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Abstract  

The severe acute respiratory syndrome coronavirus 2, first appeared in Wuhan, China, in December 
2019. Since then, a variety of strains of the virus were spread throughout the world, prompting the 
World Health Organization to declare a pandemic in March 2020. Additionally, Coronavirus disease 
2019 (COVID-19) can cause a variety of symptoms, ranging from fatigue and fever to severe 
respiratory and cardiovascular complications. This study evaluated the role of brain natriuretic 
peptide (BNP), troponin-I and D-dimer as biomarkers for death prediction in hospitalized patients 
with COVID-19. The study included 90 patients with COVID -19 diagnosed with PCR-RNA testing. They 
were divided into survivors and non-survivors. Also, 20 apparently healthy individuals age and sex 
matched were included as a control group. Plasma BNP and serum troponin-I were measured by 
enzyme linked immune-sorbent assay (ELISA) technique. D-dimer was measured by a turbidimetric 
technique. Patients with COVID-19 had significantly elevated levels of serum Troponin-I and plasma 
BNP in comparison to controls (p< 0.0001, for both). D-dimer, troponin–I and BNP levels were 
significantly higher in the non-survivors group when compared to the survivors group. Troponin-1 
can predict COVID-19 severity with sensitivity, specificity, and accuracy of 55.1%, 66.7%, and 57.8%, 
respectively at a cutoff value of 0.075 (ng /ml); and area under the receiver operating characteristic 
(AUC) curve of 0.670 (95% CI: 0.551 – 0.790, p=0.018). BNP can predict COVID-19 severity with 
sensitivity, specificity, and accuracy of 98.6%, 71.4%, 92.2%, respectively at a cutoff value of 16.02 
(Pg /ml) and AUC of 0.872 (95% CI: 0.778 – 0.965, p<0.001). Univariate and multivariate logistic 
regression analysis showed that only BNP level can significantly predict death among COVID-19 
infected patients. In conclusion, plasma BNP and serum troponin-I could be used as prognostic 
biomarkers for determination of the severity of COVID-19 and BNP could predict mortality. 

Keywords: COVID-19, BNP, Troponin-I, D-dimer 

Date received: 20 January 2022; accepted: 19 April 2023 

 

 

http://www.ejimmunology.org/


33  The Egyptian Journal of Immunology 

 

Introduction 

Coronavirus disease 2019 (COVID-19), caused by 
severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), had been declared as a global 
pandemic since its first appearance in late 
December 2019.1 Following the statistic from 
the World Health Organization (WHO), as of 22, 
December 2022, the cumulative number of 
confirmed COVID-19 cases exceeded 664 
million, with more than 6.6 million deaths.2 
COVID-19 was found to interact with and affect 
the cardiovascular system, leading to 
myocardial damage, and there is an urgent need 
to better understand the cardiovascular 
consequences of COVID-19.3 The following 
incident cardio-vascular diseases were 
identified to develop myocardial infarction, 
stroke, heart failure, atrial fibrillation, venous 
thromboembolism and pericarditis.4 
Coronavirus can cause cardiovascular injury via 
a variety of mechanisms, including increased 
cardiometabolic demand associated with 
systemic infection and ongoing hypoxia caused 
by severe pneumonia or acute respiratory 
distress syndrome, cytokines release and during 
ongoing severe inflammation, resulting in acute 
respiratory distress syndrome and other end-
organ damage.5 

Moreover, the interaction of SARS-CoV-2 
with angiotensin-converting enzyme-2 can 
cause changes to the enzyme pathways, leading 
to acute injury of the lung, heart, and 
endothelial cells.6 Coronary thrombosis has also 
been identified as a possible cause of acute 
coronary syndrome in COVID-19 patients.7 As 
treatment in the intensive care unit (ICU) has 
become more difficult, timely triage of patients 
necessitates prompt recognition of severe 
forms of COVID-19. The evaluation of disease 
severity may be made easier by a number of 
laboratory parameters.8 

Brain natriuretic peptide (BNP) is considered 
a biomarker for congestive heart failure.9 In 
patients with COVID-19, the release of BNP may 
occur for a variety of reasons. First, the use of a 
mechanical ventilator and involvement of the 
respiratory system increase pulmonary vascular 
tone, resulting in right ventricular afterload and 
wall stretching; indicating the most potent 

mechanical stimuli that result in BNP release.10 
Second, the BNP release may be caused by 
direct myocardial tissue involvement caused by 
activation of the inflammatory system, oxidative 
stress, demand-supply mismatch, or direct 
virus-induced myocardial invasion and injury.11 
Moreover, cardiac troponin-I, a marker for 
myocardial injury, was frequently elevated in 
COVID-19 patients in hospitals.12 Such patients 
frequently suffer from cardiac injury, which is 
linked to a higher death risk.13 A fibrin 
degradation product known as D-dimer is also 
frequently used as a biomarker for thrombotic 
diseases.14 In COVID-19, thrombotic 
consequences, and coagulopathies, such as 
disseminated intravascular coagulopathy, were 
frequent observed.15 This study aimed to 
evaluate the role of two cardiac markers, BNP, 
troponin-I and D-dimer as biomarkers for death 
prediction in COVID-19 hospitalized patients. 

Subjects and Methods 

All patients were recruited from the ICU at 
Assiut University Hospital during the period 
between March 2021 to June 2021. The study 
protocol was reviewed and approved by the 
Institutional Review Board of the Faculty of 
Medicine, Assiut University, (November 2020). 
Also, the study was registered as a clinical trial 
(registration Clinical Trials ID: NCT04445415). 
Inclusion criteria included: patients with COVID-
19, the infection was confirmed by the PCR-RNA 
testing, according to the standard method of 
the hospital. Exclusion criteria included: 
malignancy, acute myocardial infarction, and 
pregnancy. 

The study included 90 COVID-19 patients (34 
females and 56 males). Their ages ranged from 
23 to 86 years. Based on the outcome of the 
studied patients, they were divided into two 
subgroups. The non-survivor subgroup, which 
included 69 patients (25 females and 44 males), 
and the survivor subgroup, 21 patients (9 
females and 12 males). In addition, 20 
apparently healthy individuals were included as 
a control group (10 females and 10 males).  

All patients underwent a comprehensive 
medical history, clinical examinations, an 
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electrocardiogram, a computed tomography 
chest scan, and laboratory tests. Patient’s data 
for erythrocyte sedimentation rate (ESR), 
diabetes mellitus, hypertension, liver and kidney 
diseases were collected from hospital records.  

Methods 

Whole blood samples (8 ml) were collected 
under complete aseptic conditions. Of these, an 
aliquot of 2 ml was added to a sodium citrated 
tube for assay of prothrombin time (PT), partial 
thromboplastin time (PTT), and D-dimer by full 
automated coagulation analyzer (Sysmex CS-
5100®, Siemens-Healthineers, GmbH Henkestr. 
127 91052 Erlangen, Germany) according to the 
manufacturer’s instructions. Another aliquot of 
2 ml was added to an EDTA tube for complete 
blood cell counting using fully automated 
hematology analyzer (ADVIA®2120i hematology 
system, Siemens-Healthineers, GmbH Henkestr. 
127 91052 Erlangen, Germany), according to the 
manufacturer’s instructions. The remaining 
sample (4 ml) was added to gel and clot 
activator tube for separating sera, used for 
routine chemistry investigations. These included 
serum ferritin and serum C-reactive protein 
(CRP), were done by a full automated blood 
chemistry system (ADVIA® 1800 chemistry 
system, Siemens-Healthineers, GmbH Henkestr. 
127 91052 Erlangen, Germany), according to the 
manufacturer’s instructions. Serum creatine 
kinase (CK), creatine kinase myocardial bound 
(CK-MB mass) and lactate dehydrogenase (LDH) 
were done using a chemistry analyzer 
(Dimension® Xpand® Plus Integrated Chemistry 
System, Siemens-Healthineers, GmbH Henkestr. 
127 91052 Erlangen, Germany), according to the 
manufacturer’s instructions. Finally, estimation 
of serum BNP and troponin I was done using the 
automated Immunoassay Analyzer (TOSOH AIA-
360, TOSOH corporation, Shiba, Minato-Ku, 
Tokyo 105-8623, Japan) according to the 
manufacturer’s instructions. 

Statistical analysis  

All statistical calculations were done using SPSS 
(statistical package for the social science; SPSS 
Inc., Chicago, IL, USA) version 22. Data were 
described in terms of mean ± standard 
deviation (±SD), or median and range when not 
normally distributed, frequencies (number of 
cases) and relative frequencies (percentages) 
when appropriate. Comparison of quantitative 
variables was done using student t test for 
normally distributed data and Mann Whitney U 
test for non- normally distributed data. For 
comparing categorical data, Chi square (χ2) test 
was performed. Exact test was used instead 
when the expected frequency is less than 5. 
Correlation between various variables was done 
using the Pearson correlation test. Receiver 
Operating Characteristic Curve (ROC) analysis 
was used to find out the best cut-off values to 
validate the prediction of COVID-19 infection 
and its mortality using different cardiac 
markers. Odds ratio (OR) with 95% Confidence 
Interval (CI) and Logistic Regression was 
calculated for prediction of development of 
COVID-19 infection and its mortality. Two tailed 
p-values were always calculated, set significant 
at 0.05 level. 

Results 

This study included 90 COVID-19 patients (group 
I) and 20 apparently healthy, age- and sex 
matched individuals as controls (group II). The 
patient group was classified into two subgroups 
non-survivors (subgroup Ia), which included 69 
(76.6%) patients, 25 (36.2%) females, and 44 
(63.8%) males, and survivors (subgroup Ib), 
which included 21 (23.2%) patients, 9 (42.9%) 
females, and 12 (57.1%) males. Clinical 
evaluation of the studied groups revealed that 
56 (62.2%) of them were diabetic, 33 (36.7%) 
hypertensive, 3 (3.3%) had liver disease, and 13 
(14.4%) suffer from renal disease (Table 1).

https://en.wikipedia.org/wiki/Shiba,_Minato,_Tokyo
https://en.wikipedia.org/wiki/Minato,_Tokyo
https://en.wikipedia.org/wiki/Tokyo
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Table 1. Demographic and clinical data of the studied groups. 

Variable name Patient Group (I) (n=90) Control Group (II) (n=20) p-value 

Age (years)   

NS Mean ± SD 56.73 ± 14.75 54.25 ± 12.03 

Median (range) 60 (23 – 86) 57 (30 – 70) 

Sex N % N % 

NS Male 56 (62.2) 10 (50.0) 

Female 34 (37.8) 10 (50.0) 

Comorbidities      

Diabetes mellitus 56 (62.2)    

Hypertension 33 (36.7)    

Liver disease 3 (3.3)    

Renal disease 13 (14.4)    

Quantitative data are presented as mean ± SD and median (range), qualitative data are presented as number (percentage), 
P > 0.05 is not significant (NS). 

 

In the patient group (I), there was a statistically 
significant increase in total white blood cells 
(WBCs) count, absolute neutrophilic count and a 
significant decrease in absolute lymphocytic 
count compared to the control group (II) (p < 

0.0001). Serum ferritin, serum CRP, and ESR 
levels were also elevated in the patient group (I) 
when compared to the control group (II) (p < 
0.0001) (Table 2).

 

Table 2. Data of laboratory tests in the studied groups. 

 
Patient Group (I) (n=90) 

Control Group (II) 
(n=20) 

p -value 

WBCs (103/ul) 10.6 (1.3 – 30.0) 6.4 (4.5 – 9.6) <0.0001 

Neutrophil (103/ul) 8.6 (1.1 – 28.5) 4.5 (2.4 – 6.5) <0.0001 

Lymphocyte (103/ul) 0.9 (0.03 – 5.0) 1.8 (1 – 3.1) <0.0001 

Serum Ferritin (ng/L) 570.5 (11.4 – 3816) 181 (67 – 298) <0.0001 

CRP (mg/L) 58 (2 – 273) 2 (1 – 6) <0.0001 

ESR (mm/hr) 61 (10 – 140) 6 (2 – 11) <0.0001 

CRP: C-reactive protein; ESR: erythrocytes sedimentation rate. Quantitative data are presented as median (range).  
*P ≤ 0.05 is significant. 
 

There were statistically significant elevations of 
serum troponin-I, LDH, BNP, and D-dimer levels 
in COVID-19 patients (group I) when compared 
to control subjects (group II) (p< 0.0001 for all). 
There were statistically significant increases in 

serum troponin-I, total CK level, CK-MB (Mass), 
and BNP levels in the non-survivors' group 
(group Ia) when compared to the survivors' 
group (group Ib) (p= 0.018, p = 0.032, p = 0.043, 
and p = 0.000), respectively) (Table 3). 
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Table 3. Comparison of cardiac markers and D-dimer between the studied groups and between the 
subgroups of the COVID-19 patients (subgroups Ia and Ib). 

Studied 
groups and 
subgroups 

Cardiac markers 

Troponin 
(ng/ml) 

CK total 
(U/l) 

CK -MB 
(Mass) 
(ng/ml) 

LDH (U/L) BNP (Pg/ml) D-Dimer 

Group I 
(n=90) 

0.08 (0.0– 
15.03) 

67.5 (10–
3377) 

1.9 (0.7 – 
11.8) 

575.2 (265.8–
2301.0) 

37.2 (0.02–
820.2) 

1.1 (0.19 – 
14.9) 

Group II 
(n=20) 

0.01 (0.0 – 
0.05) 

54.5 (15–
214) 

1.8 (1.1 – 
2.9) 

161.0 (122 – 188) 
10.6 (0.10– 

26.13) 
0.15 (0.03–

0.50) 

p value <0.0001 NS NS <0.0001 <0.0001 <0.0001 

Subgroup Ia 
(Non-
survivors) 
(n=69)) 

0.08 (0.0–
15.03) 

75.5 (10–
3377) 

2.0 (0.7– 
11.8) 

599.5 (265.8 – 
2301.0) 

50.3 (14.2 – 
820.2) 

1.12 (0.19 – 
14.9) 

Subgroup Ib 
(Survivors) 
(n=21) 

0.07 (0.01– 
0.70) 

52.0 (15 – 
214) 

1.7 (0.9 – 
2.9) 

449 (274.4 – 
1144.4) 

10.0 (0.02 – 
55.0) 

1.06 (0.19 – 
5.4) 

p value 0.018 0.032 0.043 NS <0.0001 NS 
Quantitative data are presented as median (range), P > 0.05 is not significant (NS). 
 

To determine the diagnostic ability of the 
studied cardiac markers for prediction of death 
among COVID-19 infected patients, the ROC 
curve analysis was performed. For troponin, the 
sensitivity, specificity, and accuracy were 55.1%, 
66.7%, and 57.8%, respectively at cutoff value 
of 0.075 (ng/ml), and area under the ROC curve 
of 0.670. For the total CK the sensitivity, 
specificity, and accuracy were 55.1%, 66.7%, 
and 57.8%, respectively at cutoff value of 67.5 

(U/L), the area under the ROC curve of 0.655. 
For CK-MB (Mass), the sensitivity, specificity, 
and accuracy were 55.1%, 57.1%, and 55.7%, 
respectively at cutoff value of 1.85 (ng/ml), and 
the area under the ROC curve of 0.646. Finally, 
for BNP, the sensitivity, specificity, and accuracy 
were 98.6%, 71.4%, and 92.2%, respectively at 
cutoff value of 16.02 g/mL, and the area under 
the ROC curve of 0.872 (Figure 1). 

 

 

Figure 1. ROC curves for prediction of 
death among COVID-19 infected 
patients. Troponin (ng/ml) (blue), CK-total 

(U/L) (green), CK- MB mass (ng/ml) (brown), 
BNP (Pg/ml) (purple), and reference line 
(yellow). For Troponin, the area under the 
curve = 0.670 (0.551 to 0.790) p= 0.018. For 
CK-total, the area under the curve = 0.655 
(0.531 to 0.779), p = 0.032. For CK-MB (Mass), 
the area under the curve = 0.646 (0.524 to 
0.768), p = 0.043. And for BNP, the area under 
the curve = 0.872 (0.778 to 0.965), p < 0.000. 

 
Univariate and multivariate logistic regression 
analysis for prediction of death among COVID-
19 infected patients showed that only BNP level 
could significantly predict death among COVID-
19 infected patients. Patients with BNP ≥ 16.02 

were about 166 times more likely to die 
compared to patients with BNP < 16.02 
(OR=166.19, 95% CI 17.289 – 1597) as shown in 
Table 4. 
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Table 4. Univariate and Multivariate logistic regression analysis for prediction of death among 
COVID-19 studied cases based on cardiac markers data. 

 

There was significant positive correlation 
between serum level of troponin and the CK-
total (r= 0.704, p < 0.001), CK-MB (Mass) (r= 
0.335, p = 0.001) and BNP (r= 0.316, p = 0.002) 
(Figure 2). Another significant positive 

correlation was observed between the serum 
level of CK-total and CK-MB (Mass) (r= 0.406, p 
< 0.001), and BNP (r= 0.224, p = 0.034) (Figure 
3). 

 

 

Figure 2. Scatter plot diagram showing the 
correlation between serum troponin (ng 
/ml) and BNP (Pg/ml) in COVID-19 cases. 

 

Variables N 
Univariate analysis Multivariate analysis 

OR 95% CI p value OR 95% CI p value 

Troponin       
NS < 0.075 45 

 
    

≥ 0.075 45 2.452 0.881 – 6.825 NS 1.039 0.203 – 5.306 

CK total (U/l)       
NS < 67.5 45 

 
    

≥ 67.5 45 2.452 0.881 – 6.825 NS 1.039 0.203 – 5.306 

CK -MB (Mass) 
(ng/ml) 

     

< 1.85 43 
 

     
≥ 1.85 47 1.634 0.610 – 4.380 NS    

BNP        
< 16.02 16 

 
     

≥ 16.02 74 170.0 
19.034 – 
1518.359 

<0.0001 166.19 17.289 – 1597.4 <0.0001 

CI: Confidence interval; OR: Odds ratio. P > 0.05 is not significant (NS). 
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Figure 3. Scatter plot diagram showing the 
correlation between serum Ck-total (U/l) 
and BNP (Pg/ml) in COVID-19 cases. 

 

 

Discussion 

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) was identified in 2019 and 
resulted in a pandemic acute respiratory illness, 
called COVID-19.16 Clinical symptoms can be 
varied from fever, cough, fatigue, headache, 
diarrhea, hemoptysis, dyspnea, ageusia, and 
anosmia. Cardiovascular manifestations play a 
significant role in predicting mortality among 
COVID-19 patients.17 There is increasing 
evidence linking COVID-19 with increased 
morbidity and mortality from cardiovascular 
disease. Myocardial injury is common in COVID-
19 hospitalized patients, usually accompanied 
by significant elevation of related cardiac 
biomarkers.18-19 

This study aimed to evaluate the role of two 
cardiac markers, BNP, troponin-I and D-dimer as 
biomarkers for prediction of death in COVID-19 
hospitalized patients. The study included 90 
COVID-19 patients from the ICU at Assiut 
University Hospital during the period from 
March 2021 to June 2021. In this patient group, 
we observed a mortality rate of 76.6%. This 
finding agreed with observation of a study by 
Grasselli. et al., 2020, who reported that the 
overall mortality rate in ICU patients was 
somewhere between 16% and 78% and 
attributed this wide gap in reported mortality to 
different factors. These included the difference 
in the severity of disease at ICU admission time, 
availability of ICU beds, ICU admission criteria, 
sample size, underlying conditions, and length 

of follow-up.20 A systematic review and meta-
analysis study by Armstrong, et al., 2021, found 
that the mortality rate in 52 studies involving 
43,128 patients admitted to ICU with COVID-19, 
was 35.5% (31.3–39.9%).21 They also reported 
that the mortality rate was higher in the Middle 
East and lower in a single study from 
Australasia. Lower mortality rates of 19.8% and 
23.8% were reported by Oliveira et al., 202122 

who attributed these finding to the lower age of 
the studied group and higher proportion of non-
African population. 

The most common factors contributing to 
mortality in COVID-19 patients admitted in the 
ICU is the possible mechanisms of myocardial 
injury caused by COVID–19, termed acute 
COVID–19 cardiovascular syndrome, include 
heightened myocardial demand in response to 
the stress of infection, inflammatory cytokines 
creating a thrombogenic environment as the 
result of platelet activation and endothelial 
dysfunction, and direct myocardial damage.23 

In the present study there was a significant 
elevations of serum troponin-I, CK-MB (Mass), 
LDH, BNP, and D-dimer levels in COVID-19 
patients when compared to control subjects. 
Also, there were statistically significant 
increases in serum troponin-I, total CK level, CK-
MB (Mass) LDH, and BNP levels in the non-
survivors' subgroup when compared to the 
survivors' subgroup. These findings are 
supported by the findings of several studies. A 
study by Khan et al., 2021, who reported that 
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cardiac biomarkers can play an essential role in 
the diagnosis, management, and prognosis of 
COVID 19. However, cardiac biomarkers are 
usually increased in various cardiac pathologies, 
but they can be increased in some pulmonary 
diseases as well. They also reported that 
multiple preexisting or new-onset cardiac 
pathologies in COVID-19 can lead to increased 
cardiac biomarkers (especially in ICU patients). 
These comorbidities are also known as acute 
COVID–19 cardiovascular syndrome. They can 
be due to myocardial oxygen-energy demand-
supply mismatch, direct viral infection, 
thromboembolic complications, or endothelial 
injury.24 

Another study by Zhu et al., 2021, reported 
higher troponin levels among critically ill 
patients and in non-survivors compared to 
patients who were not critically ill or survived. 
In addition, they reported significantly elevated 
CK in non-survivors. Moreover, they reported 
that serum LDH was significantly higher in 
critically ill patients versus those who were not 
critically ill.25 

The study by Li et al, 2020, also reported that 
the elevated cardiac troponin and CK in COVID-
19 patients could be due to direct myocardial 
injury and can be used to estimate mortality 
risk26 In addition, a study from Wuhan, China, 
reported higher CK-MB (Mass), LDH, myoglobin, 
and troponin-I among non-survivors when 
compared with survived patients.27 Contrary to 
our findings, a study by Abdeen et al., 2021, 
found that BNP was not significantly higher in 
any of the groups of patients, whether survivors 
or non-survivors.28 They attributed this finding 
to the wide plethora of pathophysiologic 
interaction of BNP which make it very difficult 
to extend its use beyond heart failure since the 
levels of BNP had been found to be elevated in 
non-dyspneic critical patients such as those with 
severe sepsis and septic shock. Also, they 
reported that BNP failed to predict length of 
hospital stay or long-term outcomes of 
morbidity and mortality. 

In addition, Zinellu et al., 2021, found that 
COVID-19 patients with higher CK-MB 
concentrations had significantly higher rates of 
severe disease and death. This biomarker of 
myocardial injury may be valuable for risk 

separation in this gathering.29 Furthermore, 
Ozdin et al., 2021, found that mortality was 
correlated with elevated levels of creatine 
kinase MB.30 Similarly, previous studies showed 
that patients with COVID-19 and elevated CK-
MB (Mass) levels were at higher risk of severe 
disease and mortality. Hence, elevated CK-MB 
(Mass) could be used as a predictor of adverse 
outcomes in COVID-19.31,32 

A well-known indicator of myocardial injury 
is cardiac troponin.33 It was reported that the 
troponin level of COVID-19 patients who did not 
survive was significantly higher than that of 
COVID-19 patients who survived, which is 
consistent with our findings.34 Additionally, the 
study of Majure et al., 2021, found that COVID-
19-infected hospitalized patients with elevated 
troponin had a significant increase in the risk of 
death and fared worse than patients with mildly 
elevated troponin.35 Ali et al., 2022, reported 
that hospitalized COVID-19 patients with 
elevated cardiac troponin were more likely to 
die because cardiac biomarkers were typically 
elevated in COVID-19 patients.36 Another study 
found that mortality was correlated with 
elevated levels of troponin, creatine kinase MB, 
and myoglobin.30 The measurement of troponin 
can be used to predict the future of these 
patients as a sign of a worsening clinical 
situation.37 

In the present study levels of D-dimer were 
significantly increased in the patient group 
compared to the control group. Despite that, 
we found no significant difference regarding D-
dimer level between the non-survivors and 
survivors’ groups. In agreement with that, Yao 
et al., 2020, stated that D-dimer levels were 
frequently elevated in SARS-CoV-2-infected 
patients.38 

Acute lung injury or an increased rate of 
thromboembolic complications in COVID-19 
patients may be the cause of elevated D-Dimer 
levels.39 Aung et al., 2020, also reported that 
COVID-19 causes the body to become in a pro-
inflammatory state, damaging the heart and 
lungs' tissue and increasing the risk of 
coagulopathy, or blood clots. Thus, COVID-19 
patients are even more prone to experience a 
cardiovascular incident.40 
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Our findings are also supported by those of Soni 
et al., 2020, who reported that D-dimer levels at 
admission were not strong predictor of 
mortality,40 and by Long et al., 2020, who found 
that D-dimer levels a few days after admission 
were found to have a stronger correlation with 
mortality than those at admission 42. Their study 
demonstrated that patients with COVID-19 
were likely to have hypercoagulation, and 
hypercoagulation, closely linked to disease 
progression and clinical outcome. To avoid 
thrombotic complications, coagulation 
indicators like D-dimer and prothrombin time 
should be monitored as soon as possible.42  

On the other hand, Poudel et al., 2021, 
reported that the D-dimer value at admission 
was a reliable biomarker for predicting COVID-
19 patient mortality.43 According to a meta-
analysis study by Simadibrata and Lubis, 
2020,COVID-19 patients with elevated D-dimer 
levels at admission had a significantly increased 
risk of all-cause mortality.44 

In the current study, the patient group's 
plasma BNP level was significantly higher than 
that of the control group. In line with that, 
Stefanini et al., 2020, demonstrated that 
critically ill COVID-19 patients had elevated BNP 
levels at admission.45 According to the findings 
of our current study, the non-survivor group's 
BNP level was increased significantly in 
comparison to the survivors group. These was 
supported by Cilingir et al., 2022, who reported 
that mortality was significantly linked to higher 
BNP, which is in line with the previous 
findings.48 Also, Zinellu et al., 2021, reported 
that patients with high severity or non-survivor 
status had significantly higher BNP 
concentrations than patients with less severity 
or survivor status (p < 0.001). As a result, in 
COVID-19, higher plasma BNP concentrations 
were significantly linked to increased disease 
severity and mortality.49 In the clinical diagnosis 
of heart failure and cardiac dysfunction, BNP, 
and N-terminal-pro hormone BNP (NT-pro-BNP) 
are frequently used as significant indicators.53 

In the current study, ROC curve analysis was 
used to determine the predictive ability of 
different studied cardiac markers for estimation 
of death among patients with COVID-19 
infection. In addition, we performed univariate 

and multivariate logistic regression analysis for 
prediction of death among COVID-19 infected 
patients. It showed that only BNP level could be 
used as a significant predictor for death among 
COVID-19 infected patients. As, patients with 
BNP ≥ 16.02 were about 166 times more likely 
to die compared to patients with BNP < 16.02. 

Higher plasma concentrations of BNP or NT-
pro-BNP are essentially connected with higher 
sickness seriousness and expanded mortality in 
coronavirus disease.49 COVID-19 patients who 
had higher BNP levels at the time of admission 
were found to have a higher risk of in-hospital 
mortality and other complications, both in 
patients who had heart failure and those who 
did not.54 

Our current study showed significant positive 
correlation between the serum level of 
troponin-I, CK-total, CK-MB (Mass) and BNP. In 
line with this observation, measurably critical 
positive relationship was seen between high 
troponin-I and CK-MB (Mass).55  

In conclusion, plasma D-dimer, serum LDH, 
troponin-I, and BNP variables were significantly 
elevated in patients with COVID-19 infection. 
Inflammatory markers including CRP, ESR and 
ferritin were significantly elevated in COVID-19 
patients. Cardiac biomarkers could be used as 
prognostic factor for determination of the 
severity of COVID-19 and could predict 
mortality. Early detection of elevated BNP could 
be a significant predictor for mortality in 
patients with COVID-19. Thus, it should be 
assessed in patients with COVID-19 at time of 
hospital admission to optimize risk 
stratification. 

Author Contributions 

AAM, AOA and HAA, contributed to the study 
conception and design. AAM, AOA and MIS, 
contributed tomaterial preparation, data collection 
and analysis. AKMH provided clinical support. AAM 
wrote the manuscript draft. All authors read and 
approved the final manuscript. 

Declaration of Conflicting Interests 

The author(s) declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article. 



41  The Egyptian Journal of Immunology 

Funding 

The author(s) denies receipt of any financial support 
for the research, authorship, and/or publication of 
this article.  

Ethical approval  

The study protocol was reviewed and approved by 
the Institutional Review Board of the Faculty of 
Medicine, Assiut University, (November 2020). 

Informed consent  

A signed consent form was obtained from each study 
participant. 

References 

1. Cascella M, Rajnik M, Aleem A, et al. (2022). 
Features, Evaluation, and Treatment of 
Coronavirus (COVID-19). In StatPearls. Treasure 
Island (FL): StatPearls Publishing.Copyright © 
2022, StatPearls Publishing LLC. 

2. “Weekly epidemiological update on COVID-19 - 
21 December 2022.” Available at: 
https://www.who.int/publications/m/item/covid
-19-weekly-epidemiological-update---21-
december-2022.  

3. An W, Kang J-S, Wang Q, et al. (2021). Cardiac 
biomarkers and COVID-19: A systematic review 
and meta-analysis. Journal of Infection and Public 
Health 14:1191-7. 

4. Pellicori P, Doolub G, Wong CM, et al. (2021). 
COVID-19 and its cardiovascular effects: a 
systematic review of prevalence studies. 
Cochrane Database Syst Rev 3:Cd013879. 

5. Libby P. (2020). The Heart in COVID19: Primary 
Target or Secondary Bystander? JACC: Basic to 
Translational Science 5. 

6. Beyerstedt S, Casaro EB, Rangel É B. (2021). 
COVID-19: angiotensin-converting enzyme 2 
(ACE2) expression and tissue susceptibility to 
SARS-CoV-2 infection. European journal of clinical 
microbiology & infectious diseases : official 
publication of the European Society of Clinical 
Microbiology 40:905-19. 

7. Genovese L, Ruiz D, Tehrani B, e al. (2021). Acute 
coronary thrombosis as a complication of COVID-
19. BMJ case reports 14. 

8. Velavan TP, Meyer CG. (2020). Mild versus severe 
COVID-19: Laboratory markers. International 
journal of infectious diseases : IJID : official 
publication of the International Society for 
Infectious Diseases 95:304-7. 

9. Mayo DD, Colletti JE, Kuo DC. (2006). Brain 
natriuretic peptide (BNP) testing in the 
emergency department. J Emerg Med 31:201-10. 

10. Sorrentino S, Cacia M, Leo I, et al. (2020). B-Type 
Natriuretic Peptide as Biomarker of COVID-19 
Disease Severity-A Meta-Analysis. Journal of 
clinical medicine 9. 

11. Shi S, Qin M, Shen B, et al. (2020). Association of 
Cardiac Injury With Mortality in Hospitalized 
Patients With COVID-19 in Wuhan, China. JAMA 
Cardiology 5:802-10. 

12. Sandoval Y, Januzzi JL, Jr., et al. (2020). Cardiac 
Troponin for Assessment of Myocardial Injury in 
COVID-19: JACC Review Topic of the Week. J Am 
Coll Cardiol 76:1244-58. 

13. Wibowo A, Pranata R, Akbar MR, et al. (2021). 
Prognostic performance of troponin in COVID-19: 
A diagnostic meta-analysis and meta-regression. 
International Journal of Infectious Diseases 
105:312-8. 

14. Moresco RN, Vargas LC, Voegeli CF, et al. (2003). 
D-dimer and its relationship to fibrinogen/fibrin 
degradation products (FDPs) in disorders 
associated with activation of coagulation or 
fibrinolytic systems. Journal of clinical laboratory 
analysis 17:77-9. 

15. Wool GD, Miller JL. (2021). The Impact of COVID-
19 Disease on Platelets and Coagulation. 
Pathobiology : journal of immunopathology, 
molecular and cellular biology 88:15-27. 

16. Clerkin KJ, Fried JA, Raikhelkar J, et al. (2020). 
COVID-19 and Cardiovascular Disease. Circulation 
141:1648-55. 

17. Chen L, Li X, Chen M, et al. (2020). The ACE2 
expression in human heart indicates new 
potential mechanism of heart injury among 
patients infected with SARS-CoV-2. 
Cardiovascular research 116:1097-100. 

18. Bourgonje AR, Abdulle AE, Timens W, et al. 
(2020). Angiotensin-converting enzyme 2 (ACE2), 
SARS-CoV-2 and the pathophysiology of 
coronavirus disease 2019 (COVID-19). The Journal 
of pathology 251:228-48. 

19. Xu Z, Shi L, Wang Y, et al. (2020). Pathological 
findings of COVID-19 associated with acute 
respiratory distress syndrome. Lancet Respir Med 
8:420-2. 

20. Grasselli G, Greco M, Zanella A, et al. (2020). Risk 
Factors Associated With Mortality Among 
Patients With COVID-19 in Intensive Care Units in 
Lombardy, Italy. JAMA internal medicine 
180:1345-55. 



42   Mahmoud et al 

21. Armstrong RA, Kane AD, Kursumovic E, et al. 
(2021). Mortality in patients admitted to 
intensive care with COVID-19: an updated 
systematic review and meta-analysis of 
observational studies. Anaesthesia 76:537-48. 

22. Oliveira E, Parikh A, Lopez-Ruiz A, et al. (2021). 
ICU outcomes and survival in patients with severe 
COVID-19 in the largest health care system in 
central Florida. PLoS One 16:e0249038. 

23. Sala S, Peretto G, Gramegna M, et al. (2020). 
Acute myocarditis presenting as a reverse Tako-
Tsubo syndrome in a patient with SARS-CoV-2 
respiratory infection. European heart journal 
41:1861-2. 

24. Khan S, Rasool ST, Ahmed SI. (2021). Role of 
Cardiac Biomarkers in COVID-19: What Recent 
Investigations Tell Us? Curr Probl Cardiol 
46:100842. 

25. Zhu Z, Wang M, Lin W, et al. (2021). Cardiac 
biomarkers, cardiac injury, and comorbidities 
associated with severe illness and mortality in 
coronavirus disease 2019 (COVID-19): A 
systematic review and meta-analysis. Immunity, 
inflammation and disease 9:1071-100. 

26. Li L, Zhou Q, Xu J. (2020). Changes of Laboratory 
Cardiac Markers and Mechanisms of Cardiac 
Injury in Coronavirus Disease 2019. Biomed Res 
Int 2020:7413673. 

27. Wang Y, Shu H, Liu H, et al. (2021). The peak 
levels of highly sensitive troponin I predicts in-
hospital mortality in COVID-19 patients with 
cardiac injury: a retrospective study. Eur Heart J 
Acute Cardiovasc Care 10:6-15. 

28. Abdeen Y, Kaako A, Alnabulsi M, et al. (2021). The 
prognostic effect of brain natriuretic peptide 
levels on outcomes of hospitalized patients with 
COVID-19. Avicenna J Med 11:20-6. 

29. Zinellu A, Sotgia S, Fois AG, et al. (2021). Serum 
CK-MB, COVID-19 severity and mortality: An 
updated systematic review and meta-analysis 
with meta-regression. Adv Med Sci 66:304-14. 

30. Ozdin M, Yazar H, Yaylaci S, et al. (2021). 
Evaluation of cardiac parameters between 
survivors and nonsurvivors of COVID-19 patients. 
Revista da Associacao Medica Brasileira (1992) 
67Suppl 1:80-5. 

31. Shi L, Wang Y, Wang Y, et al. (2020). Meta-
Analysis of Relation of Creatine kinase-MB to Risk 
of Mortality in Coronavirus Disease 2019 
Patients. The American journal of cardiology 
130:163-5. 

32. Ma C, Tu D, Gu J, et al. (2021). The Predictive 
Value of Myoglobin for COVID-19-Related 

Adverse Outcomes: A Systematic Review and 
Meta-Analysis. Front Cardiovasc Med 8:757799. 

33. Thygesen K, Alpert JS, Jaffe AS, et al. (2018). 
Fourth Universal Definition of Myocardial 
Infarction (2018). J Am Coll Cardiol 72:2231-64. 

34. García de Guadiana-Romualdo L, Morell-García D, 
Rodríguez-Fraga O, et al. (2021). Cardiac troponin 
and COVID-19 severity: Results from BIOCOVID 
study. European journal of clinical investigation 
51:e13532. 

35. Majure DT, Gruberg L, Saba SG,et al. (2021). 
Usefulness of Elevated Troponin to Predict Death 
in Patients With COVID-19 and Myocardial Injury. 
The American journal of cardiology 138:100-6. 

36. Ali AM, Rostam HM, Fatah MH, et al. (2022). 
Serum troponin, D-dimer, and CRP level in severe 
coronavirus (COVID-19) patients. Immunity, 
inflammation and disease 10:e582. 

37. Thompson S, Bohn MK, Mancini N, et al. (2020). 
IFCC Interim Guidelines on 
Biochemical/Hematological Monitoring of COVID-
19 Patients. Clin Chem Lab Med 58:2009-16. 

38. Yao Y, Cao J, Wang Q, et al. (2020). D-dimer as a 
biomarker for disease severity and mortality in 
COVID-19 patients: a case control study. Journal 
of intensive care 8:49. 

39. Lehmann A, Prosch H, Zehetmayer S, et al. 
(2021). Impact of persistent D-dimer elevation 
following recovery from COVID-19. PLoS One 
16:e0258351. 

40. Aung N, Khanji MY, Munroe PB, et al. (2020). 
Causal Inference for Genetic Obesity, 
Cardiometabolic Profile and COVID-19 
Susceptibility: A Mendelian Randomization Study. 
Frontiers in Genetics 11. 

41. Soni M, Gopalakrishnan R, Vaishya R, et al. 
(2020). D-dimer level is a useful predictor for 
mortality in patients with COVID-19: Analysis of 
483 cases. Diabetes Metab Syndr 14:2245-9. 

42. Long H, Nie L, Xiang X, et al. (2020). D-Dimer and 
Prothrombin Time Are the Significant Indicators 
of Severe COVID-19 and Poor Prognosis. Biomed 
Res Int 2020:6159720. 

43. Poudel A, Poudel Y, Adhikari A, et al. (2021). D-
dimer as a biomarker for assessment of COVID-19 
prognosis: D-dimer levels on admission and its 
role in predicting disease outcome in hospitalized 
patients with COVID-19. PLoS One 16:e0256744. 

44. Simadibrata DM, Lubis AM. (2020). D-dimer levels 
on admission and all-cause mortality risk in 
COVID-19 patients: a meta-analysis. Epidemiology 
and Infection 148:e202. 



43  The Egyptian Journal of Immunology 

45. Stefanini GG, Chiarito M, Ferrante G, et al. 
(2020). Early detection of elevated cardiac 
biomarkers to optimise risk stratification in 
patients with COVID-19. Heart 106:1512-8. 

46. Salah K, Stienen S, Pinto YM, et al. (2019). 
Prognosis and NT-proBNP in heart failure patients 
with preserved versus reduced ejection fraction. 
Heart 105:1182-9. 

47. Thomas-Rüddel D, Winning J, Dickmann P, et al. 
(2020). [Coronavirus disease 2019 (COVID-19): 
update for anesthesiologists and intensivists 
March 2020]. Der Anaesthesist 69:225-35. 

48. Cilingir BM, Askar S, Meral A,et al. (2022). Can B-
Type Natriuretic Peptide (BNP) Levels Serve as an 
Early Predictor of Clinical Severity in Patients with 
COVID-19 Pneumonia? Clin Lab 68. 

49. Zinellu A, Sotgia S, Carru C, et al. (2021). B-Type 
Natriuretic Peptide Concentrations, COVID-19 
Severity, and Mortality: A Systematic Review and 
Meta-Analysis With Meta-Regression. Front 
Cardiovasc Med 8:690790. 

50. Maalouf R, Bailey S. (2016). A review on B-type 
natriuretic peptide monitoring: assays and 
biosensors. Heart Fail Rev 21:567-78. 

51. Kerkelä R, Ulvila J, Magga J. (2015). Natriuretic 
Peptides in the Regulation of Cardiovascular 
Physiology and Metabolic Events. J Am Heart 
Assoc 4:e002423. 

52. Yamanouchi S, Kudo D, Endo T, et al. (2010). 
Blood N-terminal proBNP as a potential indicator 
of cardiac preload in patients with high volume 
load. The Tohoku journal of experimental 
medicine 221:175-80. 

53. Chow SL, Maisel AS, Anand I, et al. (2017). Role of 
Biomarkers for the Prevention, Assessment, and 
Management of Heart Failure: A Scientific 
Statement From the American Heart Association. 
Circulation 135:e1054-e91. 

54. O’Donnell C, Ashland MD, Vasti EC, et al. (2021). 
N‐Terminal Pro‐B‐Type Natriuretic Peptide as a 
Biomarker for the Severity and Outcomes With 
COVID‐19 in a Nationwide Hospitalized Cohort. 
Journal of the American Heart Association 
10:e022913. 

55. Özyilmaz SÖ, Aliş E, Uçar H, et al. (2020). 
Relationship between mortality and troponin i 
levels in hospitalized patients with novel 
Coronavirus (COVID-19). Anatolian Journal of 
Cardiology:112-3. 

 

 


