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Abstract

Background . Since the onset of the COVID -19 pandemic, interindividual
variability in the course of the disease has been reported , indicating a wide range of
factors influencing it. Factors most commonly associated with increased severity of
COVID -19 disease include older age, obesity, and diabetes. The impact of the
cytokine storm is complex, reflecting the complexity of the immunological
processes triggered by SARS - CoV -2 infection. A modern problem such as a
worldwide pandemic requires modern solutions, which in this case involve the use
of machine learning to analyze differences in the clinical properties of populations
affected by the disease and then assess its significance, which in turn leads to the
creation of a tool that applicable to assess the individual risk of infection with SARS
- CoV -2.

Methods . Values of biochemical and morphological parameters of 781
patients ( Kazakhstan, Shymkent ) were collected and used for static analysis. The
Spearman rank correlation coefficient formula was used to estimate the correlations
between each of the traits in the population .

Results . The highest correlation coefficients were shown by such parameters
as , patient's age and sex , serum glucose, while the highest inverse correlation
coefficient was estimated for serum red blood cell count.

Conclusion . The current analysis indicates a range of parameters available for
routine screening in clinical settings. A tool based on these parameters is also
presented, useful for assessing the individual risk of developing COVID -19 in
patients. A limitation of the study is the demographics of the study population, which
may limit its general applicability.

Keywords: SARS - CoV -2, blood biomarkers, COVID -19, comorbid

pathology, arterial hypertension.



Pesrome

Uctopus Bompoca. C navama mnanaemun COVID-19 coobmanocs o
MEKHHIMBUYaTbHBIX OCOOCHHOCTSIX TEUeHHUs 3a00JieBaHUs, YTO yKa3bIBaeT Ha
IMIMPOKUHM CHEKTp (PaKTOpOB, BIMAIOIMX Ha Hero. DaxkTopel, Hanbojee YacTo
CBSA3aHHBIE C TIOBBIIEHHON TsKecThi0 3aboseBanuss COVID-19 Bxirovaror
MOKHJION BO3pACT, O’)KMpEHUE U 11a0eT. [IUTOKMHOBBIN IITOPM OKa3bIBAET pPa3HbIC
3¢ (EKThI, UTO OTPAKAET CIOKHOCTH UMMYHOJIOTHYECKHUX MPOLIECCOB, 3aITy CKaeMbIX
unpekuueir SARS-CoV-2. BbI30BbI COBPEMEHHOCTH, TakuW€ Kak TJI00aIbHbIC
naHAeMUU, TPeOYIOT HOBBIX PEIIECHHUI, KOTOPhIE MOTYT BKJIIOYATh HUCIIOJIb30BAHUE
MalIMHHOTO OOy4YeHus U1 aHajiu3a pa3inyuil B KIMHUYECKUX CBOMCTBAX
MONYJSINUN MALMEHTOB U IOCIEAYIOMEH OLEHKU €r0 3HAYMMOCTH, YTO, B CBOIO
ouepenb, NMPUBOAUT K CO3JAHMI0 MHCTPYMEHTA I OLUEHKH WHAMBUAYAJbHOTO
pucka 3apaxkenus SARS-CoV-2.

Meronpl. 3HaueHus: OMOXUMUYECKUX U MOP(OIOrHYecKuX mapamerpon 781
naienta (Kaszaxcran, IlIpiMKeHT) ObUIM COOpaHbl M MCIONB30BaHbl IS
cTaTudyeckoro anaimuza. QPopmyna KOIP(UIHMEHTAa PaHTOBOW  KOPPENSAIUU
CrnmpMeHa MCHOJB30BAJIACH JUIA OLICHKM KOPPEJSIUN MEXIYy KaKIbIM U3
IIPU3HAKOB B MOITYJISLUY.

Pesynbrarel. Camble BbICOKHE KOADOUIIMEHTHI KOPPEISILIUU ObLIN MOKa3aHbI
JUIsL TakuX I1apaMeTpoB, Kak BO3pacT M IOJ MAlMEeHTa, YPOBEHb IJIKOKO3bI B
CBIBOPOTKE, B TO BPEMsI KaK CaMblid BBICOKUN KOA(DPUIIMEHT 0OpaTHONU KOPPEIISLNH
ObLIT OOHAPYKEH JJIsl COAEPKaHUS SPUTPOLIUTOB B CHIBOPOTKE KPOBH.

3axmroueHue. IIpencraBieHHBI aHamu3 yKas3blBAET HA Psi NApamMeTpPOB,
JOCTYIHBIX JJi1 PYTHHHOTO CKPUHUHTA B KIMHUYECKHX YCIOBHSX. Takxke
IIPECTABIICH MMOJAX0/, OCHOBAHHBIN HAa U3yYECHHBIX NTapaAMETPax, IPUMEHUMBIN IS
OLIEHKM WHIUBUIyaldbHOro pucka pazputua COVID-19 'y mnamueHTos.
OrpaHdyeHueM HCCIEOBaHUsl SIBISIETCSl  JeMorpaduyeckas XapaKTepucTHKa

HCCHeﬂyeMOﬁ MOy JIru, 910 MOKCT BJIUATH HA €TO O6IHYIO IMPUMCHHUMOCTbD.



KiawueBbie caoBa: SARS-CoV-2, oOumomapkepsr kpou, COVID-19,

KOMOp6I/II[Ha$I IMaTOJIOT KA, apTCpUaJIbHAA TUIICPTCH3UA.
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1 Introduction

Pandemic new coronavirus infection (COVID-19), which is spread by the
SARSCoV-2 virus , is challenge systems health everyone countries peace . Most
frequent manifestation of COVID-19 is defeat respiratory systems _ Maintaining
patient with COVID-19 implies Not only treatment pneumonia And respiratory
insufficiency , but And timely recognition And treatment defeats others target organs
. _ Analysis factors from all countries associated With heavy with the current And
unfavorable COVID-19 forecast , indicates on important role comorbid pathologies
such as cardiovascular _ diseases ( CVD ) ( arterial hypertension ( AH ), ischemic
disease heart ( CHD ), sugar diabetes ( DM ), chronic obstructive disease lungs (
COPD ), chronic blood diseases (anemia), autoimmune diseases, cancer, etc. [8].
The course of SARS-CoV-2 infection can be influenced by several factors, including
the presence of concomitant diseases in patients [2]. Comorbidities such as type 2
diabetes affect the host immune response, which may be associated with severe
SARS-CoV-2 infection. In the context of type 2 diabetes, there is an increased
release of pro-inflammatory cytokines, which can lead to cytokine storms in patients
with SARS-CoV-2(+) . The occurrence of a cytokine storm correlates with a worse
course of the infection [6]. Moreover, patients with SARS-CoV-2(+) exhibit some
changes in blood parameters, which may further influence the severity of the
infection. For example, changes in inflammatory markers in patients with SARS-
CoV-2 (+) may indicate a complex mechanism of infection and its long-term
consequences [5].

Given the wide variation in the course of SARS-CoV-2 infection among
patients and the need to identify effective therapy, the main goal of our study was to
determine the physiological characteristics of patients infected with the SARS-CoV-
2 virus, and the presence of comorbidities. The secondary objective of this study was
to elucidate the underlying mechanisms influencing multiorgan dysfunction during
COVD-19 infection. Contributing physiological parameters were ranked in terms of

their importance to the predictive model using machine learning. This means that _
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preventive measures V period the COVID-19 pandemic should fold How from
events By prevention infection , yes And activities aimed at on optimal control
comorbid states _ Target _ of this study - definition features of the management of
patients with COVID -19 infected with the SARS-CoV-2 virus, with the presence of
concomitant diseases (Table 2) and provide important information that _ Maybe be
useful at conducting Total spectrum comorbid patients V conditions COVID-19
pandemic - How uninfected , yes And carrying COVID-19.

Materials and methods:

3696 patients were studied, of which 781 patients had a comorbid condition.
The analyzed data set consisted of the test results of 781 patients hospitalized in the
city infectious diseases hospital in Shymkent, Kazakhstan. Three hundred ninety-
five of them were women (n =395 ; 50.58% ) and three hundred eighty-six men ( n
= 386 ; 49.42%) (Table 1). Ages 2 0 — 80 and older years, mean = 51.6 years, median
= 50 years ) hospitalized due to severe infection. acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (Table 2). About two hundred blood test results
belonged to the control group (women, n = 60 ; 30%; men, n = 140 ; 70%; age 20—
65 years , median = 42.5 years) without SARS-CoV-2 in PCR analysis. The resulting
data set included in this study consisted of anthropometric parameters: age, gender;
serum biochemical parameters: glucose , morphological indicators: number of red
blood cells (RBC Count);

Criteria inclusions: laboratory confirmed diagnosis of COVID -19; Patients
With established concomitant diseases, having at least 6 months. dispensary
observation for this disease; age of patients (18 and older);

Exclusion criteria: patient age (under 18 years); lack of laboratory
confirmation of the diagnosis of COVID-19; presence of pregnancy;

Results and discussion.

Data from this study suggest that the course of SARS-CoV-2 infection may
depend on multiple factors. The present study examined and examined the influence
of gender, age and changes in blood parameters of patients with COVID -19.
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Floor . In the presented analysis of the effect of patient gender on the course
of SARS-CoV-2, a significant correlation was observed between poor prognosis and
female gender, in contrast to the results of a previous report that reported higher
mortality among men [7]. This may be explained by the fact that men have higher
expression of angiotensin-converting enzyme 2 (ACE2), which may facilitate the

entry of the virus into the host cell [3].

In patients with COVID-19 with concomitant diseases, a comparative analysis
of clinical manifestations revealed significant differences in the form of age; among
patients, people over 60 years of age predominated in the group of severe and
extremely severe cases and SpO2 (histogram 2). As can be seen from histogram 3,
in patients of the main group the infection proceeded mainly in severe and critical
form , when in the comparison group the moderate-severe course of the infection

prevailed.

Hyperglycemia. Survey results patients indicate that perglycemia correlates
with severe SARS-CoV-2 disease (Table 2). As can be seen in the table, 207
(26.50%) patients had diabetes mellitus. This was reported in an Italian study [4].
Blood sugar levels were elevated in more than 30% of patients in the control group
and in more than 86% of patients in the SARS-CoV-2(+) group. Another study also
reported that 51.5 and 57.4% of severely and critically ill patients were diagnosed
with diabetes [1]. A high concentration of glucose directly affects the course of the
infection, and also affects this process indirectly through the development of further
complications, such as diabetic ketoacidosis and concomitant vascular diseases
(atherosclerosis, peripheral atherosclerosis) [9,10].

Comorbid background in patients with COVID -19. The most common
pathology was hypertension, which was recorded in 715 (91.55%) patients with

COVID-19, in 2nd place were neurological diseases (39.44%), and in 3rd place was
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coronary artery disease (32.14%). Diabetes mellitus was observed in 207 (26.50%)
patients (Table 2).

Based on the results of this analysis of all complications that developed
against the background of COVID-19, significant differences were identified in the
study groups. In patients of the main group, more severe complications were more
often observed (stage 3 DN - 94.49%; ARDS - 55.31%; PE - 56.85%; OSHF -
59.28%) (histogram 5). A DN I Art. and DN 11 Art. were recorded significantly more
often in the control group (histogram 6).

Morphological parameters . One study found that low red blood cell
concentration was associated with SARS-CoV-2 severity . Patients who had a worse
prognosis were found to have decreased red blood cell counts. This report also
suggests a relationship between red blood cell count and hemoglobin concentration
[9,10]. The results presented in this study indicate that low red blood cell counts in
the study groups correlate with a higher percentage of hospitalized patients and more
severe infection. This is because red blood cells provide an important function in the
respiratory and central nervous systems. Pearson's correlation coefficient was used
to statistically analyze the correlation of intervariables. The relationships between
cohort parameters for different severity levels of COVID-19 disease are presented
(Table 2). Hemoglobin levels were positively associated with red blood cells (r =
0.456; p < 0.001) and PCV (r = 0.5 66 ; p < 0.001). RBC and PCV levels were
positively correlated with each other in the SCP group (r =0.5 89 ; p < 0.001).

In patients with COVID-19 with concomitant diseases, a comparative analysis
of laboratory parameters in patients with severe and extremely severe severity of
COVID-19 showed a significantly significant increase in markers of inflammation
and D- dimer (ferritin in severe cases is more than 2.5 norms, in extremely severe
cases during the course is more than 4 norms, CRP is more than 7 norms, LDH in
severe cases is 1.5 r more than the norm, in extremely severe cases it is twice the

norm, IL-6 in severe cases is more than 9 norms, with extremely severe is more than
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19 norms, D- dimer is more than 6 norms in extremely severe cases and 2 norms in
severe cases) (Histogram 3).

In patients of moderate severity, according to CT of the lungs, the damage to
the pulmonary parenchyma is the smallest (p<0.5) CT1 28%, CT 3 10% versus 48%
in severe and 90% in extremely severe cases, when in severe infection the lungs are
affected often corresponded to CT3 and CT4. During a critical course of infection
in patients with a comorbid background, damage to the pulmonary parenchyma is
significantly more common than CT level 4 (p <0.01). In patients with an extremely
severe course, complications developed in 100% of cases and death in 90.2% ( p <
0.001). With moderate severity, complications developed in only 43.7%, recovery
was 10.1 ( p < 0.01), no deaths were recorded. In patients with COVID-19 without
CVD with extremely severe cases, complications developed in 100% of cases and
lethal outcome in 53% (p<0.001). With moderate severity, complications developed
in 18%, recovery was observed in 17.6%, improvement in 82%. Lethal outcomes
were recorded only in cases of extremely severe infection (Table 3).

Conclusion .

Assessing the impact of pre-existing comorbidities and changes in
biochemical and morphological parameters observed in patients with SARS-CoV-2
over the course of the disease may contribute to a better understanding of the impact
of each of these individual factors on pathology. Consequently, this may
subsequently influence the selection of appropriate therapy and the reduction of
possible complications . It was found that in patients with COVID-19 with a
comorbid background , the most common pathology was arterial hypertension
(91.55 % ) , coronary heart disease ( 32.14 % ) and various neuropathies were also
identified. In patients COVID-19 with concomitant diseases, severe forms of
infection prevailed, affecting the lungs 75-80% (according to CT data), which were
accompanied by the development of stage 2—3 respiratory failure. (in 60% of cases)
and an increase in inflammatory markers (IL-6 , ferritin , D-dimer). Patients with

COVID-19 over the age of 70 years with concomitant hypertension in combination
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with other chronic diseases constitute a risk group for developing a severe form of
infection with an unfavorable prognosis and require timely hospitalization, dynamic
observation in a hospital, as well as rehabilitation after a coronavirus infection. It is
necessary to increase the efficiency of further clinical observation of patients in this

category.
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TABJIMIbI

Table 1. Some laboratory data of patients with COVID-19

Hband WBC  r0.456 p with r 0.589 p 0.353

Hb and WBC 0.566 <0.001 -0.37 0.476

r = correlation coefficient; p = significance; Negative values indicate the opposite correlation. The correlation is significant at the
0.05 level (2-sided). SCP—patients with severe COVID-19; NSCP - patients with non-severe COVID-19; Hb hemoglobin; ERT red
blood cells;

Table 2. Outcomes at various degrees severity of COVID-19

Degree gravity Average (%)  Heavy (%) Extremely heavy p
(%)
Improvement 97.44% 0.5 0 - <0.01
Lethal Exodus 2.56% 0.5 90.2 - <0.001
Complications 43.7% 55.5 100 <0.01
Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)

ISSN 2313-7398 (Online)
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Histogram 1. Gender of patients with COVID-19 .
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In patients with COVID-19 with concomitant diseases, a comparative analysis of
clinical manifestations revealed significant differences in the form of age; among
patients, people over 60 years of age predominated in the group of severe and
extremely severe cases and SpO2 (histogram 2). As can be seen from histogram 3,
in patients of the main group the infection proceeded mainly in severe and critical

form , when in the comparison group the moderate-severe course of the infection
prevailed.

Histogram 2. Age structure of patients with COVID -19
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Histogram 3. COVID-19 severity in patients
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Histogram 5. Structure and frequency of COVID-19 complications in the study
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Histogram 7. Laboratory features for various degrees of severity

COVID-19 and CVD ( n =781)
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