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Abstract 

Background: COVID-19 has resulted in high mortality worldwide. Information regarding cardiac markers for precise 
risk-stratification is limited. We aim to discover sensitive and reliable early-warning biomarkers for optimizing manage-
ment and improving the prognosis of COVID-19 patients.

Methods: A total of 2954 consecutive COVID-19 patients who were receiving treatment from the Wuhan Huoshen-
shan Hospital in China from February 4 to April 10 were included in this retrospective cohort. Serum levels of cardiac 
markers were collected after admission. Coronary artery disease diagnosis and survival status were recorded. Single-
cell RNA-sequencing and bulk RNA-sequencing from different cohorts of non-COVID-19 were performed to analyze 
SARS-CoV-2 receptor expression.

Results: Among 2954 COVID-19 patients in the analysis, the median age was 60 years (50–68 years), 1461 (49.5%) 
were female, and 1515 (51.3%) were severe/critical. Compared to mild/moderate (1439, 48.7%) patients, severe/critical 
patients showed significantly higher levels of cardiac markers within the first week after admission. In severe/critical 
COVID-19 patients, those with abnormal serum levels of BNP (42 [24.6%] vs 7 [1.1%]), hs-TNI (38 [48.1%] vs 6 [1.0%]), 
α- HBDH (55 [10.4%] vs 2 [0.2%]), CK-MB (45 [36.3%] vs 12 [0.9%]), and LDH (56 [12.5%] vs 1 [0.1%]) had a significantly 
higher mortality rate compared to patients with normal levels. The same trend was observed in the ICU admission 
rate. Severe/critical COVID-19 patients with pre-existing coronary artery disease (165/1,155 [10.9%]) had more cases of 
BNP (52 [46.5%] vs 119 [16.5%]), hs-TNI (24 [26.7%] vs 9.6 [%], α- HBDH (86 [55.5%] vs 443 [34.4%]), CK-MB (27 [17.4%] 
vs 97 [7.5%]), and LDH (65 [41.9%] vs 382 [29.7%]), when compared with those without coronary artery disease. There 
was enhanced SARS-CoV-2 receptor expression in coronary artery disease compared with healthy controls. From 
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Introduction
Coronavirus disease 2019 (COVID-19) is caused by the 
highly contagious severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and has led to an ongoing 
global outbreak. Many affected patients develop inter-
stitial pneumonitis and severe acute respiratory distress 
syndrome (ARDS), both associated with poor prognosis 
and high mortality [1, 2]. In addition to respiratory symp-
toms, patients also exhibit multi-organ dysfunction such 
as cellular immune deficiency, coagulation activation, 
and myocardial, hepatic, and kidney injury [3, 4].

With the rapid increase in confirmed cases, the cardio-
vascular manifestations induced by SARS-CoV-2 have 
generated considerable concern. A study of 138 hospital-
ized patients with COVID-19 showed that 7.2% had an 
acute myocardial injury [5]. Huang et  al. reported that 
12% of COVID-19 patients were diagnosed as having 
an acute myocardial injury [6]. COVID-19 patients with 
underlying coronary artery disease (CAD) who develop 
myocardial injury were found to have poorer in-hospital 
outcomes [7, 8]. However, sensitive and reliable markers 
for the early detection of myocardial damage and mor-
tality risk assessment in patients with COVID-19 have 
not been well established. Moreover, to date, sensitive 
and reliable markers for the early detection of myocar-
dial damage and mortality risk assessment in patients 
with COVID-19 have not been well established. Thus, 
a detailed analysis of clinical data is needed to identify 
early indicators of myocardial damage and mortality.

High-sensitivity troponin I (hs-TNI), 
α-hydroxybutyrate dehydrogenase (α-HBDH), creatine 
kinase-MB (CK-MB), and lactate dehydrogenase (LDH) 
are released into circulation when myocardial necrosis 
occurs and are, therefore, established as serum cardiac 
markers of myocardial injury [9]. In addition, serum 
levels of brain natriuretic peptide (BNP) can be an indi-
cator of heart failure and utilized to differentiate non-
cardiogenic from cardiogenic pulmonary edema [10, 11]. 
Several recent studies have investigated the association 
between hs-TNI and mortality in patients with COVID-
19 [12, 13]. However, the association between the serum 
levels of cardiac markers and clinical outcomes in 

patients with and without pre-existing CAD has not been 
well established.

Previous studies have shown that angiotensin-convert-
ing enzyme 2 (ACE2) could be the receptor for SARS-
CoV-2 [14]. It further confirmed that the SARS-CoV-2 
could efficiently use ACE2 as a receptor for cellular entry, 
with an estimated 10- to 20-fold higher affinity to ACE2 
than SARS-CoV [15, 16]. The receptor’s expression and 
distribution decide the organ damage degree of virus 
infection, which has a significant implication for under-
standing its pathogenesis and designing therapeutic 
strategies[17]. Single-cell RNA sequencing (scRNA-seq) 
examines the gene expression information from indi-
vidual cells with optimized next-generation sequencing 
technologies, providing a higher resolution of cellular dif-
ferences and a better understanding of an individual cell’s 
function. Some studies analyzed the mRNA expression 
profile of the SARS-CoV-2 receptor in different organs 
based on the public scRNA-seq database [17, 18].

In this single-center retrospective study from a cohort 
of 3,046 patients confirmed with COVID-19 at Wuhan 
Huoshenshan Hospital in China, the effectiveness of 
using cardiac markers including BNP, hs-TNI, α-HBDH, 
CK-MB, and LDH to predict mortality in patients with 
and without CAD upon admission was investigated. To 
characterize the expression patterns of SARS-CoV-2 
receptors in the heart, scRNA-seq of non-COVID-19 
cohorts was performed.

Methods and materials
Study design and participants
This single-center retrospective study included con-
secutive patients diagnosed with COVID-19 at Wuhan 
Huoshenshan Hospital in China, between February 4 
and April 10, 2020. The Wuhan Huoshenshan Hospital 
was built in ten days due to the extent of the pandemic, 
which exceeded the existing health system capacity. Most 
of the patients admitted to the Huoshenshan Hospital 
were transferred from other hospitals. The study design 
was approved by the institutional ethics board. Written 
informed consent was waived due to the urgency of the 
COVID-19 pandemic.

regression analysis, patients with five elevated cardiac markers were at a higher risk of death (hazards ratio 3.4 [95% CI 
2.4–4.8]).

Conclusions: COVID-19 patients with pre-existing coronary artery disease represented a higher abnormal percent-
age of cardiac markers, accompanied by high mortality and ICU admission rate. BNP together with hs-TNI, α- HBDH, 
CK-MB and LDH act as a prognostic biomarker in COVID-19 patients with or without pre-existing coronary artery 
disease.
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The disease severity was determined according to 
the clinical classification criterion in the Diagnosis and 
Treatment Protocol for Novel Coronavirus Pneumonia 
released by the National Health Commission of China 
(7th edition, http:// www. nhc. gov. cn/ yzygj/ s7653p/ 
202003/ 46c92 94a7d fe4ce f80dc 7f591 2eb19 89/ files/ ce3e6 
94583 2a438 eaae4 15350 a8ce9 64. pdf ). Patients who met 
any of the following criteria during hospitalization were 
diagnosed as a severe case: (1) shortness of breath defined 
by respiration rate ≥ 30 breaths/min, (2) oxygen satu-
ration ≤ 93 at rest, and (3) alveolar oxygen partial pres-
sure/fraction of inspiration  O2  (PaO2/FiO2) ≤ 300 mmHg 
(1 mmHg = 0.133 kPa). Patients whose pulmonary imag-
ing showed significant progression of lesions > 50% within 
24–48 h were also treated as severe cases. Patients who 
met any of the following conditions were diagnosed as 
critically severe: (1) respiratory failure requiring mechan-
ical ventilation, (2) shock, and (3) organ failure needing 
intensive care unit (ICU) monitoring and treatment. In 
addition, the severe/critical cohort was categorized into 
two groups based on the presence or absence of pre-
existing CAD (165/1515 [10.9%] and 1350/1515 [89.1%], 
respectively), according to clinical diagnosis and/or 
medical history on admission (Fig. 1a). Whether patients 
had pre-existing CAD or not was determined accord-
ing to the description of CAD history in medical records 
on admission; New onset CAD was defined according 

to clinical diagnosis in medical records, such as “patient 
had undergone coronary angiography and had stenosis 
of non-major vessels, so the diagnosis of coronary heart 
disease was basically established”, or “Diagnostic basis of 
CAD: recurrent unstable angina attack, history of hyper-
tension and diabetes for many years”. In 165 patients with 
CAD, 10 were new onset in which 8 were survivors; Sus-
pected CAD in our study was based on electronic medi-
cal records with the descriptions as follows: “The recent 
occurrence of rapid atrial fibrillation which does not rule 
out the possibility of coronary artery disease”, or “a pre-
vious history of suspected coronary artery disease. Ten 
patients in CAD group and seven patients in non-CAD 
group had a history of congestive heart failure. Two 
patients in non-survivors and 14 patients in survivors 
with CAD had information of Ejection fraction (EF).

Data collection
Clinical information was collected during hospitalization 
by attending physicians. The radiologic results including 
chest radiography or computed tomography (CT) were 
retrieved from the radiology information system docu-
ments. Patient data, including demographics, medical 
history, comorbidities, laboratory examinations, viral 
load such as ORF1ab and nucleocapsid (N), SARS-CoV-
2-specific IgG and IgM antibodies, and outcomes were 
collected from electronic medical records and analyzed. 

3046 COVID-19 
patients
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COVID-19 patients
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Fig. 1 Flow chart of study design. a Flow chart of COVID-19 patients recruitment. b Single-cell RNA expression profile of SARS-CoV-2 receptors 
from 12 healthy human heart samples (c). Bulk RNA expression profile of SARS-CoV-2 receptors from 93 CAD patients and 48 healthy control

http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf


Page 4 of 14Li et al. Crit Care          (2021) 25:158 

The ORF1ab and nucleocapsid (N) genes were detected 
by performing real-time PCR assay and the number of 
cycles (CT value) is used to measure the viral load. A 
higher CT value indicates to a lower viral load. A CT 
value < 40 was defined as SARS-CoV-2 viral positive. Lev-
els of IgM and IgG > 10 was defined as positive and ≤ 10 
as negative [19].

Cardiac biomarkers and myocardial damage
Cardiac biomarkers are substances released into the 
blood when the myocardial cell is damaged or stressed 
and can be useful in the early prediction or diagnosis of 
disease [20]. We used the common approach to handle 
missing data which is to omit those cases with the miss-
ing data and analyzed the remaining data [21]. For each 
marker, patients with missing value were removed. We 
dichotomizing the continuous data of the specific cardiac 
biomarker for each patient into categories, e.g., normal 
or abnormal, by using the approaches to modelling con-
tinuous variable [22–24]. Abnormal cardiac biomarker 
results were defined as serum levels above the upper ref-
erence limit.

Transcriptional profiles
To characterize the expression patterns of SARS-CoV-2 
receptors in the heart, scRNA-seq of 9791 cells isolated 
from 12 normal human hearts of non-COVID-19 cohorts 
was performed (Fig.  1b). The scRNA-seq datawere 
obtained from the Gene Expression Omnibus (GEO) 
database with the accession number GSE109816 [25] and 
processed using the Seurat toolkit [26].

Furthermore, to compare the gene expression differ-
ence of the SARS-CoV-2 receptor between the CAD 
patients and the non-CAD patient, we analyzed the bulk 
RNA expression profile of SARS-CoV-2 receptors in the 
peripheral blood mononuclear cells (PBMC). The expres-
sion profile of peripheral blood from 93 CAD patients 
and 48 healthy individuals of non-COVID-19 cohorts 
(Fig.  1c) which were approved by separate Institutional 
Review Board (IRB) was downloaded from the GEO 
database with the accession number GSE113079 [27] and 
was analyzed using the Agilent-067406 Human Microar-
ray V4.0 platform (Aglient, Santa Clara, USA).

Statistical analysis
Continuous and categorical variables are presented as 
median (interquartile range [IQR]) and number (%), 
respectively. Comparisons between groups were per-
formed using the Mann–Whitney U test, χ2 test, or Fish-
er’s exact test where appropriate. Pearson’s correlations 
were employed to study the association between labora-
tory parameters. All statistical analyses were conducted 
using R software. Multivariate Cox regressions, log-rank 

tests, and Kaplan–Meier curves to plot the cumula-
tive rates of death were implemented using the Survival 
package in R software. The receiver operating charac-
teristic  (ROC)  curve to  assess the overall accuracy of a 
prognostic marker was applied by using the R package 
ROCR. A P-value < 0.05 was used to indicate statistical 
significance.

Results
Baseline clinical characteristics
Of the initial 3046 patients with COVID-19 enrolled in 
our study, 48 patients with no record of survival status, 
29 patients without classification of disease severity, and 
15 patients with suspected CAD but with no diagnosis 
were excluded. In the remaining cohort of 2954 patients, 
1439 patients were mild/moderate cases and 1515 were 
severe/critical cases. Among 1439 mild/moderate cases, 
71 had CAD. 538 severe/critical cases had complete bio-
marker data during hospitalization, of which 79 had CAD 
(Fig. 1a).

Among the final cohort of 2954 patients, the median 
age was 60 years (range 50–68 years), 1461 (49.5%) were 
female, and 1515 (51.3%) were severe/critical cases. The 
median hospital stay for severe/critical (S) patients was 
significantly longer than that for mild/moderate (M) 
cases. Compared with mild/moderate cases, severe/criti-
cal patients were more likely to experience chest tight-
ness. Comorbidities were more prevalent among severe/
critical patients compared to mild/moderate cases, 
including hypertension, diabetes, cardiovascular disease, 
cerebrovascular disease, cancer, and chronic obstructive 
pulmonary disease (Table 1).

In terms of radiological and laboratory findings, severe/
critical (S) patients had more incidences of blurred edges 
and consolidation (Table 1) and significantly higher levels 
of C-reactive protein (CRP), D-dimer, interleukin-6 (IL-
6), procalcitonin (PCT), and higher percentages of neu-
trophils (NEUT%), lymphocytes (LYM%), and monocytes 
(MONO%) within the first week of admission (Fig.  2). 
Serum cardiac markers, namely; BNP, hs-TNI, α-HBDH, 
CK-MB, and LDH, were also drastically elevated in 
severe/critical patients during the first week (Fig.  2). In 
general, the results showed more pronounced activation 
of pathophysiological pathways in more severe cases of 
COVID-19.

Cardiac markers and clinical outcomes
To evaluate the relationship between the degree of car-
diac abnormality and disease outcome in patients with 
COVID-19, serum cardiac markers during hospitaliza-
tion were measured. Due to the 0% mortality and favora-
ble prognosis of mild/moderate patients, we focused on 
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Table 1 Demographics and clinical characteristics of patients with COVID-19

Total
(N = 2954)

Mild/Moderate
(N = 1439)

Severe/Critical
(N = 1515)

P value

Characteristics

Age (yr.)—median (Interquartile range [IQR]) 60 (50–68) 57(45–65) 63 (54–71)  < 0.001

Sex– no. (%) – – – 1

 Male 1,493 (50.5%) 728 (50.6%) 765 (50.5%)

 Female 1,461 (49.5%) 711 (49.4%) 750 (49.5%)

Initial temperature (℃)
– median (IQR)

– – – 0.002

  ≤ 37.3– no. (%) 2,833 (95.9%) 1,398 (97%) 1,435 (94.7%) –

 37.3–38– no. (%) 85 (2.9%) 25 (2%) 60 (4%) –

 38 -39– no. (%) 35 (1.17%) 16 (1%) 19(1.2%) –

  > 39– no. (%) 1 (0.03%) 0 (0%) 1 (0.1%) –

Comorbidities—no. (%)

 Hypertension 889 (30%) 348 (24%) 541 (36%)  < 0.001

 Diabetes 401 (14%) 159 (11%) 242 (16%)  < 0.001

 Cardiovascular disease 330 (11%) 104 (7%) 226 (15%)  < 0.001

 Cerebrovascular disease 118 (4%) 34 (2%) 84 (6%)  < 0.001

 Cancer 74 (3%) 19 (1%) 55 (4%)  < 0.001

 Chronic obstructive pulmonary disease 139 (5%) 40 (3%) 99 (7%)  < 0.001

 Chronic renal disease 47 (2%) 14 (1%) 33 (2%) 0.012

 Chronic liver disease 76 (3%) 36 (3%) 40 (3%) 0.817

 Immunodeficiency 9 (0%) 4 (0%) 5 (0%) 1

Respiratory rate—median (IQR) – – –  < 0.001

  > 24 breaths per min– no. (%) 132 (4%) 14 (1%) 118 (8%) –

  ≤ 24 breaths per min–no. (%) 2,820 (95%) 1,425 (99%) 1,395 (92%) –

Hospital stays—median (IQR) 13 (8–19) 12 (8–17) 14 (8–22)  < 0.001

Death—no. (%) 59(2%) 0 (0%) 59(4%)  < 0.001

Clinical symptoms—no. (%)

 Fever 2,149 (73%) 1,032 (72%) 1,117 (74%) 0.231

 Cough 2,062 (70%) 992 (69%) 1,070 (71%) 0.336

 Shortness of breath 1302 (44%) 608 (42%) 694 (46%) 0.05

 Chest tightness 1,137 (38%) 517 (36%) 620 (41%) 0.006

 Fatigue 669 (23%) 279 (19%) 390 (26%)  < 0.001

 Muscle soreness 118 (4%) 29 (2%) 89 (6%)  < 0.001

 Headache 17 (1%) 13 (1%) 4 (0%) 0.027

 Dizziness 26 (1%) 14 (1%) 12 (1%) 0.695

 Nausea 22 (1%) 12 (1%) 10 (1%) 0.671

 Vomiting 22 (1%) 11 (1%) 11 (1%) 1

 Diarrhea 64 (2%) 34 (2%) 30 (2%) 0.528

Radiological findings (N = 2567)—no. (%)

 Blurred edges 304 (12%) 118 (9.6%) 186 (14%)  < 0.001

 Lymph node enlargement 30 (1.2%) 18 (1.5%) 12 (0.9%) 0.202

 Ground glass opacity 2324 (91%) 1109 (90%) 1215 (91%) 0.304

 Cystic change 209 (8.2%) 81 (6.6%) 128 (9.6%) 0.006

 Airway obstruction 4 (0.16%) 2 (0.16%) 2 (0.15%) 1

 Consolidation 332 (13%) 115 (9.4%) 217 (16%)  < 0.001

 Fine reticular opacity 56 (2.2%) 17 (1.4%) 39 (2.9%) 0.01

 Lung texture increase 1529 (60%) 734 (60%) 795 (60%) 0.968

 Intralobular septal thickening 14 (0.55%) 4 (0.33%) 10 (0.75%) 0.183

 Pleural thickening 221 (8.6%) 72 (5.9%) 149 (11%)  < 0.001
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the 1,515 patients with severe/critical COVID-19 in the 
follow-up period.

Five cardiac biomarkers, namely, BNP, hs-TNI, 
α-HBDH, CK-MB, and LDH, were collected to evaluate 
heart function. For the detection of BNP, 1456 samples 
from 835 patients were tested during hospitalization. 
Each patient was tested 1 to 19 times, and 281 (33.6%) 
were tested more than once. The median sampling inter-
val was 4  days among patients who were tested more 

than once. For the detection of α-HBDH and LDH, 3900 
samples from 1443 patients were tested. Each patient was 
tested 1 to 27 times, and 835 (57.9%) were tested more 
than once. The median sampling interval was 4  days 
among patients who were tested more than once. For 
the detection of total CK-MB, 3885 samples from 1442 
patients were tested. Each patient was tested 1 to 27 
times, and 834 (57.8%) were tested more than once. The 
median sampling interval was 4 days among patients who 

Table 1 (continued)

Total
(N = 2954)

Mild/Moderate
(N = 1439)

Severe/Critical
(N = 1515)

P value

 Pleural effusion 205 (8%) 34 (2.8%) 171 (13%)  < 0.001

 Bronchiectasis 53 (2.1%) 17 (1.4%) 36 (2.7%) 0.025

Viral load of throat swabs (N = 1476)—median (IQR)

 ORF1ab 37.7 (34.51–40.08) 37.85 (34.85–40.05) 37.62 (34.07–40.15) 0.258

N 36.33 (33.77–37.82) 36.4 (34.08–37.77) 36.28
(33.5–37.91)

0.762

Anti-SARS-Cov-2 IgG and IgM level—median (IQR)

 IgG level 139.49 (73.93–181.24) 141.33
(74.82–180.45)

137.64 (73.88–181.45) 0.864

 IgM level 26.88
(8.38–66.74)

26.46
(8.13–62.5)

27.32
(8.52–68.62)

0.337

Fig. 2 Serum cardiac markers drastically elevated in severe/critical patients during the first week. Levels of 12 multiple organ dysfunction indicators 
in mild/moderate (M) and severe/critical (S) groups during the first week of hospitalization. The difference of each indicator between the two 
groups is significant (two-sided Wilcoxon test, P < 0.001)
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were tested more than once. For the detection of total hs-
Tnl, 1126 samples from 660 patients were tested. Each 
patient was tested 1 to 18 times, and 209 (31.6%) were 
tested more than once. The median sampling interval was 
4 days among patients who were tested more than once. 
A total of 538 critical/severe patients had all five cardiac 
markers measured during hospitalization.

In total, 171 (20.5%), 79 (12.0%), 529 (36.7%), 124 
(8.6%), and 447 (3.1%) patients showed abnormal serum 

levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH, 
respectively (Fig.  3a). Patients with an elevated level of 
a cardiac marker during hospitalization showed a sig-
nificantly higher mortality than those with normal serum 
levels (Fig. 3b). The same trend was observed in the ICU 
admission rate (Fig. 3c).

When considering detection data within the first 
week after admission, BNP, hs-TNI, α-HBDH, CK-MB, 
and LDH were detected in 706 patients, 551 patients, 
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Fig. 3 Severe/critical COVID-19 patients with evidence of abnormal cardiac markers have poor clinical outcomes. a Number of patients with 
abnormal and normal levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH during hospitalization. The mortality (b) and ICU admission rate (c) of severe/
critical COVID-19 patients with abnormal serum levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH during hospitalization. d Number of patients with 
abnormal and normal levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH within the first week after admission. The mortality (e) and ICU admission rate 
(f) of severe/critical COVID-19 patients with abnormal serum levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH within the first week after admission. 
g Serum levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH during hospitalization for non-survivors and survivors. Shaded regions represent a 95% 
confidence interval
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1345 patients, 1342 patients, and 1345 patients, 
respectively. 125 (17.8%), 52 (9.4%), 470 (35.0%), 78 
(5.8%), and 385 (28.7%) patients showed abnormal 
serum levels of BNP, hs-TNI, α-HBDH, CK-MB, and 
LDH (Fig.  3d). Patients with an elevated level of car-
diac markers within the first week after admission also 
showed a significantly higher mortality (Fig.  3e) and 
ICU admission rate than those with normal serum lev-
els (Fig.  3f ). Figure  3g shows that the serum levels of 
BNP, hs-TNI, α-HBDH, CK-MB, and LDH were signif-
icantly higher during hospitalization in non-survivors 
than in survivors. The results represented patients 
having abnormal level of cardiac markers within the 
first week after admission and during hospitalization 
may predict deterioration or progression.

Expression of SARS‑CoV‑2 receptors in heart tissue 
of non‑COVID‑19 cohorts
The scRNA-seq data of normal human heart tissue were 
analyzed and five cell types, namely, cardiomyocyte 
(CM), endothelial (EC), fibroblast (FB), macrophage 
(MP), and smooth muscle (SMC) cells, were identified 
(Fig.  4a). SARS-CoV-2 receptors ACE2, ANPEP, DPP4, 
and ENPEP were enriched in specific cell populations. 
ACE2 was mainly expressed in CM, EC, and FB cell types. 
ANPEP was enriched in CM, DPP4 was mainly expressed 
by CM and EC, and ENPEP was primarily expressed in 
CM and SMC (Fig. 4b, c).

Cardiac markers and mortality rate in patients with CAD 
or not
The 1,515 severe/critical patients were further catego-
rized into groups according to the presence of pre-exist-
ing CAD (n = 165) or absence (n = 1350). Compared 
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Fibroblast (FB)

Macrophage (MP)

Smooth muscle cell (MP)

a b
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(2.6%) (3.2%)

Fig. 4 scRNA-seq analysis of SARS-CoV-2 receptors in heart specific cell populations. a The t-distributed Stochastic Neighbor Embedding (t-SNE) 
diagram shows the main cell types in healthy heart tissue. Each dot represents a cell, and each color represents a cell type. b Feature maps and c 
violin diagrams show SARS-CoV-2 receptors are enriched in specific cell populations in healthy heart tissues
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with patients without CAD, patients with pre-existing 
CAD had a higher percent of elevated BNP (52 [46.4%] 
vs 119 [16.5%]), hs-TNI (24 [26.7%] vs 55 [9.7%], α- 
HBDH (86 [55.6%] vs 443 [34.4%]), CK-MB (27 [17.4%] 
vs 97 [7.5%]), and LDH (65 [41.9%] vs 382 [29.7%]) dur-
ing hospitalization (P < 0.01 for all results, (Fig. 5a). Com-
pared to patients with normal levels of cardiac markers, 
those with abnormal levels of BNP, hs-TNI, α-HBDH, 

CK-MB, and LDH during hospitalization exhibited sig-
nificantly higher mortality in both CAD and non-CAD 
groups (P < 0.001 for all results; Fig. 5c). The same trend 
was observed for the ICU admission rate (Additional 
file  2: Figure S1). The serum markers were then com-
pared between non-survivors and survivors. The results 
showed that BNP, α-HBDH, CK-MB, and LDH were 
significantly higher in non-survivors than in survivors 
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for patients with pre-existing CAD (Fig. 5d). In patients 
without pre-existing CAD, all markers were significantly 
higher in non-survivors than in survivors during hospi-
talization (Fig. 5e).

SARS‑CoV‑2 receptors in CAD and healthy controls 
of non‑COVID‑19 cohorts
To explore the underlying pathophysiological mechanism 
for the elevated levels of cardiac markers in COVID-19 
patients with pre-existing CAD, RNA-seq data from 
93 patients with CAD and 48 healthy people were ana-
lyzed and compared. The results showed that compared 
with healthy controls, SARS-CoV-2 receptors, including 
Transmembrane Serine Protease 2 (TMPRSS2, P = 0.009) 
and Glutamyl Aminopeptidase (ENPEP, P = 0.012), were 
significantly upregulated in CAD (Fig. 5b).

Cardiac markers in non‑survivors with CAD or not
Notably, the median value of BNP was significantly 
higher in non-survivors than in survivors for those with 
pre-existing CAD (911.3  pg/mL vs. 57.9  pg/mL) and 
those without (121 pg/mL vs. 0.01 pg/mL) on the first day 
after admission. The median levels of hs-TNI, α-HBDH, 
and LDH were significantly higher in non-survivors than 
in survivors in patients without pre-existing CAD; how-
ever, a significant difference was not observed in patients 
with pre-existing CAD (Additional file 3: Figure S2).

In non-survivors with pre-existing CAD, the median 
levels of BNP and hs-TNI within the first week showed a 
higher fold change (BNP: 5.8; hs-TNI: 7.5; α-HBDH: 1.9; 
CK-MB: 0.81; LDH: 1.7) from the upper reference limit of 
each marker (Fig. 6a). In non-survivors without pre-exist-
ing CAD, the fold change for BNP, hs-TNI, α-HBDH:1.9, 
CK-MB, LDH was 1.4, 1.7, 2, 0.78, and 1.9, respectively 
(Fig. 6b). The serum level differences for the five markers 
within a week after admission in patients with or with-
out pre-existing CAD showed that BNP, α-HBDH, and 
LDH values were significantly higher in non-survivors 
than in survivors regardless of pre-existing CAD (Fig. 6c, 
d). Levels of hs-TNI were significantly higher only in 
non-survivors than in survivors for patients without pre-
existing CAD. Although CK-MB were significantly differ-
ent between non-survivors and survivors, most data for 
non-survivors were within normal levels (Fig. 6c, d). The 
change of five markers levels was the same as those men-
tioned above during hospitalization (Additional file  4: 
Figure S3).

Elevated cardiac markers and increased mortality
The mortality between patients with high and normal 
cardiac markers within the first week after admission that 
were not in the ICU were analyzed. When we retrieved 
patients’ electronic medical records, we found 4 patients 

with elevated five markers were not admitted into ICU 
and 3 patient died. Conversely, 217 patients with nor-
mal level of five cardiac markers were not admitted into 
ICU and 0 died. The results demonstrated the mortality 
of patients with elevated five cardiac markers not admit-
ted to ICU was significantly higher than those with nor-
mal cardiac markers not admitted to ICU (Fisher exact 
test, P < 0.0001). Additionally, 90 patients with elevated 
BNP, 32 patients with elevated hs-TNI, 382 patients with 
elevated α-HBDH, 47 patients with elevated CK-MB and 
305 patients with elevated LDH within the first week 
were not admitted to ICU, respectively (Additional file 1: 
Table S1, Fig. 3f ).

In order to evaluate the risk of elevated levels of car-
diac markers in COVID-19 patients as early as possi-
ble, we established a prognosis prediction model based 
on levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH 
within the first week after admission. Firstly, univari-
ate Cox regression analysis was conducted by applying a 
mixed-effect Cox model adjusted for age, sex, comorbidi-
ties for each cardiac marker. Patients with missing values 
for each marker were removed. We identified five mark-
ers were independent predictor of mortality (P < 0.001, 
Additional file  5: Figs. S4 and S5). Secondly, to predict 
the risk of mortality more accurately, five markers were 
entered into a multivariate Cox regression analysis. Sam-
ples with missing values in any marker were removed 
and 429 patients have five cardiac markers detections 
were included in the subsequent analysis. We divided 
429 patients into cardiac markers abnormal (n = 79) 
and normal (n = 350) groups based on the upper refer-
ence limit. As a result, the five cardiac markers abnormal 
group demonstrated a significantly higher risk of mortal-
ity with hazards ratio 3.4 [95% CI, 2.4–4.8] (Fig. 7a). Five 
cardiac markers levels classified survivors and non-survi-
vors with an area under the curve (AUC) of 0.90 with the 
threshold value based on the ROC curve of 1.5, a sensi-
tivity of 70.6%, and a specificity of 96.4% (Fig. 7b).

CRP, D-dimer, and IL-6 are commonly elevated and 
LYM% diminished in patients with COVID-19 and cor-
relate with disease severity in previous studies. We ana-
lyzed the correlation between five cardiac barkers and 
CRP, D-dimer, IL-6, and LYM%. The results showed BNP, 
hs-TNI, α-HBDH, CK-MB, and LDH were highly posi-
tive correlation with CRP, IL-6, and D-dimer (Additional 
file 7: Fig. S6). By contrast, five markers were significantly 
negatively correlated with LYM% (Fig. S6).

Discussion
Our study provides detailed information about the asso-
ciation between cardiac markers and clinical outcomes of 
COVID-19 patients with or without pre-existing CAD. 
Patients with abnormal serum levels of cardiac markers, 
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namely, BNP, hs-TNI, α-HBDH, CK-MB, and LDH, had a 
significantly higher mortality rate than patients with nor-
mal serum marker levels. In COVID-19 non-survivors 
with or without pre-existing CAD, the BNP level meas-
ured within one week after admission showed a 5.8-fold 
and 1.4-fold significant increase from the upper refer-
ence limit, respectively. Non-survivors with CAD had no 
hs-TNI detection on admission, this may be the reason 

hs-TNI in this cohort showed a delayed abnormal course 
compared to other biomarkers. Our results demonstrated 
that BNP together with hs-TNI, CK-MB, and LDH within 
the first week after admission could act as risk factors for 
in-hospital mortality.

SARS-CoV-2 uses the ACE2 receptor to facilitate viral 
entry into target cells, causing multiorgan dysfunction 
[4]. It has been reported that the mechanism of acute 

c

d

a b

Non-survivorsCAD Survivors

non-CAD SurvivorsNon-survivors

Non-survivors

Survivors

CAD non-CAD

P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001

P < 0.001P < 0.001P < 0.001P=0.07P < 0.001

Fig. 6 Risk-Stratification Biomarker for COVID-19 patients. a–b Fold change of cardiac markers relative to the upper reference within one week after 
admission. c–d The fluctuation of serum levels of cardiac markers within one week after admission. CAD: COVID-19 patients with pre-existing CAD; 
non-CAD: COVID-19 patients without pre-existing CAD
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myocardial injury caused by SARS-CoV-2 infection 
might be related to ACE2 [28]. The scRNA-seq analy-
sis in the present study showed that ACE2 was mainly 
expressed in CM, EC, and FB cell types, suggesting that 
SARS-CoV-2 receptor-related signaling pathways in 
myocardial injury may be mainly related to these cell 
populations. Whether someone has CAD or not, once 
the patient is infected with the virus, the heart may be 
severely attacked.

Hoffman et al. [29] recently demonstrated that the ini-
tial spike in protein priming by TMPRSS2 is essential 
for the entry and viral spread of SARS-CoV-2 through 
interaction with the ACE2 receptor [30]. Compared 
with COVID-19 patients without CAD, patients with 
pre-existing CAD had a higher percent of elevated BNP, 
hs-TNI, α- HBDH, CK-MB, and LDH. There is no differ-
ence in mortality between COVID-19 patients with CAD 
and non-CAD when BNP showed abnormal. However, 
the difference was observed when they represented ele-
vated α- HBDH, CK-MB, and LDH. A significantly higher 
expression of TMPRSS2 in CAD patients compared with 
healthy controls suggested that CAD patient may have a 
higher risk of SARS-CoV-2 infection than health control. 
It implies that upregulated TMPRSS2 may be the reason 
that patients with CAD represented a higher percentage 
of individuals with abnormal levels of cardiac markers 
after SARS-CoV-2 infection. The serine protease inhibi-
tor camostat mesylate, approved in Japan to treat dis-
eases, has been shown to block TMPRSS2 activity and is 
thus an interesting candidate to treat COVID-19 patients 
with pre-existing CAD [31, 32].

Previous studies have investigated the association 
between myocardial injury markers and prognosis [33, 
34]. However, evidence on markers that are appropriate 
for monitoring myocardial injury in COVID-19 patients 
timely is lacking. Because of limited space in ICUs, the 
triage rules for access to intensive care are becoming 
tougher and tougher.

The results in this study showed that BNP together 
with hs-TNI, α-HBDH, CK-MB, and LDH within the 
first week after admission could be used as biomarker for 
prognosis in COVID-19 patients. These cardiac biomark-
ers were strongly correlated with inflammatory markers, 
indicating that cardiac biomarkers may track with over-
all severity of illness and multisystem organ dysfunction. 
The first week of admission could be a window for obser-
vation and early intervention, i.e. that five markers will 
precede clinical deterioration or escalation of care.

The survival rate of mild/moderate patients is 100% in 
our cohort which is the same as previous studies, whose 
data collected from Wuhan Huoshenshan Hospital in 
Wuhan, China [35]. Huoshenshan Hospital is an emer-
gency specialty field in response to COVID-19 pandemic 
in China that could make quick and informed decisions 
for patients. Mild/moderate patients could receive ade-
quate care and timely treatment after admission. There-
fore, it is maybe a significant reason for none of the mild/
moderate COVID-19 patients progressed to death.

Some limitations exist in the present study. First, there 
was some indication bias to exclude cases with miss-
ing biomarker data from regression analyses, as sicker 
cases were having more intensive monitoring of these 

Specificity

S
en

si
tiv

ity

1.0 0.8 0.6 0.4 0.2 0.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.500 (0.706, 0.964)

AUC: 0.90

0.00

0.25

0.50

0.75

1.00

0 10 20 30 40 50 60
Time

S
ur

vi
va

l p
ro

ba
bi

lit
y

++++++++++++++++++++++++
+

+++ +++ +++

+ +++ +++

+
+++

+++++
++++

+++ ++ +
+
++ + + + + + + + +

Normal Abnormal

350 255 113 28 12 3 0

79 58 27 17 7 3 0Abnormal

Normal

Number at risk

a b

HR, 3.4 [95% CI, 2.4-4.8]

p < 0.0001

Fig. 7 Abnormal levels of five cardiac makers is correlated with increased mortality of COVID-19 patients. a Kaplan–Meier estimates for severe/
critical patients by levels of BNP, hs-TNI, α-HBDH, CK-MB, and LDH within the first week after admission in multivariate Cox regression analysis. 
Log-rank test shows statistical significance. The table below shows the number of people still alive at different time points. b ROC curve of five 
cardiac markers to predict survivors and non-survivors



Page 13 of 14Li et al. Crit Care          (2021) 25:158  

parameters and so they were more likely to be measured, 
in addition to being more likely to be elevated and data 
from larger populations and multiple centers are needed 
to further verify the results. Second, some data regarding 
heart dysfunction, such as echocardiography, magnetic 
resonance, and electrocardiography, were incomplete 
due to the limited conditions in the isolation ward. Third, 
timing of cardiac markers elevation was not directly 
correlated with timing of the clinical worsening of the 
patient, i.e. patients with high BNP’s on admission may 
already have had more severe disease and so it is simply 
correlative.

Conclusions
COVID-19 patients with pre-existing CAD represented a 
higher abnormal percentage of cardiac markers, accom-
panied by high mortality and ICU admission rate. Of 
note, COVID-19 patients without pre-existing CAD who 
represented abnormal levels of cardiac markers also had 
high mortality. BNP together with hs-TNI, α-HBDH, 
CK-MB, and LDH could be a prognostic biomarker for 
early warning of high mortality risk through the first 
week.
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