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Exploration on molecular mechanisms between chronic fatigue syndrome after
COVID-19 and inflammatory response, oxidative stress and apoptosis based on
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Abstract: Objective To explore the molecular mechanism between chronic fatigue syndrome (CFS) after coronavirus disease 2019
(COVID-19) and inflammatory response, oxidative stress, apoptosis by analyzing the single cell transcriptome data of patients with CFS
after COVID-19 and normal subjects, and predict potential traditional Chinese medicines that regulate key genes, providing theoretical
support for the treatment of CFS after COVID-19. Methods The “Seurat” package in R language 4.2.1 was used to process peripheral
blood single cell sequencing data of CFS after COVID-19 patients and normal subjects; the “CellChat” package was used to analyze cell
communication; and the “scMetabolism” package was used to evaluate cell metabolic characteristics. Five algorithms (AddModuleScore,
AUCell, UCell, singscore and ssGSEA) were synthesized to calculate the inflammatory response, oxidative stress, apoptosis scores of five
immune cells in CFS after COVID-19 patients and normal subjects, and the differences between them were compared. The “scCODE”
package was used to identify differentially expressed (DE) genes between normal subjects and CFS after COVID-19 patients in various
types of immune cells. Upset plot analysis showed that inflammatory response related genes (IRGs), oxidative stress related genes (OSRGs)
and apoptosis related genes (ARGs) were involved in CFS after COVID-19. “ClusterProfiler” package was used to perform gene ontology
biological process (GOBP) enrichment analysis on IRGs, OSRGs and ARGs respectively. STRING database and Cytoscape software were
used to construct “IRGs-OSRGs-ARGs” molecular interaction complex network diagram. The cytoHubba plug-in was used to screen for
key genes. COREMINE database was used to predict traditional Chinese medicine regulating key genes, and g1, flavours, meridian affinity,
and drug efficacy classification were counted through the cloud platform of ancient and modern medical records. Results Five types of
immune cells were identified, including B cells, CD4T cells, CD8"T cells, NK cells, and monocytes. Cell-to-cell communication was
richer and more intense in CFS after COVID-19 patients than in normal subjects, and there were no significant differences in cellular
metabolic characteristics between the two groups. The scores of inflammatory response, oxidative stress, apoptosis of immune cells in CFS
after COVID-19 patients were generally higher than those in normal subjects. A total of 33 IRGs, 17 OSRGs and 54 ARGs were obtained.
“IRGs-OSRGs-ARGs” molecular interaction network showed that IRGs, OSRGs and ARGs were closely related, and finally eight key
genes were identified. The ¢i of the intervention traditional Chinese medicines is primarily cold, followed by warm and neutral. The flavors
were mainly bitter, pungent and sweet. Liver, spleen, and lung channels were the main channels. The main efficacy categories were
deficiency tonifying drugs [Gancao (Glycyrrhizae Radix et Rhizoma), Renshen (Ginseng Radix et Rhizoma), etc.], heat-clearing drugs
[Huangqin (Scutellariae Radix), Yuxingcao (Houttuyniae Herba), etc.], blood-activating and stasis- removing drugs [Yujin (Curcumae
Radix), Danshen (Salviae Miltiorrhizae Radix et Rhizoma), etc.]. Conclusion CFS after COVID-19 patients had abnormal inflammatory
response, oxidative stress, apoptosis and the three were closely related. A total of eight key genes (TNF, BCL2, CTNNB1, CXCL8, IFNG,
HIFI14, MCLI1, CYCS) may be potential therapeutic targets for CFS after COVID-19. In clinical treatment of CFS after COVID-19,
attention should be paid to the compatibility of tonifying drugs, heat-clearing drugs and blood-activating and stasis-removing drugs.

Key words: coronavirus disease 2019; chronic fatigue syndrome; single cell transcriptome; inflammatory response; oxidative stress;
apoptosis; Glycyrrhizae Radix et Rhizoma; Ginseng Radix et Rhizoma; Scutellariae Radix; Houttuyniae Herba; Curcumae Radix;

Salviae Miltiorrhizae Radix et Rhizoma
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Table 1 Basic information of samples in included study

A 1D A S FERb I
LC LCl % 57  EILE
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LC LC4 B 69  JEIE
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CT CT2 % 79

CT CT3 % 28/

CT CT4 %« 52/
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1.3 REMAAKERL . SR TITES

MArEMESLKEE (Hallmark gene set) 8 22+
“HALLMARK INFLAMMATORY RESPONSE ” 3t
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Fig. 1 UMAP scatter plot of cell distribution after cell population annotation of all cell data between CFS after COVID-19

patients and normal subjects
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A-left figure shows the difference in the number of cell-to-cell communication between the CT group and LC group, and right figure shows the difference
in the strength of cell communication between the CT group and LC group; B-cell-to-cell communication analysis in CT group; C-cell-to-cell
communication analysis in LC group.

2 BN

Fig. 2 Analysis of cell-to-cell communication
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Fig. 3 Cellular metabolic analysis in CT group (A) and LC group (B)
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Bubble plot (A) and violin plot (B) show the inflammatory response levels of five algorithms for evaluating various immune cells; UMP plot (C) and violin
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Fig. 4 Comparison of inflammatory response scores
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