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The article presents the associations of clinical, laboratory, and clinical and instrumental
features of patients with COVID-19 with increased risks of death and survival. The final model
for predicting the risks of developing a lethal outcome in COVID-19 was determined, which
has high classification qualities (optimal threshold value of the calculated model is equal to
-1.6149; sensitivity — 97.1%; and specificity — 82.6%. The purpose of our study was to deter-
mine the risks of developing fatal outcomes in patients with COVID-19 based on their clinical,
laboratory and instrumental features. The study was performed at the Department of Infectious
and Pediatric Infectious Diseases, Parasitology, Phthisiology and Pulmonology of the Kharkiv
National Medical University in accordance with the current bioethical norms and rules. All
patients signed informed consent. 179 patients with COVID-19 aged 2088 years (average age
was [58.75+13.82] years) were observed. Medical and statistical calculations were performed
using the IBM SPSS 25.0 software package. The associations of indicators with the binomial
dependent variable were calculated using multiple logistic regression analysis with the calcula-
tion of B coefficients. The significance of differences was determined using the Mann-Whitney
U-test with a threshold of statistical significance p=0.05. Based on the results, the final prog-
nostic model of the risk of developing a lethal outcome of COVID-19 indicates an increased
risk of death in COVID-19 with increasing age (by 13.9%), leukocyte count (by 14.4%), D-
dimers (by 0.001%) on day 5-7. According to the model, an increase in the probability of sur-
vival in COVID-19 was significantly proved with an increase in hemoglobin (by 6.1%) at the
day of hospitalization, monocyte count (by 17.1%) on day 5-7 and the use of ceftriaxone (by
87.8%).
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Introduction phenomenon in a short time with extreme

Coronavirus disease (COVID-19), which levels of morbidity and mortality [1-9].

emerged in late 2019, has become a global Mortality rates from COVID-19 are estima-
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ted to be at least 10.0% [4]. Although most
patients with COVID-19 have a predomi-
nantly respiratory tract involvement, a cer-
tain cohort has a more severe course of the
disease with the development of systemic
involvement characterized by resistant fe-
ver, acute respiratory distress syndrome,
shock, and subsequent multiorgan failure
[2; 4; 10-13]. The combination of diffuse
intravascular coagulation with the for-
mation of large-caliber vascular throm-
bosis is also associated with the develop-
ment of multiple organ failure [3].

It is difficult to determine the actual
prevalence of thrombosis in patients with
COVID-19. However, at least a quarter of
patients with COVID-19 have coagulation
disorders that are clinically manifested as
venous thromboembolism [4; 6; 7; 14-16].
A significant proportion of them are pul-
monary embolisms [6; 15]. It is particularly
worth noting that thrombosis occurs in the
setting of thromboprophylaxis [6; 15; 17].
It is emphasized that the definition of clin-
ical and laboratory criteria for stratification
of thrombotic risk should be the primary
goal of research to optimize timely and ap-
propriate thromboprophylaxis [15].

In recent years, ThromboElastoGraphy
(TEG), which studies the viscoelastic prop-
erties of the thrombus, has been used quite
successfully to determine the increased risk
of developing blood coagulation disorders
[18].

It is also important to identify risk fac-
tors for the severity of COVID-19 [12].
According to Coomes E.A. et al. [11], it is
extremely promising to study the dysregu-
lation of the humoral immune response in
patients with COVID-19, which manifests
itself as a cytokine response syndrome with
a predominance of InterLeukin-6 (IL-6)
production and activity and other acute-
phase parameters, in order to optimize
immunostabilizing therapeutic tactics,
especially in patients with severe and ex-
tremely severe infection.

Thus, given the high mortality rate in
COVID-19, the overwhelming severity of
the course (due to the widespread cytokine
response syndrome with the development
of multiple organ failure), determining the
risks of developing lethal outcomes in such
patients based on clinical, laboratory and
instrumental features is of great medical
and social importance.

The aim of the study — determine the
risks of developing lethal outcomes in pa-
tients with COVID-19 based on their clini-
cal, laboratory, and instrumental features.

Materials and Methods

The study was performed at the Depart-
ment of Infectious and Pediatric Infectious
Diseases, Parasitology, Phthisiology and
Pulmonology of Kharkiv National Medical
University and at the Municipal Non-Profit
Enterprise "Kharkiv Regional Infectious
Diseases Hospital" of the Kharkiv Regio-
nal Council, in 2020-2024.

The study was conducted in accordance
with international and national recommen-
dations of bioethical norms and rules. All
patients signed the informed consent on
participation in the scientific research. 179
patients (53.63% female and 46.37% male)
with COVID-19, aged 20-88 years were
examined. The average age of patients was
[58.75+13.82] years. 53.63% of women
and 46.37% of men were elderly and senile
(over 50 years old).

The diagnosis of COVID-19 was con-
firmed by Enzyme-Linked ImmunoSor-
bent Assay (ELISA) and Polymerase Chain
Reaction (PCR). A laboratory examination
was also carried out, which included:

- clinical blood test (determination of
the quantitative composition of hemoglo-
bin, erythrocytes, leukocytes, platelets, eo-
sinophils, neutrophils (rod nuclear (r/n)
and segmented), lymphocytes, monocytes,
color index, hematocrit, Erythrocyte Coag-
ulation Rate (ESR), etc);

- biochemical blood test (determination
of glucose, IL-6, activation level of the
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blood coagulation system and the presence
of intravascular coagulation (D-Dimer,
procalcitonin and C-reactive protein va-
lues), coagulogram (international normali-
zed ratio, Quick prothrombin, activated
partial thromboplastin time, thrombin time,
prothrombin index, fibrinogen).

Instrumental studies included:

- determination of the state of the res-
piratory system (respiratory rate and satu-
ration);

- Computed Tomography (CT) scan and
chest radiography (to confirm the presence
and localization of pneumonia);

- TEG (determination of the levels of
maximum thrombus formation rate, time to
reach the maximum thrombus generation
rate, total thrombus generation rate, maxi-
mum lysis rate, time to reach the maximum
lysis rate, total lysis, reaction time, clot for-
mation time, a-Angle, maximum ampli-
tude, maximum amplitude time, maximum
clot elasticity (G), clot density (immedi-
ately and after 30 and 60 minutes), coagu-
lation index, degree of amplitude reduction
after 30 and 60 minutes (LY®60), degree of
area reduction after 30 and 60 minutes,
thrombus formation rate (TPI), etc.).

The medical and statistical calculation
of the study results was performed using
the SPSS 25.0 for Windows (IBM, USA).

The associations of the obtained indica-
tors with the binomial dependent variable
were determined using multiple logistic re-
gression analysis with the calculation of
standardized coefficients p (Odds Ratio
(OR) and their 95.0% Confidence Intervals
(CI)). The quality of the obtained models
was checked by calculating the Nagelkerke
R2 criterion. The model was fitted with
a multiple binomial regression equation to
calculate the probability of the desired
event occurring as a percentage. The qual-
ity of the resulting model and the test for
multicollinearity were evaluated using R
and Durbin-Watson statistics.

The probability of differences in the ob-
tained features was determined using the
Mann-Whitney U-test. The threshold va-
lue of the statistical significance of the calcu-
lated traits was taken as 0.05 (p=0.05).

Results and Discussion

In the simultaneous analysis of the ob-
tained associations of the above clinical, la-
boratory and clinical and instrumental
characteristics of the examined patients
with COVID-19 infection in relation to the
increased risks of developing a lethal out-
come associated with this disease, the most
influential probable characteristics were
identified, which formed the final model of
death risks in COVID-19 (Table).

Table. The final model for predicting the risk of death in patients with COVID-19

. CI
Indices OR 95.0% [+95.0% | P

Age, years 0.130 | 1.139 | 1.057 1.228 0.001
Hemoglobin (hospitalization), g/l 0.001 | 0.939 | 0.904 0.976 0.939
Leukocytes (hospitalization), x10°/1 0.025 | 1.144 | 1.017 1.286 1.144
r/n (57 days),% 0.075 | 1.074 | 0.993 1.161 1.074
Monocytes (5—7 days),% 0.014 | 0.829 | 0.714 0.962 0.829
D-Dimer (hospitalization), FEU, ng/ml 0.026 1.000 | 1.000 1,001 1.000
Ceftriaxone 0.027 | 0.222 | 0.059 0.840 0.222
A-Angle, ° 0.021 1.090 | 1.013 1.173 1.090
G, d/sc 0.001 1.509 | 1.186 1.920 1.509
LY60,% 0.060 | 1.036 | 0.999 1.075 1.036
TPI, sec 0.003 | 0.906 | 0.850 0.967 0.906
Constant -8.305 — 0.037 —

IHdekuinHi Ta napasuTapHi xBopooU 36 Infectious and Parasitic Diseases




EkcnepuMeHTanbHa i KniHiyHa meguumHa

93(2)2024

Experimental and Clinical Medicine

ISSN print 2414-4517, ISSN online 2710-1487, https://lecm.knmu.edu.ua, ecm.journal@knmu.edu.ua

At the same time, it was determined that
there were direct associations of the ana-
lyzed characteristics that indicated increa-
sed chances of developing a lethal outcome
of COVID-19 with increasing age of pati-
ents ($=0.130, OR=1.139[95.0% CI 1.057—
1.228], p=0.001), leukocyte count (f=0.025,
OR=1.144 [95.0% CI 1.017-1.286], p=
=1.144) and D-Dimers ($=0.026, OR=
=1.000 [95.0% CI 1.000-1.001] at the time
of hospitalization and neutrophil counts on
days 5-7 after its onset (f=0.075, OR=
=1.074 [95.0% CI 0.993-1.161] p=1.074),
p=1.000), higher A-Angle (=0.021, OR=
=1.090 [95.0% CI 1.013-1.173], p=1.090),
G (B=0.001, OR=1.509 [95.0% CI 1.186—
1.920], p=1.509) and LY 60 (p=0.060, OR=
=1.036 [95.0% CI 0.999-1.075], p=1.036)
(Table).

Also, the existence of inverse associa-
tions of certain clinical laboratory and cli-
nical and instrumental characteristics that
increased the chances of survival in
COVID-19 for higher hemoglobin levels at
the time of hospitalization ($=0.001, OR=
=0.939 [95.0% CI 0.904-0.976], p=0.939),
monocytes on days 5-7 after its onset (B=
=0.014, OR=0.829 [95.0% CI 0.714-0.962],

p=0.829) and TPI values ($=0.003, OR=
=0.906 [95.0% CI 0.850-0.967], p=0.906)
and the use of ceftriaxone in the treatment
regimen ($=0.027, OR=0.222 [95.0% CI
0.059-0.840], p=0.222).

Based on the obtained associations, the
final model for predicting the risk of devel-
oping a lethal outcome of COVID-19 was
developed (Fig. 1), which has high classi-
fication qualities (optimal threshold value
of the calculated model is equal to -1.6149;
97.1% sensitivity and 82.6% specificity
(Fig. 2).

When assessing the previously obtained
medical, anamnestic, clinical, laboratory
and instrumental indicators in their totality
to form the final prognostic model for de-
termining the risks of developing a lethal
outcome of COVID-19, it was determined
that the probability of death in this disease
increases with increasing age, quantitative
levels of leukocytes at the time of hospita-
lization and neutrophil counts on days 5-7
from its onset, levels of D-Dimers at hos-
pitalization and A-Angle, G and LY60 va-
lues at the time of hospitalization, by
13.9%; 14.4%, 7.4%, 0.001%, 9.0%, 50.9%
and 3.6%, respectively (Fig. 1).
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Fig. 1. Markers for predicting death in patients with COVID-19 (final prognostic model).
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Fig. 2. ROC curve of the model for predicting the development of a lethal outcome
in patients with COVID-19 (AUC=0.941 [95.0% CI 0.890-0.982], p<0.001).

It was found that an increase in the like-
lihood of survival in COVID-19 infection
is associated with an increase in such indi-
cators as hemoglobin level at the time of
hospitalization, monocytes on day 5-7 af-
ter hospitalization, the use of ceftriaxone in
the treatment regimen and the value of TRI
TEG at hospitalization by 6.1%, 17.1%,
87.8% and 9.4%, respectively (Fig. 1).

Our findings are fully consistent with
other studies that note high shifts in clinical
laboratory and clinical and instrumental
characteristics in COVID-19 and signifi-
cant risks of mortality. For example, among
the factors associated with mortality, an in-
crease in D-Dimer levels above 1.0 ng/ml
during hospitalization, an increase in pro-
thrombin, IL-6, and troponin were identi-
fied [1]. This increase in D-Dimer (more
than 1.0 mg/l) was significantly associated
with an increased risk of mortality: OR=
=18.42 [95.0% CI 2.64-128.55], p=0.003
[1; 2].

It has been shown that in deceased pa-
tients, the mean concentrations of D-Dimer
were 2.12 (0.77-5.27) mg/l, compared with
0.61 (0.35-1.29) mg/l in survivors [2; 17].
Another study found that patients with D-
Dimer levels >0.5 mg/l had a higher mor-
tality rate than patients with levels <0.5
mg/l [1]. Another study involving 1099 pa-
tients with COVID-19 showed that an in-
crease in D-Dimer levels above 0.5 mg/I
was detected in 46% of cases [17]. A meta-
analysis by McBane R.D. 2" et al. [16]
showed that coagulopathy in patients with
COVID-19 differs significantly from disse-
minated intravascular coagulation in a num-
ber of ways, including increased fibrin le-
vels, moderate thrombocytopenia, and
a slightly prolonged prothrombin time.

Conclusions

The final prognostic model for the risk
of developing a lethal outcome of COVID-
19 has good parametric qualities: 97.1%
sensitivity and 82.6% specificity and indi-
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cates an increased risk of death in COVID-
19 with an increase in age (by 13.9%),
white blood cell count (by 14.4%) and D-
Dimers (by 0.001%), A-Angle (by 9.0%),
G (by 50.9%) and LY60 (by 3.6%) at hos-
pitalization, and neutrophil count (by
7.4%) on day 5-7. According to the model,

an increase in the probability of survival in

COVID-19 was significantly proved with

an increase in hemoglobin (by 6.1%) and

TPI (by 9.4%) at the time of hospitalization

and monocyte count (by 17.1%) on day 5-

7 and the use of ceftriaxone (by 87.8%).
Conflict of interest is absent.
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Anopycoeuu I.B.

INPOITHO3YBAHHSA PU3UKIB JIETAJIBHOI'O HACJIIAKY ¥ XBOPUX
I3 IHOEKIIEKO COVID-19

B crarTi HagaHo acorrialii KJIiHIKO-Ta00paTOPHUX Ta KIIIHIKO-IHCTPYMEHTAJIBHUX 0COOJH-
Bocreit xBopux Ha COVID-19 13 301bIIIEHUMHU PU3UKAMU JIETATFHOTO HACTIAKY 3aXBOPIOBAHHS
Ta BIDKMBaHHS. Bu3HaueHo ¢iHanbHYy MOJAETH MPOrHO3YBaHHS PU3HMKIB PO3BUTKY JIETAIBHOTO
Hacaiaky npu COVID-19, sika mae BUCOKI KiacudiKaIliiiHi SKOCTI (ONTUMalIbHE TPaHUYHE 3Ha-
YEHHsSI PO3paxoBaHOi MOJeN CTaHOBUTH -1,6149; uytnusicts — 97,1 %; Ta cnenudivnicTh —
82,6 %. MeToro Haoro 10CiKeHHs 0yJ10 BU3HAYCHHS pU3HKIB PO3BUTKY JICTATLHUX HACIII-
kiB xBopux 13 COVID-19 Ha 0cHOBI KJIIHIYHUX, Ta0OPATOPHUX Ta IHCTPYMEHTAJIBHUX 1X 0C00-
nuBoctel. [IpoBenene mociipKeHHs BUKOHAHO Ha Kadeapi iHGEKIIHHNX 1 AUTSIIUX 1HEKITin-
HUX XBOpOO, mapa3uTosiorii, prusiaTpii Ta myIsMoHOJIOTT XapKiBCHKOTO HAIIIOHAIBHOTO Me-
JUYHOTO YHIBEPCUTETY 3TiAHO 3 JOTPUMAHHSAM JIiF0YUX O10€TUYHUX HOPM Ta MpaBMil. YcCi ma-
LI€HTH MPUNAMANIN y4acTh Y JOCIHIKEHHI JTOOPOBUIBHO Ta MmiAmucanu iHGOPMOBaHY 3rony.
byno obcrexxeno 179 xBopux Ha COVID-19 Bikom 20-88 pokiB (CepemHbOro BIKY
[58,75+13,82] pokiB), skuX JiKyBaJiu y XapKiBChKiii 00gacHii iH(peKIiiHii aikapHi. Meauko-
CTaTUCTUYHUM po3paxyHku BukoHaHi y SPSS 25.0 (IBM, CILIA). O6paxoBaHo acoliarii nokas-
HUKIB 13 GIHOMIaJbHOIO 3aJ€KHOI0 3MIHHOIO 32 JJOIMOMOTOK) MHOXXHHHOT'O JIOTICTUYHOTO pe-
rpeciifHoro aHamisy i3 po3paxyHKoM KoedilieHTiB . BiporiaHicTh BiIMIHHOCTEH BU3HAYAIN
3a gonomororo U-tecty MaHa-YiTHi 3 TOPOroBOIO BEIMYUHOIO CTaTUCTUYHOI 3HauymocTi 0,05
(p=0,05). 3a pe3ynpTaramu Oyj0 BUpaxyBaHO (iHAJIbHY MPOTHOCTHYHY MOJETbh PU3MKIB PO3-
BUTKY JieTasibHOro Haciiiky COVID-19, sika Bka3ye Ha 301b11eH1 puszuku cmepti npu COVID-
19 npu 36inemenHi Biky (Ha 13,9 %), kinbkocti neikoruTiB (Ha 14,4 %) 1 [-imepiB (Ha
0,001 %) Ta iH. mpu rocmiTanizaiii, naro4YKosAepHUX Hewrpodinis (Ha 7,4 %) Ha 5-7 n00y.
3riAHO 3 MOJEIIIIO TOCTOBIPHO JI0BEJICHO 30UIbIIEHHS BiporiaHocTi BikuBanHs npu COVID-19
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NPY MiIBUIIEHHI 3HaYeHb TeMorio0iHy (Ha 6,1 %) Ta mBUAKOCTI yTBOpeHHS TpoMOy (Ha 9,4 %)
Ha MOMEHT rocmitanizaiii; Kitbkocti MoHOIMTIB (Ha 17,1 %) Ha 5—7 no0y i 3acTOCyBaHHS Iie-
¢rpiakcony (Ha 87,8 %).

Knrwowuoei cnosa:. modenv puzuky, mpomboenracmozpahis, KiiHiko-1ab0pamopHi xapakme-
PUCUKU.
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