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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim of the study: Analysis of clinical, laboratory and
instrumental parameters in comorbid patients with severe
COVID-19.

Methods: A retrospective analysis was conducted on clinical,
laboratory and instrumental parameters in patients with
laboratory-confirmed severe COVID-19 taking into account the
treatment outcome (recovery or lethal outcome). A multifactor
logistic regression model was utilized to identify factors
influencing lethal outcome in patients with severe COVID-19.

Results: Patients with lethal severe COVID-19 had a lower
rate of coronavirus vaccination and more frequent dyspnea
compared to patients with a favorable prognosis. Additionally,
blood oxygen saturation during hospitalization was lower
in cases of unfavorable outcomes than in cases of favorable
outcomes, and the extent of lung tissue damage was subtotal
in most cases. The changes in laboratory parameters during
therapy in patients with favorable and unfavorable outcomes
were diverse and reflected the disease progression. According to
the highly sensitive and specific developed multifactor logistic
regression model, three key indicators significantly affecting the
likelihood of lethal outcomes in severe COVID-19 patients are
the presence of cerebrovascular diseases, and elevated levels of
C-reactive protein and lactate dehydrogenase.

Conclusions: The findings from the comprehensive analysis
of clinical and laboratory parameters revealed the main
predictors of unfavorable outcomes in severe COVID-19 cases:
the presence of cerebrovascular diseases, and elevated levels of
C-reactive protein and lactate dehydrogenase.

Key words. COVID-19, SARS-CoV-2, prognosis of clinical
outcome, comorbid patients.

Introduction.

The 2019 pandemic of a new coronavirus infection
(COronaVlIrus Disease 2019, COVID-19) has been accompanied
by an accelerated study of the infectious agent, the SARS-
CoV-2 coronavirus, and the development of programs for
diagnosis, treatment, and prevention of the disease [1-8]. In
May 2023, the World Health Organization (WHO) published a
decision to lift the international emergency due to the end of
the COVID-19 pandemic [9]. According to WHO, there are
more than 775 million confirmed cases of COVID-19 and more
than 7 million deaths worldwide [9]. Currently, COVID-19 is
acquiring features of a seasonal infection [10].

First of all, the presence of comorbid pathology (arterial
hypertension, diabetes mellitus, cardiovascular diseases)
has been identified as factors of severe course of the disease
and unfavorable prognosis of COVID-19 [11-17]. And the
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development of severe pneumonia, thrombosis, and cytokine
storm [8] have been identified as clinical predictors of [18]
unfavorable prognosis [19]. However, despite numerous studies
of this problem, there is no list of clinical, laboratory and
instrumental parameters of unfavorable prognosis in patients
with severe COVID-19 in the population of the Republic of
Kazakhstan.

Purpose of the study.

Analysis of clinical, laboratory and instrumental parameters
in patients with comorbid background and severe COVID-19.

Materials and Methods.

A retrospective analysis of clinical cases of laboratory-
confirmed severe COVID-19 in the patients hospitalized in
the infectious disease center of the Municipal State Enterprise
"Regional Clinical Hospital" of the Health Administration of
Karaganda region (Republic of Kazakhstan) in the period from
January 2021 to January 2022 was performed. The mandatory
inclusion criteria were age >18 years and the presence of
comorbid pathology in the patients. Patients who met the
following criteria were excluded from the study:

- Under the age of 18.

- No laboratory-confirmed diagnosis of COVID-19.

- Absence of concomitant pathology (comorbid background).

- Pregnant women

For the analysis, the subjects were divided into two groups
depending on the outcome: recovery (group 1) or fatal outcome
(group 2). The following clinical and anamnestic indicators
were recorded in patients: day of hospitalization from the onset
of the disease, duration of hospitalization, presence of clinical
symptoms (hyperthermia, dyspnea, cough, symptoms of
intoxication) during hospitalization, presence of comorbidities,
need for respiratory support, frequency and timing of transfer
to the intensive care unit. The results of laboratory-instrumental
methods of study were also recorded in all subjects: during
hospitalization - the oxygen saturation level (SpO2) was
measured using a pulse oximeter upon admission. In patients
without oxygen support, measurements were performed in
room air conditions. In patients with signs of respiratory failure,
measurements were performed against the background of
oxygen therapy (nasal cannulas or a mask), stage of lung lesion
according to the results of the chest computed tomography
(CT); during hospitalization, in dynamics and at the time of
discharge/death - blood laboratory parameters (white blood
cell, lymphocyte, D-dimer, ferritin, C-reactive protein [CRP],
interleukin-6 [interleukin-6, IL-6] and lactate dehydrogenase
[LDH] levels).
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Statistical processing of the obtained results was performed
using the R software package version 4.3.1. The mean
(mean, m) and standard deviation (SD) of the indicators were
calculated. Analysis of variance (ANOVA) was used to assess
the difference between groups on quantitative parameters with
a normal distribution (using the Shapiro-Wilk test), and if the
distribution was deviated from normal, using the Mann-Whitney
test. Differences in qualitative indicators between groups
were assessed using Fisher's exact test. The used statistical
significance level was 5% (p-value < 0.05).

A multivariate logistic regression (MLR) model was used to
identify factors influencing the fatal outcome in patients with
severe COVID-19. The following independent variables were
used for MLR: sex, age, day of hospitalization from onset,
dyspnea on admission, cough on admission, saturation on
admission, presence of comorbidities, and change in laboratory
parameters over time (parameter in dynamics minus parameter
on admission). The sensitivity and specificity of the constructed
MLR were evaluated by ROC curve according to the sensitivity-
specificity value of the area under the curve (AUC) (0.5, non-
diagnostic test; 1, perfectly accurate test).

Results.

The study included 128 patients, of whom 80 participants
(group 1; 33 males, 47 females; age 62.83+11.75 (30-84) years)
had a favorable outcome (recovery) and 48 patients (group 2; 16
males, 32 females; age 67.65+10.81 (19-87) years) had a fatal
outcome.

Among group 1 and 2 study participants, no statistically
significant differences were found in the frequency of
positive coronavirus vaccination status (10 and 2.1% of
patients, respectively) and day of hospitalization from onset
(7.31+£3.45 and 7.96£2.79 days, respectively) (p=0.152 and
0.099, respectively). However, when comparing the duration
of hospitalization, it was noted that patients with a favorable
outcome had a statistically significant longer duration than
subjects who had a fatal outcome (17.6+7.87 and 13.545.3 days,
respectively; p=0.007).

According to the clinical findings at the time of hospitalization,
the level of hyperthermia, the incidence of cough and symptoms
of intoxication in group 1 and 2 patients were not statistically
significantly different (p>0.05 in each case). However, dyspnea
was statistically significantly more common in group 2 patients
than in group 1 subjects (p=0.001). The detailed characteristics
of the main clinical symptoms in the study participants at the
time of hospitalization are presented in Table 1.

Group 1 patients had statistically significantly higher blood
saturation levels at the time of admission than group 2 subjects
(87.84+8.22 and 83.88+11.1%, respectively; p=0.036). The
results of the performed Chest CT in the patients are presented
in Figure 1.

In patients with a fatal outcome, the volume of lung lesions
was subtotal in the majority of cases (in 79.2% of subjects)
already at the time of hospitalization. In subjects with a
favorable outcome, significant lesions were most commonly
(50% of cases) identified, with the percentage of patients with
moderate and subtotal lung lesions being 21.2 and 27.5%. Thus,
in patients with a favorable outcome at the end of therapy the
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Figure 1. The volume of detected lung changes at the time of
hospitalization of patients with severe COVID-19 according to
the results of chest computed tomography; group 1 - patients with
a favorable outcome (recovery); group 2 - patients with a fatal
outcome; CT-1 - minimal (<25% of volume); CT-2 - medium (25-50%
of volume); CT-3 - significant (50-75% of volume), CT-4 - subtotal
(>75% of volume).

Table 1. Characterization of the study cohort with respect to the
frequency of clinical symptoms at the time of hospitalization.

Body

temperature’, °C Cough* Dyspnea” |Intoxication”
Group 1 |38.19+0.82 68 (85%) 56 (70%) 80 (100%)
Group 2 |38.2+0.95 45 (93.8%) 45(93.8%) 48 (100%)
p 0.751 0.165 0.001 -

group 1 - patients with a favorable outcome (recovery) (n=80),; group
2 - patients with a fatal outcome (n=48); * - data are presented as
mean + standard deviation; # - data are presented as the number of
subjects with a symptom (percentage of the total number of patients in
the group, %).

Table 2. Comorbidities in patients with severe COVID-19.

Disease

Arterial hypertension
Coronary heart disease
Diabetes mellitus

Groupl Group2 |p

64 (80%) 42 (87.5%)|0.338
31 (38.8%) 31 (64.6%) 0.006
42 (52.5%) 32 (66.7%) 0.141

Obesity 19 (23.8%) 17 (35.4%) 0.162
Cancer 2 (2.5%) 3(6.2%) 0.363
Kidney disease 16 20%) 9(18.8%) |1

Liver disease 2(2.5%) 0 (0%) 0.528

Cerebrovascular disease 15 (18.8%) 14 (29.2%)0.195
Chronic obstructive pulmonary

0,
disease 3 (3:8%)

12.1%) |1

group 1 - patients with a favorable outcome (recovery) (n=80), group
2 - patients with a fatal outcome (n=48).

initial volume of lung lesions was statistically significantly less
than in subjects with a fatal outcome (p<0,001).

The spectrum of comorbidities in group 1 and 2 patients was
comparable except for a statistically significantly (p=0.006)
higher incidence of coronary heart disease in group 1 patients
(Table 2).

All study participants except 3 group 1 subjects required
respiratory support. However, in group 1 patients, high-flow
oxygen therapy was used in the majority of cases (68.8%), non-



Table 3. Changes in laboratory parameters in patients with severe COVID-19 during hospitalization.

Indicator Group 1 Group 2 p
White blood cells, thous/pL:

at admission 6.31+3.23 7.09+3.5 0.133
in dynamics 7.49+£3.71 11.15+4.98 <0.001
at discharge/death 6.66+1.89 17.18+8.15 <0.001
Lymphocytes, %:

at admission 17.62+9.66 14.4449.94 0.026
in dynamics 18.93£9.55 8.5+9.44 <0.001
at discharge/death 27.69+11.2 6.23+£3.2 <0.001
D-dimer, ng/mL:

at admission 389.04+217.79 463.98+459.82 0.508
in dynamics 599.4+1107.21 1563.12+2323.69 <0.001
at discharge/death 387.19+208.74 1984.46+2066.88 <0.001
Ferritin, pg/mL:

at admission 278.75+141 333.18+221.5 0.435
in dynamics 313.35+164.24 161+£54 <0.001
at discharge/death 251.01+121.67 484.74+164.98 <0.001
C-reactive protein, mg/L:

at admission 50.35£51.16 57.47+£53.67 0.294
in dynamics 34.6+35.26 101.07+62.09 <0.001
at discharge/death 25.99+23.32 139.06+87.11 <0.001
Interleukin-6, pg/mL:

at admission 44.96+28.87 57.754+36.06 0.482
in dynamics 48.64+33.64 69.22+66.84 0.054
at discharge/death 57.68+29.93 100.94+92.07 0.436
Lactate dehydrogenase, U/L:

at admission 388.09+261.74 516.47+423.71 0.003
in dynamics 405.4+306.87 949.77+796.03 <0.001
at discharge/death 345.12+£136.58 877.18+847.06 <0.001
group 1 - patients with a favorable outcome (recovery) (n=80), group 2 - patients with a fatal outcome (n=48).

Table 4. Results of multivariate linear regression of parameters determining COVID-19 prognosis.

Parameter ‘[i ‘p ‘OR ‘95% CI
Indicators at admission

Saturation -0.046 0.2078 0.9551 0.888-1.0263
Comorbidities

CVD 1.482 0.0373 4.4016 1.1239-18.9428
Dynamics of laboratory indicators

Lymphocytes -0.0378 0.2477 0.9629 0.899-1.0243
CRP 0.0159 0.0027 1.016 1.0064-1.0279
LDH 0.0011 0.037 1.0011 1.0001-1.0022

p - linear regression coefficient; p - statistical significance index, OR - odds ratio; CI - confidence interval; CVD - cerebrovascular disease; CRP

- C-reactive protein; LDH - lactate dehydrogenase.

invasive artificial lung ventilation (NALV) was used less often
(25% of cases), and only 2 patients (2.5%) required invasive
artificial lung ventilation (ALV). In group 2 subjects, invasive
ALV was performed in all cases (100%).

There was a need for transfer to the ICU in 47 group 1 subjects
(58.8%) and in all group 2 study participants, with patients from
both groups being transferred at comparable times: at 5.49+4.23
and 5.42+4.08 days of hospitalization, respectively (p=0.967).

The trends in laboratory blood parameters in the study patients
are presented in Table 3.

During hospitalization, statistically significant differences
between patients with different COVID-19 outcomes were
found only for lymphocyte percentage (p=0.026; group 1 >
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group 2;) and LDH (p=0.003; group 1 < group) in the evaluated
laboratory parameters. During hospitalization, the mean values
of lymphocyte fraction in peripheral blood in patients from both
groups were below reference values, and white blood cell levels
were within reference values. The values of other indicators
were several times higher than the reference values.

The dynamics of indicators during follow-up on days 4-5 in
patients from different groups was multidirectional. In group
1 patients the white blood cell count changed insignificantly
in dynamics, the percentage of lymphocytes increased by
discharge almost 2 times higher than the initial value; D-dimer,
ferritin and LDH levels against the background of treatment
slightly increased but were comparable with the initial value or



were lower than it by discharge. The CRP level by discharge
progressively decreased (by 2 times), and the value of
interleukin-6 concentration increased (by 1.2 times).

In group 2 subjects, a progressive increase in leukocytes,
D-dimer, CRP and interleukin-6 levels was observed: at the time
of death, the levels of these indicators were 2.5, 4.5, 2.5 and 2
times higher than the baseline, respectively. The percentage of
lymphocytes in group 2 patients progressively decreased and
by the time of death was 3 times lower than the value during
hospitalization. Ferritin and LDH levels in this group patients
changed nonlinearly: a pronounced decrease in ferritin was
revealed in dynamics (2 times), but at the time of death this
indicator was 3 times higher than the initial level; LDH level
also changed in a wave-like manner - an increase in the indicator
in dynamics by 1.5 times from the baseline was recorded, but
at the time of death the indicator was insignificantly higher than
the baseline level.

The AUC value of the ROC curve derived from the MLR
results was 0.92, indicating that the model quality was excellent
and that the choice of parameters for this analysis was justified.
According to the obtained MLR model, it was found that in the
presence of cerebrovascular disease, other things being equal,
there was a 4.4-fold increased risk of fatal outcome (95%
confidence interval [CI] 1.1-18.9; p=0.037). Also, in accordance
with the MLR results, a progressive increase in CRP and LDH
levels by one unit increases the probability of fatal outcome by
1.6 (95% CI 1.006-1.028; p=0.003) and 0.1% (95% CI 1.000-
1.002; p=0.037), respectively. The other model parameters had
no statistically significant effect on mortality (p>0.05 in each
case). Details of the significance of the factors assessed in the
MLR are presented in Table 4.

Discussion.

A number of prognostic tools are used to assess the COVID-19
course and outcomes. Early in the pandemic, patients were
assessed using the existing scales qSOFA, APACHE 11, PSI,
SMART-COP, CURB-65, MulBSTA, NEWS and CFS [13],
with PST and CURB-65 recognized as the most accurate [20].

Subsequently, a number of models were developed that
included a different range of factors and parameters. Thus,
Knight et al. (2020) built an MLR model using data from 35,463
patients, according to which the following 8 factors influenced
mortality in COVID-19: age, sex, number of comorbidities,
HR, SpO2, level of consciousness, blood urea and CRP
concentration (AUC 79; 95% CI 0.78 to 0.79) [15]. Liang et
al. also used MLR to assess factors affecting the course of the
disease and the likelihood of fatal outcome. Ten factors were
significant in this model: lung lesion area by CT, age, history
of pulmonary haemorrhage, dyspnea, level of consciousness,
number of comorbidities, presence of cancer, neutrophil-to-
lymphocyte ratio, LDH, and direct bilirubin (AUC 0.88; 95% CI
0.85t00.91)[16].Y. Yuan et al (2020) attributed LDH, CRP and
percentage of lymphocytes to significant factors of unfavorable
COVID-19 prognosis [21].

The created model utilized a similar set of factors but
considered the presence of each comorbidity factor individually
rather than the number of comorbidities. This resulted in a high-
fidelity MLR model (AUC=0.92), which allowed to identify the
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three most significant factors affecting unfavorable prognosis
(cerebrovascular disease, elevated CRP and LDH levels).

It has been established that the leading comorbid factor in the
severe COVID-19 is arterial hypertension, diabetes mellitus,
cardiovascular pathology, chronic kidney disease and obesity
[22-25]. According to the results of a meta-analysis by Djorwé
et al. (2024), which used data from 33 studies involving 85,812
patients (of which 30,634 subjects with severe COVID-19),
the leading factors for unfavorable COVID-19 prognosis were
male gender (OR 1.52; 95% CI 1.34-1.73), older age (OR
3.06; 95% CI 2.18-4.40), smoking (OR 1.33; 95% CI 1.01-
1.75), obesity (OR 2.11; 95% CI 1.47-3.04), diabetes mellitus
(OR 1.81; 95% CI: 1.35-2.43), hypertension (OR 2.22; 95%
CI 1.72-2.87), coronary heart disease (OR 2.17; 95% CI 1.42-
3.31), chronic kidney disease (OR 2.27; 95% CI 1.26-4.06),
chronic obstructive pulmonary disease (OR 1.95; 95% CI 1.22-
3.09), malignant neoplasms (RR 1.63; 95% CI 1.07-2.49) and
cerebrovascular disease (OR 2.76; 95% CI 1.63-4.62). These
data are consistent with the results of the established model
and confirm the greater effect of cerebrovascular disease
on unfovarable COVID-19 prognosis compared with other
comorbidities. Thus, cerebrovascular disease plays an important
role in exacerbating the severity of COVID-19.

Conclusion.

According to the results of the analysis of clinical, laboratory
and instrumental parameters in patients with severe COVID-19,
subjects with a fatal outcome had a lower frequency of positive
coronavirus vaccination status, dyspnea was more frequently
observed, blood saturation was lower than in patients with
a favorable prognosis. In most cases the volume of lung
tissue lesions with an unfavorable prognosis at the time of
hospitalization was subtotal (with comparable duration from
disease onset to hospitalization in patients with favorable and
unfavorable outcome). In patients with a fatal outcome, invasive
AVL was used much more often and observation in the ICU
settings was required. Changes in laboratory parameters against
the background of therapy in patients with favorable and
unfavorable outcome of the disease were multidirectional and
reflected the dynamics of the disease.

According to the developed highly sensitive and highly
specific MLR model (AUC for ROC-curve equals 0.92), it was
found that the significant factors influencing the probability
of fatal outcome in patients with severe COVID-19 are three
indicators: the presence of cerebrovascular disease and elevated
CRP and LDH levels.

The high mortality rate (37.5%) is explained by the severity
of the patients' condition, the presence of multiple comorbid
diseases and late access to medical care. The study was
conducted at a hospital that accepts the most severe cases of
COVID-19. The inclusion and exclusion criteria ensured the
objectivity of the selection of participants.
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Kinnuko-i1adopaTopHble NpeMKTOPbI HE0IArONPUATHOTO
ucxona ¢ TskeabiM Tedennem COVID-19 y manueHTOB
¢ kKomopOuaHbiM ¢orHom B Kaparanamackoii o6aactu
(Pecnmy0osinka Kazaxcran)

Pesome

Ieanb: aHamu3 KIMHUKO-Ta00PAaTOPHBIX X HHCTPYMEHTAJIBHBIX
[0Ka3aTesiel y MaluueHToB ¢

KOMOpOUIHBIM (POHOM U TsDKeNbIM TedeHrneM COVID-19.

MarepuaJbl H METO/ABI: IIPOBEICH PETPOCIICKTHBHBIN aHAIN3
KITMHUKO-Ta00paTOPHBIX

W HWHCTPYMCHTAJIBHBIX IIOKa3zaTelnell y MalueHToB ¢
1a00paTOPHO-MOATBEPKACHHON hopMoi

COVID-19 Tskenoro Te4eHHS C y4YETOM HCXOIa Teparuu
(BBI3OpOBIIEHUE WJIM JIETaNbHBIA ucxon). s BBIBICHUS
(aKTOpOB, BIMSIONIMX HA JIETANBHBIH HCXOA Y MALMEHTOB C
COVID-



19 TsDKeII0r0 TEUEH UL, UCTIONH30BaI MOJIETTh MHOTO()aKTOPHON
JIOTUCTUYECKON PErpecCHu.

PesynbTaThl: y NanueHToB ¢ eTalbHbIM ucxogom COVID-19
TSKEJIOT0 TeUEHHs yacToTa

BaKIMHAIIMY OT KOPOHaBHpYyca Oblila HIDKE, Yallle Habloaanach
OJIBIIIKA, YEM Y TIALIUEHTOB C

OnaronpusTHBIM TporHo3oM. Kpome Toro, carypaiusi KpoBH
IIpU TOCTIUTAIN3ALNU B CIydasix

HeGﬂaFOHpI/ISITHOFO nucxoaa ObLIa HUWXKC, yeM npu
6J'IaFOHpI/I$ITHOM ucxone, a 00BeM MOpaXXCHUs1 JIETOYHOM
TKaHH B  OOJBLIIHHCTBE CJIy4yacB OBLI Cy6TOTaJ'IBHLIM.

V3MeHeHMe 1a00paTOpHBIX ITOKa3aTenei Ha (JOHe Teparmuu y
HAI[UCHTOB C OJNArONpUsATHBEIM U HEONArompUsTHEIM HCXOIOM
3a0oneBaHnst OBUIO  Pa3HOHANPABICHHBIM U OTPaXalo
JIWHAMUKY 3a0oneBaHus. B cooTBeTcTBHU C pa3paboTaHHOM
BBICOKOUYBCTBHTENFHOH U BBICOKOCHEIM(HUYHOH MOAEIBIO
MHOTO()aKTOPHOH JIOTHCTHYCCKOl perpeccun 3HAYUMBIMU
(bakTopamMy, BIMSIOMUMH HA BEPOSTHOCTH JIETAJIBHOTO
HUCXOlla y MAalMeHTOB ¢ TsbkenbiM TeueHueM COVID-19
SBILIFOTCS. TPU IIOKa3aTelsl: HaJIWdue LepeOpOBACKYISIPHBIX
3a00/eBaHMi W HOBBINIEHHE YpOBHsI C-peakTUBHOTO Oellka H
JIAKTATACTUPOTCHA3EL.

3akiI0ueHne: 10 pe3yibraTaM KOMIUIEKCHOTO —aHaln3a
KIIMHUKO-JIA00PaTOPHBIX U

HMHCTPYMEHTAIIBHBIX ITOKa3aTelied OBUTH BBISABICHBI BEAyIIUE
HPEIUKTOPEI HeOIArOMPHITHOTO

ucxonaa pu COVID-19 TSDKEJIOr0
1epeOpoBacKyIIpHBIE 3a00IeBaHHs, IOBLIIICHAE

ypoBHe# C-peakTUBHOTO GelKa U JTaKTaTAeTHAPOreHasbl.

Kuarwuesbie cJioBa: COVID-19, SARS-CoV-2,
HPOTHO3UPOBAHNE UCXOA1a, (PAaKTOPEI PHCKa,

KOMOpPOU/THAS ATOJIOTHSL.
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