downregulation of S100A proteins [38]. Furthermore, 
anti-inflammation related YOD1 deubiquitinase (YOD1) 
was increased by downregulation of miR-98-5p with miR-
196a-5p and miR-196b-5p (Figure 3). The deubiquitinating 
enzyme YOD1 antagonized the ubiquitin ligase TNF receptor 
associated factor 6 (TRAF6) and blocked IL-1 signaling 
pathways therefore, IL-6, TNFα, and interleukin-8 (IL-8) 
excess production would be blocked. It is suggested that 
acute inflammation by SARS-CoV-2 infection would be 
controlled by host miRNAs.

Figure 3: Network analysis of SARS-CoV-2 infection by METS simulation. Network with host miRNAs by METS simulation was 
presented in the left. SARS-CoV-2 receptor ACE2 was presented in the right green square. Network with viral miRNAs was 
depicted in the right. miRNAs: blue, downregulation; red, upregulation. Proteins: red, upregulation; blue, downregulation.

HAUS augmin like complex subunit 8 (HAUS8) was 
augmented by downregulation of miR-98-5p with let-7b-
5p, let-7e-5p, let-7c-5p, miR-4458, let-7a-5p, let-7i-5p and 
let-7d-5p (Figure 3). HAUS8 enhances the mitochondrial 
antiviral signaling protein (MAVS, VISA) [39-41]. RNA virus 
infection activates the retinoic acid-inducible gene 1 (RIG-
1) and the activated RIG-1 transduces anti-virus signal via 
MAVS/VISA to initiate the IKB/NF-kB/interferon regulatory 
factor 3 (IRF3)/type I interferon (IFN) cascades. HAUS8 
reduction by RNA interference inhibited the activation of 
NF-kB/IRF3/type I IFN cascades [41]. Although we found 

the quantum immunity in HBV, HCV and HIV-1 infection 
HAUS8 increasing would show anti-virus effect as the 
quantum miRNA immunity. Thus, asymptomatic virus 
carriers were occasionally observed [42]. Concerning cell 
cycle and apoptosis, anti-apoptotic BCL2 was suppressed by 
up regulation of miR-497-5p with miR-34a-5p, and cycling 
dependent kinase inhibitor 1A (CDN1A) was augmented 
by down regulation of miR-106a-5p with miR-149-3p and 
miR-34a-5p (Figure 3). Therefore, the programmed cell 
death would be induced in infected lung cells in the quantum 
miRNA immunity. 
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Network Analysis on Viral miRNA

Next, the quantum network analysis with viral miRNA 
candidates was performed by METS (Figure 3). Hypoxia 
inducible factor 1 subunit alpha (HIF1A) was reduced by 
Cov-miR-5 with miR-20a-5p, miR-18a-5p and miR-17-5p 
(Figure 3). Therefore, oxygen delivery would be decreased 
and hypoxia would be acutely progressed. Although HIF1A 
upregulation blocks SARS-CoV-2 receptor ACE2 via let-7 ACE2 
expression under the hypoxic condition with pneumonia 
was kept by Cov-miR-5. SARS-CoV-2 infection would not be 
reduced even in hypoxic interstitial pneumonia. Hypoxia 
stimulates the proliferation and migration of pulmonary 
artery smooth muscle cells (PASMCs) and PASMCs lead to 
increasing thicking and muscularization of lung vessel walls 
that is a key of hypoxic pulmonary vascular hypertension 
in interstitial pneumonia [43,44]. Pulmonary vascular 
hypertension is also controlled by HIF1A expression [45]. 
The pulmonary hypertension induces reduction of oxygen 
availability to the lung, for instance, in the case of chronic 
obstructive pulmonary disease (COPD), idiopathic pulmonary 
fibrosis (IPF) or pediatric Kawasaki disease [46]. While Cov-
miR-5 is a seed paralogue of miR-27a/b-3p, miR-27b-5p 
included into the pre-miRNA of miR-27b-3p was increased 
both in Kawasaki disease serum and in human umbilical 
vein endothelial cells of Kawasaki disease [47]. Upregulation 
of miR-27b-5p inhibited endothelial cell proliferation and 
migration on Kawasaki disease, but in general, miR-27-5p 
serves proliferation of the endothelial cells [48]. miR-27b-
3p upregulation was implicated in hypoxia, inflammation 
and apoptosis in idiopathic pulmonary arterial hypertension 
[49]. Under hypoxic condition with SARS-CoV-2 infection, 
vascular endothelial cells may be a tendency of apoptotic by 
Cov-miR-5 and the dead vascular endothelial cells may make 
blood clots. Together, ACE2 protects against pulmonary 
hypertension [43] whereas ACE2 is a receptor of SARS-
CoV-2. The simulation suggested that pulmonary hypoxia 
and vascular hypertension would be induced by Cov-miR-5, 
and retained ACE2 expression via suppression of HIF1A 
would keep viral infection in the lung. 

For evasion from the host defense system, Cov-miR-4 
blocked complement C1QA with human specific miR-6756-
5p, miR-6870-5p and miR-6766-5p (Figure 3). Deceasing 
C1q upon the classical pathway in situ abolishes the 
cytolytic attack with anti-SARS-CoV-2 antibodies against 
virus producing cells and inhibits opsonization to the 
immune complex of viruses bound with neutral antibodies 
or to dead cells which induce thrombosis and SLE-like 
hypocomplementemia. SARS-CoV-2 specific antibodies/
complement defense system would be stopped but alternative 
complement pathway activation by IL-6 production via host 
miR-98-5p downregulation is remained. C3b activation 
decreases peripheral mononuclear cells (PBMCs), which has 

been observed in hemodialysis patients [50,51]. Therefore, 
acute inflammation of non-effective virus eradication might 
be continued in the lung. If Cov-miR-4 RNAs were stayed 
into the host cells because complement has an important 
role for the immunocomplex clearance, SLE-like symptom 
would be continued for the long-term. This would be one of 
the immunodeficiency symptoms upon COVID-19. Although 
convalescent plasma (200 ml) was successfully applied to ten 
of COVID-19 ICU patients as the transfusion treatment there 
is some possibility of the effects of neural antibodies plus the 
complement escaped from incomplete inactivation (30℃, 
4h for plasma derivative of hemophilia factor VIII against 
viruses) because the clinical trial had no blind assessment 
with inactivated healthy individual plasma. If so, this therapy 
may be an evidence of the positive effects upon supplement 
of complementary complement.

Tyrosine 3-monooxygenase/tryptophan 
5-monooxygenase activation protein zeta (YWHAZ, 14-3-3 
zeta) was inhibited by Cov-miR-5 with miR-375 (Figure 3). 
Influenza infection specifically induced miR-451 expression 
and miR-451 suppressed YWHAZ expression, and then 
IL-6, TNF, c-c motif chemokine ligand 5 (CCL5, RANTES) 
secretion was inhibited by YWHAZ reduction via forkhead 
box O3 (FOXO3) upregulation [52,53]. Therefore, YWHAZ 
is a positive regulator of inflammatory cytokine gene 
expression. It is suggested that Cov-miR-5 would control IL-6 
inflammatory cytokine production for viral infection. 

Calcium-activated protease Calpain (CAPN) inhibition 
has protected from the infection of pathogenic influenza A in 
vivo and suppresses inflammatory cytokine releasing in the 
bronchial epithelial cells [54]. Although CAPN3 was inhibited 
by Cov-miR-6 with let-7b-5p, let-7e-5p, let-7c-5p, miR-4458, 
let-7a-5p, let-7i-5p and let-7d-5p (Figure 3), calpain inhibition 
by calpain inhibitor MDL28170 suppresses SARS coronavirus 
replication [55]. Treatment outcome of protease inhibitors, 
lopinavir/ritonavir combination therapy was useful for 
patients with SARS-CoV-2 [56]. Therefore, downregulation of 
calpain would inhibit SARS-CoV-2 excess proliferation. On the 
contrary, microsomal glutathione S-transferase 1 (MGST1) 
was decreased by Cov-miR-2 with miR-4505 (Figure 3). Since 
glutathione S-transferase downregulation was observed 
in hepatitis D virus infection and its downregulation was 
implicated in liver injury [57]. MGST1 downregulation may 
be related with lung injury in SARS-CoV-2 infection. Taken 
together, Cov-miR-6 would recover the abnormal status 
of host cells under acute inflammation by host miRNAs for 
maintaining virus infection and Cov-miR-4 would be a code 
breaker of host specific immune system against SARS-CoV-2 
by destruction of complement classical pathway. Cov-miR-5 
would induce pulmonary hypoxia and vascular hypertension. 
Cov-miR-5 would also retain infectious virus absorption 
under controlling of acute inflammation by IL-6 production 
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via host miR-98-5p downregulation.

From the simulation data by MIRAI, a combination 
of anti-inflammation and anti-virus agents may be 
enough necessary for treatment of COVID-19 with the 
chemotherapeutic and the biologic drugs. In the anti-virus 
agents, as the 3’ end noncoding region of the RNA viral 
genome is generally implicated in viral replication [23], 
cocktail of miR-98-5p mimic, anti-Cov-miR-4 and anti-Cov-
miR-5 nucleic acid compounds as the nebulization formula 
would be possible for development of miRNA vaccine against 
SARS-CoV-2, which is able to quickly mass-produce with 
cheap, be easily delivering, virus specific, not borne drug 
resistant mutants and low side effects [58]. Further data of 
miRNA biomarker panels from plasma or serum of SARS-
CoV-2 infection are required for diagnostic and prognostic 
precious-medicine with MIRAI. We need more progression 
of in silico investigation to elucidate the etiology of COVID-19 
infection and pneumonia.

Conclusion

We have shown that miRNA profile of SARS-CoV infected 
bronchoalveolar stem cells would be useful to elucidate 
the pathogenic machinery of SARS-CoV-2 infection. For the 
etiology in COVID-19, MIRAI output data that symptom 
of inflammation was controlled by host miRNAs and that 
of infection was tuned by viral miRNAs, independently. 
According to the results of MIRAI computing, in host 
miRNA network, although the quantum miRNA immunity 
was observed as cell cycle arrest, apoptosis and an innate 
immunity of MAVS/VISA, inflammatory IL-6 expression was 
directly upregulated by downregulation of miR-98-5p hub. 
On the contrary, HIF1A reduction and C1qA suppression 
were observed in viral miRNA network. This is the first 
report that the etiology of COVID-19 was shown from host 
miRNAs and viral miRNAs independently. The mechanisms 
upon suppression of hypoxia-related HIF1A protein and 
complement C1qA by Cov-miR-5 and -4 make hypoxia plus 
vascular hypertension and an advantage of viral infection 
while precision of viral miRNA about viral infection was 
0.900 in MIRAI. With the host miRNA alone, it was difficult 
for AI to explain clinical symptoms of COVID-19 at all. Acute 
inflammation by host miRNAs and low oxygen delivery 
by viral miRNAs would dominantly cause a lethal and 
severe pneumonia in COVID-19. As COVID-19 induced IL-6 
upregulation by host miR-98-5p hub downregulation, and 
hypoxia plus vascular hypertension by Cov-miR-5a and 
complement suppression by Cov-miR-4, subsequently, miR-
98-5p mimic, anti-Cov-miR-4 and anti-Cov-miR-5 nucleic 
acid compounds would be candidates of a miRNA therapeutic 
tool against SARS-CoV-2. Further investigations are needed.
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