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ABSTRACT

Objective: Cytokine storm and macrophage activation were shown to be important factors in the pathogenesis of SARS-CoV-2 infection. We aimed
to investigate the factors associated with mortality in patients with COVID-19 infection.

Material and Method: We grouped the adult patients followed-up with COVID-19 infection: Group A,outpatient (mild symptoms of COVID-19
infection, but no CT findings); Group B,mild/moderate illness (fever and respiratory tract symptoms of COVID-19 infection together with pneumonia
on CT); Group C,severe (respiratory rate >30/minute, or oxygen saturation at room air of <93%, or PaO2/FiO2 of <300, or increase in CT findings
more than 50% in 1-2 days) or critical illness (shock, or respiratory insufficiency requiring mechanical ventilation, or organ failure necessitating
intensive care).

Results: Of total (n =166), 38.6%(n =64) were female. Mean age was 57.69(x9.8). Group A comprises of 22.9% (n =38), Group B 59.0% (n =98),
and Group C 18.1% (n =30) of the patients. 8.4% of the patients (n =14) were died. ROC analysis revealed that age (>61-year), CRP (>62 mg/dL),
ferritin (>385 ng/mL), D-dimer (>0.8 ng/mL), lymphocyte (<850/mm3), procalcitonin (>0.08 pg/L), fibrinogen (>538 mg/dL), LDH (>469 U/L), AST
(>39 U/L), Sa02 (<87%), and duration of hospitalization (>7 days) predicted the mortality. Kaplan-Meier analysis also showed that age (>61 year),
smoking (present), Sa02, procalcitonin (>0.08 ng/L), LDH (>469 U/L) were associated with mortality. Cox regression analysis revealed that age
(>61), CRP (>62), and LDH (>469) were positive predictors for mortality.

Conclusion: We made an extensive analysis in a small patient population with a diagnosis of COVID-19 infection, and found a high rate of mortality.
Older age, inflammatory biomarkers, mainly CRP and LDH, were associated with the mortality.
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COVID-19 Hastahginda Enfeksiyonunda Mortalite ile iliskili Faktorler: Sanko Universitesi Deneyimi

Amag: Sitokin firtinas1 ve makrofaj aktivasyonunun SARS-CoV-2 enfeksiyonu patogenezinde onemli faktorler oldugu gosterilmistir. Calismamizda,
COVID-19 enfeksiyonu olan hastalarda mortalite ile iligkili faktorleri arastirmay: amagladik.

Gereg ve Yontem: COVID-19 enfeksiyonu ile takip ettigimiz eriskin hastalar1 gruplara ayirdik: Grup A, ayaktan hasta (hafif COVID-19 enfeksiyonu
semptomlar var fakat tomografi bulgusu yok); Grup B, hafif/orta hastalik (ates, COVID-19 enfeksiyonu solunum yolu semptomlart ile birlikte tomo-
grafide pndmoéni bulgulart); Grup C, ciddi (solunum hizi1 >30/dk, oda havasinda oksijen satiirasyonu <%93, veya PaO2/FiO2 <300 veya 1-2 giin
icinde tomografi bulgularinda %50’den fazla artis) veya kritik hastalik (sok, mekanik ventilasyon gerektiren solunum yetmezligi veya yogun bakim
gerektiren organ yetmezIigi).

Bulgular: Toplam 166 hastanin 64°i (%38.6) kadindi. Ortalama yag 57.69 (+9.8) idi. Grup A’da 38, Grup B’de 98 ve Grup C’de 30 hasta vardi.
Hastalarin %8.4” i (n =14) 6ldii. ROC analizinde yas (>61-y1l), CRP (>62 mg/L), ferritin (>385 ng/mL), D-dimer (>0.8 ng/mL), lenfosit (<850/mm3),
prokalsitonin (>0.08 pg/L), fibrinojen (>538 mg/dL), LDH (>469 U/L), AST (>39 U/L), Sa02 (<%87) ve hastanede yatis siiresi (>7 giin) mortaliteyi
predikte ettirdi. Kaplan-Meier analizinde yas (>61-yil), sigara, SaO2, prokalsitonin (>0.08 pg/L), LDH (>469 U/L) mortaliteyle iliskili bulundu. Cox
regresyon analizinde yas (>61), CRP (>62) ve LDH (>469) mortalite i¢in pozitif prediktorlerdi.

Sonug: COVID-19 enfeksiyonu tanisi alan kiigiik bir hasta grubunda genis bir analiz yaptik ve mortalite oranim yiiksek bulduk. fleri yas, inflamatuar
biyobelirtegler, esas olarak CRP ve LDH, mortalite ile iliskili bulundu.
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Covip-19 pandemic has affected about 550 million
people worldwide since first declaration of the pan-
demic by World Health Organization (WHO) up to
July 2022 (1). Several studies have shown that SARS-
CoV-2 infection led a high mortality in general popula-
tion (1, 2). According to data declared by Ministry of

Health of Tiirkiye, more than 15 million People have
been affected by SARS-CoV-2 infection, and approxi-
mately 99000 people were died up to July 2022 in
Tirkiye (3). More than 145 million doses of COVID-
19 vaccine were performed against COVID-19 infec-
tion in our country since January 2021 (3). Mass vac-
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cination programs, which attend to prevent SARS-
CoV-2 infection, has become effective worldwide in
terms of disease severity and mortality due to the infec-
tion (1, 4-9). The mortality rates were found as espe-
cially higher in specific population such as in those
with obesity, diabetes mellitus, cancer, or in older pa-
tients (4, 10-12).

Cytokine storm and macrophage activation were shown
to be important factors in the pathogenesis of SARS-
CoV-2 infection (13). Inflammatory markers were
studied as regards to the severity of the infection, or
intensive care unit (ICU) admission or mortality (14-
17). In previous reports, mortality in COVID-19 infec-
tion was shown to be associated with various factors
such as oxygen saturation at admission, C-reactive
protein (CRP), procalcitonin, D-dimer, ferritin, or lym-
phocyte counts, neutrophil to lymphocyte ratio, or
ischemia-modified albumin levels (14, 15, 17-19).
Hospitalization in the intensive care unit due to
COVID-19 was also found to be associated with poor
clinical findings and biomarkers and mortality, similar
to our study (15,16,18,19).

In the meta-analysis of studies with a significant num-
ber of patients diagnosed with COVID-19; CRP, D-
dimer, procalcitonin and ferritin levels were found to
be associated with severe infection, intensive care unit
admission, and increased mortality (17).

We aimed to investigate the clinical, demographic and
biochemical factors associated with mortality in pa-
tients diagnosed with COVID-19 in the period before
the vaccination program started.

MATERIAL AND METHOD

Study Design

This retrospective cross-sectional study was conducted
in Sanko University Medical Faculty Hospital, and
approved by the local Ethics Committee of Sanko
University Medical Faculty with approval number,
2021/03. The study was conducted in accordance with
the ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments. Written informed
consent was obtained from all of the participants.

The adult patients diagnosed and followed-up with
COVID-19 infection in Department of Infectious
Diseases Sanko University Medical Faculty Hospital
between July 2020 and December 2020 were analyzed
retrospectively. COVID-19 diagnosis was made by
PCR test analyzed from nasal swab samples taken from
patients in whom there was a suspicion of COVID-19
infection. All patients underwent clinical and
radiological evaluation. A total of 252 patients were
screened. Those for whom data were missing, or those
which bacterial cultures were positive were not
included in the study. As a result, a total of 166 patients
were included and analyzed. No patients were treated
with  anti-interleukin agents or JAK-inhibitors.
Glucocorticoid treatment was given, if necessary,
according to the national guideline (3). The patients
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were treated according Ministry of Health to the
guideline (3).
Data Collection

Demographic parameters (age, sex, and body mass
index (BMI), blood group), smoking status, clinical
parameters (symptoms, chronic illnesses (hypertension,
type 2 diabetes mellitus, asthma, chronic obstructive
pulmonary disease, and coronary artery disease),
oxygen saturation (SaO», %) duration of hospitalization
(days)), and laboratory findings (C-reactive protein
(CRP), ferritin, D-dimer, procalcitonin, fibrinogen,
alanine transaminase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH)
and troponin levels, lymphocyte, neutrophil and
leukocyte counts) were recorded by using electronic
and written patient files. Laboratory parameters and
cytokines were measured at the admission of patients
to the hospital. Complete blood count was studied with
an automated analyzer.

Patient Groups

The patients were grouped based on clinical symptoms
and pulmonary imaging findings on thorax computed
tomography (CT) on admission. We grouped them
according to the severity of the infection as Group A -
outpatient (mild symptoms of COVID-19 infection, but
no CT findings); Group B - mild/moderate illness
(fever and respiratory tract symptoms of COVID-19
infection together with pneumonia on CT); Group C -
severe (respiratory rate >30/minute, or oxygen
saturation at room air of <93%, or PaO2/FiO2 of <300,
or increase in CT findings more than 50% in 1-2 days)
or critical illness (shock, or respiratory insufficiency
requiring mechanical ventilation, or organ failure
necessitating intensive care).

The patients, who were grouped in Group A at
diagnosis, but who developed a more severe disease
later in the disease course were re-classified different
as Group B or C.

We grouped the patients according to the mortality:
alive vs. exitus. We compared demographic, clinical
and laboratory parameters between the groups.

Statistical Analysis

Data obtained in the study were analysed statistically
using SPSS 26.0 (IBM Corporation, Armonk, New
York, United States). The conformity of the data to
normal distribution was evaluated using the Shapiro-
Wilk francia test. Homogenity of variance was
evaluated with the Levene test. When comparing 2
independent groups of quantitative data according to
each other, we used nonparametric Mann-Whitney U
test with Monte Carlo results. When comparing
categorical variables with each other, the Pearson Chi-
Square, Fisher Exact and Fisher-Freeman-Holton tests
with Monte Carlo simulation technique were used.
Comparison of column ratios with each other was
expressed by Benjamini-Hochberg corrected p-values.
To detect the relationship between the real
classification of the procedure’s success and the
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classification made by the cut-off values, sensitivity
and specificity ratios, and positive and negative
predictive values were expressed by ROC (Receiver
Operating Curve) curve analysis. Kaplan-Meier
(product limit method) Log Rank (Mantel-Cox)
analysis was used to evaluate the effect of the factors
on the survival and mortality. To measure the effects of
prognostic variables on the mortality and duration of
in-hospital follow-up, Cox Regression Analysis with
Backward Stepwise (Wald) Method was used.
Quantitative variables were stated as mean (standard
deviation), and median (minimum-maximum) values,
and categorical variables as number (n) and percentage
(%) in the tables. Variables were evaluated at a 95%
confidence level, and a value of p <0.05 was accepted
as statistically significant.

RESULTS

A total of 166 patients were included, 38.6% (n =64) of
them were female. Mean age was 57.69 (£9.8). Fever
and cough were detected in 82.5% (n =137) and 86.7%
(n =144) of the patients, respectively. Co-existent ill-
ness was found in 88.0% of the patients (n =146).
Thorax CT revealed normal findings in 22.9% (n =38),
mild-moderate disease in 59.0% (n =98), and severe
pneumonia in 18.1% (n =30) of the patients. 8.4% of
the patients (n =14) were died. Mean duration of hospi-
talization was 11.14 (£9.24) days (Table 1).
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Table 1. Baseline demographic, clinical and laboratory parameters
of the patients.

n %
Sex (female) 64 38.6%
Blood group
0 58 34.9%
A 66 39.8%
B 29 17.5%
AB 13 7.8%
Disease severity
Group A 38 22.9%
Group B 98 59.0%
Group C 30 18.1%
Smoking 71 42.8%
Mortality 14 8.4%
Co-existent disease 146 88.0%
Hypertension 79 47.6%
T2D 72 43.4%
Asthma 25 15.1%
COPD 6 3.6%
CAD 27 16.3%
Fever 137 82.5%
Cough 144 86.7%
Sputum 4 2.4%
Dyspnea 136 81.9%
Anorexia 127 76.5%
Faintness/Fatigue 155 93.4%
Mean(SD.) Median (Min-Max)
Age 57.69 (9.8) 57 (38-79)
BMI (kg/m?) 28.49 (6.56) 27 (22-86)
CRP (mg/L) 91.9 (81.46) 74 (1-350)
Ferritin (ng/mL) 573.67 (551.09) 396 (4-2000)
D-dimer (ng/mL) 0.99 (0.98) 0.57 (0.25-5.54)
WBC (/mm?®) 8280.99 (3491.23) 7610 (1950-23340)

PMNL (/mm3)
Lymphocyte (/mm?q)
Procalcitonin (ng/L) 0.15 (0.28)
Fibrinogen (mg/dL) 568.03 (208.64)

1089.35 (726.18) 860 (180-3590)
0.05 (0.01-2)
554 (202-1200)

LDH (U/L) 405.14 (541.7) 312.5 (132-6980)
Troponin (pg/mL) 11.74 (14.88) 8 (1-120)

AST (U/L) 29.87 (20.51) 26 (3-152)

ALT (U/L) 37.78 (29.05) 30.5 (8-308)
Sa02 (%) 90.66 (4.38) 89 (78-99)
Duration of hospitalization

(day) 11.14 (9.24) 11 (0-43)

Age was higher, but smoking rate was lower in exitus
group than in alive group (p =0.003 and p =0.004,
respectively).

Comorbidities were detected at a similar rate among
the groups. CT findings in the exitus group revealed
mild-moderate disease. CRP (0.004), ferritin (0.001),
D-dimer (0.002), procalcitonin (0.001), fibrinogen
(0.032), LDH (<0.001) and AST (0.003) levels, and
duration of hospitalization were higher, but SaO2 and
lymphocyte count were lower in exitus group (Table
2).
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Table 2. Comparison of demographic, clinical and laboratory parameters among Alive and Exitus groups.

Alive (n =152)

Exitus (n =14)

n (%) n (%) P
Sex (female) 59 (38.8) 5(35.7) 0.999¢
Age 56 (38-79) 67 (46-73) 0.003 v
BMI (kg/m?) 28 (23-38) 27 (22-86) 0.169 v
Blood Group
0 54 (35.5) 4 (28.6)
A 60 (39.5) 6 (42.9) 0.529
B 25 (16.4) 4(28.6)
AB 13 (8.6) 0(0)
Disease severity
Group A 38 (25) 8 0(0)
Group B 84 (55.3) 14 (100) ~ 0.004
Group C 30(19.7) 0(0)
Smoking 70 (46.1) 1(7.2) 0.004 ¢
Co-existent disease 133 (87.5) 13(92.9) 0.999 f
Hypertension 70 (46.1) 9 (64.3) 0.265¢
T2D 64 (42.1) 8 (57.1) 0.399 ¢
Asthma 24 (15.8) 1(7.1) 0.697
COPD 5(3.3) 1(7.1) 0.416 f
CAD 24 (15.8) 3(21.4) 0.703 fe
Fever 123 (80.9) 14 (100) 0.133
Cough 130 (85.5) 14 (100) 0.219 f
Sputum 3(2) 1(7.2) 0.299 fe
Dyspnea 122 (80.3) 14 (100) 0.076
Anorexia 113 (74.3) 14 (100) 0.042 f
Faintness/Fatigue 141 (92.8) 14 (100) 0.601 f
CRP (mg/L) 71.5 (1-350) 138.5 (40-252) 0.004 v
Ferritin (ng/mL) 336.5 (4-2000) 1007 (205-2000) 0.001 v
D-dimer (ng/mL) 0.53 (0.25-3.99) 1.65 (0.29-5.54) 0.002 v
WBC (/mm?3) 7610 (2630-23340) 7460 (1950-20240) 0.999 v
PMNL (/mm?) 5475 (1180-22590) 6715 (1000-18190) 0.192v
Lymphocyte (/mmd) 880 (180-3590) 505 (220-1130) <0.001 v
Procalcitonin (ng/L) 0.05 (0.01-2) 0.17 (0.03-1.07) 0.001
Fibrinogen (mg/dL) 535.5 (202-1200) 665.5 (383-921) 0.032v
LDH (U/L) 297.5 (132-1077) 568 (254-6980) <0.001 v
Troponin (pg/mL) 8 (1-120) 8.5 (1-70) 0.290 v
AST (U/L) 25 (3-152) 44 (17-84) 0.003 ©
ALT (U/L) 30.5 (9-308) 37 (8-100) 0.805v
Sa02 (%) 89 (78-99) 86.5 (85-88) <0.001 v
Duration of hospitalization (day) 10 (0-39) 17 (8-43) <0.001 v

v Mann-Whitney U Test (Monte Carlo); < Pearson Chi-Square Test(monte carlo), ¥ Fisher Freeman Halton test(monte carlo); * Fisher Exact Test
(monte carlo), Min: Minimum, Max: Maximum, # Express significance comparing alive, 8 Express significance comparing comparing exitus.

ROC analysis revealed that age (>61, [AUCZSE.:
0.743+0.064, p<0.001]),
0.732+0.057, p<0.001]),

(>629

(AUCHSE.:
(>0.08,

[AUC4SE.:
(>62 mg/L), ferritin (>385,
[AUCSSE.: 0.746+0.060, p <0.001]), D-dimer (>0.8
ng/mL) (>0.8, (AUCESE.: 0.749+0.077, p =0.001)),
lymphocyte (<850,
p =0.001)), procalcitonin

0.779+0.052,
(AUCHSE.:

0.769+0.065, p <0.001)), fibrinogen (>538 mg/dL)

Table 3. Roc analysis demonstrating cut-off values of the clinical and laboratory parameters predicting mortality.

(>538, (AUC+SE.: 0.672+0.066, p =0.009)), , LDH
(>469, (AUCZSE.: 0.859+0.047, p <0.001)), AST
(>39, (AUCLSE.: 0.740+0.069, p <0.001)), levels,
Sa0; (<87%, (AUCHLSE.: 0.894+0.026, p <0.001)), and
duration of hospitalization (>7 days) (>7 (AUCLSE.:
0.763+0.059 , p <0.001)),
(Table 3).

predicted the mortality

Mortality Cut-off Sensitivity Specificity +PV -PV AUCHSE. p value
Age >61 78.57% 69.74% 19.3 97.2 0.743 £ 0.064 <0.001
CRP (mg/L) >62 92.86% 46.71% 13.8 98.6 0.732 +£0.057 <0.001
Ferritin (ng/mL) >385 85.71% 53.29% 145 97.6 0.746 + 0.060 <0.001
D-dimer (ng/mL) >0.8 78.57% 67.57% 18.6 97.1 0.749 £ 0.077 0,001

Lymphocyte (/mmd) <850 92.86% 55.26% 16 98.8 0.779 £ 0.052 <0.001
Procalcitonin (ug/L) >0.08 78.57% 75.00% 22.4 97.4 0.769 + 0.065 <0.001
Fibrinogen (mg/dL) >538 78.57% 50.66% 12.8 96.2 0.672 + 0.066 0.009

LDH (U/L) >469 85.71% 80.92% 29.3 98.4 0.859 +0.047 <0.001
AST (U/L) >39 57.14% 85.53% 26.7 95.6 0.740 £ 0.069 <0.001
Sa02 (%) <87 92.86% 83.55% 34.2 99.2 0.894 +0.026 <0.001
Duration of hospitalization (day) >7 100.00% 42.11% 13.7 100 0.763 +0.059 <0.001

Roc: Receiver Operating Curve, Analysis: Honley&Mc Nell - Youden index J), AUC: Area under the ROC curve, SE: Standard Error.
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Kaplan-Meier analysis also showed that age (>61 year)
(p =0.021), smoking (present) (p =0.023), Sa0O2, pro-
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calcitonin (>0.08 pg/L) (p =0.035), LDH (>469 U/L)
(p =0.012) were associated with mortality (Table 4).

Table 4. Kaplan-Meier analysis demonstrating the factors associated with mortality and estimate survival.

Exitus Alive Estimate Survival Estimate Proportion Surviving at the I

n(%) n(%) Mean or Median* £ Se. 10 day/20 day/30 day pvaiue
Anorexia
Absent 0(0) 39(100) - 100/100/100 -
Present 14(11) 113(89) 40.000+7.42* 98/84.6/58.6
Sa02 (%)
>87 0(0) 101(100) - 100/100/100 0.034
<87 14(21.5) 51(78.5) 40.000+6.49* 96.9/78.7/51
Smoking
No 13(13.7) 82(86.3) 31.353+2.80 96.9/76.1/41.6 0.023
Yes 1(1.4) 70(98.6) 40.000+0.00 100/100/100
Age (year)
<61 4(3.5) 109(96.5) 39.044+2.30 100/97.7/85.5 0.001
>61 10(18.9) 43(81.1) 24.954+1.43 95.6/70.1/0
CRP (mg/L)
<62 2(2.7) 71(97.3) 28.500+1.50 100/100/0 0.508
>62 12(12.9) 81(87.1) 35.680+2.11 97.7/83.3/72.9
Ferritin (ng/mL)
<385 2(2.4) 81(97.6) 26.143+1.18 95.2/95.2/0 0.911
>385 12(14.5) 71(85.5) 34.480+2.24 98.8/82.3/62.7
D-dimer (ng/mL)
<0.8 4(3.7) 105(96.3) 39.663+1.88 97.8/93.9/93.9 0.242
>0.8 10(17.5) 47(82.5) 31.255+1.994 94.4/81.2/49.5
Lymphocyte (/mm?q)
>850 1(1.2) 84(98.8) 27.000+0.00 100/100/0 0.146
<850 13(16) 68(84) 33.845+2.29 97.4/79.8/60.8
Procalcitonin (ng/L)
<0.08 3(2.6) 114(97.4) 33.848+2.47 100/97/53.9 0.035
>0.08 11(22.4) 38(77.6) 32.376+2.95 95.9/72.4/57.9
Fibrinogen (mg/dL)
<538 3(3.8) 77(96.3) 37.62543.73 100/100/62.5 0.145
>538 11(12.8) 75(87.2) 33.208+2.33 97.5/80.3/64.3
LDH (U/L)
<469 2(1.6) 123(98.4) 35.528+2.448 100/98.1/65.4 0.012
>469 12(29.3) 29(70.7) 31.018+2.80 95.1/70.4/51.3
AST (U/L)
<39 7(5) 132(95) 33.903+1.91 97.4/91.6/64.1 0.193
>39 7(25.9) 20(74.1) 29.473+4.24 100/61/40.6
Total 14(8.4) 152(91.6) 34.061+2.161 98/84.6/58.6 -

Kaplan Meier Test: Log Rank (Mantel-Cox), SE: Standard Error.

Cox regression analysis revealed that age (>61 year),
CRP (>62 mg/L), and LDH (>469 U/L) were positive
predictors for mortality (Table 5).

Table 5. Cox Regression analysis indicating the predictors of morta-
lity according to cut-off values.

95.0% ClI for

B SE p HR HR
Lower  Upper
Age (>61) -3.482 1.058 0.001 325 4.1 258.3
CRP (>62) 3.166 1337 0.018 23.7 1.7 326.0
Ferritin 1.667 1.006 0.098 53 0.7 38.0
Fibrinogen -2.152 1139  0.059 8.6 0.9 80.2
LDH (>469) -3.673 1.121 0.001 39.4 44 354.2

10/ 20/ 30 day survival rates (Sh): 99.8 (0.003) / 97.3 (0.021) / 73.4
(0.146) -Base Line Hazard: 0.047. Cox Regression-Backward
Stepwise (Wald) Method. C.l.: Confidence interval. B: regression
coefficients. SE: Standard error.

DISCUSSION

We showed that older age (>61-year), and inflammato-
ry markers such as CRP (>62) and LDH (>469) strong-
ly predicted the mortality in COVID-19 infection.

Kaplan-Meier analysis also showed that smoking, low
oxygen saturation, high procalcitonin were associated
with mortality.

SARS-CoV-2 belongs to a coronavirus family and
binds to angiotensin-converting enzyme 2 for entry into
the host cell (24-26). After entry to the cell, viral repli-
cation in lower respiratory tract may lead to viremia,
the stage at which respiratory epithelial cells, dendritic
cells, and macrophages produce an immune reaction
via secreting cytokines and chemokines (27). During
the transition from early infection to pulmonary in-
volvement, and then to systemic hyperinflammation,
levels of pro-inflammatory cytokines and chemokines
increase (14). The continuing secretions of pro-
inflammatory cells may lead an uncontrolled inflam-
matory response that may cause a worsening clinical
situation and cytokine storm.

Given an overactivation of inflammation in COVID-19
infection, it is not surprising that inflammatory bi-
omarkers may be increased in this infection. In a sys-
tematic review of several studies investigating COVID-
19 infection, increase in CRP, LDH, ALT, AST, D-
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dimer levels and lymphopenia were detected in the
infection (28). In various studies, the severity of la-
boratory abnormalities was shown to be associated
with the severity of the infection (29-31). In a small
study from Tirkiye including 245 patients, increased
levels of CRP, D-dimer, ferritin and low lymphocyte
counts were found to be significant predictors of the
mortality rate in COVID-19 infection (15). In our
study, although ferritin (>385), D-dimer (>0.8) or lym-
phocyte (<850) levels were shown to be associated
with mortality in Roc analysis, they did not reach a
strong association with mortality when considering
survival time or other factors.

In one study, CRP (>4.76 mg/dL), D-dimer (>0.4
mcg/mL) and procalcitonin (0.01 mcg/dL) levels were
found to be associated with more severe course of
disease in COVID-19 infection (32). They serially
measured laboratory parameters during the course of
infection, and also revealed that progressive decrease in
lymphocyte or thrombocyte count, increase in CRP,
procalcitonin, or liver enzymes was associated with the
severity of the infection (32). We could measure the
laboratory parameters at the admission, not follow-up
them during the course of infection.

In our study, hypertension, type 2 diabetes (T2D),
asthma, chronic obstructive pulmonary disease
(COPD), or coronary artery disease (CAD) was not
associated with mortality in COVID-19. Small sample
size might have led such a finding. In a study including
a large sample demonstrated that T2D was associated
with the severity of and mortality in the COVID-19
(10). Hypertension also was shown to be associated
with the prognosis of the infection (10). In a previous
study, COPD or asthma were not found as risk factors
for SARS-CoV-2 infection (32). Inconsistent findings
were reported regarding the association of COPD or
asthma with the severity of COVID-19 (33, 34).

We analyzed the association of biomarkers with mor-
tality in COVID-19 infection, but not analyze the fac-
tors predicting intensive care unit admission. In one
small study including 29 patients, IL-6, CRP and pro-
calcitonin were found as predictors of ICU need (17).

In a meta-analysis analyzing 25 studies, biomarkers
were investigated as regards to the prognosis of
COVID-19 infection (18). In this report, increased
levels of CRP (=10 mg/L), procalcitonin (>0.5 ng/mL),
D-dimer (>0.5 mg/L) and ferritin were demonstrated to
be associated with a poor composite outcome that con-
sists of severe infection, ICU admission, ARDS and
mortality (18). In this meta-analysis including a total of
5350 patients, these findings were not modified by age,
sex, cardiovascular disease, diabetes, and COPD.
SARS-CoV-2 infection, via entry of the virus to alveo-
lar cells expressing ACE2 and cytokine storm injuring
alveolar cells, may result in alveolar edema and acute
respiratory distress syndrome (14, 35). Supportive care

210

Tanriverdi and Gundogdu

including supplemental oxygen was the main stay of
therapy in COVID-19 patients during the early pan-
demic before the initiation of vaccination against
SARS-CoV-2 infection. In the studies conducted in the
pre-vaccination period, more than a half of the patients
hospitalized with a diagnosis of COVID-19 infection
required oxygen therapy (9, 36). Expectingly, we found
that low oxygen saturation was associated with mortali-
ty. After the beginning of vaccination against COVID-
19 infection, and decreasing pathogenicity of the infec-
tion with time, oxygen need in the patients infected
with SARS-CoV-2 decreased (37).

In our study, symptoms of COVID-19 infection were
similar in alive or exitus groups, with the exception of
anorexia which was higher in exitus group. However,
even anorexia could not reach a predictive value in
further analyses. It may indicate that clinical and labor-
atory evaluations at baseline, rather than the symptoms,
may reflect the mortality in COVID-19 infection. We
also showed that longer duration of hospitalization
might be associated with mortality. Hence, prompt
diagnosis and early initiation of therapy has become
prominent.

We treated the patients with supportive therapy, but not
give any specific treatment targeting inflammatory
biomarkers. In the literature, a lot of studies have been
conducted regarding the effect of therapeutic agents
targeting inflammatory pathways on the course of
COVID-19 infection. Tocilizumab, monoclonal anti-
body binding IL-6 receptor and precluding IL-6 signal-
ing, is one of the best-known agents which has been
proved to be effective in COVID-19 infection (38).

Strength and Limitations

We analyzed the mortality in the patients with COVID-
19 infection both by Roc analysis, Kaplan-Meier and
Cox regression analysis. The sample size was small.
Small sample size might have led the lack of associa-
tion between co-existent diseases and mortality. We
could not analyze the factors predicting intensive care
unit admission, or severity of infection. We did analyze
the SaO2 and biomarkers on the admission of hospital,
but could not analyze those during the course of the
infection.

Conclusion

We made an extensive analysis in a small patient popu-
lation with a diagnosis of COVID-19 infection, and
showed inflammatory biomarkers, mainly CRP and
LDH, were associated with the mortality. In large stud-
ies analyzing also the other parameters indicating
prognosis, such as ICU admission, and measuring the
biomarkers also during the course of the infection
might be more beneficial. The effects of therapeutic
agents on such biomarkers will be clarified in future
studies.
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