
Pathogen distribution and persistence: 

learnings from SARS-CoV-2

Daniel S. Chertow MD, MPH

Critical Care Medical Department, Clinical Center

Laboratory of Virology, NIAID

Critical Care Medicine Branch, NHLBI

June 29, 2023



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

COVID-19 death Autopsy and tissue procurementConsent and transfer

24-hour interval



n=44

Autopsy timing relative to Maryland 

COVID-19 cases, 3/2020 to 3/2021 
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Sample procurement
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Demographics
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Comorbidities

Nature. 2022; 612: 758-763.



n=11

100K-500K

10K-99K

5,000-9,999

1,000-4,999

500-999

100-499

50-99.9

10-49.9

5-9.9

1-4.9

0.5-0.99

0.1-0.49

0.05-0.099

0.01-0.049

0.002-0.0099

NEG

NA

sgRNA+

Mean copies N1 & N2 

per ng RNA input

Patient ID P36 P37 P38 P43 P35 P39 P41 P40 P44 P33 P42

Nasopharynx

Salivary Gland

Tongue

Trachea

Bronchus

L Lung

R Lung

Aorta

CNS

Myocardium

Pericardium

LN from Thorax

LN from Abdomen

Spleen

Small Intestine

Appendix

Colon

Liver

Pancreas

Kidney

Testis

Ovary

Uterus

Adrenal Gland

Thyroid

SM Thigh Muscle

Other Skin

PNS Sciatic Nerve

Ocular Tissue

Optic Nerve

Cervical Spinal Cord

Olfactory Nerve

Basal Ganglia

Cerebral Cortex

Brainstem

Cerebellum

Thalamus

Hypothalamus

Corpus Callosum

Dura Mater

4 5 13 18 25 31 33 47 65 76 230

C
e
n

tr
a
l 

N
e
rv

o
u

s
 S

y
s
te

m

DOI (days)
≤ 14 15-30 ≥ 31

L
y
m

p
h

o
id

G
a
s
tr

o
-

in
te

s
ti

n
a
l

Intestines

G
e
n

it
o

-

u
ri

n
a
ry

E
n

d
o

-

c
ri

n
e

O
c
u

la
r

R
e
s
p

ir
a
to

ry

Oropharynx

Lower 

Airway

Lung 

Parenchyma

C
a
rd

io
-

v
a
s
c
u

la
r

Vasculature
SARS-CoV-2 RNA throughout the body…
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…and brain
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SARS-CoV-2 isolated from eye, jejunum, lymph 

node, heart, adrenal gland, and brain. 



SARS-CoV-2 RNA burden is greater in 

respiratory than non-respiratory tissues

Respiratory: Intercept 3.54,  slope -3.14

Non-respiratory: Intercept 0.16,  slope -1.62

Nature. 2022; 612: 758-763.



Compartmental differences in SARS-CoV-2 
spike gene variants

Nature. 2022; 612: 758-763.

Brain

Brain

Lung



SARS-CoV-2 spike RNA detected across 

multiple tissues and cell types
Thyroid Esophagus Spleen Appendix

Adrenal Ovary Testis Uterus

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

Nature. 2022; 612: 758-763.



SARS-CoV-2 N protein (green) and neuronal nuclear (NeuN) protein (magenta), 
demonstrating viral-specific protein expression in neurons (white arrowheads) by 
immunofluorescence, cytoplasm (red arrow), neuronal projection (yellow)

Hypothalamus Cervical Cord Cervical Cord

Spinal Ganglia

SARS-CoV-2 detected in neurons of 
hypothalamus, cervical cord, and spinal ganglia

Nature. 2022; 612: 758-763.



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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