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RESUME

Background. A common manifestation of the post-COVID syndrome is damage
to the articular apparatus. Considering the role of circulating immune complexes
in the occurrence of postinfectious and immune lesions of joints, as well as their
participation in the immunopathogenesis of the acute period of infection, it can
be assumed that they are involved in the formation of joint syndrome after
COVID-infection.

The aim. To assess the involvement of circulating immune complexes in the patho-
genesis of various clinical variants of post-COVID joint syndrome.

Materials and methods. Sixty two patients with post-COVID syndrome and com-
plaints of damage to the musculoskeletal system were examined. All patients had
suffered coronavirus infection during the previous 12 months. All patients underwent
radiographic and ultrasound examination of the joints. In the blood serum the total
content of IgM, IgG and IgE was determined. Circulating immune complexes in pe-
ripheral blood were determined by precipitation method.

Results. The post-COVID joint syndrome in the examined patients manifested itself
in four variants, which differed clinically and had different immunological charac-
teristics. High levels of circulating immune complexes were detected in arthralgia,
arthritis, and the onset of arthropathy and were accompanied by elevated titers
of IgM and IgG. With the progression of arthropathy, the circulating immune com-
plexes content in the blood of patients often corresponds to the borderline level
with low IgM and 1gG values.

Anincreased IgE titer was recorded in the blood of patients with arthritis, onset and pro-
gression of arthropathy, and there were no manifestations of allergy and the allergic
history was negative in the majority of the examined.

Conclusion. Thus, the immunocomplex mechanism of damage plays an important
role in the pathogenesis of arthralgia, arthritis and the onset of osteoarthropathy,
but not its progression in post-COVID syndrome. IgE is actively involved in the forma-
tion of arthritis, the progression of osteoarthropathy, and especially in its onset.
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PE3IOME

Yacmelm npossieHueM nNoCmMKosUOH020 CUHOPOMA A8/1AemcsA nospexoeHue cycmas-
HO20 annapama. Y4umeli8as posib YUPKYAUPYIOUUX UMMYHHbIX KOMNJIEKCO8 8 BO3HUK-
HOBEHUU NOCMUHEKYUOHHbIX U UMMYHHbIX NOPAXeHUU Cycmasos, a makxe ux y4a-
cmue 8 UMMyHONamMogzeHe3e 0CMpo20 Nepuood UHMEKYUU, MOXHO npednosioXums
UX hpU4acmHoOCMb K hopMUpOoBaHUI0 CycmasHo20 cuHopoma nocsie COVID-uHgekyuu.
Llenv uccnedosaHus: oyeHUMb posib YUPKYTUPYIOWUX UMMYHHbIX KOMNJIEKCO8
8 namozeHese paszUYHbIX KIUHUYeCKUX 8apUdHmMo8 NOCMKOBUOHO20 CYyCMAasHO20
CuHOpoma.

Memoodel. O6cnedosaHo 62 nayueHma ¢ NOCMKOBUOHbIM CUHOPOMOM U Xanobamu
Ha nopaxxeHue Mblule4HO-CycmasHo20 annapama. llepeHeceHHaa COVID-19-uHgpex-
yua 6ui1a noomeepxoeHa nabopamopHo. Bcem nayueHmam nposedeHo UHCMPpY-
MeHmMasnbHoe 0bcnedo8aHue: peHmeaeHo2pagus U ynbmpassyKosoe ucciedosdHue
cycmasos. B cbisopomke Kposu oyeHusanu obwee cooepxarue IgM, IgG u Igk. Ypo-
8eHb YUPKYIUPYIOUWUX UMMYHHBIX KOMNJIeKcos 8 hepucpepudeckoli Kpogu onpeders-
Jlu MemoOdoMm npeyunumauyuu.

Pesynemamel. CycmasHol CUHOpOM 8 NOCMKOBUOHOM nepuode y 06C1e008aHHbIX
nayueHMos KAUHUYeCKU Nposasnasca 8 gude yemelpex 8apuaHmMos: U3oiupo8aH-
Hol apmparneuu, apmpuma, 0ebloma u npozpeccupo8aHus apmponamuu. Bvicokue
YPOBHU UUPKYIUPYIOWUX UMMYHHbIX KOMNJ1eKco8 bbliu 8bide/ieHbl NpU dpmpadseuu,
apmpume u debrome apmponamuu U conposoX0duct NOBbILUEHHbIMU MUMPAamu
IgM u IgG. Mpu npozpeccuposaHuu apmponamuu cooepXxaHue YUpKyIupyouux um-
MYHHbIX KOMNJIEKCO8 8 KPOBU Yy NAYUEeHMO8 3a4dcmylo coomaemcmaosadsno nozpa-
HUYHOMY YPOBHIO NpU HEBLICOKUX 3Ha4YeHUAxX IgM u IgG.

IMoswlweHHbIG mump IgE 3agukcuposaH 8 Kposu y nayueHmos ¢ apmpumom, 0ebio-
MoM U npozpeccuposaHuem apmponamuu, hpudem NPoAsIeHUA ansiepauu omcym-
CMEo8aAsu u aniepeonioeudeckuli aHamHes 6bi1 ompuyamesnbHeiM y 601bWUHCMBA
00C/1€008AHHbIX.

3aknioyeHue. Takum 06paA3oM, UMMYHOKOMNJIEKCHbIU MeXAHU3M nospexoeHus
uzpaem 8axKHyr poJib 8 namozeHe3e apmpasieuu, apmpuma u 0ebroma ocmeoap-
mponamuu, HO He ee NPO2PeccUpPOBAHUsA NPU NOCMKOBUOHOM cuHOpome. B popmu-
po8AHUU apmpuma, a makxe npu Npo2peccuposaHuU ocmeoapmponamuu u, 0co-
6eHHO, npu ee Oeblome npuHUMaom akmusgHoe y4acmue IgE.

Knioueable cnoea: nocmkosuoHbIli CUHOPOM; NOCMKOBUOH®ILU CycmagHoU CUHOPOM;
YUPKyupytowue UMMyHHble KOMNJIEKCbl; UMMYHO02/106Y/1UHbI; CUHOPOM dKkmuseayuu
MYYHbIX KJIemoK

Ona yntupoBaHusa: XXaaHosa E.B., Py6uosa E.B. Ponb LUpKynpyoLwmx MMMYHHbIX KOM-
NNeKcoB B MaToreHese NOCTKOBUAHOMO CyCTaBHOroO crHApoMa. Acta biomedica scientifica.
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INTRODUCTION

After the acute phase of SARS-CoV-2 infection, some
patients may experience post-COVID syndrome (PCS).
In addition to respiratory, cardiovascular, and neuro-
logical damage, joint pathology may occur, persisting
and worsening over several months [1]. The incidence
of joint damage in the post-COVID period (PCP) reaches
65 % [2]. Joint syndrome (JS) manifests in 80 % of cas-
es and progresses in 20 % [3]. The development of JS
depends on the severity of the acute COVID-19 infec-
tion [4]. Risk factors for JS in post-COVID patients in-
clude female gender, older age, pre-existing arthralgia,
prolonged hospitalization, and a history of joint pain
at the onset of the infection [5, 6]. Another significant
risk factor for JS in PCP is a high body mass index [7].

Researchers’ opinions on the nature of the post-
COVID joint syndrome are highly contradictory. The syn-
drome develops in the context of high acute-phase
reactant levels (ESR, CRP, and IL-6), yet the titers of an-
tinuclear antibodies and antibodies to cyclic citrullinat-
ed peptides, as well as C3 and C4 complement system
components, have changed insignificantly. This sug-
gests that there is excess inflammation associated
with the COVID-19 infection rather than autoimmune
activation [8, 9]. However, the high probability of trans-
formation of unspecified arthritis into various rheu-
matic conditions in 49 % of patients (most commonly
into early rheumatoid arthritis), as well as exacerbation
of underlying disease in 83.4 % of those with advanced
rheumatoid arthritis, and significant increase in im-
mune activity due to antinuclear antibodies in systemic
connective tissue disorders do not allow us to exclude
the role of autoimmune mechanism in the pathogenesis
of post-COVID joint damage [10].

One of the significant mechanisms of immune tissue
damage is the immune complex mechanism. This mech-
anism involves the formation and circulation of immune
complexes, which are composed of specific immuno-
globulins, complement components, and antigens. Im-
mune complexes are formed when there is an excess
of antigen, both from exogenous sources (such as virus-
es) and endogenous sources (products of damaged cells
and tissues). The deposition of large numbers of im-
mune complexes in tissues can initiate an enhanced
signaling cascade mediated by Fc-gamma receptors.
This ultimately leads to the development of vascu-
litis, glomerulonephritis, and arthritis in the setting
of acute COVID-19. Moreover, soluble circulating im-
mune complexes (CICs) have been found in the blood
of critically ill patients with acute COVID-19, and their
levels correlate with disease severity [11]. Soluble cir-
culating immune complexes (CICs), containing IgG,
have been detected in approximately 80 % of patients
with severe and critical COVID-19 at levels comparable
to those seen in active systemic lupus erythematosus.
CICs may form before the development of a specific
humoral response to SARS-CoV-2, and through exces-
sive activation of Fc-gamma receptors, they can cause
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impaired immune responses in susceptible patients
[12]. Given the role of CICs in the immunopathogenesis
of acute COVID-19, it is possible that they may also con-
tribute to the development of post-COVID-19 arthritis
syndrome.

THE AIM OF THE STUDY

To assess the role of circulating immune complexes
in the pathogenesis of various clinical manifestations
of post-COVID joint syndrome.

MATERIALS AND METHODS

Study Design and Setting

The study was conducted at the outpatient clinic
of the E.M. Niginsky Consultative and Diagnostic Clinic
in Tyumen between 2021 and 2023. A total of 62 patients
were included in the study: 19 male patients (mean age
48.84 + 13.97 years) and 43 female patients (mean age
44,53 + 12.47 years). All participants had signs of a joint
syndrome that developed following COVID-19 infec-
tion. All patients had a laboratory-confirmed COVID-19
infection (a positive SARS-CoV-2 RNA PCR result in their
medical records or a positive IgG antibody titer to SARS-
CoV-2 after the acute phase of the disease had re-
solved and in case of asymptomatic infection). Based
on the persistent asthenia following COVID-19, the diag-
nosis of post-acute COVID-19 syndrome (PCS) was made.
The duration of the latest acute phase of infection was
as follows: 1-3 months (n = 12); 3-6 months (n=18); 6-12
months (n = 16); and 12-15 months (n = 16).

Exclusion criteria: the presence of any chronic dis-
eases that may have triggered or exacerbated general
asthenia during the PCP; lack of laboratory confirma-
tion for a prior COVID-19 infection; refusal to participate
in the study.

All patients underwent instrumental examina-
tions, including radiography and ultrasonography
of the joints.

The white blood cell count and differential
in the complete blood count were determined using
a Mindray BC-2800 hematology 3-frequency analyzer
(Hemalight 1270, USA). Blood biochemistry parameters:
C-reactive protein (CRP) and fibrinogen were measured
using a Mindray BS-240Pro biochemistry analyzer (Chi-
na). To assess total IgM and IgG levels in serum, a stan-
dard reagent kit from Protein Contour LLC (Russia) was
used.

The analysis was conducted in accordance
with the manufacturer’s guidelines. Results were ob-
tained using a Multiskan photometer (Labsystems, Fin-
land). Total immunoglobulin E (total IgE) levels in serum
were measured using an ELISA assay method and results
were recorded on a Multiskan SkyHigh reader (Thermo
FS, Finland). Laboratory values from healthy individuals
of the same age served as a control.
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Circulating immune complex (CIC) levels in pe-
ripheral blood were measured using PEG precipita-
tion and results were recorded on an Infinity F50 ELI-
SA reader (Austria). According to the method used,
if the CIC concentration was less than 3.2 pg/ml, the re-
sult was considered negative; if the concentration was
3.3-5.0 pg/ml, the result was classified as borderline;
and if the CIC level exceeded 5.0 pg/ml, the sample
was considered positive.

Ethical review. The study has been conducted
in compliance with the ethical standards established
in accordance with the World Medical Association’s
Declaration of Helsinki. This is confirmed by the extract
from the minutes of the local Ethics Committee meet-
ing. The study protocol has been approved by the inde-
pendent Ethics Committee of the llizarov National Med-
ical Research Centre for Traumatology and Orthopedics
(protocol No. 2(72) dated October 7, 2022). All partic-
ipants included in the study signed voluntary written
informed consent.

Statistical analysis of the results was conducted us-
ing Microsoft Excel (Microsoft Office, USA) and the Statis-
tica 10.0 package (StatSoft, Inc., USA). A sample size
was not pre-calculated. The normality of variable dis-
tribution was verified using the Shapiro — Wilk test.
The data are presented as median and interquartile
range Me [Q25; Q75], categorical data as frequencies
and percentages. Statistical significance of intergroup
differences in quantitative variables was determined us-
ing the Mann - Whitney U-test. Differences in the com-
pared parameters were considered statistically signifi-
cantat p < 0.05.

RESULTS

Most patients with joint syndrome (56 %, n = 35) ex-
perienced the acute phase of COVID-19 with mild or no
symptoms. In 36 % (n = 22) of these cases, the acute
phase was moderate, with evidence of interstitial viral
pneumonia, and therefore full treatment was adminis-
tered. Only 8 % (n = 5) of patients experienced a severe
acute phase, requiring hospitalization for treatment.

Joint syndrome in the PKP patients examined mani-
fested clinically in four different ways.

Isolated arthralgia, which was not accompa-
nied by visual signs of joint inflammation or changes
in instrumental examination, was reported by 14 wom-
en with an average age of 33.64 + 9.11 years and 1 man,
aged 27 years. Arthralgia typically manifested 1-3
months following recovery. Patients most frequently
reported pain in the wrists (47 %), ankles (26 %), knees
(20 %), and feet (7 %). In 76 % of cases, arthralgia af-
fected only a single joint. In the peripheral blood, de-
spite the normal number of leukocytes, unchanged
leukogram and acute phase indices corresponding
to the standards (ESR values, as well as CRP and fibrin-
ogen), IgM and IgG titers were high (Table 1). Addition-
ally, CIC levels were detected in blood samples from all
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patients except for one, exceeding the reference range
(Table 2).

Postinflammatory arthritis (PIA) without cartilage
destruction was observed in 30 patients: 17 women
aged 47.41 £ 10.82 years and 13 men aged 45.3 + 11.14
years. The period from COVID-19 to the onset of joint
syndrome ranged from 2 to 6 months. The most com-
monly affected joints were the knee (39 %) and ankle
(36 %), followed by the proximal and distal interpha-
langeal joints (34 %), the hip (10 %), the elbow (6 %),
and the shoulder (4 %). All signs of inflammation were
locally present: pain, swelling, hyperemia, and varying
degrees of joint mobility impairment. Instrumental ex-
amination (X-ray, ultrasound of the affected joints) re-
vealed signs of synovitis without evidence of cartilage
destruction. Joint inflammation was associated with el-
evated acute-phase reactant levels, while white blood
cell counts remained within normal ranges. IgM, IgG,
and IgE titers were elevated, and circulating immune
complex (CIC) levels were significantly increased in all
patients (Tables 1 and 2).

Osteoarthritis with cartilage destruction, detected
through instrumental examination, developed in 8 pa-
tients 6-8 months after acute COVID-19. The disease
manifested as acute monoarthritis in large joints, in-
cluding the knees, hips, wrists, and interphalangeal
joints. Local signs of inflammation were accompanied
by generalized polyarthralgia and polymyalgia. Ex-
amination revealed deformity of the affected joints
and limited mobility. Instrumental examination showed
signs of synovitis in nearly all cases, along with develop-
ing cartilage destruction. Increased blood levels of CRP,
fibrinogen, and ESR were not accompanied by leukocy-
tosis. However, IgM, IgG, and particularly IgE titers were
elevated. The number of circulating immune complexes
(CIC) was also increased (Table 2).

The joint syndrome, which was present in the peri-
od prior to COVID, progressed in 9 patients (2 men aged
59 and 68 years and 7 women with a median age of 54.7
[39.0; 72.0] years). Polyarticular symmetric lesions were
more typical of the progressive joint syndrome. Ultra-
sound examination of the affected joints frequently re-
vealed signs of synovitis (in 90 % of cases), osteoarthritis
(in 44 %), and tenosynovitis (in 22 %). Joint radiography
showed narrowing of the joint space and the presence
of osteophytes. Destructive changes were seen in both
knee joints in 4 out of 9 patients (44 %), ankle joints
in 4 patients (44 %), wrist and elbow joints in another
4 cases (44 %), and hip joints in 3 patients (33 %). Elevat-
ed levels of acute-phase reactants in peripheral blood
also indicated the presence of alterative inflamma-
tion. The total white blood cell count remained stable,
but eosinophilia was noted in some cases. The IgM ti-
ter was below the expected level, and IgG titer values
were not significantly different from those of the control
group, but total IgE levels were elevated. The circulating
immune complex (CIC) levels were within the normal
range (4.29 [3.1; 5.7] pg/ml) and were significantly lower
than those observed in other cases of joint syndrome.



TABLE 1

THE IMMUNOGLOBULIN CONTENTS IN PERIPHERAL BLOOD IN PATIENTS WITH VARIOUS TYPES OF POST-

COVID JOINT SYNDROME, ME [Q25; Q75]

Group | Group Il Group 1l Group IV Group V p
. Healthy
a:i::'ztle‘ija Arthritis, ofarlt)her':u';th o:;:’ti:e:s::: individuals Groups Groups Groups Groups
gla =30 pathy, Pathy:  control), IV I-v nv  Iv-v
n=15 n=8 n=9
n=25
ESR, 7.9 1.7 16.3 13.4 6.3
mm/h [3-11] [6-16] [5-23] [6-19] [1-8] 0.162 0.007 0.000 0.001
227 2,625 26 113 1.39
IGM 9/l 15541 119,29 [1.6; 3.4] [0.9; 2.0] [099;15 008 0001 0004 0010
14.46 1227 13.28 12.44 11.03
96,9/l " 11151601 (7.5 22.9] [11.7; 20.0] [5.5; 12.5] 102136 2008 0040 0005 0050
etz 40.97 9753 148.82 118.56 3254
:gs;nl [6.0:31.0] [25.0;112.0]  [40.1;172.0] [25.4; 265.4] [5.0; 76] 0.060 0001 0000 0000

Note. p is the level of statistical significance for the differences between the control and treatment groups based on the Mann - Whitney U-test.

TABLE 2

THE CONTENT OF CIRCULATING IMMUNE COMPLEXES (CIC) IN PERIPHERAL BLOOD IN PATIENTS WITH
VARIOUS TYPES OF POST-COVID JOINT SYNDROME, ME [Q25; Q75]

Group | Group Il Group IV P
. Group Il Debut .
Indi- Isolated Arthritis of arthropa- Progression
cator arthralgia, _5 ! th P of arthropa- Groups Groups Groups Groups Groups Groups
n=4 WeE n —y'6 thy,n=6 I-1l I-111 I-1Iv 1-11 1-1v H-1v

(d[e 8.05 11.45 8.58 4.29

ug/ml  [167,1145] [933;1298] [623;1427]  [3.1;57]  °=°1 0165 00140 0120 0008  0.005
DISCUSSION of arthropathy. These findings suggest a possible role

Women predominated among the patients with post-
COVID-19 syndrome: 43 out of 62 presenting with com-
plaints of joint pain, as reported in the literature [5, 6].
However, in most cases, the patients experienced initial
symptoms and their development did not depend on age
or the severity of the COVID-19 infection they had.

Based on clinical, laboratory, and instrumental ex-
aminations, four distinct types of post-COVID syndrome
have been identified, each with its own underlying
mechanism.

In our study, high levels of CICs were detected
in patients with arthralgia, arthritis, and the onset
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for CICs in the development of these joint conditions.
ClCs are known to cause tissue damage through various
mechanisms. In the form of complexes with antigens,
IgG and IgM antibodies activate the classical pathway
of the complement system, which leads to the devel-
opment of inflammation through its damaging effects.
Independent of the complement, IgG-containing CICs
can bind to Fc receptors expressed on various cell
types, including macrophages, neutrophils, eosino-
phils, and platelets, leading to the release of inflamma-
tory mediators. Through direct interaction with neu-
trophils via Fc receptors and activation of platelets
and endothelial cells, CICs can induce neutrophil
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extracellular trap (NETosis) [13]. Moreover, the pattern
of chemokine secretion by macrophages is dependent
on the characteristics of CICs [14]. As the arthropathy
progresses, the levels of CIC, as well as IgG and IgM
in patient blood, often correspond to the borderline
level, indicating a reduced contribution of the immune
complex pathway to the destructive process formation.

Elevated IgE titers in the blood of patients with ar-
thritis, as well as the onset and progression of arthrop-
athy, deserve special attention. Although most
of the individuals examined did not exhibit any aller-
gic symptoms and had a negative history of allergy,
recent research has demonstrated the existence of IgE
autoantibodies, and their elevated production is not
linked to an increased incidence of atopic conditions
in patients. IgE plays a crucial role in immune response
by stimulating the secretion of type | interferons
from plasmacytoid dendritic cells, attracting basophils
to lymph nodes, and activating both B and T cell-medi-
ated adaptive immune responses. Immune complexes
with DNA-specific IgE antibodies stimulate plasmacy-
toid dendritic cells and induce a powerful differenti-
ation of B lymphocytes and the formation of plasma
cells. This process subsequently leads to the develop-
ment of autoimmune humoral responses [15]. Further-
more, immune complexes formed by IgE and low-mo-
lecular weight proteins can enhance specific reactions
of CD4+ T cells, thereby stimulating the Th2 immune
response [16].

IgE is a trigger for mast cell activation, which can
lead to the development of a secondary mast cell acti-
vation syndrome (SMAS) [17]. As suggested by numer-
ous authors, SMAS may be one of the mechanisms un-
derlying the formation of PCS [18, 19].

Mast cells are abundantly present in the inflamed
synovial tissue. Although there is no direct evidence
that mast cells themselves synthesize IL-17, it has
been shown that they actively take up exogenous-
ly produced IL-17 through receptor-mediated endo-
cytosis. This exogenous IL-17 is stored within intra-
cellular granules and can be subsequently released
in a biologically active form [20]. Mast cells represent
the predominant population that expresses IL-17
within the synovial tissues during inflammation, par-
ticularly in reactive arthritis compared to rheumatoid
arthritis [21-23]. The number of IL-17A-positive mast
cells expressing IL-17A within target tissues correlates
inversely with the level of inflammation, suggesting
a role for this cytokine in mediating the inflammatory
response [24, 25]. IL-17A is a proinflammatory cytokine
that has the additional ability to stimulate angiogene-
sis and osteoclastogenesis [26].

CONCLUSION

Thus, the immune complex mechanism
of injury plays a significant role in the develop-
ment of isolated arthralgia, arthritis, and the onset
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of osteoarthropathy in post-COVID-19 joint syn-
drome, although it does not appear to be involved
in the progression of the osteoarthritic process. High
IgE titers during episodes of arthritis and the on-
set and progression of arthropathy in patients may
be interpreted as a manifestation of an IgE-depen-
dent autoimmune mechanism mediated by mast
cell activation syndrome. The obtained results allow
us to justify an individualized approach to treat-
ment depending on the type of post-COVID-19
joint syndrome. To better predict the development
and course of post-COVID-19 manifestations, further
research is needed to elucidate the initial immune
system changes that occur following infection.
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