ORIGINAL ARTICLE Infect Dis Clin Microbiol 2022; 4(1)

Predictors of Severity and Mortality in
COVID-19: A Retrospective Study from
Batman, Turkey

Fethiye Akgll'(®), Binyamin Sevim2(2), Yusuf Arslan3(2), Mehtap Sencan#(2), Pinar Atabeys (%) Ayhan Aktasé

1 Department of Infectious Diseases and Clinical Microbiology, Batman Training and Research Hospital, Batman, Turkey
2RT. Ministry of Health, Batman Provincial Health Directorate, Batman, Turkey

3 Department of Infectious Diseases and Clinical Microbiology, Batman Training and Research Hospital, Batman, Turkey

4 Department of Infectious Diseases and Clinical Microbiology, Dortyol State Hospital, Hatay, Turkey

5 Department of Otorhinolaryngology and Head and Neck Surgery, Batman Training and Research Hospital, Batman, Turkey
6 Department of Public Health, Bingdl Geng State Hospital, Bingdl, Turkey

ABSTRACT

Objective: It is increasingly important to identify risk factors for COVID-19-associated
mortality to provide access to early treatment. This study aimed to investigate the relationship
between COVID-19 severity and laboratory data and demographic characteristics of
hospitalized patients and to identify factors predicting mortality in COVID-19.

Materials and Methods: The study is a retrospective and single-center study. Data of 1298
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Results: Multivariate logistic and ordinal logistic regression analysis revealed that
male gender, old age, diabetes mellitus, coronary artery disease, cerebrovascular event,
malignancy, chronic obstructive pulmonary disease, chronic renal failure, chronic hepatitis
B, and Alzheimer’s disease/dementia/Parkinson’s disease (among neurological diseases)
were independently associated with and significantly increased the development of severe Suggested citation:
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Severity and Mortality in COVID-19

INTRODUCTION

t the beginning of the 21st century, three

deadly epidemics related to coronaviruses

have struck the world. Severe acute respi-
ratory syndrome (SARS) originated in 2002, Middle
East respiratory syndrome (MERS) in 2012, and fi-
nally COVID-19 caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in December
2019. COVID-19 first appeared as a respiratory dis-
ease in Wuhan city, Hubel province, China on De-
cember 31, 2019 (1). After a short time, SARS-CoV-2,
the causative agent of the disease, was identified as
a new B-coronavirus (2). The rapid spread of this ep-
idemic from China to the whole world has caused
global concern.

The disease continues to maintain its importance
because there is no effective treatment and the
vaccination is not at the desired level. Although the
transmission rate and mortality rate vary from coun-
try to country, studies to determine the prognosis of
COVID-19 are crucial. COVID-19 has a broad clini-
cal spectrum ranging from asymptomatic infection
to severe acute respiratory failure leading to death
(1). Infected patients who initially present with mild
symptoms may develop severe clinical manifesta-
tions later. Therefore, identifying risk factors that
predict the prognosis of COVID-19 is critical.

In the majority of patients infected with SARS-
CoV-2, the course of the disease is mild. The mortal-
ity rate is higher in severe and critical patients. Se-
vere and critical patients are usually treated in the
intensive care unit, while mild-moderate or non-se-
vere patients are treated in the hospital’s inpatient
ward or the outpatient department. Therefore, it is
critical to identify the risk factors that predict dis-
ease prognosis on admission. Identifying risk fac-
tors at an early stage makes it possible to recognize
patients at high risk. Thus, with close monitoring
of these patients, earlier and more effective treat-
ments can be administered, and in this way, mor-
tality rates can be reduced. Indeed, studies have
shown that some blood marker levels may be as-
sociated with COVID-19 severity and mortality (3).

In this retrospective observational study, we aimed
to determine the factors that predict mortality in
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COVID-19 by examining the relationship between
laboratory and demographic data at admission and
the severity of COVID-19 in patients hospitalized
with positive real-time polymerase chain reaction
(RT-PCR).

MATERIALS AND METHODS

Study Design and Participants

This retrospective cross-sectional study included
patients who were SARS-CoV-2 RT-PCR-positive
and admitted to a 350-bed public hospital between
March 17 and September 21, 2020. RT-PCR assay
nucleic acid amplification test was used directly
with Bio-Speedy SARS CoV-2 Double Gene
(ORFlab and Nucleocapsid) RT-qPCR (Bioeksen
Inc., Turkey). Real-time PCR was run on the CFX96
Touch System (Bio-Rad, USA). The threshold level
to calculate the number of threshold cycles (Ct)
was 200 RFU. A cycle threshold value less than
37 was defined as a positive result, and a cycle
threshold value of 40 or more was defined as
a negative test. Pregnant women (10 patients),
patients hospitalized for another diagnosis who
were found to have a positive SARS-CoV-2 RT-
PCR test after initial admission (5 patients), and
patients who did not accept and discontinued
treatment (2 patients) were excluded. Informed
consent was waived because the data used in the
study were anonymous.

HIGHLIGHTS

¢ [tisincreasingly important to identify factors pre-
dicting COVID-19 severity and mortality.

e Laboratory parameters such as serum procalci-
tonin, CRP, D-dimer, ferritin, neutrophil-to-lym-
phocyte ratio, LDH, albumin values and the pres-
ence of diabetes mellitus (DM), hypertension (HT),
coronary artery disease (CAD), cerebrovascular
event (CVE) and chronic renal failure (CRF) were
significantly associated with COVID-19 severity
and mortality.

e Determining risk factors for COVID-19 severity
and mortality are critical for classifying critical
cases at the time of initial diagnosis, establishing
appropriately specific treatment protocols, and
ensuring access to early treatment.
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The Ethics Committee of Batman Training and
Research Hospital approved the study on May 25,
2021, with decision number 274.

DATA COLLECTION

The data of patients, including age, gender, under-
lying disease (comorbidities), and laboratory test
results, were obtained from the hospital database
and patient records. The need for intubation, hos-
pitalization in the intensive care unit (ICU moni-
toring), mortality and discharge, duration of hospi-
talization and number of days with symptoms on
admission (i.e., on which day of their symptoms
the patients presented to the hospital) were re-
corded. A specific period was not calculated as the
mortality day. To compare relevant variables, the
patients were divided into three groups according
to the clinical severity of COVID-19 determined by
their baseline clinical findings at admission: the
mild-moderate patient group, the severe patient
group and the critical patient group. When forming
the patient groups, the following criteria were also
considered (4):

1. Mild: Patients without pneumonia,

2. Moderate: Patients with pneumonia with re-
spiratory symptoms but not accompanied by
hypoxia,

3. Severe: Patients with a respiratory rate of 30/
min or more, oxygen saturation less than 94%,
Pa02/Fi02 < 300, pulmonary infiltration great-
er than 50% (involvement of more than 50% of
the total lung parenchyma area as pulmonary
infiltration or ground-glass opacities on thorax
computed tomography) and dyspnea,

4. Critical: Patients with respiratory failure,
septic shock, and multi-organ failure requiring
mechanical ventilation.

In addition, the patients were divided into two sub-
groups by whether they died or survived to investigate
the association of relevant variables with mortality.

Differences between groups in age, gender, un-
derlying diseases (comorbidities), and laboratory

Infect Dis Clin Microbiol 2022; 4(1)

blood test results (hemogram, neutrophil-to-lym-
phocyte ratio [NLR], C-reactive protein [CRP], pro-
calcitonin, blood sedimentation, ferritin, lactate
dehydrogenase [LDH], sodium, albumin, liver and
kidney function tests, D-dimer, and cardiac enzyme
results) were examined on the first day of hospital-
ization and statistically analyzed.

Statistical Analysis

All data analyses were performed with Statistical
Package for Social Sciences (SPSS) 22.0 (IBM
Corp., Armonk, NY, USA). Descriptive data were
given as mean, standard deviation, numbers and
percentages. Chi-square and Fisher's exact tests
were used for group comparisons, and Student’s
t-test was used for comparisons of normally
distributed continuous variables. The Kruskal-
Wallis test, one of the nonparametric tests, was
used to compare continuous variables that did
not conform to the normal distribution. Results
with a p-value of less than 0.05 were considered
statistically significant. The severity of the disease
was analyzed using the ordinal logistic regression
model, and the development of mortality was
analyzed using the multivariate logistic regression
model.

RESULTS

Descriptive Findings

Information from 1315 SARS-CoV-2 RT-PCR-
positive patients hospitalized and monitored with
a provisional diagnosis of COVID-19 at Batman
Regional State Hospital between March 17, 2020,
(when the first case of COVID-19 was detected in
Batman)and September21,2020,wasretrospectively
analyzed. One thousand two hundred ninety-eight
patients aged 18 years and older were included in
the study. Of the subjects, 686 (52.9%) were male.
The mean age of the participants was 57.9+18.2
years. Nine hundred fifty-four (73.5%) patients had
mild to moderate disease courses, 310 (23.9%) had
severe disease courses, and 34 (2.6%) had critical
disease courses. Of the study patients, 1042 (80.3%)
were monitored in the ward and 256 (19.7%) in the
ICU. One hundred fifty-three (11.8%) of all patients
resulted in mortality (Table 1).

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 1. Descriptive characteristics of the patients.

Demographic data n:1298 100%

Female 612 471
Gender

Male 686 52.9

Mild-Moderate 954 73.5
Clinical severity of COVID-19 Severe 310 239

Critical 34 2.6

3 and below 597 46.0
Number of days with symptoms on admission

4 and above 701 54.0
Underlying diseases (comorbidities) n:1298 %100
Diabetes mellitus 323 24.9
Coronary artery disease 267 20.6
Hypertension 492 37.9
Cerebrovascular event 57 4.4
Malignancy 23 1.8
Chronic obstructive pulmonary disease 41 3.2
Chronic renal failure 38 2.9
Chronic hepatitis B 20 1.5
Alzheimer’s disease-dementia-Parkinson’s disease 30 2.3
Hospitalization in the intensive care unit (ICU monitoring) 256 19.7
The need for intubation 111 8.6
Mortality 153 1.8

Comparative Findings

The rate of ICU monitoring was 9.3% in the
mild-moderate patient group, 43.2% in the severe
patient group, 97.1% in the critical patient group.

The mortality rate was 4.7% in the mild-moderate
patient group, 23.9% in the severe patient group and
100% in the critical patient group. Finally, the need
for intubation was detected at a rate of 3.0% in the
mild-moderate patient group, 17.5% in the severe
group and 82.4% in the critical group (p< 0.05) (Table
2). A significant correlation was found between clinical
severity of disease and diabetes mellitus (DM), coro-
nary artery disease (CAD), hypertension (HT), cerebro-
vascular event (CVE), chronic obstructive pulmonary
(COPD), chronic renal failure (CRF), Alzheimer’s dis-
ease-dementia-Parkinson’s disease (p< 0.05) (Table 2).

Akgll F et al.

In the comparison of mild-moderate, severe, and
critically ill patient groups, a significant difference
was found between the groups in terms of mean
age, duration of hospitalization, and the number of
days with symptoms on admission (p< 0.05) (Table
3). In blood tests performed on the day of hospital
admission, blood parameters such as leukocytosis
(mean value of significantly elevated white blood
cells [WBC]), lymphopenia (mean value of signifi-
cantly reduced lymphocytes) differed significantly
among the three groups and were higher in the se-
vere and critical patient groups than the mild-mod-
erate patient group. While the mean values of
NLR, ferritin, aspartate aminotransferase (AST),
LDH, gamma-glutamyl transferase (GGT), procalci-
tonin, blood sedimentation, CRP, blood urea nitro-
gen (BUN), creatinine, D-dimer, glucose, creatinine
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Table 2. Comparison of different variables according to the clinical severity of COVID-19.

Mild-Moderate Severe Critical
p*
n % n % n %

Female 467 49.0 130 419 15 441
Gender 0.093

Male 487 51.0 180 58.1 19 55.9
Diabetes mellitus 213 223 98 31.6 12 353 0.002
Coronary artery disease 159 16.7 96 31.0 12 353 <0.001
Hypertension 323 339 149 48.1 20 58.8 <0.001
Cerebrovascular event 33 35 19 6.1 5 14.7 0.002
Malignancy 15 1.6 7 2.3 1 2.9 0.636
Chronic obstructive pulmonary disease 21 2.2 17 5.5 3 8.8 0.003
Chronic renal failure 21 2.2 14 4.5 3 8.8 0.013
Chronic hepatitis B 15 1.6 5 1.6 0 0.0 0.760
Alzheimer’s disease-dementia-Parkinson’s disease 10 1.0 16 5.2 4 11.8 <0.001
:cgsny:?itt;rliiigion in the intensive care unit (ICU 39 93 134 432 33 97.1 <0.001
The need for intubation 29 3.0 54 17.5 28 82.4 <0.001
Mortality 45 4.7 74 239 34 100.0 <0.001

*Chi-square test

kinase-MB (CK-MB) were significantly higher, the
mean values of albumin were significantly lower.
The difference between the three groups was sta-
tistically significant (p< 0.05) (Table 3).

Ordinal logistic regression analysis revealed that
male gender (p:0.003, OR:1.498, 95% CI: 1.144-1.961),
age (p<0.001, OR:1.050, 95% CI:1.040-1.059), DM
(p:0.030, OR:1.379, 95% CI: 1.032-1.843), malignancy
(p:0.571,0R:1.301, 95% CI1:0.522-3.241), COPD (p:0.462,
OR:1.271, 95% CI:0.670-2.413), CRF (p:0.595, OR:1.199,
95% CI:0.614-2.339), CHB (p:0.865, OR:0.909, 95% CI:
0.306-2.697), and Alzheimer’s disease/dementia/
Parkinson’s disease (among neurological diseases)
(p:0.008, OR:2.702, 95% CI: 1.298-5.627) were inde-
pendently associated with the severity (Table 4).

In multivariate logistic regression analysis, male
gender (p:0.045, OR:1.486, 95% CI:1.009-2.188), age
(p<0.001, OR:1.039, 95% CI:1.029-1.049), number
of days with symptoms on admission (p<0.001,
OR:2.906,95% CI:1.878-4.498), DM (p:0.021, OR:1.618,

95% CI. 1.077-2.431), CAD (p<0.001, OR:2.245,
95% CIL:1.504-3.349), CVE (p:0.007, OR:2.414, 95%
CL:1.275-4.570), malignancy (p<0.001, OR:15.898,
95% Cl:6.251-40.433), COPD (p<0.001, OR:3.371, 95%
CI:1.701-6.680), CRF (p:0,008, OR:2.636,95% CI:1.288-
5.395), CHB (p<0.001, OR:7.869, 95% Cl1:2.738-22.613)
and Alzheimer’s disease/dementia/Parkinson’s dis-
ease (p<0.001, OR:5.203, 95% CI:2.421-11.179) were
independently associated with mortality (Table 5).

DISCUSSION

Our study investigated the factors predicting the
severity and mortality of COVID-19. We followed up
all patients with positive RT-PCR results in the first
7 months of the pandemic; especially in the first
months by hospitalizing them. We assessed labora-
tory tests and clinical severity on the first day of hos-
pital admission. Laboratory tests were performed
mainly in patients who needed hospitalization for
COVID-19. Each of the laboratory parameters played
an important role in risk stratification and predic-

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 3. Assessment of the mean age, duration of hospitalization and blood parameters according
to the clinical severity of COVID-19.

Standard .
Mean deviation Median IQR p
Mild-
Moderate 54.2 18,2 56.0 28.0
Age (years) Severe 68.0 14.2 69.0 20.0 <0.001*
Critical 716 10.8 73.0 15.0
Mild-
Moderate 8.0 5.1 6.0 5.0
Duration of hospitalization (days) Severe 12.0 6.8 10.0 7.0 <0.001*
Critical 7.1 4.4 6.0 6.0
Mild-
Moderate 38 1.8 3.0 2.0
The number of days with Severe 55 24 5.0 3.0 <0.001*
Critical 5.6 1.9 6.0 2.0
Mild-
Moderate 37.7 224 320 19.0
Blood urea nitrogen (mg/dl) Severe 55.6 36.3 450 320 <0.001*
Critical 77.7 420 66.0 47.0
Mild-
Moderate 306.4 3188 196.0 3214
Ferritin (ng/mL) Severe 510.1 407.3 3925 526.9 <0.001*
Critical 577.7 414.2 565.2 637.5
Mild-
Moderate 847.2 2021.0 527.0 461.0
D-dimer (ng/ml) Severe 1949.5 6582.0 876.0 786.0 <0.001*
Critical 7009.7 14,973.8 1615.0 2167.0
Mild-
Moderate 37.9 37.1 228 61.9
C-reactive protein (mg/dl) Severe 724 37.6 86.2 68.0 <0.001*
Critical 95.1 26.0 108.1 17.9
Mild-
Moderate 6.8 2.8 6.3 3.0
White blood cell count (/L) Severe 9.1 6.0 82 5.5 <0.001*
Critical 104 53 9.3 6.2
Mild-
Moderate 134 18 135 25
Hemoglobin (g/dl) Severe 13.1 18 13.2 2.4 0.061
Critical 13.0 2.2 13.1 1.9
Mild-
Moderate 204.8 76.1 194.0 80.0
Platelets (/uL) Severe 205.9 74.4 201.0 87.0 0.338*
Critical 197.9 0.0 177.5 76.0

Akgll F et al.
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(Continued to Table 3)

Mild-
Moderate 235 10.9 226 156

Lymphocyte count (/pL) Severe 16.6 10.6 14.7 13.5 <0.001*
Critical 10.9 7.7 8.2 6.4
Mild-
Moderate 68.8 124 69.8 17.5

Neutrophil count (/pL) Severe 77.1 124 79.5 17.0 <0.001*
Critical 84.5 96 86.5 9.9
Mild-
Moderate 48 26 42 27

Neutrophil-to-lymphocyte

ratio Severe 7.1 39 6.2 56 <0.001*
Critical 8.9 5.2 7.6 5.2
Mild-
Moderate 05 1 01 06

Eosinophil count (/pL) Severe 0.3 0.9 0.0 0.2 <0.001*
Critical 0.1 0.3 0.0 0.1
Mild-
Moderate 40.3 27.9 29.0 450

Erythrocyte sedimentation rate Severe 71 32.8 68.0 36.0 <0.001*
Critical 85.2 196 89.0 27.0
Mild-
Moderate 138.1 75.0 112.0 480

Blood glucose (mg/dL) Severe 175.0 95.7 139.0 95.0 <0.001*
Critical 199.1 1022 165.0 123.0
Mild-
Moderate 137.1 35 137.0 40

Sodium (mmol/L) Severe 1359 49 136.0 6.0 0.718*
Critical 1367 6.6 1365 8.0
Mild-
Moderate 375 45 379 6.3

Albumin (g/L) Severe 343 42 344 5.2 <0.001**
Critical 32.0 4.4 31.3 7.4
Mild-
Moderate 0.1 0.2 0.0 0.0

Troponin (ng/mL) Severe 0.2 17 0.0 0.0 <0.001*
Critical 0.4 1.0 0.1 0.1
Mild-
Moderate 16 5.9 07 12

Creatinine kinase -MB (U/L) Severe 1.9 33 1.2 1.8 <0.001*
Critical 29 29 20 2.7
Mild-
Voderate 2772 104.0 254.0 109.0

Lactate dehydrogenase (U/L) Severe 399.8 179.2 361.0 190.0 <0.001*
Critical 496.9 175.6 465.0 2210

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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(Continued to Table 3)

Mild-
Moderate 325 435 230 20.0

Alanine aminotransferase (U/L) Severe 347 364 250 230 0.261*
Critical 346 25.9 25.0 27.0
Mild-
Moderate 357 27.3 28.0 20.0

Aspartate aminotransferase (U/L) Severe 480 51.1 36.0 25.0 <0.001*
Critical 61.3 480 475 400
Mild-
Moderate 10 09 08 04

Creatinine (mg/dl) Severe 1.1 0.9 1.0 05 <0.001*
Critical 1.6 1.2 1.3 0.8
Mild-
Moderate 47.1 60.3 29.0 35.0

Gamma-glutamyl transferase (U/L) | severe 63.6 70.7 39.0 50.0 <0.001*
Critical 54.6 385 395 46.0
Mild-
Moderate 0.2 13 01 01

Procalcitonin (ng/ml) Severe 06 33 0.1 0.2 <0.001*
Critical 2.8 6.8 02 1.0

*Kruskal-Wallis test, **T-test in independent groups.

tion of COVID-19 outcomes. In addition to the lab-
oratory tests, other conditions were also important
factors that influence the severity and prognosis of
COVID-19. Only classifying the disease as mild-mod-
erate, severe and critical based on the test results
and other conditions on admission can indicate the
prognosis of the disease, and help to hospitalize se-
lected patients in the high-risk group earlier.

In our study, the mortality rate was high and the
deaths were especially among male patients (p<
0.05). It was observed that as the mean age of the
patients increased, the clinical severity also in-
creased. Many studies demonstrating male gender
and advanced age as critical factors on the severity
and prognosis of COVID-19 supports our findings (5).
An early study raised concerns about the gendered
impacts of the COVID-19 outbreak and it was con-
firmed by many subsequent studies later on (6, 7, 8).

While males and females have the same preva-
lence of COVID-19 infection, males with COVID-19
appear to be at greater risk for worse outcomes and

Akgll F et al.

Table 4. Results from ordinal logistic regression analysis to identify

risk factors independently associated severity.

Odds ratio 95% Cl p
Age 1.050 1.040-1.059 <0.001
Male gender 1.498 1.144-1.961 0.003
Diabetes mellitus 1.379 1.032-1.843 0.030
Malignancy 1.301 0.522-3.241 0.571
C_hronlc obstructive pulmonary 1271 0.70-2.413 0462
disease
Chronic renal failure 1.199 0.614-2.339 0.595
Chronic hepatitis B 0.909 0.306-2.697 0.865
AIzh.e|mer‘ S c!lsease—dementla— 2702 1.298-5.627 0.008
Parkinson’s disease

Cl: Confidence interval

death regardless of age (9). In a study conducted in
Denmark, 2281 (47.1%) of 4842 COVID-19 patients
were male. However, it was found that males with
COVID-19 infection had a 50% higher risk of se-
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Table 5. Results from multivariate logistic regression analysis to identify risk factors independently

associated mortality.

Risk factor (mortality) Odds ratio 95% Cl p
Male gender 1.486 1.009-2.188 .045
Age 1.039 1.029-1.049 <0.001
Number of days with symptoms on Admission 2.906 1.878-4.498 <0.001
Diabetes mellitus 1.618 1.077-2.431 0.021
Coronary artery disease 2.245 1.504-3.349 <0.001
Cerebrovascular event 2.414 1.275-4.570 0.007
Malignancy 15.898 6.251-40.433 <0.001
Chronic obstructive pulmonary disease 3.371 1.701-6.680 <0.001
Chronic renal failure 2.636 1.288-5.395 0.008
Chronic hepatitis B 7.869 2.738-22.613 <0.001
Alzheimer’s disease-dementia-Parkinson’s disease 5.203 2.421-11.179 <0.001

Cl: Confidence interval

vere events (such as ICU admission, intubation, or
death) (10). In another study conducted in the Unit-
ed States, it was observed that 83.8% of patients
receiving mechanical ventilation were male, and
the proportion of younger patients was significant-
ly higher in patients who were successfully weaned
from mechanical ventilation (11). In a study from
Wuhan, 49.1% of cases were classified as severe,
and advanced age was also significantly associated
with a severe clinical course (12).

Comorbidities such as HT and DM were noted more
frequently in the severe-critical patient group than
in the mild-moderate patient group in our study.
This resultis supported by many studies which have
suggested that these additional diseases are risk
factors for fatal COVID-19 cases (8, 13). Our study
involving 1298 cases also revealed comorbidities
such as DM, CAD, HT, COPD, CRF, and CVE as signifi-
cant risk factors for severe infections and mortality
in both groups (p< 0.05). Studies have reported that
the prevalence of HT and DM is significantly high-
er in COVID-19 patients requiring ICU monitoring
than in patients not admitted to the ICU (14, 15). In
addition, the Centers for Disease Control and Pre-
vention (CDC) states that individuals with HT are
at increased risk for severe COVID-19 (16). Chronic

renal failure was addressed in a study of 10,482 in-
dividuals with COVID-19. In that study, 419 partic-
ipants had a CRF diagnosis with a mortality rate of
31.7%, while non-CRF patients had a mortality rate
of 25.4% (17). In our study, CRF was also found to
be a risk factor for mortality. In general, patients
with CRF have a high prevalence of comorbidities
such as HT, CAD and DM, leading to worse out-
comes in COVID-19 patients (18). Another parame-
ter associated with mortality and severe infections
in our study was the diagnosis of malignancy. The
presence of malignancy in the patients proved to
be a risk factor for mortality. In a study conducted
using the data from the database of the Republic
of Turkey Ministry of Health, COVID-19 patients
with hematologic malignancies were shown to be
at increased risk for severe events compared to
COVID-19 patients without malignancy; confirming
the vulnerability of the immune system of patients
with malignancies (19).

A study conducted on 534 patients from Turkey
concluded that laboratory findings, underlying
diseases and clinical classification of patients as
mild-moderate and severe-critical were good pre-
dictors of disease prognosis. In this study, RT-PCR
results of 296 patients were positive and the overall

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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mortality rate was 9.92% during the surveillance of
patients, while it was 35.3% in the severe patient
group and 1.3% in the mild-moderate patient group
(20). The results of our study agree with this study.
The mortality rate in our study was 23.9% in the
severe patient group, 100% in the critical patient
group, and 4.71% in the mild to moderate group (p
< 0.001). On the recommendation of the provincial
pandemic committee, we monitored the patients
with positive RT-PCR results and comorbidities in
the first months of the pandemic in the hospital as
much as possible. Most patients had mild to mod-
erate clinical outcomes on admission. However,
during follow-up, we found that the condition of
these patients might worsen and they might re-
quire intensive care. Therefore, the mortality rate
and ICU admission rate were higher than expect-
ed for patients with mild to moderate clinical out-
comes. Mortality rates reported among countries
and age groups vary widely, ranging from approx-
imately 0.5% to 10%. There are also studies in the
literature that report mortality rates of more than
20% in hospitalized patients (7). In our study, the
mortality rate was as high as 11.8% as it included
the hospitalized population.

The tissue damage caused by SARS-Cov-2 can induce
the over activation of macrophages and granulocytes
and the overproduction of proinflammatory cyto-
kines. This event leads to a cytokine storm called sec-
ondary hemophagocytic syndrome and is referred to
as macrophage activation syndrome (MAS) (21). In the
diagnosis of MAS, persistent fever, high CRP, ferritin,
D-dimer, alanine aminotransferase (ALT), AST, LDH
values and many laboratory tests such as lymphope-
nia, thrombocytopenia, neutrophilia are informative.
These laboratory findings of MAS can be seen espe-
cially in severe-critical patients (22). Therefore, these
laboratory findings have an essential role in the poor
prognosis of COVID-19. LDH, one of the laboratory
findings of MAS, is an enzyme that plays a role in the
conversion of lactate to pyruvate in the cells of most
body tissues and increases after tissue destruction.
Many studies have concluded that LDH is a potentially
useful surveillance parameter for COVID-19 pneumo-
nia and can help in detecting disease progression (12,
20). In our study, we also determined that LDH statisti-
cally significantly predicted the clinical severity of the
disease (p< 0.01).
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In our study, NLR, leukocytosis and lymphopenia in
hemogram examination were found to significantly
predict the clinical severity of COVID-19 (p< 0.001).
As shown in a current study, lymphopenia was as-
sociated with prognosis in many studies since the
first days of COVID-19 detection (12, 23). In anoth-
er study, NLR was also the best predictor of severe
COVID-19 (24). From this point of view, the hemo-
gram findings of our study are compatible with the
literature.

The present study established that high levels of
procalcitonin, CRP and ferritin, which are positive
acute phase markers, and low levels of albumin,
which are negative acute phase markers, were in-
fluentialinindicating severe disease and predicting
the prognosis of it. Many studies in the literature
are similar to our study in this regard. In a study,
CRP levels of 28.7 ug/mL in non-severe disease and
47.6 ng/mL in severe disease were detected in 140
hospitalized COVID-19 patients (p < 0.01) (25). The
results of many studies suggest that high procal-
citonin, CRP, and decreased albumin levels can be
used to predict severe courses in COVID -19 (19, 23,
25). The results of many studies suggest that high
procalcitonin, CRP, and decreased albumin levels
can be used to predict COVID-19 severity (19, 23,
25). Ferritin, one of the other acute-phase proteins,
is known to be an important mediator of immune
dysregulation, especially under extreme hyper-
ferritinemia, through direct immunosuppressive
and proinflammatory effects that contribute to
cytokine storm. We showed the effects of ferritin
on COVID-19 severity and mortality in our study.
As in our study, the literature indicates that ferri-
tin levels increase as a result of macrophage and
hepatocyte activation in COVID-19 (1). Our study
also determined D-dimer level to be associated
with the severity and mortality of the disease. It
is known that coagulopathy and embolic events in
COVID-19 result from the binding of the virus to
angiotensin-converting enzyme-2 receptors and
various mechanisms such as endothelial damage
and complement activation. In association, there
is an increase in D-dimer levels. Studies have in-
dicated that increases in D-dimer levels are an
important marker to detect critical disease early
(26, 27). In this regard, our study supports the lit-
erature.

27



The findings of our study demonstrated that early
diagnosis and treatment were of great importance
in COVID-19. We found an association between the
number of days with symptoms on admission (for
four and more days) and mortality (p< 0.05). This
was attributed to the delayed diagnosis and treat-
ment of patients.

CONCLUSION

As confirmed by the findings of our study, to predict
the risk of progression to severe disease, laboratory
parameters such as serum procalcitonin, CRP, D-di-
mer, ferritin, NLR, LDH and albumin values, and
the presence of comorbidities such as DM, HT, CAD,
CVE and CRF are critical. Therefore, patients with a
high risk of developing severe and critical diseases
should be monitored closely.

Our study has some limitations. It was designed
as a single-center retrospective study. Our patients
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who resulted in mortality were not screened for
secondary bacterial infections. We did not identi-
fy patients with MAS, and treatments given to the
patients were not analyzed. Additional limitations
include home steroid use, which may affect the re-
sults of blood tests performed during hospitaliza-
tion, whether a secondary bacterial infection was
present during hospitalization, and not questioning
the use of antibiotics.

As inequalities in vaccination persist worldwide
and the desired level of vaccination has not been
achieved, it seems the number of infected and fatal
cases will not decrease to the desired level. There-
fore, it is increasingly important to identify the
characteristics of severe and critical COVID-19 pa-
tients, investigate risk factors associated with mor-
tality, and classify patients at the time of diagnosis
to determine appropriate treatment protocols and
provide access to early treatment.
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