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Table S1: Summary of literature on histological visualisation of SARS-CoV-2  RNA and SARS-CoV-2 protein with ISH and IHC

first author/         last 
author title publication 

date journal number of COVID-19 
cases

interval between onset 
symptoms/diagnosis/hospital 

admission and tissue sampling

sampling 
method

postmortem 
interval

number of 
samples/blocks/sections

number of 
control cases control findings H&E 

(n) H&E findings brightfield 
IHC; (n)

fluorescence 
IHC; (n)

SARS-CoV-2 
antibodies

cell type 
marker 

antibodies

IHC spatial/cellular
findings

IHC temporal
findings

brightfield 
ISH; (n) fluorescence ISH; (n) SARS-CoV-2 probes

cell type 
marker
probes

ISH spatial/cellular ISH temporal other methods; 
(n) other findings

J.M. Nicholls/       M. 
Wong

Time Course and 
Cellular Localization 
from Fatal Cases of 
SARS of SARS-CoV 
Nucleoprotein and 
RNA in Lungs

03.01.06 PLOS Medicine 32 symptom onset:
median: 24 d
range: 5-51 d
IQR: 16-29 d

autopsy not reported >1 block/lobe/case

Open lung biopsy in one 
case

not reported not reported (32) DAD at different phases of disease 
progression.

1 -color (32) 2-channel 
fluorescent 

microscope (4)

monoclonal 
nucleocapsid 
(4D11, 3E4)

KRT
CD68
TTF1

DETECTED: 
bronchiolar epithelium
type 1 pneumocyte
alveolar macrophage

NOT DETECTED:
bronchial epithelium

nucleocapsid visualised in 
4 cases with interval 
symptom onset <14 d; only 
scattered single positive 
cells In cases with interval 
symptom onset >14d

1-color (32) (0) antisense riboprobes                 
for N , E , and S  genes

(pooled digoxigenin-labeled)

DETECTED:
pneumocytes
macrophages

NOT DETECTED:
endothelial cells 

stromal cells

RNA visualised in 4 
cases with interval 

symptom onset <14 d.

RT-PCR on 
fresh, frozen, 

FFPE tissue (32)

RNA detected in 29/32 cases

viral protein and RNA 
visualised in cases with high 
viral load

S. Li/                       J. 
Zhao 

Clinical and 
pathological 
investigation of 
patients with severe 
COVID-19

18.06.20 JCI Insight 2 symptom onset:
14 d
28 d

autopsy not reported not reported not reported not reported (2) case 14 d: DAD, acute exudative edema, 
hyaline membrane formation, and 
desquamation of pneumocytes

case 28d:  Interstitial and alveolar fibrosis 
and pneumocyte hyperplasia, with focal 
exudative edema and hyaline membrane 
in alveolar spaces

1-color (2) (0) KRT7
SFTPB
CD68
MPO
CD4
CD8

not reported not reported 1-color (2) (0) RNAscope: 
V-nCoV2019-S

DETECTED: 
pneumocytes
macrophages

endothelial cells

NOT DETECTED:
lymphocytes

not available (0)

I.M. Schaefer/    L.M. 
Sholl

In situ detection of 
SARS-CoV-2 in 
lungs and airways of 
patients with COVID-
19

19.06.20 Modern 
Pathology

7 symptom onset:                  
median: 9 d 

range: 6-31 d
IQR: 8-23 d

diagnosis: 
median: 7 d

range: 0-18 d
IQR: 2-12 d

ICU admission: 
median: 3 d

Range: 1-18 d
IQR: 2-11 d

autopsy 1-2 d not reported controls were 
used for IHC; 

number of cases 
not reported

not reported (7) acute phase of  DAD in 5 cases with 
interval from diagnosis  ≤8 d;
organising phase of DAD in 2 cases with 
interval  >8 d 

different stages of DAD observed 
histologically correspond to the temporal 
phase of illness

1-color (7)
2-color (1)

(0) polyclonal 
nucleocapsid

TTF-1  
PU.1
p63

MUC5AC
FOXJ1

DETECTED:
pneumocytes
ciliated cells
epithelial cells in submucusal 
glands

NOT DETECTED:
endothelial cells
p63+basal cells
MUC5AC+ goblet cells

FOXJ1-expression absent in N+  
cells

nucleocapsid visualised in 
cases with interval from 
diagnosis 0-8 d, and with 
histological pattern of 
acute DAD

(0) (0) (0)

J. Sauter/              W. 
Travis

Insights into 
pathogenesis of fatal 
COVID-19 
pneumonia from 
histopathology with 
immunohistochemical 
and viral RNA studies

02.07.20 Histopathology 8 symptom onset:
median: 15 d
range: 3-25 d
IQR: 9-18 d

autopsy mean: 53 h 
range: 4-216 h

7-20 sections; at least one 
section/lobe

5 cases with 
DAD from 

before emergence 
of COVID-19

1-2 sections for 
IHC:

negative in all non-
COVID tissue

(8) varying stages of acute and/or organising 
DAD, sometimes adjacent to areas of 
relatively preserved alveolar parenchyma.

1-color (8)
2-3 

sections/case

(0) monoclonal 
nucleocapsid (001) 

and spike (1A9)

DETECTED:
bronchial epithelium

intracellular;
type 2 pneumocytes 
alveolar macrophages
endothelial cells

extracellular;
hyaline membranes 

nucleocapsid and spike 
visualised  in 6/8 cases 
with interval symptom 
onset to death 3-17 d; 
intracellular staining in 
cases with shortest interval 
symptom onset to death; 3 
and 7 d

(0) (0) NGS on FFPE 
tissue

(8)

RNA detected in cases with 
interval symptom onset to 
death 3, 7, 9 d. 

Y. Hou/              R.S. 
Baric

SARS-CoV-2 
Reverse Genetics 
Reveals a Variable 
Infection Gradient in 
the Respiratory Tract

23.07.20 Cell 4 case 1: 3 d after symptom onset. 

case 2: 5 h after symptom 
onset/diagnosis/admission

case 3: 48 h after 
diagnosis/admission

Case 4: 8 d after symptom 
onset/diagnosis, 5 d after 

admission

autopsy not reported not reported not reported not reported (0) (0) 3-channel confocal 
(including DAPI)

(4)

alpha-tubulin 
MUC5B

MUC5AC

NA NA 1-color (4) 3-channel confocal 
(including DAPI) 

(4)

RNAscope: 
V-nCOV2019-S

V-nCOV2019-S-sense

RNAscope:
AGER
SFTPC

DETECTED:
ciliated airway cells
type 1 pneumocyte
type 2 pneumocyte

NOT DETECTED:
submucosal gland epithelial cells

MUC5B+ club cells
MUC5AC+ goblet cells

negative-sense probe 
(V-nCOV2019-S-sense )

not reported in vitro infection DETECTED:
ciliated cells

NOT DETECTED:
MUC5B+ cells
MUC5AC+ cells
endothelial cells

M. Remmelink/      I. 
Salmon

Unspecific post-
mortem findings 
despite multiorgan 
viral spread in 
COVID-19 patients

12.08.20 Critical Care 17 symptom onset:
median: 13 d
range: 3-31 d
IQR: 8-15 d

admission:
median: 10 d
range: 0-33 d

autopsy 72-96 h 6 samples/lobe not reported Tissue controls 
from patients who 

had an autopsy 
before the COVID-

19 pandemic

(17) early-stage DAD in 15/17 cases; 
advanced DAD in 10/17 cases;                 
late-stage DAD lesions in all cases with 
interval from symptom onset >3 w 

1-color (17) (0) polyclonal 
nucleocapsid

large variabilitly in the 
distribution of nucleocapsid-
positive cells 

strong signal visualised in 
7/17 cases with interval 
from symptom onset 3-19 
d; weak or intermediate 
signal in 5 cases with 
interval 9-31 d; no signal 
in 5 cases with interval 6-
17 d

(0) RT-PCR on 
FFPE tissue (17)

RNA detected in 16/17 cases 
with interval from diagnosis 
≤ 19d; not detected in case 
with interval 31 d 

K. Skok/           S.Lax Post-mortem viral 
dynamics and tropism 
in COVID-19 
patientsin correlation 
with organ damage

20.08.20 Virchows Archiv 68 symptom onset:
median: 11 d
range: 4-36 d
IQR: 9-15 d

admission:
median: 8 d

range: 4-35 d
IQR: 8-13 d

autopsy not reported mulitple samples/lobe not reported non-COVID-19 
cases

(19) DAD in all cases at various stages and in 
varying degrees

1-color (1) (0) monoclonal 
nucleocapsid 

(4B21)

DETECTED:
airway epithelium and mucus 
glands
pneumocytes

not reported (0) (0) (0)

A.C. Borczuk/  M.B. 
Beasley

COVID-19 
pulmonary pathology: 
a multi-institutional 
autopsy cohort from 
Italy and New York 
City

02.09.20 Modern 
Pathology

68 symptom onset:
median: 11 d
IQR: 8-19 d

autopsy 1-16 d median: 19 blocks/case
range:  8-30 blocks/case
all lobes were sampled

5 non-COVID 
ARDS cases

spike IHC and 
RNAscope

findings not 
reported

(68) injury evolves over 1–3 w; 
histopathological features of DAD at 
different stages, chronic interstitial 
inflammation, and vascular injury

1-color (23) (0) monoclonal     
spike (1A9)

DETECTED:
extracellular: hyaline 
membranes

intracellular:
tracheal epithelial cells
type 2 pneumocyte 

spike visualised in 10/14 
cases with interval from 
symptom onset ≤2 w; 
spike not visualised in 3/9 
cases with interval >2 w 

1-color (13) (0) RNAscope:
V-nCOV2019-S

DETECTED:
tracheal epithelial cells

type 2 pneumocyte 
hyaline membranes

RNA visualised up to 
interval from symptom 

onset of 4 w. 

viral culture in 6 cases viable virus 
cultured; all but one with 
interval from symptom onset 
≤2 w

Q. Liu/              X.W. 
Bian

Pathological changes 
in the lungs and 
lymphatic organs of 
12 COVID-19 
autopsy cases

22.09.20 National Science 
Review

12 symptom onset:
median: 30 d

range: 20-42 d
IQR: 26-32 d

admission:
median: 15 d
range: 4-32 d
IQR: 11-18 d

autopsy 4-24 h not reported 1 autopsy case 
after cardiac 

arrest

no immuno-
histochemical 

staining of 
SARS-CoV-2 
spike protein 

(12) lesions of DAD, interstitial fibrosis and 
exudative inflammation with extensive 
serous and fibrin exudates, macrophage 
infiltration

1-color (12) (0) polyclonal       
spike

CD3 
CD4 
CD8
CD20
CD68

DETECTED:
alveolar epithelial cells
bronchial epithelial cells

not reported (0) (0) (0)

B. Schurink/         M. 
Bugiani

Viral presence and 
immunopathology in 
patients with lethal
COVID-19: a 
prospective autopsy 
cohort study

25.09.20 Lancet Microbe 21 symptom onset: 
median: 22 d 
range: 5-44 d

autopsy median: 15 h 
range: 3-88 h

3/21 cases excluded from 
lung histology; no sample 
available of the peripheral 
and central parenchyma 

of each lobe

not reported not reported (18) exudative DAD in 14/18 cases, a 
proliferative pattern in 15/18 cases, and a 
fibrotic pattern in 4/18 cases

predominantly proliferative DAD in 
cases  with a median interval from 
symptom onset  of 25 d (range: 12–44 d)

1-color (11) (0) monoclonal (non-
commercial) and 

polyclonal 
nucleocapsid

staining 
considered 

positive if labeled 
by both

MPO
CD4
CD8
CD20

DETECTED:
type 1 pneumocyte
type 2 pneumocyte
alveolar macrophage
endothelial cell
bronchial epithelial cell

nucleocapsid visualised in 
8/11 cases with median 
interval symptom onset to 
death of 14 d (range: 5-31 
d)

(0) (0) (0)

E. Barisione/         R. 
Fiocca

Fibrotic progression 
and radiologic 
correlation in matched 
lungsamples from 
COVID-19 post-
mortems

28.09.20 Virchows Archiv 8 symptom onset:
median 28 d
range: 5-42 d
IQR: 19-34 d

admission:
median: 22 d
range: 4-35 d
IQR: 14-31 d

transbronchial 
lung cryosample

sampling after 
death; continued 

mechanical 
ventilation of lungs

2 samples/lobe; 
maximum 10 samples

median 8/case
range: 6-10/case

not reported negative controls 
were used

(8) early exudative DAD in 2 cases
mid/proliferative DAD in 3 cases;
late/organising fibrotic phase of DAD in 
2 cases;
late/organising fibrotic phase DAD with 
microhoneycoombing in 1 case 

1-color (8) (0) monoclonal 
nucleocapsid 

(0002)

KRT7
CD3
CD20
CD31
CD61
CD68
CD163

p40
TTF1
SMA

DETECTED:
extracellular: 
hyaline membranes

intracellular:
bronchial cells 
pneumocytes macrophages

nucleocapsid visualised in 
2 cases with exudative 
DAD and interval from 
diagnosis of 5 d and 
symptom onset of 14 d 

(0) (0) (0)

R. Bussani/           M. 
Giacca 

Persistence of viral 
RNA, pneumocyte 
syncytia and 
thrombosis are 
hallmarks of advanced 
COVID-19 pathology

03.11.20 eBioMedicine 41 admission:
median: 14 d
range: 1-60 d
IQR: 8-24 d

autopsy not reported 3 specimens/lobe;            
2 peripheral and 1 central

not reported not reported (41) destruction of  normal lung architecture, 
consistent with a condition of DAD with 
edema, intraalveolar fibrin deposition 
with hyaline membranes and 
hemorrhage; accompanied by occlusion 
of alveolar spaces due to cell 
delamination.

1-color (41) (0) monoclonal    
spike (1A9)

CD4
CD8
CD61
TTF1
CD31
CD163
Napsin
SFTPB

DETECTED:
cells with expanded cytoplasms 
with the presence of large 
inclusion bodies;
endothelial cells

spike visualised up to 30-
40 d after diagnosis

1-color (11) (0) miRCURY LNA miRNA:
orf1ab
spike 

DETECTED:
pneumocytes

endothelial cells

RNA visualised in 10/11 
cases with interval from 

admission 2-48 d

(0)

B. Schuler/       J.M.S. 
Sucre

Age-determined 
expression of priming 
protease TMPRSS2 
and localization of 
SARS-CoV-2
in lung epithelium

12.11.20 The Journal of 
Clinical 

Investigation

3 not reported autopsy not reported not reported not reported not reported (0) (0) (0) (0) 3-channel scanner
(including DAPI)

(3)

RNAscope:
viral gene not specified

SCGB1A1
FOXJ1
SFTPC 
AGER

DETECTED:
SCGB1A1+  secretory cells

FOXJ1+  ciliated cells
AGER+  type 1 pneumocytes

NOT DETECTED:
SFTPC+  type 2 pneumocytes

not reported (0)

N. Desai/              V. 
Desphande

Temporal and spatial 
heterogeneity of host 
response to SARS-
CoV-2 pulmonary 
infection

09.12.20 Nature 
Communications

24 symptom onset: 
median: 17 d
range: 2-27 d

IQR: 9-20

admission:
median: 7 d

range: 0-32 d
IQR: 3-13 d

autopsy not reported ISH applied to at least 
two lobes of the lung 

5 ISH and RNA 
sequencing viral 
genome negative

(20) 5 cases showing only acute DAD; in 9 
cases acute injury was accompanied by 
interstitial and/or airspace organisation; 
two cases lacked acute injury, instead 
showing only organising-pattern injury

1-color 
(not reported)

(0) polyclonal 
nucleocapsid

CD3
CD8 
CD20 
CD163
CD123
KRT

Napsin A

DETECTED:
columnar cells bronchi
bronchiolar epithelium
pneumocytes

NOT DETECTED:
endothelial cells

not reported 1-color (23) (0) RNAscope:
V-nCoV2019-S

(strong signal=ratio of area of 
viral infected lung to total lung 

area ≥2%)

DETECTED:
intracellular: columnar cells bronchi

bronchiolar epithelium
pneumocytes

extracellular: 
hyaline membranes 

(11/23 cases)

NOT DETECTED:
endothelial cells

strong ISH signal untill 
12 d after  symptom 

onset

weak ISH signal until 18 
d after symptom onset 

clear ISH signal in cases 
with early/acute DAD 

RT-PCR on 
FFPE tissue (11) 

RNA sequencing 
(15)

viral RNA detected with RT-
PCR until 18 d after 
symptom onset

most viral genomes 
sequenced in cases with 
strong ISH signal

L.R. Massoth/       V. 
Desphande

COVID-19 tissue 
atlases reveal SARS-
CoV-2 pathology and 
cellular targets

01.01.21 American 
Journal Surgical 

Pathology

8 not reported autopsy not reported 19 samples 37 autopsies from  
before COVID-

19 pandemic.

blocks from all 37 
cases were 

negative for ISH;
5/13 cases were 
positive on IHC

(0) 1-color (8) (0) polyclonal 
nucleocapsid

DETECTED:
extracellular: 
hyaline membranes 
(6/8 cases) 

intracellular: 
pneumocytes  
immune cells 
(4/8 cases)

not available 1-color (8) (0) RNAscope:
V-nCoV2019-S

V-nCoV2019-S-sense

DETECTED:
6/8 cases; 13/19 blocks 

 
extracellular (5/6 cases):

hyaline membranes

intracellular (5/6 cases):
pneumocytes

bronchial epithelial cells
macrophages

intracellular: negative sense 
RNA visualised in 2/5 cases

NOT DETECTED:
endothelial cells

not reported RT-PCR on 
FFPE tissue (8)

RNA sequencing 
on FFPE tissue  

(5)

viral RNA detected in 6/8 
cases

negative sense RNA 
detected in 4/5 cases

D.A. Dorward/  C.D. 
Lucas

Tissue-specific 
immunopathology in 
fatal COVID-19

15.01.21 AJRCCM 11 symptom onset:
median: 23 d
range: 9-42 d
IQR: 19-27 d

autopsy median: 19 h
IQR: 5-20 h

3 samples/lobe not reported archival pre-
COVID-19 

autopsy lung tissue 

(11) DAD in 8/11 cases 1-color (4) 4-color 
fluorescence 

scanner (including 
DAPI) (4)

monoclonal    
spike (3A2)

CD105
CD68
AE1/3

DETECTED:
airway epithelial cells
alveolar epithelial cells
macrophages
endothelial cells

not reported (0) (0) RT-PCR frozen 
tissue (11)

RNA detected in 10/11 cases 
up to interval from symptom 
onset of 42 d 

J. Bhatnagar/      S.R. 
Zaki

Evidence of Severe 
Acute Respiratory 
Syndrome
Coronavirus 2 
replication and 
tropism in the lungs,
airways, and vascular 
endothelium of 
patients with fatal
Coronavirus Disease 
2019: An autopsy 
case series

01.03.21 The Journal of 
Infectious 
Diseases

64

21 confirmed cases 43 
suspected cases

32 cases with positive RT-PCR

symptom onset:
median: 7 d

range: 1-26 d
IQR: 3-13 d

autopsy not reported ISH on multiple FFPE 
blocks from RT-PCR 

positive cases.

not reported Cases of 
coronavirus NL63 

and HKU1

(64) most predominant histological feature in 
ISH-positive cases was DAD with 
various levels of progression and 
severity, including both exudative and 
proliferative stages

(0) (0) 1-color (32) (0) RNAscope:
V-nCoV2019-N
V-nCoV2019-S

SFTPB
MUC5B

MUC5AC
CD68

adjacent 
sections

DETECTED:
extracellular:

hyaline membranes 
vessel lumen

intracellular:
macrophages
sloughed and

lining pneumocytes
bronchiolar epithelium

large airway ciliated 
and goblet epithelial cells

tracheal submucosal glands 
endothelial cells and

tunica media

RNA visualised in lungs 
of 18/32 cases with 

interval from symptom 
onset 1-26 d.

RT-PCR FFPE 
tissue (64)

subgenomic RT-
PCR on 32 cases 
with detection of 
genomic RNA

genomic RNA detected in 
32/64 cases with interval 
from symptom onset 1-26 d

subgenomic RNA detected 
in 17/32 cases with interval 
from symptom onset 2-18 d

S.M. El Jamal/ W.H. 
Westra

Tissue-based SARS-
CoV-2 detection in 
fatal COVID-19 
infections: Sustained 
direct viral- induced 
damage is not 
necessary to drive 
disease progression

04.05.21 Human 
Pathology

14 symptom onset:
median: 7 d

range: 1-34 d 
IQR: 3-13 d

autopsy median: 10 h
range: 4-189 h

IQR: 7-42 h

Multiple samples from 
each lung

archived autopsy 
blocks from 2019 
(ie, pre-COVID 
cases) were used 
as negative tissue 

controls.

not reported (14) DAD was present in all cases, 
predominantly in the acute phase, and 
judged to be the major factor contributing 
to patient death

1-color (1) 2-channel confocal 
(including DAPI)  

(1)

polyclonal spike
monoclonal 

nucleocapsid 
(3851)

CD68
CAM5.2 

(pneumocyte)

spike and nucleocapsid protein 
detected in case with ISH signal 

not reported 1-color (14) (0) RNAscope:
V-nCoV2019-S

V-nCoV2019-S-sense

DETECTED:
positive sense probe 

signal diffusely visualised 
in all lung fields

macrophages
pneumocytes (alveolar wall 
and sloughed off in lumen)

NOT DETECTED:
negative sense probe

RNA only visualised in 
case with interval from 

symptom onset of 3 
days. 

RT-PCR on 
frozen tissue (7)

Vero cell culture

viral RNA detected in 4/7 
cases with interval from 
symptom onset 6-11 d

visualisation of 
cytoplasmatic puncta for the 
positive and negative sense 
probe

K. Hirschbühl/      T. 
Schaller

Viral mapping in 
COVID-19 deceased 
in the Augsburg 
autopsy series of the 
first wave: A 
multiorgan and 
multimethodological 
approach

19.07.21 PLOS One 19 symptom onset:
median: 5 d

range: 0-21 d

admission:
median: 11 d
range: 1-36 d

autopsy median: 26 h
range: 6-53 h

83 representative slides not reported not reported (19) 18 cases exhibited high grades of typical 
histological features of DAD; only one 
case had relatively mild DAD changes, 
restricted to the left upper lobe

2-color (19) (0) monoclonal 
nucleocapsid 

(4F3C4)

TTF1
CD68

nucleocapsid visualised in 4/19 
cases

DETECTED:
pneumocytes
macrophages

not reported 1-color (19) (0) RNAscope:
V-nCoV-2019-S

V-nCoV-2019-S-sense

positive sense RNA visualised  
in 10/19 cases;

negative sense RNA visualised 
in 3/10 cases with positive sense RNA.

DETECTED:
pneumocytes
interstitium

respiratory eptihelum

not reported RT-PCR on 
FFPE tissue (19)

RNA detected in 19/19 
cases; inverse relation 
between stage of DAD and 
viral RNA load in tissue 

D.W.L. Wong/          
P. Boor

Multisystemic Cellular 
Tropism of SARS-
CoV-2 in Autopsiesof 
COVID-19 Patients

27.07.21 Cells 8 symptom onset:
median: 31 d
range: 7-64 d
IQR: 12-42 d

admission:
median: 27 d
range: 2-60 d
IQR: 10-36 d

autopsy median: 36 h
range: 20-48 h

tissue microarrays for 
ISH

ARDS: 6 
Influenza A: 4

Normal: 6
COVID: 6

comparison of 
spike antibody 
IHC: all lung 

tissues showed 
variable but very 

distinct false-
positive staining

(8) in all cases DAD with mixed and 
overlapping patterns of the exudative, 
proliferative, and organising phase or 
fibrotic phase

1-color (6) (0) monoclonal    
spike (3A2 and 

1A9)

not specific to detect virus in 
FFPE tissues. 

not available (0) 3-channel scanner 
(including DAPI) (8)

RNAscope:
V-nCoV2019-S

V-nCoV2019-S-sense

TMPRSS2
ACE2

DETECTED:
intracellular: 

positive and negative sense 
RNA visualised     

airway epithelial cells
alveolar epithelial cells

endothelial cells
neutrophils

extracellular:  
hyaline membranes 

not reported RT-PCR on 
FFPE tissue (8)

viral RNA detected in all 
cases

S. Berezowska/     L. 
de Leval

Postmortem 
cardiopulmonary 
pathology in patients 
with COVID-19 
infection: Single-
center report of 12 
autopsies from 
Lausanne, 
Switzerland

28.07.21 diagnostics 12 symptom onset:
median: 15 d
range: 6-38 d
IQR: 10-17 d

autopsy median: 14 h
range: 7-70 h
IQR: 13-31 h

14 blocks right lung and 
10 blocks left lung for 

each case

mean 23 blocks/case 
(range: 14-43)

5 cases autopsied 
before the 

emergence of 
COVID-19

not reported (12) 11/12 cases showed DAD in different 
stages; the extent of DAD was very 
patchy and localized, especially in the 
earlier stages

1-color (12) 3-channel; 
fluorescence 
scanner (5)

SARS-CoV-2 ISH 
on ajdacent section

polyclonal      
spike

monoclonal 
nucleocapsid (05)

CD3
CD4
CD8
CD68

PANCK

DETECTED:
extracellular: hyaline 
membranes

intracellular: pneumocytes
macrophages

spike and nucleocapsid  
visualised in cases with 
interval from symptom 
onset ≤14 d

(0) 2-channel  scanner 
(including DAPI) (5)

3-channel 
immunofluorescence 
on adjacent section

RNAscope:
V-nCoV2019-S

DETECTED:
extracellular:

hyaline membranes

intracellular:
pneumocytes
macrophages

RNA visualised  in 4/5 
cases, all with interval 

from symptom onset ≤14 
d

RT-PCR on 
FFPE tissue (12)

high viral RNA load in 6 
cases with onset of 
symptoms  ≤14 d; low viral 
RNA load in 6 cases with 
onset of symptom onset 15-
38 d

J. Van Cleemput/      
L. Vandekerckhove

Organ-specific 
genome diversity of 
replication- competent 
SARS-CoV-2

16.11.21 Nature 
Communications

13 symptom onset:
median: 22 d
range: 3-88 d
IQR: 18-32 d

minimally 
invasive 
autopsy:

CT guided 
tru-cut tissue 

sampling

not reported not reported not reported not reported (13) interval from symptom onset ≤18 d: acute 
exudative DAD with reacitve broncial 
epithelia and edema

interval from symptom onset >18 d: 
remodeling pattern of DAD with 
instersitial fibrosis and consolidation.  

1-color (13) 2-channel confocal 
(3)

polyclonal 
nucleocapsid

PANCK
CD14

ICAM-1

DETECTED:
bronchiolar epithelial cells
alveolar epithelial cells
alveolar macrophages
ICAM-1+ cells

nucleocapsid visualised in 
4/5 cases with interval 
from symptom onset ≤18 
d; versus 1/8 cases with 
interval >18 d

(0) (0) RT-PCR frozen 
tissue (13)

viral RNA detected in 5/5 
cases with interval from 
symptom onset ≤18 d versus 
4/8 of cases with interval 
>18 d; viral RNA was 
detected up to 88 d after 
symptom onset

J.D. Haslbauer/     A. 
Tzankov

Immunohistochemical 
and transcriptional 
analysis of SARS-
CoV-2 entry factors 
and renin-angiotensin-
aldosterone system 
components in lethal 
COVID-19

16.12.21 Pathobiology 27 admission:
median: 7 d
IQR: 27 d

autopsy not reported one sample per case;
tissue microarrays

23 not reported exudative DAD in 9/27 and proliferative 
DAD in 8/27 cases. 

2-color 
(not reported)

(0) nucleocapsid     ERG 
(endothelium)

DETECTED:
close association with 
endothelial structures

not reported 1-color 
(not reported)

(0) RNAscope:
V-nCoV2019-S-sense

V-nCoV2019-Orf1ab-sense

DETECTED:
pneumocytes

desquamated cells
endothelium

not reported (0)

T. Caniego-Casas/  J. 
Palacios

RNA SARS-CoV-2 
persistence in the lung 
of severe COVID-19 
Patients: A case series 
of autopsies

31.01.22 Frontiers in 
Microbiology

26 symptom onset:
median: 39 d

range: 9-108 d

autopsy <24 h samples from every lobe.

in each case, the FFPE 
RT-PCR positive sample 
with highest RNA level 
was also analysed with 

IHC and ISH

not reported not reported (26) severe DAD in all but one case; the 
predominant lung pattern was DAD in 
fibroproliferative stage, exudative or 
fibrotic lesions were also present in 
different proportions in each case.

1-color (26) (0) monoclonal    
spike (1A9)

DETECTED:
extracellular: hyaline 
membranes

intracellular:
airway epithelium
pneumocytes
macrophages

INCONCLUSIVE:
endothelial cells

signal visualised in 3/4 
cases with interval 
symptom onset ≤ 14 d;
not detected in 22 cases 
with interval 15-103 d 

1-color (26) (0) RNAscope: 
V-nCoV2019-S

DETECTED:
extracellular:

hyaline membranes

intracellular:
airway epithelium

pneumocytes
macrophages

INCONCLUSIVE:
endothelial cells

RNA visualised in 3/4 
cases with interval 

symptom onset ≤ 14 d; 
not detected in 22 cases 
with interval 15-103 d. 

RT-PCR FFPE 
tissue all lobes 

(26)

RNA detected in all but one 
case from at least one lobe 

subgenomic RNA detected 
in 11/17 cases with interval 
from symptom onset  ≤6 w 
and detected in 2/9 cases 
with interval >6 w 

F. Zito Marino/      R. 
Franco

Variable levels of 
spike and ORF1ab 
RNA in post-mortem 
lung samples of 
SARS-CoV-2-
positive subjects: 
comparison between 
ISH and RT-PCR

01.02.22 Virchows Archiv 27 diagnosis:
median: 60 d

range: 20-122 d
IQR: 46-74 d

autopsy median: 4 d
range: 3-5 d
IQR: 4-5 d

not reported not reported not reported (0) (0) (0) 1-color (27) (0) RNAscope:
V-nCoV2019-S

V-nCoV2019-Orf1ab-sense

DETECTED:
extracellular: 
air spaces and 

hyaline membranes

intracellular;
pneumocytes
macrophages

S  RNA visualised in 
12/27 cases with interval 

diagnosis 25-122 d; 
Orf1ab  sense RNA 

visualised in 2/27 cases 
with interval diagnosis 

45 and 58 d.

RT-PCR FFPE 
tissue 
(27)

N  RNA detected in 27/27 
cases, E  gene in 22/27 cases, 
S  gene in 26/27 cases, 
Orf1ab  in 6/27 cases 

C. Schwab/            T. 
Longerich

Cell tropism and viral 
clearance during 
SARS-CoV-2 lung 
infection

30.06.22 Pathology - 
Research and 

Practice

40

wild-type n=28
Alpha/B1.1.7 n=5

Deleta/B1.617.2 n=2
Omicron/B.1.1.529 n=2

symptom onset:
median: 10 d
range: 0-31 d
IQR: 6-15 d

admission:
median: 7 d

range: 0-36 d

autopsy not reported 3 representative tissue 
samples were taken from 

each pulmonary lobe

autopsy cases 
before the 
COVID19 
pandemic

not reported (40) exudative stage in 18 cases, proliferative 
stage in 6 cases, and nterstitial fibroses  in 
14 cases; inverse correlation between 
RNA visualisation and the histological 
stage of pneumonia; paralleled by a 
positive association between disease 
duration and histological stage

(0) (0) 1-color (40)
2-color 

(not reported)

(0) RNAscope:
V-nCoV2019-S

RNAscope:
MCAM
KRT18
CD68

DETECTED:
extracellular:                                    

hyaline membranes 
(11/40 cases)

intracellular:
KRT18+  pneumocytes
CD68+  macrophages

MCAM+  endothelial cells 
(less frequently)

visualisation of RNA 
was significantly 

reduced in cases with 
interval symptom onset 

>2 w

(0)

S.R. Stein/           
D.S. Chertow

SARS-CoV-2 
infection and 
persistence in the
human body and brain 
at autopsy

14.12.22 Nature 44 symptom onset:
median: 19 d
IQR: 11-38 d

autopsy median: 22 h
IQR: 18-34 h

not reported not reported not reported (44) acute pneumonia or DAD in 35/44 cases 
with a clear temporal progression.

(0) (0) 1-color 
(not reported)

(0) RNAscope:
V-nCoV2019-S
V-nCoV2019-N

DETECTED:
extracellular: 

hyaline membranes

intracellular:
pneumocytes

mononuclear monocyte

not reported RT-PCR tissue
genomic 

nucleocapsid (N1 
& N2) and 
subgenomic 

envelope gene 
RNA

not reported specifically for 
lung samples

R. Bussani/           M. 
Giacca 

Persistent SARS-CoV-
2 infection in patients 
seemingly recovered 
from COVID-19

18.01.23 Journal of 
Pathology

27 interval first to last positive PCR:
mean: 28 d

range: 5-83 d

interval first negative PCR to 
death:

mean: 106 d
range: 11-300 d

autopsy 24-48 h average of 24 
independent specimens 
per patient with at least 

10 different parenchymal 
samples per lung and 4 
samples from the lung 

hilum

4 no spike and 
nucleocapsid IHC 

positivity was 
detectable in most 

parts of the 
bronchial and 

alveolar epithelium

(27) interstitial pneumonia characterised by 
DAD and immunen cell infiltration in 
22/27 cases; extensive fibrotic 
substitution in 13/27 cases. 

(27) (0) monoclonal spike 
(1A9)

monoclonal 
nucleocapsid (001)

DETECTED:
signal visualised in 19/27 cases
intracellular: 
chondrocytes
peribronchial glands
vascular pericytes 
vascular endothelial cells

not available (0) (0) RT-PCR FFPE 
tissue 
(27)

nucleocapsid and orf1ab 
RNA detected in 9/17 cases 
as long as 218 d after last 
negative PCR result

K. Bräutigam/
C.M. Schürch

Comprehensive 
analysis of SARS-
CoV-2 receptor 
proteins in human 
respiratory tissues 
identifies alveolar 
macrophages as 
potential virus entry 
site

26.01.23 Histopathology 1 not reported autopsy not reported 3 tissue cores/ specimen 
arranged in tissue 

microarray;
number of specimens per 

case not reported

2 fungal pneumonia;
cytomegalovirus 

pneumonia

(0) 2-color (1) (0) monoclonal 
nucleocapsid     (N-

IH-H5)

CD163 DETECTED:
intracellular in CD163+ alveolar 
macrophages

not reported (0) (0) (0)

I.I. Jeican/
C.V. Siserman

Histopathological lung 
findings in COVID-
19 B.1.617.2 SARS-
CoV-2 Delta variant

31.01.23 Journal of 
Personalized 

Medicine

10
Delta/B.1.617.2 

n=10

not reported thoracotomy or  
autopsy

12 h 2 pulmonary samples       
5 by 5 mm

not reported not reported (10) acute pulmonary edema in 7/10 cases; 
early phase (1) DAD in 5/10 cases; 
intermediate phase (2) DAD in 4/10 
cases; late phase of DAD (3) in 2/10 
cases

1-color (10) (0) monoclonal 
nucleocapsid 

(B46F)

DETECTED:
pneumocytes in 6/10 cases
endothelial cell in 1/10 cases

NOT DETECTED:
4/10 cases

not reported (0) (0) (0)

J. Van Slambrouck/ 
P. Mombaerts

Visualising SARS-
CoV-2 infection of the 
human lung:
a postmortem cohort 
study of hospitalised 
COVID-19 patients.

this journal 22 symptom onset:
median: 24 d
range: 8-58 d
IQR: 19-37 d

diagnosis:
median: 22 d
range: 2-51 d
IQR: 14-34 d

admission: 
median: 20 d
range: 2-51 d
IQR: 12-29 d

15 postmortem 
bed side 
autopsies

7 conventional 
autopsies

bedside: 
median: 35 min

range: 15-115 min
IQR: 23-50 min

conventional 
autopsy:

median: 19 h
range: 11-66 h
IQR: 19-30 h

2 sections/block
1 block from 1 lobe 

(RLL)/patient

2 RT-PCR and ISH 
negative 

22 no abnormalities in two cases with 
interval from diagnosis of 5 and 44 d; 
centrilobular acute exudative injury in 
first 2-3 w; progression to panlobulal 
fibroproliferative injury after 3 w.

(0) 4-channel confocal 
(5)

monoclonal 
nucleocapsid (001)

KRT8 
KRT5/6 
CC16

MUC5AC
SFTPC
CD68 

DETECTED:
intracellular: in 2/5 cases; 
ciliated cells (interval from 
diagnosis 2 d) and alveolar wall 
(interval 5 d) 

extracellular: in alveolar space in 
4/5 cases

intracellular signal 
visualised in ciliated cells 2 
d after diagnosis and in 
alveolar wall 5 d after 
diagnosis

extracellular signal 
visualised after as long as 
13 d

(0) 2-channel confocal 
(22)

4-channel confocal (5)

RNAscope:
V-nCOV-2019-N (22)
V-nCOV-2019-N-sense

V-nCOV-2019-S
V-nCOV-2019-S-sense
V-nCOV-2019-Orf1ab

V-nCOV-2019-Orf1ab-sense
V-nCOV-2019-M

FOXJ1 DETECTED:
intracellular:

negative sense RNA
 in ciliated cells, 

positive sense RNA 
in pneumocytes,  macrophages

extracellular:                                     
among cell debris in alveolar space

strong signal visualised 
as long as 13 d after 

diagnosis. RNA remains 
visible as long as long as 

45 d after diagnosis 

RT-PCR on 
frozen tissue (20)

tissue viral RNA load 
progressively decreases over 
time but remains detectable 
as long as 6 w after 
diagnosis

 h=hour(s). d=day(s). w=week(s). DAD=diffuse alveolar damage.H&E=hematoxylin and eosin. ICU=intensive care unit. IHC=immunohistochemistry. ISH=in situ hybridisation. IQR=interquartile range. NGS=next-generation sequencing. N=nucleocapsid. S=spike. E=envelope. orf1ab=open reading frame 1ab. qRT-PCR=quantitative reverse-transcription polymerase chain reaction. 



Table S2: Demographics, medical history, course and management of SARS-CoV-2 infection, and viral RNA assays on lung tissues samples of the COVID-19 cases

case ID age sex body mass 
index

smoking history; 
pack years

pre-COVID-19
respiratory 

disease

pre-COVID-19 
immunosuppressive 

drugs
active malignancy treatment malignancy comorbidities vaccination

length 
hospital stay

(days)

length 
ICU stay 

(days)

respiratory 
support

days 
intubated

pharmacological 
COVID-19 treatment

cause of death serology
anti-N IgG

time of death
presumptive 

duration of illness 
(days)

diagnosis-to-death 
interval (days)

result last qRT--
PCR before 

death

interval last qRT-
PCR to death 

(days)

origin last 
sample for qRT-PCR

postmortem 
tissue 

sampling

postmortem 
interval

abundance 
RNAscope N 

puncta

SARS-CoV-2
qRT-PCR

tissue

1 71 male 25.5 former; 39 no
anti-CD20 + anti-CD37 
and emtansine conjugate

diffuse large B-cell 
lymphoma

anti-CD20 + anti-CD37 and 
emtansine conjugate;

prophylactic acyclovir
peripheral artery disease pre-vaccination 13 12 mechanical ventilation 12 hydroxychloroquine respiratory failure negative March 2020 16 13 positive 11 upper respiratory tract bedside 15 min +++ not reported

2 76 male not reported former
chronic obstructive 
pulmonary disease no prostate carcinoma

hormonal therapy with 
androgen receptor 

antagonist (Bicalutamide)
no pre-vaccination 11 11

mechanical ventilation,
proning 10 hydroxychloroquine respiratory failure positive April 2020 18 11 positive 8 lower respiratory tract bedside 15 min 0 negative

3 60 male 25.3 former no  methylprednisolone no not applicable
arterial hypertension

polymyalgia rheumatica pre-vaccination 26 23

mechanical ventilation,
proning,

extracorporeal membrane 
oxygenation

21
hydroxychloroquine,

steroids, 
IL receptor modulator

COVID-19 sequelae positive May 2020 28 26 negative 3 lower respiratory tract autopsy 11 h + negative

4 67 male not reported no no No no not applicable no pre-vaccination 44 44
mechanical ventilation,
high-flow nasal canula 19 and 2

hydroxychloroquine,
steroids, 

IL receptor modulator
COVID-19 sequelae positive May 2020 51 44 negative 1 lower respiratory tract autopsy 19 h + negative

5 72 female 27.7 no no hydrocortisone no not applicable

granulomatosis with 
polyangiitis,

 chronic kidney disease,  
adrenal insufficiency

pre-vaccination 45 45
mechanical ventilation,

proning 44
hydroxychloroquine,

steroids COVID-19 sequelae positive May 2020 56 45 positive 5 lower respiratory tract autopsy 41 h ++ not reported

6 89 male 29 active no methylprednisolone no not applicable

arterial hypertension,       
type 2 diabetes mellitus, 
chronic kidney disease, 
coronary artery disease, 

rheumatoid arthritis

pre-vaccination 5 3 non-invasive ventilation,
proning

0 steroids respiratory failure negative October 2020 9 5 positive 5 upper respiratory tract bedside 35 min +++ positive

7 75 male 27.3 former; 40 no no
metastasized 

prostate carcinoma
hormonal therapy with 

enzalutamide and leuproreline

arterial hypertension,       
type 1 diabetes mellitus, 
coronary artery disease

pre-vaccination 17 14
mechanical ventilation,

proning 5
steroids,

IL receptor modulators respiratory failure positive October 2020 20 17 positive 5 lower respiratory tract bedside 15 min ++ positive

8 90 male 27 no no no no not applicable
type 2 diabetes mellitus, 
coronary artery disease,

 heart failure
pre-vaccination 5 0 high-flow nasal canula 0

steroids
remdesevir respiratory failure negative October 2020 8 8 positive 8 upper respiratory tract bedside 45 min +++ positive

9 69 male not reported former; 60 no no no not applicable

arterial hypertension,       
type 2 diabetes mellitus, 
chronic kidney disease, 
coronary artery disease

pre-vaccination 22 14 mechanical ventilation,
proning

10 steroids COVID-19 sequelae positive November 2020 29 22 positive 12 lower respiratory tract bedside 55 min 0 positive

10 50 female 34.5 former; 10 no no no not applicable No pre-vaccination 16 16

mechanical ventilation,
proning,

extracorporeal membrane 
oxygenation

14
steroids

remdesevir COVID-19 sequelae positive November 2020 21 21 positive 5 lower respiratory tract bedside 30 min + positive

11 82 female 26.9 no chronic obstructive 
pulmonary disease

no no not applicable type 2 diabetes mellitus, 
chronic kidney disease

pre-vaccination 10 9 mechanical ventilation,
proning

8 steroids respiratory failure positive November 2020 22 20 positive 8 lower respiratory tract bedside 15 min + positive

12 68 male 29.4 active chronic obstructive 
pulmonary disease

no no not applicable
coronary artery disease 

with cardiomyopathy, 
peripheral artery disease

pre-vaccination 19 19 mechanical ventilation 17 steroids COVID-19 sequelae positive November 2020 not reported 34 positive 11 lower respiratory tract bedside 35 min + positive

13 87 female 40 no no no no not applicable arterial hypertension,      
type 2 diabetes mellitus

pre-vaccination 4 0 high-flow nasal canula 0 steroids
remdesevir

respiratory failure not reported November 2020 8 8 positive 8 upper respiratory tract bedside 115 min +++ positive

14 68 male 51.8 former; 15 no no no not applicable
arterial hypertension, 

coronary artery disease pre-vaccination 25 21
mechanical ventilation,

proning,
inhaled nitric oxide

10 steroids COVID-19 sequelae positive November 2020 31 29 positive 9 lower respiratory tract autopsy 19 h ++ positive

15 49 male not reported not reported asthma no no not applicable no pre-vaccination 32 32

mechanical ventilation,
proning,

extracorporeal membrane 
oxygenation

23 steroids COVID-19 sequelae positive November 2020 39 32 negative 13 lower respiratory tract autopsy 18 h + negative

16 75 male not reported not reported no no no not applicable arterial hypertension, 
chronic kidney disease

not vaccinated 40 37 mechanical ventilation 37 steroids COVID-19 sequelae positive December 2020 43 41 positive 10 lower respiratory tract autopsy 19 h 0 positive

17 81 male 24.6 former no no no not applicable coronary artery disease not vaccinated 21 21 mechanical ventilation,
proning

21 steroids COVID-19 sequelae positive December 2020 not reported 21 positive 4 lower respiratory tract autopsy 66 h + positive

18 75 male not reported not reported no no not applicable no not vaccinated 51 47 mechanical ventilation,
proning

47 steroids
remdesevir

COVID-19 sequelae positive December 2020 58 51 negative 2 upper respiratory tract bedside 75 min 0 negative

19 59 male 40.8 no

chronic obstructive 
pulmonary disease,
chemotherapy and 
lobectomy for lung 

spinocellular carcinoma

no no not applicable arterial hypertension not vaccinated 30 30

mechanical ventilation,
proning,

extracorporeal membrane 
oxygenation

26 steroids COVID-19 sequelae positive December 2020 not reported 37 negative 1 upper respiratory tract bedside 45 min + positive

20 82 male not reported no no no no not applicable no not vaccinated 23 23 mechanical ventilation,
proning

11 steroids respiratory failure positive December 2020 24 23 positive 11 lower respiratory tract bedside 75 min + positive

21 47 male 29.9 no no
high-dose 

methylprednisolone
for brain oedema

brain 
oligodendroglioma no

fatal brain oedema 
after stereotactic biopsy;

arterial hypertension
not vaccinated 7 6 mechanical ventilation 6 none brain tumour negative February 2021 not reported 2 positive 2 upper respiratory tract bedside 45 min +++ positive

22 84 male not reported no no no no not applicable arterial hypertension not vaccinated 17 13 non-invasive ventilation 0 steroids respiratory failure positive February 2021 23 20 positive 20 upper respiratory tract bedside 30 min ++ positive
qRT-PCR=quantitative reverse-transcription polymerase chain reaction. anti-N IgG=anti-nucleocapsid immunoglobulin G. IL=interleukin. 
COVID 21 was diagnosed with SARS-CoV-2 infection at an intensive care unit and was already intubated for brain oedema with intracranial hypertension as complication of an earlier brain tumour biopsy.



Table S3: Demographics, medical history, virology, and data on lung samples of the control cases

case ID age 
(years)

sex
body 
mass 
index

smoking respiratory 
disease

immuno-
compromised

comorbidities procurement date of death cause of death days 
intubated

reason decline 
of lungs

tissue 
samples

serology
anti-N IgG

SARS-CoV-2
qRT-PCR

tissue

1 56 male 27 no no no arterial hypertension,
dilated cardiomyopathy

donation                     
after brain death

March 2019 bacterial meningitis 10 not reported right lung prepandemic negative

2 68 male 25 no no no coronary artery disease donation                     
after circulatory death

July 2019 hypoxic-ischemic 
encephalopathy

13 pneumonia 
left lower lobe

right lung prepandemic negative



Table S4: SARS-CoV-2  RNA assays on lung tissue samples

case ID
diagnosis-to-

death interval 
(days)

N1 
qRT-PCR

N2
qRT-PCR

abundance 
RNAscope N 

puncta

21 2 33.1 32.5 +++

6 5 22.8 22.9 +++

8 8 29.0 28.2 +++

13 8 31.9 31.0 +++

2 11 negative negative 0

1 13 not reported not reported +++

7 17 36.4 32.6 ++

11 20 34.8 34.5 +

22 20 35.0 32.3 ++

10 21 36.5 36.0 +

17 21 36.6 32.6 +

9 22 34.6 32.8 0

20 23 29.6 24.9 +

3 26 negative negative +

14 29 negative 31.8 ++

15 32 negative negative +

12 34 negative 35.0 +

19 37 35.6 30.2 +

16 41 negative 36.0 0

4 44 negative negative +

5 45 not reported not reported ++

18 51 negative negative 0

1 not applicable negative negative 0

2 not applicable negative negative 0
qRT-PCR=quantitative reverse-transcription polymerase chain reaction.
The COVID cases are ranked according to the interval between the time of diagnosis 
of SARS-CoV-2 infection and the time of death. PCR was performed on 
cryopreserved lung samples from COVID and control cases. The abundance   
of RNAscope N puncta is scored in a semiquantified manner as “+++” for diffuse 
detection, “++” for focal detection, “+” for rare detection and “0” for no detection. 
The values for the CDC N1 and N2 viral RNA primers represent the cycling 
threshold (Ct); a Ct-value ≥38 was considered as negative result. 

CONTROL
cases

COVID
cases



Table S5: Histopathological analysis of H&E-stained sections of the COVID-19 cases

case ID
diagnosis-to-

death interval 
(days)

abundance 
RNAscope 
N  puncta

marked edema neutrophil 
infiltrate

neutrophil & 
mononuclear 

infiltrate

 mononuclear 
infiltrate with 

very early 
fibrosis

 mild fibrosis 
with residual 
mononuclear 

infiltrate

end-stage fibrosis

21 2 +++ recent ++ +

6 5 +++

8 8 +++ present + + + +

13 8 +++ recent present ++ +

2 11 0

1 13 +++ ++ +

7 17 ++ + +

11 20 + old + ++

22 20 ++ ++ ++

10 21 + old + ++ +

17 21 + +++

9 22 0 old ++ ++

20 23 + + +++

3 26 + +++ +++

14 29 ++ + ++ ++

15 32 + +++ +++

12 34 + old +++ +++

19 37 + +++ +++

16 41 0 +++

4 44 + present

5 45 ++ recent +++

18 51 0 +++

An H&E-stained lung tissue section of each case was interpreted blindly by a pathologist (Figure 2). The cases are ranked according to the increasing diagnosis-to-death interval. The distribution of pathological findings within the lung tissue
 is indicated with dark grey for histological structures that were predominantly affected and light grey for structures that were only affected to a limited extent. Inflammation and fibrosis are scored as ‘+++’ for extensive, ‘++’ for moderate, 
and ‘+’ for limited signs of the specified characteristics of histopathological injury.

characteristics of histopathological injuryspatial distribution of histopathological  injury

bronchiole terminal 
bronchiole

centrilobular mediolobular panlobular thrombus

early exudative phase proliferative phase --- fibrotic phase 
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