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Objective

This study aimed to evaluate the factors associated with death in patients with coronavirus disease 2019 by clarifying the clinical characteristics and immune responses.



Methods

The clinical characteristics and laboratory findings, including cytokine and lymphocyte subsets, were obtained from the electronic medical records of patients in Wuhan Tongji Hospital.



Results

This study included 836 patients with confirmed COVID-19. In total, 699 (83.6%) were cured and discharged, and 137 (16.4%) died. Our analysis revealed that age ≥ 65 years, male sex, malignancy, chronic obstructive pulmonary disease, dyspnea, dizziness, respiratory rate > 20 bpm, heart rate > 100 bpm, systolic blood pressure < 90 mmHg, neutrophils > 6.3×109/L, lymphopenia, thrombocytopenia, D-dimer ≥ 0.5 mg/L, lactate dehydrogenase > 250 U/L, aspartate aminotransferase > 40 U/L, total bilirubin > 26 μmol/L, albumin < 35 g/L, blood urea nitrogen > 9.5 mmol/L, estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, N-terminal pro-brain natriuretic peptide ≥ 900 pg/ml, C-reactive protein ≥ 25 mg/L, procalcitonin ≥ 0.05 ng/ml and ferritin > 400 μg/L were associated with death in patients with COVID-19. The multivariate logistic regression analysis revealed that an estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml were predictive of mortality. Regarding immune responses, IL-2R, IL-6, IL-8, IL-10, and TNFα were remarkably higher in the deceased group at admission, and the levels of IL-2R, IL-6, IL-8, IL-10, and TNFα in the deceased group showed a rapid increase; the dynamics of these cytokines were highly consistent with disease deterioration. Lymphocyte subset analysis revealed that the deceased patients showed significant decreases in lymphocyte counts, especially helper T cells, suppressor T cells and NK cells.



Conclusions

This study identified that an estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml were predictors of mortality in COVID-19 patients. Elevated cytokine levels and a continued increasing trend, including in IL-2R, IL-6, IL-8, IL-10 and TNFα, and a decrease in lymphocyte subsets, especially helper T cells, suppressor T cells and NK cells, were associated with a poor prognosis.
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Introduction

A new type of coronavirus, named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was discovered to be the cause of unexplained pneumonia cases in Wuhan, China, in late December 2019 (Zhu et al., 2020). On February 11, 2020, the disease caused by the new coronavirus was officially named coronavirus disease 2019 (COVID-19) by the WHO. Most COVID-19 cases have mild or moderate symptoms, but severe cases can be combined with acute respiratory distress syndrome (ARDS), multiple organ dysfunction syndrome (MODS) and even death.

The World Health Organization has recently declared COVID-19 a public health emergency of international concern. Here, we performed a comprehensive exploration of the clinical features of 836 patients with confirmed COVID-19 who were transferred or admitted to the isolation ward of a Wuhan hospital. Furthermore, we evaluated 137 patients who died and 699 patients who recovered; our hope is that this study can aid clinicians in the early identification of patients with a poor prognosis.



Methods


Study Design and Participants

This retrospective study was conducted in Wuhan Tongji Hospital. This study was reviewed and approved by the Ethics Committee of the Affiliated Hospital of Qingdao University (Record number: QYFY WZLL 25751). All patients were diagnosed based on the Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis and Treatment (7th edition) by the National Health Commission (National Health Commission of the People’s Republic of China, 2020). When any nucleic acid test or IgG and/or IgM serology test generated a positive result, the suspected case was confirmed to be COVID-19. The enrolled patients who were confirmed to have COVID-19 were admitted to the hospital between January 14 and March 9, 2020, and all patients were discharged or deceased before March 26, 2020. The clinical outcomes (discharge, mortality, and length of stay) were monitored up to March 26, 2020, which was the final date of follow-up. Patients who were not discharged before March 26th were not included.



Data Collection

The epidemiological, clinical, laboratory, and radiological characteristics, treatment and outcome data were obtained from electronic medical records using data collection forms. The recorded information included demographic data, medical history, exposure history, underlying comorbidities, symptoms, signs, laboratory findings, chest computed tomographic (CT) scans, and treatment measures (antiviral therapy, corticosteroid therapy, and respiratory support). The date of the disease onset was defined as the day when the first symptom was noticed.



Statistical Analysis

The descriptive statistics included a frequency analysis (percentages) of the categorical variables and median and interquartile range (IQR) analysis of the continuous variables. Regarding the laboratory results, we also assessed whether the measurements fell within the normal range. The comparisons were performed by Student’s t-test for the continuous variables as appropriate and χ (National Health Commission of the People’s Republic of China, 2020) test for the categorical variables. Univariate and multivariate logistic regression analyses were performed to explore the association among the clinical characteristics, laboratory parameters and risk of death. The statistical significance level was set at 0.05 (two-tailed). We used SPSS (version 25.0) for all analyses.




Results


Demographic and Clinical Characteristics

The study population included 836 hospitalized patients with confirmed COVID-19. The median age was 64 years (range, 14–95 years), and 439 (52.5%) patients were men (Table 1). Of the 836 patients, 481 (57.5%) patients had at least one underlying medical condition. Hypertension (308 [36.8%]), diabetes (166 [19.9%]), coronary heart disease (86 [10.3%]), chronic obstructive pulmonary disease (48 [5.7%]), malignancy (37 [4.4%]), chronic kidney disease (41 [4.9%]), cerebrovascular disease (25 [3.0%]), chronic liver disease (22 [2.6%]) and HIV infection (2 [0.2%]) were common coexisting conditions. Ten pregnant patients and 9 medical workers all recovered and were discharged from the hospital. The median duration from onset to hospitalization was 10 days (range, 1–90 days). The most common symptoms at the onset of illness were fever (731 [87.4%]), dry cough (615 [73.6%]), dyspnea (450 [53.8%]), fatigue (352 [42.1%]), anorexia (292 [34.9%]), expectoration (288 [34.4%]), and diarrhea (244 [29.2%]). The less common symptoms included myalgia, headache, nausea, dizziness, vomiting, pharyngeal pain, abdominal pain, rhinorrhea and nasal congestion. The enrolled patients were all discharged or deceased before March 26, 2020. The median hospital stay duration was 20 days (range, 1–53 days). In total, 699 patients (83.6%) were discharged, and 137 patients (16.4%) died.


Table 1 | Presenting demographics and clinical characteristics of deceased and recovered patients with COVID-19.



The deceased patients were significantly older (median age, 70 years vs 61 years) than the recovered patients. The male sex was more predominant among the deceased patients (86; 62.8%) than the recovered patients (353; 50.5%). The deceased patients were more likely to have underlying comorbidities, including chronic obstructive pulmonary disease (16 [11.7%] vs 32 [4.6%]) and malignancy (15 [10.9%] vs 22 [3.1%]). The proportion of deceased patients with hypertension, diabetes and coronary heart disease was higher, but there was no significant difference between the two groups. Compared with the recovered patients, the deceased patients were more likely to have reported dyspnea and dizziness. There were no marked differences in the median time from the onset of symptoms to hospital admission between the two groups. The median time from admission to death was 10 days, and the median time from admission to discharge was 23 days (Table 1).

The vital signs were measured at admission. Although the heart rates in the deceased patient group (100 beats per min (bpm)) and recovered patient group (90 bpm) were statistically significantly different, this difference was not clinically significant. Regarding the respiratory rates, both groups of patients were tachypneic, and the respiratory rates in the deceased patient group (24 bpm) were higher than those in the recovered patient group (20 bpm). The deceased patients developed tachycardia and tachypnea (respiratory rate ≥20 bpm) (49.2% and 70.4%) more often than the recovered patients (28.0% and 39.9% and 281 (33.3%)) (Table 1).



Laboratory and Radiologic Findings

There were numerous abnormal results in the laboratory findings (Table 2), including leukopenia and lymphopenia, higher levels of C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), lactate dehydrogenase and D-dimer.


Table 2 | Presenting laboratory findings and chest CT of deceased and recovered patients with COVID-19.



We observed substantial differences in the laboratory findings between the patients who died and those who recovered within the available data (Table 2). The deceased patients had more severe lymphopenia, significantly higher median neutrophil counts, and lower platelet counts. The concentrations of lactate dehydrogenase, aspartate aminotransferase, total bilirubin, blood urea nitrogen (BUN), creatinine, cardiac troponin I, N-terminal pro-brain natriuretic peptide (NT-pro-BNP), CRP, ferritin, and D-dimer were markedly higher in those who died than in those who recovered. In addition, the albumin concentrations and estimated glomerular filtration rates were significantly lower and the median prothrombin time and activated partial thromboplastin time were significantly longer in the deceased patients than in the recovered patients. There was a high proportion of patients coinfected with influenza A (223, 44.6%). The lymphocyte count and procalcitonin statistically differed between patients with and those without combined influenza A. Those without influenza A virus infection had lower lymphocyte counts and higher procalcitonin. There were no significant differences in the lymphocyte subsets and cytokine levels between the two groups (Supplementary Material). There was no difference in the proportion of combined influenza A between the recovered and deceased patients. >Of the 286 patients with available thyroid function data, we observed that 16.7% of these patients had low T3 syndrome, and the deceased patients had a higher incidence than the recovered patients (50% vs 11.9%) and a lower level of free triiodothyronine.

Of 761 patients with available chest CT, all patients had abnormal findings (Table 2). The predominant patterns of the CT findings of the patients with COVID-19 infections include slightly high-density shade (the density is between ground-glass and consolidation) (568 [74.6%]), ground-glass opacities (GGO) (494 [64.9%]), fibrous strips (208 [27.3%]), consolidation (113 [14.8%]), reticular appearance (49 [6.4%]), micronodules (15 [2.0%]) and interlobular septal thickening (9 [1.2%]). Most patients showed bilateral involvement (737 [96.8%]), and the remaining patients had unilateral involvement (right lung (21 [2.8%]) and left lung (3 [0.4%])). The extent of the lesion involvement of GGO was categorized as focal, multifocal, and diffuse related to the time of onset and severity of disease. The consolidation tended to be peripheral in distribution with lower zone predominance.



Treatment and Outcomes

In total, 733 patients (87.7%) received oxygen therapy. In total, 157 (19.0%) patients received non-invasive ventilation (Table 3). Invasive mechanical ventilation was used in 64 cases (7.7%), and 6 of these cases received extracorporeal membrane oxygenation (ECMO). Almost all (765, 91.5%) patients were prescribed at least one antiviral agent, such as arborol, lopinavir/ritonavir, oseltamivir, ganciclovir, and ribavirin. Many (702, 84.0%) patients received antibacterial therapy. In total, 400 patients received systemic corticosteroid therapy (47.8%). Moreover, intravenous immunoglobin was prescribed to 216 patients (25.8%).


Table 3 | Presenting treatment of deceased and recovered patients with COVID-19.



In total, 699 enrolled patients (83.6%) were discharged, and 137 patients (16.4%) died. More deceased patients than recovered patients received systemic corticosteroid therapy (150 [75.4%] vs 345 [40.9%]) and intravenous immunoglobulin therapy (95 [47.7%] vs 171 [20.3%]). Significantly more deceased patients received non-invasive mechanical ventilation (114 [83.8%] vs 43 [6.2%]) and invasive mechanical ventilation (62 [45.6%] vs 2 [0.3%]) (Table 3) than the recovered patients.

The common complications observed in the deceased patients included type I respiratory failure (106 [77.4%]), heart failure (87 [63.5%]), hyperkalemia (55 [40.1%]), acute kidney injury (52 [38%]), disseminated intravascular coagulation (44 [32.1%]), arrhythmia (29 [19.0%]), pancreas injury (21 [15.3%]), shock (15 [10.9%]) and sepsis (12 [8.8%]) (Table 4).


Table 4 | Presenting complications of deceased patients with COVID-19.





Risk Factors for a Poor Prognosis

Of all demographic data, clinical characteristics and laboratory findings (Tables 1 and 2), we evaluated each variable that displayed a statistically significant difference between the deceased and recovered patients by univariate analysis. Our results showed that age ≥ 65 years, male sex, malignancy, chronic obstructive pulmonary disease, dyspnea, dizziness, respiratory rate > 20 bpm, heart rate > 100 bpm, systolic blood pressure < 90 mmHg, neutrophils > 6.3×109/L, lymphopenia, thrombocytopenia, D-dimer ≥ 0.5 mg/L, lactate dehydrogenase > 250 U/L, aspartate aminotransferase > 40 U/L, total bilirubin > 26 μmol/L, albumin < 35 g/L, blood urea nitrogen > 9.5 mmol/L, estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, N-terminal pro-brain natriuretic peptide ≥ 900 pg/ml, C-reactive protein ≥ 25 mg/L, procalcitonin ≥ 0.05 ng/ml and ferritin > 400 μg/L were associated with the death of patients with COVID-19 (Table 5). Then, we used a multivariate logistic regression model to further analyze the above variables. The model selected four variables that were predictive of mortality, including estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml (Table 6).


Table 5 | Univariate Analysis of Mortality Risk Factors for Patients with COVID-19.




Table 6 | Multivariate Logistic Regression Analysis of Mortality Risk Factors for Patients with COVID-19.





Cytokines and Lymphocyte Subsets

COVID-19 patients have high levels of circulating interleukin 2 receptor (IL-2R), IL-6, IL-10 and tumor necrosis factor α (TNFα) (Table 7). The levels of IL-2R, IL-6, IL-8, IL-10 and TNFα at admission in the deceased group were remarkably higher than those in the recovered group (Figure 1). The IL-8 levels in the deceased patients were within the normal range but showed abnormal tendencies and significantly differed from those in the recovered patients. Subsequently, the levels of IL-2R, IL-6, IL-8, IL-10 and TNFα in the deceased group showed a rapid increase during hospitalization, and the dynamics of these cytokines and related receptors were highly consistent with disease deterioration. Comparatively, the levels of IL-2R, IL-6, IL-8, IL-10 and TNFα in the recovered group showed a downward trend (Figure 2).


Table 7 | Cytokines level alteration before and after treatment of patients with COVID-19.






Figure 1 | Comparison of cytokines levels at admission between deceased and recovered patients with COVID-19. IL-2R, interleukin 2 receptor; IL-6, interleukin 6; IL-8, interleukin 8; IL-10, interleukin 10; TNFα, tumor necrosis factor α. *P < .05; ***P < .001; NS, not significant.






Figure 2 | Cytokine level alterations in deceased and recovered patients with COVID-19 at admission and before discharge or death. Abbreviations: IL-2R, interleukin 2 receptor; IL-6, interleukin 6; IL-8, interleukin 8; IL-10, interleukin 10; TNFα, tumor necrosis factor α. *P < .05; ***P < .001; NS, not significant.



In our study, lymphopenia was common in the patients with COVID-19 (65.5%), indicating an impairment of the immune system during the course of infection. We further analyzed different subsets of lymphocytes. Decreases in the total number of T cells (CD3+CD19-), helper T cells (CD3+CD4+), suppressor T cells (CD3+CD8+) and NK cells (CD3−/CD16+CD56+) were also observed in the COVID-19 patients (Table 8). We found that compared to the recovered patients, the deceased patients showed significant decreases in lymphocyte subsets, especially helper T cells, suppressor T cells and NK cells (Figure 3). The ratio of helper T and suppressor T (Th/Ts) cells was still within the normal range and did not differ between the two groups. Furthermore, there was no significant difference between the two groups in B cells (CD3-CD19+). This finding indicates that T lymphocytes were more suppressed in severe patients than B cells and NK cells and that SARS-CoV-2 has a negative impact on T-cell mediated immunity. The same difference was also observed in the lymphocyte subsets before discharge or before death; however, the alteration in the lymphocyte subsets between the two groups before and after treatment was not significant.


Table 8 | Peripheral lymphocyte subset alteration before and after treatment of patients with COVID-19.






Figure 3 | Comparison of peripheral lymphocyte subset levels at admission between deceased and recovered patients with COVID-19. ***P < .001; NS, not significant.






Discussion

In this retrospective study, we report 836 patients confirmed to have COVID-19 and provide the detailed clinical characteristics of this cohort of patients, including 137 fatal cases. We further comprehensively describe the major differences in the clinical features and immune responses between the deceased patients and those who recovered. We hope that this study could help clinicians identify patients with a poor prognosis early by increasing awareness of some characteristics indicative of a higher risk, realizing effective patient risk stratification and helping appropriately deploy health care resources.

We found that older age, male sex, baseline diseases such as hematological and neoplastic disorders and COPD, the presence of dyspnea and dizziness, deterioration of vital signs, evidence of increased acute inflammation and end organ damage (cardiac, renal, liver, thyroid and hematologic) at admission were associated with an increased risk of mortality due to COVID-19 infection, which is consistent with the results of previous clinical studies (Tian et al., 2020). The multivariate analysis showed that a glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml were predictors of a poor prognosis. We recommend that clinicians closely monitor renal function, cardiac troponin I, C-reactive protein and procalcitonin as markers of potential progression to critical illness. The troponin values could be elevated in patients with renal disease in the absence of cardiac injury. In our study, the proportion of renal insufficiency in the patients with elevated troponin was higher than that in the patients with normal troponin (8 [11.6%] vs 20 [4.0%]); however, there was no statistically significant difference.

We found a decreased estimated glomerular filtration rate in 48.2% of the COVID-19 patients, and this finding is strongly associated with mortality despite the significant correlation between chronic kidney disease and poor prognosis in our analysis. We found that 36.6% of the deceased patients developed acute kidney injury (AKI) during hospitalization. The etiology of AKI in COVID-19 cases has not been fully elucidated (Hirsch et al., 2020). The close relationship between AKI and the occurrence of respiratory failure implies, to some extent, ischemic acute tubular necrosis, which is consistent with the autopsy results of 26 patients who presented with renal tubular injury as the primary renal finding (Su et al., 2020). However, due to the lack of the baseline CKD status, we cannot specifically consider this factor a risk factor.

Although we did not find that coronary heart disease is associated with a poor prognosis, other reports have shown that cardiovascular disease may increase susceptibility to COVID-19 and its severity (Mehra et al., 2020). However, our results showed elevated cardiac biomarkers, arrhythmia and heart failure, even in the patients without pre-existing cardiovascular disease, suggesting that myocardial injury is an important pathogenic feature of COVID-19. Furthermore, we found that elevated cardiac troponin was an indicator of a poor prognosis. The exact mechanism by which SARS-CoV-2 causes myocardial injury is still unclear. The proposed mechanisms of myocardial injury include direct damage to cardiomyocytes, systemic inflammation, myocardial interstitial fibrosis, interferon-mediated immune response, excessive cytokine response of lymphocytes, coronary plaque instability and hypoxia (Babapoor-Farrokhran et al., 2020).

Coinfection with SARS-CoV-2 and other viruses has been described in other studies, but the reported frequency is variable ranging from 0.02% to 2.6% (Ding et al., 2020; Richardson et al., 2020; Kim et al., 2020). In our study, there was a higher proportion of patients coinfected with influenza A (223, 44.6%). This finding may be related to the overlap between this research phase and the high-incidence period of influenza A in the local area. Additionally, the clinical characteristics and immune response of the patients coinfected with both COVID-19 and influenza virus were similar to those of the COVID-19 cases. There was no significant difference in the rates of coinfection with influenza A between the recovered and deceased patients. The coinfection with influenza A did not affect the prognosis of the patients with COVID-19.

In addition, SARS-CoV-2 can infect host cells by interacting with membrane-bound angiotensin-converting enzyme 2 (ACE2) in cardiomyocytes (Reynolds et al., 2020). Treatment with renin-angiotensin-aldosterone system (RAAS) inhibitors can increase the tissue expression of ACE2 and its presentation at the cytomembrane, increasing the risk and severity of COVID-19 infection (Vaduganathan et al., 2020). Therefore, discontinuation or alternative antihypertensive drugs have been suggested for COVID-19 patients treated with ACE inhibitors or angiotensin-receptor blockers (ARBs). We found no significant difference in the plasma ACE concentrations between the deceased group and the recovered group. However, the results were restricted by the small number of samples; furthermore, we did not test the AEC2 concentration or previous medication history of AEC inhibitors or ARBs.

Mixed bacterial infection is an important contributor to mortality during the COVID-19 epidemic period (Hendaus and Jomha, 2020). The multivariate analysis revealed that the concentration of procalcitonin (PCT) and C-reactive protein (CRP) at admission remained robust in the adverse outcome prediction. Patients with C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml have a greater than 4-fold and nearly 10-fold higher risk of mortality, respectively. However, our inclusion criteria allowed patients with chronic diseases, which can directly affect the CRP and PCT levels (such as malignancy and renal dysfunction). Further analysis of the kinetics of CRP, PCT and other inflammatory biomarkers may play a role in predicting evolution. The rate of concurrent bacterial infections in COVID-19 patients is unclear. Nonetheless, we observed that a substantial proportion of the patients received empirical antimicrobial treatment. Therefore, it is crucial and urgent to standardize antibiotic application.

Most patients with COVID-19 exhibit substantially elevated serum levels of pro-inflammatory cytokines, including IL-6, IL-2R, IL-8, IL-10 and TNFα, which is characterized as cytokine storms. High levels of pro-inflammatory cytokines may lead to shock and tissue damage to the lungs, heart, liver and kidneys, which can be confirmed by our data. These increases lead to massive infiltration of neutrophils and macrophages, diffuse alveolar damage with the formation of hyaline membranes and diffuse thickening of the alveolar wall (Cao, 2020).

Lymphocyte subsets play an important role in cellular immune regulation (Wan et al., 2020). We found that helper T cells and suppressor T cells showed greater reductions in the deceased group than in the recovered group. This finding suggests that T lymphocytes provide an important defense against COVID-19 and that SARS-CoV-2 has a negative impact on T-cell mediated immunity, which is consistent with infections with MERS coronavirus and SARS coronavirus (Wong et al., 2003; Chu et al., 2016). T lymphocytes and their subsets might be a potential predictor of disease severity and clinical efficacy in COVID-19.

COVID-19 is associated with both immunodeficiency and hyperinflammation, and T cell numbers are negatively correlated with serum IL-6, IL-10 and TNF-α. As the virus can directly infect T cells, T cell infection may result in cell death by apoptosis or necrosis (Yue et al., 2018; Jamilloux et al., 2020). In addition, immune cell redistribution due to the accumulation of lymphocytes in the lungs may lead to lymphopenia (Sarzi-Puttini et al., 2020). T cell exhaustion may stem from increased programmed death 1 (PD-1) or T cell immunoglobulin and mucin domain-3 (Tim-3) expression, elevated levels of inhibitory IL-10 (Diao et al., 2020) or increased IL-6-induced expression of suppressor of cytokine signaling (SOCS3) (Croker et al., 2003). Moreover, increased IL-2 and IL-7, which are the cytokines responsible for the expansion and differentiation of T cell subsets, may attempt to reverse lymphopenia and T cell exhaustion (Huang et al., 2020).

Studies have shown that type-I interferon (IFN) is critical for preventing viral replication and triggers subsequent impairment and hyperactivation of the immune system, including T cell exhaustion and cytokine storm (Jamilloux et al., 2020). Treatments should focus on reducing the viral load using antivirals and immune boosters that stimulate type-I IFN promptly at symptom onset while targeting pro-inflammatory cytokines with immunosuppressants at the start of the cytokine storm. Therefore, starting antiviral treatment as soon as possible during the very early stage of the disease and closely monitoring the cytokine levels are critical for managing treatment strategies.

We identified many candidate variables for risk stratification that may serve as clinical predictors of fatal COVID-19 and explored the immunodeficiency and hyperinflammation state during the course of COVID-19. Our research has some limitations, and some potential bias may arise. First, this study was a retrospective and single-center study, and some data were missing; a larger cohort study should be conducted to evaluate the immune response after COVID-19 infection. Second, the patients diagnosed with COVID-19, especially those with severe cases and bacterial coinfection, might affect the results of the immune response. Most patients presented increased procalcitonin, which was more evident in the severe cases. Despite these limitations, our study demonstrated several indicators suggesting that because of the dysregulated immune response in COVID-19 patients, SARS-CoV-2 might mainly act on T lymphocytes, inducing a cytokine storm in the body and generating inflammatory damage; thus, surveillance of lymphocyte subsets and serum levels of pro-inflammatory cytokines is helpful for the early screening of critical cases, risk stratification and management strategy adjustment.



Conclusions

To evaluate the factors associated with death in COVID-19 patients, we collected clinical characteristics and laboratory findings, including cytokines and lymphocyte subsets, from 836 laboratory confirmed patients, including 137 deceased patients and 699 survivors. In conclusion, this study identified four predictors, i.e., an estimated glomerular filtration rate < 90 ml/min/1.73, elevated cardiac troponin I, C-reactive protein ≥ 25 mg/L and procalcitonin ≥ 0.05 ng/ml, of mortality among COVID-19 patients. We further found that elevated and a trend of a continued increase in cytokine levels, including IL-2R, IL-6, IL-8, IL-10 and TNFα, and decreased lymphocyte subsets, especially helper T cells, suppressor T cells and NK cells, were associated with a poor prognosis of COVID-19. Hence, paying attention to patients with renal insufficiency, myocardial injury, bacterial co-infection, impaired T-cell immune function, and dynamic increase in cytokines could help clinicians identify patients with a poor prognosis.
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1,653 (1.104-2.408)
1,417 0977-2.054)
1,044 (0.662-1.646]
1,699 0.958-2:807)
2756(1.467-5.178)
3784 (1.909-7.498)
1,874 (1276-2.752)
1,923 (1:100-0.362)
3583 (2:326-5.521)
2485 (1.679-3690)
8.4721(1.998-35.926)
8068 5.403-12,048)
9300 (4.650-18:599)
5135 (3308-7.971)
0904 (1313-22:882)
6028 3:265-11.13)
2817 (1927-4.119)
6510(3228-13.128)
4356 (2,604-7.040)
3325 2.007-5.272)
3755 2.484-5.677)
0816(0551-1.188)

25,554 (13.586-48.084)
9563 (5.087-15.024)
13517 (8025-22.769)
10214 (5.095-20.476)
6614 (2.175-10477)
5205 (3.460-7.829)

28201 (12223-65.066)
13,122 (7.616-22611)
5346 (2.416-11.826)

P value®

<0001
000
0088
o8s2
o072
oo
<0001
0001
00z
<0001
<0001

<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
0289
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001





