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OCOBEHHOCTU T-KJIETO4YHOIO 3BEHA UMMYHUTETA

N YPOBEHb HATYPAJIbHbIX KWJUIJIEPOB Y BOJIbHbIX,
NEPEHECLUUX COVID-19 C HAPYLULEHUAMM YTJIEBOOHOIO
OBMEHA

Casuyk R.C.

000 «llenmp axywepcmea u eunexonoeuu No I», e. Yensbunck, Poccus

Pesiome. [Tangemus HoBoit KopoHaBupycHoit nHpeknuu COVID-19 co3naia 4ype3BbIUaiHYIO CUTYaIIIO
B 00JtacTH 001IeCTBEeHHOTO 3apaBooxpaHenuss B PO B 2020-2022 romax. IMocnencteuss COVID-19 mHOTO-
00pa3HBI U YaCTO IMPOSBIISIOTCS AUCGYHKIIME opraHoB 3HIOKpUHHON cucTteMbl. SARS-CoV-2 oka3biBa-
eT TIPSIMOE IIUTOTOKCUYECKOE M OIIOCPEIOBAaHHOE ITOBPEXKIaiollee NeCTBIE Ha OCTPOBKU MOMXKETYIOUHOMN
JKeJIe3bl, YTO MIPUBOIUT K Pa3BUTUIO TUTICPIIMKEMUH. YCTAHOBJICHO, YTO TUIIEPIIIMKEMHUS aCCOLIMMPYETCS C
TMPOBOCHAIUTEIIBHBIM YPOBHEM MMMYHHOI'O CTaTyca, YBEJIMUYCHUEM KOJMYSCTBA LIMPKYIUPYIOIINX MapKe-
POB BOCHAJICHMSI, YTO IIPUBOIUT K U3MECHEHUSIM BPOXICHHOTO 1 aJaliTUBHOTO UMMYyHUTeTa. Cpenu TIepBhIX,
KTO pearupyeT Ha BUPYCHBIC MH(EKIINH, KICTKNU-HaTypaibHble Kiuniepsl (NK) obagaoT orpoMHBIM Tepa-
MEeBTUYCCKUM ITOTCHIIMAIOM, 00pa3ysI MOCT MEXKIY BPOKIACHHBIMU M adalTUBHBIMU peakKIusMH. B memom
T-xnerounslii oTBeT B Koropte long-COVID mpereprieBaeT Kak (OeHOTUITMYECKIE, TaK 1 (PyHKIIMOHAJIBHBIC
M3MEHCHUS. AKTYaTbHOCTBIO MCCIICIOBAHMS SIBJISIIOTCSI HEIOCTAaTOUHBIC JaHHBIe 0 T- 1 NK-Ki1eTouHOM M-
MYHHTETE Y OOJIBHBIX ¢ TUTIEpIIMKeMueit rtociie nmepeHeceHHoro COVID-19. Llenpio n7aHHOTO NCCIIeI0BaHUS
SIBUJIOCH BBISIBJIEHUE 0COOeHHOCTe T-KJIeTOYHOTO0 MMMYHUTETA Y JIMLL C IOCTKOBUAHBIM CUHIPOMOM U Ha-
PYIICHUSIMH YIJICBOJTHOTO OOMEHA, B 3aBUCUMOCTH OT uncia NK-kieTok.

[NayeHThl ¢ HapyLIeHUsIMU yriieBogHoro oomeHa (HYO) B mocTtkoBuaHOM nepuone (Bcero 64 yeaoBe-
Ka) B 3aBUCHUMOCTH OT uyrcia NK-KJIeToK pa3meieHbl Ha TPU TPYIINBL: CO CHIDKEHHBIMM TToKa3ateassmu NK-
KJIETOK, HOpMaJIbHbIMU 1 MOBbIIIeHHbIMU. HYO BKITI04aiy HapyIlIeHHYIO TOJIEPAHTHOCTb K IJ1I0K03€e (n = 36)
¥ caxapHbIit nnadet 2 Tuna (n = 28). [pymiry cpaBHeHMs COCTAaBIIIM JIMIIA B TIOCTKOBUIHOM niepuozae 6e3 HYO
B aHaMHe3e (Bcero 60 udenoBek). OLeHKa TMM@OLIMTAPHOIO 3BeHa MMMYHUTETa BKJIloYayia OIpeae/ieHUE:
CD45*CD3* (T-mumdonutsr), CD45"CD3*CD4* (xenmepsl nHaoykTopsl), CD45*CD3*CD8" (tmToToKCH-
yeckue T-mumborursr), CD45"CD3*CD167CD56" (T-NK-kietku), CD45*CD3-CD16"CD56" (HaTypalib-
Hble Kuiiepsl), CD45*CD3*CD4"CD25" (T-mumdonutsl — panHsas aktuBanust), CD45*CD3"HLA-DR*
(T-muMbOLNTHI — MO3THSISI AKTUBAIINS).

CHIMKCHHE KOJMYECTBA HATYpPaIbHBIX KHWJIJIEPOB COIPOBOXIAIOCH 0O0jiee BBICOKUM YPOBHEM
T-xenmepoB B TpyIIIie ¢ HAPYIICHUSIMU YTJIICBOTHOTO OOMEHA, MOCIeIHEee, BEPOSITHO, CBSI3aHO C KOMIICH-
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CaTOPHBIM MOBBIIIeHUEM T-TUMGOLMTOB U HapyIIEeHUEM peryyisiinu T-KJIeTOYHOro 3BeHa MMMYHHOM
cucteMbl. Takke MOXHO C/eJaTh BBIBOJ, UYTO Y nanueHToB ¢ long-COVID u HYO npu HOpMaIbHBIX TTO-
kazaTtensix NK-KiIeTok coxpaHseTcss M3MCHECHHBIN CyOITOMYyJISIIIMOHHBIN COCTaB, a MMEHHO, 3HAaYNMOES
noBbimeHne oomux T-muMmponuToB. [TonydyeHHbIE JaHHBIE 0 3HAYNMOM cHUKeHUU T-NK-nmumponnutoB
MHOTHE aBTOPbI CBSI3bIBAIOT CO CHMXKEHMEM MPOTUBOBUPYCHON aKTUBHOCTH MMMYHHOIN CHUCTEMBI, UTO
MOXKeT IMPUBOJIUTHh K HEKaYeCTBEHHOMY OTBETY Ha HOBBIE BUPYCHBIE areHTHI WJIM CITOCOOCTBOBATh aKTH-
BallMM XpPOHUYECKUX BUPYCHBIX MH(MeKIIMii. [ToBbImeHne 3HaueHN T-TMM@MOIIUTOB paHHE aKTUBAlINH,
BEPOSITHO, CBSI3aHO C KaCKaAOM pPeaKIIMii, HalIpaBJIEHHBIX Ha aKTUBAILIUIO TPAaHCKPUNIINOHHBIX (PaKTOPOB
NFAT, NF-«B u AP-1, xoTopble OTBEUalOT 3a PETyJISIIINIO MPOMAYKIIMM MHOXECTBA TCHOB (B TOM UHMCJIC
reHa IL-2), koHTpoaupylomux npoarudepamnuio U aubdepeHIMPOBKY aKTUBUPOBAHHBIX JTUMQOIIMTOB.
Hapymenus peryasuumn T-knetrouHoro 3BeHa y aull ¢ long-COVID u HapylieHUsIMU yIJIeBOAHOTIO 00-
MeHa TpeOyeT OoJjiee neTaalbHOTO U3yYeHUsI, B TOM YHMCJIE C OIIEHKOW IIMTOKMHOBOIO MpOoduis y JTaHHOMN
KaTeropuu IMaineHTOB.

Karouesvie crosa: T-aumepoyumot, HamypansHole Kuiiepsl, NOCMKOBUOHbIL CUHOPOM, HAPYUEHHAS MOAEPAHMHOCMb K 2AH0K03e,
caxapHulil duabem 2 muna, uMMYHHAS OU3pe2yAauus

CHARACTERISTICS OF T CELL IMMUNITY AND LEVEL
OF NATURAL KILLER CELL CONTENT IN COVID-19
CONVALESCENTS WITH CARBOHYDRATE METABOLISM
DISORDERS

Savchuk K.S.

Center for Obstetrics and Gynecology No. 1, Chelybinsk, Russian Federation

Abstract. The pandemic of the new COVID-19 coronavirus infection has created a public health
emergency in the Russian Federation in 2020-2022. COVID-19 causes various consequences, often
manifested by the endocrine system dysfunction. The rationale for our study is insufficient data on
T and NK cell immunity in patients with hyperglycemia after COVID-19. The study was aimed at the
features of T cell immunity in individuals with post-COVID syndrome and disorders of carbohydrate
metabolism, depending on the NK cells count. Materials and methods: Sixty-four post-COVID patients
with carbohydrate metabolism disorders were divided into three groups: with reduced, normal, or elevated
NK cell counts. Carbohydrate metabolism disorders included impaired glucose tolerance (n = 36) and type
2 diabetes mellitus (n = 28). The comparison group comprised 60 post-COVID persons with no history
of carbohydrate metabolism disorders. The assessment of the lymphocytic link of immunity included
the definition of: CD45"CD3" (T lymphocytes), CD45"CD3*CD4* (T helpers), CD45"CD3*CD8*
(T cytotoxic), CD45"CD3*CD16"CD56" (T-NK cells), CD45*CD3-CD16"CD56" (natural Kkillers),
CD45*CD3*CD4*CD25" (T lymphocytes — early activation), CD45"CD3*HLA-DR™* (T lymphocytes —
late activation). Results and Discussion. As the study showed, a decrease in the number of natural killers was
accompanied by a higher level of T helpers in the group with carbohydrate metabolism disorders, the latter
is probably associated with a compensatory increase in T lymphocytes and dysregulation of the T cell link
of the immune system. It can also be concluded that in patients with long-COVID and CMD, with normal
NK cell counts, an altered subpopulation composition remains, namely, a significant increase in total
T lymphocytes. Many authors associate the obtained data on a significant decrease in T-NK lymphocytes
with a decrease in the antiviral activity of the immune system, which can lead to a poor response to new
viral agents or contribute to the activation of chronic viral infections. Dysregulation of the T cell link in
individuals with long-COVID and disorders of carbohydrate metabolism requires a more detailed study,
including an assessment of the cytokine profile in this category of patients.

Keywords: T lymphocytes, natural killers, long-COVID, impaired glucose tolerance, diabetes mellitus type 2, immune dysregulation
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Introduction

The pandemic of the new COVID-19 coronavirus
infection has created a public health emergency in
the Russian Federation in 2020-2022. The wave-
like spread of COVID-19 has led to high morbidity
in all regions of the Russian Federation. COVID-19
causes various consequences, often manifested by the
endocrine system dysfunction. SARS-CoV-2 has a
direct cytotoxic and indirect damaging effect on the
pancreatic islets, which leads to hyperglycemia [3].
Prediabetes and diabetes mellitus (DM) are often
diagnosed in patients infected with SARS-CoV-2,
who had no history of carbohydrate metabolism
disorders (CMD) or of glucocorticoid treatment.
Hyperglycemia has been found to be associated with
an increase in proinflammatory immune status and in
the circulating markers of inflammation, leading to
changes in innate and adaptive immunity.

Among the first to respond to viral infections,
natural killer cells (NK) have enormous therapeutic
potential, bridging the innate and adaptive immune
responses [5]. M. Galan et al. showed a 1.7-fold
(p = 0.032) increase in the NK cells population
expressing the CD16 marker on the surface (CD3-
CD56"CD16%) in the long-COVID group [2].
M. Dobrynina et al. showed a sharp three-fold decrease
in the NK cells count in over a third of the patients
with post-covid syndrome of immunopathology. This
decrease was accompanied by a higher relative level
of T lymphocytes and T helper cells [1]. The T cell
response in the long-COVID cohort undergoes both
phenotypic and functional changes. The rationale
for our study is insufficient data on T and NK cell
immunity in patients with hyperglycemia after
COVID-19. The study was aimed at the features of
T cell immunity in individuals with post-COVID
syndrome and disorders of carbohydrate metabolism,
depending on the NK cells count.

Materials and methods

Sixty-four post-COVID patients with carbohyd-
rate metabolism disorders were divided into three
groups: with reduced, normal, or elevated NK cell
counts. Carbohydrate metabolism disorders included
impaired glucose tolerance (n = 36) and type 2
diabetes mellitus (n = 28). The comparison group
comprised 60 post-COVID persons with no history
of carbohydrate metabolism disorders. Diagnosis of
diabetes mellitus met the criteria of Algorithms of
specialized medical care for patients with diabetes
mellitus (2021).

The post-COVID syndrome was diagnosed based
on polymerase chain reaction confirmed SARS-
CoV-2 infection, detection of IgA, IgM, or IgG to
the SARS-CoV-2 virus, and computed tomography-
confirmed pneumonia. The study was conducted
at least 6 months after the pneumonia caused by
SARS-CoV-2 infection. Before the inclusion, a
general practitioner and an endocrinologist examined
each patient to identify concomitant diseases.
Lymphocyte immunological indices were studied
by flow cytometry on the Navios cytofluorimeter
(Beckman Coulter, USA) using a standardized
technology: CD45*CD3" (T lymphocytes),
CD45*CD3*CD4" (T helpers), CD45"CD3*CD8*
(T cytotoxic), CD45*CD3*CDI16"CD56* (T-NK
cells) CD45"CD3-CD16"CD56" (natural Killers),
CD45*CD3*CD4"CD25" (T lymphocytes — early
activation), CD45"CD3*HLA-DR* (T lympho-
cytes — late activation).

The study was approved by the Independent Local
Ethics Committee at the Autonomous Healthcare
Institution Order of the Red Banner of Labor City
Clinical Hospital No. 1, Chelyabinsk, Record No. 8
of April 11, 2022, the base of the studies. IBM SPSS
Statistics, Version 19 software was used for statistical
data processing. Correlation analysis within the
groups was performed by calculating Spearman’s
rank correlation. The differences in the distribution of
values between the groups were calculated using the
Mann—Whitney U test. The differences between the
groups were considered significant at p < 0.05.

Results and discussion

As the study showed, a decrease in the number
of natural Kkiller cells was accompanied by a higher
level of T helper cells in the group with carbohydrate
metabolism disorders; the latter is probably associated
with a compensatory increase in T lymphocytes and
dysregulation of the T cell link of the immune system
(Table 1). It can also be concluded that in patients with
long-COVID and CMD, with normal NK cell counts,
an altered subpopulation composition remains, na-
mely, a significant increase in total T lymphocytes.

Many authors associate the obtained data on
a significant decrease in T-NK lymphocytes with
a decrease in the antiviral activity of the immune
system, which can lead to a poor response to new
viral agents or contribute to the activation of chronic
viral infections [6]. An increase in the values of early
activation T lymphocytes is probably associated
with a cascade of reactions aimed at activating the
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TABLE 1. COMPARISON OF T CELL IMMUNITY INDICES IN PATIENTS WITH POST-COVID SYNDROME AND DISORDERS
OF CARBOHYDRATE METABOLISM (CMD), DEPENDING ON NK CELL COUNT

Measures

Group of patients with post-COVID syndrome and CMD

(late activation), %

(n =64)
p
1 2 3
NK cells
reduced (n = 16) normal (n = 30) elevated (n = 18)
NK cells (CD45*CD3-
86.130+7.586 246.110+14.466 546.440+25.089
CD16°CD56"), 10° cells/L
Tlymphocytes 79.688+2.735 74.716+1.427 62.000+1.909 =0.029
(CD45*CD3°CD19), % OeEES SRR PR Pz =5
Tlymphocytes 1668.500+198.340 | 1781.630£145.475 | 1625.890+150.595 = 0.041
(CD45*CD3*CD19°), 10° cells/L R A RN P2s ="
T helpers (CD45°CD3°CD4%), % |  53.330+2.751 49.730+2.353 41.590+2.424 P, 4=0.019
T helpers (CD45°CD3*CD4"),
elpers ( ) 1121.380£149.424 | 1089.680+93.715 | 1108.110+141.759 | p,,=0.006
10¢ cells/L '
T cytotoxic (CD45*CD3*CD8*),
y 24.263+2.295 25.484+2 658 20.000+1.432
0
T cytotoxic (CD45*CD3*CD8"),
cytotoxic ( " | 496380452527 621.160+98.659 522.330+57.936
108 cells/L
I latory ind
mmunoreguiatory Index 2.40040.339 2.416£0.336 2.20040.249
(Tx/Tc)
T-NK lymphocytes ps,=0.010
2.233+0.643 5.626:£0.649 5.911+1.281 :
(CD45*CD3*CD16°CD56*), %
T-NK lymphocytes
(CD45*CD3*CD16'CD56*), 54.140+14.647 126.110+15.616 149.670£30.769 | p, ,=0.048
10° cells/L
T lymphocytes - 0026
CD45'CD3*CD4*CD25* 7.36740.916 5.642+0.682 7.000£0.991 Pra =5
(early activation), %
T lymphocyt
ymphocytes 79.110£15.478
CD45°CD3*CD4*CD25* 79.290+14.615 58.210+7.556 o p: 4 =0.010
(early activation), 10° cells/L
T lymphocytes
CD45'CD3*CD4*HLA-DR* 3.350+0.563 4.974+0.839 7.56742.213

T lymphocytes
CD45*CD3*CD4*HLA-DR*
(late activation), 106 cells/L

67.250+31.099

51.680+9.564

80.560+20.843
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Tabnuya 1 (okoH4YaHue)

Table 1 (continued)

Group of patients with post-COVID syndrome without CMD

(late activation), 10¢ cells/L

Measures
(n =60)
p
4 5 6
NK cells
reduced (n = 14) normal (n = 38) elevated (n = 8)
NK cells (CD45*CD3-
62.290+10.167 229.110+14.561 657.75+189.051
CD16°CD56), 10° cells/L
Tlymphocytes 79.414+2.608 70.961+1.125 57.975+6.143 =0.029
(CD45CD3°CD19), % AR FRIEL D90 Pzs = %
Tlymphocytes 1427.1404294.744 | 1342.44077.867 | 1636.000+247.748 =0.041
(CD45*CD3*CD19°), 10¢ cells/L ST T AR Pzs = -
T helpers (CD45°CD3'CD4*), % |  40.800+3.327 48.560+1.501 34.050+2.282 P, s = 0.019
T helpers (CD45°CD3*CD4*),
elpers ( ) 548.600+58.391 | 1018.840+83.168 | 966.500+146.301 | p,,=0.006
10¢ cells/L '
T cytotoxic (CD45*CD3*CD8*),
o, 28.87145.271 22.826+1.638 22.9500+5.8487
T cytotoxic (CD45*CD3*CD8"),
cytotoxic ( Y| 467200£72.987 480.740+55.944 634.250+149.956
10¢ cells/L
| latory i
mmunoregulatory index 2.3000.731 2.384+0.229 1.700+0.274
(Tx/Tc)
T-NK lymphocytes p,,=0.010
8.350+1.601 6.653+0.942 5.450+1.648 :
(CD45*CD3*CD16*CD56%), %
T-NK lymphocytes
(CD45'CD3*CD16*CD56"), 116.400+22.997 145.580+35.064 142.000£32.432 | p, ,=0.048
108 cells/L
T lymphocytes - 0.026
CD45'CD3CD4*CD25* 4.033+0.457 6.053+0.571 8.775+2.051 Pr.s =5
(early activation), %
T lymphocytes
CD45°CD3CD4*CD25* 28.200+2.518 61.42048.103 88.250£32.082 | p;.=0.010
(early activation), 10° cells/L
T lymphocytes
CD45'CD3*CD4*HLA-DR* 4.700+1.549 3.705£0.474 6.850+1.687
(late activation), %
T lymphocytes
CD45'CD3*CD4*HLA-DR* 33.860+8.860 39.370+6.393 68.250+25.477
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transcription factors NFAT, NF-«B and AP-1,
which are responsible for regulating the production
of many genes (including the IL-2 gene) that
control proliferation and differentiation of activated
lymphocytes [4]. Dysregulation of the T cell link
in individuals with long-COVID and disorders of
carbohydrate metabolism requires a more detailed
study, including an assessment of the cytokine profile
in this category of patients.

Conclusions

1. Decreased and normal values of NK cells
are accompanied by a change in the subpopulation
composition of T lymphocytes in the group of people
with long-COVID and concomitant pathologies, both
in impaired glucose tolerance and in type 2 diabetes
mellitus.

2. In individuals with impaired carbohydrate
metabolism in the post-COVID period, a decrease in
the level of NK cells is accompanied by a significantly
higher level of T helper cells.

3.  With normal NK cells, the level of total
Tlymphocytesissignificantly higher with concomitant
disorders of carbohydrate metabolism in the long-
COVID group.

4. In the group of people with post-COVID
syndrome and disorders of carbohydrate metabolism,
a significant increase in T lymphocytes of early
activation was revealed.

The obtained data showed that in the post-
COVID period, in the group of patients with
disorders of carbohydrate metabolism, dysregulation
of the immune system is observed, which in the
future can lead to an inadequate immune response,
which requires a more detailed study, including an
assessment of the cytokine profile.
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