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Supplementary Table 1

Viral RNAe \Viral
Duration CCl subcategories ) Immuno- Antiviral RNA mia RNAin
C;‘:\Dse dis::\se al '“"gj“’e suppressive treatment  in extrap
in days CVD CA Str HP Dem Dep DPD CKD Diab %Sb' L;’E" therapy lungs organs
01 21 (L) 3 1 0 0 0 0 0 1 0 0 1 0 Y N N Y Y N
02 51 (L) 4 1 1 1 1 0 0 0 0 0 0 0 Y N N N N N
03 41 (L) 4 1 0 0 0 1 0 1 1 0 0 0 N N N N Y N
04 8(S) 2 1 0 0 0 0 0 0 1 0 0 0 N Y, mild? N Y Y N
05 27 (L) 2 1 0 0 0 0 0 0 1 0 0 0 N N N Y Y N
06 18 (S) 3 1 0 0 0 0 0 1 0 0 0 1 N Y, severe? N Y Y Y
07 3(S) 1 0 0 0 0 0 0 1 0 0 0 0 N Y, severe3 N Y Y Y
08 18 (S) 4 1 1 0 0 0 1 0 1 0 0 0 N N N Y N N
09 32 (L) 4 1 1 0 0 0 0 1 1 0 0 0 N N N N Y N
10 28 (L) 4 1 1 0 0 0 0 0 1 0 1 0 N N N N N N
11 >22 (L) 6 1 0 1 1 0 0 0 1 1 1 0 N N N Y N N
12 12 (S) 1 1 0 0 0 0 0 0 0 0 0 0 N N N Y Y N
13 88 (L) 1 0 0 0 0 0 0 0 0 0 0 1 Y Y, severe* |Y, remdesivir® Y Y Y
Sum 22 3 11/ 4/ 2/ 5/ 1/ 1/ 5/ 7/ 1/ 3/ 2/ 3Y 3Y 1Y 9y gy 3y
mary | 18321 [2-41| 13 13 13 13 13 13 13 13 13 13 13 | 10N 10N 12N an | an | 1on

Table S1. Patient demographics and clinical data. Data are summarized in the bottom row as either median and [interquartile range] (age, duration of disease, CCl), absolute
number (sex, invasive O,, immunosuppressive therapy, antiviral treatment), or relative number (CCl subcategories). Abbreviations: M= male, F= female, S= short-lived disease,
L=long-lived disease, Y=yes, N= no. CCl= Charlson Comorbidity index, CVD= cardiovascular disease, CA= cardiac arrythmia, Str= stroke, HP= hemiplegia, Dem= dementia, Dep=
depression, CPD= chronic pulmonary disease, CKD= chronic kidney disease, Diab= diabetes, Dysl= dyslypidemia, ob= obesitas, Lymph= lymphoma. Footnotes: '=Sulfasalzine
500 mg long-term, 2=Rituximab 500 mg/m? and methotrexate 3.5 gr/m? long-term, 3= Methylprednisolone 8 mg long-term and 32 mg short-term, *=Ritixumab 500 mg/m?
long-term and methylprednisolone 32-64 mg short-term. >=Three-day treatment with remdesivir 13 days prior to death.
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Figure S1. SARS-CoV-2 RNA loads in lungs and plasma are negatively correlated with duration of
COVID-19 in fatal cases. The sum total of viral titers (logio values) in lungs and plasma was plotted
against duration of disease for each case (different colors). The solid line represents the logarithmic
regression line (R%= 0.6049, P= 0.003, F=15.308, df=10). Case 13 was considered an outlier and
removed from the dataset. Source data are provided as a Source Data file.
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Short-lived disease
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Figure S2. Histopathological patterns of lung biopsies. Hematoxylin (HE) staining of paraffin-
embedded sections of lung tissues of our COVID-19 cohort. Cases with short-lived disease (N2 04, 06,
07, 08, and 12; upper panels) generally show histological patterns of acute exudative alveolar damage
with reactive bronchial epithelia and edema, while cases with long-lived disease (N2 01, 02, 03, 05, 09,
10, 11 and 13; lower panels) are characterized by a remodeling pattern of acute respiratory distress
with interstitial fibrosis and consolidation of airspace. Scale bars represent 100 um.
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Figure S3. Lower magnification images of HE- and SARS-CoV-2 NP IHC-stained paraffin-embedded
sections shown in Fig. 1b. Consecutive sections were either stained with hematoxylin-eosin (HE; upper
images) or SARS-CoV-2 nucleocapsid protein (NP) immunohistochemistry (IHC; in purple; lower
images). Picture delineations correspond to the respective case colors shown in the legend of Fig. 1a.
The black squares represent selected areas shown in Fig. 1b (IHC) or corresponding areas on HE
staining. Scale bars represent 500 um.
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Figure S4. Systemic spread of SARS-CoV-2. (A) Inoculation of Vero E6 cells with SARS-CoV-2 from
plasma of case 13 produced a lytic infection with characteristic rounding cytopathic effects (CPE) 2
days post inoculation. The scale bar represents 100 um. (B) Tabulated absolute concentrations of SARS-
CoV-2 genome copies in all organs and plasma of three patients with viral dissemination to multiple
organs (case 06, 07 and 13) using ddPCR. (C) Transmission electron microscopy images of negative
control (complete medium only) and plasma-derived viral progeny produced on Vero E6 cells. Arrows
indicate virions and scale bars indicate 200 nm.
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Figure S5. Lower magnification images of HE- and SARS-CoV-2 NP IHC-stained paraffin-embedded
sections shown in Fig. 1e. Consecutive sections* of different extrapulmonary tissues were either
stained with hematoxylin-eosin (HE; upper images) or SARS-CoV-2 nucleocapsid protein (NP)
immunohistochemistry (IHC; in purple; lower images). Picture delineations correspond to the
respective case colors shown in the legend of Fig. 1d. The black squares represent selected areas
shown in Fig. 1e (IHC) or corresponding areas on HE staining. Scale bars represent 500 um. *Cardiac

tissue sections derived from the same tissue block, but were not consecutive.
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Figure S6. Mapping of ACE2 and TMPRRS2 expression in selected postmortem tissues of severe
COVID-19 cases. Relative ACE2 and TMPRSS2 (a) mRNA and (b) protein levels in organs of different
cases (n= 13, different colors). Central tendencies for mRNA and protein levels are illustrated as
boxplots where the band indicates the median, the box indicates the first and third quartiles and the
whiskers indicate the minimum and maximum of all of the data. One-way ANOVA was performed on
log-transformed ACE2 mRNA levels and did not identify a significant difference in mean ACE2 mRNA
values between different organs (P=1.000; F=0.000; df=63). A two-sided Kruskal-Wallis test did not
identify a significant difference between TMPRSS2 mRNA values of different organs (P=0.999: df=4),
but did identify significant differences between ACE2 and TMPRSS2 protein levels of different organs



(both P<0.001; df=4). Case 10 mRNA data were considered outliers and not included in the statistical
test (n=12). The significance of pairwise two-sided comparisons (Bonferroni-corrected for the number
of pairwise comparisons performed) is indicated by different letters on the plots. The P value for
significant differences in ACE2 protein levels between different organs was <0.001, except for the
comparison between heart and liver (P=0.034). The P value for significant differences in TMPRSS2
protein levels between different organs was <0.001 when comparing heart with lung and spleen and
0.014 and 0.012 when comparing heart with kidney and liver, respectively. Source data are provided
as a Source Data file. (c) Representative images of ACE2 (long form only; left panels), TMPRSS2 (middle
panels), and isotype control (right panels) staining (in brown) on paraffin-embedded sections of lung,
heart, kidney, liver, and spleen tissue. Arrows indicate immune-stained cells. Abbreviations (in
alphabetical order): AEC= alveolar epithelial cell, BEC= bronchiolar epithelial cell, CM= cardiomyocyte,
EC= endothelial cell, H= hepatocyte, Ly= lymphocyte, M= macrophage, MC= myeloid cell, Po=
podocyte, SEC= sinusoidal endothelial cell, TEC=tubular epithelial cell. Scale bars represent 100 um.

Supplementary Table 2

Nt Frequency of detection per anatomical

Gene AA change compartment (%)
change -
Lungs Plasma Heart Kidney
5’ UTR C241T / 99,86 99,97 99,97 99,97
ORFla C398T ORF1la:H45Y 99,86 99,75 99,91 99,91
ORFla | C3037T / 99,88 99,76 99,72 99,84
ORF1b | C13536T / 99,92 99,92 99,88 99,97
ORF1b | C14408T ORF1b:P314L 99,6 99,77 99,7 99,56
ORF1b |A20127G / 90,91 100 99,67 100
S C23731T / 100 99,82 99,28 98,96
Color range per percentage 0 25 50 100

Table S2. SARS-CoV-2 genome single nucleotide variants (SNVs) in postmortem tissues and plasma
of case 07. Variants were mapped to clade 20D genome and called if case frequencies were higher
than 20% in at least one anatomical compartment. SNV frequency is noted per organ. A heat map with
different colors indicates the frequency of mutant detection per organ (the lower bar shows the color
range of different percentages). Bold numbers indicate that the latter variant was also identified in
SARS-CoV-2 progeny on Vero E6 cells of respective tissue samples (frequencies >1%).

Supplementary Table 3

Nt Frequency of detection per anatomical compartment (%)

Gene AA change

change Lungs Plasma Heart Kidney Liver Spleen
ORFla | T322A / 40,81 0 6,57 0 0 0
ORFla | G1068A NSP2:G268E 0 0 0 0 0 28,5
ORFla | C1862T NSP2:L533F 33,28 5,9 8,78 0 0 3,11
ORFla | C2094T NSP2:5610L 99,56 99,55 99,62 100 100 99,62
ORFla | T2149C / 20,58 1,35 <1 <1 <1 <1
ORFla | T5395A  NSP3:F2328V 39,67 5,95 4,12 <1 11,9 4,03

ORFla | A5405G NSP3:11714V 17,73 10,45 30,22 5,76 10,89 4,1
ORFla | T5406C NSP3:11714T 10,63 12,5 28,95 89,21 32,82 6,63
ORFla | C7239T  NSP3:A2325V 46,19 8,06 20,07 <1 16,67 5,56
ORFla | T7247G NSP3:F2328V 29,24 14,66 6,78 87,36 37,5 6,77
ORFla | C7279T / 1,17 1,84 <1 83,3 <1 <1
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Table S3. SARS-CoV-2 genome single nucleotide variants (SNVs) in postmortem tissues and plasma
of case 13. The same table as Table 1 is shown as a heat map with different colors indicating the
frequency of mutant detection per organ (the lower bar shows the color range of different
percentages).
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Figure S7. Timeline of the clinical history and disease course in case 13. Abbreviations (in alphabetical
order): BAL= broncho-alveolar lavage, BD= twice a day, Cq= quantification cycle, CT= computed
tomography, ICU= intensive care unit, NP swab= nasopharyngeal swab, OD= once a day, T= time point.
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Figure S8. Scatter plot of SARS-CoV-2 SNV frequencies in postmortem tissues and plasma of case 13
ranked per anatomical compartment. Nucleotide positions and single nucleotide variation (SNV)
frequencies are indicated on the X axis and the Y axis, respectively. Different colors indicate different
organs (shown in the figure legend).



Supplementary Table 4

Gene Nt position Size (bp) Fequency of detection per anatomical compartment
Lungs Plasma Heart Kidney Liver Spleen
S 21645-23592 1947 <1 <1 <1 <1 <1 19,29
S 21737-23665 1928 <1 <1 <1 12,16 <1 <1
S 21892-23078 1186 <1 <1 <1 <1 52,62 <1
S 22063-22485 422 <1 <1 <1 <1 11,61 <1
ORF8 27998-28089 91 <1 1,27 <1 83,86 10,35 <1
Color range per percentage <1 20 40 60 80 100

Table S4. SARS-CoV-2 genome deletions in postmortem tissues and plasma of case 13. Variants were
mapped to clade 20B genome and deletion frequencies were estimated using Sniffles (v1.0.11). A heat
map with different colors indicates the frequency of mutant detection per organ (the lower bar shows
the color range of different percentages).
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Figure S9. PCR product patterns amplified by the primer pair A6 targeting the partial S gene (nts
21,386-23,824) (case 13). Samples are cDNA derived from different tissues, a negative control (NTC;
no template), positive cDNA control (newly synthetized cDNA from a SARS-CoV-2-positive
nasopharyngeal swab), or positive PCR control (stored cDNA from a SARS-CoV-2-positive
nasopharyngeal swab). Regular arrows indicate products of SARS-CoV-2 variants with large genomic
deletions and the dashed arrows indicate the predicted product (2483 bp).

Supplementary Table 5

Name Forward (5’-3’) Reverse (5’-3’)
ACE2 CATTGGAGCAAGTGTTGGATCTT GAGCTAATGCATGCCATTCTCA
TMPRSS2 ACCGGAAAACCCCTATCCCG TGCAGACGACGGGGTTGGAA
ACTB GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA
YWHA TGTCACGGTGTGGACGC ATGACGTCAAACGCTTCTGG
SARS-CoV-2 N1* GACCCCAAAATCAGCGAAAT TCTGGTTACTGCCAGTTGAATCTG

Table S5. Primer sequences used for qPCR and ddPCR. *For the SARS-CoV-2 N1 gPCR assay, a
TagMan® probe was used. This probe was labeled at the 5-end with the reporter molecule 6-
carboxyfluorescein (FAM) and with the quencher Black Hole Quencher 1 (BHQ-1) at the 3'-end
(Integrated DNA Technologies).
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Table S6. GISAID references used to generate the circular maximume-likelihood phylogenetic tree.
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