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As of this writing, it is estimated that there have been nearly 600
million cases of coronavirus disease 2019 (COVID-19) around the
world with over six million deaths. While shocking, these figures
do not fully illustrate the morbidity associated with this disease. It
is also estimated that between 10% and 30% of those who survive
COVID-19 develop persistent symptoms after the acute infection
has passed. These individuals, who most often experienced initial
infections with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) considered mild to moderate in severity, often
display a broad array of symptoms. Collectively, this disorder or
syndrome is now referred to as Long COVID (among other desig-
nations), and it represents a national/international health crisis.
The most frequently reported symptoms associated with Long
COVID include chronic fatigue with post exertional features, neu-
rocognitive dysfunction, breathlessness, and somatic pain. Long
COVID can range in severity from mild to severely debilitating,
with resultant loss of quality of life and productivity. For now,
there are many unanswered questions surrounding Long COVID:
how can it be best defined, what is needed for accurate diagnosis,
what is causing it, and how should it be best managed. How
rheumatologists will engage in the Long COVID pandemic is
another question; at the minimum, we will be called upon to
evaluate and manage our own patients with immune-mediated
inflammatory diseases who have developed it. This review fo-
cuses on addressing the disease essentials, providing both
declarative and procedural knowledge to prepare rheumatologists
for how to address Long COVID: understanding its origins, its
current case definitions, epidemiology, pathobiology and clinical
manifestations. Finally, it will provide an outline on how to
.
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clinically approach patients with possible Long COVID and initiate
treatment and/or guide them on how to best manage it.

© 2022 Elsevier Ltd. All rights reserved.
Introduction

The pandemic of SARS-CoV-2 infection has taken a dramatic toll on the world’s population in terms
of acute morbidity and mortality. At the same time, despite emerging viral variants, advances in in-
patient and out-patient care and the introduction of highly effective vaccines have been attended by
a falling mortality. Given that more than half of the US population is estimated to have been infected
with SARS-CoV-2, we have now increasingly begun to focus on the post-acute sequelae of COVID-19
(PASC). An estimated 10%e30% of patients experience debilitating symptoms months after resolu-
tion of the acute infection [1]. This disorder has been given various names including Long COVID, PASC,
and others, and the patients afflicted are often referred to as “Long Haulers” [2]; given its epidemiologic
scope, Long COVID has been referred to as “our next national public health disaster” [3,4].

For now, Long COVID is not a condition with diagnostic biomarkers, nor does it have a universally
accepted case definition. Despite these limitations it is clear that Long COVID represents an emerging
and growing heath problem for millions of Americans (and far more throughout the world), which has
led to a significant burden of loss of productivity, decreased quality of life, and fear. The role of
rheumatologists will play in this follow-on epidemic is still evolving; at a minimum, they will be
engaged by patients with rheumatic diseases, many of whom they already care for, who develop it.
Rheumatologists may also be well-suited to engage in research in disease immunopathogenesis and
therapeutics, as emerging data suggest that immune dysregulation and immune activation may
contribute to the pathogenesis of Long COVID [5]. Although there are presently no specific therapies for
Long COVID, we believe there are emerging diagnostic and therapeutic principles that may be
considered Best Practices, which we will attempt to summarize here.

Is long COVID-19 unique?

The introduction of a new disease or syndrome in disease nosology deserves critical historical
appraisal. Accordingly, we must be reminded that there is a long history of patients describing chronic
non-specific symptoms after infection [6,7]. Ironically, in contrast to the current allocation of resources
to Long COVID, medically unexplained symptoms following infections have historically received little
attention. Indeed, these syndromes have been to some degree the target of derision by some, regarded
as an area of fringe science or in some way not real, based largely on being poorly understood and
clinically frustrating for both the patient and the practitioner [8]. These manifestations, conceptually
thought of as ‘tails’ of acute infections and referred to as Post-Acute Infection Syndromes (PAIS), were
recently elegantly reviewed by Choutka and colleagues [7].

Taken in this context, it is not surprising that we are nowobserving the phenomenon of Long COVID,
which is simply the latest in a long list of unexplained syndromes following bacterial, viral, and
parasitic infections. Among the more well-established infections associated with PAIS are viral path-
ogens such as Epstein-Barr virus, Ebola, Alphaviruses (e.g., Chikungunya and Ross River), dengue, and
West Nile, as well as non-viral pathogens such as Coxiella burnetii (Q fever), borrelia (Lyme), and
Giardia lamblia [7]. It should be noted that the evidence supporting such associations varies signifi-
cantly based upon the type of study and degree of clinical curation of cases; collectively, however, they
provide unequivocal evidence that such phenomenon are not clinically rare, are potentially debili-
tating, and are in need of serious investigation and the development of effective treatments and care
pathways.

In general, while some infections have pathogen-specific PAIS such as corneal disease in Ebola,
arthritis in Chikungunya, and anosmia and ageusia in COVID-19, most PAIS are not disease specific and
tend to share many features of a common endotype. The most common manifestations of this non-
2
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specific form of PAIS generally include fatigue and lassitude with post-exertional features, non-
restorative sleep, neurocognitive complaints, signs and symptoms of dysautonomia, and viscer-
osomatic pain [7,9]. Collectively these features reflect a strong overlap with many other medically
unexplained disorders, especially with myalgic encephalomyelitis and chronic fatigue syndrome (ME/
CFS) [10,11], as will be discussed below. The fact that Long COVID is closely clinically related to these
medically unexplained disorders adds challenges on many fronts. First and perhaps not surprisingly,
the mere concept of Long COVID is attended by some controversy [12] in both medical and media
circles, not dissimilar to other post infection disorders that have been labeled as “psychosomatic” or in
someway not real [3]. Such controversy merely adds to the clinical and interpersonal challenges facing
both clinicians and patients who collectively so often feel compelled to find reasons and solutions for
their suffering [6].

How is long COVID defined?

Challenges exist regarding how to classify patients with persistent symptoms following acute
COVID-19. On one extreme, there is a small group with severe disease, often needing critical care and
experiencing end-organ damage (e.g., infarction, fibrosis and scarring), who then endure prolonged
recoveries [13](Jiang JACC 2022) and psychologic stress typical of post-ICU syndromes, which are well
recognized outside of COVID-19 [14]. This group clearly deserves extensive diagnostic and rehabili-
tative care but is, in most ways, distinct from the far larger group, members of which suffer after-effects
from mild to moderate acute illness. Accordingly, there are likely patients with admixtures of both; as
of now there are no clear distinctions or diagnostic biomarkers to readily differentiate these groups.

For now, Long COVID and PASC serve as umbrella terms used to describe the chronic sequelae of
SARS-CoV-2 infections; in general, Long COVID is a heterogeneous, multisystem, relapsing, and
remitting illness that can affect patients regardless of the severity of their acute SARS-CoV-2 infection
[2] and is unattended by end-organ pathology. Numerous groups and official bodies such as the Center
for Disease Control and Prevention (CDC) and the UK National Health Service (NHS) have rendered
informal definitions, which overlap in terms of stipulating that symptoms must last for a minimum of
4e12 weeks following presumed or proven COVID-19, (even if asymptomatic or paucisymptomatic)
[2,7]. A recent Delphi conference designed to achieve a global consensus among experts and patients
convened by theWorld Health Organization [15] concluded that Long COVID or PASCmay be defined as
a new onset or persistent symptoms usually 3 months from the onset of probable or confirmed SARS-
CoV-2 infusion, with symptoms that last for at least 2 months and cannot be explained by an alter-
native diagnosis. They further assert that common symptoms include, but are not limited to, fatigue,
shortness of breath, and cognitive dysfunction, and generally have an impact on everyday functioning;
further, they recognize that the definition will likely change as knowledge increases. We believe that
this is both an accurate and practical definition of Long COVID.

Epidemiologic risk factors

The incidence, prevalence, and natural history of Long COVID are unknown; these are issues of great
importance and complexity, given the lack of consensus on Long COVID diagnosis and lack of current
diagnostic biomarkers. All studies to date are limited by gaping holes in our underlying knowledge of
the disorder itself, and thus there is a wide range of estimates in the literature. Variances in estimates
stem from numerous factors including how patients were recruited (self-referral versus prospective
enrolment), methods of assessment (electronic medical record screening, self-reporting, mail delivered
or email delivered questionnaires, in person interview and or examination, and wearable device use)
(Ledford), sample size, and geographic, social, and cultural influences. The frequency of persistent
symptoms (4e12 weeks or longer) following COVID-19 vary widely, ranging from less than 10% to over
80% with most estimates in the 15e30% range [1,13]. More recent epidemiologic analyses using pro-
spective methodologies found that 1 in 8 patients developed Long COVID at 28 days or longer 18. A
large global meta-analysis estimated the prevalence of symptoms 30, 60, 90, and 120 days after
infection as 0.37 (95% CI: 0.26, 0.49), 0.25 (95% CI: 0.15,0.38), 0.32 (95% CI: 0.14,0.57) and 0.49 (95% CI:
0.40,0.59), respectively, with fatigue as the most common symptom [19].
3



C. Calabrese, E. Kirchner and L.H. Calabrese Best Practice & Research Clinical Rheumatology 36 (2022) 101794
Risk factors for the development of Long COVID symptomatology have been exhaustively studied.
Several features have been repeatedly associated with a greater likelihood of persistent symptom-
atology: the severity and symptom burden of COVID-19 disease at onset, increasing age, female sex,
white ethnicity, poor pre-pandemic general and mental health, and other comorbidities (e.g., obesity
and diabetes) [13,20]. It is clear that Long COVID also occurs after mild infection and, while likely less
frequent, imposes a significant burden on afflicted patients [21,22]. Despite these seeming areas of
agreement, important questions remain unanswered regarding potential mitigating factors. Some
preliminary results suggest a partially protective effect from vaccines [23,24] (possibly through low-
ered disease frequency) and a lower incidence in breakthrough [25] versus primary infection. Recent
data also suggest that Long COVIDmay be less frequent following infectionwith Omicron variants [26];
each of these findings has broad public health implications. Lingering questions including whether
Long COVID occurs after asymptomatic infection, the effects of variants on the risk of Long COVID, the
incidence of Long COVID in infants and toddlers as they age, and many more must wait for long-term
prospective studies, such as the 1 billion dollar 40,000 person National Institutes of Health (NIH)
sponsored trial, which are just getting started and are unlikely to generate answers for some time [27].

An important question in rheumatology is whether patients with immune-mediated inflammatory
diseases are equally or more susceptible to Long COVID, and whether it is more or less severe.
Currently, we are just beginning to see studies of varying designs that document that post-COVID
sequelae are not uncommon; however, the natural history and comparative severity remain to be
determined [28,29].

Clinical endotypes

COVID-19 sequelae can be classified in various ways; we favor separating patients with traditional
end organ pathologic damage whether through scaring (such as in those with fibrotic pulmonary
disease who have experienced severe pneumonitis), microthrombotic complications (stroke and post
recovery sequelae of encephalitis and encephalomyelitis), cardiac complications, (pericarditis and
myocarditis) and numerous other such complications which have been thoroughly reviewed
[13,30,31]. These are serious and severe sequelae that are generally understandable from a patho-
physiologic perspective, and they are reminiscent of complications that have been long observed in
patients who have required advanced and often prolonged critical care in hospital settings.

For the purposes of this review, wewill focus on the by far larger group of patients with post COVID
sequelae who a) have a prior history of mild to moderate COVID-19, generally managed in the out-
patient setting and b) lack clear underlying tissue pathology to account for symptomatology (e.g.,
lung scarring and dyspnea, stroke, and neurocognitive dysfunction). For these patients, the majority,
but not all, will report a prior history of a viral syndrome consistent with COVID-19. For this subset of
long haulers who have persistent unexplained symptoms despite aggressive diagnostic evaluations,
the basis for the majority of the most common symptoms (fatigue, post-exertional malaise, neuro-
cognitive dysfunction, dyspnea, cough, and viscerosomatic pain) is far from clear, leaving both clini-
cians and patients with significant uncertainty. Unspoken but important to emphasize is that not all
patients who have had COVID and then have new-onset unexplained symptoms have Long COVID. As
will be subsequently discussed, all such patients are deserving of vigorous and thoughtful clinical
evaluations.

The spectrum of symptomatology following COVID-19 is daunting. A widely cited meta-analysis
described over 50 long-term effects [32], while a more recent online survey of suspected and
confirmed COVID-19 patients screened for 203 symptoms [33], reflecting both the broad array of
complaints and the urgent need for careful clinical curation before assigning causality of symptoms in
individual cases.

Efforts to sort and stratify this myriad of symptoms have attempted to organize the field through
two strategies. The first is to focus on those symptoms that have reproducibly been identified in the
vast majority of studies: fatigue (often with post-exertional features), cognitive dysfunction, somatic
pains, headache, and recurrent flu like symptoms. Of note, anosmia and ageusia, whichwere previously
well-documented and infection-specific sequelae of COVID-19, have largely regressed with Omicron
strain infections [2,34]. Another approach has been to utilize machine learning from large data sets to
4
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create clinical endotypes [33,35] by grouping symptoms that currently lack an etiopathogenic
distinction. We will briefly summarize three symptoms of particular relevance to rheumatologists.

Fatigue

Fatigue is a challenging symptom to both assess and treat; it is widely discussed [36,37] in rheu-
matology and is the most dominant symptom in most studies of patients with Long COVID. Fatigue in
rheumatic disease patients, as well as the general population, is often attended by numerous cofactors
including pain, depression, sleep disturbances, and reduced physical activity. Fatigue in Long COVID
patients is also affected by these domains but, in its most severe and chronic forms, has the dominant
characteristic of postexertional exacerbation [10,38,39]. This is a cardinal feature of ME/CFS and
important to explore with patients with medically unexplained fatigue. This postexertional flare of
fatigue intensity may be brought on not only by physical exertion but also mental, psychologic, and
postural stressors in a variable number of patients. The type of physical exertion that may induce a flare
of fatigue is often modest (e.g., brief walking and shopping) and not characteristic of exhaustive ex-
ercise training. In our experience with patients with Long COVID, chronic fatigue is generally reported
by patients to be the most dominant and bothersome symptom; such patients relate to us that their
fatigue is profound, and poses challenges to maintain a productive lifestyle including their roles in the
workplace and at home. Fatigue must be at the top level of priorities in the research agenda for Long
COVID; it is possible that any resultant advances may benefit patients with other disease characterized
by chronic fatigability including ME/CFS and fibromyalgia.

Neuropsychiatric dysfunction

Ranking high in the complaints among Long COVID sufferers are neurocognitive issues, which are
often referred to as ‘brain fog’ - an inadequate colloquial descriptor of a major morbidity afflicting such
patients [40]. There is a range of neuropsychiatric complaints that have been documented in Long
COVID, which have recently been reviewed and confirmed that neuropsychiatric sequelae can occur in
up to 91% of patients for 6 months or longer [41]. Most studies, again in those without underlying gross
neuropathology, have reassuringly not revealed clinical signs of dementia but have documented
persistent or newonsetmood disturbances (3e46%), sleep disturbances (3e27%), post-traumatic stress
disorder (6e43%), and headache (5e12%) [42]. In terms of neurocognitive function, Long COVID pa-
tients frequently display loss of short-term memory, episodic memory loss, and greater decline in
vigilance with time on task [43]. An in-depth study examining neurocognitive profiles in (predomi-
nantly white) patients referred for formal neuropsychiatric evaluations foundmild cognitive deficits on
tests involving attention, speed of processing, or executive function. At the time of testing, 35e40%
endorsed moderate to severe mood disturbances, and 85% were chronically fatigued. It is believed that
such patients would benefit from resources to manage mood and compensatory strategies to address
cognitive inefficiencies [44].

In addition to abnormalities in cognition, new onset or exacerbated disturbances of sleep including
un-restful and non-restorative sleep, delayed onset sleep, and frequent awakenings are not uncommon
[45]. Exacerbations of pre-existing mood disorders or new onset mood disorders as well as post-
traumatic stress are also common and may contribute to loss of quality of life [46].

Pain

Pain is prevalent but poorly characterized in Long COVID; it most frequently involves muscle, soft
tissues, joints, and the lower back as well as non musculoskeletal pain such as headache [32].
Epidemiologic studies vary widely in the prevalence of musculoskeletal pain (0.3% �61.5%) [47],
suggesting that ascertainment and documentation of painful states are not standardized. There is scant
data utilizing standardized clinical tools including structural musculoskeletal exams, tender points/
colorimetry, muscle strength testing, or musculoskeletal imaging including ultrasound. Clauw and
colleagues suggest that SARS-CoV-2 may be capable of inducing or exacerbating painful conditions via
5
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diverse mechanisms, though this is an area that remains poorly understood and in need of detailed
investigation [48].

Presently, there is no compelling evidence of a widespread inflammatory basis for such pains
despite rare cases of inflammatory arthritis and myositis reported as possible post-COVID sequelae
[28]. These should be viewed separately from the musculoskeletal pains that accompany the vast
majority of patients with Long COVID. The reCOVer Clinic at the Cleveland Clinic has, as of July 2022,
cared for over 2000 patients. Our anecdotal experience based upon patients with musculoskeletal pain
referred from the reCOVer Clinic has revealed that virtually all have been non-inflammatory, with
many bearing features of fibromyalgia. With this anecdotal background, two important questions loom
for rheumatologists that need to be addressed. First: does COVID-19 induce a state of central pain
sensitization with features of fibromyalgia? Second: what is the fate of patients with preexisting fi-
bromyalgia when they develop COVID-19?

In terms of the question of whether infections with SARS-CoV-2 can result in a fibromyalgia-like
syndrome, it is informative to note that a similar syndrome was reported in a small study of pa-
tients with Severe Acute Respiratory Syndrome caused by SARS-CoV-1 over decade ago [49]; chronic
pain syndromes have been documented up to 12 months after other infections as well, including Q
fever, Ross River virus, and Epstein-Barr virus [48]. A questionnaire-based study designed to explore
the evidence of central sensitization as a potential mechanism for pain in a cohort of patients identified
as having Long COVID revealed that 70.2% displayed evidence of such [50]. A single study in Italy using
a questionnaire-based approach to screen 616 patients with COVID-19 based on American College of
Rheumatology Survey criteria for fibromyalgia found that up to 30% of patients may satisfy such criteria
and, interestingly, were correlated with male gender and obesity [51]. Further characterization of such
patients using physical examinations, biomarkers and imaging is needed.With regards to the impact of
COVID-19 on patients with pre-existing fibromyalgia, the data are limited and somewhat mixed. One
study demonstrated adverse outcomes in women with pre-existing fibromyalgia [52], while another
study found that patients with pre-existing fibromyalgia did not experience an increase in incidence or
severity of Long COVID [53]. Clearly, further work is needed.

Other clinical manifestations of long COVID-19 important in rheumatology

Beyond the major categories discussed above, and as noted previously, there are a wide range of
other symptoms that have been ascribed to Long COVID, which have previously been reviewed
[31,32,54,55]. Breathlessness, cough, and dyspnea are common and, when present, require special
attentionwith careful consideration for underlining cardiac or pulmonary pathology. The algorithm for
evaluating such patients is complex and includes imaging and pulmonary function tests, followed by
more advanced studies including cardiopulmonary testing (CPT), which requires specialty referral
{Vehar, 2021 #2551}. Also of note in the context of the dominant Long COVID phenotype (fatigue with
post-exertional features, neurocognitive and neuropsychiatric complaints, and bodily pain) is the
variable presence of signs and symptoms consistent with postural orthostatic tachycardia syndrome
(POTS) [56e58]. Practitioners should actively screen for possible POTS in patients with post-acute
COVID syndrome symptoms by inquiring about lightheadedness, fainting, and rapid heartbeat, all of
which may be relieved by lying down [59]. Depending on the severity, such patients should be referred
for more detailed cardiovascular assessment.

Pathophysiology

The underlying pathophysiology of Long COVID is likely heterogeneous and has been extensively
reviewed [5,7,60]. The most prominent theories with therapeutic implications are summarized and
displayed in Fig. 1. First, it is clear that immune dysregulation is observed in a subset of patients with
Long COVID, characterized by persistent, albeit low grade, inflammation [61], dysregulation and
persistence of an interferon response [62], and a diverse autoantibody signature [63], all of which could
represent therapeutic targets. Unfortunately, at present, it is far from clear that these are drivers of the
disorder versus merely markers of disease presence or severity. Growing evidence of viral presence has
immediate implications for studying the effects of our increasing armamentarium of antiviral therapies
6
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Fig. 1. Proposed major pathogenic mechanisms in long COVID.
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[64]. Mounting evidence for a neuropathologic basis for cognitive dysfunction with evidence of
microglial activation [65] and evidence of viral-derived proteins in neural-derived exosomes [66] is
providing impetus for trials of anti-inflammatory or immunomodulatory medications, possibly in
combinationwith antiviral therapies. Finally, there is mounting evidence of autonomic dysfunction in a
subset of patients [58,67,68], though its origin is unclear. Current theories supported by variable de-
grees of evidence include autoimmunity, oxidative stress, and/or possible perturbation of the gut-brain
axis via dysbiosis. A full discussion of this topic is beyond the scope of this review but as leading
mechanisms include immunodysregulation leading to persistent inflammation and/or autoimmunity,
they form a basis for potential immune-based therapeutics and are logically of interest to
rheumatologists.

Prospects and challenges for therapy

General clinical approach

The role of rheumatologists in diagnosis and management of Long COVID generally occurs in one of
two settings. The first is when patients with chronic rheumatic diseases develop Long COVID, and the
second is when patients with rheumatic, immunologic, and or inflammatory Long COVID symptoms
are referred to rheumatology for further diagnosis and/or treatment.

With regards to the incidence and severity of Long COVID in patients with inflammatory rheumatic
diseases we are merely at the beginning of studying these populations. From early in the pandemic
{Leon, 2022 #1565} as well as more recently [29], persistent symptoms appear common in patients
7
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with inflammatory rheumatic diseases, though the lack of comparator groups makes this difficult to
quantify. At the minimum, rheumatologists should expect to see patients from their own practice with
lingering symptoms that need to be addressed. Of note the study by DiIorio et al. [29], previously noted,
also documented that rheumatic disease patients with COVID-19 frequently disrupted their disease
modifying therapies, and that disease flares were common. Though important information, we do not
consider this part of the Long COVID spectrum as it is explainable and generally manageable and
should be easily recognized.

Clinical evaluation

From the clinical perspective, a guiding principle is that not all patients with post-COVID symptoms
have Long COVID and as always, especially given the lack of diagnostic biomarkers or even current
classification or diagnostic criteria; a vigorous diagnostic work-up is indicated. Table 1 displays the
most common symptoms typically encountered in Long COVID patients along with the most common
differential diagnostic considerations. It is important to note that when asking patients about new or
exacerbated fatigue, it is critical to explicitly explore the specific features associated with this
complaint . Rheumatologists are familiar with fatigue as it is common and often severe in the setting of
inflammatory diseases [36]. Fatigue, however, is also clinically challenging; it lacks a formal consensus
definition and tools to measure it are both problematic and rarely used in clinical practice. Further,
complicating the evaluation of fatigue is its interrelationship with other variables such as pain, sleep,
mood, physical inactivity, and autonomic dysfunction - all of which are variably observed in both in-
flammatory disease states as well as Long COVID [36,69]. The fatigue described in Long COVID, when
clinically severe, is generally similar to that of other PAIS and ME/CFS in that it is associated with post-
Table 1
Long COVID e most common signs and symptoms.

System Symptom Differential/must rule out

Fatigue Post-exertional fatigue and/or
malaise

Anemia
Deconditioning

Musculoskeletal Joint pain
Myalgia
Diffuse pain

Central sensitization
Small fiber neuropathy
Inflammatory arthritis
Myositis

Neuropsychiatric Anxiety
Depression
Posttraumatic stress

Pre-morbid mood disorder

Neurocognitive “Brain fog”
Decreased concentration
Decreased reaction time
Impaired memory
Light sensitivity

Hypothyroidism
Autonomic dysfunction
Post-ICU syndrome

Sleep Insomnia
Hypersomnia
Unrefreshing sleep

Sleep-related disorders e sleep apnea, narcolepsy
Mood disorder
Medication effect

Autonomic Nervous System Orthostatic intolerance/autonomic
impairment
- Presyncope/syncope
- Dizziness
- Palpitations
- Hypotension
- Breathlessness
- Nausea

Dehydration
Orthostatic hypotension
Postural Orthostatic Tachycardia Syndrome
Small fiber neuropathy

Respiratory Shortness of breath
Dyspnea on exertion/exercise
intolerance

Asthma
Postviral reactive airways
Organizing pneumonia
Pulmonary embolus
Myocarditis
Pulmonary scarring from acute pneumonitis

8
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exertional exacerbation. As discussed above, fatigue that is greatly exacerbated by relatively mild to
moderate stress (be it physical, intellectual, psychologic, or even orthostatic in nature) should be
explicitly searched for in post-COVID patients with lingering symptoms. Pain is of course important,
but, as of now, while myalgia and arthralgia have been reported [47], frank articular complaints are
relatively uncommon; most pain by description appears to be non-inflammatory and consistent with
some form of central sensitization. Signs and symptoms of systemic inflammatory disease including
fever, significant weight loss, or features consistent with end-organ dysfunction (e.g., renal, hepatic,
and cardiac diseases) are not common in patients who have experienced only mild to moderate
infections.

Neurocognitive complaints are common in patients with Long COVID. These complaints are often
referred to as ‘brain fog’, which is an inadequate and potentially pejorative term considering it is a
source of both concern and stress. In general, while the neuropathological basis for this is still unclear,
there is no evidence that it is progressive with some reports supporting gradual resolution. The
relationship of mood with other complaints such as fatigue, pain, and neurocognitive dysfunction is
complex; since there exists an increase in intercurrent mood disturbances in the general population
during the COVID pandemic, this is only amplified in patients with Long COVID [70]. There are evidence
that Long COVID is also accompanied by varying degrees of social stigmatization that only amplify
subjective symptoms [18]When neurocognitive dysfunction is a source of significant distress or
concern, a referral for formal neuropsychiatric testing and management is indicated. As noted above,
the role of mood disorders in Long COVID is complex, and our understanding as to how it contributes to
the multisystemic illness as both risk factor and possible enhancer of other symptomatic domains is
evolving [71,72]. Screening for mood disorders with standardized instruments is of value, and referral
for treatment is indicated when clinically significant.

Finally, the role and value of extensive laboratory testing including the use of autoantibodies, serum
cytokines, flow cytometry, and beyond has no demonstrable value other than to rule out other diseases
that may be suggested by such tests. A recent in-depth study of clinical and laboratory features of
patients with unexplained post-COVID symptomatology performed at the NIH revealed a high burden
of symptoms, but extensive diagnostic evaluation revealed no specific cause in most cases [73].

Outside of the spectrum of Long COVID, there are rare reports of post-COVID occurrences of serious
flares of pre-existing immune-mediated diseases or, even rarer, new onset of symptoms that can
resemble some autoimmune or inflammatory diseases. The severity of some of these complications or
manifestations is also varied, ranging from benign and self-limiting features to life-threatening sys-
temic syndromes; the etiology is far from clear in the majority of cases. Such disorders are not within
the working framework of Long COVID, remain largely medically unexplained, and have been exten-
sively reviewed [74].

Therapy of long COVID

Presently, there is no specific therapy for the most vexing and common manifestations of Long
COVID including fatigue with post-exertional features, neurocognitive dysfunction, and somatic pain,
though there are principles of management largely drawn from the management of other medically
unexplained disorders. Above all, the goals of management must be patient-centered, focusing on
managing symptoms, self-efficacy, and improving quality of life. Progress is being made in building
consensus formanagement, butmuchwork needs to be done [2]. The CDC emphasizes the treatment of
comorbidities (i.e., medical and psychologic), goal setting, and establishing a rehabilitation plan [75].
The US Department of Veterans affairs has recently issued guidelines on the management of multi-
system illness, with a particular focus on unexplained fatigue, pain and neurocognitive complaints.
These guidelines emphasize the incorporation of holistic and integrative medicine practices such as
mindfulness, mind-body medicine, and some form of exercise, as well as the avoidance of therapies
attended by negative evidence from clinical trials or with potential for harm [76].

Many major health care institutions have opened multidisciplinary clinics for Long COVID patients;
at the Cleveland Clinic, the reCOVer clinic is seeing approximately 125 new patients per month [77].
Most clinics focus on accurate diagnosis combined with non-specific management of comorbidities
and referral to specialty services for clinically significant complications such as neurocognitive,
9
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neuropsychiatric, immunoautonomic, and cardiopulmonary complications [77]. For those patients for
whom fatigability is a prominent issue, referral to some type of cardiopulmonary rehabilitation pro-
gram and continued follow-up is indicated. Some degree of uncertainty, however, surrounds the type
of rehabilitative program that is optimal. There exists a long-standing debate in ME/CFS circles
regarding the risks and benefits of graded exercise, which is typical for physically deconditioned in-
dividuals, versus programs specifically tailored for patients with postexertional fatigue, in which ex-
ercises/activity programs are paced based on how patients feel [10]. A multidisciplinary consensus
guideline on assessment and treatment of fatigue in the setting of Long COVID by the American
Academy of Physical Medicine and Rehabilitation also recommends an individualized, structured, and
titrated return to activity program, which seems to support an approach in line with programs widely
utilized for ME/CFS [78]. The nature of fatigue with postexertional features is still poorly understood,
and it may be attended by signs of exertional oxygen desaturation and orthostatic intolerance,
underscoring the importance of consulting specialists for CPTwhen clinically significant. Merely telling
patients to push through their pain and discomfort rather than titrate their activities is often ill-advised
and may lead to postexertional exacerbation and loss of trust in their rehabilitation program.

Fortunately, studies on the natural history of Long COVID do appear to demonstrate gradual
improvement over time in unrefreshing sleep and fatigue in many but not all patients, with great
variability at the individual level [7]. There is also some evidence that neurocognitive symptoms may
linger longer and at times even intensify [79]. In others, there appears to be a waxing and waning of
symptoms which patients should be made aware of [2,80]. While there appears to be a small per-
centage of patients with Long COVID who have been observed to be profoundly and chronically
debilitated even several years into their course, this is not the norm in terms of our understanding of
the clinical course in the vast majority [80]. Even with this note of optimism, the significant burden of
Long COVD should not be minimized for those who are most seriously afflicted; considering the
prevalence, the disease must remain a national priority [2]. Finally, multidisciplinary Long COVID
clinics are not available to all, and thus medically underserved patients will lack equal access to such a
limited service.

We currently believe that in light of so many unanswered questions surrounding Long COVID, the
very nature of the clinical encounter and the biopsychosocial factors surrounding the patienteclinician
interaction are vitally important and can have meaningful effects on clinical outcomes including
quality of life and symptom improvements. Unfortunately, it is not uncommon in the care setting for
medically unexplained symptoms, particularly for those occurring in the absence of abnormalities on
physical examination and screening diagnostic studies, to be dismissed or minimized by families and
clinicians. This lack of support on the most basic level may lead to a clinical encounter attended by
toxicity, frustration, and despair [6]. By incorporating empathic communication, which provides
listening combined with validation and expungement of guilt, the mere nature of the encounter may
provide a positive therapeutic effect. The scientific bases for this is derived from the growing literature
in placebo science as recently discussed [81].

Experimental pharmacologic therapies

As there are no approved therapies for Long COVID, we are just at the beginning of a long process of
drug discovery. As of August 2022, there were over 280 registered studies focused on some aspect of
Long COVID, but most are epidemiologic or clinical discovery (www.clinincal trials.gov access date Aug
13th, 2022). The vast majority of therapeutic studies focus on integrative therapies (e.g., dietary
supplements, exercise rehabilitation including mind-body approaches, hyperbaric oxygen, cognitive
behavioral therapies, and many others); of these, most are unpublished or of limited design quality
compromising their interpretation. A recent well-designed randomized trial of hyperbaric oxygen
therapy in a cohort of 37 patients with Long COVID utilizing a sham control arm with documented
effective blinding describes statistically and clinically significant improvements in cognitive
function, fatigue, and pain. Importantly, MRIs revealed superior perfusion, which correlated with
clinical improvements [82]. These data, while intriguing, need to be replicated.

In terms of trials of pharmacologic agents, there are fewer than 30 randomized studies at some
stage of development [83] These are partially summarized in Table 2. It is telling that this list is so short,
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Table 2
Summary of pharmacologic therapeutics for long COVID currently registered (August 2022 www.Clinical Trials.gov).

Therapeutic Class Agent/Status Comment

Antivirals Nirmatrelvire anecdotal reports only,
no formal trials registered

Observational descriptions clinical improvement in
some [86]

Immunomodulatory
agents

Leronlimab -pilot study completed [87] Anti CCR5 receptor monoclonal antibody with the
improvement in some associated with modulation
of cell surface receptor expression- further trials
planned

Imatinib or infliximab Active drugs versus standard of care assessing
effects on quality of life; currently recruiting

IV methylprednisolone or IVIg Placebo-controlled trial for neuro Long COVID;
recruiting

Metabolic Agents AXA1125 An amino acid mixture with activity against
NASH** in a small RCT with primary endpoint of
fatigue

Miscellaneous agents [83] TNX102 (centrally active analgesic),
colchicine, statins, cell-based therapies,
glucocorticoids, antihistamines,
antithrombotics, and dietary
supplements

Some of these agents are novel, and some are
repurposed
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given the prevalence and public health needs surrounding Long COVID. This lack of effort likely reflects
the reluctance of the pharmaceutical industry to invest in a disease with so many unanswered
questions.

There are now emerging clinical reports, largely anecdotal and observational, of a variety of ther-
apies that should be interpreted with caution. Such observations include improvement in Long COVID
symptoms after subsequent COVID-19 booster vaccination [84]. Several classes of candidate pharma-
cologic therapeutics are listed in Table 2. Of particular interest are the role of the virus as a driver of
Long COVID (largely based on the emerging data for viral persistence in Long COVID-19) [85], as well as
a correlation of subsequent Long COVID with initial viremia of SARS-CoV-2 and Epstein-Barr virus in
the acute phase of infection [85]. There are now emerging anecdotal reports of improvement in Long
COVID in small numbers of patients following a course of oral nirmatrelvir, further supporting the
urgent need for randomized and placebo-controlled trials [86]. Based on the growing data surrounding
ongoing inflammation, as evidenced by modest but significant elevations of inflammatory cytokines
and persistence of dysregulated interferon signaling, there is growing interest in immunomodulatory
approaches to treatment; to date, there are no robust studies completed of any such agents. Finally, it is
important to note that, not surprisingly in a disease surrounded by so many unanswered questions at a
time of intense societal stress and controversy surrounding the infection itself, desperate patients are
seeking and receiving a myriad of unproven remedies.

Summary

Long COVID is a disease state of profound public health importance, which is yet early in its evo-
lution. Despite extraordinary progress being made in elucidating its pathobiology, numerous critical
issues remain unsettled. Most prominent among these issues are the lack of a uniform and widely
accepted set of classification criteria, diagnostic criteria, and diagnostic biomarkers. Patients are in
need of care now and rheumatologists will have to assess how they will approach and engage rheu-
matic disease patients who are afflicted. Furthermore, many of the most common disease manifes-
tations are domains well familiar to the rheumatologist, further emphasizing the important roles we
will need to play in order to further progress in the arena of Long COVID. Resources for comprehensive
evaluation and treatment are currently and will likely to remain inadequate to manage the vast ma-
jority of patients, resulting in practitioners in all specialties needing to “step up” and participate in
emerging care pathways. Finally, growing data support some role of viral immune interactions in
pathogenesis, thus yielding prospects of immune interventions which may be well suited to the
expertise of the rheumatologist.
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Practice points

� Long COVID is an emerging and growing health problem
� Long COVID remains without a universally accepted definition, diagnostic biomarkers, or
specific therapies

� The role of rheumatologists in Long COVID is still evolving

Research agenda

� Long-term prospective studies are needed to better define diagnosis, clinical endotypes and
risk factors for Long COVID

� Studies evaluating incidence, severity and clinical characteristics of Long COVID in patients
with immune-mediated inflammatory diseases are needed

� Placebo-controlled trials will be essential in discovering effective treatments for Long COVID
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