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Background: Given the widespread impact of COVID-19, it is important to explore any atypical presentations and long-term sequelae associated
with this viral infection, including the precipitation of inflammatory arthritis.

Objective: To identify and summarize clinical reports of acute inflammatory arthritis associated with COVID-19.

Methods: A systematic review of the PubMed (MEDLINE), Google Scholar, and Cochrane Central databases through January 31, 2022 was
performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. The inclusion criteria were: human
subjects and English language. Data extraction and qualitative synthesis of the demographics, clinical presentations, treatments, and outcomes
were performed. Quality assessment was performed using the Joanna-Briggs Institute critical appraisal tools.

Results: A total of 37 articles collectively describing the cases of 54 patients were included. The mean age was 48.2 years (6-78 years). 53.7%
of patients were male and 46.3% were female. The onset of articular symptoms varied considerably, and the majority of cases were described
as polyarticular (29). The classification of inflammatory arthritis in the included studies was as follows: reactive (19), post-viral (13), new-onset
rheumatoid arthritis (RA) (8), crystal-proven arthropathy flare (4), acute viral (2), new-onset psoriatic arthritis (2), flare of preexisting RA (2), and
other (4). Arthritis treatment regimens varied but consisted largely of NSAIDs and corticosteroids with most patients experiencing improvement
or resolution of their joint symptoms.

Conclusion: There is limited low-level evidence suggesting that patients may develop acute arthritis during or after SARS-CoV-2 infection. This
review highlights the need for further research to elucidate the relationship between COVID-19 and the development of inflammatory arthritis.

Lay summary

This review paper sought to explore the relationship between COVID-19 disease and acute joint pain/inflammation (arthritis) through a system-
atic search of the literature. This review found limited low-level evidence suggesting that patients may develop inflammatory arthritis during or
after COVID-19 disease. However, there is a need for further research to improve our understanding of the relationship between COVID-19 and
the development of inflammatory arthritis.
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Introduction such as parvovirus B19, hepatitis B and C, chikungunya, and

As of early 2022, over 392 million individuals have been in- Epstein-Barr virus are associated with acute viral arthritis
fected with SARS-CoV-2 globally.! In light of the widespread or post-infectious ar d,uﬁitif’ which typically .manifests as an
impact of COVID-19, it is critically necessary to elucidate ~ 3€Ute onset p oly athrlFlS. Moreover, there is avlso C(.mSIder_
atypical presentations and long-term sequelae of this viral able literature, indicating that viruses are a major trigger of
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infection. Many viruses, including SARS-CoV-2, have been ~ 3UtoIMmunity via various immune pathways.** For example,
. . . o .

associated with rheumatological and autoimmune manifest- Joo et al.® reported that ambient respiratory viral infections,

ations; these manifestations include acute inflammatory arth- mcludéng otger chroqgvnus}fs, are gjsoc1}?t§d V;{ljtil an in-
ritis. There have been various associations between infectious creased number of incident rheumatoid arthritis (RA) cases.

processes and inflammatory arthritis described in the med- Therefore, it is imperative that clinicians have an awareness
ical literature. Most notably, several pathogens, including of the p oﬁentlal ass0c1at11(l>q between Clle\l],ID_'lf 1nfect10n.and
Chlamydia trachomatis, Salmonella, Shigella, Yersinia, and acutebln ammatory art fms as such chiica Eresentatlgns
Campylobacter, are known to trigger reactive arthritis, which may b eco?e dm(')(rie plrevzilenﬁ over time gl‘éelil t SeAmScréasmg
typically presents within 2 to 4 weeks of the preceding infec- ~ Rumbet of individuals who have contracted the RS-Cov-

tion as an acute asymmetric oligoarthritis involving the larger vlllrus to cllat§ alnd iire, therefore, suscepflble tlo ddeVCIOILm.g
joints.2 Although more commonly associated with gastro- ~ fheumatological and autormmune sequelae related to their

intestinal and sexually-transmitted infections, there have been ~ P™OT COVID-19 infection at some point in the future. The

reports of reactive arthritis triggered by respiratory infections purpose of this study was to identify and.sgmmarl.ze all cl}n-
as well? It is also important to note that several viruses ical reports of acute inflammatory arthritis associated with
. b

© The Author(s) 2022. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.


https://orcid.org/0000-0002-2855-0667
mailto:zaira.chaudhry1%40gmail.com?subject=
journals.permissions@oup.com

COVID-19 and Inflammatory Arthritis

Key messages

Several cases of acute arthritis during/after COVID-19 disease have been reported.
Many of these cases were classified as reactive arthritis or post-viral arthritis.

The included studies were low-level evidence (e.g. case reports, case series).

Further research on the relationship between COVID-19 and acute arthritis is warranted.

SARS-CoV-2 infection published in the peer-reviewed litera-
ture through a systematic review.

Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement was used in identifi-
cation and selection of studies for this review.” Two sep-
arate comprehensive literature searches of the PubMed
(MEDLINE), Google Scholar, and Cochrane Central data-
bases from inception through January 31, 2022 were per-
formed in February 2021 and February 2022 to identify
all clinical reports of inflammatory arthritis associated
with SARS-CoV-2 infection. Various combinations of the
following keywords were used in the search strategy: in-
flammatory arthritis, post-viral arthritis, reactive arthritis,
acute arthritis, COVID-19, SARS-CoV-2, and novel corona-
virus; no filters or limits were used in the search. Once the
database search was complete, duplicates were removed,
and the titles and abstracts of the remaining articles were
screened by two independent reviewers. All clinical reports
of human subjects in the English language were included
in this review. Review articles, animal studies, cadaveric or
otherwise in vitro studies, and non-English articles were ex-
cluded. Articles that met the inclusion criteria underwent
full-text review by two independent reviewers. The ref-
erences of all selected studies were reviewed to minimize
exclusion of relevant studies. Any discrepancies in study se-
lection were to be reviewed by a third more senior author
to obtain consensus.

Data extraction and synthesis

Data extraction was performed by two independent reviewers
using a standardized Microsoft Excel spreadsheet. Clinically
relevant data were extracted from the selected articles and
synthesized. When available, the following data were re-
corded: demographics (e.g. age, sex, and race), COVID-19
infection (e.g. testing, severity, and treatment), arthritis clin-
ical manifestations (e.g. symptom onset in relation to acute
COVID-19 infection, rheumatologic localization, associated
findings, and arthritis classification), comorbidities, diag-
nostic evaluation (e.g. imaging findings and biomarkers),
treatment rendered (e.g. topical/oral medications and injec-
tions), and clinical outcomes (e.g. symptom resolution and
recovery). Due to heterogeneity of the clinical data points re-
ported in the included clinical reports and the limited number
of patients, meta-analysis was not performed. Therefore, the
extracted data were synthesized qualitatively, and descriptive
statistics were calculated to report demographics (e.g. age and
sex) and clinical findings in aggregate using Microsoft Excel
2019 (Microsoft Corporation, Redmond, WA, USA). The
data underlying this article are available within the article.

A PRISMA checklist for this systematic review is available in
the online supplementary material.

Quality assessment

Quality of the included studies was assessed using the Joanna-
Briggs Institute (JBI) critical appraisal tools for case reports
and case series.® However, no predetermined cut-off scores
were established for inclusion of studies as it was anticipated
that a limited number of eligible clinical reports would be
available for review in the peer-reviewed literature at the time
of this review given that SARS-CoV-2 is a relatively novel
virus.

Results

Study characteristics

Two systematic searches of the PubMed (MEDLINE), Google
Scholar, and Cochrane Central databases yielded a total of
680 articles; 37 of these articles met our inclusion criteria and
were, therefore, included for further review.>* A PRISMA
flow diagram delineating our database search results and
rationale for exclusion of articles is presented in Figure 1.
Collectively, the 37 studies (30 case reports, 7 case series)
described the cases of a total of 54 patients who developed
inflammatory arthritis during acute COVID-19 infection or
following COVID-19 infection. The mean JBI score for the
included case reports was 6.8 (0.5) out of 8. The mean JBI
score for the included case series studies was 5.4 (1.3) out of
10. Most articles originated from Italy (8) followed by Japan
(4) Iran (3) and the USA (3). Details for each reported case are
delineated in Table 1.

Patient demographics

The percentage of males and females were 53.7% (n = 29)
and 46.3% (n = 25), respectively. The mean age for patients
was 48.2 years (6-78 years); exact age was not reported
for two cases.'®3* Only 9 of the included studies explicitly
stated the patient’s race or ethnicity as noted in Table 1. The
overwhelming majority of patients did not have a personal
history of preexisting joint symptoms or autoimmune disease.
Pertinent comorbidities included preexisting RA in one of
the cases described by Alivernini et al.” as well as one of the
cases described by Derksen et al.,'” gout with recurrent acute
arthritis in three of the cases described by Lopez-Gonzalez et
al.,”” gout in each of the cases described by Ouedraogo et al.*
and Shimoyama et al.,* unspecified recurrent acute arthritis
in one of the cases described by Lopez-Gonzalez et al.,” re-
mote history of septic arthritis in one of the cases described by
Sinaei et al.,* chronic intermittent monoarticular joint pain
in the case described by Kuschner et al.,*” sarcoidosis in one
of the cases described by Derksen et al.,'” and autoimmune
hypothyroidism in two cases described by Colatutto et al..!*
A comprehensive list of the comorbidities reported for each
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram describing the inclusion process for studies in the

systematic review.

patient can be found in Table 1. A positive family history of
autoimmune disease was reported in two cases; Talarico et
al’s* case had a family history of ankylosing spondylitis, and
Novelli et al.’s* case had a family history of psoriasis.

COVID-19 disease course

Patients in the included studies were confirmed to have active
or prior SARS-CoV-2 infection either via real-time polymerase
chain reaction (RT-PCR) or serology. In terms of disease se-
verity, 35 cases were described as being mild or moderate,
16 cases were described as either moderate-to-severe or se-
vere, and 3 cases did not have sufficient details to ascertain
COVID-19 disease severity. Treatment for acute COVID-19
infection varied considerably with the most common pharma-
cological treatment being antibiotics (7 = 17) followed by
hydroxychloroquine (7 = 13). The need for supplemental
oxygen/mechanical ventilation was reported in 6 cases. The
specific COVID-19 treatment regimens reported for each case
are detailed in Table 1. Of note, specific details on COVID-19
treatment regimens were not reported for 24 of the included
cases.

Clinical Manifestations of Acute Arthritis

The classification of acute inflammatory arthritis in the in-
cluded studies was as follows: reactive (19), post-viral (13),
new-onset RA (8) crystal-proven arthropathy flare (4), acute
viral (2), new-onset psoriatic arthritis (2), flare of preexisting
RA (2), and other (4). Figure 2 illustrates the classifications of
arthritis for cases included in this review. Onset of articular

symptoms ranged from 6 weeks prior to acute COVID-19 in-
fection to 3.5 months following acute COVID-19 infection
with the mean onset being approximately 4 weeks after acute
COVID-19 symptom onset. The cases varied considerably in
terms of rheumatologic localization with most cases being de-
scribed as polyarticular (7 = 29) followed by monoarticular (n
= 12), oligoarticular (n = 8), axial (n = 3), and oligoarticular/
axial (7 = 1). One case did not provide sufficient details on
rheumatologic localization.'? There was considerable vari-
ability in terms of the joints involved as detailed in Table 2.
Associated cutaneous findings were reported in six cases and
included maculopapular rash, urticaria, lesions consistent
with psoriasis, palpable purpura, pruritic clearly demarcated
erythematous scaly patches, and leukoderma with an asso-
ciated unspecified rash.!>!5:18243239 The diagnostic work-up
varied across cases with most authors reporting results of one
or more inflammatory markers and auto-antibody panels.
However, arthrocentesis with synovial fluid analysis was only
reported for 19 cases. In addition, imaging findings were re-
ported for 35 cases with the most frequently reported findings
being consistent with non-specific inflammation, including
joint effusion, synovial tissue thickening, and increased vascu-
larity. Detailed biomarker and imaging findings are outlined
in Table 2.

Treatment and outcomes of acute arthritis

The majority of cases were treated with non-steroidal
anti-inflammatory agents (NSAIDs) and/or systemic cortico-
steroids. Disease-modifying antirheumatic drugs (DMARDs),
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Figure 2. Classification of COVID-19-associated arthritis cases included in the systematic review.

most commonly Methotrexate, Hydroxychloroquine, and
Leflunomide, were initiated in 13 cases, most of which were
described as flares of preexisting rheumatic disease (e.g. RA,
psoriatic arthritis) or consistent with new-onset rheumatic
disease. Three patients with gout flares thought to be trig-
gered by SARS-CoV-2 infection were treated with colchi-
cine.”” Approximately 11% (7 = 6) of patients underwent
intra-articular corticosteroid injections with or without local
anaesthetics. More invasive treatments were reported in two
cases.’'*" Neves et al.’! inserted a drainage catheter in a pa-
tient presenting with presumed septic arthritis with intra-
muscular collections with joint continuity noted on imaging.
Shimoyama et al.*’ performed arthroscopic synovectomy in a
patient with reactive arthritis that was unresponsive to a trial
of NSAIDs and intraarticular steroid injection. It is important
to note that most reports lacked details regarding treatment
duration. Of note, one patient had no treatment rendered
for their arthritis symptoms and still experienced resolution
of symptoms within 4 weeks following symptom onset. The
majority of authors reported symptomatic improvement or
complete resolution of symptoms following treatment; how-
ever, clinical outcomes were not reported for 14 of the in-
cluded cases. Resolution of articular symptoms ranged from
4 days to 5 months following onset for the cases where time
to resolution was reported. The reported arthritis treatment
regimens and clinical outcomes are summarized in Table 2.

DISCUSSION

The present systematic review provides a detailed summary
of clinical reports of inflammatory arthritis observed both
during and after SARS-CoV-2 infection. At the time of our

database search, the available relevant literature was low-level
evidence consisting of case reports and case series studies with
a limited number of cases. Many of these cases were classi-
fied as reactive arthritis, although there were cases of new-
onset psoriatic arthritis and RA as well as flares of preexisting
crystal-induced arthropathy and RA reported in the literature
as well. Given the arthritis presentation is suspected to be re-
active arthritis, it is reasonable to assume that the COVID-
19 reactive arthritis variation shares similar pathophysiology
to that of other pathogens known to cause reactive arthritis.
Although the relationship between SARS-CoV-2 infection
and inflammatory arthritis has yet to be fully elucidated, the
mechanism may involve systemic pro-inflammatory markers,
such as IL-6 and TNF-qa, which are known to be released in
both alveolar and joint inflammation.* Moreover, an eco-
logical study by Joo et al.® reported an association between
ambient coronavirus, parainfluenza, and metapneumovirus
infections and an increased rate of incident RA cases thereby,
suggesting that viral respiratory infections may play a role in
precipitating the onset of RA.

In the included studies, there was a slight predominance of
males versus females. Moreover, patients had a mean age of
48.2 years; however, it is important to note that this demo-
graphic finding may be confounded by older patients being
more likely to require medical care during and after COVID-
19 infection. The overwhelming majority of patients had no
documented preexisting autoimmune conditions. However,
it is unclear if patients with preexisting autoimmune disease
and/or preexisting chronic joint disease are more susceptible
to developing acute arthritis after being infected with SARS-
CoV-2. Patients in the included clinical reports had variable
COVID-19 disease courses, although most of them experienced
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mild-to-moderate COVID-19 infection. Treatment regimens
ranged from supportive care alone to antivirals with or
without adjunct antibiotics or hydroxychloroquine.

The onset of arthritis symptoms in the reviewed cases varied
considerably with the mean onset being approximately 4 weeks
after COVID-19 symptoms began with the exception of cases
that had preceding joint symptoms prior to other COVID-
19 symptoms and those with an unspecified symptom onset.
The rheumatologic localization for the majority of cases was
polyarticular. There was considerable variability in terms of
the joints involved. The variation in clinical presentations lead
to the authors classifying COVID-19 associated arthritis in a
number of different ways. Some authors termed the presen-
tation ‘post-COVID hyperinflammatory syndrome’, whereas
others diagnosed their patients with ‘post-COVID-19 arth-
ritis.” When the presentation of the arthritis symptoms mani-
fested concurrently with COVID-19 symptoms, the authors
often classified it as an unspecified new-onset polyarthritis.
When the arthritis symptoms clearly started after the onset of
COVID-19 symptoms and in most cases following resolution
of COVID-19 symptoms, the authors diagnosed it as reactive
arthritis or post-viral arthritis. Most of the cases included in
this review were classified as either reactive arthritis or post-
viral arthritis, although there were also several cases of new-
onset RA thought to be triggered by COVID-19.

In terms of associated extra-articular findings, six patients
had cutaneous findings, including maculopapular rash, ur-
ticaria, lesions consistent with psoriasis, palpable purpura,
pruritic clearly demarcated erythematous scaly patches, and
leukoderma with an associated unspecified rash. Interestingly,
there were no cases of keratoderma blennorhagicum, clas-
sically presenting as painless vesiculopustular waxy lesions
localized to the palms/soles; this cutaneous finding is esti-
mated to occur in approximately 5-30% of reactive arthritis
cases.”’ In a single case described by Liew et al.,*® a patient
presented with pain localized to the glans penis with mild
erythema and swelling. However, there were no cases of pa-
tients presenting with the classic triad of reactive arthritis
formerly termed ‘Reiter’s syndrome’ (conjunctivitis, arthritis,
and non-infectious urethritis), albeit it has been estimated
that only up to one-third of patients with reactive arthritis
present with all three classic findings.*® Of note, Santacruz et
al.¥ described an unusual case of reactive arthritis 2 months
after acute COVID-19 infection presenting exclusively with
extra-articular findings, including conjunctivitis, oral aph-
thous ulcers, palatal erosions, keratoderma blennorhagicum,
and vulvitis without evident arthritis.

Although the diagnostic work-up in these cases was quite
variable, many authors used both normalization of ESR and
CRP and symptomatic improvement to determine treatment
efficacy. Among cases where synovial fluid analyses were per-
formed, the predominant finding was lack of crystals with
H&E showing stromal activation, oedema, inflammation,
and perivascular diffuse infiltrates. Moreover, there were
mixed findings for synovial fluid testing positive or negative
for SARS-CoV-2 RNA or antibodies. Authors who elected to
obtain imaging of the affected joints often reported findings
suggestive of non-specific inflammation, including joint effu-
sion, synovial tissue thickening, and increased vascularity.

The treatment rendered for arthritis symptoms, regardless
of geographic or demographic characteristics, consisted largely
of NSAIDs. Corticosteroids were a close second with a ma-
jority of patients receiving both NSAIDs and corticosteroids.

17

Corticosteroids were administered topically, orally, intra-
articularly, or intramuscularly. Given the limitations of the
review, it is difficult to definitively say which route of admin-
istration was the most clinically effective. Regardless of the
administration route, corticosteroids played a crucial role in
many of the cases with some patients failing to experience
any symptomatic improvement until steroids were initiated.
DMARDs were initiated in 13 cases, most of which were de-
scribed as either flares or new-onset of rheumatic disease (e.g.
RA, psoriatic arthritis), with good clinical response noted in
the majority of cases. Intraarticular corticosteroid injections
were performed in approximately 11% of cases. More inva-
sive treatment measures, including surgical intervention, were
reported only in a minority of cases. Resolution of articular
symptoms ranged from 4 days to 5 months following onset.
However, not all authors reported time to symptom resolution
and some patients were still being followed at the time of pub-
lication, thereby making it impossible to ascertain how many
patients had refractory symptoms or long-term sequelae. It is
worth noting that in the existing literature on reactive arth-
ritis, it has been reported that most patients have a self-limited
disease course, whereas 15-30% may go on to have chronic or
refractory symptoms.’® Moreover, there have been reports of
symptomatic improvement following initiation of DMARDs
among patients with chronic symptoms, although it is im-
portant to note that use of DMARDs or biologics in cases of
reactive arthritis refractory to steroids and NSAIDs may not
lead to a good clinical response in all cases.”!

Limitations

This systematic review is not without its limitations. First,
given that SARS-CoV-2 is still a relatively novel virus, there
were only a limited number of clinical reports examining the
potential association between COVID-19 infection and the
development of acute inflammatory arthritis published when
this systematic review was performed. Second, the studies
published in the available literature are considered low-level
evidence given that most are clinical case reports. Third, given
the nature and brevity of case reports, some of the included
articles lacked clinically relevant information, which limited
our qualitative data synthesis. Fourth, there appear to be dis-
crepancies in the nomenclature and classification of arthritis
cases used by the authors. It is also important to note that
different SARS-CoV-2 variants may be associated with dif-
ferent clinical presentations of inflammatory arthritis. Finally,
although substantial effort was made to ensure that all rele-
vant studies published at the time of the database search were
included in this review, it is still possible albeit unlikely that
relevant eligible studies were excluded.

Conclusion

Given the widespread impact of the COVID-19 pandemic, it
is imperative for clinicians to not only have an understanding
of how this disease affects patients acutely but to be cogni-
zant of its longer-term sequelae, including its potential role
in the precipitation of autoimmune and rheumatologic con-
ditions. While the available literature does not allow for de-
termination of causal associations, there is limited low-level
evidence suggesting that patients may develop inflammatory
arthritis during and after SARS-CoV-2 infection. Therefore,
in the era of COVID-19, clinicians should consider including
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this in their differential diagnosis for patients presenting with
new-onset inflammatory arthritis during or after acute SARS-
CoV-2 infection. Needless to say, the present systematic re-
view highlights the paucity of research in this area and a need
for the emergence of high-level evidence to fully elucidate the
relationship between SARS-CoV-2 infection and the develop-
ment of inflammatory arthritis.
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