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Why should we care about skeletal muscle 
impact with SARS-CoV2/Covid-19?
• You need muscle to breathe

• You need muscle to eat

• You need muscle to move

• You need muscle to fight infection



Mechanisms of SARS-CoV2/Covid-19 affect on skeletal muscle

We need to consider direct impact on muscle 

fibers and effects mediated through damage 

to motoneurons/neuromuscular junction



…skeletal muscle expresses the ACE2 receptor, too. It is up-regulated by exercise and has anti-inflammatory actions 
(Frantz et al. 2017).

The Scientist

SARS-Cov2 receptors are ubiquitous throughout the body (ACE2 receptor, TMPRSS2)



What do we know about skeletal muscle impact with 
SARS-CoV2/Covid-19?

• Not much but an interesting picture is emerging…

• Myalgia is now amongst the symptoms recommended by the CDC to 
recognize covid-19 (CDC)

• In some cases, the muscle impact looks quite severe…



Rhabdomyolysis

• Urine looks like a cola product

• Is the consequence of rapid degradation of muscle, resulting 
in muscle proteins appearing at high levels in the blood

• Can occur with muscle crush injury, high intensity/eccentric 
exercise, exercise in the heat, and with a variety of infections

• Symptoms include muscle pain, nausea, confusion, cardiac 
arrhythmia

• Main diagnostic feature is high CK in blood, which indicates 
cardiac or skeletal muscle damage, or both

• Can lead to kidney failure



Parameter 
(reference 
range) Day 1 Day 3 Day 6 Day 9† Day 10 Day 11 Day 12‡ Day 15 Day 17 Day 20

Myoglobin 
(0–140 
μg/L)

ND ND ND >12,000 12,550 7,905 3,280 928 152 86

Creatine 
kinase (38–
174 U/L)

47 ND ND 11,842 17,434 14,318 11,067 2,954 1,447 251

LDH (109–
245 U/L)

280 ND ND 2,347 2,137 1,979 1,754 1,265 923 597

60 y old man brought into hospital with fever, SARS-CoV2 confirmed

Rhabdomyolysis



• 214 patients with Covid-19 in Wuhan

• 126 patients had nonsevere infection; 88 patients were severe

• Patients with severe infection had neurological manifestations, 
including evidence for skeletal muscle injury



By Dr Jana –
http://docjana.com/#/gbs; http://www.patreon.com/posts/guillain-barre-4374004, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=46847816

Guillain-Barre Syndrome



Toscano et al.

• 5 patients in hospitals in northern Italy

• “first symptoms…were lower-limb weakness and paresthesia in four 
patients and…ataxia and paresthesia in one patient”

• “The interval between the onset of symptoms of Covid-19 and the first 
symptoms of Guillain-Barre syndrome ranged from 5 to 10 days”

• “On electromyography, fibrillation potentials were present…findings were 
generally consistent with an axonal variant of Guillain-Barre syndrome”

• “Guillain-Barre syndrome with Covid-19 should be distinguished from 
critical illness neuropathy and myopathy, which tend to appear later…than 
Guillain-Barre syndrome”



What can we learn from other 
viruses/infectious agents?
• Many viruses can directly impact muscle (Polio, Influenza A&B, non-

Polio enterovirus, Zika…)

• The bacteria causing tetanus and botulism can both affect 
neurotransmission (Surana et al. 2018)

• Inflammation/’cytokine storm’ causes neuromuscular junction 
denervation (Liu et al. 2016)

• Conclusion: muscle is often affected in cases of infection



Discussion

• By what mechanisms could viral infection affect skeletal muscle function, 
including impacts on the motoneuron/neuromuscular junction?



Cellular Mechanisms of Viral Impact on 
Skeletal Muscle: Mitochondria may be key
• Mitochondria are plentiful in skeletal muscle, and particularly 

enriched in subsarcolemmal region of muscle fiber, and on both sides 
of neuromuscular junction

• Many viruses can enter mitochondria to activate apoptotic pathways

• Mitochondrial abnormalities are reported in postviral fatigue 
syndromes (Behan et al. 1991)

• Viral-mediated mitochondrial impairment has been implicated in 
myositis (Boehler et al. 2019)



Reshi et al. Modulation of Mitochondria During Viral Infections. InTechOpen. dx.doi.org/10.5772/intechopen.73036, 2018



Part 2:  

What do we know about recovery of muscle function, 
exercise tolerance and quality of life following 

COVID19 infections. 



A comprehensive analysis of physical and mental 
recovery from severe Covid-19 has not been performed! 

All that is available are qualitative reports and case studies:

1) Neurological impairment
2) Muscle weakness 
2) Cardiovascular impairment (Cardiomyopathy)
3) Acute Kidney injury
4) CNS and neuromotor impairment (weakness) 
5) Pulmonary complications (e.g. fibrosis) and dyspnea 
6) Poor quality of life 

MOST OF THESE REPORTS ARE POORLY DOCUMENTED



The assumption is that patients with a prolonged ICU recovery on a 
ventilator will exhibit signs of:

PICS:   Persistent Inflammation (immunosuppression) and catabolism 
Syndrome  First described at UF in 2012

Related term:  Post Intensive Care Syndrome (PICS)  -(PM&R specialists) 

CIM: Critical Illness Myopathy (CIM) Pulmonologists/Intensivists  

ICUAW:  ICU acquired weakness, Pulmonologists, Intensivists

Critical illness polyneuromyopathy or polyneuropathy



J Trauma Acute Care Surg. 2012 Jun;72(6):1491-501. doi: 10.1097/TA.0b013e318256e000.
Persistent inflammation and immunosuppression: a common syndrome and new horizon for surgical intensive care.
Gentile LF1, Cuenca AG, Efron PA, Ang D, Bihorac A, McKinley BA, Moldawer LL, Moore FA.
Author information
Abstract
Surgical intensive care unit (ICU) stay of longer than 10 days is often described by the experienced intensivist as a 
"complicated clinical course" and is frequently attributed to persistent immune dysfunction. "Systemic inflammatory 
response syndrome" (SIRS) followed by "compensatory anti-inflammatory response syndrome" (CARS) is a conceptual 
framework to explain the immunologic trajectory that ICU patients with severe sepsis, trauma, or emergency surgery 
for abdominal infection often traverse, but the causes, mechanisms, and reasons for persistent immune dysfunction 
remain unexplained. Often involving multiple-organ failure (MOF) and death, improvements in surgical intensive care 
have altered its incidence, phenotype, and frequency and have increased the number of patients who survive initial 
sepsis or surgical events and progress to a persistent inflammation, immunosuppression, and catabolism syndrome 
(PICS). Often observed, but rarely reversible, these patients may survive to transfer to a long-term care facility only to 
return to the ICU, but rarely to self-sufficiency. We propose that PICS is the dominant pathophysiology and phenotype 
that has replaced late MOF and prolongs surgical ICU stay, usually with poor outcome. This review details the evolving 
epidemiology of MOF, the clinical presentation of PICS, and our understanding of how persistent inflammation and 
immunosuppression define the pathobiology of prolonged intensive care. Therapy for PICS will involve innovative 
interventions for immune system rebalance and nutritional support to regain physical function and well-being.
Copyright © 2012 by Lippincott Williams & Wilkins.

Originally defined by University of Florida Researchers!     Department of Surgery   

https://www.ncbi.nlm.nih.gov/pubmed/22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentile%20LF%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cuenca%20AG%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Efron%20PA%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ang%20D%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bihorac%20A%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/?term=McKinley%20BA%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20FA%5bAuthor%5d&cauthor=true&cauthor_uid=22695412
https://www.ncbi.nlm.nih.gov/pubmed/22695412


CCI: Chronic Critical Illness patients
> 14 days hospital stay
Low grade organ dysfunction particularly AKI
Chronic inflammation 

and immunosuppression 
Latent, recurrent infections 
Atrophy and muscle weakness 
Expression of MDSCs:  
Myeloid derived suppressor cells

40% of CCI patients die within one year  



SIRS:  Systemic Inflammatory 
Response Syndrome 
“Cytokine Storm”

Phenotype 1

Phenotype 2



Most recent data from NEW YORK 
Published last week. 

Do COVID-19 patients that are hospitalized have a long enough ICU stay to induce PICS? 



Critical Illness myopathy or ICUAW: 
More associated with ARDS closer to Covid-19 patient descriptions

Focus on muscle and nerve function
Sometimes includes VIDD and failure to wean

Most of the ARDS literature uses these terms and applications  

Focus on rehab, nutrition, managing glucose, 
strength testing, physical rehabilitation etc. 



ICUAW (PICS) 

POST ARDS   

Multicenter Trial 
Led by 
Dale Needham



Evidence for involvement of peripheral nerves is COMMON but poorly evaluated over time

However, electromyography (EMG) testing will 

demonstrate abnormalities showing an initial 

primary axonal degeneration of the motor neurons, 

followed by the sensory neural fibers and this coincides 

with acute and chronic changes of denervation noted 

on muscle biopsies in affected patients.39

https://www.sciencedirect.com/topics/medicine-and-dentistry/nerve-fiber-degeneration
https://www.sciencedirect.com/topics/medicine-and-dentistry/denervation
https://www.sciencedirect.com/topics/medicine-and-dentistry/muscle-biopsy
https://www.sciencedirect.com/science/article/pii/S0749070411000182?via%3Dihub#bib39


Strategies toward Rehabilitation
in

Critical Illness myopathy: 



1. Diagnosis:  Weakness- Strength
2. Differentiate CIP from CIM



Early Rehab options in ICU- Results are inconsistent   

Exercises for Respiratory Muscle Function:  
Deep breathing/incentive spirometry
Respiratory muscle training (inspiratory & expiratory)

Airway secretion maintenance 
Positioning to promote drainage
Chest physiotherapy 
hyperinflation 
cough assistance (mechanical insufflation-
exsufflation) with/without “flutter” (Acapella device)

Physical activity and early mobilization 
Positioning and joint mobility
Passive ROM and stretching 
Cycle ergometer for horizontal position 
Neuromuscular electrical stimulation 
Tilt table treatment  (prepare for standing) 
Mobilization sitting on edge of bed, chair, walking in 
place, eventual ambulation
Resistive muscle training using elastic bands 



Burtin C, Clerckx B, Robbeets C, et al. Early exercise 
in critically ill patients enhances short-term 
functional recovery. Crit Care Med. 2009;37(9): 
2499-2505.

Gruther W, Kainberger F, Fialka-Moser V, et al. Effects 
of neuromuscular electrical stimulation on muscle 
layer thickness of knee extensor muscles in intensive 
care unit patients.  J Rehabil Med. 2010;42 (6):593-
597.

Tipping CJ, Harrold M, Holland A, et al. The effects of 
active mobilisation and rehabilitation in ICU on 
mortality and function.  Intensive Care Med.   2017  
43:171-183





1) Concept:  Community Based Rehabilitation options for Individuals 
with PICS

Specialized Comprehensive Post ICU Clinics

2) Developing national/international consensus and accurate 
functional outcomes 



https://www.improvelto.com/

Developed by Dale Needham 
At Johns Hopkins

https://www.improvelto.com/


What approaches does UF use now for rehabilitation 
of PICS patients? 

What special needs are Covi-19 patients going to 
need? 

Discussion



Mechanisms of Skeletal Muscle 
Atrophy and Dysfunction



Consequences of Skeletal Muscle Atrophy & 
Dysfunction
• Individuals with muscle atrophy have worse health outcomes, 

particularly when combined with disease (e.g., COPD, CVD, Diabetes), 
and increased risk of early mortality

• Major contributor to failure to wean from ventilator

• Impairs mobility and quality of life



Mitochondrial Dysfunction with 
Mechanical Ventilation

Picard et al. Am J Resp Crit Care Med. 186 (11): 1140-9, 2012

Diaphragm & biceps muscle samples from brain dead organ donors on MV and age-matched controls 
undergoing thoracic surgery for benign or malignant lung nodules



MV causes a massive proliferation
of mtDNA mutations

Picard et al. Am J Resp Crit Care Med. 186 (11): 1140-9, 2012



Ub ligase genes,
autophagy genes

Cyt C

Atrophy,
Weakness,
Impaired mobility

Dvl1

?

Stat3

?

IL6 TNF-a

Exacerbating Factors:
• Aging
• Sedentary lifestyle
• Kidney disease
• Smoking

Mechanisms of Muscle Atrophy



Part 4. How skeletal muscle might be involved in 
the immune responsiveness to COVID 19? 

Lessons learned from sepsis.

Clanton leads discussion



1 MET-hour per day would be walking slowly for 30 min or walking briskly (3 m/h) for 20 min/day   
PT Wallace, PLOS one 2013

Exercise trained

Sedentary

Exercise Conditioning Can help to prevent mortality and morbidity from SEPSIS 

HUMANS RATS 



Mouse blood volume 2 ml

Plasma volume 1 ml 

1 μg/ml 
endotoxin

Mattingly et al. Clanton lab, unpublished

Mouse muscle cytokine secretion in response to LPS exposure
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Skeletal muscle = 40% of 
the lean mass in mouse



Veh Ralox Veh Ralox Veh Ralox Veh Ralox

0

100

200

300

400

T
N

F
-

(p
g
/m

l)

6 hours 12 hours

* *

*

Veh Ralox Veh Ralox Veh Ralox Veh Ralox

0

20000

40000
IL

-1
0

(p
g
/m

l)

6 hours 12 hours

*
*

*

Veh Ralox Veh Ralox Veh Ralox Veh Ralox

0

10000

20000

30000

M
IP

-1


(p
g
/m

l)

6 hours 12 hours

* *
*

Veh Ralox Veh Ralox Veh Ralox Veh Ralox

0

50000

100000

150000

M
IP

-2
(p

g
/m

l)

6 hours 12 hours

*
*

Knockout essential function of TLRs in skeletal muscle ONLY

Laitano et al.  (in preparation)



Laitano et al.  (in preparation)

SkmMYd88 KO



Gerard Robinson, Clanton Lab (unpublished)

Acute Phase Protein Expression in Skeletal muscle 



Systemic 
Inflammatory 

Response 

Syndrome?

Chemokines, 

TNF

Acute Phase 
Proteins

HYPOTHESIS:   SKELETAL MUSCLE CONTRIBUTES TO THE ACUTE PHASE RESPONSE AND MAY CONTRIBUTE TO SIRS

Welc an Clanton, 2012

Elimination of Pathogens?



Does EXERCISE CONDITIONING or minimal EXERCISE REHABILITATION 
improve immunological outcomes? 

If so, how does it do that and what experiments could be done in 
humans to evaluate it? 



Part 5. What do comorbidities that exacerbate poor 
outcomes in Covid19 infection tell us about the disease?

HYPERTENSION
OBESITY
DIABETES

Discussion question:

What studies of patient histories and outcomes in Covid 19 
could be ​done to help understand these co-morbidities. 


