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Extended Data Fig. 6 | See next page for caption.
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Extended DataFig. 6 | The cellular and molecular signaturesin
cardiomyocytes and vascular cells in cardiac inflammation. a) Box plots
showing CM state frequenciesin LV per patientin Non-COVID-19 (= 8), Post-
COVID-19 (n =10), Post-Vaccination (n = 4), MIS-C (n =2), and control (n =18)
groups. Boxes depict the interquartile range (IQR), horizontal bars represent
the median, whiskers extend to 1.5 % IQR, dots show the value of each patient.
P-values are shown in Fig. 5b. b) Dot plot showing the expression of the top
five marker genes for each CM state. Dot size corresponds to fraction (%) of
expressing nuclei; colour indicates scaled mean expression levels. ¢) Box plots
showing EC state frequencies as described in a). P-values are shown in Fig. 5f.
d) Dot plot as described in b) showing the expression of the top five marker
genes for each EC and mural cell state. e-g) Dot plots as described in a) showing
the expression of e) selected EC10-enriched genes f) MHC-1/-ll genes and g)
INF response genes across EC states. h, i) UMAP showing expression levels

of selected genes per vascular cell nuclei across control and patient groups.

j) Dot plots as described in a) showing the expression of MHC-I1 genes across

EC states. k, I) Bar plots showing significant gene sets for EC10 from the k)

GO Biological Process 2021 and I) KEGG 2021 Human gene lists. -log10 of

the FDRis shown on the x-axis. P-values were calculated using GSEAs Fisher
exact test. P-values were adjusted for multiple-testing using the Benjamini-
Hochberg correction. m) Circle plot representations of significantly differential
interactions of cell-cell communication for the ANGPT1and ANGPT2 pathways
(adjusted P-value < 0.05) in patient groups compared to control. The line
thickness represents the interaction strength of signals from sending and
receiving cells. Colour is scaled from zero to maximum in disease versus controls
(orange, increased; blue, decreased). The directionality of the signal is indicated
witharrows. P-values were computed from the one-sided permutation test.

n) Stacked bar plots showing the relative contribution of ephrin signalling
ligand-receptor (L-R) pairs to the EPHB net signalling related to Fig. 4iin patient
and control groups.

Nature Cardiovascular Research


http://www.nature.com/natcardiovascres

Article

https://doi.org/10.1038/s44161-025-00612-6

a
Non-COVID-19 Post-COVID-19 Post-Vaccination
©VFB1.0
e VvFB1.1
o VFB1.2
o VFB2
o VFB3
oVFB4
o VvFB5
b VFB1.1 VFB2 d e
] VFB10 |O o 0o (e} o
60 30 VFB1.1 = g 02 .
) w .
_ - S
3 . VFB1.2 ©) ‘ Olg g o1
5 20 ‘f.. . VFB2 : o é 3
= ‘ ! Y c 0.0
VFB4 [ ( ol 3 S !
20 . - S
10] VFB5S o [ X J g 014
<
< .
L L &L w810 0000000000000 000 5 024
VFB3 VFB4 VFB1.1 eo0o0o0 olg -~ :
40 : VFB12 [© O O O 200°-0 (o) '8 f
VFB2 (e)o)e] O 0005 6.51E-03
= Control N 0.225
5 10 :E°" ovpte VFB4 0©c00 00-00-000|s
et ost- -
S +Post.Vaccination VFBS o]¢] o0e0-o0 8 0.175
R ] sMIS- 2 )
5 VFB1.0 o o oco g
A . = 5 04125
. -**ﬁ VFBA1.1 o O g o .
oMW" VFB12 5 oo ‘
[«]
¢ VFB2 2
1. | 3 0.025
VFB1.0 VFB4 ( O| o
VFB1.1 | e e e e e " . 0.8 3
VFB1.2 oo s e ) 06 VFB5 = Conirol
VFB2 cecen — e —— + Non-COVID-19
VFB3 cese PN 04 SEEIZSTITIZIsQENRND + Post-COVID-19
SEEpSCEYXTLIXOn ¥FISAQK ® Post-Vaccination
vFB4 e o . R 0.2 Tobheos - =gqgog L GQ>
VvFB5 . . . PR - = ’¢7> a2 il‘i o <
0
Q_QQZEZﬂn_NE\\NQV‘FKF[{]&'\N“V)")JEEV‘#N © 100% T
gno_‘é‘@zg:s%&Egdé§§$§<%3§§ﬁ555536‘ ® 60 logFC @ m  AbslogFC - ©® @
< CEYBHEY XFQIESHTILLEXGHEEC ; 3 0 3 0123
F 3= ¢ Q2 g wrg 20%
(%]

Extended Data Fig. 7| The cellular and molecular signatures in fibroblasts in
cardiac inflammation. a) Condition-split UMAP showing transcriptional shifts
in FB states across patient groups and controls. b) Box plots showing FB state
frequenciesin LV per patientin Non-COVID-19 (= 8), Post-COVID-19 (n =10),
Post-Vaccination (n =4), MIS-C (n=2), and control (n = 18) groups. Boxes depict
theinterquartile range (IQR), horizontal bars represent the median, whiskers
extend to 1.5 xIQR, dots show the value of each patient. P-values are shown in
Fig. 5c. Dots show proportions per patient. ¢) Dot plot showing the top five
marker genes of each FB state. Dot size corresponds to fraction (%) of expressing
nuclei; colour indicates scaled mean expression level. d) Dot plots showing
differential expression of selected interferon-y response genes in patient groups
relative to controls across FB states. Dot colours indicate log2-transformed

fold changes (log2FC). Dot sizes indicate absolute log2FC. Black circles indicate
significance (FDR < 0.05). Cell types and genes are ordered alphabetically.

e) TGFB Activation score within the vFB2 state across patient and control groups
(Control:n =18, Non-COVID-19: n = 8, Post-COVID-19: n = 10, Post-Vaccination:
n=4).Boxes depict theinterquartile range (IQR), horizontal bars represent

the median, whiskers extend to 1.5 xIQR, dots show the value of each patient.
P-values were calculated using a two-sided wilcoxon rank-sum test. Dots show
scores per patient. f) Box plot showing snRNA-seq pseudo-bulk expression

levels of TGFB2in cardiac tissue from patient and control groups (Control: n =18,
Non-COVID-19: n = 8, Post-COVID-19: n = 10, Post-Vaccination: n = 4). Boxes depict
the interquartile range (IQR), horizontal bars represent the median, whiskers
extend to 1.5 x IQR, dots show the value of each patient. P-values are indicated for
significant changes compared to control, FDR < 0.05. P-values were calculated
using the quasi-likelihood F-test and were adjusted for multiple testing
(Benjamini Hochberg).
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Extended Data Table 1| Clinical metadata of patients

-~ al Virus Diagnostic Heart parameters (echo, EKG)
Patient iptoms/Reason for admission to hospital spected EMB-diagnosi
G| 20 Sym fCnacasson o heen differential diagnosis agnosis | on3| coes| cpa | cos | Apv | HHve| B1sv | EBV Entero- | SARS- Cov-2| EF (%) | LVEDD (mm) | pericardialfuid | ~ Changes in EKG
Non-COVID-191 | m | 26 | Cardiogenic shock, ventricular fitrilation Acute Myocarditis LymphocyticMC_ | 16 | 35 [na | na | 0 | o | 0 [ o ) ND. 15 4 ves VT
9 Dyspnea and tachycardia, " .
NonCOVID-192 | w | 29 | DYSPDeR I e, ptom onset Myocarditis LymphocytieMC | 14| 16 [ 3 [ 3 [ o [ 1 [ 1 | o 0 ND. 0 5 no no
’ Chest pain and troponinaemia, }
NonCOVID-193 | m | 30 | hestpain and oponinaeie  ptom onset Acute myocarditis LymphocyticMc | 38 | 44 [ 16 [ 15 [ o [ o [ o [ o ) ND. 0 43 no no
Chest pain and troponinaemia,
194 .
NonCOVID-194 | m | 49 | oS Ran g Kopon e om onset Acute myocarditis LymphocytieMC | 22| 42 [ 3 [ 15[ o | o [ o [ o 0 ND. 62 a7 no no
Non-COVID-195 | m | 52 | Hospitalization 4 months after symptom onset Myocarditis LymphocyticMC | 15| 28 | 3 | 1 | 0 | 0 | o | o 0 ND. 50 61 no no
Non-COVID-196 | m | 26 | Chestpain, hospitalzation & days after symptom onset Myocarditis LymphocyticMC | 15| 38 [35 | 1 [ o [ o [ o [ o [ ND. 55 2 no no
Non-COVID-197 | m | 27 |Chestpain, hospitalization 1 week after symptom onset | Decompensation myocarditis|  LymphocytcMC | 31| 27 | 10 | 4 | o | o | 1 [ o [ ND. 57 50 no no
" Preterminal
) Malaise, headache, hospitalization 2 months . . ;
NonCOVID-198 | m | 25 |Maiase readache 1 Subacute myocarditis LymphocyticMC | 18 | 65 155 [ 35 o [ o [ o | o 0 ND. 50 ] ves negative Twave in
L COVID-191 31 | Dyspnea andtachycardia, suspected myocarditis, Post-COVID acute Increased alslas| 2] o] mw]| oo o o e o \achycard
P v 9weeks after COVID-19 heartfailure symptoms macrophages m sius tachycardia
V function, Post-COVID acute Increased left bundle branch
1-COVID-192 52 ] 6|20 |5 |75 0| m | oo ) 0 2 65
post-CO v 4weeks after COVID-19 heart failure symptoms. macrophages. § no block
R Lymphocytic MC with
. Fever, general weakness, troponinaemia, suspected "
postOOVID-193 | m | 70 |Fover ganersl woskness, toporingemia, suspe Pedi 52| 93 [1875| 10 | 0 | o | o | 0 0 0 £ 54 ves TR
’ Suspected myocardits, 8 weeks after COVID-19 Post-COVID acute Increased ] )
posLCOVID-194 | m | 64 | Suspecled myocaris e o e e a|w|a|a|lo| o] 0|0 ) 0 4 3 no sinus tachycardia
‘Suspected myocardits 6 weeks after COVID-19 Post-COVID acute Increased
PostCOVIDASS | m | 61 | monia and ARDS heart failure symptoms. macrophages. 6| 1B [05]|075 0 | O oo o o “ s o L
) Palpitations, suspected myocardits, Post-COVID acute Increased
posCOVID-196 | m | 31 |Papiations suspertec e el a1 15|10 0| 0|0 0 0 60 53 no sinus tachycardia
- ‘Suspected myocarditis, 6 weeks after COVID-19 Post-COVID acute Lymphocytic MC with
pOSLCOVIDA97 | m | 27 |Suspected myocar hear failre symploms | dominant macrophages | 14| 31 | 5 |45 [ o | o [ o |0 0 0 35 55 ves sinus tachycardia
Cardiogenic shock following Increased
Cardiogenic shock and ARDS by atypical pneumonia, Increa:
+-COVID-198 61 typical SARS-CoV-2 6|xm|5|s|[oflof oo ) 0 3 59
pos m 13weeks after COVID-19 P eamonis macrophages e e
Chest pain, dyspnea, suspected myocardis, Post-COVID acute Increased
-1 1 A 4
POSLCOVIDA9S | m | 85 | (5 ks after COVID-19 peunomia heart failure symptoms. macrophages. sl 3| r]ojo o0 0 0 s “ ne e
Malaise, headache, fever, suspected myocardits, Post-COVID myocarditis | Lymphocytic MC with ’
SCOVID-19 10 2 " 174 |5 |3|0o| 0| oo 0 0 65 4 levations V2.6
postc0 " 12weeks after COVID-19 Natigue syndrome | dominant macrophages no elevations
Chest pain, fever and dissiness with suspected
PostVaccination1 | m | 28 it 3 months afte Acute post-vacdination s 4|2 |26|03| 0| 0| 0|0 o ND. 8 a no no
BionTech/Pfizer® (BTN16202/Comirnaty) uced my Icrophage:
ditis 5 days after
| second 2® 1273/ Acute pos Increased
Postvaccnation2 | m |32 |8 e eaton wih AsLasaneca® | o Eostvaccinator e 3| |8 |3s| 0| 0| 0|0 0 ND. 67 ® no Teg
(AZD1222/ChAdOX1-SVaxzevria)
Chestpain, fever and malaise, troponinaemia and
PostVaccination 3 | m | 21 |suspected myocardits, 4 days after second vaccination | A%ute Postvaccination m"“’“:’d 5|24 |35|15| 0| w | oo 0 ND. 60 4 no no
with BionTech/Pfizer® (BTN162b2/Comirnaty) uced my¢ acrophages
‘Actite myocardits forwarded by other dlinc, 2 weeks Lymphooytic MC with Preterminal
Post-Vaccination4 | m | 38 |after vaccination with BionTech/Pfizer® Acute post-vacanation | (HTERRINEACEIEN | 35 | s0 |1425| 675 O 0 o 0 o ND. 65 45 no negative T wave in
(BTN16262/Comirnaty) induced myocardits inflammation I, 1l aVF.
. fever, malaise, ger 3 L i th . .
MISC 1 ™| 21 | grorted myocardits 4 woeks ahor GOVIDLD oyis | moro with | 48 | 150 (1115|685 0o | o | o | 0 0 0 20 53 no sinus tachycardia
Fever, ocular, cutaneous, intestinal, polyserositic and borderiine LV incomplex right
MIS-C2 m | 19 |paraciiical involvement, inflammatory cardiogenic wd’;‘;':r";maxms ,"“g‘"mp :;”o':hz";'s 120 380 [5833| 43 | o | o o | o 0 o 38 | extension, yes bundie branch
shock, 6 weeks after COVID-19 biatrial block, changes in ST|
dilatation
Lymphocylic MC,
y Resolving myocarditis
MIS-C 1folowup | m | 21 :"”:“”‘ ”'Lfra‘r: ms after raatment with under combined less immune cell 7|25 |20 0 o | o 0 o 62 55 no no
rednisolone ioprene ieopesson | ifitrates compared to
pre-treatment
Cardiac MRT Laboratory parameters HF Risk factors
Cardiac MRI Relevant ongoing
- Scanner| EF | LVEDD [LVEDV| Native | Native | ECV s | |5 M. | Edoma | Pericardial | Pericardial |  Acute Other T'°(°";,|“)°"‘ m’?ﬂ: c(ﬁ,‘l‘)“k C"('ml‘: ] therapy a the time of
(Tesia) [ (%) | (mm) [(mL) | T1(ms) [T2(ms)| (%) | (Lakelouise |'SEE™ Edema | Fibrosi abnormalities 9/ 2 EMB collection
a) <14 <97 <190 <24 <5 Goin2)
Catecholamine /
Non-COVID-191 [ NA | NA| NA | NA | NA NA | NA no ves | no no ves no no 257 214 | 222 | st 21 208 | no yes | no |Satecholamine)
since
Non-COVID-19 2 3 56 53 155 1261 46 25 no yes no no no no no 3 42 84 31 19 247 yes no no BB, ACEI
Non-COVID-193 | NA | NA| NA | NA NA NA NA N | NA | N NA NA NA 0 175 o4 NA 278 | 34 | yes no | no [BB ACEI
Non-cOVID-t194 | 15 |53 | Na |167 | 1088 | 8 | Na yes ves | yes | no no o no 728 195 181 | 263 19 23| m | no  [none
Non-COVID-195 | NA | NA| NA | NA NA N | NA NA N | NA [ N NA NA NA o 400 74 156 05 2 no no | no  [none
Non-COVID-196 | 15 | 52 | NA | 188 |10s5-1088 | 4862 | NA ves ves | yes | no no no no 28 3 e | 167 1599 | 2315 no no | no [BB,ACELMRA
88, ACEI,
Non-COVID-197 | 15 | 49 | NA | 170 | 10051086 [ 39.50 | 32 ves ves | yes | no no no no NA B o1 187 17 272 | o o | o |Asysalcyicscd
BB, ACEI, Minoxidil,
Non-COVID-198 | NA | NA| NA | NA | NA NA | NA NA N | NA [ N NA NA no 1871 504 B 132 13 2 ves ves | no |Dietics, CA Channel
c
postCOVID-191| 3 |51 | 51 |19 | 125 | 43 |28 o o | no o no o pcing slovat 7 % 13 257 07 199 | no o | no [none
times septal apical
postCOVID-192 | 1.5 | 25 | NA | 277 |1087-1095| 4962 | 20 no ves | no no no no Reduced LVEF | 87 25 | 138 | 154 279 | 214 | o m | no [Diuetis
postCOVID-193 | 15 |33 | 57 [ 142 |10041113| de51 | 205 ves ves | yes | Na ves ves no 276 1asa0 | 383 | 321 4578 | 356 | yes o | o (8B
Terminated none (but 2 months
postCOVID-194 | 3 |58 | 47 |13 | 1287 | 40 |24 no o | no no ves no Ferminated 8 r 1 186 301 23| n no | om0 |noelodZmonts
Ritonavir for 4d)
PostCOVID-195 | 3 |44 | 55 |84 | 1322 | 45 |27 no o | no no no no | Reduced LVEF 6 65 75 207 94 28 | no o | no (8B
post-COVID-196 | 3 58 | 57 | 158 1214 % |2 no no | yes no no no Poiike aate 56 62 118 204 91 257 no no no  [none
post-COVID-197 | 3 42| % | 161 1300 57 | 24 no no yes no no no R'“RLE\;EF 2 997 338 195 94 30 no no no |none
a
postCOVID-198 | 3 | 51| 58 [ 165 | 1231 a9 |24 no ves | no no no no no NA | 25 Na 1074 | 272 | yes no | no [BB, Diretis,
LThyroxin
PostCOVID-199 | 3 | 51| 57 |18 | 1285 | 50 |25 yes ves | yes | no no no no 5 145 146 | 153 12 2 yes no | no [AphaBlocker
postCOVID-1910| 15 |5 | NA |12 | 1148 | 5358 | NA ves ves | yes | no no no no 383 ss0 | 21t a 204 | 246 | no no | no [none
PostVaccination| 15 |59 [ 51 |160 | 1014 | a1 |28 ves ves | yes | yes ves ves yes 501 a3 140 NA 89 28 | no no | no  [ARB, IfChannel
locker
P 3 || 4 (5| 12 | @ |2 no ves | no no no no no 513 7 20 | 25 5 %63 | o no | no  [none
P 15 |se| s |72 | 10a ® |2 no o | no no ves ves no 2 2 3 148 204 | 245 | no ves | o [none
P al Na [ NA[ NA | N NA NA | NA NA N | NA [ N NA NA NA o 4 104 | 137 34 %3 | no ves | no [BB, Acetyisalicylic
acid (100mg)
MIS-C 1 NA | NA[ NA | NA NA NA | NA no no no no no no R!ﬂ;::lVLEVFEF 32 4173 6 81 2663 24,1 no no no |none
a
Ms-c2 15 |21 | sa | 177 [105a1078 | 5765 | NA ves ves | yes | NA NA ves no 123 | e | 76 18 185 2 no ves | o [none
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Patient information, clinical metadata and laboratory values.
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Extended Data Table 2 | Clinical metadata of controls

ponar | sex [ age [ A3e [ Ennic T primery | conesofdenn | oot weiont o [ cm [ swr [0 oot cancer | Pimonars | iver TEchocwogrot
D1 Female NA 50-60 | Caucasian Stroke DBD 155-160 50-55 80-85 20-25 Y N N N N >60%
D2 Male NA 60-70 | Caucasian Trauma DCD 170-175 80-85 90-95 25-30 N N N N N >60%
D4 |Female NA 70-80 | Caucasian Stroke DCD 160-165 70-75 90-95 25-30 Y Y N N N N/A
D5 |Female NA 60-70 | Caucasian Stroke DCD 150-155 80-85 100-105 30-35 N N N N N N/A
D6 Male NA 70-80 | Caucasian Stroke DCD 175-180 70-75 105-110 20-25 N N N N N N/A
D7 Male NA 60-70 | Caucasian Stroke DCD 180-185 70-75 95-100 20-25 N N N N N N/A
H2 Male NA 50-59 | Caucasian Stroke DBD 175-180 70-75 NA 20-25 N N N N N >60%
H3 Male NA 50-59 Asian Suicide DBD 170-175 70-75 90-95 25-30 N N N N N 60%.
H4 Male NA 50-59 | Caucasian Stroke DBD 175-180 85-90 NA 25-30 N N N N N 60%.
H5 (Female| NA 50-59 | Caucasian Trauma DBD 170-175 70-75 90-95 20-25 N N N Y N 55-60%
H6 |[Female| NA 40-49 | Caucasian Suicide DBD 170-175 70-75 100-105 20-25 N N N N N 50-55%
H7 ([Female| NA 40-49 | Caucasian Stroke DBD 170-175 85-90 NA 25-30 N N N N N >60%
H46 Male 28 20-29 NA Stroke DBD NA NA NA NA NA NA NA NA NA NA
H49 | Female 40 40-49 NA Stroke DBD 160 60 NA NA NA NA NA NA NA NA
H51 Male 50 50-59 NA Stroke DBD 180 70 NA NA NA NA NA NA NA NA
H53 Male 61 60-69 NA Stroke DBD 180 80 NA NA NA NA NA NA NA NA
H55 Male 44 40-49 NA Stroke DBD NA NA NA NA NA NA NA NA NA NA
H67 Male 45 40-49 NA Stroke DBD NA NA NA NA NA NA NA NA NA NA

Control group information and clinical metadata.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data collection  Cellranger (v3.0.2); bcl2fastq (v2.20); Single-Cell Analysis in Python toolkit Scanpy (version 1.5.1); Solo (v0.3); Scrublet (v0.2.1)

Data analysis All code used to generate the figures in this publication are available on GitHub (https://github.com/Norbert-Hubner-Lab/
Heart_Biopsy_Covid). All scripts run on jupyter notebooks are available as “.ipynb” files, and scripts executed in command line are available
as .txts or .sh files. R scripts are available as “.R”. Anaconda environments are available as yml files containing information on package
versions.
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- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data generated and analyzed in this study have been deposited at the European Genome-phenome Archive (https://ega-archive.org), which is hosted by the EBI

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<




and the CRG, under accession number (EGAS50000000769). Processed single-nucleus transcriptomic data will be available through the cellxgene platform in the
h5ad format (https://cellxgene.cziscience.com/collections/328d71f0-0ed7-4518-966f-be6bd0797324) and on Zenodo (https://zenodo.org/records/14258362).
Metadata sheets and patient information are available in Extended Data Table 1.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex and gender based analyses have not been performed due to limited numbers of individuals investigated.

Reporting on race, ethnicity, or  Not reported due to limited number of individuals investigated

other socially relevant

groupings

Population characteristics Our clinical cohort consisted of i) “classical” lymphocytic myocarditis patients (Non-COVID-19, n=8), ii) patients with signs of
acute myocarditis following SARS-CoV-2 infection (Post-COVID-19, n=10), iii) patients with signs of acute myocarditis
following vaccination against COVID-19 (Post-Vaccination, n=4), iv) MIS-C patients with signs of acute myocarditis (n=2), and
v) control donor left ventricular tissue that we have analysed previously. All patients presented with symptoms including
chest pain, palpitations, fever, shortness of breath, malaise, and/or general weakness and fatigue, and an overall increase of
cardiac damage indicating biomarkers (troponin T, NT-pro-BNP, creatine kinase, or creatine kinase-MB) and CRP levels. ECG,
echocardiography, or signs of recent or ongoing myocardial damage in cardiac magnetic resonance imaging ranging from
normal or nonspecific to borderline low or abnormal are summarised in Extended Data Table 1. All patients underwent left
ventricular EMBs and left heart catheterization after routine non-invasive diagnostic work-up and angiography had failed to
elucidate any other specific cause of heart failure such as coronary artery disease. Post-COVID-19 and MIS-C patients were
previously tested positive for SARS-CoV2 infection by nasopharyngeal swab test PCR. Most Post-Vaccination patients
experienced symptom onset within days after the second dose of the vaccine. Consistent with prior reports, the cohort was
predominantly male (87.5%; Non-COVID-19: 87.5%, Post-COVID-19: 80%, Post-Vaccination: 100%, and MIS-C: 100%) with an
average age of 37 + 16 years (ranging from 19 to 70 years). The age of the two MIS-C patients was 20 and 21 years. Post-
COVID-19 patients were slightly older than the other patients (Fig. 1a; Extended Data Table 1). Selection of Non-COVID-19
patients was based on positive EMB results showing lymphocytic myocarditis and similarities in sex and age compared to the
other disease groups. In the MIS-C group, one patient underwent an additional EMB, 6 months following combined
immunosuppression with prednisolone and azathioprine.
Clinical histopathology and immunostaining on EMB identified significant widespread increased interstitial macrophage
infiltration in all patients and additionally lymphocytic myocarditis in 30% of Post-COVID-19, 25% of Post-Vaccination and
100% of MIS-C patients (Extended Data Table 1, Extended Data Fig. 1a,b). Our observations are in agreement with previous
reports, where the majority of Post-COVID-19 and mRNA vaccinated patients with signs of myocarditis showed
predominantly macrophage infiltrates into the myocardium. No SARS-CoV-2 genome was detected by PCR in EMBs of Post-
COVID-19 and MIS-C patients. EMBs that were not used for diagnostic workup were included for snRNA-seq analyses to
investigate the cellular and molecular changes of myocardial inflammatory responses across the different disease entities.

Recruitment We have addressed this in detail in the limitations section.
The endomyocardial biopsies (EMBs) analyzed in this study are extremely difficult to obtain, leading to limited group sizes.
Additionally, the patients in this study represent a clinically heterogeneous group, varying in the onset, degree of clinical
symptoms, and diagnostic evidence. Non-COVID-19 lymphocytic myocarditis cases were selected to clinically match the other
disease groups, excluding fulminant myocarditis cases to align with the mild symptoms typical of COVID-19 myocarditis.

Ethics oversight This study complies with all ethical regulations associated with human tissue research. Acquisition of samples was approved
by the Ethics Committee of Berlin and the Ethics Committee of the Charité — Universitatsmedizin Berlin (IRB approval
number: EA2/140/16 and EA2/066/20) and conducted in accordance with the Declaration of Helsinki. All subjects gave their
informed consent for inclusion before they participated in the study.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Limited availability of cardiac biopsies; Group size estimations based on previous studies (Reichart, Lindberg, Maatz et al, Science 2022).
Data exclusions  No data has been excluded from analyses

Replication Several patients for each group were included in this study, yielding robust statistically significant findings. No further patients and specimens
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Replication are available.

Randomization | Cardiac biopsies were obtained in the hospital from patients with clinical signs of myocarditis. Biopsies were sent to pathology and stored in a
biobank. All myocarditis samples in this study were randomized and blinded before biopsies were further processed and snRNAseq analyses
were carried out. Data from healthy donor controls were taken from previously published data (Reichart et al, Science 2022). Harmonization
of data was carried out at the patient level. After the first AnnData objects were generated, the study was unblinded to carry out group
comparisons.

Blinding At the time cardiac biopsies were taken, blinding was not possible since a strict clinical indication for such an invasive procedure is necessary
based on the symptoms of the patient. Subsequently and before further sample processing of all myocarditis samples investigators were
blinded. After the first AnnData object was generated, the study was unblinded to carry out group comparisons.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study

|:| |Z Antibodies |Z |:| ChIP-seq

|:| Eukaryotic cell lines |:| Flow cytometry

X |:| Palaeontology and archaeology |:| MRI-based neuroimaging
|:| Animals and other organisms

XI|[ ] clinical data

X |:| Dual use research of concern

XI|[] Plants

Antibodies

Antibodies used For immunohistological detection of cardiac immune cells, a monoclonal rabbit-anti-CD3 antibody (Clone SP7, 1:500, Novocastra
Laboratories, Newcastle upon Tyne, GB), a monoclonal mouse anti-human CD68 antibody (Clone PG-M1, 1:50, DAKO), a monoclonal
rabbit anti-CD4 (clone SP35, 1:50, Zytomed) and a monoclonal mouse anti-CD8 (clone C8/144B 1:300, DAKO) were used.

Validation Monoclonal mouse anti-human CD68 antibody (Clone PG-M1, DAKO): "Labels human monocytes and macrophages. The antibody is
of value for demonstration of monocytes and macrophages in normal and pathological specimens".
Monoclonal rabbit anti-CD4 (clone SP35, Zytomed):"The antibody is used for the specific localization of CD4 in tissue sections of
formalin-fixed, paraffin-embedded tissue and in frozen sections. For use as an in vitro diagnostic tool."https://www.zytomed-
systems.de/assets/datasheets/GA_BRB042_DE_V01_Gef.pdf
Monoclonal mouse anti-CD8 (clone C8/144B, DAKO): "Monoclonal Mouse Anti-Human, Ready-to-use antibody, Unconjugated,
Immunohistochemistry. Synthetic peptide corresponding to the 13 C-terminal amino acids of cytoplasmic domain of human CD8a
coupled to thyroglobulin. CD8 is a 68 kDa transmembrane glycoprotein expressed as a heterodimer by a majority of thymocytes, and
by class | major histocompatibility complex restricted, mature, suppressor/cytotoxic T cells".

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication Bgsbc?/ﬁk);lé/lg;;y atthentication-procedures for-each seed stock-tised-or-novel-genotype-generated.—Describe-any-experiments-tused-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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Flow Cytometry

Plots

Confirm that:
|Z| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology

Sample preparation Hoechst-positive single nuclei were sorted via FACS (BD Biosciences: Influx, XDP, or FACSAria, for gating strategy see
Supplementary Figure 1). Purity and integrity of nuclei were confirmed microscopically and nuclei numbers were counted
using a Countess Il (Life | Technologies) before processing with the Chromium Controller (10X Genomics) per the
manufacturer’s protocol.

Instrument BD FACSAria Fusion

Software BD FACSDiva 9.01

Cell population abundance 26% of total nuclei per samples was recovered. Purity and integrity of nuclei were confirmed microscopically and nuclei
numbers were counted using a Countess Il (Life | Technologies) before processing with the Chromium Controller (10X
Genomics) per the manufacturer’s protocol.

Gating strategy Size gating to remove doublets and aggregates was applied (FSC-A, SSC-A, FSC-H, FSC-W, SSC-W, SSC-H), followed by sorts for

Hoechst-positive nuclei (population P4).

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.






