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Abstract

Aim: In this study, we aimed to investigate early predictors of critical illness and mortality in patients with coronavirus disease 2019 (COVID-19) based on
clinical, biochemical, radiological, and epidemiological findings.

Materials and Methods: This multi-center, retrospective study was conducted in three centers and included a total of 206 confirmed COVID-19 cases using
reverse transcription-polymerase chain reaction (RT-PCR). Data of survivors and non-survivors were compared, and predictors of mortality were examined.
Results: Among the patients, 103 (50%) were males with a mean age of 52.8+16.7 years; 88.3% of the patients were discharged in a healthy condition, while
11.7% died. The mean age was significantly higher in non-survivors. Dyspnea occurred in 32.5% of patients, and a significant correlation was found between
dyspnea and mortality (p<0.001). Thoracic computed tomography (CT) findings were positive in 88.8% of patients. The most frequent imaging findings were
ground-glass opacities in 86.4% and consolidation in 33% of patients. The mortality rate was significantly higher in patients with comorbidities (p<0.001).
There was also a significant correlation between lymphocytopenia and mortality (p<0.001). A positive correlation was found between mortality risk and
platelet-to-lymphocyte, neutrophil-to-lymphocyte, and red cell distribution width indices. The mortality risk was significantly higher in patients with acute
kidney injury (10.7%) (p<0.001).

Discussion: These results suggest that advanced age, coexisting diabetes, hypertension, heart failure, chronic kidney disease, or acute kidney injury are associ-
ated with an increased mortality risk. The presence of dyspnoea or consolidation on thoracic CT can predict an increased mortality risk in COVID-19 patients.
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Introduction

In late December, the first case of novel coronavirus-2019
based on pneumonia of unknown etiology was identified in
Wuhan, Hubei Province of China [1]. In February 2020, the
World Health Organization (WHO) named the disease as novel
coronavirus-2019 (COVID-19). Meanwhile, the International
Committee on Taxonomy of Viruses (ICTV) has named the
novel virus as severe acute respiratory syndrome-coronavirus
2 (SARS-CoV-2). In March 2020, the WHO announced the
COVID-19 pandemic with the concern of alarming levels of
spread and severity of the virus. Currently, COVID-19 has
become a global health threat due to its rapid spread around
the world and the lack of an effective treatment or vaccine.
Since December 2019, more than 3 million cases of coronavirus
disease 2019 (COVID-19) and about 200,000 deaths have
been reported worldwide [2]. Although transmission may
occur from asymptomatic patients or during the incubation
period, current evidence suggests that severe symptomatic
patients mostly transmit the disease. The diagnosis can be
made based on clinical signs and symptoms, and laboratory
and imaging findings; however, the non-specific nature of the
disease may hamper making a definitive diagnosis. The reverse
transcription-polymerase chain reaction (RT-PCR) positivity in
respiratory samples is the gold standard for the detection of
SARS-CoV-2 ribonucleic acid (RNA) [2].

Rapid and accurate diagnosis of COVID-19 enables prioritization
of effective treatment modalities, early transfer to intensive
care units (ICUs), and early isolation of diseased patients
from healthy individuals. In the present study, we aimed to
investigate the predictors of critical illness and early mortality
in confirmed cases of COVID-19 based on clinical, biochemical,
radiological, and epidemiological findings and to identify
possible biomarkers of early screening and diagnosis, as well
as in identifying patients progressing to critical illness.

Material and Methods

Description

The fever of each patient was measured with a tympanic
thermometer and values above

37.8 °C were considered a high fever. Watery defecation,
increased stool volume, or increased stool frequency were
considered as diarrhea. The diarrhea was bloodless and mucus
free. There was no tenesmus. Patients with respiratory failure
requiring mechanical ventilation, shock, or other organ failure
requiring intensive care follow-up and treatment were defined
as critically ill patients.

Study design and study population

This multi-center retrospective study was conducted in three
centers located in Istanbul, Turkey from March 1, 2020 to July
30, 2020. The study included patients aged =18 years who were
under follow-up with a confirmed diagnosis of COVID-19. The
cases were confirmed by RT-PCR nucleic acid test (NAT) positivity
using nasopharyngeal swabs. Patients with any hematological
or solid organ malignancy, RT-PCR-NAT negativity, and missing
data including clinical, biochemical, and imaging test results
were excluded from the study. All CT images were acquired at
the end of inhalation using a 16-slice CT scanner (Somatom
scope power, Siemens Healthineers, Forchheim, Germany).

Written informed consent was obtained from each patient.
The study protocol was approved by the Ethics Committee of
Istanbul Medeniyet University, Goztepe Training and Research
Hospital (Date: 24/06/2020-No: 2020/0407). The study was
conducted in accordance with the principles of the Declaration
of Helsinki.

Data collection

Data including demographic and clinical characteristics of the
patients were recorded. At the time of hospital admission, the
complete blood count analysis results including hemoglobin
(Hb), white blood cells (WBC), platelets, absolute neutrophil
and eosinophil counts, mean corpuscular volume (MCV), mean
platelet volume (MPV), and red cell distribution width (RDW)
were noted. C-reactive protein and troponin levels were
measured. The neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and MPV/PC ratio were calculated.
The patients were divided into groups according to the WBC
(<4.5 x10°%/L, 4.5 to 10.5 x10°L, and >10.5 x10°L), lymphocyte
(<1.0 x10%/L and >1.0 x10%L), and platelet count (<100 x10%L,
100 to 400 x10°/L, and >400 x10°%L). They were further divided
into subgroups according to creatinine clearance (estimated
glomerular filtration rate [eGFR]) using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula.

All patients were classified into two groups as survivors (n=182)
and non-survivors (n=24). They were further divided into five
subgroups according to age as follows: 18 to 29 years, 30 to 49
years, 50 to 64 years, 65 to 74 years, and >75 years. Thoracic
computed tomography (CT) findings including the presence
of ground-glass opacities, consolidation, pleural effusion,
and lymphadenopathy were evaluated. Intra- and inter-group
analyses were performed, and all test results were compared
between the survivors and non-survivors.

Statistical analysis

Statistical analysis was performed using the SPSS version
26.0 software (IBM Corp., Armonk, NY, USA). Descriptive data
were presented as mean + standard deviation (SD), median
(min-max), or number and percentage, where applicable. The
Student’s t-test was used to compare normally distributed
continuous variables, while the Mann-Whitney U test was
used to compare abnormally distributed continuous variables.
The Chi-square test was performed to examine categorical
variables. The Pearson correlation analysis was carried out to
analyze possible correlations between variables. A p-value of
<0.05 was considered statistically significant.

Results

A total of 938 confirmed SARS-CoV-2-positive cases were
screened. Among these patients, 420 were recruited from
Centre 1, 350 from Centre 2, and 168 from Centre 3. According
to the inclusion and exclusion criteria, 206 cases were included
in the study. Baseline demographic and clinical characteristics
of the patients are shown in Table 1. Among the patients,
88.3% (n=182) were discharged in a healthy condition, while
11.7% (n=24) died. The mortality rate was identical in both
sexes (11.7%). There was no statistically significant correlation
between mortality and gender (p=0.59), while there was a
significant correlation between advanced age and mortality
(r=+0.369; p<0.001) (Table 1).
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Table 1. Demographic and clinical characteristics of the patients ~ Table 2. Patient distribution according to symptoms

Age MeansSh Survi e P- Survivors Non-survivors Correlation
eant urvivors survi- B — i
range value Ll IR
vors N % P-value
Total 20-93 52,8+16,7 50,6+154 69,7£160 <0,001 Asymptomatic 8 39 0 0 8 39 0,297
Female 20-88 54.1+17.6 Symptomatic 174 87.9 24 121 198 96.1
Male 21-93 51.6 +15.6 Fever 131 72.0 17 70.8 148 71.8 0,907
Survivors Non-survivors Total Cough 116 63.7 15 62.5 131 636 0,906
N % N % Fatigue 95 52.2 15 62.5 110 53.4 0344
18729 22 ! A 2 1112 Dyspnea 49 269 18 750 67 325 r:<?603c>219
30-49 64 1 1,5 65 31,6 .
Myalgia 58 31.9 1 42 59 286 0000
50-64 56 4 6,7 60 29,1 vaig : - - r=-0,197
Distribution by age, years
65-74 28 7 20 35 17,0 Diarrhea 26 143 4 16.7 30 146 0,757
Anosmia/dysgeusia 17 9.3 1 42 18 8.7 0,401

Data are given in number and percentage, unless otherwise stated.

Survivors
Thoracic CT findings were positive in 183 (88.8%) patients and

were normal in 23 (11.2%) patients. No mortality was observed

Female 91 44,2 12 58 103 50
Distribution Male 0 442 12 . 103 o in patients with normal CT findings, whereas 24 (13.1%) of 183
5 . :
v Total - 884 - 16 206 1000 Patients with positive CT findings died, indicating a statistically

significant difference (p<0.001). The most frequent imaging
findings were ground-glass opacities in 178 (86.4%) patients
and consolidation in 68 (33%) patients. None of the patients

Survivors Non-survivors Total

N % N

%

Centre 1 86 21 19,6 107 51,9

Eyisz::;teion Centre 2 34 2 56 36 175 developed pneumothorax, while 14 (6.8%) had pleural effusion
Centre 3 62 1 16 63 s06 and 12 (5.8%) had mediastinal lymphadenopathy. There was
Sy Vmp——— Total no statistically significant correlation between ground-glass
N % N % opacities, pleural effusion, or mediastinal lymphadenopathy
>00 mL/ 105 : 05 106 s and mortality (p>0.05), while we found a statistically significant

min/1.75 m? ' " correlation between consolidation and mortality (p<0.001).
rﬁmi?# 56 4 67 60 291 Twenty-two (10.7%) patients developed acute kidney injury
30-59 mL/ (AKI) and one of them (0.5%) required hemodialysis. Among
combution according to Ak " ! * * o patients, 20 (9.7%) had chronic kidney disease (CKD). Four
m‘,sn,ﬁig“mé 5 5 50 10 49 (1.9%) patients were renal transplant recipients. The most
<5 mL/ s , o o 4o common comorbidities were hypertension (n= 67, 32.5%),
i) i ' diabetes (n=46, 22.3%), CKD (n=20, 9.7%), and heart failure
Tota! 182 - 2% 1999 (=15 7.3%). The mortality rate was significantly higher in
Survivors Non-survivors Total patients with AKI than those without (p<0.001). Additionally,
N &l N LB the mortality rate was significantly higher in patients with
Hypertension e 2 313 7. 325 (CKD than non-CKD patients, in hypertensive patients than non-
Diabetes > " 283 * >>  hypertensive patients, in patients with diabetes than those
- Hea:;;”ure Z 161 :z Z ;j without diabetes, and in patients with heart failure than those

' without heart failure (p<0.001 for all).
A ’ ! % ! " According to the correlation analysis, there was a strong,
Total 182 24

negative, and linear correlation between creatinine and eGFR
(r=-0.71; p<0.001). Also, there was a positive and significant
correlation between the troponin | elevation and an increased
mortality risk (r=+0.334; p<0.001) and D-dimer and an increased

Data are given as mean+SD or number and percentage, unless otherwise stated. SD: standard deviation;
eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; RTx: renal transplantation.

A total of eight (3.9%) patients were asymptomatic, while
198 (96.1%) had a variety of symptoms. The most common
symptoms included fever (n=148, 71.8%), dry cough (n=131,
63.6%), fatigue (n=110, 53.4%), dyspnoea (n=67, 32.5%),
myalgia (n=59, 28.6%), diarrhea (n=30, 14.6%), and anosmia/
dysgeusia (n=18, 8.7%). No mortality was seen in asymptomatic
patients, and an inverse relationship was observed between
asymptomatic status and mortality (p=0.004). In this study,
we found no significant correlation between fever, dry cough,
fatigue,
mortality (p>0.05), while we observed a significant correlation
between dyspnoea and mortality (r=+0.320; p<0.001).

myalgia, diarrhoea, and anosmia/dysgeusia and

mortality risk (r=+0.382; p<0.001) (Table 2). On the other hand,
there was no significant difference in the MCV, MPV, MPV/PC
ratio, WBC, platelet, and eosinophil count between survivors
and non-survivors (p>0.05). However, there was a positive and
significant correlation between neutrophil count and mortality
(r=+0.140; p=0.045), RDW and mortality (r=+0.332; p<0.001),
and PLR and mortality (r=+0,320 p<0.001). When we used
a median cut-off value of 148.5 for PLR, the significance of
the correlation became more prominent (p<0.001). However,
we found a negative and significant correlation between
lymphocyte count and mortality (r=-0.308; p<0.001) and
between Hb and mortality (r=-0.410; p<0.001) (Table 3).

161 | Annals of Clinical and Analytical Medicine



Risk factors of critical illness and mortality

Table 3. Complete blood count and biochemical analysis results

MeanSD Mortality N MeanSD P-value
. Survivor 182 1,0£0,7
Creatinine 128515 <0,001
(mg/dL) Non-survivor 24 3,4+32
Survivor 182 88,79+25,9
?nfi?min/n 73 m?) B2l T
. Non-survivor 24 36,58+32,1
WBC Survivor 182 6.294+2.422
1091L) 6.329+2.594 0,70
Non-survivor 24 6.595+3.714
; Survivor 182 4.269+2.310
?‘?gﬁ;‘i’)’h" 439412.465 0,045
X Non-survivor 24 5.339:3.336
Survivor 182 1.430+0.632
L’%”(;E/T_“yte 1.358:0.645 <0,001
x10°7L) Non-survivor 24 081210455
. " Survivor 182 0.040+0.076
(E‘?ISC')Q/‘IJ_’;h" 0.038+0.074 023
X Non-survivor 24 0.021:0.051
Hb Survivor 182 13,5+1,9
JdL 13,242,1 <0,001
(g/dL) Non-survivor 24 10,9+2,2
Survivor 182 84,6+5,3
?:LC)V 85,7+5,8 0,95
Non-survivor 24 84,7+9,3
Survivor 182 13,15+1,5
2}3)\,\’ 13,4+1,7 <0,001
o Non-survivor 24 14,87+2,0
PLT Survivor 182 199.93+79.6
109/L 199.9+85.7 0,97
@) Non-survivor 24 199.42+124.9
Survivor 182 9,60+1,4
I\;lfv 9,6+1,4 0,57
(fL) Non-survivor 24 9,72+1,0
Survivor 182 3,88+3,9
NLR 4,4+4,4 <0,001
Non-survivor 24 8,37+5,9
Survivor 182 0,06+0,06
MPV/PC 0,06+0,06 0,28
Non-survivor 24 0,07+0,06
Survivor 182 164,01+£100,2
PLR 179,9+136,7 <0,001
Non-survivor 24 300,23+265,3
CRP Survivor 182 5,23+5,7
JdL 6,1116,2 <0,001
(mg/dL) Non-survivor 24 12,7659
it Survivor 89 523,45+795,9
Fer;'t'E 1268,6+4328,6 <0,001
{ng/mL) Non-survivor 21 4426,59293,4
. Survivor 107 0,35+1,3
Pro/callfltonln 07428 <0,001
(ng/mL) Non-survivor 22 2,659
e Survivor 112 764,8+1099,3
([:I d/'gﬁ)r 963,7+1236,9 <0,001
g Non-survivor 20 1396,7+312,3
" Survivor 92 20,53+38,6
Tro;)lfmln | 35,5496,7
(ng/L) Non-survivor 20 104,49:203,6
Leukopenia N=40 Survivor N=33 (%18.1)
WBC 0,058
<4.5 (x10%/L) %19.4 Non-survivor N=7 (%29.2)
Survivor N=21 (%11.5)
<0,750..%16 <0,001
Lymphocyte Non-survivor N=12 (%50.0)
<0,750
(x10°/L) Survivor N=59 (%32.4)
<1.000...%37.9 <0,001
Non-Survivor N=19 (%79.2)
Survivor N=104 (%57.1)
<3,19 %51.5 <0,001
Non-survivor N=2 (%8.3)
NLR

Survivor N=78 (%42.9)
>3.2 %48.5 <0,001
Non-Survivor N=22 (%91,7)

Data are given as mean+SD or number, unless otherwise stated. SD: standard deviation; eGFR:
estimated glomerular filtration rate; WBC: white blood cell; Hb: Haemoglobin; MCV: mean corpus-
cular volume; RDW: red cell distribution width; PLT: platelets; MPV: mean platelet volume; NLR:
neutrophil-to-lymphocyte ratio; MPV/PC: mean platelet volume/platelet count; PLR: platelet-to-
lymphocyte ratio; CRP: C-reactive protein.

Discussion

SARS-CoV-2 is a single-stranded, non-segmented, enveloped
RNA, which belongs to the Beta-Coronaviridae family. A
definitive diagnosis of SARS-CoV-2 infection is made using RT-
PCR-NAT. The PCR positivity rate has been estimated as 63%
for nasopharyngeal swabs [3]. In case of repetitive negative
RT-PCR testing, immunoglobulin (Ig) M and IgG antibody titers
must be checked to confirm the diagnosis [3].

In a retrospective study including 113 deceased patients, Chen
et al. [4] reported that advanced age (>65 years) and male
gender (73%) were the main risk factors for mortality. In a
meta-analysis including 3,027 patients, Zheng et al. [5] showed
that advanced age (>60 years) and male gender were the main
risk factors for mortality. In our study, the gender distribution
was comparable among the participating centers. Unlike
previous studies showing male predominance in mortality,
in our study, death events were seen equally in both genders
(p>0.05). Although 71.9% of our patients were below 65 years
of age, 75% of death events occurred in patients over 65 years
of age. This finding indicates that advanced age (>65 years) is
the main risk factor for mortality, which is consistent with the
literature (p<0.001).

There is growing evidence suggesting that clinical presentation
may widely vary from asymptomatic infection to severe
pneumonia, acute respiratory failure, and even death. In a
study including 72,314 patients conducted by the Epidemiology
Working Group for NCIP Epidemic Response, Chinese Center
for Disease Control and Prevention, the rate of asymptomatic
patients was 1.2% [1]. In our study, this rate was 3.9%. Thoracic
CT revealed ground-glass opacities in half of the asymptomatic
cases. The mean NLR was 1.38 in asymptomatic patients
and 4.52 in symptomatic patients, indicating a statistically
significant difference (p<0.001). Similarly, the mean lymphocyte
countwas 1.337x10%L in symptomatic patients and 1.865x10°/L
in asymptomatic patients, indicating a statistically significant
difference (p<0.05). In a study including 1,099 confirmed
COVID-19 cases, Guan et al. [6] found fever in 87.9%, dry cough
in 67.7%, and diarrhea in 3.7% of patients. In our study, the
most frequent symptoms included fever (71.8%), dry cough
(63.6%), fatigue (53.4%), dyspnoea (32.5%), myalgia (28.6%),
diarrhea (14.6%), and anosmia/dysgeusia (8.7%). Correlation
analysis revealed no significant correlation between fever, dry
cough, fatigue, diarrhea, and anosmia/dysgeusia and mortality
(p>0.05). The mortality rate was significantly lower in patients
with myalgia (p=0.005). However, an increased severity of
dyspnoea was found to be a significant predictor of mortality,
consistent with previous studies (p<0.001) [4, 5]. In addition,
no mortality was observed in the asymptomatic patient group.
Previous studies have also shown that mortality rates ranged
from 2.3% to 19.2% [7, 8].

Although thoracic CT mostly reveals non-specific lesions in
COVID-19 patients, the most common imaging findings are pure
ground-glass opacities, ground-glass opacities, consolidation,
interlobular septal thickening, and air bronchograms. In a study
examining the diagnostic value and consistency of thoracic
CT versus RT-PCR assay in 1,014 COVID-19 patients, Ai et al.
[9] reported a positivity rate of 59% for RT-PCR and 88% for
thoracic CT. The sensitivity of thoracic CT for COVID-19 was
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found to be 97% based on positive RT-PCR results. The authors
concluded that thoracic CT could be used as the main tool for
the COVID-19 detection in epidemic areas. In our study, 183
(88.8%) of 206 patients had positive thoracic CT scans, while
23 (11.2%) patients had normal CT scans. No mortality was
observed in patients with normal CT findings, whereas 24
(13.1%) patients with positive CT findings died, indicating a
statistically significantly higher mortality rate in patients with
positive CT findings (p<0.001). Although we found no significant
correlation between the presence of ground-glass opacities,
pleural effusion, mediastinal lymphadenopathy and mortality
(p>0.05), the presence of consolidation was significantly
associated with an increased mortality rate (p<0.001).

Several studies have demonstrated that chronic comorbidities
in COVID-19 patients such as hypertension, diabetes, heart
failure, coronary artery disease, asthma, and chronic obstructive
pulmonary disease may worsen the prognosis and increase the
mortality rate [8]. The SARS-CoV-2 binds to the angiotensin-
converting enzyme 2 (ACE2) receptors and enters into the cells.
ACE2 is abundantly present in humans in the epithelia of the
lung, heart, kidney, and testicles and, less frequently, in the
brain, liver, and small intestines. The relatively high amount
of type 2 alveolar epithelial cell line, a major source of ACE2,
in males than females has been blamed for the increased
mortality rate in males with COVID-19. ACE2 plays a key role in
the renin-angiotensin-aldosterone system (RAAS). It functions
as the main modulator of RAAS by converting Ang | and Il into
Ang (1-9) and Ang (1-7), respectively. Previous studies have
shown that ACE2 plays a protective role in acute lung injury
[10]. Experimental studies have demonstrated that intravenous
infusion of ACE inhibitors (ACEls) and angiotensin receptor
blockers (ARBs) increases the number of ACE2 receptors in the
cardiopulmonary circulation [11]. In addition, ACE2 exerts a
protective effect on atherosclerosis, hypertension, myocardial
hypertrophy, and vasoconstriction. It has been well documented
that ACE2 levels decrease with advanced age and in patients
with diabetes or hypertension. SARS-CoV-2 infection has been
shown to decrease ACE activity. The relatively high mortality
rates among the elderly and patients with comorbidities can
be attributed to the decreased ACE2 activity in these patients.
In a study by Liu et al. [12], they showed that angiotensin Il
levels increased in COVID-19 patients, which was significantly
associated with lung injury. In our study, consistent with
previous findings, the most common comorbidities were
hypertension (32.5%) and diabetes (22.3%). The rate of AKI at
the time of hospital admission was ranged from 1% to 29%
in previous studies [13]. Similarly, in our study, the rate of AKI
was 10.7%. In another study, Zhang et al. [14] reported that
mortality was 3.2-fold higher in COVID-19 patients with AKI.
Likewise, the mortality rate was significantly higher among
COVID-19 patients with AKI in our study (p<0.001). In a meta-
analysis including 1,389 COVID-19 patients, Henry et al. [15]
observed that the presence of CKD increased infection severity
and mortality. In our study, 9.7% of the patients had CKD
with a significantly higher mortality rate (55%) (r=+0.443;
p<0.001). The downregulation of ACE2 related to SARS-CoV-2
infection adversely affects the cardiovascular system, as the
cardioprotective effects of ACE2 are inhibited. Many studies

have also shown that the incidence of myocardial injury
varies from 10% to 35%, as evidenced by troponin elevation
[16]. In addition, existing heart failure and cardiac events are
associated with worse COVID-19 progression and increased
mortality [16]. Consistent with these data, we found a positive
and significant correlation between the troponin | levels and
heart failure (r=+0.27; p<0.001). In our study, the rate of heart
failure was 7.3% and the mortality rate was significantly higher
in the patients with heart failure (p<0.001).

The underlying mechanisms of leukopenia, thrombocytopenia,
and lymphocytopenia in viral infections include the bone
marrow and stem cells being directly infected with the virus,
increased cell destruction through the immune-mediated
mechanisms, increased consumption of platelets, particularly in
the lung tissue, and increased apoptosis in T lymphocytes [17].
WBC count is usually normal in SARS-CoV-2 infection, while
lymphocytopenia can be seen in 50% to 89.2% of patients. In
particular, more prominent lymphocytopenia with an increased
WBC and neutrophil counts has been associated with an
increased mortality rate [18]. Lymphocytopenia is more severe in
ICU patients [7, 8]. The incidence of thrombocytopenia has been
reported to range from 5% to 41.7%, and a low platelet count
has been associated with more critical illness and an increased
mortality rate in COVID-19 patients [19]. Several studies have
demonstrated that low absolute eosinophil count is correlated
with an increased risk of mortality and, when combined with
CRP, it can be used as a valuable biomarker in predicting SARS-
CoV-2 infection, as well as for the disease progression follow-
up [20]. In general, lymphocytopenia is defined as an absolute
lymphocyte count of <1.0x10%L. In our study, the rate of
lymphocytopenia was 37.9%. The mortality rate was 24.4% in
patients with a lymphocyte count of <1.0x10%L, while this rate
increased up to 36.4% in patients with a lymphocyte count of
<0.750x10%L. According to the correlation analysis, we found a
negative and significant correlation between lymphocyte count
and mortality (r=-0.31; p<0.001). In the present study, 95.1% of
the patients had normal or low WBC count. Also, we could not
find a significant relationship between the survivors and non-
survivors patient group in terms of MCV, MPV, MPV / PC ratio,
WBC, thrombocyte and eosinophil counts (p>0.05). However,
we found a significant association between the neutrophil
count and mortality (r=+0.14; p=0.045). We found a moderate,
negative and significant correlation between Hb levels and
mortality (r=-0.41; p<0.001). Consistent with previous studies
[21], in our study, RDW increased in deceased patients than
survivors. There was also a moderate, positive and significant
correlation between RDW and mortality (r=+0.338; p<0.001). In
a study by Qu et al. [22], they showed that PLR was associated
with the degree of cytokine storm and might be used as a
useful inflammatory indicator when monitoring critically ill
patients with COVID-19. Similarly, in the present study, we
found a moderate, positive and significant correlation between
PLR and mortality (r=+0.320; p<0.001), indicating a statistically
significantly higher mortality rate among the non-survivors
(p<0.001).

The NLR, which is calculated as the absolute neutrophil count
divided by the absolute lymphocyte count, is a potential
indicator of systemic inflammatory response [23]. Many studies

163 | Annals of Clinical and Analytical Medicine



Risk factors of critical illness and mortality

have demonstrated that NLR can be utilized as the most useful
marker for predicting mortality [21, 19]. In a study, a cut-off NLR
value of >3.13 has been shown to be useful in identifying and
classifying COVID-19 critical who are likely to develop critical
iliness [24]. In our study, there was a moderate, positive and
significant correlation between NLR and mortality (r=+0.329;
p<0.001), and the use of a cut-off value of NLR as >3.13
significantly increased the mortality rate (22%) (r=+0.313;
p<0.001). Furthermore, the increase in the CRP, an acute phase
reactant used to detect inflammation, procalcitonin, ferritin,
RDW, and neutrophil, platelet, and WBC counts is associated
with the increased risk for critical illness and mortality. Similarly,
we found a significant correlation between CRP and mortality,
between ferritin and mortality, and between procalcitonin and
mortality in our study (p<0.001 for all).

Although the underlying mechanisms of
complications have not been fully elucidated yet, a direct
viral cytopathic effect, increased Ang Il, which has a higher
vasoconstrictor effect, decreased Ang (1-7) and Ang (1-9),
which have vasodilator effects, and endothelial dysfunction
may lead to microvascular thrombosis due to the increased
proinflammatory cytokines [25]. All these mechanisms and
the existing ACE2 in endothelial and myocardial cells may
induce pulmonary and cardiac injuries. Previous studies have

thrombotic

shown a significant association between troponins, markers of
myocardial injury, and an increased risk for mortality. Similarly,
in the current study, we found a significant correlation between
the troponin | and D-dimer and an increased mortality risk
(p<0.001).

Nonetheless, this study has some limitations. First, the relatively
small number of patients in the non-survivor group may have
led to bias in the interpretation of the results. Second, this
study included only hospitalized patients, which precludes the
generalization of the results to all COVID-19-positive patients.
In addition, all patient data were recorded at the time of hospital
admission and we were unable to perform the measurements
later. Therefore, further large-scale, prospective studies using
repetitive measurements are warranted to confirm these
results.

Conclusion

Our study results suggest that coexisting diabetes, hypertension,
heart failure, or CKD are associated with an increased risk
for critical illness and mortality. The development of AKI also
increases the mortality risk. The disease presenting with
symptoms or positive findings on thoracic CT is of clinical
relevance alone for the development of critical illness. Patients
with dyspnea should be closely followed to prevent mortality
or critical illness. The presence of dyspnea or consolidation
on thoracic CT can predict the increased mortality risk in
COVID-19 patients. In particular, patients with lymphocytopenia
(lymphocyte count <0.750x10%/L), an NLR of >5, and a PLR of
>149 can be considered for early admission to the ICU.

Scientific Responsibility Statement

The authors declare that they are responsible for the article’s scientific content
including study design, data collection, analysis and interpretation, writing, some
of the main line, or all of the preparation and scientific review of the contents and
approval of the final version of the article.

Animal and human rights statement

All procedures performed in this study were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. No animal or human studies were carried out by the authors for this
article.

Funding: None

Conflict of interest

None of the authors received any type of financial support that could be considered
potential conflict of interest regarding the manuscript or its submission.

References

1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early Transmission Dynamics
in Wuhan, China, of Novel Coronavirus-Infected Pneumonia. N Engl ) Med.
2020;382(13):1199-207. DOI: 10.1056/NEJM0a2001316.

2. Abbasi-Oshaghi E, Mirzaei F, Farahani F, Khodadadi I, Tayebinia H. Diagnosis
and treatment of coronavirus disease 2019 (COVID-19): Laboratory, PCR,
and chest CT imaging findings. Int J Surg. 2020;79:143-53. DOI:10.1016/j.
ijsu.2020.05.018

3. Zitek T. The Appropriate Use of Testing for COVID-19. West ) Emerg Med.
2020;21(3):470-2. DOI: 10.5811/westjem.2020.4.47370.

4. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics of
113 deceased patients with coronavirus disease 2019: retrospective study. BMJ.
2020;368:m1091. DOI: 10.1136/bmj.m1091.

5. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical
® mortal COVID-19 cases: A systematic literature review and meta-analysis. J
Infect. 2020;81(2):e16-e25. DOI: 10.1016/j.jinf.2020.04.021.

6. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N Engl ] Med. 2020;382(18):1708-20. DOI:
10.1056/NEJM0a2002032.

7. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506. DOI: 10.1016/50140-6736(20)30183-5.

8. Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019 in
elderly patients: Characteristics and prognostic factors based on 4-week follow-
up. J Infect. 2020;80(6):639-45. DOI: 10.1016/j.jinf.2020.03.019.

9. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. Correlation of Chest CT and
RT-PCR Testing for Coronavirus Disease 2019 (COVID-19) in China: A Report of
1014 Cases. Radiology. 2020;296(2):E32-E40. DOI: 10.1148/radiol.2020200642.
10. Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC, Turner AJ, et al.
Angiotensin-Converting Enzyme 2: SARS-CoV-2 Receptor and Regulator of the
Renin-Angiotensin System: Celebrating the 20th Anniversary of the Discovery of
ACE2. Circ Res. 2020;126(10):1456-74. DOI: 10.1161/CIRCRESAHA.120.317015.
11. Diaz JH. Hypothesis: angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers may increase the risk of severe COVID-19. ] Travel
Med. 2020;27(3):taaa041. DOI: 10.1093/jtm/taaa041.

12. Liu'Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, et al. Clinical and biochemical
indexes from 2019-nCoV infected patients linked to viral loads and lung injury.
Sci China Life Sci. 2020;63(3):364-74. DOI: 10.1007/s11427-020-1643-8.

13. Guan WJ, Zhong NS. Clinical Characteristics of Covid-19 in China. Reply. N
Engl ) Med. 2020;382(19):1861-2. DOI: 10.1056/NEJMc2005203.

14. Zhang J, Li J, Su L, Yang J, Jiang X, Jiang N, et al. Clinical characteristics
and risk factors of acute kidney injury in coronavirus disease 2019.
Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2020;32(4):407-11. DOI: 10.3760/
cma.j.cn121430-20200302-00198.

15. Henry BM, Lippi G. Chronic kidney disease is associated with severe coronavirus
disease 2019 (COVID-19) infection. Int Urol Nephrol. 2020;52(6):1193-4. DOI:
10.1007/s11255-020-02451-9.

16. Tomasoni D, Italia L, Adamo M, Inciardi RM, Lombardi CM, Solomon SD, et
al. COVID-19 and heart failure: from infection to inflammation and angiotensin
Il stimulation. Searching for evidence from a new disease. Eur J Heart Fail.
2020;22(6):957-66. DOI: 10.1002/ejhf.1871.

17. Amgalan A, Othman M. Exploring possible mechanisms for COVID-19 induced
thrombocytopenia: Unanswered questions. ] Thromb Haemost. 2020;18(6):1514-
16. DOI: 10.1111/jth.14832.

18. Yu C, Lei Q, Li W, Wang X, Liu W, Fan X, et al. Clinical Characteristics,
Associated Factors, and Predicting COVID-19 Mortality Risk: A Retrospective
Study in Wuhan, China. Am ] Prev Med. 2020;59(2):168-75. DOI: 10.1016/j.
amepre.2020.05.002.

19. Zhang B, Zhou X, Qiu Y, Song Y, Feng F, Feng J, et al. Clinical characteristics of
82 cases of death from COVID-19. PloS one. 2020;15(7):e0235458.

20.Du Y, Tu L, Zhu P, Mu M, Wang R, Yang P, et al. Clinical Features of 85 Fatal
Cases of COVID-19 from Wuhan. A Retrospective Observational Study. Am J
Respir Crit Care Med. 2020;201(11):1372-9. DOI: 10.1164/rccm.202003-05430C.
21. Wang C, Deng R, Gou L, Fu Z, Zhang X, Shao F, et al. Preliminary study to
identify severe from moderate cases of COVID-19 using combined hematology
parameters. Ann Transl Med. 2020;8(9):593. DOI: 10.21037/atm-20-3391.

22. Qu R, Ling Y, Zhang YH, Wei LY, Chen X, Li XM, et al. Platelet-to-lymphocyte
ratio is associated with prognosis in patients with coronavirus disease-19. ] Med
Virol. 2020;92(9):1533-41. DOI: 10.1002/jmv.25767.

23. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, Clarke SJ.
The systemic inflammation-based neutrophil-lymphocyte ratio: experience in

164 | Annals of Clinical and Analytical Medicine



Risk factors of critical illness and mortality

patients with cancer. Crit Rev Oncol Hematol. 2013;88(1):218-30. DOI: 10.1016/j.
critrevonc.2013.03.010.

24. LiuJ, Liu Y, Xiang P, Pu L, Xiong H, Li C, et al. Neutrophil-to-lymphocyte ratio
predicts critical illness patients with 2019 coronavirus disease in the early stage.
J Transl Med. 2020;18(1):206. DOI: 10.1186/512967-020-02374-0.

25. Miesbach W, Makris M. COVID-19: Coagulopathy, Risk of Thrombosis,
and the Rationale for Anticoagulation. Clin Appl Thromb Hemost.
2020;26:1076029620938149. DOI: 10.1177/1076029620938149.

How to cite this article:

Tahsin Karaaslan, Cumali Karatoprak, Esra Karaaslan, Gulsah Sasak Kuzgun,
Mehmet Gunduz, Abdusselam Sekerci, Banu Buyukaydin, Sabahat Alisir Ecder.
Markers predicting critical illness and mortality in COVID-19 patients: A multi-
centre retrospective study. Ann Clin Anal Med 2021;12(Suppl 2): S159-165

165 | Annals of Clinical and Analytical Medicine



