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Abstract
Background. On March 11, 2020, coronavirus disease (COVID-19) was declared a global threat by the World 
Health Organization (WHO). It quickly became apparent that reducing inpatient mortality rates and early 
phase prediction of possible deterioration or severe disease course relied on finding more specific biomarkers.

Objectives. This retrospective study assessed initial clinical, laboratory and radiological features of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients and explored their impact on mor-
tality and the course of the disease. Such efforts aimed to facilitate the identification of high-risk patients 
and to improve the formulation of treatment plans for these individuals.

Materials and methods. The cohort comprised 111 consecutive adult inpatients diagnosed with COVID-19 
and hospitalized in the Internal Medicine Ward of the University Clinical Center of prof. K. Gibiński of the Medi-
cal University of Silesia in Katowice, Poland, a COVID-19 Treatment Unit, between November 16, 2020 and 
February 15, 2021. All available clinical, laboratory and radiological findings were extracted from electronic 
records and assessed as possible risk factors for poor prognosis.

Results. Clinicasl and radiological features with higher frequency in COVID-19 non-survivors included older 
age, history of smoking, concomitant cardiovascular diseases, low oxygen saturation (SpO2), and high infec-
tion risk assessed on admission as well as high opacity score, percentage of opacity and percentage of high 
opacity in computed tomography. Non-survivors had decreased serum lymphocytes, monocytes, calcium, 
magnesium, and hemoglobin oxygen saturation. They also had increased red cell distribution width (RDW), 
C-reactive protein (CRP), procalcitonin, alkaline phosphatase (ALP), creatinine, blood urea nitrogen (BUN), 
D-dimer, troponin, and N-terminal prohormone of brain natriuretic peptide (NT-proBNP) levels, as well 
as a base deficit.

Conclusions. This retrospective study identified several markers associated with a fatal course of COVID-19. 
The early assessment of SARS-CoV-2-infected inpatients should consider these markers.
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Background

A novel severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) emerged in China and caused coronavi-
rus disease (COVID-19), which became a health concern 
at the end of 2019. On March 11, 2020, the World Health 
Organization (WHO) declared COVID-19 a pandemic.1 
Epidemiological reports from the WHO, as of July 6, 2021, 
confirmed over 180 million COVID-19 diagnoses world-
wide, and more than 3.9 million infected patients died.2 
The constant spread of novel viral mutations, inadequate 
prophylactic methods and the lack of highly effective tar-
geted treatment caused a growing number of hospitaliza-
tions and the breakdown of the healthcare systems in many 
countries.

The most common symptoms of COVID-19 are fever, 
cough, fatigue, anorexia, shortness of breath, and muscle 
pain.3 According to the available data, typical changes 
in  laboratory tests include leukopenia with decreased 
lymphocyte count and elevated serum levels of C-reac-
tive protein (CRP), lactate dehydrogenase (LDH) and D-
dimers.4,5 Typical radiological manifestations presented 
in high-resolution computed tomography (HRCT) include 
ground-glass opacities (GGO), consolidations, crazy pav-
ing, and reticular patterns.6,7

Approximately 15% of patients suffer from severe CO-
VID-19 symptoms that require oxygen support, and 5% 
develop critical complications such as acute respiratory 
distress syndrome (ARDS), sepsis, multiple organ failure, 
and thromboembolism.8 There is a  link between older 
age (over 60 years), smoking, obesity, pregnancy, and con-
comitant diseases such as diabetes, hypertension, chronic 
diseases of the heart, lungs, and kidneys, and severe disease 
and death.8–10 Furthermore, high sequential organ failure 
assessment (SOFA) scores and D-dimer levels above 1 µg/
mL are associated with poor prognosis.11

The  treatment of  COVID-19  patients depends 
on the phase of the disease. According to the recommen-
dations of the Polish Association of Epidemiologists and 
Infectiologists, there are 4 clinical stages of COVID-19:

Stage 1. Asymptomatic or mildly symptomatic, oxy-
gen saturation (SpO2)  ≥  95%, and no hospitalization 
is necessary;

Stage 2. Fully symptomatic (viral multiplication), SpO2 
drops below 95%, usually during the 1st week after disease 
onset, and hospitalization is required;

Stage 3. Respiratory failure (cytokine storm), SpO2 < 90%, 
usually occurs in the 2nd week after disease onset, and hos-
pitalization is required;

Stage 4. ARDS, mechanical ventilation and intensive care 
unit treatment are required.12

According to  the  international guidelines of  conta-
gious disease associations, there is  some evidence for 
the efficacy of anti-inflammatory drugs (glucocorticoids 
(GKs) and tocilizumab), antiviral drugs (remdesivir), an-
ticoagulants (low-molecular-weight heparin), and oxygen 

(O2) supplementation, especially in patients with a severe 
condition.13

The  reduction of  COVID-19 mortality was one 
of the main objectives during the pandemic and relied 
on finding specific markers capable of predicting possi-
ble worsening or severe disease course (including death) 
at an early stage. Therefore, this retrospective study com-
pared the clinical, laboratory and imaging results of survi-
vors and non-survivors hospitalized for COVID-19 in or-
der to identify clinical features and early markers of poor 
prognosis. Clustering of the biomarkers should constitute 
a warning sign and may lead to the earlier introduction 
of a more aggressive therapy, which may improve patient 
outcomes.

Objectives

To identify potential biomarkers of severe SARS-CoV-2 
infection among clinical, laboratory and radiological fea-
tures at the beginning of the treatment process.

Materials and methods

Study design

This retrospective study included 111 adult inpatients 
diagnosed as  SARS-CoV-2 nucleic acid-positive using 
real-time polymerase chain reaction (PCR; 78 patients) 
or tested SARS-CoV-2 antigen-positive using antigen test 
(33 patients) between November 16, 2020 and February 
15, 2021. Patients were admitted to the Internal Medicine 
Ward of the University Clinical Center of prof. K. Gibiński 
of the Medical University of Silesia in Katowice, Poland, 
which was converted into a COVID-19 Treatment Unit.

A screening tool devised by Grzesiowski (Table 1) and 
modified for the initial assessment of all patients admitted 
to our hospital was used to estimate the risk of infection.14 
The screening tool estimated the probability of infectious 
complications in the hospitalized subjects, though it was 
not specifically devised or validated for use in research 
concerning SARS-CoV-2-like infections. A score of at least 
1 point designated a patient to  the high-risk infection 
group. Analyses at the central laboratory utilized com-
mercially available equipment: Sysmex XN-1000 (Sysmex 
Corporation, Kobe, Japan), ACL 500 (Werfen, Barcelona, 
Spain), Rapid Point 500 (Siemens Healthcare, Erlangen, 
Germany), and Cobas PRO (Roche Diagnostics GmbH, 
Mannheim, Germany).

A validated image processing plug-in package, Siemens 
Syngo.via® (Siemens Healthcare, Erlangen, Germany), was 
used for assessing HRCT scans with a VB50. Parenchy-
mal lung changes caused by SARS-CoV-2 and observed 
as an abnormal increase in lung density were measured 
in  Hounsfield units (HU) and defined as  opacities.15 
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A semi-quantitative scoring system devised by Pan et al.6 
classified the  opacity score by  assessing the  involve-
ment of each lobe as 0 (no involvement), 1 (<5% involve-
ment), 2 (6–25% involvement), 3 (26–49% involvement), 
4 (50–75% involvement), or 5 (>75% involvement). The total 
opacity score was the sum of the score of each lobe, and 
ranged from 0 (no involvement) to 25 (maximum involve-
ment). A HU threshold of −200 was applied by default for 
the high-density opacities. The approximate density de-
termined for healthy lung parenchyma was between −700 
and −600 HU.16

The  2  study groups included survivors (n  =  76) and 
non-survivors (n = 35). The definition of survivors was 
patients discharged without symptoms of COVID-19 after 
isolation. Non-survivors were patients who died during 
isolation. According to the Chief Sanitary Inspectorate 
Guidelines, the minimum isolation for symptomatic pa-
tients was 13 days from symptom occurrence, with at least 
3 symptom-free days. In cases of persistent clinical features 
of COVID-19, the isolation was prolonged.17

According to the Ethics Committee of the Medical Uni
versity of Silesia (Katowice, Poland), this retrospective 
study did not require the approval of the Ethics Commit
tee (statement No. PCN/0022/KB/62121).

Statistical analyses

All available data were collated in a Microsoft Excel 365 
spreadsheet (Microsoft Corp., Redmond, USA) and trans-
ferred to the Statistica software package v. 13.0 (StatSoft 
Inc., Tulsa, USA) and Plus Set v. 5.0 (TIBCO Software Inc., 
Palo Alto, USA). Data are presented in tables as mean with 

95% confidence interval (95% CI) for normal distribution 
or median with interquartile range (IQR) for non-normal 
distribution. The Shapiro–Wilk test and visual inspection 
of histograms assessed the distribution of continuous vari-
ables. Normally distributed data had the Shapiro–Wilk test 
p ≥ 0.05 and a dome-shaped histogram distribution, while 
data with a non-normal distribution had a value of p < 0.05. 
The Student’s t-test was used to compare means of con-
tinuous data between survivors and non-survivors, and 
the Mann–Whitney U test was used to evaluate medians 
of non-normal distributions. At the same time, the Fisher’s 
exact test was employed to compare categorical variables. 
A value of p < 0.05 indicated statistical significance.

Results

Clinical features

This retrospective study included a total of 111 inpa-
tients with a  mean age of  68.3 (65.9–71.3) years, with 
51 females and 60 males classified as survivors (n = 76) 
or non-survivors (n = 35). The mean age of non-survivors 
(73.2 (69.1–77.4) years) was significantly higher (p = 0.019) 
than that of survivors (66.1 (65.5–69.7) years). The medical 
history of non-survivors indicated a significantly greater 
incidence of cardiovascular and metabolic diseases such 
as hypertension, ischemic heart disease, heart failure, 
and type 2 diabetes (88.6% compared to 68.4%; p = 0.033). 
Meanwhile, non-survivors used nicotine more often (60% 
compared to 35.6%; p = 0.023) and had an increased risk 
of infection (62.9% compared to 38.2%; p = 0.033) on ad-
mission to the hospital (Table 2). However, treatment be-
fore the infection with angiotensin-converting-enzyme 
inhibitors (ACEIs), angiotensin-II-receptor antagonists 
(sartans), β-blockers, direct oral anticoagulants (DOACs), 
vitamin K antagonists (VKAs), mineralocorticoid receptor 
antagonists (MRAs), or antiplatelet drugs, did not signifi-
cantly differ between survivors and non-survivors.

One of the most vital elements for selecting high-risk 
patients was infection risk assessment on admission, based 
on data gathered during anamnesis (Table 1). It revealed 
a higher probability of COVID-19-related death in patients 
at an increased risk of infection due to clinical predispo-
sitions. Moreover, physical examination revealed signifi-
cantly lower peripheral capillary hemoglobin SpO2 values 
in survivors (94% (87%–97%) compared to 96% (93%–97%); 
p = 0.046).

Laboratory findings

Initial laboratory findings in non-survivors revealed sig-
nificantly lower lymphocyte (0.76×109/L (0.48–1.33) com-
pared to 1.15×109/L (0.69–1.57); p = 0.031) and monocyte 
(0.39 ×109/L (0.28–0.75) compared to 0.6×109/L (0.45–0.835); 
p = 0.021) counts, significantly higher red cell distribu-
tion width (RDW) (47.05 (43–50)  fL compared to  43.7 

Table 1. Risk factors for infection on admission to hospital

Risk factors for infection on admission to hospital Points

Age >75 years 0/1

Transfer from other ward or hospitalization in the last 
6 months

0/1

Surgery/invasive test in the last 6 months 0/1

Alert pathogen colonization 0/1

Presence of catheters 0/1

Skin injury 0/1

Unconsciousness/aspiration/sudden cardiac arrest/
immobilization

0/1

Antimicrobial therapy in the last 3 months 0/1

Current immunosuppressive therapy/radiotherapy/
chemotherapy 

0/1

Metabolic disease (i.e., diabetes, obesity, uremia) 0/1

Malnutrition 0/1

Current neoplastic disease 0/1

COPD/asthma/respiratory failure 0/1

Total 0–13

Low infection risk = 0; high infection risk ≥1; COPD – chronic obstructive 
pulmonary disease.
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(39.8–50.4) fL; p = 0.021), and significantly higher serum 
levels of CRP (80.3 (40.5–128) ng/mL compared to 45.7 (9.6–
88.8) mg/L; p = 0.003), procalcitonin (0.39 (0.199–1.04) ng/mL 
compared to  0.17 (0.068–0.347)  ng/mL; p  =  0.001) and 
D-dimers (2409 (1170–11,412) ng/mL compared to 1410.5 
(867–2849) ng/mL; p = 0.026) than those in survivors.

Disturbances in plasma electrolytes manifested in non-
survivors as  lower levels of  total serum calcium (8.32 
(8.02–8.62) mmol/L compared to 8.66 (8.47–8.83) mmol/L; 
p = 0.043) and magnesium (1.69 (1.61–1.92) mmol/L com-
pared to 1.94 (1.73–2.09) mmol/L; p = 0.037). Other labo-
ratory findings reflecting internal organ function in non-
survivors included significant elevations in serum alkaline 
phosphatase (ALP) activity (97 (78–145) U/L compared 
to  68 (55–102)  U/L; p  =  0.027), creatinine concentra-
tion (1.19 (0.85–1.83)  mg/dL compared to  0.99 (0.75–
1.21) mg/dL; p = 0.012), blood urea nitrogen (BUN) (28.4 
(17.4–59.4) mg/dL  compared to 15.84 (12.2–24.7) mg/dL; 
p = 0.012), troponin (43.25 (27.6–78.6) ng/L compared 
to  22.7 (10.2–36.3)  ng/L; p  =  0.001), and N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) (3734.5 
(740–12,080) pg/mL compared to 792 (154–1952) pg/mL; 
p = 0.003). Furthermore, acid-base balance assessment 
of arterial blood samples revealed significantly lower he-
moglobin SpO2 (88.85% (77.8–93.5%) compared to 94.2% 
(89.4–95.7%); p = 0.039) and higher base excess in non-
survivors (5 (2.45–9.25) mmol/L compared to 2.6 (0.8–3.1) 
mmol/L; p = 0.022), as compared with survivors (Table 3).

Computed tomography findings

Initial inpatient computer tomography (CT) records 
(n = 83) (61 from survivors and 22 from non-survivors) 
provided opacity scores and their derivatives. The group 
of non-survivors had a significantly higher opacity score (7 
(4–11) compared to 4 (2–7); p = 0.004), percentage of opac-
ity (16.0% (6.4–41.4%) compared to  7.9% (1.3–19.1%); 
p = 0.001) and volume of opacity (609.9 (259.1–1209.2) mL 
compared to 279.6 (41.3–685.9) mL; p = 0.011), as well 
as a higher percentage of high opacity (5.3% (1.5–17.2%) 
compared to  1.6% (0.1–5.2%); p  =  0.003) and volume 

of high opacity (200.8 (61.1–548.8) mL compared to 43.3 
(3.2–163.5) mL; p = 0.002) than survivors (Table 4).

Therapeutic interventions

Intravenous drug use (GKs, including 4 mg of dexa-
methasone daily and 200 mg remdesivir on day 1, fol-
lowed by a maintenance dose of 100 mg for 4 days) and O2 
therapy in the study group followed the recommendations 
of the Polish Association of Epidemiologists and Infectiolo-
gists. In detail, GKs are indicated for SARS-CoV-2-infected 
patients at stages 2, 3 and 4, whereas remdesivir is indi-
cated for stage 2.12 Remdesivir was used to a similar extent 
in both groups (28.8% compared to 34.4%; p = 0.647), while 
dexamethasone was used much more often in non-sur-
vivors (90.6% compared to 49.3%; p < 0.001). The passive 
O2 supply used a facial mask with O2 flow up to 15 L/min 
and was more frequent in non-survivors (88.6% compared 
to 53.3%; p < 0.001), as was mechanical ventilation (31.4% 
compared to 2.7%; p < 0.001). Breathing support methods 
were not evaluated due to the limited access to high-flow 
O2 therapy and noninvasive ventilation devices during 
the first stages of the pandemic.

Discussion

This retrospective analysis described the clinical, labo-
ratory and radiological parameters of COVID-19 patients 
and aimed to identify differences that may affect the course 
of the disease in survivors and non-survivors. Our observa-
tions appear to confirm prior reports on the COVID-19 risk 
factors for severe disease or death, including older age, history 
of smoking and concomitant cardiovascular diseases.8,9,18 
On the other hand, obesity was not a risk factor for a poor 
prognosis. However, this may be due to insufficient number 
of participants with a body mass index (BMI) >30 (15%).

Taking into consideration the ability of SARS-CoV-2 
to  induce silent hypoxemia, measuring SpO2 using 
a pulse oximeter is  indispensable to physical examina-
tion.19 In the current study, pulse oximetry demonstrated 

Table 2. Clinical features of coronavirus disease (COVID-19) patients

Clinical feature Survivors 
(n = 76)

Non-survivors 
(n = 35) test value df p-value Statistical test

Age [years] (mean and 95% CI)
66.1 (62.5–

69.7)
73.2 (69.1–77.4)

−2.382 
(t value)

109 0.019 Student’s t-test

Cardiovascular and metabolic diseases 
(hypertension or coronary artery disease or heart 
failure or type 2 diabetes)

52/76 (68.4%) 31/35 (88.6%) – 1 0.033

Fisher’s test
Nicotine use 27/76 (35.6%) 21/35 (60.0%) – 1 0.023

High risk for infection 29/76 (38.2%) 22/35 (62.9%) – 1 0.033

SpO2 [%] (median and 25%–75% Q) 96 (93–97) 94 (87–97)
1.999 

(U value)
N/A 0.046

Mann–Whitney 
U test

SpO2 – oxygen saturation; 95% CI – 95% confidence interval; df – degrees of freedom; N/A – not applicable.
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significantly lower hypoxemia in non-survivors, and arte-
rial blood gas analysis confirmed this finding. These obser-
vations highlight the necessity of early evaluation of arte-
rial blood gases in severely ill patients and support using 
pulse oximeters as a readily available patient screening tool. 
Despite the limitations of this method among patients with 
peripheral circulation disturbances or varnished nails, 
it appears to be the simplest and fastest way to predict 
a severe course of COVID-19.20–22 However, identifying 
the exact SpO2 cutoff point for determining the severity 
of the prognosis requires further investigations.

In earlier studies, typical changes in peripheral blood 
cell counts associated with the severity of COVID-19 in-
cluded increased leukocyte and neutrophil counts with 
concomitant lymphopenia.23,24 Leukocytosis and neutro-
philia indicate an increased inflammatory status in pa-
tients with severe disease. Both groups had similar white 
blood count (WBC), though non-survivors had signifi-
cantly lower lymphocyte levels.18 Lymphopenia is the most 

characteristic blood cell change associated with COVID-19 
severity. It is caused by multiple factors, including direct 
attachment of the virus to lymphocytes with subsequent 
impairment of their immune functioning or inflammatory 
mediator-induced injury.24

Non-survivors had significantly lower peripheral blood 
monocyte counts than survivors. Monocytes and macro-
phages are attracted to the alveolar spaces of the lungs, are 
the first cells to respond to viruses, and are responsible 
for the local antiviral response. The SARS-CoV-2 infects 
monocytes and macrophages in an angiotensin-converting 
enzyme 2 (ACE2)-dependent or -independent manner and 
inactivates them, allowing viruses to spread through dif-
ferent tissues.25 A detailed explanation of antiviral immune 
responses could simplify the development of an effective 
COVID-19 treatment method.

The widespread distribution of red blood cells in non-
survivors was the only significant disturbance in erythroid 
lineage, which is consistent with previous observations 

Table 3. Laboratory findings of coronavirus disease (COVID-19) patients

Laboratory markers Reference 
range Survivors (n = 76) Non-survivors 

(n = 35) test value df p-value Statistical 
test

Lymphocyte count [×109/L] 1.5–3.5 1.15 (0.69–1.57) 0.76 (0.48–1.33) 786.0 N/A 0.031

 Mann–
Whitney 

U test

Monocyte count [×109/L] 0.2–0.8 0.6 (0.45–0.835) 0.39 (0.28–0.75) 765.0 N/A 0.021

RDW-SD [fL] 36.3–47.3 43.7 (39.8–50.4) 47.05 (43–50) 921.5 N/A 0.021

C-reactive protein [mg/L] <5 45.7 (9.6–88.8) 80.3 (40.5–128) 856.0 N/A 0.003

Procalcitonin [ng/mL] <0.5 0.17 (0.068–0.347) 0.39 (0.199–1.04) 468.0 N/A 0.001

ALP [U/L] 40–129 68 (55–102) 97 (78–145) 488.0 N/A 0.027

Creatinine [mg/dL] 0.67–1.17 0.99 (0.75–1.21) 1.19 (0.85–1.83) 854.0 N/A 0.012

BUN [mg/dL] 44081.00 15.84 (12.2–24.67) 28.365 (17.41–59.35) 238.5 N/A 0.012

D-dimer [ng/mL] <500 1410.5 (867–2849) 2409 (1170–11,412) 735.0 N/A 0.026

Magnesium [mg/dL] 1.6–2.4 1.94 (1.73–2.09) 1.69 (1.61–1.92) 292.0 N/A 0.037

Calcium [mg/dL] 8.8–10.2 8.66 (8.47–8.83) 8.32 (8.02–8.62) 2.064 109 0.043 t-test

Troponin [ng/L] <14.5 22.7 (10.2–36.3) 43.25 (27.6–78.6) 429.5 N/A 0.001

 Mann–
Whitney 

U test

NT-proBNP [pg/mL] <125 792 (154–1952) 3734.5 (740–12,080) 282.0 N/A 0.003

Hemoglobin oxygen saturation, 
%

>96 94.2 (89.4–95.7) 88.85 (77.8–93.5) 87.5 N/A 0.039

Base excess [mmol/L] (−2.0)–3.0 2.6 (0.8–3.1) 5 (2.45–9.25) 81.0 N/A 0.022

ALP – alkaline phosphatase; BUN – blood urea nitrogen; NT-proBNP – N-terminal pro B-type natriuretic peptide; RDW-SD – red blood cell distribution width 
standard deviation; df – degrees of freedom; N/A – not applicable.

Table 4. Computed tomography findings of coronavirus disease (COVID-19) patients

CT findings Survivors (n = 61) Non-survivors (n = 22) U value p-value Statistical test

Opacity score 4 (2–7) 7 (4–11) −2.88 0.004

Mann–Whitney 
U test

Volume of opacity [mL] 279.6 (41.3–685.9) 609.9 (259.1–1209.2) −2.53 0.011

Opacity [%] 7.9 (1.3–19.1) 16.0 (6.4–41.4) −2.62 0.001

Volume of high opacity [mL] 43.3 (3.2–163.5) 200.8 (61.1–548.8) −3.14 0.002

High opacity [%] 1.6 (0.1–5.2) 5.3 (1.5–17.2) −2.97 0.003

Mean HU total  −742.8 (−803.2–−683.9) −675.1 (−753.1–−556.7) −2.52 0.012

Mean HU of opacity −486.6 (−551.4–−375.1) −396.4 (−493.4–−310.8) −2.15 0.031

CT – computed tomography; HU – Hounsfield units.
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associated with impaired synthesis of mature red blood 
cells due to hypoxia.26

The  COVID-19-infected inpatients, both survivors 
and non-survivors, had elevated serum levels of CRP and 
procalcitonin, which is consistent with previous stud-
ies.23 These simple parameters are examples of cytokine 
storm indicators that are useful for monitoring the course 
of the disease.27

The SARS-CoV-2-induced coagulopathy, revealed in lab-
oratory tests as increased serum levels of D-dimers, results 
in an increased thromboembolic risk and complications, 
such as pulmonary embolism.18 The significantly higher 
serum D-dimer levels in non-survivors on admission, their 
potential use as markers of poor prognosis, and the correla-
tion between their level and disease severity are consistent 
with previous studies.11,28

Hyponatremia, hypokalemia and hypocalcemia are 
the  most common electrolyte disturbances in  CO-
VID-19 patients.29 The current study revealed lower serum 
levels of calcium and magnesium in non-survivors. Pos-
sible explanations for these electrolyte imbalances include 
gastrointestinal and renal loss due to SARS-CoV-2 inva-
sion, hypoxic damage to the central nervous system, and 
the actions of pro-inflammatory cytokines.29

Liver injury in the course of SARS-CoV-2 infection, man-
ifested by elevated serum levels of alanine transaminase 
(ALT), aspartate aminotransferase (AST), ALP, gamma-
glutamyl transpeptidase (GGTP), LDH, and total bilirubin, 
is frequently observed and its risk and severity are related 
to the condition of infected patients.30–32 Moreover, serum 
levels of LDH are one of the most valuable factors for pre-
dicting mortality.33 In the current study, non-survivors had 
higher serum levels of LDH, though the difference was non-
significant (p < 0.08), and significantly higher ALP (p < 0.03). 
The causes of liver damage are still unclear but are mainly 
related to general hypoxia, direct viral cytotoxicity through 
ACE2 receptors on the surface of hepatic cells, and a hepato-
cyte cell membrane dysfunction-induced cytokine storm.34,35

Concomitant kidney disease is another risk factor for 
death during SARS-CoV-2 infection,36 with acute kidney 
injury (AKI) observed in up to 46% of patients hospitalized 
for COVID-19.37 This study demonstrated significantly 
higher serum creatinine levels and BUN in non-survivors. 
Other studies observed pathological changes in tubular 
kidney regions and urine samples.38,39

Despite the fact that the heart contains ACE2 receptors, 
direct myocardial SARS-CoV-2 infection data are limited.40 
Elevated levels of heart damage and overload enzymes, 
including troponin and NT-proBNP, may be secondary 
to the general condition, circulating cytokines and endo-
toxin levels of patients with severe disease.41 Moreover, 
significantly higher levels of troponin and NT-proBNP 
in non-survivors suggest their association with COVID-19 
severity and mortality.42

In our study, the results of CT examinations of hospital-
ized patients are consistent with previous reports. A higher 

opacity score and percentage of opacity correlate with dis-
ease severity and poor prognosis.43 Therefore, we recom-
mend HRCT as a simple imaging test for infected patients.

Data from the current study suggest that no single abnor-
mality demonstrates a strong relationship with the course 
of the disease and that numerous factors are responsible for 
multiple organ damage. Future studies should seek to de-
velop a prospective prediction model for fatal COVID-19.

The delay between symptom onset and hospital ad-
mission in  the group of non-survivors might explain 
no difference in remdesivir use between survivors and 
non-survivors. The early stage of the disease was consis-
tent with the signs and symptoms of pneumonia, which 
justified the use of remdesivir. Most patients received 
GK treatment, which may reflect the more severe clini-
cal condition and the  development of  a  systemic in-
f lammatory response (tocilizumab was unavailable). 
The increased frequency of O2 support and mechanical 
ventilation use in non-survivors confirmed the severity 
of the disease.

Limitations

Limitations to consider when interpreting the results 
include the retrospective design of the study, which meant 
that the groups were not homogenous in terms of clinical 
features. Furthermore, not all laboratory and imaging tests 
were available for every patient. There were also slight 
differences between the onset of symptoms and the day 
of admission to the hospital.

Conclusions

This retrospective study aimed to find the most use-
ful biomarkers for predicting the severity and poor prog-
nosis of COVID-19 inpatients using medical parameters 
assessed on  admission to  the  hospital. In  this regard, 
the most valuable parameters appear to be advanced age, 
a history of cardiovascular disease, nicotine addiction, 
low peripheral SpO2, low lymphocyte count, low mono-
cyte count, and high CRP, PCT, D-dimer, ALP, creatinine, 
magnesium, calcium, troponin, NT-proBNP, and oxyhe-
moglobin levels, as well as a high opacity score in CT. 
The deterioration of organ functions observed during 
clinical examination, laboratory tests and radiological 
scans at the beginning of infection do not predict a se-
vere course of the disease with certainty. Nevertheless, 
combining biomarkers and symptoms increases the risk 
of a fatal COVID-19 outcome. However, a full explanation 
of COVID-19 pathogenesis should facilitate the search for 
novel early biomarkers of severe disease. Further prospec-
tive studies are required to develop a predictive outcome 
model based on data collected on admission. Such an at-
tempt would require cumulative analysis of numerous 
reports, similar to this study.
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