
 11 / 14 
 

Update on avian influenza A (H5N1) virus infection in humans. N Engl J Med 2008; 358(3): 

261-73. 

22. Chen Y, Liang W, Yang S, et al. Human infections with the emerging avian influenza A H7N9 

virus from wet market poultry: clinical analysis and characterisation of viral genome. Lancet 

2013; 381(9881): 1916-25. 

23. Aggarwal S, Gollapudi S, Gupta S. Increased TNF-alpha-induced apoptosis in lymphocytes 

from aged humans: changes in TNF-alpha receptor expression and activation of caspases. J 

Immunol 1999; 162(4): 2154-61. 

24. Gupta S, Bi R, Kim C, Chiplunkar S, Yel L, Gollapudi S. Role of NF-kappaB signaling 

pathway in increased tumor necrosis factor-alpha-induced apoptosis of lymphocytes in aged 

humans. Cell Death Differ 2005; 12(2): 177-83. 

25. Gabay C. Interleukin-6 and chronic inflammation. Arthritis research & therapy 2006; 8(2): S3. 

26. Jones SA, Jenkins BJ. Recent insights into targeting the IL-6 cytokine family in inflammatory 

diseases and cancer. Nature Reviews Immunology 2018; 18(12): 773-89. 

27. Burmester GR, Rigby WF, van Vollenhoven RF, et al. Tocilizumab in early progressive 

rheumatoid arthritis: FUNCTION, a randomised controlled trial. Annals of the rheumatic 

diseases 2016; 75(6): 1081-91. 

28. Yokota S, Itoh Y, Morio T, et al. Tocilizumab in systemic juvenile idiopathic arthritis in a 

real-world clinical setting: results from 1 year of postmarketing surveillance follow-up of 417 

patients in Japan. Annals of the rheumatic diseases 2016; 75(9): 1654-60. 

29. Le RQ, Li L, Yuan W, et al. FDA approval summary: tocilizumab for treatment of chimeric 

antigen receptor T cell‐induced severe or life‐threatening cytokine release syndrome. The 

oncologist 2018; 23(8): 943. 

30. Yang C, Chen Y, Guo G, et al. Expression of B and T lymphocyte attenuator (BTLA) in 

macrophages contributes to the fulminant hepatitis caused by murine hepatitis virus strain-3. Gut 

2013; 62(8): 1204-13. 

31. Li J, Diao B, Guo S, et al. VSIG4 inhibits proinflammatory macrophage activation by 

reprogramming mitochondrial pyruvate metabolism. Nature communications 2017; 8(1): 1322. 

32. McLane LM, Abdel-Hakeem MS, Wherry EJ. CD8 T cell exhaustion during chronic viral 

infection and cancer. Annual review of immunology 2019; 37: 457-95. 

33. Brooks DG, Trifilo MJ, Edelmann KH, Teyton L, McGavern DB, Oldstone MB. Interleukin-10 

determines viral clearance or persistence in vivo. Nat Med 2006; 12(11): 1301-9. 

34. Ejrnaes M, Filippi CM, Martinic MM, et al. Resolution of a chronic viral infection after 

interleukin-10 receptor blockade. J Exp Med 2006; 203(11): 2461-72. 

35. Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effectively inhibit the recently 

emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 2020. 

36. Holshue ML, DeBolt C, Lindquist S, et al. First Case of 2019 Novel Coronavirus in the United 

States. N Engl J Med 2020. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

(which was not peer-reviewed) The copyright holder for this preprint .https://doi.org/10.1101/2020.02.18.20024364doi: medRxiv preprint 

https://doi.org/10.1101/2020.02.18.20024364
http://creativecommons.org/licenses/by-nc-nd/4.0/


 12 / 14 
 

Figure and figure legends 

 

 

 

Figure 1 Reducing T cell numbers in COVID-19 patients. A. Demographics of T cells in patients; 

B. T cell numbers in different groups; C. T cell numbers in patients of different ages; D. T cell 

count in Non-ICU care patients with different clinical outcomes.**p<0.01, ***p<0.001 and 

****p<0.0001. 
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Figure 2 Cytokines and relative T cell numbers in COVID-19 patients. A. Demographics of 

cytokines in patients; B. Cytokine levels in different groups; C. The relativity of T cell numbers 

with cytokine levels; D. Dynamic profiles of cytokine levels and T cell numbers in Non-ICU care 

patients. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001. 
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Figure 3 Exhaustion of T cells in COVID-19 patients. A,B. PD-1 expressions on T cells in 

different groups; C, D. Dynamic profile of PD-1 and TIM-3 expressions on T cells in 3 patients. NS: 

not significant, *p<0.05, **p<0.01. 

 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

(which was not peer-reviewed) The copyright holder for this preprint .https://doi.org/10.1101/2020.02.18.20024364doi: medRxiv preprint 

https://doi.org/10.1101/2020.02.18.20024364
http://creativecommons.org/licenses/by-nc-nd/4.0/

