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Summary

Large population studies using statistical analysis and mathematical computer modeling could be an effec-
tive tool in studying COVID-19. The use of prognostic scales developed using correlation of changes in clinical
and laboratory parameters and morphological data, can help in early prediction of disease progression and
identification of patients with high risk of unfavorable outcome.

Aim of the review. To assess the risk factors for severe course and unfavorable outcome of COVID-19 and
to evaluate the existing tools for predicting the course and outcome of the novel coronavirus infection.

PubMed, Medline, and Google Scholar were searched for the relevant sources.

This review contains information on existing tools for assessing the prognosis and outcome of the disease,
along with the brief data on the etiology, pathogenesis of the novel coronavirus infection and the known epi-
demiological, clinical and laboratory factors affecting its course.

Conclusion. It is essential to develop predictive models tailored to specific settings and capable of contin-

uous monitoring of the situation and making the necessary adjustments. The discovery of new and more sen-
sitive early markers and developing marker-based predictive assessment tools could significantly impact im-
proving the outcomes of COVID-19.

Keywords: COVID-19; risk factors; prognostic tools

Conflict of interest. The authors declare no conflict of interest.
DOI:10.15360/1813-9779-2022-1-31-38

Introduction

The COVID-19 pandemic is a global problem
affecting many aspects of social life. It has already
caused enormous social and economic damage,
and according to WHO, several waves of increasing
morbidity worldwide are predicted [1]. Studying the
clinical and epidemiological features of the disease
and its pathogenesis could help better predict the
outcomes of the infection and develop effective
measures for its prevention and treatment.

The causative agent of infection is SARS-CoV-2
RNA virus of the Betacoronavirus genus. SARS-CoV-2

has multiple target cells in the human body and
there are several clinical phenotypes of the dis-
ease. In most cases, the disease presents as an
acute respiratory infection and/or mild to moder-
ate pneumonia, but in some patients the virus
infection leads to the development of ARDS, dis-
seminated intravascular coagulation syndrome,
and multiple organ failure. The reason for various
clinical variants of disease lies in the genetic vari-
ability of SARS-CoV-2, individual characteristics of
the patient's response to the infection, initial
patient’s status and many other factors affecting
the pathological process.
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The use of prognostic scales based on correla-
tion between changes in clinical and laboratory
parameters and morphology can help in timely pre-
diction of disease severity and selection of patients
at high risk of unfavorable outcome.

The aim of this review was to assess risk factors
for severe disease and adverse outcome of COVID-19,
as well as current tools for predicting severity and
outcome of novel coronavirus infection.

Sources were searched in PubMed, Medline,
and Google Scholar databases. Key words searched
were: «COVID-19», «SARS-CoV-2», «Betacoron-
avirus», «COVID-19 risk factors», «COVID-19
comorbidities», «COVID-19 prognosis», «COVID-19
outcome prognosis», «COVID-19 ICU», «mortality»,
«death». Of the more than 300 initially selected lit-
erature sources, 80 were included in the review, of
them 78 sources were published within the last two
years (2020-2021).

Targets and Manifestations
of Viral Damage

The key factors influencing the severity of
COVID-19 are the viral load and the characteristics
of the patient's immune response [2]. Systemic
inflammatory response of the body leading to organ
damage plays the main role in the pathogenesis.
Myocarditis [3-5], disorders of lungs [6], liver [7-9],
kidneys [10, 11], nervous system [12, 13], skin [14-16]
and other organs resulting from viral and/or autoim-
mune damage have been described in literature.
Severe coronavirus infection is associated with the
development of DIC with generalized endotheliitis [2]
and multiple organ failure.

Lung damage manifested as pneumonia (in
some cases associated with ARDS) is most common
in COVID-19. In SARS-CoV-2 ARDS, as in ARDS of
other etiologies [17, 18], several subtypes, hypo-
and hyperinflammatory, were identified [19]. In a
prospective observational study by Sinha P. et
al. [20], the hyperinflammatory subtype was char-
acterized by higher values of ferritin, lactate dehy-
drogenase (LDH), and mortality, although the dif-
ferences in these parameters were not significant
due to the small sample size (only 39 patients).

Pathological examination of pulmonary tissue
of patients who died from COVID-19 revealed dif-
fuse alveolar damage, microcirculatory distur-
bances, thrombosis of pulmonary artery branch-
es [21]. High cytokine blood concentration during
disease correlated with elevated levels of pyroptosis
and apoptosis on post-mortem microscopic exam-
ination [22].

Risk Factors

This review outlines the risk factors studied in
patient populations only with a confirmed diagno-
sis of COVID-19 by detecting RNA or viral proteins

in patient tissues in vivo or during pathological
examination.

Given the possible heterogeneity of patient
populations and different predominant factors in
each of them, there are studies investigating both
the general patient population [23] and separately
populations of patients treated in the intensive care
unit [24], patients with cancer [25], asthma [26], dia-
betes mellitus [27], obesity [28], and elderly [29] and
pediatric patients [30]. In most studies, the groups
consisted of non-survivors. The factors influencing
admission to hospital [31] or ICU [32], as well as the
need for mechanical lung ventilation [33] were also
evaluated.

The main factors increasing the risk of mortal-
ity in the general population were various comor-
bidities, such as diabetes mellitus, obesity, hyper-
tension, chronic heart, lung, liver, kidney diseases,
and dementia. These factors have been identified
from several meta-analyses and retrospective stud-
ies, the largest sample being 20,133
patients [34-37]. Several retrospective studies had
shown that Charlson comorbidity index, which cor-
related well with mortality in the general popula-
tion of patients with COVID-19, could be an integral
tool for assessing comorbidities and their severi-
ty [38-40]. Male gender was associated with an
increased risk of death in most studies [41].
Although an older age has been considered a risk
factor for complicated COVID-19 in numerous
studies [42-44], in a meta-analysis Starke K. et
al. [45] have reported that age is a confounder but
not an independent mortality risk factor. With
advancing age the comorbidities are naturally
increasing that contribute to the development of
severe disease.

Among the parameters assessed in patients
with confirmed novel coronavirus infection on
hospital admission, mortality was significantly
affected by the following (based on several retro-
spective cohort studies and meta-analyses, involv-
ing from 63 to 16100 patients): extent of lung
involvement on CT [46, 47], elevated D-dimer [48]
level, leukocytosis, leukopenia [49], low platelet
count [50], high C-reactive protein (CRP) [51],
LDH [52], ferritin [53], low CD4 and CDS8 cell
counts [49].

Treatment and observation in the ICU were
required in 6-32.3% of cases [44, 41, 54, 55]. Patients
treated in the intensive care unit are a special pop-
ulation that should be examined separately. The
patients in the ICU are closely and regularly moni-
tored, and the range of parameters measured is
often much broader.

As in the general population, various chronic
comorbidities in the ICU patients significantly
influenced mortality. Male gender and older age
were also associated with increased mortality in
COVID-19 [24].
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Lung injury with the development of ARDS-
like syndrome was the main reason for ICU admis-
sion for respiratory support. An extremely low oxy-
genation index (PaO,/FiO,) on admission to ICU,
mostly less than 100, as well as high alveolar-arterial
difference were significant factors increasing mortal-
ity [24, 54, 55]. Mechanical lung ventilation per se
was not a factor associated with mortality [56]. There
are studies describing phenotypes of lung injury in
patients with COVID-19 on mechanical ventila-
tion [57, 58]. The presence of atelectasis, low pul-
monary compliance and reduced alveolar recruit-
ment are attributed to advanced lung damage, and
this phenotype is considered to be more severe. Ele-
vation of PEEP necessary to increase gas exchange
area leads to the elevated risk of barotrauma [59, 60].
Grasselli G. et al. [61] demonstrated association
between high PEEP and increased mortality.

Plasma levels of interleukin-6 (IL-6), IL-1, IL-8,
tumor necrosis factor-alpha, interferon-gamma,
and alphal-antitrypsin were elevated in ICU
patients who developed organ dysfunction [62].
High IL-6 and low alphal-antitrypsin were related
to an increased risk of death [62].

The hypothesis of SARS CoV 2-associated
endotheliitis development was confirmed by a sig-
nificant increase in endothelial damage markers in
patients with severe disease. Goshua G. et al. [63]
showed a significant difference in plasma levels of
von Willebrand factor, P-selectin and thrombomod-
ulin in ICU patients compared to non-ICU patients.
High levels of the above markers were associated
with increased mortality.

Prognostic tools. The need to rapidly and
accurately assess the patient's condition and pre-
dict the outcome of the disease prompted
researchers to create prognostic tools. In the early
period of the epidemic, patients were assessed
using the existing qSOFA, APACHE II, PSI, SMART-
COP CURB-65, MuLBSTA, NEWS scales [64]. A
study by Garcia-Clemente M. [65] showed that PSI
and CURB-65 scales were the most accurate in pre-
dicting death in patients with SARS-CoV-2-induced
pneumonia. Other researchers [66] showed the
applicability of previously developed Clinical Frailty
Scale (CFS) to assess the risk of fatal outcome and
mechanical ventilation. Jang J. et al. [67] demon-
strated the advantage of NEWS scale over qSOFA
and SIRS scales to assess risk of ICU hospitalization
and 28-day mortality. Kostakis I. et al. [68] recom-
mend using the NEWS and NEWS2 scales to assess
the risk of clinical deterioration in patients with
COVID-19.

Later on, the growing body of evidence has led
to creation of specific scales. In the largest study by
Knight S. et al. [69], which included 35,463 patients
from the general population, 8 variables (age, sex,
number of comorbidities, respiratory rate, SpO,,
level of consciousness, levels of urea, C-reactive

protein) affecting mortality were identified
(AUC=0.79 with 95%ClI, 0.78-0.79).

Another study [70] included 1590 patients
from the general population who had severe dis-
ease, i.e., hospitalization in ICU, the need for
mechanical ventilation or fatal outcome. The creat-
ed scale included 10 parameters (chest radiograph-
ic abnormality, age, history of lung bleeding, dysp-
nea, level of consciousness, number of
comorbidities, presence of cancer, neutrophil-to-
lymphocyte ratio, LDH, direct bilirubin) with
AUC=0.88, CI: 0.85-0.91. Covino M. et al. [71], com-
paring various predicting tools, reported the above-
mentioned scales [69, 70] as the most accurate.

Yuan Y. et al. [72] evaluated several dozens of
risk factors of poor prognosis and selected three
most significant ones including LDH level, CRP
concentration, and lymphocyte percentage. These
parameters were included in a validated prognostic
scale that allows to stratify all the admitted patients
into three risk groups. A total of 1,479 patients from
the general population participated in the study.
The authors report sensitivity of over 90% with
AUC=0.96.

In a similar study [73] based on the data of
2529 patients, the authors proposed a prognostic
scale allowing to classify the admitted patients into
high and low risk groups. The scale included such
parameters as age, history of chronic coronary
heart disease, D-dimer, procalcitonin and percent-
age of lymphocytes (AUC 0.92; P=0.26).

A. Vaid et al. [74] used machine learning to
develop a model predicting the probability of fatal
outcome or a critical event (tracheal intubation, ICU
admission, transfer to hospice) on days 3, 5, 7, 10.
Clinical and laboratory data from 3715 patients
obtained within the first 36 hours of hospitalization
were used for training, and the model was validated
on 383 patients. The most significant drivers for crit-
ical event prediction were acute kidney injury, LDH
level, respiratory rate, glucose level (both high and
low), systolic and diastolic blood pressure, blood pH
value, total protein, CRP, and D-dimer level. Age,
anion gap, CRP, LDH, SpO,, urea, ferritin, lactate, red
blood cell distribution width, and diastolic pressure
were important for prediction of mortality.

G. Wu et al. [75] used data from 725 patients to
develop a model predicting the risk of extremely
severe course of COVID-19 for groups of sympto-
matic and asymptomatic patients, both with posi-
tive PCR test. If laboratory results and a lung CT
scan were available, these data were also added.
Parameters used in the model included age, hospi-
tal employment (working with COVID-19 patients),
body temperature, time of onset to admission,
chest CT lesion range, percentage of lymphocytes,
and blood levels of CRP, LDH, urea, creatine kinase,
and total calcium. The AUC increased from 0.74 to
0.86 since more patient data became available).
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In a study [76], the authors developed a mor-
tality risk assessment scale on days 7 and 14. The
study used data from 931 patients. Statistical analy-
sis was used to select 4 most significant clinical and
laboratory parameters such as age, mean blood
pressure, kidney injury (stage 2 or higher according
to KDIGO AKI), and severe hypoxia (SpO, below
90%, respiratory support more than 4 liters of oxy-
gen per minute, noninvasive/invasive lung ventila-
tion). The AUC was 0.86 for 7-day mortality and 0.83
for 14-day mortality. When validated using data
from 265 patients, the AUC for 7- and 14-day mor-
tality assessments was 0.85 and 0.83, respectively.

Jiao G. etal. [77] proposed a nomogram deter-
mining the risk of extremely severe disease based
on 7 parameters: age, LDH, CRP, direct bilirubin,
albumin, urea levels, and RBC distribution width.
The study involved 372 patients, sensitivity of the
nomogram was 85.7%, specificity was 87.6%.

Haimovich A. et al. [78] developed a simple
scale to assess the probability of respiratory failure
in the next 24 hours. The study involved 1,172
patients. The scale included only three parameters:
respiratory rate, SpO, and inhaled oxygen flow with
AUC=0.81, CI: 0.73-0.89.

The team of Zhang C. et al. [79], using the
parameters of 80 patients, developed a prognostic
scale to assess the risk of invasive ventilation and
death. The scale included patient age, white blood
cell count, neutrophil count, glomerular filtration
rate, and myoglobin level. The researchers reported
70.8% sensitivity and 89.3% specificity of prognosis
made using this scale.
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