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Disclosures
wResearch Funding

• Colton Autoimmunity Grant
• NIH 1R01HD108312-01A1: Evaluating a Comprehensive Multimodal 

Outpatient Rehabilitation Program to Improve the Functioning of Persons 
Suffering from PASC: A RCT

wLong COVID Advising
• AstraZeneca
• Moderna
• Axcella Health Inc.
• Intrivo Diagnostics
• UnitedHealth Group



Objectives
wPresent data on the number of Long COVID cases to date and recent 

trends in diagnosis
wList known risk factors for the development of Long COVID and how to 

reduce these risks
wDescribe current treatment protocols for the most common symptoms 

associated with Long COVID and in what ways treatment at a Long 
COVID Center of Care results in improved outcomes

wExplain the future direction of Long COVID research and specific areas 
that hold promising outcomes
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The Case of Nurse J.

w 48 year-old female
w Past medical history of asthma and gastric reflux
w 4 months after initially feeling better

• Extreme fatigue
• Dyspnea with exertion
• Arthralgia
• “Brain fog”
• Numbness and tingling

w Nurse at a local outpatient care center
• 5 days off work
• Difficulty with errands

w Started following COVID infection



What is Long COVID?
• History of probable or confirmed SARS CoV-2 

infection
• Usually 3 months from the onset of COVID-19
• Symptoms and that last for at least 2 months and 

cannot be explained by an alternative diagnosis. 
• Common symptoms include fatigue, shortness of 

breath, cognitive dysfunction but also others and 
generally have an impact on everyday functioning. 

• Symptoms may be new onset following initial 
recovery from an acute COVID-19 episode or persist 
from the initial illness.

• Symptoms may also fluctuate or relapse over time.



• First published study by RECOVER Consortium
• Objective to develop a definition of PASC using self-reported symptoms
• 8646 infected, 1118 uninfected
• Fatigue=Being Very Tired
• PEM=Post-exertional malaise (Symptoms worse after even minor physical 

or mental effort)



• PEM- 28% infected, 7% uninfected, 
OR=5.2

• Fatigue- 38% infected vs. 17% 
uninfected. OR=2.9



• Optimal threshold score of 12 to 
diagnose Long COVID

• 10% who enrolled within 30 days 
would be classified as having PASC at 
6 months

• Higher scores associated with worse 
functioning

• Other symptoms that did not 
contribute to score may also be 
important to QOL

• 4% of those without history of COVID 
met PASC criteria

• Insurers, disability agencies, and/or 
doctors should not use findings from 
this study to clinically define or rule out 
Long COVID.



Greater than 200 individual symptoms have been attributed to Long COVID



Prevalence
wVaries Widely in Studies

• 3-80%
• Hospitalized (50-70%) > Non-hospitalized 

(10-30) > Vaccinated/Breakthrough (10-
12%)

• Limitations: Observational, Premorbid 
Data, Control Group, Standard 
Assessments, Selection/Reporting Bias, 
Early Strains, Vaccination Status. 



Prevalence

wU.S. National Center for Health Statistics
• 6% currently reporting long COVID symptoms. 15% 

had at some point.

wBallering et al. (2022)
• 76,422 participants
• Prospective
• Pre- and Post-
• Control Group
• Non-hospitalized
• 12.7% of individuals had increase in symptoms 

following COVID-19 of at least moderate severity 
attributable to COVID
– One out of eight patients with COVID



Prevalence

wGlobal Burden of Disease Long COVID 
Collaborators (2022)
• Meta-analysis of 54 studies and two medical record 

databases from 22 countries
• 6.2% with symptomatic COVID-19 at 3 months

– Fatigue with body pain or mood swings (3.2%)
– Cognitive problems (2.2%)
– Respiratory problems (3.7%)





Employment Effects

w15308 US Adults
• 14.6% reported PASC
• 9.3% reported being unemployed

– 12.3% PASC
– 8.7% with PASC

• Odds ratio (adjusted) 0.84 (0.74-0.96)



Employment Effects

wBrookings Metro Report- January 2022
• Conservative 1.6 million workers out due to Long 

COVID
• 15% of labor shortage

wCensus Bureau Household Pulse Survey, June-July 
2022
• 2-4 million workers out due to Long COVID
• Lost wages alone $170 billion



• Female
• Age (36-50 yo)
• Single
• Time since infection
• More symptoms during acute 

COVID
• Hispanic/Latino
• Lower income/inability to rest?

Risk Factors



• Pre-existing
• Type 2 Diabetes
• ADHD
• Connective Tissue Disorders
• Chronic urticarial/allergic rhinitis

• Presence of
• Confusion
• Depression
• Dyspnea
• Heart disease (hospitalized)

Risk Factors



• Mitigate the Risk
• Vaccination (OR= 0.68)
• Paxlovid (RR= 0.74)
• Metformin (HR= 0.41)
• Graduated return?

Risk Factors



What is Missing?



Pathophysiology

• Dozens, if not hundreds of proposed 
mechanisms

• Varying quality, little reproduced
• Cause and effects
• Overlapping or multiple



Immune Dysregulation

• Increased exhausted T Cells
• Increase in IL-4 and IL-6 secreting T cells
• Elevated PD1 expression
• Highly activated innate immune cells
• Increase type I and type III interferons
• Increase in activated B cells, non-

classical monocytes



Immune Dysregulation

• Autoantibodies
• ACE-2
• B2-Adrenoceptor
• Muscarinic M2 receptor
• Angiotensin receptors

• Autoantibodies inversely correlated with 
protective SARS-CoV-2 antibodies

• Sex differences



Viral Persistence
• Viral Reactivation

• EBV
• HHV-6

• Low Antibody Production/Insufficient 
Immune Response Acute Infection

• Widespread viral proteins/RNA
• GI, CV, brain, muscles, eyes, lymph nodes, 

liver, lung tissue…
• SARS-CoV-2 Spike Antigen

• 60% long COVID at 12 months
• 0% without long COVID



Others

• Microbiome alterations
• Microvascular blood clotting/endothelial 

dysfunction
• Brainstem or vagal nerve dysfunctional 

signaling-> Dysautonomia
• Low cortisol levels



Serotonin Metabolism



Serotonin Metabolism

• 1,500 individuals with Long COVID
• Biomarkers that distinguish individuals with Long 

COVID from Recovered 



Serotonin Metabolism

• 1,500 individuals with Long COVID
• Biomarkers that distinguish individuals with Long 

COVID from Recovered 









What is Missing?
w CDC: “Objective laboratory or imaging 

findings should not be used as the only 
measure or assessment of a patient’s 
well-being; lack of laboratory or imaging 
abnormalities does not invalidate the 
existence, severity, or importance of a 
patient’s symptoms or conditions.”

w Biomarkers
w Biomarkers!
w Key to understanding true prevalence

• What cohorts
• Monitor
• Treatment Effects



Managing Long COVID Cases



Barriers
• Very little evidence
• Based on clinical experience and other 

related conditions





Initial Evaluation

• Optimum timing unknown
• Shortly after hospital discharge
• Within a month for ongoing symptoms
• Conservative response (allow natural recovery) for 3 

months

• COVID Positivity
• Helpful but not essential



• No universal work-up
• Based primarily on symptoms and to rule out other conditions
• CBC, CMP, TSH, ESR/CRP, CK, Vitamin B12, Vitamin D, ANA
• Usually normal in Long COVID

• Harms from Excessive Testing/Referrals
• Incidental findings
• Anxiety
• Radiation
• Cost
• Shuffled feeling

General Evaluation of Long COVID



• No universal treatment of Long COVID
• Underlying pathophysiology unknown- Frustrating
• Must by tailored to symptoms of the individual
• Palliative
• Focus on function and quality of life

• Address Comorbidities
• Insomnia, Sleep Disordered Breathing
• Mood-Anxiety, Depression, PTSD, Life Stressors
• Autonomic Symptoms
• Pain
• Cognitive Dysfunction
• Dyspnea
• Symptoms interconnected

General Treatment of Long COVID
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Long COVID Fatigue, Poor Endurance and Impaired Function
• Very common! 

• Most debilitating symptom fatigue (71%)
• Functional impairment (9-40%)

• Initial Assessment
• Screen: Nature of Fatigue, Endurance, Functional Impairment (ADLs/iADLs)
• Fatigue Measures

• Fatigue Assessment Scale
• Fatigue Severity Scale
• Functional Assessment of Chronic Illness Therapy-Fatigue

• PEM Measure

• De Paul Symptom Questionnaire
• Physical Function Measure

• 30 Second Sit-to-stand

• 2-Minute Step
• 6-Minute Walk
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• Key feature of ME/CFS and often 
long COVID

• Severe exhaustion after physical, 
cognitive or mental exertion

• Good day-> activities-> Crash 
needing several days of recovery

• Patient reported 73.3% (out of 
80% with fatigue) at 6 months

• Triggers

Post-Exertional Malaise
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Long COVID Fatigue, Poor Endurance and Impaired Function
w Treatment

• Post-COVID Physical Therapy Program
– Individualized
– Not Graded
– Familiar providers- PT/OT/SLP

• Example Program (no significant POTS/Dysautonomia):
– Light stretching/ROM (prior to any targeted cardiovascular exercise)
– Isometric strength training
– Energy conservation techniques (may be with OT)
– Once patient tolerating, begin cardiovascular training at 1-3 MET
– Maintain HR <60% HR predicted max
– Incorporate structured breathing techniques (pursed lip breathing, 

diaphragmatic breathing, breath control)
– Monitor vital signs throughout. If pt experiencing ongoing symptoms 

following, it is a sign that the exercise is too much and the patient needs 
to cut back to previously tolerated level

• Energy Conservation: “Four - P” of Planning, Pacing, Prioritizing, 
Positioning
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Long COVID Fatigue, Poor Endurance and Impaired Function

• Support return to activity
• DME-tub shower benches
• Parking placards
• Work accommodations
• Vocational counseling
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Nurse J.’s Fatigue

w On further questioning
• Sleep is restless
• Staying awake late into the night

w Educated on sleep hygiene
w Prescribed trazadone
w Took off from work for 2 weeks to focus on 

recovery
w Added 15 minute breaks every two hours
w Began a structured PT program
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Long COVID Fatigue, Poor Endurance and Impaired Function

• Medications
• Low Dose Naltrexone

• Weak but evolving evidence
• Active RCTs

• Pyridostigmine
• Neurostimulants

• Adderall
• Ritalin

• Amantadine
• Provigil/Nuvigil
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Dyspnea
w Initial Assessment

• Symptoms: Cardiac and Pulmonary Review of Symptoms
• Home pulse ox, Supplemental oxygen use 

w Work-up
• Pulmonary Function Tests
• Ambulatory Pulse Ox
• Other studies likely to be of lower yield

– CT Chest
– CPET
– Holter Monitor
– Echocardiogram
– Holter Monitoring
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Management of Long COVID Dyspnea

w Shortness of Breath
• Pharmacotherapy for identified underlying 

cardiac or pulmonary disease
• Breathing exercises and breathlessness 

management strategies
• Pulmonary rehabilitation
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Nurse J.’s Dyspnea

w On further questioning
• Regular use of Advair and albuterol 

into her 20s
• No longer using

w Recommended repeat PFTs and empiric 
treatment with albuterol

w Structured breathing program
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Dysautonomia Evaluation

w NASA Lean Test
w Tilt-table testing
w Autonomic panel
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Dysautonomia Management
w Orthostasis/Dysautonomia/POTS

• Initially treat conservatively
– Compression stockings/abdominal binder
– Hydration/salt
– Physical therapy
– Recovery techniques/behavioral modification

• Example Therapy Program
– Supine based therapeutic movement
– Open-chain activity
– Symptom titrated
– Time based-intervals
– After 2 weeks, progress to upright activity
– Physical counter-measures
– Levine/CHOP

• Pharmacologic treatment for failure of above or with 
notable changes on tilt table/orthostatic vital signs
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Long COVID Neurologic Symptoms

w Initial Assessment
• Symptoms: Confusion, memory changes, new 

weakness, word finding difficulty
• Montreal Cognitive Assessment (MoCA)
• Neuropsychological Testing

w Cognitive Impairment
• Evaluate medications/polypharmacy
• Cognitive therapy

– Speech Language Pathology
– Neuropsychology
○ Restorative
○ Compensatory

• Neuro-stimulants
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Nurse J.’s Cognitive Symptoms

wNurse J. begins cognitive 
therapy

wNoted to have deficits of 
attention
• Metacognitive strategies
• Distraction management
• Attention process training for 

verbal and non-verbal tasks
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Long COVID Psychological and Emotional Issues
w Initial Assessment

• Symptoms: Depression, Anxiety, PTSD, Insomnia, Suicidality
• Hospital Anxiety and Depression Scale, PHQ, GAD-7
• Impact of Events Scale
• The framing of this conversation is very important

w Treatment
• Social work: Work/employment, housing, childcare stressors
• Anxiety and Depression

– Psychology/Counseling
– Psychiatric evaluation
– Medications

• Sleep
– Sleep Hygiene
– CBT
– Medications

• Address uncertainty



Should individuals get the vaccine and 
when?
• Yes, recommended by CDC



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8252827/
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Accommodations

Consider Work Accommodations
 -Gradual Return
  -Hours
  -Days per Week 
 -Breaks Throughout The Day
 -Positioning
 -Parking
 -Avoid Exacerbations->Step Back
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Nurse J. Outcome

wAfter 3 months in this program
wMuch better, not 100%

• Improved MOCA
• Improved SF-36

wBack to full time at work
wReturned to community activities
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Care Models for Long COVID
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Area of Need

w Individuals who had survived their initial 
COVID infection were noted to have 
significant deficits in physical and 
cognitive function worsening quality of life.

w These patients did not have a home in the 
medical system. 

w Feeling of being shuffled from specialist to 
specialist— “gas-lit”

w Lack of expertise in a challenging new 
condition
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National Guidance

• NICE: One stop multidisciplinary clinics are 
recommended, led by a doctor with relevant 
specialist skills and experience. NHS England 
has also emphasized the importance of 
multidisciplinary assessment and diagnostics 
being available in long covid clinics to avoid 
multiple referrals to different specialists.

• CDC: Multidisciplinary post-COVID care centers 
based in a single physical location can provide 
a comprehensive and coordinated treatment 
approach to COVID-19 aftercare
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Partnerships-Clinicians
w Models

• Hub and Spoke
• Integrated

w Commonly Involved
• PM&R
• PT
• Pulmonology
• Cardiology
• Neurology

w Interdisciplinary Meetings 
w Primary Care Partnership

• Education
• Communication
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Systematic Review of Long COVID Clinic Models

wDecary et al. (2021) review of 12 international care models

• Principles
– Multidisciplinary Teams (92%)
– Integrated Teams (67%)
– Self-Management (58%)
– Coordination of Care (58%)
– Evidence-Based Care (58%)

• Components
– Standardized Symptoms Assessment (92%)
– Referral System (83%)
– Follow-up System (83%)
– Virtual Care (83%)
– Home-Based Care (58%)
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Partnership - Patients

wPoint of Contact
• Synthesize information
• Discuss research/literature
• Available symptom questions

wAccessibility
• Timely appointments
• Schedule routine follow-up

wSelf-Management
• Tools they can apply to daily life
• Non-pharmacologic techniques
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Partnership - Community

w Social work and case management
w Patient advocacy groups

• Research
• Clinical initiatives

w Support groups 
• 33% of Long COVID clinics hosted
• Body Politic

w  Publicly Available Resources
• Dysautonomia International
• ME/CFS and Fibromyalgia Self-Help 

Program

SURVIVORCORPS.COM/PCCC
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Barriers to Developing a Long COVID Clinic
w Resource intensive

• 24% reported need for more staffing, 
physicians, or case management

w Time
• Coordination (different EMRs)
• Record review
• Communication

w Paperwork-Disability Forms
w Lack of clear evidence
w Delays in accessing services
w Mental health support
w Research Assistance
w Administrative Support
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• Integrated care is a potential method to improve the care of individuals with long COVID

• Numerous integrated care models have been implemented

• Can be resource intensive and requires significant coordination between providers

• Preliminary evidence suggesting benefits of rehabilitation as part of the team

• No research yet that suggests if one model is more effective than others

• Need for high quality studies on care models
• Ultimately will impact insurance reimbursement, policy planning and clinic support

Integrated Care Summary



Do People Get Better?



Do People Get Better?



Do People Get Better?

Highly Persistent Symptoms                           Rapidly Decreasing                                  Slowly Decreasing
               4%                                                                 5%                                            91%
-Older    -Younger    -History of IBS/FM/CFS/Tension HA
-Hx of Systemic Disease  -Confirmed infection  
-Palpitations/Cardiac Symptoms -Diarrhea/Back pain

Correlate with Mechanisms/Biomarkers?
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Lessons
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Long COVID - Goal Setting

w May not be able to address underlying 
pathology-yet

w Address comorbidities
• Autonomic Dysfunction
• Insomnia/Sleep Apnea
• Depression/Anxiety

w Palliative and symptom based
w Goals

• Feel better
• Improve function
• Achieve patient objectives

w Manage expectations 
• Reassurance in some cases

– Recovery can be slow and occur late
• Incremental changes
• May not get to 100%



72

Final Thoughts

w Beware…
• Misinformation
• Some people out there trying to sell things…
• It is not known if OTC vitamins/supplements are helpful, harmful, or have no effect on 

symptoms
w Self-Management Tools Can Be Very Helpful
w Symptoms Interconnected
w Continuity of Care

• Generally follow-up 1 to 2 months
• Point of contact for post-COVID symptoms



73

Moving Forward
wFocus will need to change to better understand:

• Mechanisms behind persistent symptoms
• Who is more likely to have post-covid and why

– Clustering not based on symptoms but pathophysiology
• What treatments are effective

– And how they relate to mechanism(s)
• Long term prognosis

wBiomarkers
• Crucial to identify cohorts
• Monitor and Evaluate Treatment Responses
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Questions

Benjamin.Abramoff@Pennmedicine.upenn.edu


