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COVID-19, Brain and Inflammation

1. Does SARS-CoV-2 actually affect the brain? 

2. How does SARS-CoV-2 cause brain dysfunction? Does inflammation 

play a role?



Does SARS-CoV-2 actually affect the brain?



Acute neurological complications

Harapan & Yoo J Neurol 2021



Neuropathology



Lee, Perl et al. Brain 2022

Neuropathology

9 patients died due to COVID-
19 (only one in ICU)

“All techniques failed to detect any virus in the brain, including 
regions where there were obvious signs of inflammation“



Lee, Perl et al. Brain 2022

Neuropathology



Long Covid Criteria

WHO criteria October 2021



Long COVID symptoms

General symptoms 
•Tiredness or fatigue that interferes with 
daily life
•Post-exertional malaise
•Fever

Respiratory and heart symptoms
•Difficulty breathing or shortness of breath
•Cough
•Chest pain
•Fast-beating or pounding heart (also 
known as heart palpitations)

Digestive symptoms
•Diarrhea
•Stomach pain

Neurological symptoms
•Difficulty thinking or concentrating (sometimes referred to as 
“brain fog”)
•Headache
•Sleep problems
•Dizziness when you stand up (lightheadedness)
•Pins-and-needles feelings
•Change in smell or taste
•Depression or anxiety

Other symptoms
•Joint or muscle pain
•Rash
•Changes in menstrual cycles
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Cognitive dysfunction



Cognitive dysfunction



Cognitive dysfunction

3 days of cognitive assessment: standard paper-
and-pencil battery and computerized battery

MRI

2 control groups: 
-National normative data
-Matched healthy control group 



Cognitive dysfunction



Cognitive dysfunction

404 patients
145 controls



Cognitive dysfunction

Matias-Guiu et al. Psychiatry Res 2023



BDI-II: depression
FLEI: subjective cognition
MFIS: fatigue
PSQI: sleep quality
STAI: anxiety



FLEI (subjective cognition)

Higher scores mean more symptoms (worst cognition)

Delgado-Alonso et al. Eur J Neurol 2023



Delgado-Alonso et al. Eur J Neurol 2023



Ariza et al. J Neurol 2023



• Longitudinal changes 
in 394 patients infected 
by SARS-CoV-2 vs 388 
controls. 

• Volume loss in gray 
matter in 
parahippocampal
gyrus, orbitofrontal 
cortex and insula. 

Doaud et al. Nature 2022







Neural basis of fatigue?
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Wiley et al. Sci Rep 2020“Fatigue network”

Heine et al. EClinicalMedicine 2023



Blood biomarkers: 
GFAP, Neurofilament



Summary – SARS-CoV-2 & Brain

- Cognitive complaints are among the most common symptoms in the post-

Covid condition.

- Cognitive symptoms result from objective cognitive deficits and/or fatigue.

- Cognitive dysfunction is primarily characterized by attention/processing 

speed, episodic memory, and executive function deficits.   

- Neuroimaging evidence supports structural and functional brain changes in 

patients with post-Covid condition, which are associated with cognitive 

functioning. 

- While fatigue has a complex pathophysiology, there is also evidence of 

neurological involvement in its mechanism. 



How does SARS-CoV-2 cause brain dysfunction? Does 
inflammation play a role?



Immune dysregulation in Long COVID?

- Demographic characteristics of Long Covid patients

- 70-80% of women

- Age 30-60 

- Not just sequelae because

- Not particularly related to the severity of the acute phase

- Chronicity, lack of clear improvement in a significant proportion of cases

- Common symptoms with other autoimmune diseases

- Chronic fatigue, joint and muscle pain, brain fog, joint pain, …

- Higher risk of autoimmune disorders (Lim et al. JAMA Netw Open 2023)



Monje & Iwasaki. Neuron 2022



Spudich & Nath. Science 2022



Gu et al. EBioMedicine 2023



Gu et al. EBioMedicine 2023



Immune dysregulation in Long COVID?

Klein et al. Nature 2023



Why immune dysregulation?

- Viral persistence

- Reactivation of latent viruses (e.g. Epstein-Barr)

- Bacteriophage-like actions of SARS-CoV-2 (by gut bacteria)

- Chronic inflammation and immune dysregulation (cytokine storm, 

lymphopenia)

- Generation of autoimmunity

- Mast cell activation

- Tissue damage (infection, hypoxia)

- Coagulation disorders



Monje & Iwasaki. Neuron 2022



Experimental studies

Mice after mild SARS-
COV-2 infection:

-Hippocampal 
neurogenesis impairment

-Reduction of 
oligodendrocytes and 
myelin

-Prominent inflammation

- Role of CCL11

“We find here that even mild respiratory COVID can induce 
prominent elevation of multiple cytokines and chemokines 
together with lasting reactivity of white matter microglia in 
subcortical and hippocampal regions”. Fernandez-Castañeda et al. Cell 2022



Experimental studies

Study in brain organoids and 
human brain tissue

Direct (infection) and indirect 
involvement of astrocytes →
neuronal loss

Andrews et al. PNAS 2022



Experimental studies

Brain tissue of patients dead due to 
COVID-19, in vitro models

SARS-CoV-2 is detected in some 
patients, mainly involving astrocytes →
metabolic changes, glutamatergic 
neurotransmission reduction



Experimental studies



Viral persistence?

Proal et al. Nat Immunol 2023











Summary – SARS-CoV2 & Inflammation

- SARS-CoV-2 may affect the central nervous system in different ways, 

including: 

- Neuroinflammation derived from the immune response to the virus in the 

respiratory system.

- Autoimmune response

- Direct infection of the brain by the virus (rare)

- Reactivation of latent herpesvirus

- Vascular and thrombotic events, blood-brain barrier disruption

- Hypoxia due to lung and multi-system failure

- Neuroinflammation seems to have a central role in several of these 

mechanisms. 



Conclusions – Take home messages

- Post COVID condition is a novel and heterogeneous syndrome, in which brain 

dysfunction plays an important role in the pathophysiology. 

- There are several mechanisms described, not mutually exclusive.

- Cognitive symptoms have a neurobiological basis, although the interplay with 

fatigue (cognitive fatigue) and neuropsychiatric symptoms is complex and 

should be elucidated individually. 

- Neuroinflammation seems key in the pathophysiology. 

- Evidence in Long COVID contributes to the knowledge about the interaction 

between systemic or extra-brain disorders and brain function.

- Further investigation is urgently needed to better understand the effects of 

COVID-19 in brain and inflammation. 
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