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A detailed understanding of the molecular mechanism of SARS-CoV-2 pathogenesis is

still elusive, and there is a need to address its deadly nature and to design effective

therapeutics. Here, we present a study that elucidates the interplay between the SARS-

CoV and SARS-CoV-2 viruses’ and host’s miRNAs, an epigenetic regulator, as a mode

of pathogenesis; and we explored how the SARS-CoV and SARS-CoV-2 infections

differ in terms of their miRNA-mediated interactions with the host and the implications

this has in terms of disease complexity. We have utilized computational approaches to

predict potential host and viral miRNAs and their possible roles in different important

functional pathways. We have identified several putative host antiviral miRNAs that can

target the SARS viruses and also predicted SARS viruses-encoded miRNAs targeting

host genes. In silico predicted targets were also integrated with SARS-infected human

cell microarray and RNA-seq gene expression data. A comparison between the host

miRNA binding profiles on 67 different SARS-CoV-2 genomes from 24 different countries

with respective country’s normalized death count surprisingly uncovered some miRNA

clusters, which are associated with increased death rates. We have found that induced

cellular miRNAs can be both a boon and a bane to the host immunity, as they have

possible roles in neutralizing the viral threat; conversely, they can also function as proviral

factors. On the other hand, from over representation analysis, our study revealed that

although both SARS-CoV and SARS-CoV-2 viral miRNAs could target broad immune-

signaling pathways; only some of the SARS-CoV-2 miRNAs are found to uniquely target

some immune-signaling pathways, such as autophagy, IFN-I signaling, etc., which might
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FIGURE 7 | Enrichment analysis and comparison between the SARS-CoV and SARS-CoV-2 encoded viral miRNAs’ target human genes. Functional enrichment

using gitools: the (A) GO Biological Process module and (B) GO Molecular Funtion module. Enriched pathways obtained from (C) the Webgestalt (KEGG and

Wikipathways) tool, (D) DAVID (KEGG pathways) tool, and (E) EnrichR (KEGG, Wikipathways, BioPlanet pathways) tool. Color codes are as in Figure 5. Only selected

significant enriched terms are shown.
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FIGURE 8 | Enrichment analysis and comparison between the enriched pathways of (A) SARS-CoV and (B) SARS-CoV-2 encoded viral miRNAs’ downregulated

target genes, obtained using the EnrichR (KEGG, Wikipathways, and BioPlanet pathways) tool. –Log10 (P-value) scale is utilized for all in a bar graph. The higher the

bar height, the more significant an enriched term is. Only selected significant enriched terms are shown.

virus to avoid host’s immune response. We also identified
several such pathways involved in viral entry, replication,
translation mechanisms, etc. These can be targeted by the
cellular miRNAs induced by SARS-CoV and SARS-CoV-2
infection. Moreover, several immune-response pathways, such
as TLR signaling, interleukin signaling, TRAF6 signaling, etc.,
were exclusively found to be targeted by SARS-CoV-2-induced

host miRNAs (Figure 5B), and SARS-CoV-2-encoded miRNAs
can target pathways, such as autophagy, IFN-I signaling, wnt
signaling, mTOR signaling, etc. SARS-CoV-encoded miRNAs
targets were, however, not found to be enriched in these pathways
(Figures 7A–E). Target genes downregulated by SARS-CoV-2
miRNAs are found to be involved in the Ca2+ signaling pathway,
and these are considered important activators of many signaling
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pathways (Zhou et al., 2009) (Figure 8B). All of these suggest
why SARS-CoV-2 infections might be fatal for those who are
immunosuppressed (D’Antiga, 2020).

Interestingly, our findings have enlightened several poorly
understood mechanisms behind many of the unique clinical
and pathological features of SARS-CoV-2, which has made
it significantly different from SARS-CoV. We predicted both
cellular miRNAs and viral encoded miRNAs, induced during
SARS-CoV and SARS-CoV-2 infection, were found to target
cytokine-signaling pathways involved in immune responses
leading to the improved viral pathogenesis. Also, we found
that SARS-CoV-2 miRNAs can target different important
organ-specific cellular functions and pathways. We showed
that SARS-CoV-2-encoded miRNAs can target the insulin-
signaling pathway (Figure 7A, Supplementary Figure 1),
and aberration of this pathway might overcomplicate the
whole disease condition for COVID-19 patients with existing
diabetic problems (Shimizu et al., 1980; del Campo et al.,
2012). Our data also suggests that the SARS-CoV-2 miRNAs
can target heart development-related pathways (Figure 7A,
Supplementary Figure 1), which might lead to similar
consequences like viral myocarditis (Dennert et al., 2008),
making the disease more fatal for the patients with existing
cardiovascular complications. These SARS-CoV-2-encoded
miRNAs might also target genes associated with brain
development (Figure 7A, Supplementary Figure 1), which
might provide a clue about the neurological signs like headaches,
vomiting, and nausea. SARS-CoV-2-induced host miRNAs can
also downregulate kidney development and regulation of cellular
ketone metabolic processes, etc. (Figure 5C), increasing the
burden upon the kidneys (Kanikarla-Marie and Jain, 2016),
which might be fatal for patients who have diabetes and kidney
complications. HIF-1 signaling was also found to be targeted by
SARS-CoV-2 miRNAs (Figure 7E, Supplementary Figure 1).
This pathway is found to be associated with many viral
infections, as HIF-1 plays an important role in cellular survival
during hypoxic conditions (Santos and Andrade, 2017); COVID-
19 patients suffer from the lack of oxygens due to breathing
complications. This pathway might therefore play a crucial
role in mitigating the condition, but viral miRNA-mediated
deregulation of this pathwaymight result in severe consequences.

Our findings can explain that the interplay between
host miRNAs and SARS-CoV-2 can promote viral
pathogenesis by deregulating major antiviral immune-
signaling pathways; furthermore, the resulting abnormal
regulation of several host pathways might lead to an increased
complications in the infected patients. Our study, which
was conducted using machine learning and knowledgebase
approaches, alongside further experiments, has the full
potential to provide a more detailed understanding of
the disease progression, and, based on these results, novel
therapeutic interventions using RNA interference (RNAi) can
be designed.
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