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The pathophysiology of postacute sequelae of
COVID-19 (PASC): Possible role for persistent

inflammation
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ABSTRACT \
Background: As the SARS-CoV-2-induced pandemic wanes, a substantial number of patients with acute Corona Virus-

induced disease (COVID-19 continue to have symptoms for a prolonged time after initial infection. These patients are said to have
postacute sequelae of COVID (PASC) or “long COVID”. The underlying pathophysiology of this syndrome is poorly understood
and likely quite heterogeneous. The role of persistent, possibly deviant inflammation as a major factor in comorbidity is suspected.

Objective: To review data that address the relative importance of inflammation in the pathophysiology spectrum of PASC
and to address how this would impact diagnosis and approach to therapy in patients identified as having such inflammatory
abnormalities.

Methods: A review of public databases, including PubMed, MeSH, NLM catalog, and clinical trial databases such as
clinicaltrials.gov.

Results: The literature supports a prominent role for various forms and types of inflammation in the pathophysiologic spectrum
of PASC. Such inflammation can be persistent ant CoV-2-specific responses, new onset autoimmune responses, or a loss of
normal immunoregulation resulting in widespread, sustained inflammatory pathologies that can affect both broad constitutional
symptoms (such as fatigue, neurocognitive dysfunction, and anxiety/depression) and organ-specific dysfunction and/or failure.
Conclusions: PASC is a significant clinical entity with similarities to and differences from other postviral syndromes. Significant
research efforts are ongoing to better understand specific aberrant inflammatory pathways present in individual patients for the
purpose of developing and implementing effective therapies and ultimately prophylaxis strategies to prevent the progression of
COVID-19 as well as likely future viral illnesses and pandemics.
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1. Introduction ended as of May 11, 2023, there are still almost one-half million
new cases per week still being reported [2].

Fortunately, the overwhelming majority of COVID patients
recover and return to their previous state of health within several
weeks after infection. A small percentage die of acute illness. As
the SARS-CoV-2 (CoV-2) virus-induced acute phase moves from
pandemic to endemic status, there are still lasting clinical effects
for a significant minority of infected individuals who have never
recovered completely (Fig. 1). This condition, termed postacute
sequelae of COVID-19 (PASC), also known as “long COVID,”
has afflicted a large number of patients, variably estimated at
between 10% and 40% of the acutely infected populations [3].

The devastation in lives, national and international economies,
and societies caused by coronavirus disease 2019 (COVID-19)
over the past 3+ years has caused varying levels of social disarray
and destruction on a global scale [1]. The morbidity and mor-
tality risk for the illness caused worldwide shutdowns that have
had a severe adverse clinical impact. According to the World
Health Organization, as of mid-May, 2023, there have been
over 765 million reported global COVID cases, with almost 7
million deaths. Even though the pandemic has been declared
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tions, the enigmas of effectively caring for these patients con-
front health care providers regularly. This review is focused on
the role that aberrant inflammation may play in at least some
patients with PASC and provides a theoretical rationale for
diagnosis and treatment of the inflammatory mechanisms that
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Figure 1. Clinical outcomes from developing COVID-19. The major outcomes throughout the pandemic have consistently been that the majority of patients who
develop COVID-19 resolve their acute symptoms with little or no long-term comorbidities. The mortality rate from acute infection has dropped significantly during
the course of the pandemic but still occurs in susceptible patients. The rate of postacute sequelae of COVID-19 (PASC) may be diminishing but still affects an

alarming percentage of patients who developed acute COVID-19.

by their constitutional components—persistent, often debili-
tating fatigue [5], neurocognitive dysfunction including con-
centration and attention deficits as well as what is commonly
called “brain fog” [6], and signs and symptoms from end-organ
dysfunction [7] (Table 1). These signs and symptoms lasted far
longer than the 7-14 days typically associated with the acute
illness. Initially, the American definition was based upon clinical
signs and symptoms that last for 30 days or more after initial
infection whereas the World Health Organization definition uti-
lized a 120-day after-initial presentation window [8]. As time
has progressed, clinicians and researchers are working dili-
gently towards establishing a consensus definition [9]. Current
efforts are centering around the duration of new or persistent
symptoms for 2 months that occur 120 days or longer after the
last infection and cannot be otherwise explained by an alter-
nate diagnosis [10]. The PASC definition is also evolving since
a significant number of patients have recurrent episodes of new
COVID symptoms that may or may not completely resolve over
the subsequent several weeks.

The reported clinical phenotypes of PASC vary widely [11].
Estiri et al. [12] used a nonhospitalized PASC cohort and

78

identified 33 distinct phenotypes. This further complicates the
definition as not all PASC patients have all the clinical mani-
festations. What does seem to be common among patients with
PASC are the components of fatigue, neurocognitive dysfunc-
tion, anxiety, depression, muscle pain and/or weakness, and
dyspnea [13]. Other symptoms, that are either exacerbated (if
preexistent before initial CoV-2 infection) or new onset, include
major organ dysfunction such as lung inflammation and fibrosis
[14], cardiac dysfunction such as acute myocardial infarction
and myocarditis [15], hepatitis [16], kidney failure [17], new-on-
set diabetes mellitus [18] and other less common organ-specific
manifestations [19]. Multiple reports indicate the common
presence of dysautonomias which can manifest as postural
orthostatic hypotension, cardiac dysrhythmias, gastrointestinal
motility disorders, and others [20]. Other clinical manifestations
suggest a mast cell activation syndrome (MCAS)-type picture in
some patients [21].

Although proposed from mostly retrospective studies, certain
risk factors for developing PASC have been observed [22]. These
include gender (female), age (over 50), severe acute COVID-19,
obesity, lifestyle factors such as smoking, immune compromised
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status (rheumatologic, organ transplant recipients, and oncol-
ogy patients, etc.), type 2 diabetes, and multiple other chronic
medical conditions [23]. Significant research efforts have been
invested into correlating clinical risk factors with specific phe-
notypes [24]. No specific consensus has yet been reached to
provide associations that might be useful clinically to rapidly
diagnose and treat specific patients. Efforts are currently ongo-
ing to generate regional and ultimately global consensus on defi-
nitions for the purpose of understanding pathophysiologies and
developing effective therapies.

3. Inflammation and PASC

Multiple theories have been advanced to explain the pathophys-
iology of PASC. Emerging data indicate that PASC is actually a
syndrome rather than a specific disease entity due to the mul-
tiple clinical phenotypes, variable duration of symptoms, and
response to specific interventions [25]. The majority of PASC
patients appear to recover partial or full baseline function over
time (weeks to a few months). However, significant numbers
of patients continue to have debilitating symptoms for months
and now years after initial presentation [26, 27]. The origin of
these dysfunctions may vary from direct CoV-2-mediated viral
damage (with consequent organ parenchymal destruction and/
or dysfunction) [28] to reactivation of latent viruses (such as
Epstein Barr virus) which can produce their own symptom
spectrum due to defined pathophysiology [29] to hemostasis/
coagulation pathway abnormalities causing thrombotic events
even remotely from the initial presentation [30]. Multiple
reports indicate that an alarming number of patients have evi-
dence of persistent CoV-2 viremia long after initial presentation.
This appears to be more common in PASC patients than those
COVID patients who have totally recovered from their acute
illness.

What is common with all (or at least most) proposed patho-
physiological mechanisms of PASC is the effects of aberrant
inflammation [31]. This may well include excessive inflamma-
tion during the initial infection which was proposed as a major
morbidity and mortality risk factor in acute COVID, especially
earlier in the pandemic [32], that causes end-organ damage, par-
ticularly cardiopulmonary. As data emerge in the phenotyping
of PASC patients, the continued presence of signs, symptoms,
and biomarkers typically associated with inflammatory dis-
orders past the acute phase of COVID is commonly observed
[33]. Accordingly, three different mechanisms related to inflam-
mation have emerged to explain at least some of the signs and
symptoms of PASC (Fig. 2). These include continued innate and
adaptive immune responses to persistent CoV-2 virion and/or
viral peptides [34], autoimmune mechanisms from loss of nor-
mal regulatory networks and/or molecular mimicry [35], and
a more generalized loss of immunoregulatory pathways which
allows persistent and/or excessive adaptive and innate inflam-
mation with subsequent pathological consequences [36]. It
is likely that these mechanisms represent more of a spectrum
rather than distinct categories.

3.1. Immune response against persistent CoV-2 antigens

The presence of persistent CoV-2 viral antigens has been
reported since shortly after the beginning of the pandemic [37].
Initially, these positive tests were largely considered to be due to
infectious virions, and prolonged isolation was proposed until
PCR tests became negative. As the pandemic progressed, studies
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emerged that showed evidence of persistent virion and/or viral
antigen in various body fluids and tissues from both asymptom-
atic and PASC patients [38, 39], typically at a frequency higher
than that seen in fully recovered COVID patients. The presence
of viremia in PASC patients, particularly those who show per-
sistent clinical biomarkers of excessive inflammation and adap-
tive immunity, could be a target for intervention with specific
antiviral compounds [40] or more general interventions that
increase host antiviral resilience [41].

3.2. Autoimmune mechanisms

The similarities between clinical manifestations of PASC and
those of many distinct autoimmune diseases are remarkable
[42]. Patients who develop PASC have been reported to develop
new-onset autoimmune disorders, including systemic lupus
erythematosus, immune thrombocytopenia purpura, autoim-
mune thyroid diseases (Grave’s and Hashimoto’s), Guillain-
Barre syndrome, and others [43]. The mechanisms responsible
for this association in these patients have not been defined but
several possibilities have been advanced. A fundamental mech-
anism that has long been proposed is molecular mimicry [44].
When viral proteins share some homogeneity with self-proteins,
aberrant self-reactive clones can emerge through cross-reac-
tive sensitization or become active through dysregulation [45].
Candidate molecules have included some heat shock proteins
(HSP) [46] which, when the individual cells are stressed by the
effects of CoV-2 infection, can initiate autoimmune sensitization
[47]. Marino Gammazza et al. [48] compared CoV-2 proteins
with human HSP seeking the degree of homogeneity. They did
sequence analysis on over 20,000 human proteins and compared
them to the protein libraries of CoV-2 virions. There were 3781
human proteins that shared at least six amino acid sequences
with CoV-2 proteins. Of those, 17 were molecular chaperones
consistent with HSP. This would be a plausible explanation
for various autoimmune manifestations in many patients with
PASC. Other mechanisms involved with autoimmune diseases
relate to complement activation by immune complexes that
may occur with viral as well as autoantigen-induced antibod-
ies binding in critical ratios (relative antigen access) to induce
inflammatory organ pathology as well as many of the observed
constitutional symptoms characteristic of PASC.

3.3. Generalized immunoregulatory dysfunction

There are still PASC patients who do not fit into the persistent
CoV-2 infection or autoimmune categories because of a lack of
diagnostic criteria yet still show signs, symptoms, and biomark-
ers of persistent inflammation [13]. Other viral illnesses have
been associated with nonspecific immune activation of both
innate and adaptive mechanisms [49]. Accordingly, in acute
illness, inflammatory phenomena such as cytokine storms can
create significant morbidity and mortality both acutely [50] and
with longer-term sequelae [51]. Production of inflammatory
biomarkers such as interleukin (IL)-1p, IL-6 and tumor necrosis
factor-a, IL-10, and transforming growth factor-f3 can all con-
tribute to both innate and adaptive immune dysregulation with
subsequent persistent inflammatory damage.

3.4. Mast cells and PASC

Mast cells (MCs) are innate immune cells located in various
tissues throughout the body, particularly plentiful in and about
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Figure 2. Persistent inflammation hypothesis for PASC. In this model, patients who develop COVID-19 and continue to have symptoms associated with the
acute illness (either worsening or preexisting comorbidities or new onset) for at least 12 weeks with no other clinical explanation. The persistent inflammation
may be a result of a prolonged innate and/or adaptive immune response to viral antigen from sequestered SARS-CoV-2, autoimmunity against a variety of
self-antigens that may or may not have rheumatologic presentations, and/or a generalized dysregulation of multiple immune mechanisms resulting in unregu-
lated, persistent inflalmmatory changes. Clinical manifestations may be constitutional such as persistent, debilitating fatigue and/or neurocognitive dysfunction
including concentration and attention deficits as well as “brain fog or a variety of inflammatory mediated end organ dysfunctions.

mucosal surfaces. They possess multiple cell-surface receptors
which react to various stimuli and, after activation and subse-
quent degranulation, release multiple mediators either immedi-
ately from preformed granules within a few hours or a longer
interval associated with new mediator synthesis. These media-
tors include histamine, heparin, various cytokines, prostaglan-
dins, leukotrienes, and proteases, particularly, various isoforms
of tryptase [52]. There is a spectrum of clinical symptoms asso-
ciated with MC activity, from simple allergic rhinitis to various
forms of asthma, allergic skin diseases, and systemic reactions
to generalized MC degranulation called anaphylaxis. Clinical
symptoms associated with excess numbers of MC, either sys-
tem-wide or in specific organs, are termed mastocytosis [53].
However, there is a category of illnesses associated with varying
clinical symptoms of MC activity termed MCAS. In the vari-
ous clinical presentations of MCAS, excessive amounts of MC
mediators are released in response to a variety of triggers that
may be clinically evident or hidden (idiopathic). Biomarker
profiles have been proposed to differentiate various forms of
MCAS [54]. Such classifications are useful for optimal diag-
nosis, accurate prognosis, and optimal therapies. Some PASC
patients have presented with clinical manifestations of excess
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MC activity, including pruritus and urticarial-type rashes
[55], GI symptoms including nausea, vomiting, and abdomi-
nal cramping with or without diarrhea [56], and others. It has
been hypothesized that, in susceptible patients, COVID may
have exacerbated existing (but undiagnosed) MCAS [57]. It has
also been suggested that COVID can produce sustained acti-
vation of previously normal MC owing to the persistence of
viral particles with subsequent but ongoing MC activation due
to complement activation from CoV-2-antibody immune com-
plexes [58]. It is tantalizing to consider the possibilities associ-
ated with therapies directed at excessive MC activity in patients
whose clinical presentation supports the approach. Various
combinations of antihistamines (either H1 or H2 antagonists
or inverse agonists), leukotriene modifiers, MC stabilizers, and/
or systemic corticosteroids may all play therapeutic roles in
some of these PASC patients [59, 60].

3.5. Potential role of CoV-2-specific vaccines in PASC

No discussion about aberrant inflammatory pathways in a post-
viral syndrome like PASC would be complete without a mention
of the possible role of vaccines. Varying reports (usually very
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small studies or case series) have provided varying perspectives
about the risk for PASC after CoV-2-specific vaccines, with
some reporting increased risk and others reporting protection
[61]. Ceban et al. [62] recently reported a systematic review
and meta-analysis of the relative risk for vaccinated vs unvacci-
nated COVID patients to develop PASC. Their analysis demon-
strated that, for over 250,000 patients assessed, the odds ratio
for vaccinated patients progressing to PASC was 0.539, indicat-
ing a significant protective effect. Further, for individuals who
already had PASC and were subsequently vaccinated, no sig-
nificant adverse effects of the vaccine were evident. These data
may be useful going forward to encourage vaccination (and
likely booster vaccines) to actually prevent PASC, particularly
in at-risk populations. Further, it would suggest that those who
already have (or had) PASC should be reassured of the lack of
increased risk of subsequent vaccination.

4. Approach to identifying pathophysiology in
specific patient groups

Given the clinical sign and symptom similarities that occur in
PASC patients, identifying specific pathophysiology in specific
groups of patients as well as individuals is a daunting chal-
lenge. It is important to develop the necessary approaches to
ultimately provide guidelines and evidence-based support to cli-
nicians who care for these patients. However, many of the spe-
cific biomarker assessments for inflammation described above
are not readily available in clinical settings. There are several
options that can provide some direction as to the underlying
inflammatory pathophysiology contributing to the morbidity of
PASC in individual patients.

Perhaps the issue that can be addressed most readily is assess-
ing the level of inflammation in individual PASC patients. There
are multiple clinical tests that have abnormal results associ-
ated with a state of persistent inflammation [63]. These include
assessments for C-reactive protein, erythrocyte sedimentation
rate, D-dimer, procalcitonin, D-dimer, IL-6, troponin, and cre-
atine kinase. Persistent elevations in these levels can suggest the
presence of generalized or organ-specific damage with subse-
quent inflammation.

Assessment for autoimmune biomarkers can be accom-
plished in a focused fashion based on clinical presentation.
Autoantibody blood panels, beginning with an assessment for
the presence of antinuclear antibodies and subsequent specific
autoantibodies such as anti-dsDNA, anti-Sm, and antiphospho-
lipid antibodies often grouped by clinical laboratories as a lupus
panel. Disease activity can be assessed by clinical symptoms and
assessment of complement components (C3, C4) as these are
often decreased with increased disease activity. For patients with
significant constitutional symptoms, screens for thyroid func-
tion along with antithyroid antibodies (antithyroid peroxidase,
antithyroglobulin, and antithyroid stimulating hormone recep-
tor) may be useful.

Susceptibility and clinical course of PASC in immune-com-
promised patients have been reported to be more severe, and
prognostic outcomes are more guarded [64]. Thus, it is reason-
able to assess the overall immune competence of each individ-
ual PASC patient, including total isotype levels (IgG, IgA, and
IgM), complement screen (CHS50 or CH100), complete blood
count to confirm adequate numbers of immune cells, determi-
nation of total T cell (CD3), as well as subpopulations (CD4,
CD8), NK (CDS56), and B cells (CD20). Abnormalities should
be further investigated in the context of new types of infections
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since initially developing COVID, serological evidence of recur-
rent herpesvirus (HSV, CMV, EBV, and VZV). If an immune
deficiency is discovered, then it becomes imperative to address
the mechanism and determine whether the immunodeficiency
occurred before or after the initial CoV-2 infection.

5. General therapeutic principles to address
suspected inflammation in PASC

The challenge of a therapeutic plan for PASC is that most care
has been largely supportive with the hope and expectation that
the patient will eventually improve over weeks to months [23].
Of course, if there is significant end-organ dysfunction that can
be identified, focused therapy to address the organ pathology is
appropriate. However, when PASC patients present with new
onset or exacerbated conditions such as fatigue, malaise, neu-
rocognitive dysfunction, and dysautonomia, often little if any
definitive therapy can be offered which is itself a source of anx-
iety and frustration for patients and families [65].

In terms of addressing the inflammatory components of
PASC, if evidence of persistent CoV-2 antigens is present, an
effort for aggressive antiviral therapy may be useful. Studies
(directed by Sing et al at Stanford University in California USA)
are underway to determine whether treatment with nirmatrelvir
+ ritonavir (Paxlovid) for 15 days (as opposed to the usual 5
days for an acute infection) can have positive effects on symp-
toms in PASC patients [66]. A similar study, led by Krumholz
et al., is ongoing at Yale University in New Haven, CT, USA
looking at the effects of 15 days of nirmatrelvir + ritonavir com-
pared to ritonavir placebo on scores from the PROMIS-29 ques-
tionnaire reflecting overall clinical condition [67]. Clinical trials
for PASC using other antivirals that target either the CoV-2
virus or reactivated herpesviruses associated with PASC have
been the subject of multiple reports. Results are mixed possi-
bly due to variations between study populations, stages (dura-
tion) of PASC pathophysiology, and distinct therapeutic agents
being tested. Significant global research efforts are attempting
to define the role of specific antivirals in the treatment of PASC.
Similar approaches for the treatment of autoimmunity in PASC
patients are aimed at lowering the accompanying inflammatory
profiles typically observed in other patients with autoimmune
disorders not associated with COVID or PASC. While this
does not specifically address the role of CoV-2 directly, it is an
approach designed to induce or hasten the achievement of clini-
cal control in these patients. Given that we are only slightly over
3 years since the pandemic began, it will take time to determine
the nature of new-onset autoimmune diseases post-PASC com-
pared to standard cases that are part of our clinical care systems
and how these new cases behave over prolonged periods of time.

Studies have also been initiated to address more generalized
inflammation not specifically associated with a single etiology
in PASC patients. A clinical trial (PLEXCOVIL), led by Bennani
et al. from France, is studying the effects of plasmapheresis on
constitutional symptoms of PASC patients, including fatigue,
postexertional malaise, dyspnea, headache, myalgia, neurocog-
nitive impairment, anosmia/ageusia, and anxiety/depression as
3 months and 6 months after study initiation [68]. A clinical
trial led by our group collaborating with nine other US medical
centers is examining the role of Immulina [69], a commercially
available dietary supplement derived from the Spirulina cya-
nobacterium with reported immunomodulatory properties, on
inflammatory biomarker profiles (C-reactive protein, D-dimer,
and IL-6) in PASC patients experiencing persistent fatigue,
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neurocognitive impairment, and/or dyspnea. The 8-week place-
bo-controlled study seeks to determine whether Immulina can
normalize the inflammatory biomarker profile and whether such
changes correlate with clinical symptom questionnaires [68].

Given the recognition of inflammation that plays a signifi-
cant (if not always primary) role in PASC pathophysiology, it
is not unexpected that studies have been performed to assess
the potential clinical value of immunosuppressive agents. An
ongoing phase 2 trial is investigating the effects of RSLV-132,
an IV-administered enzymatically active ribonuclease designed
to digest the RNA in autoantibodies and immune complexes
to render them inert and (presumably) nonpathogenic in PASC
patients, on fatigue as measured by the PROMIS Fatigue 7a
questionnaire after 71 days [70]. Another currently active trial
from Cleveland Hospital is examining the anti-inflammatory
effects of vitamins K, (MK-7) and D, in PASC patients who
show blood evidence of increased inflammatory mediators.
Primary outcomes are changes in serum inflammatory biomark-
ers correlated with blood levels of vitamins K, and D, as well as
clinical PASC symptom assessment [71].

6. Future directions

Both clinicians and researchers agree that substantial percent-
ages of patients who have developed acute COVID-19 go on
to develop PASC of varying severity with variable degrees of
morbidity for varying periods of time. The majority of PASC
patients appear to resolve their symptoms over several months
but a substantial proportion still have symptoms months and
now years later. There is no consensus on an approach to care
for these patients other than a supportive approach with the
hope that their symptoms will ultimately resolve. Given the rela-
tively short duration of the pandemic, it is not yet clear whether
there will be an increased mortality risk for PASC patients but
questions such as this need to be addressed. Building consensus
definitions for the spectrum of this illness is still in its infancy,
and, accordingly, an approach to diagnosis and therapy is still
under development. Large registry studies such as the US NIH-
funded RECOVER (REsearching COVid to Enhance Recovery)
study are designed to gather large amounts of prospective and
retrospective longitudinal information on PASC patients com-
pared to fully recovered COVID patients and COVID-negative
controls. The study is aimed at understanding risk factors for
PASC compared to non-PASC patients and prospectively follow-
ing acutely infected COVID patients to determine the factor(s)
that may lead to progression to d/or the factors that would pro-
tect against developing PASC. The study design will ultimately
be based upon principles of precision medicine that will look for
molecular-omics-based patterns that are impacted by environ-
mental influences and personal choices that could impact risk.

In the interval, until such studies produce actionable data,
the approach to diagnosis and management should seek to
identify underlying pathologies as potential therapeutic targets.
This is particularly true for inflammation-based pathophysiolo-
gies. Learning lessons from other postviral syndromes [72] can
inform therapeutic directions for the ultimate benefit of afflicted
patients.
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