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ABSTRACT

Background. COVID-19 is associated with systemic inflammation, endothelial dys-
function, and coagulopathy, significantly increasing the risk of thrombotic compli-
cations—including acute myocardial infarction (AMI) - including in young patients.
The role of the monocyte—-macrophage system in the pathogenesis of these complica-
tions remains insufficiently studied.

Aim. To investigate the phenotypic composition of peripheral blood monocytes
in young patients with COVID-19 alone and in those with concomitant COVID-19
and AMI.

Methods. A comparative cross-sectional study included 223 male patients aged 36.4
(31.2; 41.6) years: 15 with moderate COVID-19 and AMI (main group), 179 with mod-
erate COVID-19 without AMI (comparison group), and 29 healthy individuals (control
group). Expression levels of CD14, HLA-DR, CD11b, CD206, CD32, TNFR1, TNFR2, CD68,
TRAIL, and TGF31 on monocytes were assessed by flow cytometry.

Results. In patients with COVID-19, monocyte expression of CD14 and HLA-DR was
significantly reduced compared to controls, while expression of TNFR2, TRAIL, TGFS1,
CD206, CD68, CD32, and CD11b was elevated. These alterations were more pro-
nounced in patients with both COVID-19 and AMI, including increased TNFR1 expres-
sion relative to controls. Comparative analysis revealed significantly higher expression
levels of TNFR1, TNFR2, TGF31, CD206, and TRAIL in the main group versus the com-
parison group. Significant correlations were found between monocyte marker expres-
sion (CD14, HLA-DR, CD206, TNFR1, TNFR2, TRAIL, TGF31) and the development of AMI
in patients with COVID-19. ROC analysis confirmed the prognostic value of HLA-DR,
CD206, TRAIL, and TGFB1 as markers of high AMI risk in this population.

Conclusion. COVID-19 induces a phenotypic shift in monocytes toward an immu-
nosuppressive, pro-inflammatory, and pro-fibrotic profile, thereby increasing the risk
of AMI.
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notypic composition
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PE3IOME

O6ocHoeaHue. COVID-19 accoyuuposaH ¢ pasgumuem CUCMEMHO20 80CNAJIeHUS,
3HOOMenuaneHou oucgyHkyuel U Kodzysonamueu, Ymo 3HA4umesibHO NOB8bILIG-
em puck mpombomuYeckux OC/1I0XHeHUU, 8K0HYas ocmpblll UHGApKmM Muokapod
(OUIM), 8 mom qucne y nayueHmMos Mos100020 803pacma. Posb MOHOUUMApPHO-MAK-
pogazanbHo20 38eHA 8 MeXaHU3MAax pa3sumus 0dHHbIX OC/IOXHeHUl ocmaemcs He-
00CMamoyHo u3yy4eHHou.

Ueno. Viccnedosams gheHomunuyeckuli cocmas MOHOUUMO8 hepughepudeckoli Kpo-
8U y nayueHmMo8 Mos00020 8o3pacma ¢ COVID-19 u covemaruem COVID-19 u OUM.
Memooel. [TposedeHo cpasHUMesbHOe 0OHOMOMEHMHOE UCCe008aHuUe C y4acmu-
em 223 nayueHmos MyXcKo2o nosa e eospacme 36,4 (31,2; 41,6) nem, u3 Hux 15 na-
yueHmos co cpedHemsxéneim medeHuem COVID-19 u OMIM (ocHosHaa epynna); 179
nayueHmos ¢ COVID-19 cpedHeli cmeneHu maxecmu 6e3 OVIM (epynna cpasHeHus);
29 300posbix UY (KOHMPOSLHAA 2pyNNA). YposeHs 3kchpeccuu moHoyumamu CD14,
HLA-DR, CD11b, CD206, CD32, TNFR1, TNFR2, CD68, TRAIL u TGFB31 oyeHusanu memo-
dom npomouHoU yumomempuu.

Pesynemamel. Y nayueHmos ¢ COVID-19 8biagneHo 00cmosepHoe CHUXeHue KC-
npeccuu moHoyumamu CD14 u HLA-DR omHocumesnsHO KoHmMposeHou epynnel. O0-
HospeMeHHO ommeyeHo nosgbiweHue yposHel TNFR2, TRAIL, TGFB1, CD206, CD6S,
CD32 u CD11b. lpu coyemaruu COVID-19 u OVIM u3meHeHus 6biau 6osiee 8bipa-
XKeHHbIMU, 8K/I04YaA yeeaudyeHue skcnpeccuu TNFRT no cpasHeHuto ¢ KOHMpPObHOU
2pynnod. CpasHumesbHbIl aHaau3 nokasas, ymo y nayueHmos ¢ COVID-19 u OUM
ypoeHu 3kcnpeccuu TNFR1, TNFR2, TGF31, CD206 u TRAIL 6bi1u 3Ha4umo 8viwie, 4em
y nayueHmos ¢ COVID-19. lpu oyeHKe 83aUMOCBA3U USMEHEHUA ndpamempos8 Mo-
HoyumapHoz2o omeema ¢ pazgumuem OUM y nayueHmos ¢ COVID-19 6bisiu 8bids-
JleHbl 3Ha4umeie koppenayuu ¢ CD14, HLA-DR, CD206, TNFR1, TNFR2, TRAIL u TGFf31.
ROC-aHnanu3z nodmeepoun npozHocmuyeckyto 3Ha4umocme HLA-DR, CD206, TRAIL
u TGFB1 kak mapkepos 8bicokozo pucka OM y nayueHmos ¢ COVID-19.
3aknroyenue. COVID-19 uHuyuupyem usmeHeHue heHomuna MOHOYUmMos, Npusoos
K hopMUPOBAHUIO Cybnonynayuu ¢ UMMYHOCYNPeCccUsHbIMU, NPOBOCNAIUMETbHbIMU
U npogubpomuyeckumu cgolicmeamu, Ymo nossitudem puck pazsumus OVIM.

Kniouesoie cnoea: COVID-19, ocmpebili UHhapKkm muokapoa, MOHouumel, nepugepu-
yeckas Kpose, heHomunudeckuli cocmas

Ona untupoBanua: AHgpuesckaa W.A. Wynbra A.C., Nasrnan K.C. ®eHoTmnuuecknin
COCTaB MOHOLIMTOB KPOBU Y MaumeHToB monogoro so3pacta ¢ COVID-19 u couetaHuem
COVID-19 1 ocTpbIM MHpapKTOM MmoKapaa. Acta biomedica scientifica. 2026; 11(3): 19-26.
doi: 10.29413/ABS.2026-11.3.3
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BACKGROUND

The novel coronavirus disease, COVID-19, caused
by SARS-CoV-2, is recognized not only as a respiratory
illness but also as a systemic disorder affecting multiple
organs and systems, including the cardiovascular sys-
tem [1]. Although the respiratory tract remains the main
target of the virus, cardiovascular complications are in-
creasingly being reported and contribute significantly
to both morbidity and mortality, especially among pa-
tients with severe disease [2].

Myocardial injury in COVID-19 may arise through
direct viral cytopathic effects or indirectly, via immune
system hyperactivation, dysregulation of the renin-an-
giotensin system (RAS), endothelial dysfunction,
and microvascular thrombosis [3]. SARS-CoV-2 enters
cells, including cardiomyocytes and myocardial vascu-
lar cells, through the angiotensin-converting enzyme
2 (ACE2) receptor [4]. Following intracellular entry,
the virus induces ACE2 internalization, leading to im-
paired regulatory function of ACE2 and a predomi-
nance of pro-oxidant, pro-inflammatory, and vasocon-
strictive effects mediated by angiotensin Il via the AT1
receptor [5].

A central role in the pathogenesis of cardiac com-
plications is attributed to the systemic inflamma-
tory response, characterized by excessive secretion
of pro-inflammatory cytokines, including tumor ne-
crosis factor-a (TNF-a), interleukin-2 (IL-2), IL-6, IL-7,
and other inflammatory mediators [6]. This immune hy-
perreactivity initiates a cascade of pathological events,
including cardiomyocyte apoptosis, microcirculatory
dysfunction, and activation of the coagulation cascade.
In this process, activated macrophages and monocytes
release additional cytokines and procoagulant factors,
contributing to atherosclerotic plaque destabilization,
atherothrombosis, and ultimately acute myocardial
infarction (AMI) [7]. In a significant subset of patients,
AMI develops due to an imbalance between myocardial
oxygen supply and demand, which can be precipitat-
ed by hypoxia, tachycardia, hypotension, or sepsis [8].
Meta-analyses indicate that signs of myocardial injury
are detectable in 20-28 % of hospitalized COVID-19 pa-
tients and are associated with a significantly increased
risk of mortality [9, 10].

Monocytes constitute a heterogeneous population
of immune cells capable of polarization in response
to the local microenvironment: pro-inflammatory M1
macrophages drive the inflammatory response, where-
as anti-inflammatory M2 macrophages promote tissue
remodeling and resolution of inflammation [11]. In se-
vere COVID-19, a shift from M1 to M2 macrophage po-
larization has been observed [12], potentially leading
to immune dysregulation and contributing to the de-
velopment of cardiovascular complications.

The rising incidence of AMI among young adults
aged 18-45 years [13] poses a serious clinical challenge
and points to a prominent role played by pathogenet-
ic mechanisms that are directly linked to viral-induced
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inflammation and coagulation in COVID-19. Investi-
gation of the phenotypic composition of circulating
monocytes has particular scientific and clinical rele-
vance in this context. Alterations in immune cell po-
larization underlie both pro-inflammatory and pro-fi-
brotic immune responses. Therefore, phenotypic
analysis of peripheral blood monocytes in young pa-
tients with COVID-19, as well as in those with concom-
itant AMI, may not only deepen our understanding
of the pathogenesis of cardiovascular complications
but also identify potential targets for immunomodula-
tory therapeutic strategies.

AIM

To investigate the phenotypic composition of periph-
eral blood monocytes in young patients with COVID-19
alone and in those with concomitant COVID-19 and AMI.

MATERIALS AND METHODS

Study design and setting

A comparative cross-sectional case-control study
was conducted involving 223 male patients, with a me-
dian age of 36.4 (31.2; 41.6) years. The main group con-
sisted of 15 patients with moderate COVID-19 who de-
veloped AMI during hospitalization. The comparison
group included 179 patients with moderate COVID-19
and no AMI, while the control group comprised 29
healthy individuals with no cardiovascular disease
and with a negative PCR test for SARS-CoV-2.

Inclusion criteria were: age < 45 years, laborato-
ry-confirmed COVID-19 (positive PCR for SARS-CoV-2
RNA), moderate disease severity, and newly diagnosed
cardiovascular pathology during hospitalization.

Exclusion criteria were: history of coronary artery
disease, prior AMI, coronary artery stents, chronic heart
failure (NYHA functional class 1I-1V), malignancies, HIV
infection, and severe COVID-19.

In addition, aretrospective review of medical records
(Form No. 003/u) and inpatient charts was conducted.
Laboratory analyses were performed at the research
facilities of the Far Eastern Scientific Center of Physi-
ology and Pathology of Respiration using equipment
from the Shared Resource Center.

Ethical approval

The study was conducted in accordance
with the Helsinki Declaration (World Medical Associ-
ation, 2013) and it was approved by the local ethics
committee of the Far Eastern Scientific Center of Phys-
iology and Pathology of Respiration (Protocol No. 5,
dated October 20, 2021). All participants provided
written informed consent before participating in this
study.

Study duration and methods

Sample collection was performed between 2021
and 2023 at the Infectious Diseases Department



of the Blagoveshchensk City Clinical Hospital (Bla-
goveshchensk, Amur Region). Peripheral venous blood
was collected in the morning after an overnight fast
within the first 72 hours of hospitalization into vac-
uum tubes containing EDTA (China). Mononuclear
cells were isolated by density gradient centrifugation
on Ficoll-Paque medium (density 1.077 g/mL; Cytiva,
Sweden). Monocyte surface marker expression was
assessed by flow cytometry using a BD FACS Can-
to Il cytometer (Becton Dickinson, USA) with fluoro-
chrome-conjugated monoclonal antibodies (BiolLeg-
end, USA) against CD14, HLA-DR, CD11b, CD206, CD68,
CD32, TNFR1, TNFR2, TRAIL, and TGFP1. Data were ana-
lyzed using BD FACSDiva™ v8.0 software (Becton Dick-
inson, USA).

Statistical analysis

Statistical processing was performed using IBM SPSS
Statistics v.23.0 (IBM Corp., USA). Quantitative variables
are expressed as median (Me) and interquartile range
(Q1; Q3). Normality was assessed using the Kolmogo-
rov — Smirnov and Shapiro - Wilk tests. Between-group
comparisons of non-normally distributed continuous

TABLE 1

variables were performed using the Mann - Whitney
U test. A p-value < 0.05 was considered statistically
significant.

RESULTS

Phenotypic analysis of peripheral blood monocytes
in young patients with moderate COVID-19 revealed
statistically significant alterations in cell surface antigen
expression, associated both with SARS-CoV-2 infection
itself and with the development of AMI in the context
of infection (Table 1).

In the COVID-19 group, compared to the control
group, there was a decrease in the number of mono-
cytes expressing CD14 - by 1.25 times (p < 0.001)
and HLA-DR antigen - by 1.18 times (p < 0.001). TNFR2
expression levels increased by 3.03 times (p < 0.001),
TRAIL - by 3.96 times (p < 0.001), and TGF31 - by 3.08
times (p < 0.001). At the same time, an increase in CD206
expression by 1.80 times (p < 0.01), CD68 - by 2.29
times (p < 0.001), CD32 - by 1.04 times (p < 0.05),

PHENOTYPIC COMPOSITION OF PERIPHERAL BLOOD MONOCYTES IN THE STUDY GROUPS (%)

COVID-19

COVID-19 + AMI

Control group

Parameters n=179 n=15 n=29 p
CD14 75.2(73.9;76.4) 76.7 (74.3;79.9) 93.9(91.5; 94.6) P, ;<0.001
p,>0.05
HLA-DR 79.0 (76.0; 83.7) 80.6 (77.0; 83.1) 93.4(90.9; 96.6) P, ;<0.001
p,>0.05
CD11b 80.4 (72.4; 82.0) 82.3(73.3;83.5) 75.9(73.6;77.9) p,<0.001
p, ;<0.05
CD206 79(7.1;8.7) 10.7 (10.0; 11.5) 4.4 (4.1;5.5) p, ,<0.001
p. ,<0.05
CD32 93.6 (92.4; 94.5) 94.4(93.8;95.1) 89.8 (89.2;90.7) 1.2
p,>0.05
TNFR2 41.8(37.0;45.7) 65.8 (61.7;69.3) 13.8(10.5; 15.1) p, ,<0.001
p,>0.05
TNFR1 62.3 (56.0; 64.2) 78.6 (74.7;84.1) 62.3 (56.7; 64.9) L
p, ;<0.001
CD68 50.4 (46.8; 64.6) 48.7 (46.0; 52.4) 22.0 (18.0; 24.4) p;,,<0.001
p,>0.05
TRAIL 55.5(53.2;57.3) 59.0(57.8;61.9) 14.0 (11.7; 14.6) P, ;<0.001
p,<0.05
TGFpB1 11.4(9.3;12.6) 17.9(14.8; 19.8) 3.7(3.0;5.2) p, ,<0.001

Notes. p, - statistical significance of differences between the COVID-19 group and the control group; p, - statistical significance of differences between the

COVID-19 + AMI group and the control group; p, - statistical significance of differences between the COVID-19 group and the COVID-19 + AMI group.
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and CD11b - by 1.06 times (p < 0.05) was noted. TNFR1
expression levels in the COVID-19 group did not differ
significantly from those in the control group (p > 0.05).

In patients with COVID-19 and AMI, compared
to the control group, there was a decrease in CD14
expression — by 1.22 times (p < 0.001) and HLA-DR -
by 1.16 times (p < 0.001). TNFR1 expression levels in-
creased by 1.26 times (p < 0.001), TNFR2 - by 4.77
times (p < 0.001), TRAIL — by 4.21 times (p < 0.001),
TGFB1 - by 4.84 times (p < 0.001), CD206 - by 2.43 times
(p < 0.001), CD68 - by 2.21 times (p < 0.001), CD32 -
by 1.05 times (p < 0.05), and CD11b - by 1.08 times
(p < 0.05).

Further comparative analysis showed that TNFR1
expression levels in the COVID-19 + AMI group were
higher than in the COVID-19 group, differing by 1.26
times (p < 0.001), TNFR2 - by 1.57 times (p < 0.001),
TGFB1 - by 1.57 times (p < 0.001), CD206 - by 1.35
times (p < 0.001), and TRAIL - by 1.06 times (p < 0.05).
No significant differences in CD14, HLA-DR, CD32,
or CD68 expression were found between these groups
(p > 0.05).

When assessing the correlation between changes
in monocyte response parameters and AMI develop-
ment in COVID-19 patients, correlations were identi-
fied with CD14 (p = -0.43, p < 0.05), HLA-DR (p = -0.71,
p < 0.01), CD206 (p = 0.74, p < 0.01), TNFR1 (p = 0.34,
p < 0.05), TNFR2 (p = 0.43, p < 0.05), TRAIL (p = 0.75,
p <0.01),and TGFB1 (p =0.77, p < 0.01).

In a further integrated assessment of the contri-
bution of monocyte CD markers to AMI development
in COVID-19 patients, ROC analysis was performed (Fig.).
Decreased monocyte HLA-DR expression (AUC = 0.713,
p =0.002) and increased CD206 (AUC =0.849, p < 0.001),
TRAIL (AUC =0.752, p < 0.001), and TGF(31 (AUC = 0.836,
p < 0.001) levels are prognostically significant risk fac-
tors for AMI in COVID-19 patients (Table 2).

DISCUSSION

The identified changes in the phenotypic com-
position of peripheral blood monocytes in young
patients with COVID-19 and with the combination
of COVID-19 and AMI reflect complex immune re-
sponse processes, where phases of hyperinflamma-
tion, functional “exhaustion” of immune cells, and tis-
sue remodeling alternate sequentially. The decreased
monocyte expression of CD14 and HLA-DR observed
in patients with COVID-19 and COVID-19 + AMI com-
pared to the control group may indicate the forma-
tion of a functionally “exhausted” cell pool - CD14*
HLA-DR"e9ov, previously described in sepsis and can-
cer [13], and in later studies - in severe SARS-CoV-2
infection [14]. Moreover, in the COVID-19 + AMI
group, the decrease in HLA-DR expression was more
pronounced than in the COVID-19 group. Our results
are consistent with those of Fraccarollo D. et al., who
reported an increase in CD14*HLA-DR"9°* monocyte
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FIG.

Roc curve illustrates the discriminatory ability of monocyte re-
sponse parameters in predicting the risk of AMI in patients with
COVID-19

TABLE 2

ROC CURVE PARAMETERS IN THE GROUP
OF PATIENTS WITH COVID-19 AND AMI

Parameters AUC 95% CI p
CD14 0.634 0.567-0.701 0.038
HLA-DR 0.713 0.624-0.802 0.002
CD11b 0.406 0.259-0.553 0.051
CD206 0.849 0.794-0.904 <0.001
CD32 0.549 0.469-0.630 0.467
TNFR2 0.365 0.289-0.441 0.047
TNFR1 0.505 0.411-0.600 0.038
CD68 0.392 0.302-0.481 0.111
TRAIL 0.752 0.670-0.833 <0.001
TGFB1 0.836 0.766-0.906 <0.001

expression in the blood of patients with AMI was re-
ported [15]. HLA-DR is one of three class Il major histo-
compatibility complex (MHC) glycoproteins expressed
on antigen-presenting cells, functioning to present
antigens internalized by the cell to T-cell receptors
(TCR), leading to T-cell activation. Decreased HLA-DR
expression on CD14" cells may indicate a suppression
of monocyte antigen-presenting capacity to T cells



[11]. In vitro studies have shown that culturing mono-
cytes with cytokines such as TGFP1 leads to decreased
HLA-DR surface expression [16]. Similar changes,
involving alveolar macrophages, were described
by Bihling F. et al. [17]. The authors demonstrated
an inverse correlation between high TGFf31 concentra-
tion and HLA-DR expression, and a direct correlation
with CD11b levels in alveolar macrophages of patients
with pneumonia. CD11b is one of the a-chains of 2
integrins and is a receptor for iC3b, ICAM-1,2,4, fibrin-
ogen, and CD14. It plays an important role in mac-
rophage interaction with endothelial cells or extra-
cellular matrix proteins [17]. The study suggested
that microbial antigens are the primary regulators
of CD11b expression. We found that CD11b levels
in patients with COVID-19 and COVID-19 + AMI were
elevated compared to the control group but did not
differ between the groups, which further supports
the influence of infection on antigen expression. Sim-
ilar changes were observed in other CD markers, such
as CD32 and CD68.

It should be noted that monocytes
with reduced HLA-DR levels in patients with COVID-19
and COVID-19 + AMI do not exhibit pronounced
immunosuppressive activity. This is confirmed
by increased monocyte expression of immunoreg-
ulatory molecules and inflammatory markers, such
as CD206, TNFR1, TNFR2, TRAIL, and TGFB1, which
are most pronounced in the COVID-19 + AMI group
compared to the COVID-19 group. These results may
support the role of monocytes with low HLA-DR lev-
els in the mechanisms of AMI development. In vitro
experiments have shown that macrophages derived
from CD14*HLA-DR"¢** monocytes from AMI pa-
tients, upon IFN-y stimulation, produce large amounts
of inflammatory cytokines TNF-q, IL-6, and IL-13 com-
pared to macrophages with high HLA-DR expression
[15]. Increased cellular expression of TNFR1, TNFR2,
and TRAIL is a marker for systemic inflammation
and endothelial dysfunction [18]. The authors demon-
strated that activation of the TNF-a/TNFR1 complex
induces the release of extracellular vesicles from en-
dothelial cells, which are involved in vascular injury
and promote apoptosis, and inflammatory damage
to endothelial cells. TNFR2 initiates the recruitment
of TRAF2 and TRAF5 proteins, activating the NF-kB
and MAPK signaling pathways to sustain inflamma-
tion and lead to the production of pro-inflammato-
ry cytokines (IL-6 and IL-8) [2]. In recent years, there
has been a significant increase in interest in the role
of TRAIL in the pathogenesis of cardiovascular pathol-
ogy. According to Goncalves I. et al., TRAIL induces
the apoptosis of macrophages, vascular smooth mus-
cle cells, and endothelial cells, and maintains the in-
flammatory activity of atherosclerotic plaques, leading
to their instability and increasing the risk of thrombo-
sis and AMI development [19]. Alonso-Herranz L. et al.
showed that TGFB1 hyperactivation in macrophages
after ischemic myocardial injury promotes local
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endothelial-to-mesenchymal transition of cells and for-
mation of myofibroblasts involved in cardiac fibrosis
and remodeling [20]. A review by Budnevsky A.V. et al.
confirmed the role of post-COVID syndrome in TGFB1
overexpression, leading to prolonged immunosup-
pression and fibrosis [21].

The above literature data are supported by our stud-
ies, in which ROC analysis demonstrated that chang-
es in monocyte expression of HLA-DR, CD206, TRAIL,
and TGFB1 can serve as biomarkers for high AMI risk
in patients with COVID-19.

This study has several limitations. First, the sample
size was relatively small, which may reduce the sta-
tistical power of the analysis and limit the generaliz-
ability of the results to a broader population. Second,
the study design was single-center, potentially intro-
ducing bias related to patient selection and treatment
protocols specific to a single institution. Third, the ab-
sence of longitudinal patient follow-up precludes as-
sessment of long-term cardiovascular outcomes
and dynamics of monocyte phenotypic composition
in the post-hospital period. Despite these limitations,
the data obtained are valuable for understanding
the early immunopathogenetic mechanisms of cardio-
vascular complications in patients who have recovered
from COVID-19.

CONCLUSION

COVID-19 induces changes in monocyte phe-
notype, leading to the formation of a subpopula-
tion with immunosuppressive, pro-inflammatory,
and pro-fibrotic characteristics, which increases
the risk of AMI development.
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