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Over the past two decades, Severe Acute Respiratory
Syndrome (SARS) and Middle East
Syndrome (MERSCoV)
affected more than 10,000 patients and led to epidemics.*
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Abstract

Currently, the world is involved by a pandemic of severe acute respiratory syndrome coronavirus
2 (SARS CoV-2), which has been responsible for the deaths of hundreds of thousands of people
so far. The consequences of infection with SARS-CoV-2 vary widely from asymptomatic to
severe. Considering the increasing prevalence of different types of virus and acute infection with
this disease, strategies to prevent mortality from COVID-19 should be seriously analyzed. In this
study, the epidemiological, clinical and laboratory characteristics of patients with COVID-19
were investigated in order to identify risk factors for mortality. Chronic diseases such as chronic
kidney disease (CKD), COPD, diabetes, hypertension, cardiovascular disease (CVD), cancer,
increased D-dimer, male gender, old age, smoking and obesity are among the deadly risk factors
associated COVID-19. Furthermore, lymphopenia and neutrophilia are often present in patients
with SARS-CoV-2, and the ratio of absolute neutrophils to lymphocytes (NLR) was significantly
increased in patients without bacterial infection. These findings could be used in the future to
control and prevent disease, because timely identification of patients with risk of COVID-19 is
important to provide better treatment strategies for reduction of mortality.
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Therefore, it is important for physicians to evaluate
patients' clinical signs according to the effective factors
and comorbidities.*® Studies show that the amounts of D-
dimer, ferritin, AST, CRP, BUN, Cr, sodium,
procalcitonin and NLR are statistically significant in

Respiratory
infections have negatively

Their responsible viruses belong to the beta-coronavirus
family with a high mortality rate.! In December 2019, a
number of cases of pneumonia were reported in Wuhan
City, Hubei Province, China, and studies attributed these
cases to a new coronavirus, which was associated with
severe pneumonia in some patients.2 No specific
treatment has been identified for this new disease that
was named COVID-19. Due to the very significant
mortality rate compared to flu, the mortality rate of this
disease has been reported between 2.2 to 3.7.% In acute
patients, the symptoms are usually associated
withrespiratory dysfunction syndrome, which can
eventually lead to death. The first symptoms of this
disease are dry cough, fever and even fatigue. However,
in some cases, there are no physical symptoms in infected
people.*5 Recent research shows that the most common
comorbidities in patients with COVID-19 are diabetes,
high blood pressure, and cardiovascular disease.

predicting mortality,” and it is well shown that the amount
of NLR, which is easily calculated through a complete
blood count, provides important information about the
patient's inflammatory status in many diseases.” In view
of the above, the aim of this study was to examine the
relationship between the clinical features of the disease
and their mortality by examining related and parallel
studies of the characteristics of patients with COVID-19.
Thus, the aim of this study was to examine the
relationship between the clinical features of the disease
and their mortality by examining related and parallel
studies of the characteristics of patients with COVID-19.

General characteristics and symptoms of COVID-19

Throughout history, many viral diseases have occurred
that lead to severe and persistent fatigue, perhaps the
most famous finding in Los Angeles (1934), Iceland
(1948), London (1955) and Nevada (1984).81 In



Predicting COVID-19 mortality risk
Eur J Trans| Myol 32 (2): 10268, 2022 doi: 10.4081/ejtm.2022.10268

December 2019, cases of [-coronavirus-induced
pneumonia were identified in Wuhan, China. At the
beginning of the outbreak on January 12, 2020, the World
Health Organization (WHO) named the virus
coronavirus-2019.'2 The SARS-CoV-2 genome sequence
found in bats was 96.2% similar to MERS-CoV; The
findings showed that mutations in the virus genome
changed the host from bats to humans and made it
possible to infect humans.*®* The SARS-CoV-2 genome
is closely similar to SARS-CoV and MERS-CoV, and the
accumulated clinical and experimental data on previous
viruses can be used to treat COVID-19. In addition, it can
be predicted how the host's immune system will react to
this particular virus and how the host responses can
prevent the virus from becoming more prevalent.!?
Studies show that SARS-CoV-2 disease occurs in
humans, especially in the elderly and individuals with
very severe underlying diseases by presenting
pneumonia. The mean age of COVID-19 disease is 47 to
59 years, of which 41.9 to 45.7% of patients are women.*3
The virus mainly occurs with the initial symptoms of
fever, cough and body aches and affects the respiratory
system. The clinical spectrum of COVID-19 varies from
asymptomatic, to mild or severe pneumonia with
respiratory failure.X* The site of primary infection with
SARS-CoV-2 is unknown, and the pathogenesis of
COVID-19 is still under investigation. For most patients,
COVID-19 may only affect the lungs because it is a
respiratory disease. The main mode of infection is
human-to-human transmission through close contact,
most of which is transmitted through the spread of
airborne droplets by coughing or sheezing. For this
reason, the rapid spread of SARS-CoV-2 with an original
RO of 2.6-2.2 has occurred, meaning that on average each
individual has the potential to spread the infection to
around 2.2 others.’®

Clinical and bioclinical features of COVID-19 disease

Studies on the clinical and epidemiological features of
COVID-19 have been performed in many countries. As
one of the first studies,! Huang et al. revealed the clinical
manifestations of COVID-19 patients and concluded that
patients in the intensive care unit (ICU) had higher
plasma cytokine levels than non-ICU patients. In
addition, other studies of clinical patients in patients with
low disease severity were reviewed and their results
showed that ICU patients were significantly older and
were more likely to have some comorbidities.'*67 |n
addition, the study of 41 patients with severe COVID-19
showed high levels of proinflammatory cytokines
including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-
1A and o-TNF. These findings are consistent with SARS
and MERS that the presence of lymphopenia and
"cytokine storm™ may play an important role in the
pathogenesis of COVID-19. This "cytokine storm” can
be the result of a viral infection and damage from
pneumonia, which can lead to other complications such

as pneumonitis, acute respiratory syndrome (ARDS),
respiratory failure, shock, organ failure and even death.8
Studies by Chen et al. showed that old age, dyspnea, low
hemoglobin levels, and underlying comorbidities were
three to two times higher in ICU patients, respectively,
and consequently their mortality rates were higher than
those hospitalized in other wards of the hospital and
outpatients. Li et al. also reported that the mortality rate
of patients with hypertension, cerebrovascular disease,
and diabetes was two, three, and two times higher in
patients admitted to the intensive care unit
respectively.1®20

COVID-19 risk factors (epidemiological, demographic
and biochemical factors)

The challenge of COVID-19 is enormous due to its
transmission complexity and proven lack of treatment.
This will be more catastrophic for low- and middle-
income countries due to high illiteracy, a very poor health
care system, and a scarce intensive care unit. A series of
studies have reported the clinical features of critical
patients with COVID-19. Different clinical features and
risk factors intended to identify the fatal consequences of
the disease. Despite scientists' efforts to better understand
the diagnostic and clinical features of the disease, the
current understanding of the risk factors for COVID-19
is still ongoing.?! Evidence shows that the overall
mortality rate from COVID-19 is 3.77 to 5.4%; However,
this rate increases to 41.1 to 61.5% among severe or
critical patients. To reduce overall mortality, it is
essential to identify risk factors associated with disease
severity and mortality in patients with COVID-19.
Previous studies have shown that old age, underlying
diseases, high D-dimer levels, and multivariate
biochemical abnormalities are closely associated with
disease severity or even death in COVID-19 patients.?? In
various studies, laboratory findings show that cytokine
storm, inflammation, acute heart damage, acute liver
damage, and acute renal failure are also seen in dead
patients. Death has been due to ARDS in the majority of
deceased patients.?> In a study performed on 4021
patients, the mortality rate of patients aged 60 years and
older was 5.3% and this rate was reported to be 1.4% for
patients under 60 years of age. Meanwhile, according to
data reported from Wuhan, the mortality rate from
COVID-19 in patients 60 years and older was 63.6%.
This mortality rate is documented by the claim that its
prevalence is much higher in the elderly and mortality is
directly related to age.* Figure 1 shows the proportion of
each population group at high risk of COVID-19
infection.?? According to this figure, people living in a
nursing home, whether permanently or temporarily, are
at high risk of infection or death of COVID-19; Of
course, they are less likely to be hospitalized. In terms of
comorbid  conditions, people with ESRD or
dementia/Alzheimer's are at higher risk. People with
underlying diseases are also at higher risk for infection
and hospitalization or death. The number of underlying
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diseases is more closely related to the complications of
the disease and the increased probability of death.??
Analysis of other studies suggests that comorbidities,
gender, age, smoking, obesity, acute kidney damage, and
D-dimer are important risk factors for this disease. A
meta-analysis of current regional reports of patients with
coronavirus infection highlights the impact of
complications, comorbidities, and demographic variables
on coronavirus mortality. These results have important
clinical implications such as clinical management and
specific preventive measures for patients with coronary
heart disease.” Women with COVID-19 disease have
fewer hospitalizations and deaths than men. The results
of the meta-analysis also showed that male sex appear to
be a risk factor for COVID-19 mortality. In the adaptive
immune system, men have fewer CD8 + T cells, CD4 T4
cells, and reduced B cell production than women. In
addition, some of the genes involving in regulation of
immune systems are located on the X chromosome, and
increased expression of TLR7 in ill women may be
capable of increasing disease tolerance in their body and
reducing the duration of the disease. The results of a
systematic study also confirmed that obesity is associated
with death in patients with COVID-19 disease.?*2¢

Given the status of chronic obstructive pulmonary
disease (COPD) patients and its association with
COVID-19 mortality, studies have argued that COPD
patients with COVID-19 show higher rates of
hospitalization and mortality. And this could be due to
viral infections in COPD patients where systemic
inflammation increases with slow improvement in
reported symptoms. In addition to the effects of the
coronavirus, patients with COPD have a number of
comorbidities, some of which are associated with an

increased risk of hospitalization.?”? The analysis of
systematic studies also demonstrated that the mortality of
patients admitted to COVID-19 hospital with diabetes is
higher compared to patients without diabetes. Therefore,
patients with diabetes and COVID-19 often require
invasive ventilation care and are referred to the intensive
care unit (ICU) because of the potential for acute
respiratory distress syndrome (ARDS).%*% As a result,
diabetes determines the severity and mortality of
COVID-19 patients.?®3° Elevated procalcitonin and
ferritin in the serum of infected patients is an unfavorable
prognostic factor for the patient. In SARS-CoV-2
infection, an increase in the concentration of D-dimer
resulting from fibrin decay (FDP) has been also
observed, which affects the cascade function of blood
clotting factors as the disease progresses, consequently
leading to Increased clotting time of prothrombin (PT)
and activated partial thromboplastin time (APTT).
Therefore, having a high D-dimer significantly increases
the probability of mortality. Studies show that high levels
of D-dimer increase the risk of severe infection and
mortality. In addition, a study in China found that
increased D-dimer levels during hospitalization were
associated with the worst long-term outcomes. Therefore,
the use of D-dimer levels as an indicator of disease
severity may be useful, especially in COVID-19 patients
who are unable to perform specific imaging.®-*® Changes
in hematological parameters also occur in patients with
COVID-19 disease and can, to some extent, predict their
mortality. In fact, studies revealed that lymphopenia and
neutrophilia are more common in patients with SARS-
CoV-2, and the ratio of absolute neutrophils to
lymphocytes (NLR) is also significantly increased in
patients without bacterial infection.®
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Table 1. Clinical characteristics and mortality from COVID-19

Findings Methodology Title Author/yeas
Most COVID-19-related deaths were due to old age. This was a retrospective and Clinical Mortality Review of | Bastola et al.,
Hematologically, lymphocytopenia and increased observational study involving all COVID-19 Patients at 2021.34
neutrophil to lymphocyte ratio were found in COVID- patients admitted to Sukraraj Sukraraj
19 deceased patients. Similarly, elevated D-dimer and Tropical and Infectious Diseases Tropical and Infectious
ferritin at admission were risk factors for death in adult | Hospital, whose transcriptase Disease Hospital, Nepal;
patients with COVID-19. Assessing these factors upon | reverse polymerase chain reaction | A Retrospective Study
admission may help us in determining the risk and was positive for SARS-COV-2.
early testing for severe COVID-19 cases, so that every | The medical records of deceased
effort can be made to manage COVID-19 rapidly and patients from January 2020 to
prevent mortality. January 2021 were evaluated.
COVID-19 infection is associated with significant Articles published as of March 23, | Factors associated with
mortality, mainly in elderly patients with underlying 2020, are written in English and mortality in Covid-19 Sepandi et al.,
diseases. Significant effects of age, gender, and reporters of COVID-19 mortality patients: a systematic review | 2020.%
underlying diseases such as diabetes, renal impairment, | have been reviewed. Random and meta-analysis
renal disease, and heart disease increase the risk of effects model with 95% CI was
death in patients with COVID-19. used to calculate the odds ratio

(OR) and risk ratio (HR)
The inflammatory response to cytokines is increased in | The identified common risk Risk factors of COVID-19 Leeetal.,
most critically ill COVID-19 patients. Chloroquine factors were extracted and the mortality: a 2020.%
(hydroxy) monotherapy was not associated with a risk relevant publications were systematic review of current
of mortality, and the use of ACE inhibitors or ARBs searched by PubMed until June 26, | literature and lessons from
was associated with a reduced risk of mortality in 2020. Then, COVID-19 mortality recent retracted articles
patients with COVID-19. risk factors were analyzed and

compared with the retracted

articles.
A comparison of leukocyte counting methods has not CBC was analyzed in 735 ICU Cell Population Data and Matecka-
yet been developed in the group of patients admitted to | admitted COVID-19 cases, Serum Polyclonal Gieldowska
intensive care units and helps to increase the number of | COVID- 19 cases, non-ICU cases Immunoglobulin etal., 2021.%7
complete automatic blood counting tests in patients and ICU cases. FLC Free Light Chains in the
with COVID-19. Assessing the production and concentrations were analyzed in Assessment of COVID-19
increase in the number of light chains in a patient's 133 cases. Severity
body, especially kappa-type chains, may be a predictor
in assessing the severity of COVID-19 and its future
consequences.
Potential risk factors such as advanced age, high SOFA | In this retrospective cohort study, Clinical course and risk Zhou et al.,
score and d-dimer greater than 1 pg/ml can assist all adult hospitalized died patients | factors for mortality of adult 2021.%
physicians in diagnosing patients with poor prognosis with a positive COVID-19 test by inpatients with COVID-19 in
in the early stages. January 31, 2020, were included in | Wuhan, China: a

the study. Demographic, clinical, retrospective

therapeutic and laboratory data, cohort study

including serial samples for viral

RNA detection, were extracted

from electronic medical records

and compared between survivors

and non-survivors.
The mean age of death due to COVID-19 was 63+15 A cross-sectional and retrospective | Clinical Features and Ghasemian et
years and 85.1% of them were male. The most descriptive study was performed Paraclinical Findings of al., 2020.%8
common clinical complaints were cough, fever, and by reviewing the medical records Patients Died of COVID-19
shortness of breath. The most common manifestation of 149 patients who died of in a Referral Hospital in Sari,
of chest CT scan was bilateral involvement. Among COVID-19. Their diagnosis was Iran
COVID-19 deaths, 13.5% developed myocarditis and confirmed by chest CT scan or
4.7% developed respiratory complications (such as PCR-RT. Independent t-test was
pneumothorax). According to the findings, 54.1% died | used to compare quantitative
due to cardiac arrest and 44.6% due to respiratory variables and chi-square test was
arrest. used to analyze qualitative

variables.

Clinical features and mortality from COVID-19

So far, there are several studies on the clinical
relationship between COVID-19 disease and related
deaths. Some of them are summarized in Table 1. In
addition to risk factors such as age, diabetes,
hypertension, renal disorders, kidney disease and heart
disease, the findings demonstrated other clinical factors
involving in mortality.3#%® COVID-19 is currently a

public health emergency of concern to international
health organizations.®¢*® The rapid development of
COVID-19 has led to a large number of patients being
infected in a short period of time. Elderly patients are at
high risk of progressing to more severe illness or even
death. A review of various studies showed that most of
the deaths due to COVID-19 are related to old age, male
gender and multiple comorbidities. Lymphocytopenia
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and increased neutrophil to lymphocyte ratio were found
to be involved in COVID-19 mortality. Similarly,
elevated D-dimer and ferritin at admission were risk
factors for death in adult patients with COVID-19.
Assessing these factors at admission may be helpful in
assessing risk and testing early for severe COVID-19
cases, leading to rapid management of COVID-19 and
prevention of mortality.

In conclusion, the selection of appropriate clinical
indicators for early identification and class treatment of
COVID-19 patients is very important.

List of acronyms

APTT - activated partial thromboplastin time
ARDS - acute respiratory distress syndrome
CKD - chronic kidney disease

COPD- chronic obstructive pulmonary disease,
COVID-19 - a disease due to coronavirus 2
CVD - cardiovascular disease

ICU - intensive care unit

MERSCoV - Middle East Respiratory Syndrome
NLR - neutrophils to lymphocytes

PT — prothrombin

SARS - Severe acute respiratory syndrome
SARS CoV-2 - severe acute respiratory syndrome
coronavirus 2
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