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Abstract

In the study, we analyzed a relatively large-scale subset of cytokines, such as 109 kinds of blood
circulating cytokines in COVID-19 and precisely described cytokine storm in the expression level and
the range of fluctuations during hospitalization. Of the cytokines analyzed in COVID-19, approximately
70 % were detected with Bonferroni-corrected significant differences in comparison with disease se-
verity, clinical outcome, long-term hospitalization, and disease progression and recovery. Of these, IP-
10, sSTNF-R1, sTNF-R2, sCD30, sCD163, HGF, SCYB16, IL-16, MIG, SDF-1, and Fractalkine were found
to be major components of the COVID-19 cytokine storm. Specifically, SDF-1, TECK, and sTNF-R2
were constituted of central hub modules in the dense co-expression correlation network. Detailed in-
vestigations for changed amounts of cytokines (coefficient of variation, CV) and the blood cytokine
concentration (blood amounts of cytokines) during the hospitalization period suggested that 11 cyto-
kines including SDF-1, SCYB16, sCD30, IL-11, IL-18, IL-8, IEN- y , TNF- a , sSTNF-R2, M-CSF, and I-309
would be associated with the infection, mortality, disease progression and recovery, and long-term
hospitalization. Increments of these cytokines could be explained in T cell development and stimula-
tion models from hematopoietic stem cell differentiation to Th1-driven hyperinflammation in COVID-19.

Key Words: COVID-19, Cytokine storm, Helper T cells, IL-11, SDF-1.
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