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Myoglobin and C‑reactive protein 
are efficient and reliable early 
predictors of COVID‑19 associated 
mortality
Ashaq Ali1,9,11, Muhammad Noman4,11, Yong Guo2,10,11, Xu Liu6,11, Rong Zhang5,8, Juan Zhou1, 
Yang Zheng7, Xian‑En Zhang7, Yong Qi3*, Xiaohua Chen2* & Dong Men1,9* 

Since the emergence of SARS‑CoV‑2, numerous studies have been attempting to determine 
biomarkers, which could rapidly and efficiently predict COVID‑19 severity, however there is lack 
of consensus on a specific one. This retrospective cohort study is a comprehensive analysis of the 
initial symptoms, comorbidities and laboratory evaluation of patients, diagnosed with COVID‑19 in 
Huoshenshan Hospital, Wuhan, from 4th February to 12th March, 2020. Based on the data collected 
from 63 severely ill patients from the onset of symptoms till the full recovery or demise, we found 
not only age (average 70) but also blood indicators as significant risk factors associated with multiple 
organ failure. The blood indices of all patients showed hepatic, renal, cardiac and hematopoietic 
dysfunction with imbalanced coagulatory biomarkers. We noticed that the levels of LDH (85%, 
P < .001), HBDH (76%, P < .001) and CRP (65%, P < .001) were significantly elevated in deceased 
patients, indicating hepatic impairment. Similarly, increased CK (15%, P = .002), Cre (37%, P = 0.102) 
and CysC (74%, P = 0.384) indicated renal damage. Cardiac injury was obvious from the significantly 
elevated level of Myoglobin (52%, P < .01), Troponin‑I (65%, P = 0.273) and BNP (50%, P = .787). 
SARS‑CoV‑2 disturbs the hemolymphatic system as WBC# (73%, P = .002) and NEUT# (78%, P < .001) 
were significantly elevated in deceased patients. Likewise, the level of D‑dimer (80%, P < .171), PT 
(87%, P = .031) and TT (57%, P = .053) was elevated, indicating coagulatory imbalances. We identified 
myoglobin and CRP as specific risk factors related to mortality and highly correlated to organ failure in 
COVID‑19 disease.

Abbreviations
BNP  B-type natriuretic peptide
Hs TrpI  Hypersensitive troponin I
PCT  Procalcitonin
APTT  Activated partial thromboplastin time
FIB  Fibrinogen
PT  Pro-thrombin time
EOS  Eosinophil
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LYM  Lymphocyte
MONO  Monocytes
NEUT  Neutrophil
PLT  Platelet
WBC  White blood cell
ALT  Alanine aminotransferase
AST  Aspartate aminotransferase
TP  Total protein
GLB  Globulin
A/G  Albumin/globulin ratio
GLU  Glucose
LDH  Lactic acid dehydrogenase
HBDH  α-Hydroxybutyrate dehydrogenase
CRP  C-reactive protein
UA  Uric Acid
Cre  Creatinine
CysC  Cystatin C
CK  Creatine kinase

�e COVID-19 pandemic has already become a challenge for the whole world which has dramatically paralyzed 
the socio-economic  life1. �e early categorization of COVID-19 patients is mainly based on the identi�cation 
of e�ective laboratory biomarkers, which can e�ciently predict disease  severity2. To be able to guarantee timely 
treatment, it is crucial to de�ne appropriate laboratory biomarkers capable of categorizing patients based on 
their risk. �e key mechanism for SARS-CoV-2 invasion is the binding of the virus to the angiotensin-converting 
enzyme 2 (ACE2) membrane-bound receptor and the host cell’s internalization of the  complex3. ACE2, a glyco-
protein and metalloprotease, is present both in membrane-bound as well as in soluble  forms4. �e membrane-
bound form is comprised of a transmembrane domain which anchors its extracellular domain to the plasma 
membrane, whereas; it is degraded and secreted in its soluble form, while the circulation of the N-terminal 
ectodomain is scarcely  detectable5.

Currently, personalized medicine demands model-based predictions for each person, where, the diagnosis 
of a clinical outcome is derived from observation (clinical characteristics) based on a large population  size6. 
Zhou et al. has quoted an interesting summary of such prediction models, which spans the development of a 
clinical problem, statistical design and collecting data, followed by spotlighting, building, validating and �nally 
evaluating the e�ciency of those prediction  models7. Statistical regression models are usually aimed at assessing 
the e�ect of clinical parameters, inferring the relation among the predictors thereby getting an insight into the 
population. Nonetheless, these models can e�ciently predict the prognosis of a disease in its early stages which 
can be compared for the  accuracy8,9. Furthermore, statistical models are based on a probabilistic and inferential 
theory holding well-de�ned properties which along with large dataset could also �t a small one. For prediction 
purposes, these two di�erent strategies complement each other and should be used by integrating both of  them10.

�e analysis of recently published studies reveals the role of systemic vasculitis and cytokine-mediated coagu-
lation disorders, predominantly responsible for multi-organ failure in patients with severe COVID-19 complica-
tions. �e hematological (lymphocyte  count11,12, neutrophil  count13, neutrophil–lymphocyte ratio (NLR))14,15, 
in�ammatory (C-reactive protein (CRP))16, immunological (interleukin (IL)-6)17 and biochemical (D-dimer18, 
troponin, creatine kinase (CK)19 biomarkers, as well as procalcitonin (PCT)16,20, erythrocyte sedimentation 
rate (ESR)21, aspartate aminotransferase (AST))22, and those particularly related to coagulation cascades in 
disseminated intravascular coagulation (DIC)23 and acute respiratory distress syndrome (ARDS)24 have been 
reported to be important biomarkers associated with COVID-19 disease. New laboratory biomarkers could be 
identi�ed through the accurate analysis of multicentric case series; in particular, homocysteine and angiotensin 
II could play a signi�cant role in this  regard24. Some studies have reported elevated WBC, CRP, LDH, CK, and 
troponin associated with the severity of COVID-1925,26. Dry cough, fever and fatigue commonly occur in the 
early stages of COVID-19, however, ARDS, acute respiratory failure, multi-organ failure, and sepsis are also 
quickly developed in some  patients27. Early prognosis of COVID-19 patients may aid in their specialized medi-
cal care reducing mortality.

�e Diagnosis and Treatment Program of 2019 novel Coronavirus Pneumonia (trial version seven) categorizes 
COVID-19 patients into mild, moderate, severe, and  critical24. It is now clear that COVID-19 mortality rate is the 
highest in elderly patients and the severe cases have reportedly elevated levels of some speci�c clinical parameters 
including WBC, D-dimer or lymphopenia. Current studies on COVID-19 have focused on its epidemiology and 
clinical features of the  patients28, but fewer reported a speci�c prognostic marker. �is study aimed to develop a 
model that precisely predicts the worst outcomes of the disease for the patients with COVID-19.

We analyzed the laboratory data as well as comorbidities and initial symptoms of 63 patients diagnosed with 
COVID-19 at Huoshenshan Hospital, Wuhan. All of the patients had developed severe disease condition resulting 
in in-hospital death of 46. Out of 63, 17 patients recovered and were discharged. As compared to the recovered 
patients, the laboratory parameters of deceased patients showed multiple organ damage including liver, kidney 
and heart, in addition to lungs. We attempted to evaluate high resolution biomarkers which would rapidly and 
e�ciently sort COVID-19 patients in early stage of infection. �e proper early diagnosis would help the medics 
in identifying severe cases for special treatment thus sparing resources for mild ones.
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Results
COVID‑19 is linked with sex and age. A total of 63 adult patients were included in the study. �e mean 
age of the patients was 70 (range 50–80) as shown in Table 1. �ere was an unequal proportion of men (39) and 
women (24). �e mean age of female patients was 72 (55–89), while 69 (50–86) in males. In the deceased patients 
group, this trend (aged and male were more vulnerable) is more obvious.

Initial symptoms, chest CT scan and past medical history of COVID‑19 patients. All 63 severe 
patients were hospitalized at the onset of COVID-19 signs and symptoms (Table 2), and later on con�rmed 
with standardized protocols. Around 70% of patients had fever (low/high) while half of them had cough (51%) 
and fatigue (49%). Among them, 44% had breathing di�culty and 11% felt muscle pain all over the body. �eir 
treatment duration averaged around 20 days with a minimum of 1 day and a maximum of two months during 
or a�er which they were discharged in case of in-hospital death or recovery, respectively. Apart from the nucleic 
acid test, the chest CT-scan showed infection in the lungs of all COVID-19 patients. CT-scan results showed 
either di�used patchy shadows or in�ammatory lesions in lungs at the initial days of hospitalization of deceased 
as well as recovered patients.

In deceased patients, the initial symptoms included fever in 76% (P = 0.043), fatigue in 61% (P = 0.54), breath-
ing di�culty in 52% (P = 0.45), cough in 50% (P = 0.615) while chills in 7% (P = 0.14) and muscle pain in 11% 
(P = 0.43) of the studied patients. �ese symptoms were not occurring altogether in an individual patient but 
randomly in mulitple patients, with fever and cough being the most common symptoms. �eir average treatment 
duration starting from admission to death was around 17 days with a maximum of 50 days and minimum of 1. 
All of 46 deceased patients developed severe symptoms including ARDS.

On the other hand, in the recovered patients group, the average duration spent at hospital was around 
1 month with a minimum of 1 week and a maximum of 2 months of treatment. �ey also displayed the same 
initial symptoms as half of them (~ 50%) had cough and an equal number of patients had fever, while 24% and 
18% had breathing di�culty and fatigue, respectively.

As reported by many, COVID-19 infection also depends on the underlying health condition of the infected 
person. Patient with comorbidities such as hypertension, diabetes or others, would probably develop more 
severe disease condition. In order to evaluate their disease severity, we recorded the past medical history of all 
patents and noticed that 65% were su�ering from hypertension, and 22% had diabetes. Several clinical conditions 
including chronic bronchitis, atherosclerosis, anemia and uremia were also present in some patients (Table 2).

SARS‑Cov‑2 causes multi‑organ damage. We know that the S (Spike) protein of the SARS-CoV-2 
strongly binds to the receptors of  ACE229. ACE2 protein is expressed in almost all organs and tissues including 
colon, liver, intestinal epithelia, kidney, heart as well as ovaries and  testes30,31. Due to this broad distribution, 
SARS-CoV-2 can target any organ/tissue leading to multi-organ  failure32. Laboratory evaluation of COVID-19 
patients demonstrated abnormalities in biomarkers of organs besides lungs. We noticed rise/fall in the level of 
several important biomarkers including cardiac, renal, hepatic, coagulatory and hemolymphatic.

SARS‑CoV2 distorts hemolymphatic balance. Majority of the deceased patients had imbalances in 
blood and lymphatic cells (Table 3). Among them, the level of some hemolymphatic parameters was signi�cantly 
increased while that of others had dropped as shown in Fig. 1. Of 47 deceased patients, WBC (Fig. 1a) and 
NEUT (Fig. 1c) counts were elevated in 73% (P = 0.002) and 78% (P < 0.001), respectively. However, Platelets 
(Fig. 1b), EOS (Fig. 1d), LYM (Fig. 1e) and BASO (Fig. 1f) were decreased in 35% (P = 0.174), 46% (P = 0.004), 
74% (P < 0.056) and 72% (P = 0.009) respectively, in deceased patients.

Hepatic impairments. A signi�cant rise in the liver enzyme AST and ALT (Alanine aminotransferase) 
is usually linked with hepatic  impairments8. We noticed serious liver damage in a major portion of deceased 
patients. As shown in Fig. 2, all four predictors including LDH (85%, P < 0.001, Fig. 2a), HBDH (76%, P < 0.001, 
Fig. 2b), ALP (15%, P = 0.223, Fig. 2c) and CRP (65%, P < 0.001, Fig. 2d) were signi�cantly elevated in deceased 
patients. Besides, ALT and AST increased in 74% (P < 0.001) and 46% (P < 0.001) of deceased patients, respec-
tively. In contrast, TP decreased in 83% (P = 0.142) and GLB in 37% (P = 0.619) in deceased patients as men-
tioned in Table 3 and File S1.

Table 1.  Details of COVID-19 patients’ age and sex.

Patients Overall Deceased Recovered

No. of patients 63 46 17

Male 39 30 9

Female 24 16 8

Average age 70.2 (50–80) 69.5 (50–88) 71.1 (52–89)

Average age of male 69.3 (50–86) 69.1 (50–88) 69.8 (52–84)

Average age of female 71.8 (55–89) 71.4 (63–88) 72.6 (55–89)
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Renal damage. In deceased patients, renal damage was obvious from the elevated levels of urea (Fig. 3a), 
Creatinine (Fig. 3b) and CystatinC (Fig. 3c). As depicted in Fig. 3, Urea (74%, P = 0.014), Cre (37%, P = 0.102) 
and CysC was increased in 74% (P = 0.384) of deceased patients. �erefore, renal abnormalities also played 
signi�cant role in the progression of disease and contributed to overall damage caused by SARS-CoV-2 leading 
to death.

Cardiac injury and sepsis. Cardiac damage can be noticed from signi�cant elevation in the level of Myo-
globin, Cardiac Troponin and B-Type Natriuretic Peptide (BNP). Elevated level of Myoglobin (52%, P < 0.01, 
Fig. 4a), Troponin-I (65%, P = 0.27, Fig. 4b) and BNP (50%, P = 0.787, Fig. 4c) are obvious (Fig. 4 and Table 3).

Coagulatory imbalances. In deceased patients, high levels of FDP and D-dimer (�brin-associated mark-
ers) points towards a usual activation of coagulatory agents and secondary �brinolysis. Our results support the 
previous  �ndings33, as we noticed imbalances of coagulatory indicators more pronounced in deceased patients 
(Fig. 5). �ere were elevations in the level of D-dimer (80%, P < 0.171, Fig. 5a), PT (87%, P = 0.031, Fig. 5b) and 
APTT (57%, P = 0.053, Fig. 5d), while PT-Activity% (52%, P < 0.001, Fig. 5c) was declined in deceased patients. 
Increased level of Fibrinogen (26%, P = 0.635) was also observed in deceased patients, as given in Table 3.

Table 2.  Initial symptoms, comorbidities and CT-scan results of COVID-19 patients.

Patients Avg. days in hospital Initial symptoms and CT-scan Results Freq (%) Comorbidities Freq (%)

Overall 20.28

Hypertension 65

Diabetes 22

Multiple large plate-like ground-glass 
changes in lungs

100 Chronic Bronchitis 8

Atherosclerosis 8

Fever 68 Hypoproteinemia 8

Cough 51 Anemia 8

Fatigue 49 Uremia 5

Breathing di�culty 44 Cerebral Infarction 5

Muscle pain 11 Alzheimer’s Disease 3

Chills 11 Dementia 3

Headache 3 Malignant tumor of esophagus 2

Vomit 2 Emphysema 2

Nausea 2 Epilepsy 2

Hypoproteinemia 2

Liver damage 2

Deceased 16.89

Multiple large plate-like ground-glass 
changes in lungs

100

Hypertension 67

Fever 76 Diabetes 24

Fatigue 61 Atherosclerosis 11

Breathing di�culty 52 Hypoproteinemia 11

Cough 50 Anemia 11

Chills 15 Chronic Bronchitis 9

Muscle pain 11 Uremia 7

Headache 4 Cerebral Infarction 7

Vomit 2 Alzheimer’s Disease 4

Nausea 2

Recovered 31.42

Multiple large plate-like ground-glass 
changes in lungs

100 Hypertension 59

Diabetes 18

Cough 53 Dementia 12

Fever 47 Malignant tumor of esophagus 6

Breathing Di�culty 24 Chronic Bronchitis 6

Fatigue 18 Emphysema 6

Muscle pain 12 Epilepsy 6

Hypoproteinemia 6

Liver damage 6
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Significant laboratory parameters for early discrimination of COVID‑19 patients. From our 
analysis of 63 severe patients, we observed prominent di�erences in nine parameters (Fig. 6). �ey span cardiac, 
hepatic and hemolymphatic biomarkers, supporting the evidence that SARS-CoV2 a�ects multiple organs in 
vulnerable individuals. Of cardiac biomarkers, Myoglobin speci�cally could e�ciently predict COVID-19 sever-
ity in its early stages. Similarly, among the coagulatory parameters, elevated d-dimer level seems to be an e�cient 
early predictor of COVID-19 severity. Likewise, elevated levels of CRP, LDH and HBDH could be considered as 
some of the high resolution hepatic biomarkers for early prognosis. SARS-CoV-2 infection is marked by lym-
phopenia and abnormal cardiac indicators, all of which hold signi�cant prognostic value, however, the underly-
ing mechanisms still need to be studied in detail. Elevated levels of WBC and Eosinophils, while lymphopenia 
are more common in severe cases who succumbed to COVID-19 and hence should be included among the other 
early predictors.

Discussion
Globally, public heath poses high risk of emerging and reemerging  pathogens34. Coronaviruses are among the 
widely distributed RNA viruses causing various diseases including hepatic, enteric, neurologic and respiratory 
disorders in humans as well as other animals. In the present study, the average age of 70 years shows that elderly 
people are more vulnerable to SARS-CoV2 severe infection, as highly cited in the literature. �e unequal ratio 
of males and females 63% and 38% respectively, shows that males are more targeted, which is in accordance 
with previous  reports35. In our study, the median length for hospital stay was about 20 days while the overall 
length matched to two previous studies of 11 and 12  days36. Similarly, the underlying medical conditions of 
COVID-19 patients were mostly the same as those with critical infectious diseases demanding ICU or hospital 
 admission37. Chronic obstructive pulmonary disease and asthma could not be seen as risk factors for severe 

Table 3.  Blood chemistry and frequency of rise/fall of biomarkers of 63 critical patients. Deceased (D), 
Recovered (R), B-Type Natriuretic Peptide (BNP), Hypersensitive Troponin I (Hs Trp I), Procalcitonin (PCT), 
Activated Partial �romboplastin Time (APTT), Fibrinogen (FIB), Pro-�rombin Time (PT), Eosinophil 
(EOS), Lymphocyte (LYM), Monocytes (MONO), Neutrophil (NEUT), Platelet (PLT), White Blood Cell 
Count (WBC), Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Total Protein (TP), 
Globulin (GLB), Albumin/Globulin Ratio (A/G), Glucose (GLU), Lactic Acid Dehydrogenase (LDH), 
α-Hydroxybutyrate Dehydrogenase (HBDH), C-Reactive Protein (CRP), Uric Acid (UA), Creatinine (Cre), 
Cystatin C (Cysc), Creatine Kinase (CK). * Levene’s test is signi�cant (p < 0.05), suggesting a violation of the 
equal variance assumption.

Marker P value Marker P valueDeceased (%) Recovered (%) Deceased (%) Recovered (%)

Cardiac and sepsis Hepatic

BNP
 > 125 pg/mL

50 41 0.787
ALT
 > 33 IU/L

74 41 0.135

Hs Trp I
 > 0.04 ng/mL

65 24 0.273
AST
 > 56 U/L

46 24 0.022

Myoglobin
 > 90 ng/mL

52 18 0.01*
TP
 < 60 g/L

83 65 0.6

PCT
 > 1 ng/mL

48 6 0.008*
GLB
 < 23 g/L

37 29 0.553

Coagulatory A/G < 0.5 9 0 0.655

APTT
 > 40 s

7 0 0.031
ALP
 > 140 IU/L

15 12 0.223

D-Dimer
 > 1 mg/L

80 76 0.171
GLU
 > 7.1 mM/L

78 35 0.002

FIB
 > 4 g/L

26 18 0.635
LDH
 > 333 IU/L

85 24  < 0.001*

PT
 > 13.5 s

87 65  < 0.001*
HBDH
 > 280 U/L

76 24  < 0.001*

Hemolymphatic
CRP
 > 100 mg/L

65 6  < 0.001*

EOS#
 > 0.05 × 109/L

46 24 0.004* Renal

LYM#
 < 0.9 × 109/L

74 65 0.056
Urea
 > 7.1 mM/L

74 41 0.014*

MONO#
 < 0.3 × 109/L

30 6 0.784
Cre
 > 107 mM/L

37 12 0.102

NEUT#
 > 7.5 × 109/L

78 35  < 0.001
CysC
 > 1.10 mg/L

74 65 0.384

PLT
 < 150 × 109/L

48 35 0.174
CO2
 < 23 mEq/L

54 18 0.003

WBC
 > 10.5

74 24 0.002
CK
 > 300 U/L

15 0 0.002*
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COVID-19  cases38. �is has no known epidemiologic reasons. Although, comorbidities as well as age were two 
main predictors for hospital admission, they could not prove to be e�ective prognostic indicators. In contrast, 
oxygen impairment and in�ammatory markers were marked by severe disease condition and even  mortality2. In 
our study, the most common symptoms were the same as reported  previously39, including fever, cough, fatigue, 
breathing di�culty and muscle pain.

CT-scan results showed infection of both lungs in all patients proving the lungs as the main target of SARS-
CoV2. COVID-19 disease also depends on the underlying health condition of the infected patient. In order to 
evaluate their disease severity, we recorded the past medical history of all patients. Majority of patients su�ered 
from hypertension and diabetes while some also had atherosclerosis, Dementia, Alzheimer’s disease, hypopro-
teinemia and liver damage. Patients with underlying medical conditions are more vulnerable to COVID-19 and 
would probably develop severe disease condition leading to death. Such patients should be prioritized for focused 
care considering their past medical history.

Figure 1.  Boxplots depicting comparison of 6 hemolymphatic parameters of deceased and recovered patients. 
Elevated levels of WBC (a), NEUT# (c), LYM# (e), while decreased levels of PLT (b), EOS# (d) and BASO# (f) is 
common in deceased patients.
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Acute respiratory infections are well-recognized triggers for cardiovascular diseases (CVD), and the underly-
ing CVD is usually associated with comorbidities, which may increase the incidence and severity of infectious 
diseases. SARS-CoV2 targets ACE2 receptor, the role and signi�cance of which has not yet been fully unraveled, 
however, its elevated level has been noticed in a number of chronic diseases including diabetes, hypertension, 
chronic kidney disease and  others40,41. �e substrates of ACE2 span aplin, ghrelin, kinins, neurotensin, angio-
tension and  dynorphin42. ACE2 mainly regulates angiotensin II by converting it into angiotension 1–7 (which 
protects tissues), thereby physiologically counterbalancing  ACE31. Heart and blood vessels are rich in ACE-2 
(the target of SARS-CoV2). �e presence of cardiac injury, myocarditis and ARDS are other strong and inde-
pendent factors associated with  morality43. Heart damage and arrhythmias are common in patients hospital-
ized for COVID-1944. �e rise and/or fall of troponin indicating myocardial injury is common among patients 
with acute respiratory infections and correlated with disease  severity45. Abnormal troponin values are common 
among COVID-19 patients particularly evaluated though a high sensitivity cardiac troponin  assay45. Abnormal 
blood clotting (causing pulmonary embolism or stroke) and blood vessel constriction have also been reported 
 previously46. Adjunctive cardioprotective therapies may be advisable in patients with signi�cant elevation of 
cardiac injury biomarkers. Initial measurement of cardiac biomarkers immediately a�er hospitalization for 
SARS-CoV2 infection may help identify a subset of possible cardiac injury.

Earlier, similar �ndings were reported in the deceased COVID-19 patients with higher levels of hemolym-
phatic indices such as TB (total bilirubin), WBC , CK as well as IL-612,47,48. Lymphopenia was reported in 80%12 of 
severe and 25%11 of mild cases in two independent studies, correlating lymphopenia to critical condition. Renal 
damage was found in 78% out of 33.9% COVID-19 patients while recently studying 1000 COVID-19  patients1. 
However, acute kidney damage was developed by 15%49 and 19%50 of COVID-19 patients in two independent 
studies. D-dimer is a biomarker of pathological coagulation that underlies the pathogenesis of most cardiovas-
cular  diseases51. �e values of D-dimer are frequently increased in severe cases with in-hospital deaths hence its 
measurement may be helpful in predicting evolution of COVID-19 disease towards a worse clinical  picture51,52. 
D-dimer may help to de�ne whether adjunctive antithrombotic therapies (e.g., anticoagulants, antithrombin or 
thrombodulin) might be helpful with severe COVID-19.

CRP is routinely used as a non-speci�c marker of in�ammation. CRP does not normally elevate signi�-
cantly in mild viral respiratory infection however, signi�cant increase of CRP has been reported in COVID-19 
 patients16,53. CRP testing may be useful in the initial evaluation of COVID-19 patients. A study of 140 COVID-
19 patients found elevated levels of IL-6 in 95, CRP in 91 and PCT in 8 patients, at admission. �ey found 
CRP > 41.8 mg/L in severe cases and suggested that the elevated levels of CRP and IL-6 could e�ciently predict 
respiratory  deterioration54. Similarly, in a meta-analysis, Sahu et al., compared the CRP levels of 849 deceased 

Figure 2.  Hepatic biomarkers of deceased and recovered patients As compared to recovered patients, elevated 
levels of LDH (a), HBDB (b), ALP (c) and CRP (d) could be observed in deceased patients.
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and 1896 recovered COVID-19 patients. �ey found high concentrations of CRP in deceased patients and sug-
gested that CRP could e�ciently predict COVID-19 disease  prognosis55. A multicentered retrospective study 
involving 3219 patients also found signi�cantly elevated levels of CRP in severe cases with in-hospital  death56.

Several studies have associated elevated levels of myoglobin with COVID-19  severity50,56. SARS-Cov2 might 
induce a myositis similar to that observed in severe in�uenza infections. Rapid clinical recognition of muscle 
injury in COVID-19 patients can be lifesaving. Serum albumin (HSA) low levels are associated with increased 
risk of  death57. Decreased level of HSA may be a medical sign of decreased production in the liver, increased 
loss in the gastrointestinal tract or kidneys, and/or increased use in the body. �e combination of the hypo-
albuminemia, lymphopenia, and high concentrations of CRP and LDH in SARS-CoV2-infected patients upon 
hospital admission may predict more severe acute lung  injury58. A previous study including 288 severe and 
non-severe COVID-19 patients found myoglobin higher than 106 μg/L, WBC higher than 10 × 109/L, and CRP 
higher than 10 mg/L as risk factors for severe  cases59. Similarly, another study of 357 deceased and recovered cases 
reported elevated levels of myoglobin along with CK-MB in patients resulting in in-hospital  death60. However, 
an elevated level of myoglobin (≥ 306.5 μg/L) was found to be a risk factor for in-hospital death, independent 
of Troponin and CK-MB  levels61.

Taking together, the previous studies support our �ndings and thus we report that CRP and myoglobin could 
prove e�cient prognostic biomarkers for COVID-19 associated mortality.

Conclusions
COVID-19 can be conspicuously phasic, with major deteriorations in some patients occurring ~ 7 d post-symp-
tom onset. Patients with comorbidities speci�cally hypertension and diabetes mellitus, are particularly suscep-
tible to COVID-19 infection and are likely to develop more severe illness. Furthermore, by the current clinical 
evaluation and statistical assessment, we identi�ed myoglobin and CRP as speci�c risk factors related to organ 
failure and mortality. �e identi�ed risk factors should be speci�cally continuously screened for prognosis of 
COVID-19 patients in early stages.

Figure 3.  Comparison of renal biomarkers of deceased and recovered patients. (a) Urea is signi�cantly 
increased, while Creatinine (b) and Cystatin C (c) are slightly elevated in deceased patients.
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Materials and methods
Ethical approval. �e study design and protocol were reviewed and approved by Institutional Review Com-
mittee of Huoshenshan Hospital and Southern �eater Command General Hospital (approval number: 202013), 
and the requirement for informed consent was waived by the Ethics Commission. All methods were performed 
in accordance with the relevant guidelines and regulations.

Study design and participants. �is retrospective cohort study was executed in the Intensive Care Unit 
of Huoshenshan Hospital, Wuhan. Patients who were diagnosed with COVID-19 between 4th February 2020 
and 12th March 2020, were screened. �e data of all patients were divided into two sets. �e �rst set consisted 
of patients who died of the infection during treatment in the hospital. �e second set included those critical 
patients who recovered and were discharged from the hospital a�er two consecutive negative tests of COVID-19. 
Data regarding their age, sex, initial symptoms and past medical history were properly recorded.

Initial symptoms, chest CT‑scan and past medical history. �e initial symptoms of all patients 
(deceased/recovered) admitted, were recorded. �e collected data consisted of demographics, comorbidities, 
presenting symptoms, and laboratory and radiographical �ndings of the COVID-19 patients. �e severity of 
COVID-19 was de�ned by satisfying at least one of the following factors; the ratio of the partial pressure of 
arterial oxygen (PaO2) to the fraction of inspired oxygen (FiO2) 300 mmHg (1 mmHg ¼ 0.133 kPa) breathing 
rate > 30/min and pulse oximeter oxygen saturation at rest < 93%. It was considered a critical illness if satisfying 
at least one of the following items, the respiratory failure occurred and individuals received mechanical ventila-
tion, failure of other organs, shock, and received care in the intensive care unit.

Blood chemistry analyses. In order to screen various hematologic and biochemical parameters including 
ALT, AST, CRP, D-dimer and others, their (deceased/recovered patients) blood samples were analyzed and the 
data of each patient was properly recorded. For inference, all laboratory parameters values were processed and 
their mean values were compared to the normal range values.

Figure 4.  Cardiac parameters of deceased and recovered patients. Highly elevated levels of (a) Myoglobin, 
while slight elevations in Cardiac Troponin I (b) and B-Type Natriuretic Peptide-BNP (c) have occurred in 
deceased patients.
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Statistical analysis. �e mean, median and inter quartile range (IQR) values were calculated as continu-
ous variables while categorical variables were presented as frequencies and percentages of patients. Independent 
sample t-test or Mann–Whitney U test was used to compare distributions of continuous variables. Univariate 
and multivariate logistic regression analyses were executed to identify risk factors of disease progression. P < 0.05 
was considered statistically signi�cant.

Figure 5.  Coagulatory parameters of deceased and recovered patients. Elevations in (a) D-dimer, (b) PT and 
(d) and APTT while decline in (c) PT-Activity% can be seen in deceased patients.



11

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5975  | https://doi.org/10.1038/s41598-021-85426-9

www.nature.com/scientificreports/

Received: 1 October 2020; Accepted: 26 February 2021

References
 1. Argenziano, M. G. et al. Characterization and clinical course of 1000 patients with coronavirus disease 2019 in New York: retro-

spective case series. BMJ 369, m1996 (2020).
 2. Petrilli, C. M. et al. Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 

2019 in New York City: prospective cohort study. BMJ 369, m1966 (2020).
 3. Zhang, H., Penninger, J. M., Li, Y., Zhong, N. & Slutsky, A. S. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: 

molecular mechanisms and potential therapeutic target. Intensive Care Med. 46, 586–590 (2020).
 4. Jia, H. P. et al. Ectodomain shedding of angiotensin converting enzyme 2 in human airway epithelia. Am. J. Physiol. Lung Cell. Mol. 

Physiol. 297, L84–L96 (2009).
 5. Gheblawi, M. et al. Angiotensin-converting enzyme 2: SARS-CoV-2 receptor and regulator of the renin-angiotensin system: 

celebrating the 20th anniversary of the discovery of ACE2. Circ. Res. 126, 1456–1474 (2020).
 6. Steyerberg, E. W. Clinical Prediction Models: A Practical Approach to Development, Validation, and Updating (Springer, 2008).
 7. Zhou, Z.-R. et al. In-depth mining of clinical data: the construction of clinical prediction model with R. Ann. Transl. Med. 7, 796 

(2019).
 8. Henry, B. M., de Oliveira, M. H. S., Benoit, S., Plebani, M. & Lippi, G. Hematologic, biochemical and immune biomarker abnor-

malities associated with severe illness and mortality in coronavirus disease 2019 (COVID-19): a meta-analysis. Clin. Chem. Lab. 
Med. 58, 1021–1028 (2020).

 9. Qin, C. et al. Dysregulation of immune response in patients with coronavirus 2019 (COVID-19) in Wuhan. China. Clin. Infect. 
Dis. 71, 762–768 (2020).

 10. Austin, P. C., Tu, J. V., Ho, J. E., Levy, D. & Lee, D. S. Using methods from the data-mining and machine-learning literature for 
disease classi�cation and prediction: a case study examining classi�cation of heart failure subtypes. J. Clin. Epidemiol. 66, 398–407 
(2013).

 11. Chen, N. et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet (London, England) 395, 507–513 (2020).

 12. Yang, X. et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-
centered, retrospective, observational study. Lancet. Respir. Med. 8, 475–481 (2020).

 13. Wang, J. et al. Excessive neutrophils and neutrophil extracellular traps in COVID-19. Front. Immunol. 11, 2063 (2020).
 14. Kong, M., Zhang, H., Cao, X., Mao, X. & Lu, Z. Higher level of neutrophil-to-lymphocyte is associated with severe COVID-19. 

Epidemiol. Infect. 148, e139–e139 (2020).

Figure 6.  Cluster analysis of signi�cant clinical parameters in deceased and recovered patients. Blue line (1) 
indicates dead while red (2) indicates recovered patients.



12

Vol:.(1234567890)

Scientific Reports |         (2021) 11:5975  | https://doi.org/10.1038/s41598-021-85426-9

www.nature.com/scientificreports/

 15. Liu, J. et al. Neutrophil-to-lymphocyte ratio predicts critical illness patients with 2019 coronavirus disease in the early stage. J. 
Transl. Med. 18, 206 (2020).

 16. Wang, L. C-reactive protein levels in the early stage of COVID-19. Médecine Mal. Infect. 50, 332–334 (2020).
 17. Grifoni, E. et al. Interleukin-6 as prognosticator in patients with COVID-19. J. Infect. 81, 452–482 (2020).
 18. Zhang, L. et al. D-dimer levels on admission to predict in-hospital mortality in patients with Covid-19. J. �romb. Haemost. 18, 

1324–1329 (2020).
 19. Tersalvi, G. et al. Elevated troponin in patients with coronavirus disease 2019: possible mechanisms. J. Card. Fail. 26, 470–475 

(2020).
 20. Liu, Z.-M. et al. Association of procalcitonin levels with the progression and prognosis of hospitalized patients with COVID-19. 

Int. J. Med. Sci. 17, 2468–2476 (2020).
 21. Lapić, I., Rogić, D. & Plebani, M. Erythrocyte sedimentation rate is associated with severe coronavirus disease 2019 (COVID-19): 

a pooled analysis. Clin. Chem. Lab. Med. 58, 1146–1148 (2020).
 22. Qin, C. et al. High aspartate aminotransferase to alanine aminotransferase ratio on admission as risk factor for poor prognosis in 

COVID-19 patients. Sci. Rep. 10, 16496 (2020).
 23. Asakura, H. & Ogawa, H. COVID-19-associated coagulopathy and disseminated intravascular coagulation. Int. J. Hematol. https 

://doi.org/10.1007/s1218 5-020-03029 -y (2020).
 24. Ponti, G., Maccaferri, M., Ruini, C., Tomasi, A. & Ozben, T. Biomarkers associated with COVID-19 disease progression. Crit. Rev. 

Clin. Lab. Sci. 57, 389–399. https ://doi.org/10.1080/10408 363.2020.17706 85 (2020).
 25. Du, R.-H. et al. Predictors of mortality for patients with COVID-19 pneumonia caused by SARS-CoV-2: a prospective cohort 

study. Eur. Respir. J. https ://doi.org/10.1183/13993 003.00524 -2020 (2020).
 26. Zhang, G. et al. Analysis of clinical characteristics and laboratory �ndings of 95 cases of 2019 novel coronavirus pneumonia in 

Wuhan, China: a retrospective analysis. Respir. Res. 21, 74 (2020).
 27. Zaim, S., Chong, J. H., Sankaranarayanan, V. & Harky, A. COVID-19 and multiorgan response. Curr. Probl. Cardiol. 45, 100618 

(2020).
 28. Khan, S. et al. COVID-19: Clinical aspects and therapeutics responses. Saudi Pharm. J. https ://doi.org/10.1016/j.jsps.2020.06.022 

(2020).
 29. Tai, W. et al. Characterization of the receptor-binding domain (RBD) of 2019 novel coronavirus: implication for development of 

RBD protein as a viral attachment inhibitor and vaccine. Cell. Mol. Immunol. 17, 613–620 (2020).
 30. D’Amico, F., Baumgart, D. C., Danese, S. & Peyrin-Biroulet, L. Diarrhea during COVID-19 infection: pathogenesis, epidemiology, 

prevention, and management. Clin. Gastroenterol. Hepatol. 18, 1663–1672 (2020).
 31. Touyz, R. M., Li, H. & Delles, C. ACE2 the Janus-faced protein—from cardiovascular protection to severe acute respiratory 

syndrome-coronavirus and COVID-19. Clin. Sci. (London England: 1979) 134, 747–750 (2020).
 32. Li, S., Tang, Z., Li, Z. & Liu, X. Searching therapeutic strategy of new coronavirus pneumonia from angiotensin-converting enzyme 

2: the target of COVID-19 and SARS-CoV. Eur. J. Clin. Microbiol. Infect. Dis. 39, 1021–1026 (2020).
 33. Tang, N., Li, D., Wang, X. & Sun, Z. Abnormal coagulation parameters are associated with poor prognosis in patients with novel 

coronavirus pneumonia. J. �romb. Haemost. 18, 844–847 (2020).
 34. Gao, G. F. IKV: Attacks from emerging and re-emerging pathogens. Cell 172, 1157–1159 (2018).
 35. Jin, J.-M. et al. Gender di�erences in patients with COVID-19: focus on severity and mortality. Front. Public Heal. 8, 152 (2020).
 36. Guan, W. et al. Clinical characteristics of coronavirus disease 2019 in China. N. Engl. J. Med. 382, 1708–1720 (2020).
 37. Cecconi, M., Evans, L., Levy, M. & Rhodes, A. Sepsis and septic shock. Lancet (London, England) 392, 75–87 (2018).
 38. Halpin, D. M. G., Faner, R., Sibila, O., Badia, J. R. & Agusti, A. Do chronic respiratory diseases or their treatment a�ect the risk of 

SARS-CoV-2 infection?. Lancet Respir. Med. 8, 436–438 (2020).
 39. Zhu, N. et al. A novel coronavirus from patients with pneumonia in China, 2019. N. Engl. J. Med. 382, 727–733 (2020).
 40. Anguiano, L. et al. Circulating angiotensin converting enzyme 2 activity as a biomarker of silent atherosclerosis in patients with 

chronic kidney disease. Atherosclerosis 253, 135–143 (2016).
 41. Li, S. et al. Association between circulating angiotensin-converting enzyme 2 and cardiac remodeling in hypertensive patients. 

Peptides 90, 63–68 (2017).
 42. Warner, F. J., Smith, A. I., Hooper, N. M. & Turner, A. J. Angiotensin-converting enzyme-2: a molecular and cellular perspective. 

Cell. Mol. Life Sci. 61, 2704–2713 (2004).
 43. Guo, T. et al. Cardiovascular implications of fatal outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol. 

https ://doi.org/10.1001/jamac ardio .2020.1017 (2020).
 44. Oudit, G. Y. et al. SARS-coronavirus modulation of myocardial ACE2 expression and in�ammation in patients with SARS. Eur. J. 

Clin. Invest. 39, 618–625 (2009).
 45. Lippi, G., Lavie, C. J. & Sanchis-Gomar, F. Cardiac troponin I in patients with coronavirus disease 2019 (COVID-19): evidence 

from a meta-analysis. Prog. Cardiovasc. Dis. https ://doi.org/10.1016/j.pcad.2020.03.001 (2020).
 46. Zhao, B.-C. et al. Prevalence and prognostic value of elevated troponins in patients hospitalised for coronavirus disease 2019: a 

systematic review and meta-analysis. J. Intensive Care 8, 88 (2020).
 47. Ruan, Q., Yang, K., Wang, W., Jiang, L. & Song, J. Clinical predictors of mortality due to COVID-19 based on an analysis of data 

of 150 patients from Wuhan, China.  Intensive Care Med. 46, 846–848 (2020).
 48. Zhou, F. et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective 

cohort study. Lancet 395, 1054–1062 (2020).
 49. Richardson, S. et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 

in the New York City Area. JAMA 323, 2052–2059 (2020).
 50. Arentz, M. et al. Characteristics and outcomes of 21 critically ill patients with COVID-19 in Washington State. JAMA 323, 

1612–1614 (2020).
 51. Yao, Y. et al. D-dimer as a biomarker for disease severity and mortality in COVID-19 patients: a case control study. J. Intensive 

Care 8, 49 (2020).
 52. Lippi, G. & Plebani, M. Laboratory abnormalities in patients with COVID-2019 infection. Clin. Chem. Lab. Med. 58, 1131–1134 

(2020).
 53. Chen, W. et al. Plasma CRP level is positively associated with the severity of COVID-19. Ann. Clin. Microbiol. Antimicrob. 19, 18 

(2020).
 54. Herold, T. et al. Elevated levels of IL-6 and CRP predict the need for mechanical ventilation in COVID-19. J. Allergy Clin. Immunol. 

146, 128-136.e4 (2020).
 55. Sahu, B. R., Kampa, R. K., Padhi, A. & Panda, A. K. C-reactive protein: a promising biomarker for poor prognosis in COVID-19 

infection. Clin. Chim. Acta 509, 91–94 (2020).
 56. Juan-Juan, Q. et al. Rede�ning cardiac biomarkers in predicting mortality of inpatients with COVID-19. Hypertension 76, 1104–

1112 (2020).
 57. Violi, F. et al. Is albumin predictor of mortality in COVID-19?. Antioxid. Redox Signal. https ://doi.org/10.1089/ars.2020.8142 

(2020).
 58. Velavan, T. P. & Meyer, C. G. Mild versus severe COVID-19: laboratory markers. Int. J. Infect. Dis. 95, 304–307 (2020).
 59. He, F. et al. Risk factors for severe cases of COVID-19: a retrospective cohort study. Aging (Albany NY). 12, 15730–15740 (2020).

https://doi.org/10.1007/s12185-020-03029-y
https://doi.org/10.1007/s12185-020-03029-y
https://doi.org/10.1080/10408363.2020.1770685
https://doi.org/10.1183/13993003.00524-2020
https://doi.org/10.1016/j.jsps.2020.06.022
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1089/ars.2020.8142


13

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5975  | https://doi.org/10.1038/s41598-021-85426-9

www.nature.com/scientificreports/

 60. Yang, J. et al. Elevated cardiac biomarkers may be e�ective prognostic predictors for patients with COVID-19: A multicenter, 
observational study. Am. J. Emerg. Med. 39, 34–41 (2021).

 61. Su, M. et al. Elevated cardiac biomarkers are associated with increased mortality for inpatients with COVID-19: a retrospective 
case-control study. J. Clin. Anesth. 65, 109894 (2020).

Acknowledgements
�is work was supported by Grants from the CAS-TWAS Fellowship for A.A. and the Youth Innovation Promo-
tion Association of CAS (Grant No. 2014308). �e authors are grateful to CAS-TWAS Fellowship Program and 
the Interdisciplinary Innovation Team of Chinese Academy of Sciences.

Author contributions
D.M. and X.C. conceptualized the study. A.A. and M.N. designed methodology. M.N. and Y.Z. did so�ware analy-
sis. R.Z. and X.L. validated so�ware analysis. R.Z and X.L. did investigation. Y.Q. did data curation. M.N. and 
A.A wrote manuscript. Y.Q. and D.M. reviewed manuscript. X.Z. did visualization. D.M. and X.C. supervised the 
study. Y.Q, X.C. and D.M. administered the study. D.M. acquired funding. All authors reviewed the manuscript.

Competing interests 
�e authors declare no competing interests.

Additional information
Supplementary Information �e online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-85426 -9.

Correspondence and requests for materials should be addressed to Y.Q., X.C. or D.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional a�liations.

Open Access  �is article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. �e images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© �e Author(s) 2021

https://doi.org/10.1038/s41598-021-85426-9
https://doi.org/10.1038/s41598-021-85426-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Myoglobin and C-reactive protein are efficient and reliable early predictors of COVID-19 associated mortality
	Results
	COVID-19 is linked with sex and age. 
	Initial symptoms, chest CT scan and past medical history of COVID-19 patients. 
	SARS-Cov-2 causes multi-organ damage. 
	SARS-CoV2 distorts hemolymphatic balance. 
	Hepatic impairments. 
	Renal damage. 
	Cardiac injury and sepsis. 
	Coagulatory imbalances. 
	Significant laboratory parameters for early discrimination of COVID-19 patients. 

	Discussion
	Conclusions
	Materials and methods
	Ethical approval. 
	Study design and participants. 
	Initial symptoms, chest CT-scan and past medical history. 
	Blood chemistry analyses. 
	Statistical analysis. 

	References
	Acknowledgements


