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ABSTRACT

Aim. To study the associations of the levels of metabolic and inflammatory molecules and the severity of post-
COVID syndrome (PCS) in COVID-19 convalescents.

Materials and methods. The observational cross-sectional study included 270 individuals aged 18-84 who
were COVID-19 convalescents, including 191 patients with PCS of whom 97 patients had mild PCS and 94 had
moderate PCS. Serum concentrations of metabolic and inflammatory molecules were determined using enzyme-
linked immunosorbent assay (ELISA), including: alpha interferon (IFN-a), interleukin 1 beta (IL-1p), interleukin 6
(IL-6), interleukin 8 (IL-8), monocyte chemoattractant protein 1 (MCP-1), insulin, C-peptide, and high-sensitivity
C-reactive protein (hs-CRP).

Results. In COVID-19 convalescents with PCS of varying severity, the level of IL-6 was 1.3 times higher than in
individuals without PCS. Among men with PCS, the levels of IL-6, MCP-1, and hs-CRP were 1.5, 1.2 and 1.9 times
higher, respectively, compared with men without PCS. In men with moderate PCS, the level of IL-6 was 1.9 times
higher and hs-CRP was 1.7 times higher than in men without PCS. The risk of having moderate PCS in COVID-19
convalescents was directly associated with the concentration of C-peptide in the blood. In men, the risk of having
PCS was directly associated with the concentration of hs-CRP in the blood.

Conclusion. In COVID-19 convalescents, the risk of having moderate PCS is directly associated with the level of
C-peptide in the blood. In men, the risk of having PCS is directly associated with the level of hs-CRP in the blood.

Keywords: post-COVID syndrome, interleukin-6, C-peptide, high-sensitivity C-reactive protein

Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest associated with
the publication of this article.

Source of financing. The study was carried out as part of the budget topic “Formation of Cohorts of Children,
Adolescents, and Young People to Study the Mechanisms and Features of the Human Life Cycle in the Russian
Population” No. FWNR-2025-0001, with the support of the scholarship of the President of the Russian Federation
No. SP-2974.2022.4 and the grant of the Government of Novosibirsk region GR-24 dated June 18, 2024.

Conformity with the principles of ethics. All patients signed an informed consent to participate in the study. The
study was approved by the local Ethics Committee of the Research Institute of Internal and Preventive Medicine, a
branch of the Institute of Cytology and Genetics (Minutes No. 10 dated November 10, 2020).

For citation: Karaseva A.A., Afanaseva A.D., Garbuzova E.V., Kashtanova E.V., Polonskaya Ya.V., Stakhne-
va E.M., Shramko V.S., Shcherbakova L.V., Logvinenko LI., Ragino Yu.l. Association of Metabolic and
Inflammatory Molecule Levels and Post-COVID Syndrome of Varying Severity. Bulletin of Siberian Medicine.
2025;24(2):44-51. https://doi.org/10.20538/1682-0363-2025-2-44-51.

P4 Karaseva Alexandra A., Sas96@bk.ru

44 BionneTteHb cMbUpckomn meguumHbl, 2025; 24 (2): 44-51



Original articles

Accoumauuv ypoBHel MeTabonnyecknx v BOCNannTeNbHbIX MONEKYJ
M NOCTKOBUAHOIO CUHAPOMA Pa3HOW CTENeHM TAXKeCTH

KapaceBa A.A., ApanacbeBa A.[l., FTap6y3oBa E.B., KawutaHoBa E.B., MonoHckan A.B.,
CraxHéBa E.M., LLipamko B.C,, Lllep6akoBa J1.B., JlorBuHeHko U.WU., ParnHo 10.U.

Hayuno-uccneoosamenvcruii uncmumym mepanuu u npoguiakmuyeckoi meouyunst — punuanr Pedepanvhoeo

UCCIe008AMENCKO20 yenmpa «HHcmumym yumoaocuu u ceHemuKu Cu6upc;<020 omoenenus Poccutickoti akademuu

nayxy (HUHUTIIM — ¢unuan UlJul” CO PAH)
Poccus, 630089, 2. Hosocubupck, yi. bopuca boeamxosa, 175/1

PE3IOME

Hens. V3yunTs acconnanny ypoBHEH METaO0IHMIECKUX U BOCTIAIIMTEIBHBIX MOJICKYIT M TOCTKOBH/HOTO CHHAPOMA
(ITKC) pa3Hoii cTeNeHN TSHKECTH Yy PeKOHBAIECIIEHTOB KopoHaBupycHol nHekun (COVID-19).

Marepuajbl 1 MeTObI. B 00cepBaimoHHOE 0JJHOMOMEHTHOE HCCIIeI0OBaHNE OBUTH BKITIOUEHHB! 270 4emoBeK, BO3-
pact 18-84 roxa, sBisrommxcs pexonBanecueHTaMa COVID-19, B Tom yncie ¢ Hanmmauem [TKC — 191 mamuent, 3
KOTOPBIX ¢ JIeTKoii crereHbio TshkecTr [IKC — 97 genosek, a co cpenneii crenensio Tsoxect [IKC — 94 yenoseka.
YV Bcex ManyeHTOB B CBIBOPOTKE KPOBU METOOM UMMyHO(pepMeHTHOro aHanu3a (UMDA) onpenensinm KOHIEHTpa-
UM METa0OINYECKUX U BOCIIAIUTENFHBIX MOJIEKY: mHTepdepoHa anbda (MDPH-a), naTepneiiknna 16era (MJ1-
1B), unrepneiikuna 6 (UJI1-6), uarepneiikuna § (MJI-8), MmoHommmTapHoro xemorakcudeckoro ¢akropa 1 (MCP-1),
nHCynuHa, C-enTraa, BRICOKOUYBCTBUTENbHOTO C-peakTuBHOTO Oenka (BuCPB).

PesyabTatbl. Y pexonBanecrentoB COVID-19 ¢ IIKC pa3noii ctenenu Tspkectu ypoBeHb MJI-6 Obln Bblme
B 1,3 pasza, uem y mun 6e3 [IKC. Cpeau myxunn ¢ IIKC yposens MJI-6 6bu1 BoiIe B 1,5 paza, MCP-1 — B 1,2,
BYCPb — B 1,9 paza, uem y myxuun 6e3 I[IKC. Cpeau myxuun ¢ [IKC cpenneit crenenu tsbxkectu yposens MJI-6
Obu1 BeILIe B 1,9 pasa, yposenb BUCPB — B 1,7 paza, uem y my>xunn 6e3 [1IKC. [llanc nannuus IIKC cpenneii cre-
[ICHU TsKeCTH Y pekoHBasiecueHToB COVID-19 npsimo acconuupoBas ¢ KoHIeHTpanueil B kposu C-nentuaa. Y
My>kuuH manc Hannuus IIKC npsimo accoruupoBan ¢ koHeHTpanueii B kposu BuCPB.

3aximodenne. Y pexonsanecteHToB COVID-19 manc nanuuus IIKC cpenseil creneHu TsKecTH IPsIMO aCCOLIU-
HpOBaH ¢ ypoBHeM B kposu C-nentuja. Y myxuut manc Hannuus IIKC npsmo accounuuposal ¢ yposHeM BuCPb
B KPOBHU.

KuaroueBble c10Ba: MOCTKOBUAHBIN CHHAPOM, HHTEPICHKHH-6, C-MIENTH]], BBICOKOTYBCTBUTEIbHBIN C-peakThB-
HEI 0€II0K

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHMOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKAIMe TaHHOW CTaThH.

Hcrounuk puHancupoBanus. VccienoBanue BBIMOTHEHO B paMKax OKOKETHOU TeMbl «DOPMUPOBAHUE KOTOPT
JIETCKOTO, TIOIPOCTKOBOT0, MOJIOZIOr0 HACEICHUS TSl M3YUCHHS MEXaHU3MOB M 0COOCHHOCTEH KU3HEHHOTO IHKIIa
yenoBeka B poccuiickoit momyssiun» Ne FWNR-2025-0001, npu nopaepxke crunenauu Ipesunenta PO NeCll-
2974.2022.4 u rpanTa mpaButenbctBa HoBocubupckoii oomactu I'P-24 ot 18.06.2024.

CooTBeTcTBHE MPUHIMIAM ITHKH. Bce manueHTs! moanucamn HHGOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cienoBanuu. Vccnenopanue oo0peHo ToKaabHBIM 3TH4ecKuM KomuteroM HUUTIIM — punmuan ULul” CO PAH
(mporokoin Ne 10 ot 10.11.2020).

Jns nurupoBanmsi: Kapacea A.A., AdanacreBa A.Jl., ['apOy3osa E.B., Kamranosa E.B., [Tononckas f1.B.,
Craxuésa E.M., lllpamko B.C., Illepbakosa JI.B., Jlorsunenko M.U., Paruno FO.U. Acconmanuu ypoBHel me-
Ta0OJIMYECKUX U BOCTIATUTEIBHBIX MOJICKYJI M MIOCTKOBHIHOTO CHHIPOMA Pa3HOI CTEIICHU TSDKECTU. Broiiemens
cubupckou meduyunvt. 2025;24(2):44-51. https://doi.org/10.20538/1682-0363-2025-2-44-51.
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INTRODUCTION

After an acute period of novel coronavirus
infection (COVID-19), 41.7% of patients [1] develop
various symptoms. In October 2021, the World
Health Organization (WHO) developed a definition
characterizing this condition, known as post-COVID
condition or post-COVID syndrome (PCS): a
condition after COVID-19 that occurs in individuals
with a history of suspected or confirmed SARS-
CoV-2 infection, usually starting 3 months after the
initial COVID-19 infection, with symptoms that last
at least 2 months that cannot be explained by another
diagnosis [2]. PCS is characterized by multiple organ
damage of varying severity and can lead to serious
complications. In clinical practice, this category
of patients is increasingly experiencing both the
development of new diseases and the progression of
existing chronic diseases after infection.

Chronic inflammation is a hallmark of PCS and
is believed to contribute to many symptoms. The
study of the exact mechanisms that cause long-term
inflammation after COVID-19 is a matter of scientific
interest. Currently, it is believed that several factors
play arole in the development of chronic inflammation
in PCS: immune dysregulation, impaired hemostasis,
prolonged persistence of the virus after convalescence,
and autoimmune reactions.

Existing data indicate the high prognostic value of
certain cytokines, inflammatory and metabolic markers
in the acute phase of COVID-19 determining the risk
of severe disease and death in patients. It is likely that
the mechanisms underlying the development of long-
term manifestations of the post-COVID period lead to
chronic inflammation due to a long-term increase in
the level of pro-inflammatory molecules with aberrant
immunity.

Studies of metabolic and inflammatory molecules in
the context of PCS are relevant and important, since it is
necessary to understand whether they retain their high
predictive significance regarding both the development
of PCS and the severity of its course. The study of
changes in the levels of metabolic and inflammatory
molecules and their associations with PCS opens up
opportunities for the development of new methods for
the prevention and treatment of patients with long-term
symptoms in the post-COVID period.

The aim of this study was to investigate the
associations of levels of metabolic and inflammatory
molecules and PCS of varying severity in COVID-19
convalescents.

MATERIALS AND METHODS

The single-stage observational study was conducted
at the Research Institute of Internal and Preventive
Medicine in 2020-2021. The study included 270
people (48.1% men, average age 53.2+13.2 years)
who were convalescents of COVID-19. Inclusion
criteria were as follows: the presence of COVID-19,
confirmed by a positive analysis of SARS-CoV-2
coronavirus RNA by polymerase chain reaction
(PCR) during the disease and/or the presence of IgG
antibodies to SARS-CoV-2 coronavirus; two months
after convalescence.

The study was conducted in accordance with the
Declaration of Helsinki and approved by the local
Ethics Committee of the Research Institute of Internal
and Preventive Medicine, a branch of the Institute
of Cytology and Genetics (Minutes No. 10 dated
November 10, 2020). All patients gave their informed
consent to participate in the study.

All patients were divided into four groups based on
the presence or absence of PCS and its severity (mild
or moderate), which were determined according to the
criteria published earlier in a systematic review [3].

Group 1 included 79 people without PCS, group
2 included 191 people with PCS, group 3 included
97 people with mild PCS, and group 4 included 94
people with moderate PCS. The enzyme-linked
immunosorbent assay (ELISA) with Vector-Best kits
(Russia) was used to determine the levels of metabolic
and inflammatory molecules, interferon alpha (IFN-a),
interleukin Ibeta (IL-1beta), interleukin 6 (IL-6), and
interleukin 8 (IL-8), monocyte chemotactic factor
1 (MCP-1), insulin, C-peptide, high-sensitivity
C-reactive protein (hs-CRP) in blood serum.

Statistical processing of the obtained results was
performed using the SPSS software package. The
normality of the distribution of continuous features
was checked using the Kolmogorov—Smirnov test.
Due to the nonparametric distribution of quantitative
data, the median interquartile range Me [Q,; O, ] was
used. The statistical significance of the differences
in quantitative indicators in the two groups was
assessed using the nonparametric Mann—Whitney
test. In cases where the number of groups was more
than two, the Kruskal-Wallis test and Dunn’s test,
a nonparametric multiple-comparison procedure,
were used. Associative relationships were studied
using univariate and multifactorial logistic regression
models. The results are presented as the odds ratio
(OR) and the 95% confidence interval (CI) for OR.
When testing statistical hypotheses, the critical level
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of significance was at p < 0.05.

RESULTS

A comparative analysis of the concentrations of
the studied metabolic and inflammatory molecules
in patients of four groups is presented in Table 1. In
patients with both mild and moderate PCS, the blood
level of IL-6 was 1.3 times higher than in people
without PCS.

Among men with PCS, the blood level of IL-6
was 1.5 times higher, MCP-1 was 1.2 times higher,

and hs-CRP was 1.9 times higher than in men without
PCS (Table 2). In men with moderate PCS, the blood
levels of IL-6 and hs-CRP were 1.9 and 1.7 times
higher than in men without PCS, respectively. The
level of hs-CRP was also statistically significantly
2.1 times higher in men with mild PCS compared
with men without PCS.

A similar analysis in women showed no statistically
significant differences in the levels of the studied
metabolic and inflammatory molecules in these
subgroups.

Table 1

Variability of the Levels of Studied Metabolic and Inflammatory Molecules in COVID-19 Convalescents Depending
on the PCS Presence and Severity, Me [Q,; O]

Parameter Group 1, no PCS Group 2, with PCS Group 3, mild PCS | Group 4, moderate PCS »
n=179 n=191 n=97 n=94

p,,=0.312

[FN-a, pg/mL 0.82 [0.34:4.06] 1.05 [0.27:4.80] 1.09 [0.27:4.08] 1.05 [0.41:5.03] pr.=0.383
b= 0333

.= 0507

IL-1b, pg/mL 2.06 [1.28:3.27] 242 [1.41:3.51] 2.56 [1.38:3.76] 2.11[1.51:3.26] p.=0273
. =0.977

p., 0016

IL-6, pg/mL 2.10 [1.35:3.08] 2.76 [1.73:4.43] 2.80 [1.79:4.87] 2.72 [1.66:4.24] o= 0.027
.= 0.032

.= 0.180

IL-8, pg/ml 7.19 [5.26:11.45] 8.81 [5.84:12.15] 8.55[5.29:12.22] |  9.06 [6.44:12.11] .= 0452
.= 0.080

.= 0085

MCP-1, pg/mL [211.32072;45052. o | 3426825842:43330] | 63'31359;‘47185.90] 35324 [256.48:441.55] | p. ji 0.134
.= 0.101

= 0.136

Tnsulin, mME/L 3.34[0.76:8.25] 3.71[1.31:9.83] 4.14[1.34:10.19] 3.62[1.11:9.10] po=0.138
p.=0.230

. 128.85 Py, = 0294
C-peptide, pmol/L 98.21 [50.27:280.17] | 143.27 [50.80:377.14] 172.97 [45.75:411.88] | p .=0417

[54.46:312.57] E

b= 0.264

.= 0.138

hs-CRP, mg/L 2.70 [1.36:8.93] 3.76 [1.90:9.31] 3.60 [1.71:9.31] 3.80 [2.42:9.27] P .=0238
.= 0.105

Table 2

Variability of the Levels of the Studied Metabolic and Inflammatory Molecules in Men, Convalescents of COVID-19, Depending

on the PCS Presence and Severity, Me [0, ;; O

75 ]

Parameter Group 1, no PCS Group 2, with PCS Group 3, mild PCS Group 4, moderate PCS »
n=29 n="75 n =46 n=29
p,,=0.178
IFN-a, pg/mL 0.54 [0.00;4.68] 1.28 [0.51;5.03] 2.30[0.51;5.05] 1.09 [0.14;5.93] p,;=0.140
p,,=0.432
p,,=0.679
IL-1b, pg/mL 2.63 [1.35;4.15] 2.47[1.11;3.79] 2.4910.99;4.03] 2.31[1.71;3.58] p,,=0.840
p,,=0.549
p,,.0.018
1L-6, pg/mL 1,82 [1,35;2,90] 2,77 [1,64;4,59] 2,36 [1,59;4,80] 3,52 [1,98;4.34] 2,,=0.089
p,=0.008
p,,=0.413
IL-8, pg/ml 7.02 [5.01;10.59] 8.03 [5.57;11.98] 7.67 [5.31;11.66] 8.54[6.13;12.01] p,;=0.652
p,.,=0.266
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End of table 2

Parameter Group 1, no PCS Group 2, with PCS Group 3, mild PCS Group 4, moderate PCS »
n=29 n=75 n =46 n=29
MCP-1, pg/mL 310.19 [215.85;392.50] 36111 35114 376.39 [288.29;436.45] §1_2=g.g;§
’ ’ T [281.48;420.83] [254.65;415.39] ’ T e
p,,=0.047
p,,=0.087
Insulin, mME/L 4.77[0.88;8.26] 7.19 [1.86;11.86] 7.38 [1.91;11.18] 6.39[1.70;12.54] p,,=0.105
p,~0.176
. 189.42 p,;70.140
C-peptide, pmol/L |  123.08 [29.58;335.04] 198.08 [67.57;434.57] 198.08 [66.57;536.64] p,,=0.213
[66.89;425.78] 3
p,,=0.166
p,,=0.011
hs-CRP, mg/L 2.32[1.36;7.44] 4.41[2.59;10.68] 4.78 [2.43;10.65] 4.03 [2.74;11.43] P,;=0.028
p,..=0.020

At the next stage of statistical processing, the PCS in COVID-19 convalescents is directly associated
metabolic and inflammatory molecules we studied were with the concentration of C-peptide in the blood.
sequentially included in a univariate logistic regression Univariate logistic regression analysis in men
analysis model with standardization by gender and age shows that the chance of PCS and mild PCS is directly
(Table 3). It was found that the chance of moderate associated with the hs-CRP level (Table 4).

Table 3

Univariate Logistic Regression Analysis of the Chance of Moderate-Grade
PCS in COVID-19 Convalescents (with Standardization by Gender

and Age)
Parameter Univariate analysis
Exp B 95% CI P

IFN-a, pg/mL 1.004 0.928-1.086 0.921

IL-1b, pg/mL 0.780 0.901-1.081 0.780

IL-6, pg/mL 1.162 0.936 —1.442 0.173

IL-8, pg/ml 1.015 0.942 —1.094 0.701

MCP-1, pg/mL 1.001 0.998 —1.003 0.695

Insulin, mME/L 1.027 0.972 —1.085 0.339

C-peptide, pmol/L 1.001 1.000 —1.003 0.048

hs-CRP, mg/L 1.015 0.979 —1.052 0.425

Table 4
Univariate Logistic Regression Analysis of the Chance of Having PCS and Mild PCS in Men
with Standardization by Age)
Parameter Univariate analysis of the chance of PCS Univariate analysis of the chance of mild PCS
Exp B 95% CI p Exp B 95% CI P

IFN-a, pg/mL 1.002 0.901-1.114 0.970 1.012 0.907-1.129 0.834
IL-1b, pg/mL 0.973 0.804-1,178 0.781 1.000 0.822-1.216 0.996
IL-6, pg/mL 1.309 0.982-1.745 0.067 1.257 0.943-1.676 0.118
IL-8, pg/ml 1.020 0.929-1.120 0.679 1.025 0.935-1.123 0.598
MCP-1, pg/mL 1.002 0.998-1.006 0.308 1.001 0.997-1.006 0.511
Insulin, mME/L 1.050 0.971-1.136 0.219 1.051 0.963-1.148 0.262
C-peptide, pmol/L 1.001 0.999-1.003 0.217 1.001 0.999-1.003 0.316
hs-CRP, mg/L 1.113 1.005-1.223 0.040 1.127 1.008-1.260 0.036

When the metabolic and inflammatory molecules C-peptide, hsCRP), simultaneously, in COVID-19
were included in the multivariate logistic regression convalescents and, separately, in men and women,
analysis, which showed a statistically significant there were no associative links with the chance of
difference between the subgroups (IL-6, MCP-1, having PCS and its severity.
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DISCUSSION

The study of pathophysiological changes and the
mechanisms that cause the occurrence of both ongoing
and de novo PCS symptoms continues. Considering
the existing data on the presence of higher levels of
metabolic and inflammatory molecules (in particular,
IL-1b, IL-6, IL-8, MCP-1, insulin, C-peptide, and hs-
CRP) in patients infected with SARS-CoV-2 in the acute
period and their associations with the risk of severe
coronavirus infection course [4—6], we evaluated this
profile in the blood serum of COVID-19 convalescents.

In study of Schultheil} et al., it was shown that there
were significantly higher serum levels of IL-1b and
IL-6 in the group of patients with PCS compared with
those without PCS. The authors also demonstrated
data reflecting the positive correlation of the molecules
both with each other and with the presence of PCS
[7]. Zhdanova et al. provided similar data revealing
that the median levels of IL-1b and IL-6 were 1.3 and
4.5 times higher, respectively, in the group of patients
with PCS compared with healthy individuals [8]. The
PHOSP-COVID study demonstrated elevated IL-6
level 5 months after hospitalization for COVID-19
in a group of convalescents with mild cognitive
impairments [9]. Our findings are consistent with the
literature data: the level of IL-6 was 1.3 times higher
in COVID-19 convalescents with PCS compared with
those without PCS. We also found an increased IL-6
content in the blood serum of individuals with PCS
of varying severity. It is reported that IL-6 is a key
inflammatory factor in the immunopathogenesis of the
new coronavirus infection, which is reflected in its use
as a marker of severity in COVID-19 [10]. Taking into
account the hypothesis of long-term persistence of the
virus in the post-COVID period [11], an increase in
the level of pro-inflammatory molecules, in particular
IL-6, may be explained by ongoing immune reactions
against viral antigens.

According to research data, MCP-1 (proin-
flammatory chemokine) is a key mediator involved in
the pathogenesis of COVID-19, its level was higher
in critically ill patients and correlated with respiratory
failure, acute renal failure and death from COVID-19
[5, 12, 13]. In our study, the median MCP-1 level
was significantly higher in men only in the group of
patients with PCS compared with those without PCS.
This may probably be due to the fact that male sex is a
risk factor for severe COVID-19 [14, 15].

Ofparticular interest are the results that demonstrate
the Dbidirectional relationship of carbohydrate

metabolism disorders and COVID-19. According to
some data, diabetes mellitus was found to be associated
with the severity of COVID-19 and mortality [17]. Man
et al. study reported that PCS is the main risk factor for
changes in the metabolic status of patients, leading to
insulin resistance [18]. According to the results of a
subanalysis of the joint registers ACTIV and ACTIV
2, it was found that one year after the infection, patients
with type 2 diabetes mellitus and newly diagnosed
hyperglycemia are more likely to have symptoms
characteristic of post-COVID syndrome [19]. Several
mechanisms underlie the pathological interaction of
the SARS-CoV-2 virus and carbohydrate metabolism
disorders. Since diabetes mellitus is characterized
by chronic inflammation, this could contribute both
to the development of a more severe course of the
disease in the acute period and to increased systemic
inflammation observed during follow-up. On the other
hand, exposure to an acute inflammatory process leads
to insulin resistance in the body. Probably, these data
altogether can determine our findings regarding the
direct association of the chance of moderate severity
PCD with the blood level of C-peptide.

The study of the level of hs-CRP has acquired
additional significance in the post-COVID period.
Monitoring of hs-CRP as one of the inflammatory
markers is included in the guidelines “Features of Long-
COVID Infection Clinical Course. Therapeutic and
Rehabilitation Measures” [20]. Castro et al. compared
patients (n =277) who were hospitalized in 2020 during
the first wave of COVID-19 in Brazil, depending on the
absence or presence of advanced PCS. An extensive
profile of biomolecules in the blood serum was
examined 6-12 months after discharge, and a higher
level of hs-CRP was noted in the group of patients with
PCS compared with those without PCS [16].

The study of Maamar et al. reported that men
with hs-CRP levels in the range of low intense
inflammation (>0.3 mg/dl and <1.0 mg/dl) had a
10—17-fold increased risk of developing post-COVID
syndrome [21]. The results obtained regarding the
direct association of the chance of the presence of PCS
with the hs-CRP level are consistent with the literature
data. The advantage of this inflammatory marker over
others (for example, ferritin and IL-6) is that it is
readily available and widely used in clinical practice.

CONCLUSION

In COVID-19 convalescents, the chance of
moderate PCS is directly associated with the blood
level of C-peptide. In men, the chance of having
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PCS is directly associated with the level of hs-CRP
in the blood. The data obtained during the study
demonstrate specific changes in the cytokine profile
in patients with PCS. It indicates the need for further
in-depth research, enabling to develop methods for
personalized management of this patients category.
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