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Learning Objectives

• Learning Objectives:

• 1. Appreciate the scientific/medical definition of Long COVID

• 2. Be familiar with the known frequency of occurrence of Long COVID

• 3. Understand the wide-ranging clinical presentations of people 
experiencing Long COVID

• 4. Appreciate the impact of Long COVID on physical 
performance/functional abilities.

• 5. Recognize the value of physical rehabilitation on improving physical 
performance and functional ability in people with Long COVID

• 6. Understand the appropriate strategies that should be used to adapt 
exercise prescription to serve people with Long COVID



Big Picture Objectives
1. Set some boundaries
2. Identify the impact
3. Explore possible 

mechanisms
4. How can we help?



Sources of Information
1. Literature
2. Professional 

Resources
3. Professional Media
4. Clinical Experience



Medical Advances Caused by WWII

• Penicillin

• Blood Transfusions

• Advancement in Surgery

• Dental Health

• Mobile Medical Units

• Amputation Techniques & Prosthetics



Long COVID on PubMed
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Long COVID is a Double Curse in Low-Income 
Nations



COVID Long Hauler

Post-Acute Sequalae of 
COVID (PASC)

Long COVID

Post-Acute COVID-19

Chronic COVID

What’s in a 
name?



• Driven by population and not the medical 
community

• Challenges Time Course
• Challenges theories around impact of initial 

severity
• Provides for large umbrella
• Reflects the lived experience



Ty Goodwin

• Felt like he has COVID-19, shortness 
of breath, malaise, fevers, headaches 
and fatigue — for the last year.

• “I was a marathon runner and a 
triathlete before this,” he said. “I've 
had nights where I wake up out of 
breath.”

• “After 60 some doctors 
appointments, they eliminated all 
pre-2020 kind of traditional medical 
diagnoses, meaning they couldn't 
explain why I was running out of 
breath,”

The symptoms aren't just 
physical. There's also 
mental and emotional 
trauma

Long COVID is diagnosed by Exclusion

http://www.seekingbostonmarathon.com/


Non-
Hospitalized

Prolonged 
Symptoms

Additive Diagnosis

Hospitalized

Consequences of 
Extreme Deconditioning 

or Still Recovering

Long COVID

Delayed Impact

All of the possible outcomes?

Asymptomatic



4 weeks or 12 weeks



OUR





So how many people are we talking about?

Sort of kind of official 
numbers (at this moment)

• 25% have symptoms for at 
least a month

• 1 in 10 remain unwell 
after 12-weeks (or 6 
months)

472,253,085 cases 
documented in the world 

(so far)

• So around 47 million 
people worldwide may be 
defined as having Long 
COVID

• 7.9 Million in the US



Frequency of Long COVID





• Risk is probably much 
lower that first reported
• More like under 5% (or 

even lower) versus 25%

• 25-fold greater risk in 
children with obesity, 
kidney disease, 
cardiovascular disease, 
or immune disorder



Why is PEM so important?

• Post-exercise malaise

• Made prominent by ME/CFS 



Notice how present Fatigue 
& PEM is a symptom

https://patientresearchcovid19.com/







What if you are vaccinated and get COVID-19?

• Risk seems to be reduced 
by half if fully vaccinated.



Revisiting the Primary Targets for Rehab 
Intervention
• Fatigue – PEM & general

• Cardiac Function (Tachycardia)

• Dysautonomia

• Brain Fog

• Oxygen Saturation/Ventilation Abnormalities

• Coughing/Hoarseness

• Psychosocial/Spiritual



Potential Pathophysiologic Mechanisms

• Ability to infect many cells

• Viral Reservoirs

• Immunosuppressive activity of SARS-CoV-2

• “Dysbiosis” of microbiome

SARS-CoV-2’s acute actions may inform the 
long-term impact



New Work Being Produced All the Time

Measurement of circulating viral antigens post-SARS-CoV-2 infection in a multicohort study
Zoe Swank1),2),3),† ∙ Ella Borberg1),2),3),† ∙ Yulu Chen3),4)∙ … ∙ Elizabeth W. Karlson3),15),† ∙ David 
R. Walt1),2),3),† dwalt@bwh.harvard.edu ∙ RECOVER consortium authors… Show more

The team found evidence of persistent infection in 
43 percent of participants with cardiopulmonary, 
musculoskeletal or neurologic symptoms of long 
COVID.

But only 21% of those who didn’t report any long 
COVID symptoms tested positive for the SARS-CoV-
2 biomarkers in this same period.

https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract
mailto:dwalt@bwh.harvard.edu
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(24)00432-4/abstract


Long COVID: a clinical update

Trisha Greenhalgh, Manoj Sivan, Alice Perlowski, Janko Ž Nikolich

Lancet 2024; 404: 707–24



Long COVID: a clinical update

Trisha Greenhalgh, Manoj Sivan, 
Alice Perlowski, Janko Ž Nikolich
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How can these desperate problems drive 
similar symptoms?
• The Neuroscience of Feeling Sick

• Vagus Nerve acts as diffuse sensory organ



How could physical/mental activity be causing 
these outcomes?

PESE No PESE

Post-Exertional Symptom Exacerbation (PESE)



Rehab Approach – Facilitated Adaptation

• Shared decision-making model

• Patient Centered

• Multidisciplinary 



Two Particularly Helpful Documents



Rehabilitation Approach

• Clinical complexity and uncertainty = patient-centered personalized 
approach

• Education about resuming daily activities at appropriate pace that is safe 
and manageable (avoid or minimize PEM)

• “Stop, Rest, Pace” and heart rate monitoring to manage symptoms
• Avoid O2sat drop with exertion, ≥3% should be investigated 
• Orthostatic Hypotension

• Autonomic conditioning therapy
• Non-upright exercise
• Isometric exercise
• Compression garments
• Patient education

Sustained Symptom Stabilization and Reduction



DePaul Symptom Questionnaire (adapted)

• Score of 2 on both frequency and severity = PEM



DePaul Symptom Questionnaire (adapted)



NASA 10 Minute Lean Test for OH

Orthostatic hypotension (OH) (lowered blood pressure upon standing) 
was defined as a decrease in systolic blood pressure (SBP) 20 mm Hg or 
more, or a decrease in diastolic blood pressure (DBP) of 10 mm Hg or 
more in the first 3 minutes.
Postural orthostatic tachycardia syndrome (POTS) was defined as a 
heart rate increase of >30 beats per minute (bpm) upon standing or a 
heart rate of greater than 120 bpm.



Energy Envelope

• Avoid “Pushing & Crashing” and 
Post-Exertional Malaise (PEM)

• Spread out activity with rest in-
between

• http://www.cfsselfhelp.org/pacing
-tutorial 

• Post-Exertional Symptom 
Exacerbation (PESE)

• Titration of Physical Activity vs 
Graded Exercise



Evaluation of Aerobic Capacity

• 6-MWT

• 2-MWT

• 2-minute step test

• Encouraged to Track Fatigue after test



Example Case

• 58 yo, female

• 5’2”, 196 lbs

• March 2021

• Meds
• Telmisartan 40mg
• Atenolol 25 mg
•  Synthyroid 200 mg

• Home Based Walking Program
• Dizziness & Excessive Fatigue

• HR=78, O2sat=98, BP=178/94

• Modest 5 min Intervals
• 2 to 2.5 mph, 0-3% grade
• Mild Dyspnea, HR=111, O2sat=96, 

BP=192/92, RPE=3-4, Borg 
Breathlessness=4

• Sudden onset of dizziness  
• BP=212/102
• O2Sat=94
• HR=94



Example Case

• Retreat to sub PESE

• Avoid dizziness

• Everyday monitoring of fatigue

• Review med with Cardiologist
• BP goal not met

• Dizziness with elevated BP

• SOB



The Effect of Exercise Training on Long 
COVID-19  

Brown M, Megurdichian M, Milgrom S, and 
Bailey S. Elon University, Elon, NC.



▪ Twelve participants (9 females, 3 males) 
▪ Before and after the intervention participants were assessed for 6-minute walk 

distance (6MWD), 5-times sit to stand (5XSTS), gait speed, grip strength, perceived 
quality of life (SF-12), and general fatigue (visual analog fatigue scale, VAFS). 

▪ Participants then completed a progressive, individualized exercise program (~8 weeks) 
designed to improve cardiovascular fitness, muscle strength, and endurance. Modes of 
exercise used to facilitate improvement in cardiorespiratory fitness included the 
treadmill, NuStep, semi-recumbent bike, semi-recumbent elliptical, stand-up elliptical. 

▪ Heart rate, blood pressure, O2 saturation, and rating of perceived exertion were 
regularly monitored during aerobic exercise. Dumbbell exercises targeted at large 
muscle groups were used to challenge muscular strength and endurance. 

▪ Progression of exercise intensity and duration was based on symptom response to 
exercise. 

Methods



Week Intervention
1 PT Eval
2 One Session
3 One Session
4 Two Sessions
5 Two Sessions
6 Three Sessions
7 Three Sessions
8 Three Sessions
9 Three Sessions

Intervention Plan



Evaluation of General Fatigue

Before Treatment, IP Treatment, 24 & 48 hours After Treatment



Figure 1. * indicates significant difference between pre and post (p=0.001)
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Figure 2. * indicates significant difference between pre and post (p=0.006, 0.007, 0.013)
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19-year-old male
3 years with Long COVID
Competitive Soccer Player
Fatigue & Brain Fog

14 visits over 3.5 months
Day 1: 10 minutes @ 2 mph & 0% grade
Most Recent Visit: 15 minutes @ 2.8 mph & 2.5% grade
  5 minutes Nu-Step @ Level 4
  Leg Press, Biceps Curl, Triceps Extension, Bench Press, & Lat Pull Down



General Recommendations for Long COVID

1. Be Patient & Persistent

2. Monitor Post-Treatment Fatigue for 48 
hours

3. Path away from Long COVID is not the 
path to Long COVID

4. Likely more than one cause of Long COVID



Closing Thoughts & Opinions

• Probably operating on an unstable landscape 
for a while

• Wide diversity in time course and 
presentation

• The path to Long COVID is probably not the 
path to optimal function

• We can learn from pulmonary rehab, 
interventions for POTS, and ME/CFS

• Length of time between Dx and intervention 
may be important

• Tools are already available

baileys@elon.edu
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