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VIEW OF THE PATHOGENETIC MECHANISMS OF JOINT DAMAGE
IN CORONAVIRUS DISEASE 2019 (COVID-19)

The Coronavirus disease 2019 (COVID-19) pandemic has had an extremely serious impact on the livelihoods of people world-
wide. Despite the mainly respiratory manifestations of SARS-CoV-2 infection, its consequences can affect the functioning of most
systems of organism, including the musculoskeletal, dysfunction of which is a leading factor in disability of the population.
Diseases of the joints are one of the most common pathologie of modernity, which in the last decade are increasingly found in
young people and even children. The musculoskeletal symptoms can be observed as isolated clinical signs and expressed regard-
less of the severity of the viral disease. Chronic fatigue, myalgia, swelling and joint pain may occur during the acute phase of
COVID-19 and as short-term or long-term complications, but their prevalence has not been systematically studied. Considering the
wide range of clinical manifestations of SARS-CoV-2 infection and the complexity of their pathogenesis, the mechanisms underlying
lesions of musculoskeletal system and rheumatological complications remain unclear. Today, the main research in this direction
is focused mainly on a complete understanding of the regulatory pathways of immune dysregulation and inflammation.
Excessive secretion of pro-inflammatory cytokines, disruption of signal transduction and immune response are the result of the
severe impact of SARS-CoV-2 infection on most organs, including joints, as well as the use of corticosteroids for the treatment of
patients with COVID-19. The presented review highlights generalized information on the main pathophysiological processes that
can occur in the joints as a manifestation of the impact of SARS-CoV-2 infection, and possible key mechanisms which contribute

to the progression of pathological changes.
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Introduction. The pandemic of the Coronavirus disease
COVID-19 is a relevant topic worldwide due to its extremely
large impact on all aspects of the daily life of society. Re-
searchers and clinicians are actively studying the pathoge-
netic mechanisms of damage caused by respiratory infec-
tion SARS-CoV-2. Recently, trends in scientific research are
changing from the acute consequences of viral infection to
long-term ones. Although the SARS-CoV-2 virus is mainly
assiciatedwith the respiratory system, reports indicate to a
widespread tissue tropism of COVID-19. There is increasing
evidence of the direct and indirect effects of the coronavirus
infection on dysfunctions of various organ systems [1, 2].
The presence of musculoskeletal symptoms such as joint
pain or arthralgia, muscle pain or myalgia, reactive arthritis
and vasculitis (inflammation of blood vessels), etc., which
can be both temporary and continue for months is a concern:
there is a high probability of NSAID use, especially among
the middle-aged and elderly population [3]. Joint and muscle
pain in endemic coronaviruses is quite rare (occurs in less
than 10 % of cases), while in SARS-CoV-2 arthralgia is
noted in 15 % of cases, and muscle pain and general weak-
ness occur in one quarter or half of patients with symptoms
of COVID-19. But the potential mechanisms of the viral in-
fection impact on the musculoskeletal system have not yet
been systematically studiedand are currently limited [2, 4].
Given the wide range of symptoms, it is likely that the mech-
anism of systemic effects of SARS-CoV-2 infection is multi-
factorial. Proposed mechanisms include endothelial dam-
age and dysfunction, dysregulation and hyperactivation of
the immune system, which is described as a cytokine storm
and the ability of coronavirus to evade the immune system.
As a result, coagulation and inflammation can significantly
affect the progression of the disease and possibly lead to
injury to the musculoskeletal system, in particular patholog-
ical manifestations in the joints [5]. Despite the fact that there
is an increase in the number of cases of arthritis after infec-
tion with COVID-19, the potential mechanisms at the origin
of arthritis in the context of SARS-CoV-2 viral infection still
remain at the hypothesis stage [6, 7]. Arthritis can also occur
as a result of steroid and antiviral drugs used to treat

COVID-19. Rheumatoid arthritis (RA), which can occur after
COVID-19, deserves special attention [8]. Today, this issue
is a completely new challenge for rheumatologists and sci-
entists, which requires study and long-term observation.

Potential cellular targets of the musculoskeletal sys-
tem for SARS-CoV-2 infection. Coronaviruses are known
to enter host cells in three ways: receptor-mediated plasma
membrane fusion, receptor-mediated endocytosis, or anti-
body-dependent viral entry. Receptor proteins on the sur-
face of host cells are critical forvirus attachment to cells.
SARS-CoV-2 mediates infection by binding its spike protein
(which comprises S1 and S2 subunits) to one of its main re-
ceptors, the angiotensin-converting enzyme 2 (ACE2), using
the host cell surface proteases, in particular, transmem-
brane serine protease 2 (TMPRSS2), lysosomal cathepsins,
proprotein convertase it is also known as a furin, etc., the
expression of which is crucial for the fusion of membranes
and the final penetration of the virus into the cell [9].

ACE?2 is expressed to varying degrees in almost all hu-
man organs (lung, heart, gut, adipose tissue, thyroid, kid-
ney, vessels, and brain) [10]. Therefore, all types of cells
and tissues that express ACE2 may be potential targets for
SARS-CoV-2 infection. It is believed that SARS-CoV-2 can
achieve a primary infection through the respiratory tract,
then enter the circulation and infect non-target tissues con-
taining ACE2- and TMPRSS2-rich cell types.

In studies [2] showed that a part of B cells in the epithe-
lium of the respiratory tract, mast cells, macrophages, alve-
olar cells and T cells express ACE2 and TMPRSS2. In hu-
man skeletal muscle tissue, multiple cell types (endothelial
cells, smooth muscle cells, pericytes, muscle stem cells,
macrophages, adaptive immune cells and muscle fibers)
express TMPRSS2. However, only smooth muscle cells and
pericytes express ACE2. Several cells in the synovium, in-
cluding fibroblasts, monocytes, B cells, and T cells, express
ACE2 and TMPRSS2. In articular cartilage, proliferative, hy-
pertrophic and effector chondrocytes express ACE2, and
only homeostatic chondrocytes express TMPRSS2. In the
meniscus, a small proportion of cartilage progenitors and
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regulatory fibrochondrocytes express ACE2, while
TMPRSS2 is not detected. ACE2 was found to be expressed
in samples of composite unenriched cortical and trabecular
bone and in osteoblast-enriched samples, whereas
TMPRSS2 was almost undetectable in composite bone tis-
sue but was expressed in all osteoblast-enriched samples.

Similar results indicate that musculoskeletal tissues
may be potential sites of direct infection by SARS-CoV-2.
Despite significant research efforts to learn more about the
pathogenesis of COVID-19, musculoskeletal involvement
is understudied. However, there is scientific evidence [11,
12], which report that RNA of SARS-CoV-2 was not de-
tected in any of the knee joint samples: synovial fluid, syn-
ovial membrane and bone tissue, as well as in myocytes of
muscle tissue, despite a positive result in samples of other
tissues (sputum, nasopharyngeal secretions, blood and fe-
ces). During the past few months there have been isolated
reports [13, 14] about of cases SARS-CoV-2 RNA detec-
tion in the synovial fluid, which is associated with the de-
velopment of arthritis on the background of a viral infection.
The establishment of such cases raises the probability that
SARS-CoV-2 RNA may be a pathological stimulus for local
synovial inflammation in the joint, which deserves further
consideration and investigation.

Clinical manifestations and symptoms of joint dis-
ease in COVID-19. The clinical spectrum of COVID-19
symptoms ranges from asymptomatic infection or mild res-
piratory symptoms (dry cough, nasal congestion, sore throat
and dyspnea) to severe pneumonia with acute respiratory
distress syndrome and multiorgan dysfunction. New evi-
dence suggests that SARS-CoV-2 infection can cause mus-
culoskeletal damage during the infectious or post-infectious
stage. Patients with COVID-19 sometimes experience hy-
pocalcemia, vitamin D deficiency, and possible immobiliza-
tion due to the disease, which contributes to bone deminer-
alization. In general, SARS-CoV-2 infection may be a trigger
forclinical arthritis, through mechanisms related to immune
inflammation, but most often it is associated with arthralgia,
myalgia and muscle weakness [15]. Today the overwhelm-
ing number of studies on COVID-19 consider the occur-
rence of arthralgia and myalgia together as a single entity
[3, 16]. However, researches are emerging that highlight
the appearance of joint pain associated with COVID-19 as
a new and clear manifestation of SARS-CoV-2 infection
which was previously underrecognized by clinicians [16,
17]. Arthralgia is mentioned as one of the possible early
symptoms in patients with COVID-19, which occurs inde-
pendently of respiratory symptoms [18]. Also, systematic
reviews confirm that approximately 4 % to 12 % of patients
still suffer from arthralgia during the first year after infec-
tion [19, 20]. The causes of joint pain can be varied: from
degenerative and destructive processes to inflammation of
the periarticular tissues. It can also be caused by other
conditions, such as an infection or vaccination [21].

Viral arthritis usually manifests as a polyarticular arthritis
that coincides with other viral symptoms, the pathological
mechanism of which may be mediated by local destruction
after viral infiltration of tissue or an immune-mediated re-
sponse triggered by molecular mimicry. Some identified
cases of arthritis in patients with COVID-19 were clinically
more consistent with reactive arthritis, although often the pa-
tient was not diagnosed extra-articular symptoms, as it is
usually triggered by bacterial infections, but it can also be
caused by viruses. Reactive arthritis is usually mono- or oli-
goarticular and asymmetric in distribution, may occur some-
time after the initial viral symptoms and in most cases, it
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disappears within three to six months without causing long-
term problems [6, 13]. Arthritis may be a response to a
masked pulmonary or gastrointestinal infection as a conse-
quence of COVID [6, 22] or it may be a nonspecific conse-
quence of the "cytokine storm" that accompanies sympto-
matic forms of the disease [23].

In addition, it is important to understand the effects on the
musculoskeletal system of modern drugs: the use of antibiot-
ics to eliminate any factors associated with reactive arthritis,
analgesics for pain relief, nonsteroidal anti-inflammatory and
specific antiviral agents, steroids or antirheumatic drugs,
given that the side effects profile of many of these drugs coin-
cides with the symptoms that are characteristic of COVID-19
and may mask the presence of SARS-CoV-2 infection.

Therefore, clinical signs of damage to the musculoskeletal
system, in particular the joints, against the background of both
acute infection and long-term COVID-19 must be carefully an-
alyzed in combination with the results of laboratory tests, in-
cluding parameters associated with inflammation and infec-
tion (Interleukin 6, procalcitonin, C-reactive protein, etc.).
Monitoring symptoms is of paramount importance to minimiz-
ing any progressive and long-term disability.

Pathophysiological mechanisms of joint damage in
SARS-CoV-2 infection. It has been established that the path-
ophysiological mechanisms of COVID-19 are related to direct
viral invasion via ACE2 receptors, dysregulation of the renin-
angiotensin-aldosterone system (RAAS), hypoxia, hyperin-
flammation, endotheliopathy and thrombosis [24]. The poten-
tial mechanisms underlying the occurrence of joint patholo-
gies or complications of their course caused by SARS-CoV-2
infection remain at the hypothesis stage. However, their
main evaluation is focused mainly on immunopathological
features, which include the hyperactivation of immune cells,
prolonged inflammatory response, release of a large number
of pro-inflammatory cytokines and chemokines, insufficient in-
terferon response and possible production of autoantibodies
[8]. An inflammatory reaction (both innate and adaptive im-
mune response) in the airways caused by SARS-CoV-2 in-
fection can lead to systemic inflammation. In severe cases,
COVID-19 can excessively stimulate the immune re-
sponse, leading to uncontrolled release of cytokines, a so-
called "cytokine storm," T-cell depletion and lymphope-
nia [25]. The systemic inflammatory response together
with other concomitant pathological factors, causes disrup-
tion or deregulation of many organ systems, exacerbation
of existing pathologies and can be a trigger for pathological
changes in the joints [26].

Studies have shown that SARS-CoV-2 infection induces
an increase in important pro-inflammatory molecules which
impact on musculoskeletal tissues: interleukin 1 beta
(IL-1B), IL-6, IL-8, IL-17 and tumor necrosis factor al-
pha (TNF-a), interferon gamma (IFN-y), interferon-gamma
inducible protein 10 (IP-10 or CXCL10), monocyte chemoat-
tractant protein 1 (MCP1), C-reactive protein (CRP), soluble
receptor for advanced glycation end products (SRAGE), re-
ceptor activator of nuclear factor-B ligand (RANKL), vascu-
lar endothelial growth factor (VEGF) and macrophage col-
ony stimulating factor (M-CSF), et al. [27]. These inflamma-
tory mediators can promote phenotypic stability of joint car-
tilage, catabolic cascades and tissue destruction, leukocyte
infiltration or tissue repair [2, 28]. IL-1B, IL-6 and TNF-a are
key inflammatory factors in the pathogenesis of osteoarthri-
tis (OA), induce chondrolysis, that may result in the occur-
rence of arthralgias, and are involved in joint degeneration
and synovial cell activation in RA [29]. CXCL10, IL-17 and
TNF-a are known to play an important role in
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osteoclastogenesis [30, 31]. It is believed that IL-13, IL-17
and TNF-a involved in inflammatory processes in tendinopa-
thy and degenerative tendon disorders [32].

It should be noted that the increased level of inflamma-
tory mediators promotes vasodilation and induces dysfunc-
tion of endothelial cell, which can result in impaired blood
circulation in the synovial membrane and subchondral
bone, degenerative changes in articular cartilage, stimula-
tion of osteocyte apoptosis and osteoclast formation, and
affects bone metabolism. Endothelial cells are rich in
ACEZ2, so the virus itself can directly cause dysfunction by
simply infecting the cells [33].

The inflammatory effects of key cytokines such as IL-1,
IL-6, IFN-y and TNF-a are realized through the appropriate
intracellular signaling pathways resulting in the activation of
nuclear factor kappa-light-chain-enhancer of activated B
cells' (NF-kB), JAK/STAT and MAPK pathways [34, 35].
Through various combinations of cytokine receptors and sig-
nal transduction pathways, a one signaling molecule may
not only participate in one pathway, but also affect the trans-
duction of other pathways.

S. Ong, et al. reported that abnormally elevated levels
of pro-inflammatory cytokines (particularly IL-1B) persisted
6 months after contracting COVID-19, even in patients who
remained asymptomatic during the acute phase of the
disease [36].

The relationship between COVID-19 and RA. The con-
sequences of COVID-19, in particular rheumatological man-
ifestations that occur during the course of a coronavirus in-
fection or after an acute illness, have been investigated
since 2019. In the literature sources it is mentioned that
respiratory viruses can be associated with the develop-
ment of RA — an autoimmune disease which results in joint
destruction, is characterized by chronic inflammation, pro-
gresses cumulatively and has a wide range of extra-artic-
ular (systemic) manifestations [37, 38]. In terms of the se-
verity of joint damage, RA is unparalleled among other dis-
eases of the musculoskeletal system. For the treatment of
this pathological condition, a "treat to target" strategy is of-
ten used, which aims to achieve a state of remission or a
low disease activity, and needs the use of immunosuppres-
sive drugs, which requires increased attention to their im-
mune status to minimize infectious risks, especially during
the COVID-19 pandemic [39].

As you know, any infectious pathology is closely related
to autoimmune, since both pathogenetic mechanisms inter-
act with each other, jointly causing the response of the im-
mune system. The mechanisms of the development of auto-
immune reactions include the induction of costimulators of
antigen-presenting cells (primarily macrophages that first
encounter an infection); molecular mimicry (when a foreign
antigen has a common sequence or structural similarity with
its own antigens); the influence of viruses that cause poly-
clonal activation of B-lymphocytes, provoking the synthesis
of a significant number of antibodies, some of which are au-
toreactive, etc. Because most patients with an autoimmune
disease the symptoms appear long before the onset of ab-
normal immune reactions, it is often difficult to pinpoint the
factors responsible for the onset of the disease.

The mechanisms of the autoimmune reactions caused
by the SARS-CoV-2 virus have not been sufficiently stud-
ied, and it is still too early to predict a direct relationship
between the coronavirus infection and the development of
RA [40]. Immunologists and rheumatologists suggest that
SARS-CoV-2 may indeed be the virus that causes acute au-
toimmune diseases in genetically predisposed patients. In
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the modern scientific literature, the question is even raised:
is COVID-19 an infection or an autoimmune disease? [41].
Although several cases of RA after COVID-19 have been
reported [42, 43], more research is still needed to under-
stand whether the manifestation of RA is related to
SARS-CoV-2 infection or is a coincidence. Both COVID-19
and RA have similar pathogenesis mechanisms mediated
by aberrant ACE/ACE2 activity, and driven by the activities
of analogous macrophage clusters [8, 44]. ACE activation
promotes the accumulation of angiotensin Il, which may be
pathologically involved in both COVID-19 and RA. In the in-
flammatory environment, angiotensin Il is known to induce
inflammatory responses and vascular permeability by en-
hancing the production of prostaglandins and VEGF. These
inflammatory mediators further contribute to the activation of
nuclear factor NF-kB, which enhances inflammatory reac-
tions and promotes the infiltration of inflammatory cells into
damaged tissues [8, 35]. Therefore, the hyperactivation im-
mune inflammatory response provoked by COVID-19 may
serve as a potential causative factor in the development of
autoimmune and rheumatic manifestations.

Analyzing the results of scientific research, several pos-
sible specific mechanisms can be identified, such as the pol-
yclonal activation of B-lymphocytes; immunosuppression,
which occurs in most patients with COVID-19 in the early
phases of the disease; inadequate syndrome of recovery of
the immune system after the acute phase and immunosup-
pression with a breakthrough of autotolerance; the results of
polypharmacotherapy, glucocorticoids, immunoglobulins
and other immunoactive drugs [45].

A critical view at the crosstalk between COVID-19
and OA. Osteoarthritis is one of the most common diseases
in the elderly, which ischaracterized by inflammation of all
articular structures, muscle atrophy, bone remodeling and
sclerosis, cartilage destruction, meniscus damage, synovial
membrane hypertrophy, osteophyte development and liga-
ment dysfunction. Often of this pathology is present simulta-
neously with other chronic diseases such as cardiovascular
disease, diabetes and obesity. These comorbidities are risk
factors for infection with COVID-19 and its high severity.
Currently, there is not enough evidence that COVID-19 pro-
vokes the development of OA. Scientific sources suggest [5]
that the inflammatory reaction in the organism caused by the
SARS-CoV-2 virus, even of a low degree, can generate a
large number of pro-inflammatory cytokines, which contrib-
utes to the destruction of cartilage, thus inducing of OA or
worsening its course. Studies of the biochemical mecha-
nisms of the potential effects of SARS-CoV-2 infection on
cartilage degeneration or synovial inflammation in the joints
are still at the initial stage [46].

Conclusions. Pathological changes in the organism
caused by COVID-19 are mainly related to the expression of
ACE2 in the appropriate cells of various tissues, impaired
functioning of the renin-angiotensin system and inflamma-
tion. An excessive inflammatory reaction can cause serious
damage to the musculoskeletal system, more than the coro-
navirus infection itself. Muscle fatigue, myalgia, joint pain
and arthritis are the most common extrapulmonary manifes-
tations of SARS-CoV-2 infection, which can have severe
short-term or long-term consequences, the elimination of
which sometimes require the use of steroids, nonsteroidal
anti-inflammatory drugs, or physiotherapy. It is believed that
these symptoms mainly arise as a result of inflammatory and
immune reactions, in the development of which pro-inflam-
matory effector cytokines are involved in combination with
factors related to concomitant therapy. Studies emphasize
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that laboratory indicators (increased levels of C-reactive
protein, creatinine, D-dimer, cytokines, lymphopenia, leu-
kocytosis, etc.) and imaging methods (computed tomogra-
phy, magnetic resonance imaging, ultrasound, radiog-
raphy) play a crucial role in the diagnosis and assessment
of manifestations of COVID-19. However, most of these
methods focus mainly on the respiratory, cardiovascular
and digestive systems, only a few results are related to the
musculoskeletal system. Clinical features and mecha-
nisms of musculoskeletal manifestations of COVID-19 re-
quire study and in-depth analysis.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

nornsan HA NATOrEHETUYHI MEXAHI3MU YPAXEHHS CYIrnoBIB
NP KOPOHABIPYCHIU XBOPOBI 2019 (COVID-19)

IMandemisi kopoHaeipycHoi xeopobu 2019 (COVID-19) Had3euy4aliHO ceplio3HO ennuHyna Ha xummeodisnbHicms sodeli 8 ycbomy ceimi. Hesea-
JKaro4u Ha nepesaxHo pecrnipamopHi eusisu iHgekuyii SARS-CoV-2, ii HacniOku MOXymb He2amueHO ersiueamu Ha (hyHKYioHyeaHHs 6inbwocmi cu-
cmeM op2aHi3my, 30Kkpema Ui Kicmkoeo-m's130801, OuchyHKYis1 Kol € npoeidHUM ¢hakmopom iHeanidu3ayii HacesnieHHs1. 3axeoprosaHHs cyanobie €
00HUMU 3 HalinowupeHiwux namoJsioeili cyyacHocmi, siki 8 ocmaHHe decssmunimmsi ece Yacmiwe eusiensitombcsi y Monodi U Hasimeb dimeli. Cumn-
momu ywkodXxeHb OMOPHO-PYX08020 anapamy MOXymb criocmepizamucs y eu2snsidi i30/1b08aHUX K/iHIYHUX O3HaK Ma eupa)xamucsi He3asleXHo eid
8a)Kkkocmi eipycHo20 3axeoprogaHHsl. XpoHiYyHa emoma, Mianzisi, Habpsk i 6inb y cyanobax Moxyms euHukamu nid 4ac 2cocmpoi ¢phazu COVID-19, a
makox siKk Kopomko4yacHi a6o mpuearni ycknadHeHHsl, Mpome ixHs MowupeHicmb cucmeMmamuy4yHO He eugyaslacsi. Ypaxoeyroqu WuUpoKuli cnekmp
KniHi4YHUX susieie iHgekyii SARS-CoV-2 i cknadHicmb ii namozeHe3y, MexaHi3Mu, W0 s1ie)xamb 8 OCHO8i ypaXKeHb OMOPHO-PYyX080i cucmemu ma pee-
Mamosio2iyHuUx ycKknadHeHb, 3a1uwaromecsi He3'sscoeaHuMu. Cbo200Hi 0CHOBHI 0CiOXeHHs 8 UbOMY HanpsiMi 30cepediKeHo nepesaXxHo Ha rnoe-
HOMY pPO3YMiHHI pe2ynisimopHux wsixie iMyHHOi ducpeaynsayii i 3ananeHHs1. HaOmipHa cekpeyisi npo3ananbHuUX YUMOKIHIe, MOPYyWeHHs cu2HalbHOi
mpaHcAyKyii ma imyHHoi 8idnoeidi € Hacniokom eaxkozo ennusy iHgekyii SARS-CoV-2 Ha 6inbwicmb op2aHis, eKmovaroyu cyanobu, a makox 3a-
cmocyeaHHs1 kopmukocmepoidie Ons nikyeaHHs1 xeopux Ha COVID-19. Y npedcmaeneHomy o2n150i euceimneHo y3azanbHeHy iHhopmayiro w000
OCHO8HUX namodgizionozidyHux npouyecis, ski MoXXymb 8idbyeamucsi y cyanobax, sik eusigie ennuesy iHgekyii SARS-CoV-2, i Moxnueux Knro4oeux
MexaHi3Mis, siKi crpusitomb NMPo2pecyeaHHIo0 MamoJsio2i4YHUX 3MiH.

Knroyoei cnosa:COVID-19, SARS-CoV-2, onopHo-pyxoeuti anapam, cyanobu, ocmeoapmpum.
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