Literature review

Review article
https://doi.org/10.18019/1028-4427-2024-30-1-153-162 ot

Mechanisms of musculoskeletal consequences of COVID-19

N.N. Grigorieva'*’, G.A. Airapetov?

! Regional Clinical Antituberculosis Dispensary, Stavropol, Russian Federation
2 St. Petersburg Research Institute of Phthisiopulmonology, St. Petersburg, Russian Federation

Corresponding author: Natalya N. Grigorieva, natash2015@bk.ru

Abstract

Introduction A coronavirus, SARS-CoV-2, called COVID-19 by the WHO has caused a pandemic of respiratory
illness killed more than 6 million people. The severe infection has a significant negative impact on the entire
musculoskeletal system.

The objective was to summarize literature data on the mechanisms of the condition and identify
musculoskeletal symptoms of COVID-19.

Material and methods An internet search of PubMed, MedLine and eLIBRARY library databases using
the search terms: COVID-19, aseptic osteonecrosis, post-COVID-19 syndrome, arthropathy, musculoskeletal
system, spondylitis, osteoporosis was performed.

Results and discussion Musculoskeletal symptoms of COVID-19 are reported in 31-59% of cases. Mechanisms
of musculoskeletal involvement of coronavirus infection include cytotoxic effect of the virus on osteogenesis
cells, vascular inflammation and coagulopathy, “cytokine storm”, side effects of drug therapy and hypoxia.
According to an etiological factor, musculoskeletal manifestations of SARS-CoV-2 include autoimmune
(reactive arthritis, sacroiliitis, ankylosing spondylitis, axial spondyloarthritis, psoriatic arthritis) conditions
caused by impaired circulation of bone tissue (aseptic osteonecrosis), infectious (septic arthritis, spondylitis,
spondylodiscitis) and metabolic (osteopenia, osteoporosis) conditions.

Conclusion It has been established that COVID-19 infection has a negative impact on the musculoskeletal,
endocrine and immune systems increasing the risk of degenerative diseases of the musculoskeletal system
and infectious complications in orthopaedic patients early post surgery.
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INTRODUCTION

A coronavirus, SARS-CoV-2, called COVID-19 by the WHO has caused a pandemic of respiratory
illness killed more than 6 million people [1]. Despite the general understanding of the symptoms
and consequences of COVID-19, the full spectrum of the disease's impact on the human body is
still unknown. In the future, patients who have suffered from COVID-19 may face long-term
consequences of the disease. In December 2020, the UK National Institute for Health and Care
Excellence published guidance on the long-term effects of COVID-19, and based on relapsing nature
of post-COVID symptoms the following integrative classification was proposed [2]:

1) acute COVID-19: signs and symptoms of COVID-19 for up to 4 weeks;
2) ongoing symptomatic COVID-19: signs and symptoms of COVID-19 from 4 to 12 weeks;

3) post-COVID-19 syndrome: signs and symptoms that develop during or after an infection consistent
with COVID-19, continue for more than 12 weeks and are not explained by an alternative diagnosis.

COVID-19 can significantly impact the respiratory system. Many patients suffer the effects of lung
damage during the acute phase, including shortness of breath and coughing. Long COVID-19 can
affect virtually any organ in the body. SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE 2)
as the receptor for entry into host cells. ACE2 is present in many cell types and tissues including the
lungs, the intestine, the endothelium of small vessels, smooth muscle tissue, skeletal muscles and
in synovial tissue [3, 4]. ACE2 is expressed in keratinocytes, fibroblasts, endothelial cells, osteoblasts,
and osteoclasts [5]. Numerous organs are potential targets for SARS-CoV-2 infection [3]. Clinical
manifestations of COVID-19 pain vary from headache, abdominal pain, arthralgia, to myalgia. CWS
Hoongetal.hypothesised thatviral arthralgiaisan uncommonbutdistinct manifestation of COVID-19
infection in patients with and without respiratory symptoms. The presence of musculoskeletal
complaints was not associated with the risk of developing viral pneumonia. COVID-19 arthralgia
was often more severe and had variable onset, while generalised body ache and myalgia were milder
and coincided with the occurrence of fever or respiratory symptoms. Viral arthralgia was reported
as a novel clinical manifestation of COVID-19, and untypical of a viral prodrome or a reactive
arthropathy [6]. Musculoskeletal symptoms are common COVID-19 symptoms with reported
prevalence of 31-59 % but have not yet been systematically investigated [7]. A retrospective cohort
study of COVID-19 patients with long-term COVID progression reported by PR Sinha, N Mallick
showed a significant (27 %) increase in the incidence of orthopaedic conditions such as myalgia,
arthralgia, low back pain, bone infection, AVN, and joint disease [8].

One of the most important factors in the pathogenesis of COVID-19 musculoskeletal symptoms
is a cytotoxic effect of the virus on osteo- and chondrogenesis, and the negative effect of drugs
on the bone and the cartilage during treatment of acute COVID-19. An increased level of pro-
inflammatory cytokines (tumor necrosis factor-«, interleukin-6, interleukin-1p and chemokines)
persisting in patients with asymptomatic COVID-19 for 6 months after recovery plays a role [9].
A high prevalence of musculoskeletal disorders is reported in patients who suffered from COVID-19,
manifested by musculoskeletal pain and structural changes in bone tissue and tendon-capsular
apparatus. The timing of the onset of a COVID-19 musculoskeletal pathology is an important issue
[6, 8]. In a systematic review, O.B. Khoja et al. reported musculoskeletal pain in 62.5 % of COVID-19
survivors 16 weeks after recovery [10]. C. Fernandez-de-Las-Penas et al. reported COVID-19 patients
suffering from musculoskeletal consequences 4 weeks after illness [11].

COVID-19 musculoskeletal conditions are the largest contributors to the global burden of disability
in younger and working aged people [1, 12]. Detection and treatment of SARS-CoV-2 infection
in the early stages have a great social and economic role. Although post-Covid musculoskeletal
disorders are widely discussed, there is no consensus regarding the chronology and definition
of the main types of musculoskeletal conditions associated with COVID-19.

The objective was to summarize literature data on the mechanisms of the condition and identify
common musculoskeletal symptoms of COVID-19.
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MATERIAL AND METHODS

An internet search of PubMed, MedLine and eLIBRARY library databases using the search terms:
COVID-19, aseptic osteonecrosis, post-COVID-19 syndrome, arthropathy, musculoskeletal system,
spondylitis, osteoporosis was performed. Publications reporting pathogenesis of post-Covid
syndrome, musculoskeletal disorders associated with COVID-19 infection and the effect
of the SARS-CoV-2 virus on bone and cartilage tissue were collected.

RESULTS AND DISCUSSION
The main mechanisms of musculoskeletal disorders associated with COVID-19 infection
Cytotoxic effects on osteogenesis cells

The effect of the SARS-Cov-2 virus on osteogenesis is widely discussed. A research model
of mice infected with COVID-19 demonstrated a bone mass decreased by 24.4 % (p = 0.0009),
trabeculae decreased by 19.0 % (p = 0.004) and thickness of trabecular bone decreased by 6.2 %
(p = 0.04). Surviving infected mice also showed osteoclasts increased by 64 %, their surface area
increased by 27 %, and osteoclasts on the bone surface increased by 38 % [13]. It is hypothesized
that the SARS-CoV specific protein, 3a/X1, promotes osteoclastogenesis by accelerating
the differentiation of osteoclasts from monocyte/macrophage precursors, enhancing
the expression of receptor activator of NF-kB ligand (RANKL) and inflammatory cytokines such
as TNF-a facilitating osteoclastogenesis. SARS-CoV-2 can directly infect erythroid progenitor
cells in human bone marrow [14]. Specifically, a decrease in lymphocyte count was observed
when hematopoietic stem cells treated with SARS-CoV-2 S protein reduced the number
of multipotent lymphoid progenitor cells (MPCs) [15]. Incubation of MPC with protein S increased
the monocyte population and contributed to a marked increase in osteoclastogenesis [16].
Interestingly, the results show that SARS-CoV-2 remains in erythroid progenitor cells after
14 days of the initial infection [15]. Individuals who have had COVID-19 infection are likely to be
diagnosed with osteoporosis, which is associated with a high risk of fractures and progression
of degenerative changes in the musculoskeletal system [14].

«Cytokine storm»

A hyperinflammatory reaction of the immune system, which is more pronounced in patients
with moderate and severe forms of COVID-19 infection, has an adverse effect on osteo-
and chondrogenesis. Although the inflammatory response of the immune system can be observed
in mild cases and in asymptomatic carriers, to a less pronounced extent compared to severe forms
of the disease [16].S.W.X. Ong et al. conducted a prospective multicenter cohort study and reported an
elevated level of pro-inflammatory cytokines at 6 months compared with healthy controls, regardless
of the severity of the coronavirus infection and persistent symptoms. Recovered COVID-19 patients
had elevated levels of pro-inflammatory T cell-associated cytokines such as IL-17A, IL-12p70, IL- 1B
and SCF that continued to increase after recovery [9]. It is known that inflammatory cytokines
such as IL-1p, IL-6, IL-17, chemokine ligand CXCL10, tumor necrosis factor (TNF-a) and vascular
endothelial growth factor A (VEGF-A) are elevated in patients with infection COVID-19 having
a damaging effect on osteo- and chondrogenesis. IL-1f, IL-6 and tumor necrosis factor (TNF-a)
activate chondrocytes of the superficial layer of cartilage leading to increased synthesis of matrix
metalloproteinases (MMPs) and, ultimately, to increased degradation of the articular cartilage.
IL-1pB, IL-6 increase bone resorption by stimulating osteoclast activity. Although IL-17 was originally
thought to affect only immune cells, it has been shown to stimulate osteoclastogenesis in patients
with rheumatoid arthritis (RA) by inducing the formation of OC-like multinucleated cells through
prostaglandin E2 and expression of OC differentiation factor (ODF) [3].
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Vascular inflammation and coagulopathy

Vascular inflammation plays a key role in the pathogenesis of COVID-19 [17]. SARS-CoV-2 infects
vascular endothelial cells by interacting with angiotensin-converting enzyme 2 receptors [18].
The body's immune response to viral invasion leads to a disruption of homeostasis in the form
of hypercoagulation. Vascular changes associated with COVID-19 include endotheliitis,
vasoconstriction and rupture, thrombotic microangiopathy, capillary dysfunction accompanied
by poor oxygenation of bone tissue, can cause avascular osteonecrosis [19, 20].

Hypoxia

Patients with pneumonia mediated by acute coronavirus infection and extensive damage to the lung
tissue can develop hypoxia. H Tao et al. hypothesized that oxygen deprivation signaling impairs
osteoclast differentiation and osteoblast formation [21]. Hypoxia enhances the hyperproduction
of pro-osteoclastogenic cytokines, including receptor activator of nuclear factor B ligand (RANKL),
vascular endothelial growth factor (VEGF), macrophage colony-stimulating factor (M-CSF) leading
toactivation of osteoclasts [22]. Hypoxia-inducible factor (HIF-1) increases osteoclast differentiation
through overexpression of RANKL and nuclear factor, activated cytoplasmic T cell 1 (NFATc1) [23].
Hypoxia signaling appears to inactivate osteogenesis capacity of osteoblasts [24]. In recent years,
the negative effects of oxidative stress on bone metabolism have received much attention. Multiple
mechanisms are involved in osteoclast activation, including regulation of mitogen-activated
protein kinases (MAPKs) and intracellular Ca2+ levels[25]. In addition, excess free radicals interfere
with osteoblast adhesion impairing bone homeostasis. Hypoxemia can also lead to impaired Ca2+
metabolism and damage to osteocytes [21].

Iatrogenic effects on the musculoskeletal system in patients who suffered acute coronavirus
infection

There is no specific therapy for COVID-19. The action of drugs recommended by health systems
in various countries of Western Europe, the USA and Russia for the treatment of COVID-19 is based
on blocking the hyperproduction of pro-inflammatory cytokines and preventing viral replication.
They have many side effects that cause long-term complications in many organs and systems,
including the musculoskeletal system.

JAK kinase inhibitors may have an adverse effect on bone tissue by inhibiting osteoclastogenesis,
since selective inhibition of Janus kinase 2 leads to a decrease in RANKL-induced osteoclast
differentiation [26]. A number of cohort studies and meta-analyses describe the risks
of osteonecrosis from protease inhibitors. S.O. Lee et al. reported 54 % of patients taking protease
inhibitors for more than a year to treat HIV infection developed aseptic osteonecrosis [27].
Glucocorticosteroids are also associated with a greater risk of metabolic disorders and blood supply
to bone tissue. Their use in the treatment of COVID-19 is based on the suppressed expression
of pro-inflammatory cytokines, such as IL-1, IL-2, IL-6, TNF-o and IFN-y, and leukocytes
migrated to inflammation sites, which prevents the development of a “cytokine storm” [28].
The negative effect of glucocorticosteroids is based on bone resorption by enhancing osteoclast
differentiation and reducing osteoblastogenesis. They can also cause apoptosis of osteoblasts
and osteocytes and reduce production of growth hormone. It is generally accepted that the risk
of pathological fractures due to osteoporosis and avascular necrosis is associated with the dose
and duration of use, decreasing upon cessation. Osteonecrosis can develop in 9-40 % of patients
taking glucocorticosteroids for a long time with the risk of avascular necrosis increasing by 3.6 %
with the dose increasing with every 10 mg/day [29]. The unfavorable effect of glucocorticosteroids
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is based on lipid metabolism disorders associated with their use. Accumulation of low-density
lipoproteins results in the formation of fat emboli leading to blockage of peripheral blood vessels
and ischemic necrosis of bone tissue [30]. Large doses of glucocorticosteroids can cause peripheral
vascular thrombosis by reducing the activity of tissue plasminogen activator (t-PA) and increasing
the level of plasminogen activator inhibitor antigen-1 (PAI-1) in plasma [31].

Types of musculoskeletal disorders associated with COVID- 19 infection

Based on an analysis of the available literature, musculoskeletal disorders associated with COVID-19
infection can be divided into 4 main groups: autoimmune, bone circulatory disorders, infectious,
metabolic according to the leading etiological factor (Table 1).

Table 1
Types of musculoskeletal disorders associated with COVID-19 infection
Etiology Nosology Publications

Reactive arthritis, sacroiliitis, ankylosing

Autoimmune spondylitis, axial spondyloarthritis, psoriatic  |[4, 32, 33, 34, 35, 36, 37, 38]
arthritis

Bone circulatory disorders Aseptic osteonecrosis [17, 19, 20, 39, 40]

Infectious Septic arthritis, spondylitis, spondylodiscitis  |[41, 42, 43, 44, 45]

Metabolic Osteopenia, osteoporosis [46, 47, 48, 49]

Autoimmune musculoskeletal disorders associated with COVID-19 infection

Analysis of literature data shows that patients with COVID-19 may develop a wide variety
of autoimmune disorders. G.G. Tardine et al. reported 25 clinical observations of reactive arthritis
developed after a new coronavirus infection. More than half of the patients had a mild course
of the disease, and three were treated in the intensive care unit. Four were positive for the HLA-B27
antigen, one had antinuclear antibodies (ANA), two had RF, and one had AB-CCP [4].D. Colatutto et al.
reported the natural history of reactive arthritis and sacroiliitis in two patients who developed
COVID-19 infection. Blood samples showed a slight increase in the cytokine profile; the HLA-B27
antigen was negative in both patients [32]. L. Novelli et al. reported psoriatic spondyloarthritis
triggered by SARS-CoV-2 infection in a 27-year-old patient [33]. There were several reports
of ankylosing spondylitis and axial spondyloarthritis attributed to COVID-19 [34, 35]. Three main
pathophysiologic pathways have been proposed by .M. Omar et al. to explain the effects of COVID-19
in the musculoskeletal system, including the cytokine storm, development of a prothrombotic
state, and autoimmunity [36]. Up to 45 % of COVID-19 patients exhibit at least one circulating
autoantibody. Higher concentrations of autoantibodies often result in more severe symptoms,
suggesting that autoimmunity plays a role in the pathogenesis of COVID-19. SARS-CoV-2 has
several epitopes that cross-react with host antigens and could result in autoimmune conditions.
There are also studies that describe cases of increased levels of antibodies to cyclic citrullinated
peptide (ACCP) after COVID-19, which were not examined prior to involvement in some cases,
and which were negative in other cases, and could suggest an association between COVID-19
infection and rheumatoid arthritis developed in the post-Covid period [37, 38].

Mechanisms leading to autoimmune disorders of the musculoskeletal system triggered by COVID-19
may include:

a) excessive synthesis of angiotensin II induced by coronavirus, which leads to synovial hyperplasia
by activating its receptors located on the synovial membrane. Angiotensin II increases expression
of inflammatory cytokines, chemokines and production of reactive oxygen species [38];
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b) activation of pro-inflammatory subpopulations of T cells [36, 37];

¢) activation of Toll-like receptor-7 synovial membranes initiating an inflammatory response [37, 38];
d) “cytokine storm” [36, 38].

Aseptic osteonecrosis

Avascular osteonecrosis occurs in 5-58 % of cases affecting the head of the femur, humerus,
vertebralbodies,calcaneusandtalus[39].Thereisnoconsensusonthemechanismofosteonecrosis
triggered by COVID-19. Drug therapy is essential in treatment of COVID-19 [17, 26, 40].
S.R. Agarwala et al. report a series of three cases in which patients developed AVN of the femoral
head after being treated for COVID-19 infection. The mean dose of prednisolone used in these
cases was 758 mg (400-1250 mg), which is less than the mean cumulative dose of around 2000 mg
steroid, documented in the literature as causative for AVN. Patients were symptomatic and
developed early AVN presentation at a mean of 58 days after COVID-19 diagnosis as compared
with the literature which shows that it generally takes 6 months to 1 year to develop AVN post
steroid exposure. The authors suggest a greater risk of osteonecrosis associated with COVID-19
viral infection, when treated with low doses of steroids [17]. Many authors report circulatory
disorders due to thrombotic microangiopathy and vascular inflammation and the cytotoxic
effect of the virus on osteogenesis cells as the main mechanisms of this pathology [19].
M.A. Panin et al. reported a series of clinical observations of osteonecrosis of the femoral
head triggered by COVID-19 with a patient receiving no glucocorticosteroids during treatment
for coronavirus infection and who was diagnosed with bilateral osteonecrosis of the femoral
heads after 180 days [20].

Secondary musculoskeletal infections associated with SARS-Cov-2

According to the literature, infectious lesions of post-COVID musculoskeletal sequelae are common.
V. Bagaria reported a high incidence of periprosthetic joint infections, soft tissue abscesses,
and septic arthritis at 1 year in 12 of 90 patients admitted for COVID-19 [41]. M.V. Ardakani et al.
reported a series of five cases in which patients developed septic arthritis concomitant with AVN
after being treated for COVID-19 infection. An average time period of onset of hip symptoms
from the beginning of the COVID-19 infection was 41.6 days [42]. I.V. Esin et al. described the
clinical manifestations of infectious spondylitis in 4 patients who suffered from COVID-19,
reporting a higher frequency of multi-level lesions and a greater risk of death after surgery due
to the generalization of the infectious process and progression of multiple organ failure [43].
I.I. Ustenko et al. and G. Talamonti et al. reported cases of spinal epidural abscess purulent
spondylodiscitis and epiduritis in patients who suffered a severe form of COVID-19 [44,45].
Secondary immunodeficiency caused by a damaging effect of the SARS-CoV-2 virus on the immune
system is the most likely cause of infectious damage to the musculoskeletal system [50].
It is capable of damaging lymphocytes, including B cells, T cells and Nk cells, leading to suppression
of the immune system during illness. A decrease in lymphocytes and host immune function is
the main reason contributing to the development of secondary bacterial infection [51]. An increase
in bacterial adhesion due to viral infection; cell destruction by viral enzymes; release of planktonic
bacteria from biofilms; synergy in viral-bacterial co-infections; an increased number of immature
phagocytes; dysregulation of nutritional immunity; modulation of apoptosis and inflammation can
be alternative mechanisms of infectious damage to the musculoskeletal system in the post-Covid
period [52]. There is a high probability of developing secondary immunodeficiency mediated
by the immunosuppressive effect of drugs used to treat moderate and severe forms of COVID-19 [44].
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Risk factors of infectious lesions of the musculoskeletal system may include age over 60 years, long-
term hospital stay and mechanical ventilation, stay in the intensive care unit (severe COVID-19),
a history of chronic bacterial infections, chronic renal failure with the need for hemodialysis [43].

Metabolic disorders of bone tissue associated with COVID-19

There are several mechanisms of bone metabolism disorders including the direct cytotoxic
effect of the virus on bone marrow cells, hyperinflammation reaction and hypoxia enhancing
osteoclastogenesis [3, 13, 22]. Side effects of drugs used to treat the condition are one of the risk
factors for osteoporosis and osteopenia after COVID-19infection [26,46].L. Sapra et al.report therole
of various factors in the risk of developing skeletal disorders in viral diseases including COVID-19.
The authors suggest that SARS-CoV-2 has direct and indirect effects on bone metabolism [47].
Experiments performed by B. Mi et al. in a mouse model demonstrated overexpression of microRNA
(miR-5106) triggered by SARS-CoV-2 in fracture healing in vitro and in vivo [48]. A retrospective
cohort study performed at San Raffaele University Hospital in Milan showed that thoracic vertebral
fractures were detected in 36 % of COVID-19 patients with osteoporosis beng previously diagnosed
in3 % of the patients [49]. Endocrine pathology plays an important role in disturbed osteometabolism
due to coronavirus infection. Cases of primary hypoparathyroidism and decompensation
of hypoparathyroidism due to COVID-19 were reported in numerous studies. PTH deficiency
contributes to a decreased rate of bone tissue remodeling and associated with decreased markers
of the bone turnover in the blood and iliac bone biopsy [53]. In 2020, S. Elkattawy et al. reported
the first case of primary hypoparathyroidism caused by SARS-CoV2 infection in a 46-year-old male
patient with no history of parathyroid pathology who was hospitalized with respiratory failure
and had a long-term inpatient stay [52]. S. Bossoni et al. reported a case of a 72-year-old female
patient with a history of thyroidectomy who presented with mild COVID-19 infection and acute
perioral paresthesia and dysarthria. Laboratory studies revealed low calcium levels, increased serum
phosphorus and decreased parathyroid-stimulating hormone, suggesting that SARS-CoV-2 infection
caused severe hypocalcemia in the context of subclinical postoperative hypoparathyroidism [55].

V.E. Georgakopoulou et al. reported a case of a 53-year-old patient with hypoparathyroidism
that developed due to COVID-19. The patient had no symptoms associated with this condition and had
a normal serum calcium level of 8.9 mg/dL [56]. In some studies, hypocalcemia was identified as
a biochemical marker of the aggressive course of SARS-CoV-2 [57]. Vitamin D plays an important role
in the regulation of osteogenesis and is one of the risk factors for the development of osteoporosis [58].
Much evidence suggests that vitamin D deficiency is closely associated with the incidence
of COVID-19. Patients with osteoporosis were found to be more susceptible to SARS-COV-2 infection
and the manifestations of the condition exacerbated after exposure to COVID-19. Some COVID-19
patients develop decreased bone density as a complication [59].F. Liu et al identified and characterized
42 common targets for VitD on both COVID-19 and osteoporosis. Further bioinformatic analysis
revealed 8 core targets in the VitD-COVID-19-osteoporosis network. These VitD targets involved
in the ErbB and MAPK signaling pathways are critical for fibrotic diseases such as COVID-19 and
ossification due to the bidirectional regulatory role of this pathway in profibrotic/antifibrotic disorders
and bone formation/bone resorption, respectively. These results identified new mechanistic insights
into the functional role and molecular network of VitD in both COVID-19 and osteoporosis [60].

CONCLUSION

The mechanism by which COVID-19 affects the musculoskeletal system include the cytotoxic
effect of the virus on osteogenesis cells, hyperinflammation reaction, vascular disorders
and coagulopathy, hypoxia and drug therapy for coronavirus infection. Based on an analysis
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of the available literature, four most common etiological factors of the musculoskeletal
consequences of COVID-19 infection have been identified to include autoimmunity, bone
circulatory disorders, infection and metabolic disorders.

The SARS-CoV-2 virus causes direct damage to the immune system, to B cells, T cells and Nk cells
and leads to the development of secondary immunodeficiency and infectious pathology
of the musculoskeletal system. Immunodeficiency mediated by COVID-19 increases the risks of early
infectious postoperative complications in patients operated on for impaired locomotion. Patients
who have had coronavirus infection may develop osteopenia and osteoporosis due to a cytotoxic
effect of the virus on bone marrow cells and due to endocrine disorders increasing the risk
of fractures and progression of degenerative changes in the osteoarticular system. An analysis
of the available literature did not establish an accurate chronology of the development of persistent
musculoskeletal symptoms associated with COVID-19, which was likely due to the short observation
period of this cohort of patients.
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