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Disclosures
• None



Objectives
• Describe the burden of SARS-CoV-2 infection within 

versus outside of the respiratory tract
• Define SARS-CoV-2 cellular tropism across the 

human body and brain
• Determine if SARS-CoV-2 persists in tissues and 

over what interval
• Assess if SARS-CoV-2 replicates and/or evolves in 

different anatomic compartments



Seven participating hospitals across 
three Maryland regions
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Autopsy study design
24-hour interval

COVID-19 death Consent and transfer Autopsy and tissue procurement



Autopsy timing relative to Maryland 
COVID-19 cases, 3/2020 to 3/2021 

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


Sample procurement
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Demographics
Age (years) (n=44)

Mean (Min, Max) 59.2 (6, 91)

Age by group (years) n (%)
0-17 1 (2.3)
18-24 1 (2.3)
25-34 2 (4.5)
35-44 6 (13.6)
45-54 4 (9.1)
55-64 11 (25.0)
65-74 11 (25.0)
75-84 5 (11.4)
>85 3 (6.8)

Sex n (%)
Male 30 (68.2)
Female 13 (29.5)
Intersex 1 (2.3)

Race/Ethnicity n (%)
Non-Hispanic Asian 1 (2.3)
Non-Hispanic Black or African American 18 (40.9)
Non-Hispanic White 18 (40.9)
Hispanic or Latino 7 (15.9)

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y


Comorbidities
Comorbidities pre-COVID-19 diagnosis n (%)

1+ 43 (97.7)
2+ 34 (77.3)
3+ 27 (61.4)

Autoimmune disease 5 (11.4)
Cancer 7 (15.9)

Cardiovascular disease 15 (34.1)
Cerebrovascular disease 5 (11.4)

Chronic immunosuppression 4 (9.1)
Chronic respiratory disease 16 (36.4)

Diabetes mellitus 14 (31.8)
History of thromboembolic event(s) 4 (9.1)

Hypertension 27 (61.4)
Hyperlipidemia 14 (31.8)

Liver disease 3 (6.8)
Obesity (BMI >30) 23 (52.3)

Renal disease 8 (18.2)

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y


SARS-CoV-2 RNA throughout the body…

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


…and brain

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


Isolation of SARS-CoV-2 in respiratory and 
non-respiratory tissues in Vero E6 cells

• Virus isolation on 55 samples
– 25/55 (45%) of tissues with CPE
– 9/20 patients + up to D12

SARS-CoV-2 isolated from 
choroid/sclera, jejunum, lymph node, 

heart, adrenal gland, and brain. 
Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


SARS-CoV-2 spike RNA detected across 
multiple tissues and cell types

Detected SARS-CoV-2 RNA within >30 cell types across 35 tissues 

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


SARS-CoV-2 nucleocapsid RNA and 
protein detected in multiple CNS regions 

Stein et al. Nature. 2022; Dec 16.

https://www.nature.com/articles/s41586-022-05542-y
https://www.nature.com/articles/s41586-022-05542-y


Summary

• SARS-CoV-2 burden is highest in respiratory tissues, 
but is widely disseminated in the body and brain

• SARS-CoV-2 RNA can persist in multiple anatomic 
compartments for over 7 months

• SARS-CoV-2 infects multiple cell types and replicates 
in multiple tissues including brain

• We observed a paucity of inflammation or direct 
viral cytopathology outside of the lung
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