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Pesiome. [Tannemus HoBoli kopoHaBupycHo nHdekiu COVID-19, Bei3BanHast Bupycom SARS-CoV-2,
npuBeJia K JaJeKO MAYIINM MOCIIeACTBUSIM. BhI3biBacMble MM M3MEHEHUST B MAaKpOOPTaHMU3ME MOTYT COXpa-
HSTbCs 6osiee 6-12 MecsileB Nocje OKOHYAHUS OCTPoil ¢a3bl 3a00jeBaHusl, GOPMUPYS ITOCTKOBUIHBIC Ha-
pyIIeHUSI UMMYHHOM cucTeMbl. [lammeHTsl, iepeHecinue ocTpbliii COVID-19 kak B IeTKoii, TaK M B TSDKE-
Ji0i hopme, CTpaAaloT OT Pa3INUHBIX TTPOSBIEHU MOCTKOBUIHOTO cuHAPoMa. OIHAKO BBIPAXKEHHOCTD 9TUX
IpOsIBJICHUIT BechbMa BapuabenbHa. llesblo HACTOSIIEro MCCAeOOBaHUS CTaja OIleHKA BIUSHUS CTCTICHU
nopaxeHus Jerkux B octpom repuoae COVID-19 Ha BbIpaXkeHHOCTh KIIMHUYECKUX MPOSIBJICHUIN MTOCTKO-
BUJIHOTO CUHIPOMA Ha MPpUMEPEe MMMYHOOMNOCPETOBAHHBIX CUMITOMOKOMILIEKCOB: ayTOUMMYHHOTO, IIPO-
JudepaTuBHOro u ayuiepronaronoruu. Oo6caenosaH 131 mauueHT, nepeHecuunii nH@ekunio SARS-CoV-2.
JItst uiccnenoBaHusT UCITOJb30BaHbl aHAMHECTUYECKHE JaHHbIE M3 aMOyJIaTOpHBIX KapT mauueHToB. C 1mo-
monbio Metona MPA-nuarHoctuku onpenesuiuch IgA, IgM, IgG, cnenuduunbie K SARS-CoV-2, dpar-
meHThl kommieMeHTa Clq, C3a, C5a. B xone uccieqoBaHUi BhISIBJEHA CBSI3b MEXIY TSXKECThIO TTOCTKOBU /I -
HOro cuHapoMa u TskecTblo octporo TeueHuss COVID-19. Bupyc SARS-CoV-2 cnocobeH akTuBUPOBATh
KOMILIEMEHT, ¥ aKTHBAlIMS 3Ta COXpaHSIETCs IUIMTEIbHO (00jee Moayrona), 9To OOBSICHSICT HaTUIne KIIU-
HUYCCKUX TIPOSIBJICHUN TTOCTKOBUIHOTO CUHIAPOMA Y JINII, IIEPEHECIINX JIETKYI0 ocTpyo ¢opmy COVID-19
0e3 TTopaskeHMs JIETKMX IT0 JaHHBIM KOMITBIOTEPHOI TOMOrpaduy U He MMEIOIINX BBISIBJICHHBIX HAMU pa-
Hee PEHOTUIIOB MOPaXKEHUST UMMYHHOM CUCTEMBI (BPOXKIEHHOIO 3BeHa — CHIKeHMe aKkcrpeccun CD46 Ha
T-mamdornurax n cHkeHue skcnpeccun CD46 na NK-kierkax, ¥ NpruoOpEeTeHHOro — CHUXKEHUE YPOB-
Hs T-UMTOTOKCHYECKUX TUMMOLMTOB U HapylieHue ypoBHsS B-kierok CD45"CD3-CD19"CD5*CD27%).
ITosyyeHHBIE TaHHBIE CBUIETEILCTBYIOT O TOM, UTO OOCJIeIOBaHME MAllMEHTOB, UMEIOIINX MOCTKOBUIHBIN
CUHAPOM, JOJKHO MPOBOAUTHCS HE TOJABKO MyTeM OLEHKHU MX KIMHUYECKUX XapaKTEPUCTUK, HO U ITyTeM
M3Y4YEHUsI COCTOSTHUSI UMMYHHOM CUCTEMbI TAKUX MAIMEHTOB C 11€JIbI0 MOCTAHOBKM MPaBWJILHOTO AUarHo3a
¥ Ha3HAYEeHUsI 3TUOJOTMIECKOM U MaTOreHETUIECKO# Tepaliii, B TOM YUCJIe UMMYHOTEpaui. AyTOUMMYH-
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HbIe, TTpoJindepaTUBHBIE U aJlJIepruueckKre 3a00JieBaHNST HATIPSIMYIO CBSI3aHbI ¢ HAPYIICHUSIMA UMMYHHOM
cucteMmbl. O000IIasT pe3yIbTaThl JAHHOTO UCCIIeIOBAaHMSI, MOXHO CJlIeJIaTh CJeaylolre BhIBOAbIL: 1. TskecTh
ayTOMMMYHHBIX HApYIICHU! B TTOCTKOBUIHBIN TIEPUO HATIPSIMYIO HE CBsI3aHa C TSKECThIO 3a00JIeBaHUS,
a B 0OJIbIIIEN cTeneHU cBg3aHa ¢ 6aszucHou KopTukoctepounHoi tepanueit (I'KC) kak mis sedyeHus ayTo-
MMMYHHBIX TIpotieccoB, Tak u st jedeHuss COVID-19. Eciu 'KC He ucnoib3yoTcst Tpu ayTOUMMYHHOM
TUPEOUIUTE, TO X TPUMEHEHNE B OCTPOM Teprojie MH(MEKIINY BITOCIESACTBUN CHUKAJIO KOJTMYECTBO PEI-
nuBoB. Torma Kak Mpu peBMaTOUIHOM apTpute cutyaius odparHas: npumeHeHnue 'KC B octpom mepuone
MHGEKIINN y MalUeHTOB, yXKe HaXOMSIINXCsl Ha 0a3MCHONM KOPTUKOCTEPOUIHON Teparnuu, BIMOCIEACTBUN
MPUBOAUT K YBEIMUCHUIO KOJTMYECTBA PEIIUANBOB Y MAIIMEHTOB, MEPEHECIINX KOBUAHBIN. 2. Y MallMEHTOB,
nepeHeciiux COVID, BbisiBieHa TEHASHIMS K YBEJIMYEHUIO HanOoJee KIMHUYECKU TSDKEJION asuiepromna-
TOJIOTUM: BO-TIEPBbIX, BO Bcex rpymiax (52%) B MOCTKOBUIHBIN MEPUO yYaCTUIIMCh 0O0CTPEHUS TAaKUX IMa-
TOJIOTUI, Kak oTeK KBUHKe, KpanuBHULIA, aHA(WIIaKCUsl, BACKYJIUT, aIbBEOJIUT, OpoHXHUoaUT. Bece a3To cBu-
JIETEeJIbCTBYET O TOM, UTO Ha YXYAIIEHUE COCTOSIHUSI 9TUX MALIMEHTOB B MTOCTKOBUIHBINA MEPUOJ MOBIMsIIA
rnepeHeceHHast MH@eKLus, BbiI3BaHHasE BUpycoM SARS-CoV-2. Antepruueckue nmopaskeHus1 KOXHU oKasza-
JIUCh HAa BTOPOM MECTE IO 4acToTe 00OCTpeHUil — okosio 28%. 3. OTMevaeTcsl TEHASHIINS K YBEIUYCHUIO
4acTOThl 00OCTPEeHUN MposndepaTuBHbIX 3a00J€BaHUN Y MALIMEHTOB ¢ 6oJiee TsKeJabIMU (hopMaMu OCTPOA
nuHbekuu COVID-19. Takke cienyeT OTMETUTb, YTO MTPOLEHT TaKUX MallUeHTOB JOCTATOYHO BBICOK — OT
31,6% no 48%. 4. Bupyc SARS-CoV-2 MOXeT BIUITh Ha aKTMBAIIMIO CUCTEMbI KOMITJIEMEHTA, UTO OOBSIC-
HSIET HaJU4Me KIMHUYECKUX MPOSIBIEHUIN MOCTKOBUIHOTO CUHAPOMA Y JIUIL, MEPEHECIINX OCTPYyIo hopmMy
COVID-19 B nerkoii opme 6e3 mopakeHusI JIETKUX IO TaHHBIM KOMIbIOTEPHOI TOMOTpadru U HEe UMEIo-
IIIMX BBISIBJIEHHBIX HaMU paHee (DEHOTHMIIOB ITOPaXKeHWsT UMMYHHOI cucteMmbl. [loaydeHHbIe TaHHbBIE CBU-
JIETEeJIbCTBYIOT O TOM, YTO OOCJIeJOBaHUE TTOCTKOBUIHBIX OOJBHBIX TOJKHO MPOBOAUTHCS HE TOJIBKO ITyTeM
OLIEHKM MX KIIMHUYECKUX XapaKTEePUCTUK, HO U ITyTEM UCCJIeIOBAaHUSI COCTOSTHUSI UMMYHHOI CUCTEMBI TAKUX
MAIIMEeHTOB C 1eJIbI0 TTOCTAHOBKY MPaBUJIBHOTO AMAarHO3a M Ha3HAYEHUST 3TUOJIOTUYECKON U TTaTOreHeTUYe-
CKOI1 Tepalin, B TOM YUCJIe UMMYHOTEpPaIT1u.

Knrouesvie crosa: ummynnas cucmema, KOMnbIOMeEPHAas MOMOPAUs, BUPYCHASL NHEGMOHUSL, CUCIeMA KOMNAeMEeHMA, UHGeKUUs
SARS-CoV-2, nocmioeuodmwlii cunopom

IMMUNE-MEDIATED DISORDERS IN POST-COVID PATIENTS
AND THEIR RELATIONSHIP WITH IMPAIRED COMPLEMENT
SYSTEM ACTIVITY

Dobrynina M.A.

Federal Research Institute of Viral Infections “Virom”, Ekaterinburg, Russian Federation

Abstract. The COVID-19 pandemic caused by the SARS-CoV-2 virus has led to far-reaching consequences.
The changes caused in COVID-19 patients may persist for more than 6-12 months after acute phase of the
disease promoting post-COVID disorders of immune system. Patients who have had acute COVID-19 in both
mild and severe forms suffer from various manifestations of post-COVID syndrome. However, the severity of
these manifestations is quite variable. The aim of the study was to assess the effect of lung damage extent in
acute period of COVID-19 on the severity of clinical manifestations in post-COVID syndrome as exemplified
by immune-mediated syndromes, i.e., autoimmune disorders, proliferative conditions, and allergopathology.
131 patients who had who had a history of SARS-CoV-2 infection were examined. Anamnestic data from
outpatient cards of patients were used for the study. Using the ELISA diagnostics method, IgA, IgM, IgG
specific to SARS-CoV-2, complement components Clq, C3a, C5a were determined. The studies revealed a
connection between the severity of post-COVID syndrome and the severity of the acute COVID-19 course.
The SARS-CoV-2 virus is able of activating complement, and this activation persists for a long time (more than
six months). This finding explains presence of clinical manifestations of post-COVID syndrome in individuals
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who have had a mild acute form of COVID-19 without CT-detected lung damage without phenotypes of
immune system damage that we have previously identified (congenital — decreased expression of CD46 on
T lymphocytes and decreased expression of CD46 on NK cells, and acquired — decreased level of T-cytotoxic
lymphocytes and impaired level of B-cells CD45*CD3-CD19*CD5"CD27"). The data obtained indicate that
the examination of post-COVID patients should be carried out not only by their clinical characteristics, but
also by assessing markers of their immune system in order to make a correct diagnosis and prescribe etiological
and pathogenetic therapy, including immune therapy. Conclusions: 1. Autoimmune, proliferative and allergic
diseases are directly related to disorders of the immune system. The severity of autoimmune disorders in the
post-COVID period is more associated with basic corticosteroid therapy (GCS) both for the treatment of
autoimmune processes and for the treatment of COVID-19 (except of treating autoimmune thyroiditis). GCS
treatment used in acute period of infection reduced the number of recurrenct disorders. The situation is the
opposite in theumatoid arthritis: the use of GCS in the acute period of infection in patients already on basic
corticosteroid therapy subsequently leads to an increase in the number of relapses in post-COVID patients. 2.
In post-COVID patients, we revealed a trend towards an increase in the most clinically severe allergopathology:
firstly, in all groups (52%) in the post-COVID period, exacerbations of such pathologies as Quincke’s edema,
urticaria, anaphylaxis, vasculitis, alveolitis, and bronchiolitis became more frequent. These findings suggest
that the worse condition of these patients in the post-COVID period was influenced by the past SARS-CoV-2
infection Allergic skin lesions were in second place in terms of the frequency of exacerbations (about 28%).
3. There is a tendency towards an increased frequency of proliferative diseases exacerbations in patients with
more severe forms of acute COVID-19 infection. It should also be noted that the percentage of such patients is
quite high, from 31.6% to 48%. 4. The SARS-CoV-2 virus may affect the complement activation system, thus
explaining clinical manifestations of post-COVID syndrome in the persons who had a mild form of COVID-19
without evidence of lung damage immune system affection. Our data indicate that the examination of post-
COVID patients should be carried out not only by assessing their clinical characteristics, but also by examining
the state of the immune system in such patients in order to make a correct diagnosis and administer etiological
and pathogenetic therapy, including immune therapy.

Keywords: immune system, computed tomography, viral pneumonia, complement system, SARS-CoV-2 infection, post-COVID
syndrome

The work is completed on the topic of State
assignments FBIS Federal Scientific Research
Institute of Viral Infections “VIROM” Federal Service
for Supervision of Consumer Rights Protection and
Human Consumption “Study of the mechanisms
of chronic viral infection formation in patients with
post-COVID syndrome and impaired immune system
functions. Development of pathogenetic approaches
to effective prevention and immunocorrection of
identified disorders in patients with “post-COVID
syndrome” No. state registration 124031800093-5.

Introduction

The COVID-19 coronavirus pandemic caused
by the SARS-CoV-2 virus has had far-reaching
consequences. According to case histories, patients
with post-COVID syndrome experience severe
fatigue, increased fatigability, an increase in the
incidence of acute respiratory viral infections per
year, an increase in the recurrence of skin diseases,
allergy pathologies, an increase in the recurrence of
chronic infectious and non-infectious diseases of

various organs and systems. Patients were examined at
least six months after recovery from acute COVID-19.
Such persistent post-infectious consequences are
known as post-COVID syndrome [7]. When assessing
post-COVID syndrome, it is necessary to reveal the
main clinical symptoms of multiorgan pathology
characteristic of post-COVID patients according to
the literature [3]. For example, 410 participants in a
Swiss study were assessed for complaints 7-9 months
after being diagnosed with COVID-19, of which
39.0% of patients reported long-term symptoms such
as fatigue (20.7%), loss of taste or smell (16.8%),
shortness of breath (11.7%), and headache (10.0%),
including among young, previously healthy people [6].
In another study by Chinese scientists, 1,733 patients
were examined 6 months after acute COVID-19,
in which 9% reported a long-term sensation of
palpitations and 5% reported chest pain [2]. Cognitive
impairments were noted, manifested by difficulty
concentrating, deteriorating memory, perception,
and/or speech reproduction [8]. In a study by
Chinese scientists, approximately a quarter of patients
reported anxiety, depression, and sleep disturbances
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6 months after COVID-19 [2]. However, reports of
similar complaints after mild COVID-19 suggest a
contribution to their development by dysfunction
of the autonomic nervous system [1]. Long-term
cognitive impairment has been noted in studies aimed
at assessing the condition of patients who have suffered
critical illnesses; it occurs in 20-40% of patients
hospitalized with COVID-19 [10]. Ruggeri R.M.
et al. (2021) write about subacute thyroiditis with
clinical manifestations of thyrotoxicosis weeks after
the disappearance of respiratory symptoms [9].
COVID-19 can lead to the manifestation of latent
autoimmune thyroiditis in the form of new-onset
Hashimoto’s thyroiditis [11] or Graves’ disease [5].
Endocrine manifestations of post-COVID syndrome
can be a consequence of direct damage by the virus,
immunological and inflammatory damage, as well as
iatrogenic complications.

Thus, in the literature there are indications of
various clinical pathological manifestations of post-
covid syndrome, but at the same time, there is no
systematization of these studies, and there is no
data on the pathogenesis of the formation of clinical
manifestations of post-covid syndrome. In addition, if
the immune system of patients with acute coronavirus
infection has been studied quite well, then the state
of the immune system of post-covid patients remains
practically unstudied. All this served as the basis for
our studies of post-covid patients.

The aim of the study was to assess the impact
of the degree of lung damage in the acute period of
COVID-19 on the severity of clinical manifestations
of post-COVID syndrome using the example of
immune-mediated symptom complexes — auto-
immune, proliferative, and allergopathology.

Materials and methods

A total of 131 patients who had recovered from
SARS-CoV-2 infection were examined. Of these,
48 were men aged 20 to 76 years (mean age 55.3
years) and 83 were women aged 21 to 79 years (mean
age 53.4 years). The inclusion criteria in the study
groups were: confirmed diagnosis of SARS-CoV-2
infection by polymerase chain reaction (PCR), the
presence of IgA, IgM to the SARS-CoV-2 virus in
the acute and post-acute periods of infection and
IgG to the SARS-CoV-2 virus during the recovery
period, computed tomography data of the lungs on
the presence or absence of changes of the “ground
glass” type. This study was conducted at least 6-12
months after the infection caused by SARS-CoV-2.
All patients were preliminarily examined by a general
practitioner and an immunologist-allergist in order to
identify concomitant diseases, as well as by doctors

of other specialties before COVID-19 to establish
concomitant diagnoses. The groups were randomized
by gender, age, concomitant diseases according to
the x? criterion. All studies were approved by the
Independent Local Ethics Committee at the State
Autonomous Healthcare Institution of the Republic
of Chelyabinsk “City Clinical Hospital No. 17 of
Chelyabinsk (protocol No. 8 dated 04/11/2022), on
the basis of which these studies were conducted, and
by the Independent Local Ethics Committee at the
Federal Research Institute of Virology and Infection
“Virom” of Rospotrebnadzor of Yekaterinburg,
protocol No. 1 dated 03/22/2024, on the basis of
which these studies were conducted.

Clinical research methods

— Identification of persons with post-COVID
syndrome after examination by doctors: therapist,
allergist-immunologist, pulmonologist, ENT doctor.

—  Filling out the immunological examination
card.

—  Physical, laboratory and instrumental exami-
nations for diagnosis.

Immunological research methods

ELISA diagnostic methods. Determination of
the level of specific IgA, IgM, IgG to the SARS-
CoV-2 coronavirus, C1 inhibitor, C3a and C5a
complement components by enzyme immunoassay
and immunofluorescence analysis on a Multiscan
FC Thermoscientific enzyme immunoassay analyzer
(China). The study was conducted using generally
accepted standardized enzyme immunoassay methods
(test systems of VectorBest, Russia; Cytokine LLC,
Russia).

Statistical research methods

Based on the study results, a database was created in
Excel (MS Office 2007). Data processing and analysis
were performed using R 3.1.1 12 (RFoundation
for Statistical Computing, Vienna, Austria) and
Microsoft Excel version 14.0. Student’s t-tests were
used for parametric data; differences were considered
significant at p < 0.05.

Equipment

The following equipment was used: Multiscan
FC Thermoscientific enzyme immunoassay analyzer
(China), Mindray SL-1200 A immunochemilumi-
nometer (China), related equipment (centrifuges,
shakers, thermostats, etc.), computers with software
packages required for mathematical and statistical
analysis of the results.

Results and discussion

According to the data presented in Table 1, reliable
differences were obtained between groups KTO and
KT1-2, as well as KT0 and KT3-4 — the frequency
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TABLE 1. SEVERITY OF CLINICAL MANIFESTATIONS OF THE AUTOIMMUNE SYMPTOM COMPLEX IN POST-COVID
PATIENTS DEPENDING ON THE DEGREE OF LUNG DAMAGE IN THE ACUTE PERIOD OF COVID-19

Diseases with increased Total number
incidence of relapses of patients Group 1 Group 2 Group 3
or first identified after examined CT 0 (n=238) CT 1-2 (n = 68) CT 3-4 (n = 25)
clinical recovery from (n=131)
acute COVID-19 infection/
degree of lung damage Abs. % Abs. % Abs. % Abs. %
according to CT data
. o 27.9
Rheumatoid arthritis 30 22.9 4 10.2 19 7 28.0
P, <0.05
. . 10.3 8.0
Autoimmune thyroiditis 20 15.3 11 29.0 7 b., < 0.05 2 D, <0.05

Note. Reliability of differences between groups p,-p,, P;-Ps, P»-Ps. Differences p < 0.05 (Student’s T-test) were considered reliable.

TABLE 2. SEVERITY OF CLINICAL MANIFESTATIONS OF THE SYMPTOM COMPLEX OF ALLERGOPATHOLOGY IN POST-
COVID PATIENTS DEPENDING ON THE DEGREE OF LUNG DAMAGE IN THE ACUTE PERIOD OF COVID-19

Diseases with increased Total m_lmber Group 1 Group 2 Group 3
.. of patients
incidence of relapses or examined CTO CT1-2 CT 34
first identified after clinical (n =131) (n = 38) (n =68) (n = 25)
recovery from acute COVID-19
infection/degree of lung
damage according to CT data | Abs. % Abs. % Abs. % Abs. %
Eczema, contact dermatitis, 36 27.5 11 29.0 18 26.7 7 28.0
psoriasis
Quincke’s edema, urticaria,
anaphylaxis, vasculitis, 68 51.9 20 52.3 35 515 13 52.0
alveolitis, bronchiolitis
Seasonal rhinitis, 32 24.4 10 26.3 17 25.0 5 20.0
conjunctivitis
Bronchial asthma 19 14.5 4 10.5 14 20.6 1 4.0

Note. As for Table 1.

of exacerbations of rheumatoid arthritis in the post-
COVID period is significantly higher in the group with
lung damage of less than 50% in the acute period of
COVID-19 compared to the group of patients without
lung damage, while the frequency of exacerbations
of autoimmune thyroiditis is significantly higher in
patients without lung damage in the acute period of
COVID-19 compared to the other groups.

When analyzing the effect of the degree of lung
damage in the acute period of COVID-19 infection
on the increase in the frequency of exacerbations of
allergic diseases in the post-COVID period (Table 2),

no dependence was found. However, at the same time,
a tendency towards an increase in the most clinically
severe allergopathology was revealed in post-COVID
patients: firstly, in all groups (52%), exacerbations
of such pathologies as Quincke’s edema, urticaria,
anaphylaxis, vasculitis, alveolitis, and bronchiolitis
became more frequent in the post-COVID period. All
this indicates that the deterioration of the condition
of these patients in the post-COVID period was in-
fluenced by the infection caused by the SARS-CoV-2
virus. Allergic skin lesions were in second place in
terms of exacerbation frequency — about 28%.
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TABLE 3. SEVERITY OF CLINICAL MANIFESTATIONS OF THE PROLIFERATIVE SYMPTOM COMPLEX IN POST-COVID
PATIENTS DEPENDING ON THE DEGREE OF LUNG DAMAGE IN THE ACUTE PERIOD OF COVID-19

Diseases with increased Total m_lmber Group 1 Group 2 Group 3

e of patients

incidence of relapses or examined CTO CT1-2 CT 34

first identified after clinical (n =131) (n = 38) (n =68) (n =25)

recovery from acute COVID-19

infection/degree of lung
damage according to CT data | Abs. % Abs. % Abs. % Abs. %
Frequent lymphadenitis 41 31.3 13 34.2 20 29.4 8 32.0
Benign tumors: fibroids,
cysts, polyps, fibroadenomas, 54 41.2 12 31.6 30 44 1 12 48.0
endometriosis

Note. As for Table 1.

TABLE 4. ANALYSIS OF COMPLEMENT SYSTEM PARAMETERS IN POST-COVID PATIENTS DEPENDING ON THE DEGREE
OF LUNG DAMAGE ACCORDING TO COMPUTED TOMOGRAPHY DATA IN THE ACUTE PERIOD OF COVID-19

Degree of lung Group 4
damade accordin Group 1 Group 2 Group 3 Conditionally
o 0T 3ata el gf CTO CT1-2 CT 3-4 healthy individuals
comblement svstem (n=38) (n = 68) (n =25) who have not had
plement Sy Mtm, p Mm, p Mtm, p COVID-19 (n = 16)
indicators
Mtm, p
199.1+20.3
pi3 < 0.05
C1q, mcg/mL 273.9£31.7 275.5+27.9 Dya < 0.05 287.2+31.2
Ps4 < 0.05
C3a, ng/mL 109.716.4 115.316.9 106.3+13.0 119.7£18.3
27.2+3.5 25.2+2.6 27.1£5.9
C5a, ng/mL Do, <0.05 D, < 0.05 D,. < 0.05 15.1+2.7

Note. As for Table 1.

The frequency of exacerbations of proliferative
diseases did not show significant differences between
patient groups depending on the degree of lung damage
in the acute period of infection (Table 3), but there
was a tendency for the frequency of exacerbations to
increase in patients with more severe forms of acute
COVID-19 infection. It should also be noted that the
percentage of such patients is quite high — from 31.6%
to 48%. These data further indicate that post-COVID
patients develop multiple organ pathology.

One of the key indicators of immune status is the
complement system. Disturbances in the activity of the
complement system can lead to serious consequences
for various organs and tissues — the central nervous
system, liver, lungs, and the immune system as a
whole [4]. Therefore, the next stage of the study was

to compare the level of complement system indicators
in post-COVID patients depending on the severity of
acute coronavirus infection (Table 4).

As can be seen from Table 4, all patients who
have had COVID-19 have increased activity of the
complement fragment C5a, which indicates long-
term (at least six months) stimulation of the classical
complement activation pathway. Also noteworthy is
the persistent decrease in the activity of Clq, which
is responsible for the normalization of activated
complement, in the most clinically severe patients.

Conclusions

Autoimmune, proliferative and allergic diseases
are directly related to disorders of the immune system.
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Post-COVID immune disorders

Summarizing the results of this study, we can make the
following conclusions:

1. The severity of autoimmune disorders in
the post-COVID period is not directly related to
the severity of the disease, but is more associated
with basic corticosteroid therapy (GCS) both for
the treatment of autoimmune processes and for the
treatment of COVID-19. If GCS are not used for
autoimmune thyroiditis, then their use in the acute
period of infection subsequently reduced the number
of relapses. Whereas with rheumatoid arthritis,
the situation is the opposite: the use of GCS in the
acute period of infection in patients already on basic
corticosteroid therapy subsequently leads to an
increase in the number of relapses in post-COVID
patients.

2. In post-COVID patients, a tendency
towards an increase in the most clinically severe
allergopathology was revealed: firstly, in all groups
(52%) in the post-COVID period, exacerbations
of such pathologies as Quincke’s edema, urticaria,
anaphylaxis, vasculitis, alveolitis, and bronchiolitis
became more frequent. All this indicates that the
deterioration of the condition of these patients in
the post-COVID period was influenced by the past
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