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Post-Acute sequelae of COVID-19  / Long COVID 
Definition (WHO) 

A condition in individuals with a history of probable or confirmed SARS-CoV-2 infection, 
usually 3 months* from the onset of COVID-19 with symptoms that last for at least 2 
months and cannot be explained by an alternative diagnosis. Symptoms might be new onset 
after initial recovery from an acute COVID-19 episode or persist from the initial illness. Symptoms 
might also fluctuate or relapse over time. 

 

*definition of  NIH: 4 weeks 

 

 

Soriano et al. Lancet Infect Dis. 2022 Apr; 22(4): e102–e107 



Epidemiology 
 

• 650-700 million documented COVID-19 cases worldwide 

 

•  estimated prevalence of long COVID: 10%-15% of infected individuals 

10–30% of non-hospitalized cases, 50–70% of hospitalized cases  

 

•  more prevalent between the ages of 36 and 50 years 

 

•  one-fifth of cases remain symptomatic beyond 2 years 

  

Bull-Otterson et al. MMWR Morb. Mortal. Wkly Rep.2022;71:713 
Ceban, F. Brain Behav. Immun.2022;101:93–135 
Al-Aly, Z., et al. Nat. Med.2022 



Predictors for long Covid 
 

 

• Female gender 

 

• hispanic and Latino origin 

 

• attention deficit hyperactivity disorder, diabetes type 2, chronic 
urticaria, mood disorders, respiratory diseases 

 

• more severe COVID-19 illness,  (hospitalization or ICU) 

 

• variants (omicron 40%-70% less probability) / vaccination 

 

 
Su, Y. et al.2022. Cell 185, 881–895.e20 
Merzon, E. et al. Int. J. Environ. Res. Public Health2021; 19:5993 
Papagoras et al. Clin Rheumatol. 2023 Dec;42:3375-3385. 



 Post-Acute sequelae of COVID-19   
 

 clear evidence of underlying tissue damage 

• pulmonary scarring/pulmonary fibrosis  

(objective pulmonary abnormalities in 20%) 

• cardiomyopathy 

• vascular thrombosis  

• anosmia/ageusia 

 

Doyen et al.Lancet 2020; 395: 1516 
Spagnolo et al. Lancet.2020;8:750-752 

 fibrotic changes after 3 weeks post COVID19(arrows) 

subepicardial late gadolinium enhancement 
of the apex and inferior wall (arrowheads) 



Long COVID    

•  fatigue  

• post exertional malaise 

• neurocognitive dysfunction  (‘brain fog’)  

• sleep disturbances  

•  varying forms of pain including myalgia, arthralgia,  

headache, chest pain, abdominal pain  



Long Covid; A distinct entity or another facet 
of Fibromyalgia?  

Until today there is no clinical trial comparing directly patients with Long Covid versus 
patients with Fibromyalgia 



Non fibromyalgia-associated pathogenic processes 
described in patients with long COVID 

•  immune deficiency                 prolonged SARS-CoV-2 positive PCR 

 
•  persisting reservoirs of SARS-CoV-2 in tissues  

 

•  immune dysregulation 

T cell alterations  

highly activated innate immune cells   

elevated levels of cytokines, elevated expression of type I and  III IFN 

 

• reactivation of underlying pathogens (i.e EBV, HHV-6) 

 
• autoimmunity 

autoantibodies to ACE2 , β2-adrenoceptor, muscarinic M2 receptor, angiotensin II AT1 receptor and others 

 

 

 

 

 

Davis et al.Nature Reviews Microbiology.2023;21:133–146 



 

•  impact of SARSCoV-2  on the microbiota 

 

• mitochondrial fragmentation                  impact  on energy metabolism 

 

• microvascular blood clotting with endothelial dysfunction                impaired oxygen delivery 

 A long-lasting reduction in vascular density, specifically affecting small capillaries, was found in patients with long 
COVID compared with controls, 18 months after infection 

 

• neuroinflammation and vasculopathy damage                injury to neurons, myelin loss 

dysfunctional signalling in the CNS 

 



neuroinflammation in long COVID 



Douaud et al.Nature.2022;604: 697-707 

• greater reduction in grey matter thickness and tissue contrast in the orbitofrontal cortex, parahippocampal gyrus and  
primary olfactory cortex in SARS-COV2 infected vs. controls 

• greater reduction in global brain size in the SARS-CoV-2 cases.  
• participants infected with SARS-CoV-2 showed on average a greater cognitive decline 



• broad serological screening  and B-cell response 
characterization with novel machine-learning methods  

• comparison of 97 patients with long COVID vs. 26 no long 
COVID convalescents (controls) 

• clustering of patients with long COVID 

      long COVID cohort (vs. controls) had 
 abundance of several inflammatory proteins 
 Increased neutrophil activity  
 Increased IL-1B signaling pathway 

Woodruff et al. Nature Communications.2023;4:4201 



•  division of the long COVID cohort into two subsets.             

pro-inflammatory cytokines, neutrophil counts and neutrophil 
activity significantly increased in one of the two long COVID 
subsets (inflammatory long COVID) 

 

• Increased humoral (auto)immunity in the inf-long COVID 
cohort 

 

•  non-inflammatory long COVID reported more joint pain, 
brain fog and anxiety while inf-long COVID reported more 
muscle weakness, numbness and general weekness. 

Woodruff et al. Nature Communications.2023;4:4201 



 metformin  
 
• suppresses protein translation via mTOR inhibition 
 
 
• restores autophagic flux 
• Inhibites release of interleukin-1β and interleukin-18 
• prevents a senescent phenotype induced by COVID-19 in 

dopaminergic neurons in vitro 

Bramante et al. Lnacet. 2023; 23:1119-1129 

metformin vs. ivermectin vs. fluvoxamine vs. placebo after SARS-CoV-2 positive PCR or antigen 
test (within 3 days after positive PCR) 





Fibromyalgia-like post-COVID-19 syndrome 

• psychosomatic syndrome close to post-traumatic stress 

• Stress may induce central nervous consequences leading to central sensitization of pain 



Similarities of long COVID to fibromyalgia or ME/CSF 
 
 
  

similar symptomatic and cognitive abnormalities of Long COVID to 
Myalgic encephalitis/Chronic fatigue syndrome (ME/CSF) or 
fibromyalgia 

Approximately 40-50% of long-Covid patients fulfill ME/CSF or fibromyalgia 
criteria  

 

•  features of dysautonomia 
severe forms of disabling postural tachycardia syndrome (POTS) more common 
in long COVID or ME/CSF  

 

• neuroinflammation 

 

• common biochemical disorders 

ie. low cortisol levels 

 

neuroinflammation in fibromyalgia 
Goldenberg et al.Semin Arthritis Rheum. 2024;67:152455 
Yavropoulou et al. Clin Immunol.2022:245:109133 



  
• Relative risk for long COVID was 82% higher during the first 

pandemic wave than afterward [OR 1.82,[1.55–2.15)]  
• aggregation of long COVID cases around lock down announcement 

 

same variant of SARS-COV2 in different periods 
no vaccination 



Dutch cohort study (n=76422), March 2020-August 2021 
 
• around 12% more patients complaining of one of the long 

COVID symptoms at 90–150 days after COVID-19 compared 
with matched not infected controls  

Ballering AV, et al.Lancet 2022;400:452–61. 



prevalence of persistent symptoms in Covid-19 comparable to other viral and acute respiratory infections 

 

Hickie I, et al. BMJ 2006;333:575. 
Vivaldi et al. eClinicalMedicine 2023;65: 102251 



Boekel et al.Lancet   Rheumatol. 2023;7:e375–e385 
Telles et Al. The Journal of Rheumatology 2024;51:928–33 
Ursini et al. RMD Open 2021;7:e001735 

More patients in a Dutch ARD cohort than controls reported 
long COVID condition : 77 (21%) of 365 versus 23 (13%) of 172 
OR: 1·73; p=0·033 

In a USA ARD cohort (n=299) with SARS-COV2 infection, 30% 
reported long COVID, 76% had ≥  2 domains and 17% reported 
symptoms across all 5 domains 

In an Italian cohort of the general population (n=616), (30.7%) satisfied the 
ACR survey criteria for FM, 6±3 months after the COVID-19 diagnosis.  

 Long Covid in Rheumatic diseases  





Comparison between SARS-COV2 infected long COVID/no long COVID 
patients and uninfected controls. 
 
no significant differences between groups 
i) in inflammatory biomarkers  
ii) plasma levels of CD4+ and CD8+ T-lymphocyte subsets 
iii) no signs of persistent viral infection  
  
 



Comparison of infected SARS-COV2 (n=91), with or without long COVID 

up to 18-weeks post-infection,  no difference in  

• i) antibody responses to spike RBD or nucleoprotein 

• ii) T cell responses to various viral proteins 

 

Altmann et al.Nature Communications. 2023;14:5139 



distinct pattern of auto-reactivity between individuals with prior 
SARS-CoV-2 infection vs. uninfected controls 
 
 No difference in autoreactivity was observed for patients with 
long COVID versus post-COVID convalescents. 
 

Bodansky et al.JCI Insight. 2023;8(11):e169515. 



Take home messages 
• SARS-COV2 infection presents distinct pathophysiologic` disorders from fibromyalgia, so far with unknown relevance to long 

COVID development 

• Long COVID shares several pathophysiologic and phenotypic characteristics with ME/CSF or fibromyalgia 

• Long Covid comprises a wide spectrum of clinical phenotypes. It is possible that subgroups of patients represent unique 
populations with inflammatory/autoimmune pathophysiology while other subsets have an overlap with fibromyalgia. 

 

 

 

 

 

 

 

 

 

• Further basic and clinical research, including immunometabolism, neuroimaging and clinical psychology is needed to better 
understand long COVID syndrome and its differences or similarities with fibromyalgia. 
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