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Abstract
The outbreak of coronavirus disease (COVID-19) has brought great challenges to the world. The objectives of this study 
were to describe the baseline characteristics and changes of biomarkers of these COVID-19 patients and identify predictive 
value of the above markers for patient death. Using patient death as the observational endpoints, clinical data of inpatients 
in a special ward for COVID-19 in Wuhan, China were retrospectively collected. Univariate and multivariate Cox regres-
sion analyses were used to evaluate prognostic value of baseline characteristics and laboratory data changes. This study 
included clinical data of 75 patients. Age, c-reactive protein (CRP) and interleukin-6 levels were independent predictors of 
patient death. Survivors were characterized as having declining neutrophil counts, d-dimer, N-terminal pronatriuretic pep-
tide, troponin I (TnI) and c-reactive protein levels, while counts of lymphocyte gradually came back. Non-survivors were 
characterized with increasing white blood cell counts (WBC) and neutrophil counts. Changes of WBC, TnI and interleukin-6 
were also independently associated with patient death. Older age, baseline CRP and IL-6 levels may be used as meaningful 
predictors to identify patients with poor prognosis. Changes of biomarkers should be closely monitored in the management 
of patients with COVID-19, while constantly increasing levels of WBC, TnI and interleukin-6 in the disease course also 
predict patient death.
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Introduction

The outbreak of coronavirus disease (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-Cov-2), has brought great challenges to the world 
[1–5]. The World Health Organization (WHO) has called 
for powerful containment and control measures to slow or 
reverse the virus spread [5] and described COVID-19 as a 
pandemic on Mar 11, 2020 [6].

Previous studies have reported the epidemiological 
and clinical characteristics of patients with COVID-19 
[3, 7–10]. Identifying and prognosticing mortality and 
the most severely critical cases are extremely important 
in clinical practice. Previous studies suggested that severe 
patients tend to be older, more likely to have potential 
comorbidities, lower lymphocyte (Lym) counts, and higher 
levels of some cytokines [7, 9]. Indicators associated with 
inflammation, coagulation function, and cardiac injury 
were also predictors for poor prognosis [11–13]. Nev-
ertheless, as a novel infectious disease, it is difficult to 
explore the early predictors of the prognosis of patients 
with COVID-19 because of the relatively short follow-
up time; thus, further observation is urgently needed [9]. 
Except for baseline characteristics, the prognostic value of 
laboratory data changes should also be evaluated. Previous 
studies described the changes of major laboratory markers 
during disease course, however, the dynamical changes 
were not evaluated in multivariate analyses [9, 13] and the 
effects on patient prognosis need to be further clarified.

Our medical team has taken over a 50-bed special ward 
for COVID-19 patients in Wuhan, China since Febru-
ary 10, 2020. The purposes of the current study were to 
describe the baseline characteristics and changes of bio-
markers of these COVID-19 patients and identify predic-
tive value of the above markers for patient death.

Materials and methods

Study population

This retrospective, observational study was performed at 
ward E1-7, optics valley district, Tongji Hospital Affiliated 
with Tongji Medical College of HUST, Wuhan, China, 
which was taken over by the medical team from the Sec-
ond Hospital of Shandong University for the treatment of 
COVID-19 patients. Patients requiring hospitalization in 
Optics Valley District were assigned according to the time 
of coming to the hospital and the bed situation of each 
ward. We cannot verify the influence of patient’s alloca-
tion principle on data representativeness. A total of 80 

patients admitted in our medical ward from Feb 11, 2020 
to Mar 4, 2020 and all these patients were consecutively 
screened in the current study. Clinical data were collected 
from the hospital’s medical record system. The inclusion 
criteria were as follows: (1) adult patients confirmed with 
COVID-19 (age ≥18  years); (2) documented baseline 
clinical characteristics and laboratory data within 24 h of 
admission could be obtained; (3) biomarkers at day 5–8 
after admission for survivals, and day 2–4, day 5–8 after 
admission for non-survivals could also be obtained.

Patients with incomplete data were excluded. The pro-
tocol of the current study complied with the principles of 
the Declaration of Helsinki and has been approved by the 
Ethical Committee of Tongji Hospital Affiliated with Tongji 
Medical College of HUST and the Second Hospital of Shan-
dong University.

Patients with COVID-19 were confirmed according to 
program of National Health Commission of the People’s 
Republic of China [1, 2]. The confirmed patients should 
be positive for the throat swab samples, which were col-
lected from all patients and performed by real-time reverse 
transcriptase-polymerase chain reaction (RT-PCR) assays 
for the identification of SARS-Cov-2 before admission. The 
detailed procedures see previous published literature [12]. 
Patients were judged to be moderate if they were present 
with imaging findings of pneumonia. Patients were judged 
to be severe if: (1) respiratory distress, respiratory rate ≥30 
times/min; or  SpO2 ≤93% in a resting state; or oxygenation 
index ≤300 mmHg. Patients were judged to be critical if: (1) 
respiratory failure and mechanical ventilation were required; 
or (2) shock occurred; or (3) the condition was combined 
with other organ(s) failure and treatments in the intensive 
care unit (ICU) were needed [1, 2]. When the patient pre-
sented the above characteristics in anytime at admission or 
thereafter, they were identified as “critical”.

Data collection

Observational endpoint of the current study was patient 
death. The following clinical data were collected: age, gen-
der, comorbidities, white blood cell counts (WBC), Lym, 
platelet counts (PLT), blood urea nitrogen (BUN), creati-
nine (Cr), total bilirubin (TB), international normalized 
ratio (INR), d-dimer, N-terminal pronatriuretic peptide 
(NT-proBNP), troponin I (TnI), creatine kinase (CK), lac-
tate dehydrogenase (LDH), c-reactive protein (CRP), pro-
calcitonin (PCT), interleukin-6 (IL-6). All baseline data 
were always collected within the first 24 h after patient’s 
admission because of COVID-19. During hospitalization, 
patients were reexamined to evaluate their situation and the 
reexamination time was decided according to their state of 
an illness. Biomarkers at day 5–8 after admission for surviv-
als, and day 2–4, day 5–8 after admission for non-survivals 
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were also recorded. Data were collected in a designed table 
and were checked by other researchers.

Statistical analyses

Continuous var iables were expressed as either 
means±standard deviations or medians (interquartile range 
[IQR]). Laboratory data in survivals (paired samples) were 
compared by paired t test or Wilcoxon rank sum test, while 
data in non-survivals (multiple samples) were compared by 
One-Way ANOVA, LSD test or Kruskal–Wallis test. Cat-
egorical variables were compared using χ2 tests or Fisher’s 
exact test. Changes of biomarkers were computed as labora-
tory data at day 5–8 divided by laboratory data at admission 
(Rbiomarkers). Univariate Cox regression analysis was first 
used to evaluate prognostic value of baseline biomarkers 
or biomarkers changes. Variables significant at 0.10 (α) 
level were then included in the multivariate model. Mul-
tivariate model was simplified by a bidirectional stepwise 
elimination approach according to the Alaike Information 
Criterion (AIC). p values less than 0.05 were considered 
as statistically significant. All statistical analyses were per-
formed using software IBM SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA) and R × 64 4.0.2.

Results

Baseline characteristics of the study population

The clinical data of 80 COVID-19 cases were preliminary 
included, of which 75 cases were eventually included for 
further analysis. Cases were excluded due to incomplete data 
(5 cases). All included patients underwent chest computed 
tomography (CT) examination with imaging findings of 
pneumonia. The mean patient age was 59 ± 15 years (median 
63 years, IQR 50–68 years). The proportions of male and 
female patients in this cohort were nearly the same (35/75 
patients, 47% vs. 40/75 patients, 53%). Comorbidities were 
present in 34 patients (45%), including hypertension in 26 
patients (35%), diabetes in 13 patients (17%), coronary heart 
disease in seven patients (9%), and respiratory diseases in 
three patients (4%).

All patients were treated with oxygen. Invasive mechani-
cal ventilation was used in nine patients. Antiviral therapies 
were used in all patients, with lopinavir—ritonavir in 45 
patients (60%), arbidol in 63 patients (84%). Glucocorticoids 
were used in 10 patients (13%), while intravenous immuno-
globulin was used in 14 patients (19%). Two patients (3%) 
were given bedside hemofiltration.

Sixty-six patients were judged to have moderate and 
severe disease according to the program of the National 
Health Commission of the People’s Republic of China at 

admission or during follow-up [1, 2]. All these patients 
recovered and successfully discharged from the hospital.

Nine critical patients died during treatment. The times of 
illness onset for seven of the non-surviving patients could be 
traced and were 14, 18, 19, 30, 33, 35, 37 days, respectively 
(the patients had been treated in other hospitals for several 
days). One patient succumbed to the disease 40 days after 
admission, however, the time of disease onset could not be 
traced.

Non-survival patients were characterized as having older 
age (p = 0.003), lower lymphocyte (p = 0.003) and higher 
WBC (p = 0.03), BUN (p = 0.002), Cr (p = 0.04), INR 
(p = 0.04), d-dimer (p < 0.001), NT-proBNP (p < 0.001), 
TnI (p < 0.001), CK (p = 0.001), LDH (p < 0.001), CRP 
(p < 0.001), PCT(p < 0.001), and IL-6 (p < 0.001) (Table 1).

Predictive value of baseline characteristics 
for patient death

Results of the univariate Cox analysis revealed that younger 
age, lower lymphocyte, and higher WBC, BUN, Cr, INR, 
d-dimer, NT-proBNP, CK, LDH, CRP, PCT and IL-6 lev-
els were predictors of patient death. A multivariate Cox 
regression analysis, which was simplified by a bidirectional 
stepwise elimination approach according to AIC, were per-
formed and age (Hazard ratio [HR] 1.11, 95% confidence 
interval [CI] 1.01–1.23, p = 0.04), CRP levels (HR 1.03, 95% 
CI 1.02–1.05, p < 0.001) and IL-6 levels (HR 1.02, 95% CI 
1.01–1.04, p = 0.004) were independent predictors of patient 
death (Table 2).

Changes of laboratory data during treatment

For the 66 survivors, lower Neu (p = 0.02), higher Lym 
(p = 0.04), lower d-dimer (p = 0.001), lower NT-proBNP 
(p = 0.01), lower TnI (p < 0.001) and lower CRP (p = 0.001) 
levels were observed at day 5–8 compared with baseline 
(Table 3).

For the nine non-survivors, compared with baseline, 
WBC and Neu levels increased during the 1st week after 
admission (p = 0.03 and 0.02, respectively), meanwhile, lev-
els of Lym tended to decrease (p = 0.14 for Kruskal–Wallis 
test, and p = 0.05 for baseline vs. day 5–8). It seemed that 
there was no obvious change for levels of BUN, Cr, d-dimer, 
NT-proBNP, TnI, CRP and IL-6 (Table 4).

Predictive value of laboratory data changes 
for patient death

Results of the univariate Cox analysis revealed that patient 
age (p = 0.004), RWBC (p < 0.001), RNeu (p=0.007), RLym 
(p < 0.001), RBUN (p = 0.001), Rd-dimer (p = 0.002), RNT-proBNP 
(p = 0.002), RTnI (p < 0.001), and RIL-6 (p = 0.02) were 
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predictors of patient death. A multivariate Cox regression 
analysis, which was simplified by a bidirectional stepwise 
elimination approach according to AIC, indicated that 
patient age (p = 0.007, HR 1.17, 95% CI 1.04–1.31), RWBC 
(p = 0.001, HR 63.80, 95% CI 5.60–727.34), RTnI (p = 0.002, 
HR 1.34, 95% CI 1.12–1.62), and RIL-6 (p = 0.02, HR 1.32, 
95% CI 1.05–1.66) were independent prognostic factors for 
patient death. A minimal AIC was achieved by the above 
model with the four variables (Table 5).

Discussion

This retrospective observational study described baseline 
characteristics and changes of biomarkers for survivors 
and non-survivors with COVID-19, and explored prognos-
tic value of the above features for patient death. Only age, 
CRP and IL-6 levels were independent predictors of patient 
death. Levels of Neu, d-dimer, NT-proBNP, TnI and CRP 
decreased during disease course for survivors, while WBC 
and Neu levels increased during the first week for non-survi-
vors. Lymphocyte, which is usually reduced in COVID-19, 
gradually came back in the disease course of survivors and 
tended to keep declining in non-survivors. Multivariate Cox 
regression analysis revealed that patient age, RWBC, RTnI and 
RIL-6 were independent prognostic factors for patient death, 

in other words, patients with older age, increasing levels of 
WBC, TnI and IL-6 were more likely to be associated with 
poor prognosis.

CRP is widely used in clinical practice as a marker of 
infection and inflammation, although its prognostic value in 
patients with infection is controversial [14, 15]. Its relatively 
high sensitivity and low specificity make CRP suitable as a 
screening indicator. The predictive value of CRP in patients 
with severe acute respiratory syndrome (SARS), which is 
caused by the coronavirus responsible for severe acute res-
piratory syndrome (SARS-CoV), has also been reported 
[16]. SARS-Cov-2, the pathogen of COVID-19, has a similar 
receptor-binding domain structure to that of SARS-CoV [4]. 
Elevated CRP has been described in the recent outbreak of 
COVID-19 [1, 2]. Although a few studies have focused on 
prognosis prediction in COVID-19, the role of CRP has not 
been evaluated adequately. The current study emphasized 
the independent predictive value of CRP for critical status 
in patients with COVID-19, which should be paid attention 
in clinical practice. A HR of 1.04 indicated that the risk of 
death increased to 1.04 N-fold when CRP increased N mg/L.

The cytokine storm plays an important role in the dete-
rioration of COVID-19 [17]. Critical patients were char-
acterized with higher levels of IL-6, IL-10, TNFα [17], 
meanwhile, although the counts of CD4+  and CD8+ T 
lymphocytes decreased [17], they were overactive and 

Table 1  Baseline characteristics 
of COVID-19 patients at 
admission

WBC white blood cell counts, Lym lymphocyte counts, PLT platelet counts, BUN blood urea nitrogen, 
Cr creatinine, TB total bilirubin, INR international normalized ratio, NT-proBNP N-terminal pro-B-type 
natriuretic peptide, TnI troponin I, CRP c-reactive protein, CK creatine kinase, LDH lactate dehydrogenase
* p values for the comparison of baseline characteristics between non-survivals and survivals. Student’s t 
test, Mann–Whitney U test or Fisher’s exact test according to the characteristics of distribution
a Median (interquartile range)

Total (n = 75) Non-survivals (n = 9) Survivals (n = 63) p value*

Age, years 58.8 ± 14.9 72.4 ± 10.1 57.0 ± 14.5 0.003
Gender, male (n, %) 35 (46.7%) 6 (66.7%) 29 (43.9%) 0.29
Comorbidities (n, %) 34 (45.3%) 6 (66.7%) 28 (42.4%) 0.29
WBC  (109/L) 6.41 ± 2.06 7.81 ± 2.26 6.21 ± 1.97 0.03
Lym  (109/L) 1.41 ± 0.62 0.85 ± 0.55 1.49 ± 0.59 0.003
PLT  (109/L)a 255.5 (199.3, 322.5) 206.0 (160.5, 299.0) 259.0 (205.5, 323.0) 0.12
BUN (mmol/L)a 4.30 (3.40, 5.70) 7.70 (5.05, 21.20) 4.10 (3.18, 5.25) 0.002
Creatinine (µmol/L)a 70.0 (53.0, 82.0) 110.0 (59.5, 188.0) 65.0 (52.0, 79.3) 0.04
TB (µmol/L)a 7.9 (6.6, 11.5) 9.8 (7.3, 13.4) 7.7 (6.6, 11.4) 0.20
INRa 1.07 (1.03, 1.12) 1.17 (1.05, 1.28) 1.07 (1.01, 1.10) 0.04
d-dimer (µg/mL FEU)a 0.48 (0.22, 1.43) 2.16 (1.52, 9.69) 0.43 (0.22, 1.15) < 0.001
NT-proBNP (pg/mL)a 96.0 (36.0, 207.0) 943.0 (262.5, 2539.0) 67.0 (29.3, 163.8) < 0.001
TnI (pg/mL)a 2.60 (1.90, 7.60) 24.60 (13.90, 65.00) 2.25 (1.90, 4.90) < 0.001
CRP (mg/L)a 4.10 (0.80, 35.80) 119.70 (75.50, 144.50) 3.00 (0.70, 17.40) < 0.001
Procalcitonin (ng/mL)a 0.06 (0.05, 0.09) 0.21 (0.14, 0.47) 0.06 (0.05, 0.07) < 0.001
CK (µ/L)a 65.0 (43.5, 99.5) 188.0 (118.0, 296.0) 64.5 (42.0, 88.3) 0.001
LDH (µ/L)a 253.0 (183.0, 314.0) 465.0 (300.0, 576.0) 239.5 (174.8, 302.0) < 0.001
Interleukin-6 (pg/mL)a 3.62 (1.54, 14.27) 63.13 (28.16, 125.45) 3.13 (1.50, 8.01) < 0.001
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should partially account for the severe immune injury [18]. 
IL-6 is one of pro-inflammatory cytokines which elevated 
significantly in disease course of COVID-19, extremely in 
deteriorated patients [11, 13, 17, 19]. In the present study, 
higher IL-6 at admission was independently associated 
with patient death. Further, although levels of IL-6 did not 
change significantly in both survivors and non-survivors in 
the present study, increasing levels of IL-6 was identified 
as an independent predictor for patient death. Therefore, it 
is necessary to monitor levels of IL-6 during the disease 
course of COVID-19. Tocilizumab, a recombinant human 
IL-6 monoclonal antibody, has also been used for the treat-
ment of severe or critical COVID-19 patients [19]. Treat-
ment aiming at cytokine storm in COVID-19 may be given 
high hopes in future.

Older age was an independent predictor for disease pro-
gression or death [9, 13]. Similar to previous studies, the 
present study revealed worse prognosis for patients with 
elder age. The declined T-cell and B-cell function and 

consequent defects in immune response with age may be 
reasons for the poor outcome for eldly patients [11, 13, 20]. 
The occurrence of more potential comorbidities may also 
contribute to the adverse outcome.

Higher levels of WBC and Neu have been identified as 
important features of non-survivors [11, 13], deteriorated 
patients [21] or ICU patients [9], however, they were not 
identified as predictors for adverse outcome in multivariate 
analysis [13, 21]. The present study found that WBC and 
Neu levels increased during the 1st week after admission 
in non-survivors, while decreased in survivors. Also, RWBC 
was identified as an independent predictor for patient death, 
which was not reported by other studies as far as we know. 
Co-infection with bacteria may contribute to the higher 
WBC levels and poor outcome.

Lymphopenia, a feature of COVID-19, was observed in 
the present and previous studies [9, 13, 22]. Critical patients 
or non-survivors were also had lower lymphocyte levels [9, 
13]. However, the result was negative in further regression 
analysis in the current and previous studies [13]. A recent 
flow cytometric analysis observed significantly reduced 
peripheral CD4+ and CD8+ T lymphocyte counts, as well 
as cell function over activation [18]. Therefore, the func-
tional changes of lymphocytes should also be considered in 
future research.

Cardiac injury was also common in patients with 
COVID-19 [9, 13]. High TnI levels were observed in the 
current study and previous studies [9, 13]. However, the 

Table 2  Univariate and multivariate Cox analyses revealing predic-
tors for patient death

WBC white blood cell counts, Lym lymphocyte counts, PLT platelet 
counts, BUN blood urea nitrogen, Cr creatinine, TB total bilirubin, 
INR international normalized ratio, NT-proBNP N-terminal pro-B-
type natriuretic peptide, TnI troponin I, CK creatine kinase, LDH lac-
tate dehydrogenas, CRP c-reactive protein

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.10 (1.03, 1.08) 0.003 1.11 (1.01, 1.23) 0.04
Gender 0.42 (0.10, 1.67) 0.22
Comorbidities 2.45 (0.61, 9.81) 0.21
WBC 1.37 (1.05, 1.80) 0.02
Lym 0.14 (0.03, 0.60) 0.008
PLT 0.996 (0.988, 

1.004)
0.33

BUN 0.16 (1.09, 1.24) <0.001
Creatinine 1.003 (1.001, 

1.005)
0.005

TB 1.01 (0.96, 1.07) 0.68
d-dimer 1.15 (1.06, 1.26) 0.001
NT-proBNP 24.03 (4.94, 

116.98)
< 0.001

TnI 1.000 (0.999, 
1.001)

0.82

CK 1.003 (1.000, 
1.005)

0.03

LDH 1.008 
(1.004,1.013)

< 0.001

CRP 1.03 (1.02, 1.05) < 0.001 1.03 (1.02, 1.05) < 0.001
Procalcitonin 10.41 (2.68, 

40.51)
0.001

Interleukin-6 1.02 (1.01, 1.03) < 0.001 1.02 (1.01, 1.04) 0.004

Table 3  Changes of laboratory data for the 66 survivors

WBC white blood cell counts, Neu neutrophil counts, Lym lympho-
cyte counts, BUN blood urea nitrogen, Cr creatinine, NT-proBNP 
N-terminal pro-B-type natriuretic peptide, TnI troponin I, CRP 
c-reactive protein
* p values for the comparison of biomarkers at baseline and day 5–8. 
Paired t test or Wilcoxon rank sum test according to the characteris-
tics of distribution
a Median (interquartile range)

Baseline Day 5–8 p value*

WBC  (109/L) 6.21 ± 1.97 5.87 ± 1.66 0.10
Neu  (109/L) 3.99 ± 1.86 3.50 ± 1.51 0.02
Lym  (109/L) 1.49 ± 0.59 1.60 ± 0.47 0.04
BUN (mmol/L)a 4.10 (3.18, 5.25) 4.00 (3.30, 4.63) 0.36
Creatinine 

(µmol/L)a
65.0 (52.0, 79.3) 67.0 (54.0, 84.5) 0.06

d-dimer (µg/mL 
FEU)a

0.43 (0.22, 1.15) 0.27 (0.22, 0.69) 0.001

NT-proBNP (pg/
mL)a

67.0 (29.3, 163.8) 51.5 (24.5, 149.5) 0.01

TnI (pg/mL)a 2.25 (1.90, 4.90) 1.90 (1.90, 3.18) <0.001
CRP (mg/L)a 3.0 (0.7, 17.4) 1.3 (0.7, 5.3) 0.001
Interleukin-6 (pg/

mL)a
2.8 (1.5, 6.9) 3.2 (1.5, 6.0) 0.56
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role of TnI in multivariate regression analysis remained 
controversy [13, 23]. Previous study explored an obvi-
ous elevation of TnI in non-survivors and the stable in 
low levels for survivors [13]. Although the present study 
found that there was no obvious change for levels of TnI 
in non-survivors, there was a significant decline of this 
laboratory indicator in survivors. Different disease course 

may be a reason for this discrepancy. RTnI was also identi-
fied as a significant predictor for patient death in the pre-
sent study, indicating the importance of cardiac injury in 
patients with COVID-19. The mechanism of cardiac injury 
in COVID-19 is still not quite clear. Only a few interstitial 
mononuclear inflammatory infiltrates were found in the 
pathological tissues of one patient with COVID-19 [18], 

Table 4  Changes of laboratory 
data for the nine non-survivors

WBC white blood cell counts, Neu neutrophil counts, Lym lymphocyte counts, BUN blood urea nitrogen, 
Cr creatinine, NT-proBNP N-terminal pro-B-type natriuretic peptide, TnI troponin I, CRP c-reactive pro-
tein
* p values for the comparison of biomarkers at baseline, day 2–4 and day 5–8. One-way ANOVA or 
Kruskal–Wallis test according to the characteristics of distribution
a p value (LSD test): baseline vs. day 2–4: 0.03, baseline vs. day 5–8: 0.02, day 2–4 vs. day 5–8: 0.85
b p value (LSD test): baseline vs. day 2–4: 0.02, baseline vs. day 5–8: 0.01, day 2–4 vs. day 5–8: 0.74
c p value (LSD test): baseline vs. day 2–4: 0.46, baseline vs. day 5–8: 0.05, day 2–4 vs. day 5–8: 0.21
d Median (interquartile range)
e Eight patients

Baseline Day 2–4 Day 5–8 p value*

WBC  (109/L)a 7.81 ± 2.26 13.19 ± 5.54 13.63 ± 5.83 0.03
Neu  (109/L)b 6.27 ± 1.89 11.86 ± 5.45 12.61 ± 5.93 0.02
Lym  (109/L)c 0.85 ± 0.55 0.72 ± 0.28 0.49 ± 0.07 0.14
BUN (mmol/L)d 7.70 (5.05, 21.20) 10.30 (5.40, 20.95) 11.40 (6.50, 24.00) 0.71
Creatinine (µmol/L)d 110.0 (59.5, 188.0) 84.0 (58.0, 136.0) 78.0 (60.5, 129.5) 0.90
d-dimer (µg/mL FEU)d 2.16 (1.52, 9.69) 4.64 (2.82, 14.89) 5.17 (2.28, 10.33) 0.46
NT-proBNP (pg/mL)d 943.0 (262.5, 2539.0) 739.0(385.0, 1985.0) 1639.0 (546.5, 3098.0) 0.45
TnI (pg/mL)d 24.6 (13.9, 65.0) 17.4 (7.5, 67.4) 79.8 (19.7, 158.1) 0.36
CRP (mg/L)d 119.7(75.5, 144.5) 133.2 (54.1, 176.6) 66.9 (53.7, 144.9) 0.73
Interleukin-6 (pg/mL)d 60.0 (14.0, 79.2) 16.4 (11.6, 73.4) 53.9 (28.6, 84.1) 0.26e

Table 5  Univariate and 
multivariate Cox regression 
analyses revealing predictive 
value of laboratory data changes 
for patient death

WBC white blood cell counts, Neu neutrophil counts, Lym lymphocyte counts, BUN blood urea nitrogen, 
Cr creatinine, NT-proBNP N-terminal pro-B-type natriuretic peptide, TnI troponin I, CRP c-reactive pro-
tein, IL-6 Interleukin-6
R = laboratory data at day 5–8/laboratory data at admission

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.10 (1.03, 1.18) 0.004 1.17 (1.04, 1.31) 0.007
Gender (female) 0.42 (0.10, 1.67) 0.22
Comorbidities 2.45 (0.61, 9.81) 0.21
RWBC 12.63 (4.06, 39.24) < 0.001 63.80 (5.60, 727.34) 0.001
RNeu 1.44 (1.10, 1.87) 0.007
RLym 0.003 (0.000, 0.046) < 0.001
RBUN 2.45 (1.44, 4.17) 0.001
RCr 1.61 (0.29, 8.88) 0.58
Rd-dimer 1.15 (1.06, 1.26) 0.002
RNT-proBNP 1.18 (1.06, 1.31) 0.002
RTnI 1.17 (1.07, 1.27) < 0.001 1.34 (1.12, 1.62) 0.002
RCRP 0.96 (0.57, 1. 59) 0.86
RIL-6 1.24 (1.04, 1.48) 0.02 1.32 (1.05, 1.66) 0.02
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whether the virus directly attacks the heart is still argu-
able because of the deficiency of substantial damage in 
histopathology. Inflammatory cytokines may also result in 
necrosis of myocardial cells [23]. Furthermore, increased 
metabolic demand during virus infection aggravated car-
diac burden, especially in patients with potential cardio-
vascular diseases [23, 24].

Chest CT is important in the diagnosis and prognosis 
prediction of COVID-19 [25, 26]. Features of CT imaging 
include multiple macular shadows and interstitial changes, 
and then ground-glass opacities with a peripheral distribu-
tion [25, 26]. CT involvement score has been found to be 
helpful in evaluating the severity and extent of COVID-19 
[26]. Although all patients in the current study underwent 
a lung CT scan, CT involvement scores were not calcu-
lated, which should be a limitation of our study.

This study also has several other limitations. First, 
it was retrospective in nature and several cases were 
excluded for incomplete data, which may be a source of 
bias. Some potential valuable variables, e.g. body mass 
index, ferritin, were also not evaluated. The five patients 
who were excluded during analyses were relatively mild 
and further evaluation of laboratory examinations were 
judged unnecessary by doctors, which may also affect the 
representativeness of the data. Second, our special ward 
was set for relatively severe COVID-19 patients; therefore, 
the mortality rate did not reflect the case fatality rate of the 
COVID-19 population. Third, the sample size and single-
center nature were also limitations and multi-center data, 
including cabin hospital and ICU, should be analyzed to 
verify our conclusions.

In conclusion, older age, baseline CRP and IL-6 levels 
may be used as meaningful predictors to identify patients 
with poor prognosis. Changes of biomarkers should be 
closely monitored in the management of patients with 
COVID-19, while constantly increasing levels of WBC, TnI 
and IL-6 in the disease course also predict patient death.
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