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Abstract

:

COVID-19 patients with acute respiratory distress syndrome (ARDS) have an immune imbalance when systemic inflammation and dysfunction of circulating T and B cells lead to a more severe disease. Using TREC/KREC analysis, we studied the level of mature naive T and B cells in peripheral blood of COVID-19 patients and its relationship with clinical and laboratory data. TREC/KREC analysis was performed by multiplex real-time quantitative PCR on a sample of 36 patients aged 45 years or younger. The reduced TREC/KREC level was observed in ARDS patients compared with non-ARDS patients, and similar results were found for the deceased patients. During days 6 to 20 of hospitalization, a higher neutrophil-to-lymphocyte ratio (NLR) was detected in ARDS patients compared with non-ARDS patients. TREC/KREC negatively correlated with NLR; the highest correlation was recorded for TREC per 100,000 cells with the coefficient of determination R2 = 0.527. Thus, TREC/KREC analysis is a potential prognostic marker for assessing the severity and outcome in COVID-19.
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1. Introduction


The pandemic of the Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 (family Coronaviridae, genus Betacoronavirus) continues to be a major challenge worldwide. Most patients with COVID-19 have a mild disease; however, about 20% of those infected need to be hospitalized because of pneumonia [1]. The severe COVID-19 most often manifests as acute respiratory distress syndrome (ARDS) with significant abnormalities, including air–blood barrier damage, systemic inflammation, extensive lung injury, immune system dysfunction, and secondary infections [2]. ARDS is reported in over 70% of COVID-19 patients hospitalized in the intensive care unit [3,4]. Severe course and unfavorable outcomes in hospitalized COVID-19 patients can be associated with lymphopenia in combination with neutrophilia [5,6,7,8]. Restoration of lymphocyte count may be important for a patient’s recovery not only because of the impaired adaptive antiviral response in lymphopenia, but also due to an increased risk of severe hyperinflammatory response in COVID-19 [9].



The maturation of functional human T and B cells is accompanied by recombination and rearrangements in the genes encoding T and B cell receptors and the formation of extrachromosomal circular DNA, which is not capable of replication including TREC (T cell receptor excision circle) forming during maturation of naive T cells in the thymus and KREC (kappa-deletion recombination excision circle) developing during maturation of naive B cells in bone marrow. Determination of TREC/KREC ratio in peripheral blood is mainly used for screening of primary immunodeficiencies associated with impaired maturation of T and B cells [10,11], and to assess immune system functioning after hematopoietic stem cell transplantation [12], to determine response to antiretroviral therapy of HIV infection [13], as well as to study and evaluate the effectiveness of therapy for lymphoproliferative diseases [14].



We examined the level of mature naive T and B cells in peripheral blood using TREC/KREC analysis in relation to the development of ARDS and death in COVID-19, with consideration of clinical and laboratory data.




2. Materials and Methods


2.1. Patients


The study included 36 patients diagnosed with COVID-19, who were hospitalized in M.F. Vladimirsky Moscow Regional Research and Clinical Institute and Moscow Clinical Center for Infectious Diseases “Voronovskoe” from 27 April to 28 November 2020. The diagnosis was confirmed by laboratory testing in accordance with the provisional guidelines on prevention, diagnosis, and treatment of the novel coronavirus infection (COVID-19) of the Russian Ministry of Health (Version 11). The Ethics Committee of the Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology approved the study; all included patients signed an informed consent. The presence of ARDS and the determination of its severity were carried out in accordance with the Berlin Definition [15].



Patients of both sexes aged 18 to 45 years, who signed the informed consent for study participation, without severe medical, immunological, and surgical comorbidities and/or complications, as well as pregnancy throughout the study were enrolled in the study. Exclusion criteria were terminal incurable diseases; primary and/or secondary immunodeficiency; pregnancy; and refusal to participate in the study.




2.2. DNA Extraction and Quantitative PCR Assay


Venous blood was collected in IMPROVACUTER® EDTA Tubes (Guangzhou Improve Medical Instruments Co., Ltd., Guangzhou, China) and stored at −20 °C. DNA was isolated from 200 μL of venous blood by isopropanol precipitation. Primers and probes were designed to specifically amplify δREC-ψJα T cell receptor, kappa-deleting element, and human albumin (ALB) as reference gene. TREC, KREC, and albumin levels were simultaneously determined by multiplex real-time quantitative PCR (RQ-PCR) in 25 μL of reaction mixture containing 200 ng DNA. PCR protocol included 7 min at 95 °C followed by 45 cycles of 30 s at 93 °C and 1 min at 59 °C (CFX96, Bio-Rad, USA). The sequence of primers and probes is shown in Supplementary Table S1.



Standard curves for accurate quantification of TREC, KREC, and albumin were obtained by constructing a calibration curve from serially diluted genetic constructs containing the TREC/KREC junction region and the corresponding albumin gene region. TREC and KREC copies were calculated and expressed as copies per 100,000 nucleated cells and per WBC (white blood cell) and lymphocyte counts in 1 μL of blood as follows:


   TREC   or   KREC  / 100,000    cells  =    Copy   number   of   TREC   or   KREC     Copy   number   of      ALB  2    × 100,000  










   TREC   or   KREC  / WBC  (   or   lymph   )     in    1    µ L   of   blood  =  (   TREC   or   KREC   copies   )  ×  WBC   or   lymph   in    1    μ L   












2.3. Statistical Analysis


Statistical analysis and data visualization were performed using IBM SPSS Statistics 25.0 (IBM, New York, NY, USA) and R software package (RStudio 1.4, https://www.rstudio.com, accessed on 19 May 2021). Data for quantitative nonparametric variables are presented as medians and 10th and 90th percentiles, and as values and percentage for categorical data. Comparative intergroup analysis was performed using the nonparametric Mann–Whitney U-criterion, and correlation analysis was performed by calculating the Spearman correlation coefficient. Dichotomous data were analyzed using Fisher’s exact two-sided F-criterion. The significance level at which the null hypothesis of no difference between the study groups was rejected was set at 0.05. Correction for multiple comparisons was performed using the Benjamini–Hochberg method (FDR, False Discovery Rate).





3. Results


The total sample size was 36 patients; 10 (27.78%) patients had ARDS, and 4 (11.11%) of them did not survive. The median age (10th and 90th percentiles) was 38.50 (31.00 to 44.00) years. More than half of the study participants were males (58.3%). The most frequently reported findings on admission were fatigue (86.11%), cough (66.67%), fever (61.11%), and dyspnea (36.11%). The main patient characteristics are shown in Table 1.



Comparative analysis of clinical and laboratory data and TREC/KREC levels was performed between patients with ARDS (n = 10) and without it (n = 26). No differences were found between these groups with respect to age, sex, day of illness at the time of analysis, WBC, RBC (red blood cells), and platelet counts. Patients with ARDS differed from the non-ARDS group ones in reduced lymphocyte count (p = 0.014), increased neutrophil count (p = 0.049), and neutrophil-to-lymphocyte ratio (NLR) (p = 0.002). When adjusted for multiple comparisons, significant differences were reported only for NLR (FDR adjusted p-value = 0.022) (Supplementary Table S2).



For NLR, a comparative analysis was performed between patients with and without ARDS from the time of hospitalization to discharge or patient death in five-day increments. Differences were found at 6 to 10 (p = 0.00001; FDR adjusted p-value = 0.00001), 11 to 15 (p = 0.00461; FDR adjusted p-value = 0.01153), and 16 to 20 (p = 0.01119; FDR adjusted p-value = 0.01865) treatment days (Mann–Whitney U test) (Figure 1).



Analysis of TREC/KREC levels both per 100,000 cells and per leukocyte and lymphocyte counts per 1 µL of blood revealed significant differences: TREC/KREC values were lower in the group of ARDS patients; these differences persisted after adjustment for multiple comparisons (Table 2). The TREC/KREC levels were also lower in non-survivors than in survivors (Supplementary Table S3).



Linear regression analysis revealed no correlation of TREC/KREC level with patient age, length of stay, and day of biomaterial collection from the onset of COVID-19 symptoms. The age-specific distribution of TREC/KREC per 100,000 cells is shown in Figure 2 (TREC: R2 = 0.065, p = 0.134; KREC: R2 = 0.059, p = 0.155).



Correlation analysis of TREC/KREC values revealed a significant inverse correlation with NLR; the highest correlation was recorded between the number of TREC copies per 100,000 cells and NLR (Spearman’s ρ = −0.726, p = 1.0 × 10−6 coefficient of determination R2 = 0.527) (Supplementary Table S4).




4. Discussion


Our study examined the numbers of mature naive T and B cells in peripheral blood using TREC/KREC analysis in relation to ARDS development and mortality in COVID-19. The COVID-19 patients with ARDS are characterized by immune imbalance in which systemic inflammation and dysfunction of circulating T and B cells may be contributing to a more severe disease course [16]. The activated B cells (plasma cells) produce antibodies that neutralize extracellular viral particles and participate in the destruction of virus-infected cells, thus preventing virus binding and penetration into the cell. The cells infected with the virus can be recognized and destroyed by CD8+ cytotoxic T cells. CD4+ T cells have multiple effects, including stimulation of effective antiviral B and CD8+ T cell responses and regulation of innate and adaptive immunity, limiting immune-mediated organ damage [9]. Low levels of CD4+ and CD8+ T cells and B cells correlate with the severe course of COVID-19 and unfavorable outcome; the phenomenon of immune depletion mainly occurs with CD8+, to a lesser extent CD4+ T cells [17,18,19,20]. In COVID-19, there was a decreased ability to produce antiviral cytokines, particularly IFN-γ, and a shift of CD8+ T cells toward a terminally differentiated/senescent phenotype through reducing the number of naive (CD45RA+ CCR7+) and T central memory (Tcm, CD45RA- CCR7+) cells, whereas the frequency of terminally differentiated effector TEMRA (CD45RA+ CCR7-) cells and senescent (CD57+) CD8+ T cells was significantly higher compared to healthy controls. Among CD4+ T cells in these patients, naive, Tem, and TEMRA were mostly impaired, whereas Tcm were relatively intact [5]. Regulatory T cells (Treg), due to their suppressor properties, are able to limit inflammation and control immune homeostasis during viral infection. Treg numbers are significantly reduced in critically ill patients with COVID-19 compared to patients with mild disease [21]. Reduced Treg numbers in severe COVID-19 indicate inadequate regulation of proinflammatory immune responses, which can enhance hyperinflammation and tissue damage [22].



TREC and KREC levels were assessed per 100,000 cells and per leukocyte or lymphocyte counts per 1 μL of blood. Reduced TREC/KREC copies were registered for patients with ARDS compared to those without ARDS, and similar results were found for non-survivors. One of the reasons for low T and B cell levels, along with direct infection of T cells by SARS-CoV-2 and overproduction of inhibitory cytokines, may be the suppression of bone marrow hematopoiesis during “cytokine storm” [23].



During days 6 to 20 of treatment, higher NLR values were detected in patients with ARDS compared to the non-ARDS group. NLR is considered as an independent biomarker of disease severity and adverse clinical outcome [24,25,26]. Javanmard et al. showed that NLR > 6.5 was associated with 4-fold increase in the chance of severe COVID-19 and about a 1.8-fold increase of chance of fatal outcome [26]. TREC/KREC values were negatively correlated with NLR on the day of biomaterial collection; the highest correlation was recorded for TREC per 100,000 cells with a coefficient of determination R2 = 0.527. Consequently, we can suggest that mature naive T cells in the peripheral blood determine more than 50% of NLR values.




5. Conclusions


A limitation of our study is the sample size. The results obtained are preliminary, and further study of TREC/KREC in a larger sample will allow consideration of this parameter as a potential prognostic marker for the risk of development, severity, and outcome in the novel COVID-19 infection.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/diagnostics11081486/s1, Table S1: Primer and probe sequences of TREC, KREC, and albumin. Table S2: Comparison of clinical characteristics and laboratory findings between ARDS and non-ARDS COVID-19 patients. Table S3: Comparison of TREC/KREC levels between survivor and non-survivor COVID-19 patients. Table S4: Correlation of TREC/KREC levels and NLR.





Author Contributions


L.E.S., A.N.K. and M.B.K. designed study. E.V.K., S.S.L. and A.G.R. developed the TREC/KREC assays. J.V.C., V.A.S., I.V.R. and L.S.A. recruited participants and collected data. D.A.S. and A.S.G. collected, analyzed and helped to interpret data. M.B.K. interpreted data, prepared figures, wrote the manuscript. L.E.S., M.B.K., S.S.L. and A.N.K. revised the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The reported study was funded by RFBR, project No. 20-04-60352, and the state assignment of the Ministry of Education and Science of Russia, No. 0563-2019-0019.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology (No. AE 2.1.18).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Wu, Z.; McGoogan, J.M. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72,314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 2020, 323, 1239–1242. [Google Scholar] [CrossRef]

	



Qin, H.; Zhao, A. Mesenchymal stem cell therapy for acute respiratory distress syndrome: From basic to clinics. Protein Cell 2020, 11, 707–722. [Google Scholar] [CrossRef]

	



Tan, E.; Song, J.; Deane, A.M.; Plummer, M.P. Global Impact of Coronavirus Disease 2019 Infection Requiring Admission to the ICU: A Systematic Review and Meta-analysis. Chest 2021, 159, 524–536. [Google Scholar] [CrossRef]

	



Serafim, R.B.; Póvoa, P.; Souza-Dantas, V.; Kalil, A.C.; Salluh, J.I.F. Clinical course and outcomes of critically ill patients with COVID-19 infection: A systematic review. Clin. Microbiol. Infect. 2021, 27, 47–54. [Google Scholar] [CrossRef]

	



Mazzoni, A.; Salvati, L.; Maggi, L.; Capone, M.; Vanni, A.; Spinicci, M.; Mencarini, J.; Caporale, R.; Peruzzi, B.; Antonelli, A.; et al. Impaired immune cell cytotoxicity in severe COVID-19 is IL-6 dependent. J. Clin. Investig. 2020, 130, 4694–4703. [Google Scholar] [CrossRef]

	



Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y.; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet Respir. Med. 2020, 8, 475–481. [Google Scholar] [CrossRef]

	



Zhang, Z.L.; Hou, Y.L.; Li, D.T.; Li, F.Z. Laboratory findings of COVID-19: A systematic review and meta-analysis. Scand. J. Clin. Lab. Invest. 2020, 80, 441–447. [Google Scholar] [CrossRef]

	



Xie, J.; Ding, C.; Li, J.; Wang, Y.; Guo, H.; Lu, Z.; Wang, J.; Zheng, C.; Jin, T.; Gao, Y.; et al. Characteristics of patients with coronavirus disease (COVID-19) confirmed using an IgM-IgG antibody test. J. Med. Virol. 2020, 92, 2004–2010. [Google Scholar] [CrossRef]

	



Henry, B.; Cheruiyot, I.; Vikse, J.; Mutua, V.; Kipkorir, V.; Benoit, J.; Plebani, M.; Bragazzi, N.; Lippi, G. Lymphopenia and neutrophilia at admission predicts severity and mortality in patients with COVID-19: A meta-analysis. Acta Biomed. 2020, 91, e2020008. [Google Scholar] [CrossRef]

	



Van der Burg, M.; Mahlaoui, N.; Gaspar, H.B.; Pai, S.Y. Universal Newborn Screening for Severe Combined Immunodeficiency (SCID). Front. Pediatr. 2019, 7, 373. [Google Scholar] [CrossRef]

	



Korsunskiy, I.; Blyuss, O.; Gordukova, M.; Davydova, N.; Zaikin, A.; Zinovieva, N.; Zimin, S.; Molchanov, R.; Salpagarova, A.; Eremeeva, A.; et al. Expanding TREC and KREC Utility in Primary Immunodeficiency Diseases Diagnosis. Front Immunol. 2020, 11, 320. [Google Scholar] [CrossRef]

	



Mensen, A.; Ochs, C.; Stroux, A.; Wittenbecher, F.; Szyska, M.; Imberti, L.; Fillatreau, S.; Uharek, L.; Arnold, R.; Dörken, B.; et al. Utilization of TREC and KREC quantification for the monitoring of early T- and B-cell neogenesis in adult patients after allogeneic hematopoietic stem cell transplantation. J. Transl. Med. 2013, 11, 188. [Google Scholar] [CrossRef] [PubMed]

	



Franco, J.M.; Rubio, A.; Martínez-Moya, M.; Leal, M.; Merchante, E.; Sánchez-Quijano, A.; Lissen, E. T-cell repopulation and thymic volume in HIV-1-infected adult patients after highly active antiretroviral therapy. Blood 2002, 99, 3702–3706. [Google Scholar] [CrossRef]

	



Levy-Mendelovich, S.; Lev, A.; Rechavi, E.; Barel, O.; Golan, H.; Bielorai, B.; Neumann, Y.; Simon, A.J.; Somech, R. T and B cell clonal expansion in Ras-associated lymphoproliferative disease (RALD) as revealed by next-generation sequencing. Clin. Exp. Immunol. 2017, 189, 310–317. [Google Scholar] [CrossRef] [PubMed]

	



ARDS Definition Task Force; Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.T.; Ferguson, N.D.; Caldwell, E.; Fan, E.; Camporota, L.; Slutsky, A.S. Acute respiratory distress syndrome: The Ber-lin Definition. JAMA 2012, 307, 2526–2533. [Google Scholar] [CrossRef] [PubMed]

	



Yao, C.; Bora, S.A.; Parimon, T.; Zaman, T.; Friedman, O.A.; Palatinus, J.A.; Surapaneni, N.S.; Matusov, Y.P.; Cerro Chiang, G.; Kassar, A.G.; et al. Cell-Type-Specific Immune Dysregulation in Severely Ill COVID-19 Patients. Cell Rep. 2021, 34, 108590. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Z.; Long, W.; Tu, M.; Chen, S.; Huang, Y.; Wang, S.; Zhou, W.; Chen, D.; Zhou, L.; Wang, M.; et al. Lymphocyte subset (CD4+, CD8+) counts reflect the severity of infection and predict the clinical outcomes in patients with COVID-19. J. Infect. 2020, 81, 318–356. [Google Scholar] [CrossRef]

	



Wang, F.; Nie, J.; Wang, H.; Zhao, Q.; Xiong, Y.; Deng, L.; Song, S.; Ma, Z.; Mo, P.; Zhang, Y. Characteristics of Peripheral Lymphocyte Subset Alteration in COVID-19 Pneumonia. J. Infect. Dis. 2020, 221, 1762–1769. [Google Scholar] [CrossRef] [PubMed]

	



Wu, C.; Chen, X.; Cai, Y.; Xia, J.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk Factors Associated With Acute Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern. Med. 2020, 180, 934–943. [Google Scholar] [CrossRef] [PubMed]

	



Mahmoudi, S.; Rezaei, M.; Mansouri, N.; Marjani, M.; Mansouri, D. Immunologic Features in Coronavirus Disease 2019: Functional Exhaustion of T Cells and Cytokine Storm. J. Clin. Immunol. 2020, 40, 974–976. [Google Scholar] [CrossRef]

	



Wang, F.; Hou, H.; Luo, Y.; Tang, G.; Wu, S.; Huang, M.; Liu, W.; Zhu, Y.; Lin, Q.; Mao, L.; et al. The laboratory tests and host immunity of COVID-19 patients with different severity of illness. JCI Insight 2020, 5, e137799. [Google Scholar] [CrossRef] [PubMed]

	



Muyayalo, K.P.; Huang, D.H.; Zhao, S.J.; Xie, T.; Mor, G.; Liao, A.H. COVID-19 and Treg/Th17 imbalance: Potential relationship to pregnancy outcomes. Am. J. Reprod. Immunol. 2020, 84, e13304. [Google Scholar] [CrossRef] [PubMed]

	



Azkur, A.K.; Akdis, M.; Azkur, D.; Sokolowska, M.; van de Veen, W.; Brüggen, M.C.; O’Mahony, L.; Gao, Y.; Nadeau, K.; Akdis, C.A. Immune response to SARS-CoV-2 and mechanisms of immunopathological changes in COVID-19. Allergy 2020, 75, 1564–1581. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.; Du, X.; Chen, J.; Jin, Y.; Peng, L.; Wang, H.H.X.; Luo, M.; Chen, L.; Zhao, Y. Neutrophil-to-lymphocyte ratio as an independent risk factor for mortality in hospitalized patients with COVID-19. J. Infect. 2020, 81, e6–e12. [Google Scholar] [CrossRef] [PubMed]

	



Yang, A.P.; Liu, J.P.; Tao, W.Q.; Li, H.M. The diagnostic and predictive role of NLR, d-NLR and PLR in COVID-19 patients. Int. Immunopharmacol. 2020, 84, 106504. [Google Scholar] [CrossRef]

	



Haghjooy Javanmard, S.; Vaseghi, G.; Manteghinejad, A.; Nasirian, M. Neutrophil-to-Lymphocyte ratio as a potential biomarker for disease severity in COVID-19 patients. J. Glob. Antimicrob. Resist. 2020, 22, 862–863. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 11 01486 g001 550] 





Figure 1. Comparison of NLR between ARDS and non-ARDS COVID-19 patients. 
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Figure 2. Linear regression analysis of age and TREC/KREC in ARDS and non-ARDS patients: (A) TREC; (B) KREC. 
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Table 1. Baseline characteristics of hospitalized patients with COVID-19.






Table 1. Baseline characteristics of hospitalized patients with COVID-19.









	Parameter
	Total Patients (n = 36)





	Age, years
	38.50 (31.00–44.00)



	Male
	21 (58.3%)



	Hypertension
	8 (22.22%)



	Diabetes mellitus
	3 (8.33%)



	Body mass index, kg/m2
	28.80 (23.90–40.90)



	Missing, n (%)
	14 (38.89%)



	Time from onset of illness to hospitalization, days
	6.50 (1.00–12.00)



	Length of stay in hospital/ICU, days
	15.50 (8.00–29.00)



	SpO2, ≤93%
	16 (44.44%)



	Missing, n (%)
	2 (5.56%)



	Symptoms:
	



	Fever
	22 (61.11%)



	Cough
	24 (66.67%)



	Sore throat
	4 (11.11%)



	Chest tightness or chest pain
	4 (11.11%)



	Fatigue
	31 (86.11%)



	Chills
	5 (13.89%)



	Dyspnea
	13 (36.11%)



	Myalgia
	4 (11.11%)



	Vomiting or nausea
	3 (8.33%)



	Diarrhea
	4 (11.11%)



	Headache
	6 (16.67%)



	Loss of smell or taste
	7 (19.44%)



	CT score:
	



	0–1
	16 (44.44%)



	2
	11 (30.56%)



	3
	6 (16.67%)



	4
	3 (8.33%)



	ARDS:
	10 (27.78%)



	mild
	2/10 (20.00%)



	moderate
	4/10 (40.00%)



	severe
	4/10 (40.00%)



	Non-Survivors
	4 (11.11%)







The data are presented as the median and interquartile range (10–90th percentiles) or as the total number and the percentage of patients with available data. ARDS—acute respiratory distress syndrome; CT—chest computed tomography score at the time of admission to hospital/ICU; SpO2—peripheral oxygen saturation. The ARDS categories are specified in accordance with the Berlin Definition [15].
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Table 2. Comparison of TREC/KREC levels between ARDS and non-ARDS COVID-19 patients.
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	Variable
	Non-ARDS (n = 26)
	ARDS (n = 10)
	p-Value
	FDR

Adjusted p-Value





	TREC/100,000 cells
	69.04 (15.43–230.60)
	8.75 (0.00–259.56)
	0.045
	0.049



	TREC/WBC in 1 µL of blood
	4.40 (0.55–11.70)
	0.76 (0.00–13.83)
	0.049
	0.049



	TREC/lymphocytes in 1 µL of blood
	0.09 (0.01–0.33)
	0.01 (0.00–0.34)
	0.026
	0.039



	KREC/100,000 cells
	705.18 (86.64–1532.52)
	160.76 (22.83–537.99)
	0.002
	0.006



	KREC/WBC in 1 µL of blood
	44.64 (5.50–127.93)
	13.57 (2.10–29.74)
	0.003
	0.006



	KREC/lymphocytes in 1 µL of blood
	14.01 (1.99–39.48)
	0.88 (0.23–39.48)
	0.003
	0.006







The data are presented as medians and interquartile range (10–90th percentiles). p-values for the differences between ARDS and non-ARDS patients were obtained from the Mann–Whitney U test.
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