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Pesiome. [Tanaemust kopoHaBupycHoii 6ose3nu 2019 roga (COVID-19) oka3zana 6ecripeliefieHTHOE BO3-
JeliCTBME Ha 3lI0pOBbE M PKOHOMUKY BO BceM Mupe. [IpsiMoe moBpexkaeHWe MUOKapaa U HUTOKUHOBBIN
LITOPM, MPUBOASIINNA K JeCTaOMIN3allMU paHee CylIeCTBOBABIIMX OJISIIIEK U YCKOPEHHOMY O00Opa30BaHUIO
HOBBIX OJISIIIEK, SIBJISIIOTCS JBYMSI MEXaHU3MaMM, TIPOBOLIMPYIOIIMMHU OCTPbIii KOPOHAPHBIM CUHAPOM TIPU
COVID-19. HenoctaTouHO JaHHBIX 00 MMMYHHOM CTaTyce MallMeHTOB C OCTPhIM KOPOHAPHBIM CUHIPOMOM,
nepeHecinmM COVID-19. Lenbio paboThl ssBUIOCHh UccaeaoBaHue T- u B-kjieTouHOTO, ryMOpajibHOrO 3Be-
HbEB MIMMYHUTETA B 3aBUCUMOCTH OT YMca HUTOToKcudecKux T-nmumdorutoB (CD8™) y 60JbHBIX C OCTPBIM
kopoHapHbIM cuHApoMoM (OKC), nepeHectuux COVID-19.

O06cienoBaHO 65 My>KYMH C HECTAOMILHOI CTEHOKapAUe U OCTPbIM MH(papKTOM MUOKap/a (OCTPbIM KO-
poHapHBIM crHIpoMoMm) oT 40 go 65 yet, Kotophie paHee 6osesim COVID-19. TlpoBeneHo McciienoBaHUE
nepudeprueckon KpoBu: o0LIMii aHanu3 KpoBu (rmpudop Medonic — IIBewus), odiue u cneuuduyecKkue
1gM, IgG, IgA, dparmenTsl komruiuMmeHTa («BekTop bect», Poccust). Cyononynsauuu T- u B-numbouunton
onpeaesieHbl METOAOM MPOTOYHOU LIUTOMETPUU. Y JIUIL C OCTPBIM KOPOHAPHBIM CUHIAPOMOM, TEePEHECIINX
COVID-19 npenMyIlecTBEHHO C HOPMaJbHBIM W TOBBIIIEHHBIM YPOBHSIMU LIMTOTOKCUYECKUX T-KIIETOK
HabJIroasoch 0osee TSXKeaoe TeUeHUe 3a0oJieBaHUsI — TPeBaJIMPOBaIU OOJbHbBIE C OCTPbIM MH(MAPKTOM
MUOKapJa, Y HUX Obl1a 00JIblIe CMEPTHOCTb, MPOAOIKUTEIbHOCTD JI€UEHUsI, OTMEUYaIUCh Yalle TPOMOO3bI
CTEHTOB. Y OOJIbHBIX C MOBBIIIEHHBIMU IIUTOTOKCUYECKUMU T-KIeTKaMu Ha01101a710Ch MAaKCUMaJIbHOE YBE-
JIMYEHUE DPUTPOLIMTOB, FTEMOIJIOOMHA, TeMaTOKPUTa, JJUM@OIIUTOB KaK OOIIEero Yuciaa, Tak U Cyoromysi-
uuii — T-xenmnepoB, T-NK-nugouutos, NK-numdouunton, T-1uM@OLMTOB paHHEN U TTO3IHEN aKTUBALIUU,
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Bl- u B2-numdouurton, nunaekca HCT-uHaAyLIUPOBAaHHOTO TecTa. Y IMallMeHTOB ¢ HOPMAJIbHBIM YPOBHEM
NK-kJIeTOK B CpaBHEHUU C APYTUMU rpynnamu Haoonanoch nosbiieHue HCT cnoHTaHHOUW aKTUBHOCTU U
uHaeKca, 3Hauumoe cHuxkeHue C3a u CSa pparmeHTOB KOoMILieMeHTa. [IpeBaiupoBaHue TpoM003a CTEHTOB
M CMEPTHOCTH B TPYIIIE OOJIbHBIX C HOPMAJIBHBIM YPOBHEM IIMTOTOKCUUECKUX T-KJIETOK MOXKET CBUAETEb-
CTBOBATh O TOPITMIHOCTH UMMYHHOU CUCTEMBI Y 3TUX TTAIIMEHTOB C HEOJIAronmpusATHBIMU ucxonamu. [Toy-
YeHHbBIE JaHHbBIE CBUJIETEILCTBYIOT O 3HAYNUTEJIbHOM BapnuadeIbHOCTH OTBETOB KJIETOK MMMYHHOM CHUCTEMBbI
y nocTKOBUAHBIX nareHToB OKC ¢ paznmuuHbIM YPOBHEM IIMTOTOKCUYECKUX KJIETOK. Bce aTo ciemyer B
JTaTbHEUIIIEM PacCMOTPETh MOAXOIBI 1 K MMMYHOKOPPEKIINY BEISIBJICHHBIX HapyIIICHUIA.

Karouesnie cnosa: yumomokcuueckue T-aumpoyumot, COVID-19, ocmpuolii KopoHapHblii cUHOPOM, AUMPOYUMbL, UMMYHHAS
cucmema, Komnaemenm

FEATURES OF THE IMMUNE STATUS OF PATIENTS WITH
ACUTE CORONARY SYNDROME WHO UNDERWENT
COVID-19, DEPENDING ON THE NUMBER OF CYTOTOXIC
TLYMPHOCYTES (CD8")
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Abstract. The 2019 coronavirus disease (COVID-19) pandemic has had an unprecedented impact on health
and economies around the world. Direct myocardial injury and cytokine storm, leading to destabilization of pre-
existing plaques and accelerated formation of new plaques, are two mechanisms that trigger the acute coronary
syndrome in COVID-19. There is insufficient data on the immune status of patients with acute coronary
syndrome who have undergone COVID-19. The aim of the study was to study T and B cell, humoral immunity
depending on the number of cytotoxic T lymphocytes (CD8*) in patients with acute coronary syndrome who
underwent COVID-19. Materials and methods of research: 65 men with unstable angina pectoris and acute
myocardial infarction (acute coronary syndrome) from 40 to 65 years old, who had previously had COVID-19,
were examined. A study of peripheral blood was carried out: complete blood count (Medonic device, Sweden),
general and specific IgM, IgG, IgA, compliment fragments (Vector Best, Russia). Subpopulations of T and
B lymphocytes were determined by flow cytometry. In persons with acute coronary syndrome who underwent
COVID-19 with predominantly normal and elevated levels of cytotoxic T cells, a more severe course of the
disease was observed: patients with acute myocardial infarction prevailed, they had longer mortality, longer
treatment duration, and stent thrombosis was more common. In patients with elevated cytotoxic T cells, there
was a maximum increase in erythrocytes, hemoglobin, hematocrit, lymphocytes of both the total number and
subpopulations — T helpers, T-NK lymphocytes, NK Ilymphocytes, T lymphocytes of early and late activation,
B1 and B2 lymphocytes, index of NBT-induced test. In patients with normal levels of NK cells, compared with
other groups, there was an increase in spontaneous NBT activity and index, a significant decrease in C3a and
C5a complement fragments. Prevalence of stent thrombosis and mortality in the group of patients with normal
levels of cytotoxic T cells may indicate torpidity of the immune system in these patients with poor outcomes.

Keywords: cytotoxic T lymphocytes, COVID- 19, acute coronary syndrome, lymphocytes, immune system, complement

Introduction nifestations of lymphopenia occur early and are

The 2019 coronavirus disease pandemic prognostic, most often potentially associated with

(COVID-19) has had an unprecedented impact on @ decrease in the number of T helpers and some
health and the economy around the world. In patients  cytotoxic T lymphocytes. This leads to an imbalance
with a new coronavirus infection (COVID-19), ma- of the innate and acquired immune response, delayed
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viral clearance and hyperstimulation of macrophages
and neutrophils [1]. Inflammation in the vascular
system can lead to diffuse microangiopathy with
thrombosis. Inflammation in the myocardium can
cause myocarditis, acute coronary syndrome, as well
as rapid deterioration and sudden death [6]. The
influx of T helpers into the cardiac vascular system
leads to an increase in the production of cytokines,
which stimulate the migration of smooth muscle
cells into intima and the production of collagen and
other fibrous products, which causes pronounced
atherosclerotic damage. Direct myocardial injury
and cytokine storm leading to destabilization of pre-
existing plaques and accelerated formation of new
plaques are two mechanisms provoking acute coronary
syndrome in COVID-19 [10].

In the work of Khusainova L.N. et al. [4] it was
shown that in patients with acute coronary syndrome
(ACS), the number of T lymphocytes decreased, the
number of lymphocytes affecting apoptosis increased
(CD25%, CD95%).

According to Lebedeva O.K. et al. [5] the
development of acute heart failure in patients with
acute myocardial infarction (AMI) is associated with
an increase in CD16(-) monocytes and a decrease in
the number of CD16(+) T-NK cells (natural killers).

According to other data [8], in patients with ACS,
in comparison with the control, the relative indices
of subpopulations of T helper cells, T lymphocytes of
early and late activation, as well as B lymphocytes are
statistically higher. Atthe same time, thereisatendency
to increase the absolute values of these parameters.
There was a statistically significant increase in the
T-NK lymphocyte subpopulation in relative and
absolute terms, and total T lymphocytes (p < 0.01), as
well as T cytotoxic lymphocytes (p < 0.001) decreased.
As a result of an increase in T helper cells and a
decrease in cytotoxic T lymphocytes, the CD4/CD8
lymphocyte index increased by more than 2 times
(p <0.001).

There is insufficient data in the available literature
on the immune status of patients with ACS who
have undergone COVID-19, which determines the
relevance of the study.

The aim of the study was to study the T and B cell,
humoral links of immunity depending on the number
of cytotoxic T lymphocytes (CD8") in patients with
acute coronary syndrome who underwent COVID-19.

Research objectives:

1.  To identify clinical differences in the course
of the disease in patients with ACS who underwent
COVID-19, depending on the number of T cytotoxic
lymphocytes.

2. To identify differences in the content of the
main populations of T and B lymphocytes, humoral
immunity, blood cell composition in patients with

ACS who underwent COVID-19, depending on the
number of T cytotoxic lymphocytes.

Materials and methods

Sixty-five men with unstable angina pectoris
and acute myocardial infarction (acute coronary
syndrome) aged 40 to 65 years, who had previously
had COVID-19, were examined. All persons also have
hypertension. All patients required stenting of the
coronary arteries in the next 3 days after admission to
the hospital, since according to coronary angiography
(CAG), they had coronary artery stenosis of 70% or
more. CAG was performed on an Innova JE device,
stents with a drug coating from the company Xience
Alpine were implanted. Before this procedure, all
patients signed an informed consent (protocol of the
Ethical Committee of the Southern State Medical
University of the Ministry of Health of the Russian
Federation No. 9 dated 11.09.2006 and protocol of
the Ethical Committee of the GAU OTKZ GKB
No. 1 of Chelyabinsk No. 12 dated 10.10.2022).

The following examinations were performed: a
general blood test (25 parameters were examined):
leukocyte, erythrocyte and platelet sprouts of hema-
topoiesis, quantitative and qualitative composition
of hematopoietic sprouts was carried out by a stan-
dardized method on a Medonic M20 hematological
analyzer (Sweden).

From immunological indicators, the phagocytic
activity of latex particles with a diameter of 1.7
microns was evaluated by neutrophils (phagocytosis
activity, phagocytosis intensity, phagocytic number);
spontaneous and induced NBT activity of neutrophils
was determined by morphological method (light
microscopy using Olympus microscopes (Japan). The
phagocytic activity of neutrophils was determined by
their ability to absorb latex particles [2].

Specific immunoglobulins M and G to COVID-19
and general immunoglobulins A, M, G were deter-
mined by VectorBest kits using standard enzyme
immunoassay (ELISA) methods.

From immunological parameters, the following
were determined by flow cytometry on the Navios cy-
tofluorimeter (Beckman Coulter, USA) using a stan-
dardized technology for assessing the lymphocytic link
of immunity [14]: CD45*, CD3* (T lymphocytes),
CD45*, CD3*, CD4* (helper inducers), CD45",
CD3*, CD8* (cytotoxic T lymphocytes,), CD45*,
CD3*CDl16*, CD56* (T-NK cells) CD45*, CD3-,
CD16%, CD56" (natural killers), CD45*, CD3",
CD4*, CD25*, CD127- (T regulatory cells/suppres-
sors), CD45*, CD3*, CD4", CD25" (activated
helpers, early activation of lymphocytes), CD45",
CD3*, HLA-DR (activated T lymphocytes — late
activation of lymphocytes. Phagocytosis and NBT
activity of neutrophils were evaluated by standard
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methods. Clq, C3a, and C5a complement fragments
were also determined by the standard ELISA method.

The patients also underwent a study of the lipid
profile and troponin level using a standard technique.

The clinical condition of patients was assessed
at the time of examination and during the entire
postoperative period in the hospital, and some
indicators (such as mortality and thrombosis) in the
next 6 months after surgery.

With the help of IBM SPSS Statistics 19, StatPlus
2009 Professional programs, statistical processing of
the material was carried out. Calculated: arithmetic
mean (M), arithmetic mean error (m), determined
the Student’s criterion for independent samples.

Results and discussion

All ACS patients who underwent COVID-19 were
divided into 3 groups depending on the number of
T cytotoxic lymphocytes [14]: with reduced indicators
of T cytotoxic lymphocytes (23 people), normal (36
patients) and elevated — 6 patients. In the group
with elevated T cytotoxic lymphocytes (group 1), all
patients had AMI.

AMI was diagnosed among patients with normal
T cytotoxic lymphocytes (group 2) in 58%, and with
reduced T cytotoxic lymphocytes (group 3) — in 47%.
The rest of the individuals had unstable angina. The
maximum number of stents was implanted in patients
of group 1; they also had the highest risk of Grace and
the longest duration of hospitalization. At the same
time, stent thrombosis and mortality were maximal
in patients of group 2 — with normal T cytotoxic
lymphocytes.

As for the general clinical blood test, it should be
noted that there were no significant differences in
the number of leukocytes, but there was a tendency
to increase them in group 2. Red blood cells were
significantly higher in group 1 compared to group
2 (p < 0.05) and group 3 (p < 0.001). Erythrocytes
were also quantitatively larger in group 2 individuals
compared to group 3. The concentration of hemo-
globin is maximal in individuals of group 1 in
comparison with group 2 (p < 0.05) and group 3
(p < 0.01). Statistically significant differences in
hematocrit were observed in groups 1 and 3 (p < 0.01):
higher in group 1. The average concentration of
corpuscular hemoglobin was higher in patients with
reduced T cytotoxic lymphocytes compared to their
normal level (p < 0.05). In patients with normal
T cytotoxic lymphocytes, the percentage of segmented
neutrophils was higher than in group 1 (p <0.01). The
absolute number of lymphocytes was observed more
in group 1 compared with groups 2 and 3 (p < 0.001),
and in patients with normal T cytotoxic lymphocytes
compared with their reduced level (p < 0.001). The
relative number of lymphocytes was higher in patients
with elevated T cytotoxic lymphocytes compared

with normal and reduced T cytotoxic lymphocytes
(p < 0.001). The relative number of segmented
neutrophils was recorded higher in group 3 compared
to group 2 (p < 0.05) and group 1 (p < 0.001).

The width of the distribution of red blood cells was
higher in group 3 compared to group 2.

NBT spontaneous activity and index were
significantly higher (p < 0.05) in patients with normal
T cytotoxic cell content compared with reduced.
The NBT-induced index was maximal in group 1
and significantly differed (p < 0.05) from that in
patients of groups 2 and 3. The relative number (%) of
T lymphocytes (CD45"CD3*CD19-) was maximal in
group 2 and significantly (p < 0.05) differed from the
same indicator in groups 1 and 3.

The absolute number of T Ilymphocytes
(CD45*CD3*CD19°) was significantly higher in
group 1 compared to group 2 (p < 0.01) and group 3
(p < 0.001). Also, this parameter was higher in
individuals with normal T cytotoxic lymphocytes in
comparison with the group with a reduced level of
T cytotoxic lymphocytes (p < 0.001).

As for the absolute values of T helpers, it
should be noted that they were minimal in group 3
(p < 0.001) in comparison with 2 and 3 groups. The
immunoregulatory index (CD4/CDS8) was maximal
in group 3 and significantly differed from that of group
1 (p <0.05) and group 2 (p < 0.01).

T-NK lymphocytes relative values were sig-
nificantly higher (p < 0.05) in individuals with elevated
T cytotoxic lymphocytes in comparison with this
parameter in patients of groups 2 and 3. The absolute
number of T-NK lymphocytes was higher in group 1
compared to groups 2 and 3 (p < 0.001). In patients
of group 2, this indicator exceeded that of group 3
(p <0.01).

The absolute number of B lymphocytes
(CD45*CD3*CD19%) was minimal in group 3 and
significantly differed from this parameter in group 1
(p <0.001) and group 2 (p < 0.01).

T Iymphocytes of early activation (absolute
number) were maximal in group 1 and had a statistical
difference from 3 groups (p < 0.001). At the same
time, this indicator was higher in group 2 than in
group 3 (p < 0.01).

T lymphocytes of late activation were higher in
individuals with elevated T cytotoxic lymphocytes
compared to group 2 (p < 0.001) and group 3
(p < 0.0001). In the group with normal T cytotoxic
lymphocytes, this parameter was recorded higher than
in group 3 (p <0.01).

The content of C5a and C3a complement frag-
ments was higher in group 3 patients compared with
that of group 2 individuals (p < 0.05).

Total Bl lymphocytes (absolute number) prevai-
led in group 1 patients and significantly (p < 0.001)
differed from group 3 patients. In individuals with
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normal cytotoxic T cells, this indicator was higher
(p < 0.01) than in patients with reduced. B2 lym-
phocytes (absolute values) were significantly increased
(p < 0.01) in patients of group 1 relative to group 3.
B2 lymphocytes were higher in group 2 individuals
compared to group 3 (p < 0.05).

T regulatory cells (absolute values) were the largest
in group 2 patients and significantly larger (p < 0.05)
than in group 3 individuals (minimum values in this
group). T regulatory cells of late activation (absolute
values) were minimal in the group with reduced
T cytotoxic lymphocytes and significantly differed
(p < 0.05) from those in the group with normal
T cytotoxic lymphocytes.

According to a study by Lebedeva O.K. et al. [5],
lower T and NK cells were recorded in patients with
acute myocardial infarction.

Other authors [11] note that 51.5% of ACS
patients with implanted stents had higher helper
T lymphocytes with CD3*CD4" phenotype and
45.4% had T cytotoxic lymphocytes with CD3*CD8*
phenotype. This indicates immune activation. 63.6%
of patients had an increase in NK lymphocytes, which
could be explained by an increase in the activity of
antitransplantation immunity. In our patients, high
NK cells were observed in the group with an increased
content of T cytotoxic lymphocytes.

According to Liu Y. et al. [7], a pathological auto-
reactive immune response is responsible for plaque
rupture and the subsequent onset of acute coronary
syndrome (ACS). Naturally occurring regulatory
T cells (CD45°CD3*CD4*CD25*CD127-) are neces-
sary to suppress the pathological autoreactive immune
response and maintain immune homeostasis. In
patients with ACS, a decrease in the number and
suppressive function of T regulatory cells was revealed.
This is also observed in our patients who underwent
COVID-19 and had a reduced level of T cytotoxic
cells. According to research, Tian X. et al. [12], in
patients with ACS, compared with patients with stable
angina pectoris and the control group, a violation of
the formation of T regulatory cells is closely associa-
ted with hyperreactivity of the sympathetic system.

In Gang H. et al. [3], it was shown that T cytotoxic
lymphocytes from patients with AMI showed increa-
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