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 The purpose of this content is to help SLPs better understand the medical 
underpinnings, current theories, and considerations for assessment and 
management of post-acute sequelae of COVID-19 (PASC) or Long-COVID. PASC, or 
Long-COVID, is an emerging condition and is not well-understood. This information 
is current as of March 2022 and is likely to evolve or change as our understanding of 
PASC changes and more research emerges. 

 PASC, or Long-COVID, refers to lingering symptoms following acute SARS-CoV-2 
infection that are not explained by any alternative diagnosis. These symptoms
usually occur three months from the onset of COVID-19, although there is reported 
variability ranging from four weeks to longer than three months and lasting for at 
least two months (World Health Organization, 2021). Individuals living with PASC 
and who are not currently experiencing an acute SARS-CoV-2 infection are not 
infectious to others. These symptoms can be novel (not experienced during the 
acute infection) or ongoing and can last weeks, months, or even years after the 
individual is first infected. These symptoms can occur in anyone that has had 
COVID-19 regardless of severity (mild, moderate, severe), hospitalization, or 
mechanical ventilation status (Dixit et al., 2021; Iqbal et al., 2021; Townsend et al., 2021; 
Rello et al., 2021). Symptoms can occur for both pediatrics and adults and can be 
debilitating. According to the World Health Organization (2022), over 300 million 
people worldwide are recovering from COVID-19 and the long-term public health 
impact and associated financial burden are expected to be profound (Komaroff & 
Bateman, 2021).

INTRODUCTION

SYMPTOMS OF PASC OR LONG-COVID

 A meta-analysis of 15 studies conducted by Lopez-Leon et al. (2021) found that 80% 
of COVID-19 survivors exhibited at least one post-COVID-19 symptom. The following 
symptoms can be seen in different combinations (Centers for Disease Control and 
Prevention, 2020; Dixit et al., 2021; Lechien et al., 2020; Mao et al., 2020; McGrath et al., 
2020; Ortelli et al, 2021; Scala & Pacelli, 2020; Wall, 2021; Yelin et al., 2022): 
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 While the pathophysiology of PASC is not well understood at this time, theories 
relating to ACE-2 receptor cells, hyperinflammatory state, oxidative stress, cytokine 
storm syndrome, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) 
trigger, and DNA damage have all been proposed (Bektas et al., 2020). A basic 
introduction to these theories is outlined below. Post-Acute Sequelae of COVID-19 
(PASC): Part 2 will take a deeper dive into how these proposed theories can impact 
voice, respiration, swallowing, and cognitive-linguistics.

ACE-2 RECEPTORS & CYTOKINE STORM

 Angiotensin-converting enzyme 2 (ACE-2) is a protein that is present on the 
surface of many cell types. ACE-2 generates smaller proteins by cutting up the 
larger protein angiotensinogen, which then go on to regulate functions in the cell. 
ACE-2 receptor proteins have a relatively large expression in the tissues of the vocal 
folds, respiratory tract, chest, and abdomen. ACE-2 is also expressed in neurons 
and glial cells. ACE-2 acts as the receptor for the SARS-CoV-2 virus and allows the 
virus to infect the cell (Camargo-Martínez et al., 2021). When cells expressing ACE-2 
are infected, the cells undergo pyroptosis, a regulated form of cell death. This 
causes a release of damage-associated molecular patterns that in turn trigger pro- 
inflammatory cytokines and chemokines. 

CURRENT THEORIES REGARDING THE MECHANISMS 
BEHIND LONG-COVID SYMPTOMS
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DNA DAMAGE

 The initial stage of SARS-CoV2-induced acute respiratory distress syndrome (ARDS) 
is characterized by a massive production of inflammatory cytokines, known as a 
cytokine storm (Tay et al., 2020). This causes a pro-inflammatory feedback loop, as 
cytokine proteins attract monocytes, macrophages, and T cells to the site of 
infection, promoting further inflammation. This pro-inflammatory response 
continues overproduction of cytokines. Bektas et al. (2020) hypothesizes that 
prolonged elevation of cytokine production and diminished immune response 
following COVID-19 infection can result in destabilization of the homeostatic 
mechanisms at the cellular level leading to chronic hyperinflammation. This chronic 
hyperinflammatory state can then lead to damaged organ infrastructure, increased 
vascular permeability, vascular paralysis, and hypovolemic shock. Hypovolemic 
shock is a form of shock, caused by low volume of blood plasma, which can result in 
rapid heart rate, confusion, weakness, fatigue, diarrhea, vomiting, and insufficient 
blood flow to organs. Hypovolemic shock can lead to multi-organ failure. 
Unpublished data from the University of Mons Anatomy Department (Lechien et al.,
2020) suggests high expression of ACE-2 in the epithelial layer of the vocal folds in 
patients known to be infected with COVID-19. This data could explain the etiology of 
some of the symptoms associated with PASC in the realms of voice, respiration, 
swallowing, and GI (Lechien et al., 2019; Lechien et al., 2020). Extrapolation of this 
data could also explain the reported neurological manifestations.

SARS–CoV–2 is an enveloped single positive–sense RNA virus. Genetics of each 
individual play a key role in susceptibility, individual response, and severity of SARS- 
CoV-2 infection (COVID-19 Host Genetics Initiative, 2021). According to Jiang and Mei 
(2021), the RNA proteins from SARS-CoV-2 virus dysregulate the host cells, affect 
lymphocyte numbers, cause significantly lower T-cell manifestation, and delay IgG 
and IgM levels resulting in suppressed adaptive immunity. According to Bektas et al. 
(2020) this results in excess oxidative stress, metabolic dysfunction, and DNA 
damage. They hypothesize that these factors may trigger cellular senescence or 
frailty, which they term inflammaging. According to Reddel (2010), cellular 
senescence results as an immune response to a viral infection that endanger DNA 
integrity. The role of adaptive immunity will be addressed further in Post-Acute 
Sequelae of COVID-19 (PASC): Part 2.
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 Some of the other symptoms seen with PASC are strikingly similar to those seen in 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) (Komaroff & 
Bateman, 2021; Poenaru et al., 2021; Wong & Weitzer, 2021). ME/CFS is a chronic 
multi-system illness that is exacerbated by stress or exertion in the absence of any 
significant clinical findings. Symptoms of ME/CFS include profound fatigue, sleep 
disturbances, neurocognitive changes, orthostatic intolerance, and post-exertional 
malaise (PEM; Campen et al., 2021; Dixit et al., 2021). PEM is considered a 
distinguishing feature of ME/CFS and refers to worsening of symptoms following 
physical, cognitive, or emotional exertion. PEM symptoms include brain fog, malaise, 
anomia, pain, flu-like symptoms, and worsening of other associated symptoms 
resulting in a crash. A patient may be unable to recover from a crash for anywhere 
from 24 hours to a few weeks. These crashes can keep individuals from completing 
their ADLs and IADLs. ME/CFS is thought to result from the dysregulation of 
multiple systems in response to a particular trigger and has previously been 
associated with Epstein-Barr virus, influenza, and other coronaviruses. There are 
important similarities between the symptoms of PASC and ME/CFS. In research 
from Campen et al. (2021), data suggests that SARS-CoV-2 infection acts as a trigger 
for the development of ME/CFS and patient reports from COVID-19 long-haulers 
report very similar symptoms. There is currently insufficient evidence to establish 
COVID-19 as an infectious trigger for ME/CFS but further research in this area would 
be warranted.

 Implications of the theorized connection between PASC and ME/CFS include a 
disheartening prognosis for those with PASC. The prognosis of ME/CFS is variable 
and most patients never regain their premorbid level of health or functioning. They 
may show some improvement over the first five years of the illness and then usually 
plateau below baseline function level (Nisenbaum et al., 2000; Reynolds et al., 2004). 
In research from Jammes et al. (2005), oxidative stress and muscle membrane 
excitability was shown to be related to graded exercise for individuals with ME/CFS. 
Oxidative stress has been linked to cancer, cardiovascular disease, neurologic 
diseases (e.g., Parkinson's disease, Alzheimer's disease (AD), amyotrophic lateral 
sclerosis (ALS), multiple sclerosis, depression, and memory loss), respiratory disease, 
rheumatoid arthritis, and kidney disease (Pizzino et al., 2017). Based on this, 
prolonged public health implications from the COVID-19 pandemic and PASC may 
include higher prevalence of these specific sequelae resulting in increased long- 
term healthcare needs. Further research in these areas would be beneficial to 
identifying and shaping appropriate assessment and rehabilitation approaches. 

MYALGIC ENCEPHALOMYELITIS/CHRONIC FATIGUE SYNDROME
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SPECIAL CONSIDERATIONS

 According to Brown et al. (2021), given the clinical complexity and unknowns surrounding 
PASC, safe and effective rehabilitation approaches should center on educating individuals 
to resume everyday activities conservatively. Goals of treatment may include a) 
improvement of current symptoms, functioning, and quality of life, b) counseling patients 
on coping with the emotional impact of loss of function, c) validation of the patient’s 
experience, and d) prevention of worsening symptoms (Bested & Marshall, 2015). Physical, 
cognitive, and emotional exertion should not be pushed to the point of symptom 
exacerbation. 

 Intensive treatment is not recommended for individuals with PASC, especially if they are 
continuing to experience autonomic dysfunction and/or post-exertional symptom 
exacerbation. Intensive rehabilitation with these individuals can possibly cause iatrogenic 
harm, or adverse effects, caused by medical treatment and prolong their recovery. Black 
and McCully (2004) found that systematic increases in exercise for these individuals resulted 
in reports of increased length of fatigue, increased muscle pain intensity, and decreased 
mood.  Jammes et al. (2005) and Jason et al. (2013) suggest that use of incremental or 
graded exercise and cognitive behavioral therapy (CBT) has variable results for individuals 
affected by ME/CFS and have been reported to make individuals with ME/CFS feel “much 
worse.” Bested and Marshall (2015) also caution against both intensive and incremental 
exercise, suggesting that education on pacing of activities with built in rest can result in 
better improvements in functionality for patients with ME/CFS.Unpublished data collected 
at the University of Vermont Medical Center (2022) suggests treatment techniques that 
focus on educating patients on energy conservation, such as Spoon Theory (Miserandino, 
2003) or Energy Envelope Theory (Jason et al., 2008), and working with the patient to 
schedule out their day to avoid symptom exacerbation have been reported by patients to 
be particularly salient and effective. 

MYALGIC ENCEPHALOMYELITIS/CHRONIC FATIGUE SYNDROME

 Many individuals living with PASC report symptom flare-ups. These flare-ups or relapses in 
symptoms appear to be related to post-exertional symptom exacerbation (PESE)/PEM. 
Flare-ups can show up 12-48 hours after over-exertion and last for hours, days, or longer. Due 
to the significance of PESE/PEM, evaluation and intervention may need to be broken up 
across multiple sessions. Individuals may benefit from fewer sessions, shorter sessions, and 
focus on energy conservation techniques, meta-cognitive strategy implementation to 
reduce overall cognitive load, relaxation breathing, and gradual return to daily tasks (Brown 
et al., 2021). Patients may be incredibly reluctant to build rest time into their day-to-day and 
often think they will never get anything done with a pacing approach. In a small qualitative 
study conducted by Pemberton and Cox (2013), patients with ME/CFS expressed negative 
feelings towards rest and sought to push their activity levels, leading to recurring cycles of 
PESE. Determine how your patient with PASC engaged with activity and inactivity before 
the condition and how this may impact their mental health symptoms when implementing 
energy conservation techniques. Consider referrals and inter-professional practice with 
qualified mental health professionals. 
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 It is important to learn which activities or tasks activate an individual’s symptoms to flare- 
up, so that the individual can learn to limit these activities, lighten the workload, and avoid 
prolonging recovery. It may be helpful to have your patient identify 1-3 primary symptoms 
and grade them using a 10-point severity scale (like the one below) to grade their primary 
symptoms at rest, during, and after an activity (physical, mental, and emotional). Ask them 
to identify if their symptoms change following a break, relaxation activity, or some deep 
breathing.

(Symptom Severity Scale image created by this author)

Consider having patients keep a very simple activity tracker (World Physiotherapy, 2022) in 
order to help better identify triggers for PESE/PEM. This will allow both the patient and the 
clinician to determine effective ways to pace activities and build in appropriate rest periods.
Note: Individuals who meet the case definition criteria for PASC or Long-COVID in the 
absence of having a positive SARS-CoV-2 test should not be excluded from receiving 
integrated multi-disciplinary assessment and management services from specialists for 
symptom management. Many individuals who are living with ongoing COVID-19 symptoms 
may not have been tested, particularly if they were infected early during the pandemic 
(National Institute for Health and Care Excellence (NICE) et al., 2020).

CULTURAL CONSIDERATIONS

 There are disproportionate rates of COVID-19 infection reported along racial/ethnic lines. 
This is likely a result of higher rates of underlying chronic conditions in minority 
racial/ethnic groups due to how systemic racism within healthcare leads to poor health 
outcomes for minority groups (Muratori Holanda et al., 2021). Risk factors associated with 
developing severe COVID-19 include chronic kidney disease, chronic obstructive pulmonary 
disease (COPD), heart disease, diabetes, and obesity (Center for Disease Control and 
Prevention, 2021). Minority racial/ethnic groups have higher prevalence of these risk factors. 
The predisposition to risk factors associated with higher rates of COVID-19 infection,
coupled with reduced access to healthcare, reduced access to therapy, and higher rates of 
being uninsured may also have implications for racial/ethnic minorities when it comes to 
long-term COVID-19 prevalence, outcomes, and access to care..

           Additionally, gender may be a factor in the presentation of voice, swallow, and upper
airway symptoms due to gender-related differences in the inflammatory process 
(Chamekh et al., 2017) and hormonal differences in the expression of ACE-2 receptor (La 
Vignera et al., 2020 ; Lechien et al., 2020).  Due to these factors, females could be at higher 
risk of developing symptoms of PASC related to the phonatory and respiratory systems. In 
fact, it has been estimated that females have a 1.3 to 5 times higher chance of developing 
PASC symptoms than their male counterparts (Yelin et al., 2022).
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CONCLUSION

 While information about PASC and its management is continuing to evolve, there is 
emerging research that suggests a conservative approach to rehabilitation may be 
indicated over intensive treatment techniques. Current theories suggest that PASC 
symptoms are likely multi-factorial: related to ACE-2 receptors within the tissues of the 
vocal folds, respiratory tract, chest, and abdomen and that COVID-19 may be a potential 
trigger for ME/CFS. It is likely that we will see higher rates of ethnic/racial minorities and 
women seeking treatment for PASC due to healthcare disparities and gender-related 
factors. As further research emerges, our understanding of how to provide appropriate 
management and treatment for PASC will likely evolve. 
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