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AHHOTALIMA

06ocHoeaHue. AHanu3 BAMAHWA KOMOPOUAHBIX 3a001eBaHWI Ha KOHLIEHTpPaLMI0 BUOMapKepoB MOMOXKET YryouTb NOHUMaHKe
naToreHeTUYECKMX MEXaHU3MOB BO3AENCTBUA KoMOpbuaHbIX 3aboneBaHni Ha TeueHne COVID-19 1 noMoub cKoppeKTUpoBaTh
MPOrHOCTUYECKME MOflesIn ee Tepanuu.

Llenv uccnedosanus — u3yunTb BMSHUE KOMOPOMAHBIX 3aboneBaHuMii Ha cTeneHb TsecTn U ucxoabl COVID-19, a Takke
MpoaHann3vpoBaTb YPOBHW XEMOKMHA MaKpodaraibHOro MpOMUCX0XAEHUS, uHTepdepoH-y-uHayumpyeMoro benka 10, pac-
tBopuMoro CD40 nuranaa v gakTtopa pocTa cocyauctoro aHpoTenus y 472 naumentos ¢ COVID-19 B 3aBMCMMOCTU OT Hannums
pa3nuyHbIX hopM KoMopbuaHoW naTenormm.

Mamepuanel u Memodel. B rpynne u3 1648 nauueHTos ¢ noateepaeHHon COVID 19 n3yyeHbl KOHLEHTpauuu buoMapKepos.
OueHeHbl MEXTpynnoBble oTMuMs (Mcxop, / TAXecTb TeyeHus 3abonesaHus) B obwwei rpynne (1648 nauueHToB) u rpynne
DosbHbIX 663 KoMopOUAHoI Harpyskm (343 naumenTa) ¢ uHaekcoM Charlson 2 6anna u MeHee. lNpoaHanu3npoBaHbl 472 ucto-
pun naumentoB ¢ COVID-19, onpeneneHHbIMM KOHLEHTPALMAMM UCCNieayeMblx BUoMapKepoB U KOMOpPOMAHOW maTtonorueit,
BKJIIOYEHHOM B OLEHKY no mHaekcy Charlson. [Ons cpaBHeHus cdopMupoBaHo fBe BbIOOPKYW: OMbITHas rpynna, cocTosLLas
u3 naumeHToB ¢ COVID-19 u HanmumeM onpeneneHHOro KOMopbuaHoro 3aboneBaHus, U KOHTPONbHAA rpynna, cocToALas
W3 NauueHToB, cTpafatowmx ot COVID-19 6e3 3agaHHoro KoMopbuaHoro 3aboneBaHus.

Pe3synemamel. BniepBble nonyyeHbl AaHHbIE, CBUAETENLCTBYIOLLME O TOM, YTO MPW ONpeLeneHHbIX KOMOPOUAHBIX COCTOSHH-
Ax y 6onbHbIx COVID-19 ypoBHM MccnemyeMbix 6MOMapKepoB 3Ha4MMbIM 00pa3oM OT/IMYAIOTCA OT MOKasaTesei KOHTPOSb-
Hou rpynnbl. TaK, y NauMeHTOB ¢ apTepuanbHoi runepreHsueit (kog 110115 no MexayHapogHoin Knaccudukaummn 6onesHen
10-ro nepecMoTpa), XpOHUYECKoW cepaedHon HepoctatouHocTbio (150.0), 6onesHamu cocyamctoin cuctemsl (1I70-179), uepe-
bpoBackynapHbiMu bonesHamu (160-169) u xpoHuueckoin bonesHbio nodek (N17-N19) ypoBeHb xeMoKMHa MaKpodaranbHoro
MPOMCXOXAEHUS ObIN AOCTOBEPHO HUMKE, YEM Y MauMeHTOB De3 AaHHbIX 3aboneBaHui. Mpu atoM y 6onbHbix COVID-19 ¢ 3a-
DoneBaHMAMM opraHoB AbixaHua (J40—J47) ypoBHW MHTepdepOH-Y-uHAYyUMpyemoro benka 10 U akTopa pocTa COCYAMCTOro
3HA0TENNUS ObINM JOCTOBEPHO HUXKE, YEM Y NauueHToB be3 3aboneBaHUil NErKMX.

3akntoyenue. B pesynbTate UcCNes0BaHNUA NoAyYeHbl OCTOBEPHbIE AaHHbIE, MOATBEPXAAIOLLME POSb CUrHaNbHBIX B1oMap-
KepoB B pasBuTUM TsKeNbIX GOPM U NieTanbHoro ucxopa y naumento ¢ COVID-19, a TakKe noKasaHO 3HauYMMOe BAMSIHUE
KoMOpOMAHOI NaTonorMM Ha TeYeHWe HOBOW KOPOHABMPYCHOM MHGEKLMK.

KnioueBble cnoBa: KoMopbuaHble 3ab0neBaHus; BUOMapKep; XeMOKMH MaKpodarasbHOro NPOUCXOXAEHNUS; UHTEPdEPOH-Y-
uuayumpyeMbiii 6enok 10; pactBopuMblid CD4A0 nurang; dakTop pocTa COCYAMCTOro 3HAOTeNMS; Tsxenoe TeueHne COVID-19.
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ABSTRACT

BACKGROUND: Analysis of the effect of comorbid diseases on the concentration of biomarkers will help to deepen the
understanding of the pathogenetic mechanisms of the impact of comorbid diseases on the course of COVID-19 and adjust
prognostic models for its therapy.

AIM: To study the impact of comorbid diseases on the severity and outcomes of COVID-19. In addition, an analysis of the lev-
els of macrophage-derived chemokine, interferon-y-induced protein 10 kD, soluble CD40 ligand, vascular endothelial growth
factor has been carried out in 472 patients with COVID-19, depending on the presence of various forms of comorbid pathology.
MATERIALS AND METHODS: To study the concentration of biomarkers an analysis has been conducted in a group of 1648 pa-
tients with confirmed COVID-19. The study assessed intergroup differences (disease outcome/severity of disease) in the
general group (1648 patients) and in the group of patients without comorbidity (343 patients) — Charlson index less than
2 points. 472 medical histories of patients with COVID-19 have been analyzed, including with certain concentrations of the
studied biomarkers and comorbid pathology included in the Charlson Index. For comparison, two samples have been formed:
an experimental group consisting of patients with COVID-19 and the presence of a certain comorbid disease and a control
group consisting of patients suffering from COVID-19 without a specified comorbid disease.

RESULTS: For the first time, data has been obtained indicating that patients with COVID-19 have comorbid conditions with the
levels of the studied biomarkers differing significantly from the indicators of the control group. Thus, in patients with arterial
hypertension (110-115 according to the International Classification of Diseases, 10th revision), chronic heart failure (150.0),
diseases of the vascular system (I70-179), cerebrovascular diseases (160-169), chronic kidney disease (N17-N19), the level
of the macrophage-derived chemokine biomarker was significantly lower than in the patients without these diseases. At the
same time, in the COVID-19 patients with respiratory diseases (J40-J47), the levels of interferon-y-induced protein 10 kD and
vascular endothelial growth factor were significantly lower than in the patients who did not have lung diseases.
CONCLUSIONS: The study findings obtained have confirmed the role of signaling biomarkers in the development of severe
forms and death in patients with COVID-19. Significant influence of comorbid pathology on the course of the new coronavirus
infection has been shown.

Keywords: comorbid diseases; biomarker; macrophage-derived chemokine; interferon-y-induced protein 10 kD; soluble
CDA40 ligand; vascular endothelial growth factor; severe COVID-19.
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BACKGROUND

The severity of COVID-19 significantly increases in
the presence of certain comorbidities. Studies have shown
that patients with complicated cardiovascular diseases,
type 2 diabetes mellitus, metabolic syndrome, chronic kid-
ney disease with advanced stages of chronic renal failure,
and systemic autoimmune diseases [1-4] have an unfa-
vorable prognosis when infected with COVID-19. Patients
with COVID-19 admitted to the intensive care unit (ICU)
are twice as likely to have comorbidities (72%) than pa-
tients who do not require intensive care (37%) [5, 6l.
A meta-analysis of 42 studies involving 98,714 patients
with COVID-19 showed that 61% of those with comorbidi-
ties required ICU hospitalization. Among the mortalities,
77% had multiple comorbidities. Multicenter studies from
2020 to 2021 have convincingly demonstrated that comor-
bid chronic diseases increase the mortality rate of patients
with COVID-19 (p < 0.001) [7-8].

During COVID-19, the immune system becomes hyper-
active, leading to a significant increase in proinflammatory
cytokines. This phenomenon can result in a cytokine storm,
causing systemic inflammation, hyperferritinemia, acute
respiratory distress syndrome, impaired hemodynamics,
thrombosis with disseminated intravascular coagulation,
multiorgan failure, and a very poor prognosis. The literature
suggests that vascular endothelial growth factor (VEGF),
soluble CD40 ligand (sCD40L), interferon-y-inducible pro-
tein 10 (IP-10 or CXCL10), fractalkine (CX3CL1), and mac-
rophage-derived chemokine (MDC) are important biomark-
ers for characterizing the antiviral response, inflammation
intensity, and thrombosis associated with SARS-CoV-2 in-
fection.

VEGF exerts angiogenic and antiapoptotic effects
on endothelial cells. Given that SARS-CoV-2 frequently
causes endothelial dysfunction, acute respiratory distress
syndrome, and systemic hypoxia, VEGF may play a sig-
nificant role in the clinical manifestations of COVID-19 [11].
C.R.P. Moraes et al. confirmed that the destruction of
the endothelial barrier is important in the pathogenesis of
acute lung injury in COVID-19. The magnitude of this effect
is proportional to disease severity and circulating VEGF
levels [12].

Multiple studies have demonstrated a direct correla-
tion between endothelial damage and platelet activa-
tion in patients with COVID-19. This phenomenon is due
to the release of various bioactive molecules, including
sCD40L, expressed by immune system cells, particularly
activated CD4* T-lymphocytes and platelets [13, 14]. Low
sCD4OL levels indicate a slow and weak antiviral re-
sponse [15]. Meanwhile, high sCD40L levels are associ-
ated with thrombosis and increased disease severity in
patients with COVID-19 [16, 17]. These findings suggest
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that sCD4OL plays a significant role in the COVID-19
pathogenesis, which is consistent with the discovery of
A. Gupta et al. [2] that SARS-CoV-2 activates endothelial
and platelet cells, leading to the progression of COVID-19
to a severe stage.

CXCL10 is secreted by T cells, neutrophils, monocytes,
and endothelial cells and is involved in the SARS-CoV-2
clearance. This cytokine acts as an inflammatory mediator,
promoting leukocyte recruitment to inflammatory foci and
contributing to the inflammatory damage of various organs
and tissues [18, 19]. The decline in the overall health of
patients with COVID-19, leading to the development of
acute respiratory distress syndrome, is frequently linked to
a consistently high IP-10 level [20, 21]. Specifically, the IP-10
level is an independent predictor of mortality in patients
admitted to the ICU [22].

CX3CL1 plays a crucial role in the recruitment and
activation of inflammatory cells. Its overexpression leads
to recruiting immune cells expressing CX3CR1, such as
monocytes and cytotoxic T-lymphocytes, and initiating
the inflammatory process in various organs and tissues [23].
In patients with COVID-19, a moderate increase in serum
CX3CL1 levels is typically observed in mild cases. However,
in severe cases, its production increases dramatically [24].
Fractalkine promotes vascular thrombosis through platelet
activation [25].

MDC/CCL22 [26] is expressed by monocytes and mac-
rophages due to various pathogens, stimulating adaptive
immune cells. Interaction with dendritic cells is necessary
for the immunosuppressive function of regulatory T cells
(Tregs). Decreased MDC-dependent interaction of dendritic
cells with Tregs enhances inflammation [27]. The genetic
deficiency of MDC creates conditions that decrease tol-
erance to infectious agents and increase the risk of im-
munoinflammatory diseases. MDC/CCL22 is considered
a significant biomarker for predicting COVID-19 severity at
early (up to 7 days) and late (8-12 days) disease stages.
The MDC concentration in the blood of patients with se-
vere and extremely severe COVID-19 is significantly lower
than in those with mild COVID-19. In addition, its produc-
tion decreases as the disease progresses, showing a sig-
nificant negative correlation with changes in the IP-10 lev-
el [28-30].

The significance of this study lies in analyzing
the effect of comorbidities on the COVID-19 course and
the concentration of biomarkers involved in the formation of
the inflammatory process. This analysis can expand existing
knowledge about the mechanisms of their effect and aid
in the development of informative prognostic markers for
the course of COVID-19.

Herein, we aimed to investigate how comorbidities
affect biomarker concentrations in patients with severe
COVID-19.
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MATERIALS AND METHODS

In this observational clinical trial, the researchers
analyzed 1,648 case histories of patients with COVID-19
treated at City Hospital No. 40 in St. Petersburg between
April 18, 2020 and November 21, 2020. The examined pa-
tients had a positive test result for the presence of SARS-
CoV-2 RNA by nucleic-acid amplification polymerase chain
reaction, as well as clinical manifestations and symptoms
such as fever, general weakness and malaise, cough, and
dyspnea. Changes in the viral pneumonia type were noted
in patients during computed tomography (CT) of the lungs
without intravenous contrast enhancement. The changes
were predominantly bilateral in the lower lobe and pe-
ripheral and had a perivascular, multilobular characteristic.
Numerous peripheral consolidations as rounded “frosted
glass” and of different extents, flattening of the interdilol
interstitium as “cobblestone sidewalk,” areas of consolida-
tion, and air bronchogram symptoms were observed.

All patients underwent the following:

» Anamnestic data collection with clarification of the pecu-
liarities of the disease course

+ Objective examination with the evaluation of hemody-
namic and respiratory system parameters, including re-
spiratory rate, heart rate, blood pressure, blood oxygen
saturation, and degree of respiratory failure

« The National Early Warning Score, a scale recommended
for use in patients with COVID-19 [32]

« Chest CT scan to evaluate the disease using a four-digit
scale (CT-1, -2, -3, or -4)

« Laboratory tests (clinical blood analysis, biochemical
minimum, and determination of ferritin, C-reactive pro-
tein, interleukin-6, D-dimer, and lactate dehydrogenase
activity levels)

« Electrocardiography

+ Additional instrumental techniques (if necessary)

All patients provided informed and voluntary consent to
participate in the study, which was approved by the ethics
review board of City Hospital No. 40 (Protocol No. 171
of May 18, 2020). The study objectives were fulfilled
using biomaterials from the biobank collection of City
Hospital No. 40.

The concentration of cytokines in the samples was
determined using a customized panel (Merck, Millipore) and
multiplex immunofluorescence analysis based on the xMap
platform (Luminex). The quantification range of the method
was 1-10,000 pg/mL. The panel consisted of sCD40L, MDC,
fractalkine, IP-10, and VEGF. Frozen serum samples were
used, and sample preparation and analysis were performed
according to the manufacturer’s instructions. Data on
comorbidities were obtained from anamnesis.

The study analyzed the groups in several stages. The study
evaluated intergroup differences among 1,648 patients
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and patients without comorbid burden, which consisted
of 343 patients with a Charlson index score of <2 points.
The study analyzed 472 patient histories of COVID-19,
including the concentrations of the investigated biomarkers
and comorbid pathology as defined by the Charlson index
score. Two samples were compared: an experimental
sample of patients with COVID-19 and a defined comorbidity
and a control sample of patients with COVID-19 but without
a defined comorbidity.

Statistical data processing

The normality of the sample distribution was assessed
using the Shapiro-Wilk test. Differences between groups
were identified using the Mann-Whitney U test. Regression
models were constructed to differentiate the influence of
comorbidities, age, and sex, with the presence/absence of
the comorbidities under study, age, and sex as independent
variables. Logistic regression was used to predict disease
severity and outcome. The odds ratio was used for post hoc
analysis. Akaike’s information criterion was used to select
the best model. Statistical tests deemed the difference
between samples reliable at p < 0.05.

Data processing and visualization were performed using
version 4.1.3 of the R programing language.

RESULTS

A total of 1,648 case histories of patients with COVID-19
with blood biosamples were analyzed. The demographic
data of the study group, distributed by disease severity
according to the criteria of the temporary methodological
recommendations for the diagnosis and treatment of new
coronavirus infection, are presented in Table 1.

Of the 1,648 patients, 343 had no significant comorbid-
ity burden based on their Charlson comorbidity index score
(excluding age) not exceeding 2. Table 2 presents the cor-
responding statistics on the sex and age composition of
the groups.

Table 3 presents data on the concentrations of the inves-
tigated biomarkers for patient groups categorized by the se-
verity of COVID-19, in addition to significant differences in
MDC, sCD40L, and IP-10 concentrations between the severe
and other groups. The p-value for the difference in MDC and
IP-10 concentrations was very high (p < 0.0001), whereas
the difference in sCD40L levels was also significant but to
a lesser extent (p = 0.0003) than the former. In patients with
a Charlson comorbidity index score of <2, the difference in
sCD4OL levels disappeared (p = 0.9). However, the difference
persisted for IP-10 (p < 0.0001); the difference in MDC levels
disappeared but remained close to the level of statistical sig-
nificance (p = 0.07).

Table 4 presents the data on the concentrations of
biomarkers in groups distinguished by disease outcomes.

17816/mechnikovb624558
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The biomarker concentrations showed similar differences
between groups of disease severity for different disease
outcomes. In the main group, MDC, sCD40L, and IP-10
concentrations exhibited significant differences between
surviving and deceased patients (p < 0.0001). The same
differences, except for sCD40L data, were observed in
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patients with a Charlson comorbidity index score of <2.
The study analyzed the medical records of 472 patients
with COVID-19, including their biomarker concentrations and
comorbidities measured by the Charlson index score.

Table 5 presents the demographic data and distribution by
severity of the COVID-19 course in the study cohort. The data

Table 1. Demographic data of patients with COVID-19 distributed by disease severity
Ta6nuua 1. [leMorpadmueckve gaHHble naumeTos ¢ COVID-19 ¢ pacnpeaeneHreM no CTeneHm TsKeCTH TedeHus 3aboneBaHms

o | Tla | Wen | Wemmn | (G e e e

Distribution of cases by disease outcome

Deceased 302 154 147 747 £11.3 73+ 1.2 76.4 £ 11.2
Survivors 1346 652 693 61.8 + 15.4 59.4 + 147 64.1+15.6
Distribution of disease severity

Mild 33 21 12 522+ 16.6 54.3 +16.6 48.7+16.6
Moderate 868 395 473 61.1+15.8 58.5 + 15.1 63.3+ 16
Severe 746 391 355 68.3 + 14 65.8 + 14.1 70.9 + 13.6

Note. M + SD indicates the mean and standard deviation.

Table 2. Demographic data of patients with COVID-19 classified by outcomes and disease severity in a subgroup of patients with Charlson

comorbidity index of <2 points

Tabnuua 2. [leMorpaduyeckne aaHHble naumenTos ¢ COVID-19, BblaeneHHbIX N0 UCX0AaM U TAXKECTU TedeHUA 3aBonesaHus, B noarpynmne

MauMeHTOB C MHAEKCOM KoMopbuaHocty Charlson 2 6anna v MeHee

ow | Tl | denn | wemen el [ e [ e e,
Distribution of cases by disease outcome
Deceased 23 15 8 68.2+ 13.4 673+ 14.9 70 £ 10.6
Survivors 320 137 183 56.2 + 14.8 537+ 137 58.1+15.4
Distribution of disease severity
Mild 12 6 6 50.8+15.9 515+ 13.6 50.2 +19.2
Moderate 237 96 141 56.7 + 15.3 54.6 + 14.2 58.1+15.9
Severe 94 50 A 58.8 + 14.2 56.3 + 14.9 61.6 £ 12.9

Note. M + SD indicates the mean and standard deviation.

Table 3. Concentrations of the studied hiomarkers in patients categorized by COVID-19 severity
Ta6nuua 3. KoHueHTpauum uccnenyeMbix bUOMapKepoB B rpynnax nauueHToB, BbiAENeHHbIX Mo TaxecTn Teyenns COVID-19

Biomarkers Sample Mild severity Moderate severity Severe course p
Fractalkine, pg/mL  Total 0 (0-95.6) 0 (0-49.9) 11.4 (0-57.3) 0.16
Noncomorbid 6.7 (0-118.1) 0 (0-41.2) 0(0-32.1) p=1
MDC, pg/mL Total 652.4 (566.6-863.6)  594.4 (404.2-883.8) 457.6 (292.5-710.7) p <0.001
Noncomorbid 568 (489.5-637.7) 536 (345.8-791.9) 4478 (292.8-726.3) p <0.001
sCD40L, pg/mL Total 5809.4 (3414-9432) 5694 (3114.7-9635.1)  4901.7 (2255.5-8096.7) p<0.003
Noncomorbid 5038.4 (3038.9-8433.1) 5104.4 (3002.5-10,000) 5599.7 (3137.9-8756.2) p=0.27
IP-10, pg/mL Total 728.9 (282.8-2157) 1151.8 (456.7-2226) 18877 (640.5-3419) p <0.001
Noncomorbid 1543.4 (416.9-2383.8)  1292.4 (489.9-2524.2)  2481.2 (1220-3771.3) p <0.001
VEGF, pg/mL Total 99 (29.5-217.8) 128.8 (52.3-270.5) 131.7 (48-2713) p=10.32
Noncomorbid 131.5 (30.8-315.6) 113.9 (34.2-249.1) 98.5 (35.4-233) p=0.35

Note. Data are presented as the median with the interquartile range. IP-10, interferon-y-inducible protein 10; MDC, macrophage-derived chemokine;

sCD4O0L, soluble CD4O ligand; VEGF, vascular endothelial growth factor.
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Table 4. Concentrations of the studied biomarkers in patient groups categorized by disease outcomes
Tabnuua 4. KoHueHTpauum uccnenyeMbix 61OMapKepoB B rpynnax NauMeHToB, BblAeNeHHbIX Mo UcxoaaM 3abonesaHus

Biomarkers Sample Survivors Deceased p
Fractalkine, pg/mL  Total 0 (0-54.5) 9.8 (0.0-56.1) p=05
Noncomorbid 0(0.0-31.9) 0 (0.0-34.9) p=073
MDC, pg/mL Total 578.6 (381.3-856.9) 367.9 (238.5-547.3) p <0.001
Noncomorbid 527.9 (334.9-780.3) 308.7 (223.3-383.3) p <0.001
sCD40L, pg/mL Total 5622.9 (2988.1-9147.9) 4112.2 (1807.9-7257.8) p <0.001
Noncomorbid 5352.3 (2802.5-7988.0) 6673.5 (3381.5-10,000.0) p=0.25
IP-10, pg/mL Total 1293.7 (484.8-24975) 2278.6 (747.1-4229.2) p <0.001
Noncomorbid 2271.1 (1098.7-3444.9) 34977 (1948.7-4754.3) p=0.06
VEGF, pg/mL Total 128.9 (49.5-261.6) 132.4 (47.2-282.2) p=072
Noncomorbid 87 (30.5-215) 175.3 (49.0-382.2) p=0.13

Note. Data are presented as the median with the interquartile range. IP-10, interferon-y-inducible protein 10; MDC, macrophage-derived chemokine;
sCD4OL, soluble CD40 ligand; VEGF, vascular endothelial growth factor.

Table 5. Demographic data and distribution by COVID-19 severity in the studied cohort
Tabnuua 5. B3aMocBssn Mexay reHaepHbIMU PasnMunaMU 1 CTENEHAMM TAXKECTU TedeHns 3aboneBanuns y naumenTo ¢ COVID-19

Patient group Total, n Men, n Women, n Mean age, M + SD, years
Moderate severity 170 90 80 54.8 + 14.0
Severe course 255 164 9N 532+ 125

Note. M + SD indicates the mean and standard deviation.

Table 6. Demographic data and outcomes of COVID-19 in the studied cohort
Tabnuua 6. leHpepHblie pasnmunsa u ucxoabl COVID-19 y nccneayemoii KOropTbl nauneHToB

Outcome Total, n Men, n Women, n Mean age, M £ SD, years
Survivors 279 178 101 54.3+12.9
Deceased 75 47 28 61.0 + 12.4

Note. M + SD indicates the mean and standard deviation.

Table 7. Demographic data and comorbidities of patients in the studied cohort
Ta6nuua 7. [leMorpaduyeckve faHHble U KOMOpPOUAHbIE 3ab0NeBaHUS NALMEHTOB UCCTIEAYEMON KOropT

b | Toln0 | Menn | Womenn | IS [ pemme | e fanen)
Hypertension 170 (36) 100 70 599 +96 58 + 10.3 62.7+8
Myocardial infarction 37(8) 29 8 675+ 9.1 673 +9.6 68.1+71
Congestive heart failure 108 (23) 70 38 65.1+92 65.2+98 64.9 + 8.2
Peripheral arterial disease* 59 (12) 37 22 64.7 £8.9 64.4 +10.3 65.2+6
Cerebrovascular disease 113 (24) 69 A 66.3+92 66.1+10.2 66.6 +75
Dementia 3(0.6) 3 0 727 +174 727 +14 -
Chronic pulmonary disease 36 (8) 21 15 58.8 + 12.4 585+ 117 59.1+13.7
Connective tissue disease 21 (5) 6 15 60+ 8.6 612+6.9 595+93
Peptic ulcer 24 (5) 15 9 61.4 +10.6 61.8 + 11.1 60.7 £ 10.3
Diabetes mellitus 61 (13) 34 27 60.6 + 99 59 + 10.6 62.7 +8.7
Chronic kidney disease 36 (8) 24 12 62.4 12 62 +13.3 63.1+93
Malignant neoplasm 14 (3) 5 9 706 +7 73.4+6.9 69+7

*Intermittent claudication or bypass surgery for chronic arterial insufficiency, history of gangrene or acute arterial insufficiency, or untreated
thoracic or abdominal aneurysm of =6 cm.
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suggest that severe COVID-19 was more prevalent in men
(n=164) than in women (n=91), despite no significant
difference in mean age between the study groups (54.8 and
53.2 years in patients with moderate and severe COVID-19,
respectively).

Table 6 summarizes the sex differences in COVID-19
outcomes among the study cohort. The mean age of
the survivor and deceased groups differed significantly
(53.3 and 61.2 years in the survivor and deceased groups,
respectively; Welch's t-test of 4.1; p = 0.000072). Table 7
presents the demographic data and comorbidities of
the patients in the study cohort.

Table 7 shows the prevalence of comorbidities in
patients with COVID-19, with hypertension being the most
common (36%), followed by cerebrovascular disease (24%),
congestive heart failure (23%), and diabetes mellitus (13%).
The proportion of patients with ongoing myocardial
infarction (8%) may be related to the focus of the COVID-19
diagnostic and treatment service on providing emergency
care, including high-tech care, to patients with myocardial
infarction and a positive test result for the presence of SARS-
CoV-2 RNA by polymerase chain reaction.

The study group had a mean Charlson comorbidity index
score of >3 points (range 1-5 points), indicating a high
frequency of comorbidities (Fig. 1).

Table 8 shows the codes of the studied comorbidities
according to the international classification of diseases,
10th revision.

Table 9 shows the laboratory and clinical data on
the concentrations of the investigated biomarkers in the study
and control groups of patients with COVID-19.

Table 9 presents only the results that show significant
differences or trends toward significance. The study
group in this table comprised patients with comorbidities,
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Fig. 1. Charlson Index indicators in the studied group
Puc. 1. MNokasatenm nipekca Charlson B uccnegyemoit rpynne

whereas the control group consisted of patients without
these comorbidities. The presented data show that patients
with comorbidities, such as hypertension, cerebrovascular
disease, peripheral arterial disease, and congestive
heart failure, had significantly lower concentrations of
MDC (306 vs. 504 pg/mL; p < 0.0001, 304 vs. 389 pg/mL;
p =0.0002, 287 vs. 373 pg/mL; p <0.0008, and 308 vs.
378 pg/mL; p = 0.0045, respectively). In addition, MDC levels
tended to be higher in the control group of patients with
chronic kidney disease (p = 0.086).

Figure 2 shows the MDC level spread diagram of pa-
tients in the study groups with and without cerebrovascular
disease.

Significant differences were observed in the IP-10
levels (p < 0.0386) between the study and control groups.
In addition, VEGF levels tended to be high in the control
group (p < 0.0558) of patients with COVID-19 and chronic
pulmonary disease. Patients with chronic pulmonary disease

Table 8. International classification of diseases, 10th revision codes for comorbid conditions
Ta6nuua 8. Kokl koMopbuaHbix 3abonesanuin no Mex ayHapoaHow Knaccudukauum bonesHen 10-ro nepecMotpa

Group Name Code
Hypertension Diseases characterized by high blood pressure 110-115
Myocardial infarction Ischemic heart disease 120-125
Congestive heart failure Congestive heart failure 150.0
Peripheral arterial disease Diseases affecting the arteries, arterioles, and capillaries [70-179
Cerebrovascular disease Cerebrovascular diseases 160169
Dementia Dementia in Alzheimer's disease Fo0, F02

Dementia in other diseases classified under other headings

Chronic pulmonary disease Chronic diseases of the lower respiratory tract J40-J47
Connective tissue disease Systemic lesions of the connective tissue M30-M36
Peptic ulcer Diseases of the esophagus, stomach, and duodenum K20-K31
Diabetes mellitus Diabetes mellitus E10-E14
Chronic kidney disease Renal failure N17-N19
Malignant neoplasm Malignant neoplasms Co0-C97
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Table 9. Concentrations of biomarkers in the experimental and control groups of patients with COVID-19 categorized by the presence or

absence of comorbidities

Tabnuua 9. KoHueHTpauum 61oMapKepoB B OMbITHOWM WM KOHTPOMLHOI rpynnax nauueHToB ¢ COVID-19, BblAeNeHHbIX MO HaNMuMio Unm

OTCYTCTBUIO KOM0p6VIJJ,HOF0 3aboneBaHus

Comorbidity unit ()Bfiz\n;:::ﬁI;ment Control group Study group P
Hypertension MDC, pg/mL 504 (236-673) 306 (172-486) p < 0.0001
Congestive heart failure MDC, pg/mL 378 (198-600) 308 (174-430) p =0.0045
Peripheral arterial disease MDC, pg/mL 373 (200-593) 287 (122-400) p=0.0008
Cerebrovascular disease MDC, pg/mL 389 (201-619) 304 (164-414) p =0.0002
Renal failure MDC, pg/mL 366 (201-563) 319 (126-413) p=0.086
Chronic pulmonary disease IP-10, pg/mL 23,800 (1350-40,000) 3760 (620-40,000) p=10.0386
Chronic pulmonary disease VEGF, pg/mL 277 (62.7-557) 121 (28-367) p=0.0558

Note. Data are presented as the median with the interquartile range. IP-10, interferon-y-inducible protein 10; MDC, macrophage-derived chemokine;

VEGF, vascular endothelial growth factor.

Kruskal-Wallis / Kputepuii Kpackena — Yonnuca;
X’ = 13.86, p = 2e-04, n = 472

2500 !

2000 |
1500

1000 - :
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0 I

Control group Experimental group
KoHTponbHas rpynna OnbiTHas rpynna
Cerebrovascular disease
LiepebpoBackynspHas bonesHb

MDC, pg/ml/ MDC, nr/mn

Fig. 2. Boxplot of macrophage-derived chemokine concentra-
tion in the studied groups (absence/presence of cerebrovascular
disease history); p-value obtained using Mann-Whitney U test.
MDC, macrophage-derived chemokine levels

Puc. 2. [lnarpamMma pa3Maxa ypoBHS XeMOKMHa MaKpodarasbHoro
MPOMCXOXAEHUSA B UCCAEAYEMbIX IPyNNaXx ¢ OTCYTCTBUEM/HANMUMEM
LiepebpoBacKynsipHon 6onesHM B aHaMHe3e; 3HaYeHue p Noy4eHo
C ucnonb3oBaHueM Kputepus MaHHa — Yuthu. MDC — ypoBeHb
XEMOKWHA MaKpodaranbHoro NpoMCcXoXAeHUs

had a significantly lower concentration of interferon-y
induced (3,760 pg/mL) than those without this comorbidity
(23,800 pg/mL).

Figure 3 demonstrates the VEGF levels in patients with
chronic pulmonary disease compared with controls (121 vs.
277 pg/mL; p = 0.055).

DISCUSSION

The association of comorbidities with the severe course
and outcomes of COVID-19 has been observed since the onset
of the COVID-19 pandemic. This study analyzed the influence

DOl https://doi.org/
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Fig. 3. Boxplot of vascular endothelial growth factor concentration
levels expressed in picograms per milliliter in the studied groups
(absence/presence of chronic unspecific lung disease history);
p-value obtained using Mann—Whitney U test. VEGF, vascular en-
dothelial growth factor level

Puc. 3. [lnarpamma pa3maxa ypoBHs (haKTopa pocTa COCYANUCTOro
3HJ0TENNSA B UCCTIEAYEMBIX FPYNMax ¢ OTCYTCTBUEM/HANMUMEM XpO-
HMYecKoro Hecneumduyeckoro 3aboneBaHnA NIerknX B aHaMHe3e;
3HayeHue p NONYYeHO C UCMOMb30BaHUeM Kputepus MaHHa — YuT-
HW. VEGF — ypoBeHb dakTopa pocTa cocyaucToro aHAoTenms

of comorbidities on the profiles of signaling biomarkers in
patients with different COVID-19 severities.

Patients with severe COVID-19 exhibited the lowest MDC
levels. A direct correlation between low MDC levels and fa-
tal outcomes was observed, consistent with the findings of
other studies [28-30]. In addition, patients with COVID-19
and comorbidities such as arterial hypertension, chronic
heart failure, cerebrovascular disease, peripheral arterial
disease, and chronic kidney disease had significantly lower
MDC levels than the control group. The existing literature
does not contain any results from such studies. Patients with
preexisting chronic hypercytokinemia and increased levels
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of angiotensin Il probably experience more pronounced dys-
regulation of the immune system during the primary activa-
tion of antiviral immunity and the subsequent development
of immunosuppression, accompanied by persistent lympho-
penia and signs of systemic inflammatory response. The dif-
ferences in MDC levels between patients with and without
comorbidities confirm the significant role of cardiovascular
disease, type 2 diabetes mellitus, chronic kidney disease, and
cerebrovascular disease in the development of severe forms
and fatal outcomes of COVID-19.

IP-10 (CXCL10) is a potent inflammation mediator that
affects T cells, natural killer cells, the monocyte/macrophage
system, and dendritic cells. It attracts leukocytes to
inflammatory foci, supports the formation of systemic
inflammatory responses, and plays a key role in inflammatory
tissue damage [18, 19].

The results showed that patients with severe COVID-19
exhibited significantly high IP-10 levels, consistent with
previous literature findings [19, 20]. IP-10 is associated with
immune depletion in COVID-19 and pulmonary epithelial
damage [31, 32]. However, in this study, patients with chronic
pulmonary disease had lower IP-10 levels than patients
without lung pathology. However, patients with COVID-19
had higher relative odds of a severe disease course (odds
ratio, 1.30; 95% confidence interval, 0.57-3.00) and risk of
mortality (odds ratio, 1.87; 95% confidence interval, 0.60-4.87)
than the control group. This finding is consistent with those
of studies conducted by the University of Oxford investigating
the effect of asthma on biomarker levels in the peripheral
blood [33].

Reportedly, patients hospitalized for severe COVID-19
have significantly higher VEGF levels than patients with mild
or moderate COVID-19 and healthy individuals [11]. Herein,
the levels of this cytokine did not differ significantly among
patients with different COVID-19 severities or fatal outcomes.
This finding is subject to further investigation.

Low sCD4OL levels are characteristic of a slow and
weak antiviral response [15]. Meanwhile, high sCD4OL levels
are associated with thrombosis and increased severity of
COVID-19 [16]. The present data indicate that patients with
severe COVID-19 and lethal outcomes had low sCD4OL levels.
This finding reflects the depth of immunogenesis disorders
that contribute to the development of septic complications. No
significant differences in sCD40L levels were found between
patients with COVID-19 with and without comorbidities.

The CX3CL1 level did not show significant differences
between patients in the comparison groups. However, its
direct association with thrombosis in infectious diseases and
cancer suggests the need for further investigations of its role
in patients with COVID-19 with various comorbidities [25].

This study confirms the significant role of signaling
biomarkers in the development of severe and lethal outcomes
of COVID-19 in patients with comorbidities. Further research

D0I: https://doi.org/10
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on the role of signaling biomarkers in patients with COVID-19
having different comorbidities will help develop personalized
approaches for managing this patient population.

CONCLUSIONS

1. SARS-CoV-2 triggers the production of several signaling
biomarkers crucial for developing COVID-19 in patients
with comorbidities.

2. A direct correlation between low MDC biomarker levels
and disease course was established in patients with arte-
rial hypertension, chronic heart failure, vascular disease,
cerebrovascular disease, and chronic kidney disease.
Patients with respiratory pathology exhibited significantly
reduced production of CXCL-10 and VEGF compared with
the index in patients without respiratory diseases.

3. In patients with comorbidities, MDC and sCD40L levels
may serve as additional prognostic biomarkers for the
COVID-19 course and outcome.
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