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Abstract

and Tadeusz Dobosz?

The remains of the heart tissue of Thaddeus Kosciuszko have been investigated as the possible cause of disease and
death of the hero of Polish and American nations. Three specimens, DNA isolated from scrappings of wax surface,
from the surface of a wooden plate, and from the linen cloth that have had contact with the object were subjected to
nanosequencing. From the first two, among all reads identified, only one classified as Propionibacterium acnes (synon-
ymous current name Cutibacterium acnes), had a purported clinical significance. The observed identity between the

P acnes sequences and reference was 89-90% consistent with the hypothesis that the identified reads represent the
ancient P acnes DNA (@DNA), which underwent fragmentation and sequence changes caused by its long-time pres-
ence in the environmental conditions conducive to degradation. We present a reasonable and entirely new hypoth-
esis that the analyzed samples could reflect the presence of the bacteria in the original Kosciuszko's heart tissue and
that the process of C. acnes infection was progressing inside the organ (endocarditis), not on its surface (pericarditis)
leading to rapid deterioration of health and eventually death. We again point out that normal skin and mucosal mem-
branes commensal, a causative agent of common skin acne, may be associated with various severe organ infections

posing a threat to health and life.
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Introduction

Thaddeus Kosciuszko, a Polish general and engineer, the
hero of Polish and American nations, was born in 1746
in eastern Poland (at that time called Polish—Lithuanian
Commonwealth) and died in 1817 in Soleure (Solothurn),
Switzerland. Kosciuszko received an in-depth military
education in Warsaw and later in France. Soon after his
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arrival in North America in 1776 he befriended Benja-
min Franklin and Thomas Jefferson and took part in the
American Revolutionary War. He was extremely success-
ful as a commander and guided several important mili-
tary achievements like the fortification of Fort Mercer,
West Point, and Philadelphia. Kosciuszko significantly
contributed to the American victory at Saratoga, when
the defenses along the Hudson River led the Continen-
tal Army to final success. Without Kosciuszko’s contribu-
tions to the Battle of Saratoga, the Americans might have
lost, and France might have never entered the war on the
American side. In recognition of his accomplishments, in
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1776 he was awarded the rank of colonel by the American
Congress being considered equal in terms of knowledge
and experience to the Marquis de Lafayette, although
undeservedly less renowned [1, 2]. Posthumously, he was
commemorated in America with Thaddeus Kosciuszko
National Memorial in Philadelphia and with statues in
Washington, Boston, Detroit, and many other cities.

Kosciuszko returned from America to Poland in 1784,
hoping that the American Revolution could serve as a
model for his own country to resist foreign domination
and achieve democratic reforms, In 1791, he witnessed
the passing of a new Polish constitution, generally being
considered as the second modern and complete national
constitution in history, the first being that of the United
State. In 1794 Kosciuszko was proclaimed commander in
chief of Poland and chosen to lead the uprising against
Russian invaders (Kosciuszko Insurrection). Despite
some military successes, like a victory in the Raclawice
battle, this fiery rebellion was ultimately lost; Kosciuszko
was wounded and taken prisoner. After being released in
1796 he went again to America. Kosciuszko spent the last
years of his life, from 1798, in France and Switzerland [3,
4]. In 1817, after unfortunate falling from a horse, report-
edly straight into an icy stream in the vicinity of Vevey on
the north shore of Lake Geneva, Kosciuszko contracted a
severe cold, developed pneumonia, and supposedly suf-
fered from a fatal stroke caused by his immobility [5, 6].
He died at age 71.

Kosciuszko’s embalmed body was repatriated to Poland
in 1819 and put to rest in a sarcophagus among kings
and presidents in a national pantheon in Wawel Castle,
Cracow. In the tradition of the romantic era, the heart of
Kosciuszko after his death was removed from the body,
wrapped up in a black silk fabric, put on a wooden plate,
and placed in a glass filled with ethanol. It was kept at
the Polish National Museum in Rapperswil, Switzer-
land, tightly closed till 1895 when the conservation fluid
was changed into 3% phenol in glycerol. The heart was
brought to Warsaw in 1927. After World War II, the
majolica vase with the heart, locked in a metal cabinet,
was incidentally recovered in 1947 in the ruins of St.
John’s Cathedral. The jar was transferred to the King’s
Castle (Zamek Krélewski) in Warsaw and stored till 1961
when tissue debris have been preserved by dunking in
bee wax.

In 2017 the heart, which by this time lost its original
shape and integrity, was recovered from wax and re-con-
served with 35% ethanol/10% glycerol. During this opera-
tion, performed at a current location of the object in the
King’s Castle, a portion of wax and of a wooden plate,
which had been in close contact with the heart tissue,
were collected [7] to be used for molecular identification
of the genetic material recovered from the specimens.
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Methods

After scrapping about 100 mg of tissue from the sur-
face of the wax with a spatula, the material was depar-
affinized by immersing it two times in 1 ml of xylene
(Sigma), for 1 h at room temperature. Next, the residue
of xylene was removed by short flushing in absolute
ethanol (Chempur). Tissue was digested overnight at
37 °C, in 1 ml of digesting buffer (10 mM Tris, 10 mM
EDTANa,, 100 mM NaCl, 40 mM DTT, 20 mg SDS,
40 pg Proteinase K; pH=28.0).

DNA was purified using QIAquick PCR Purification
Kit (QIAGEN). After quantification with Quantifiler™
Human DNA Quantification Kit (ThermoFisher Sci-
entific), the DNA isolate was prepared for sequencing
using MinION Next Generation Sequencing Platform
(Oxford Nanopore Technologies, Oxford UK, ONT)
according to the manufacturer’s procedure [8—10].

DNA library preparation was performed using a 1D
PCR barcoding-by-ligation kit (SQK-LSK108) (ONT).
The whole volume of the extracted DNA—45 pl—was
used for dA-tailing and end-repair with Ultra II End-
prep enzyme mix (New England Biolabs—NEB). After
incubation, the sample was cleaned-up with AMPure
XP beads (Beckman Coulter). Next, 30 pl of the elu-
ate was used for Adapter ligation with 50 pl Blunt/TA
Ligation Master Mix (NEB) and 20 ul of Adapter Mix
(ONT). After incubation at RT, 100 ul of the reaction
was used for bead-binding with AMPure XP beads and
140 pl of Adapter Bead Binding Buffer (ONT). Finally,
the sample was eluted with 15 pl of Elution Buffer
(ONT). To run the sequencing process, we utilized
the R9.4 SpotOn flow cell (ONT), which was primed
according to the manufacturer’s instructions. In the
last step, 12 ul of DNA library was mixed with 25.5 pl
of Library Loading Beads, 35 ul of Running Buffer, and
2.5 ul of nuclease-free water and transferred to the
sequencing cell. The 48-h sequencing run was executed
using the MinKNOW software for primary data acqui-
sition (ONT).

The second sample, shavings from the surface of the
wooden plate supporting the heart, was handled by a dif-
ferent operator. DNA extraction, library preparation, and
sequencing (in a new flow cell) were conducted in the
same way as from the wax sample.

The third sample was isolated from a specimen kept
in the City Museum in Poznan. It was a fragment of the
linen cloth, with which Kosciuszko’s heart was wiped up
in 1897 after being removed from ethanol, before transfer
to glycerol/phenol conservation fluid. Traces of biologi-
cal material were extracted from the cloth using a non-
destructive method of isolation of DNA from museum
objects; DNA was purified and sequenced using the same
method as described above.
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Results

EPI2ME platform (ONT) was used to classify the nanop-
ore sequencing reads in the material from both samples.
In the wax sample, Fastq WIMP Rev 2.1.0 workflow was
applied; during the process, base-calling with QScore
filter [rev. 3.8.0] analyzed 253 reads with the Average
Quality Score of 9.38, and an average sequence length
of 405 bp (total yield 102.5 KBp). In the second sample,
of wood shavings, Fastq WIMP Rev 3.2.2 workflow was
used; base-calling with QScore filter [rev. 3.7.2] analyzed
30 reads with the Average Quality Score of 8.35; the aver-
age sequence length was 350 bp (total yield 10.5 KBp).

In the DNA sample isolated from bee wax, sixteen
known sequences were identified (and 237 remained
unclassified). Eleven reads were from H. sapiens, one
from a dog, one from an insect, and three from bacteria
(Escherichia coli, Janthinobacterium sp., and Propioni-
bacterium acnes. Seven known sequences (and 23 unclas-
sified) were read from the wooden plate sample; four
reads were classified as of human origin, two were from
E. coli, and one from P. acnes. Nanosequencing of DNA
purified from the linen cloth, with which Kosciuszko’s
heart had been wiped up, revealed several hundred reads,
all of human origin. Importantly, no signs of fibrin flakes
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typical of “frosted heart’, a hallmark of fibrinous pericar-
ditis, were found on the cloth [11, 12]. These sequences
originated possibly either from Kosciuszko’s genome or,
most probably, from random human contamination.

Only one of the sequences from each of the wax and
wood samples, classified as Propionibacterium acnes
(synonymous current name Cutibacterium acnes), had a
purported clinical significance (see Discussion). Of note,
sequences of Salmonella enterica serotype Typhi, the
cause of typhoid fever alleged by some sources as respon-
sible for a fatal disease of Kosciuszko [5],were not identi-
fied in the material studied.

P, acnes sequences obtained from the wax and wooden
plate samples (see Fig. 1A, B) mapped to different regions
of the bacterial genome, corresponding to fragments of
the amidohydrolase and ribosome-associated GTPase
genes, respectively. They both were classified as derived
from the same strain of bacteria, P acnes TypelAP2.
acn3l.

The wax sequence was similar to the reference along
487 bp (94% of the whole read), the wood sample only
along 150 bp (67%). The identity of the aligned fragments
was over 89% in both samples, with several randomly dis-
tributed mismatches and indels (see Table 1 and Fig. 2).

Sequence 1 (521 bp)

TGCCGGCAGCCAACAACCGAACTCGAGGCAATGAGGCTGTTGATAGTGCCGCTGAAGTCG

GTACCGGTGAATAAATCGGCACCCGGCATCCCAAGCCCTATGATCGTTITCCATGACGGTG

AGTATGGAGGTGACGCATATGTGCGGCATATTTGGGGAACTGCTGTCGGCCTGAGCGGLG

ATGGACGGAAGGTCTCTCGATATTGATCAAAGTCGGGACAGTTCACCTCGCGCTCAGCCA

TAGTGGCGATTGTCTCGTCGGTAAGCCCAGTGCCGTGCTCAATACAGTCAATACCGGCAT

CAACGAGCGCCGTGCGTGAGCTCGAAAACAGGCAGTAACACGGGCACCAAGCTCATGAGC

ACGATCGATGGCGGCCTGGGCGATATCTGTACACACACAACGGAGCGAGATCCTCGTCGE

GATCAATCCAGTCACCGACAAGCTTGACTCAATCCATCACCGGATCGAGCCCATCGATCG

Sequence 2 (237 bp)

ACCCCGGCAACAGCAATACGTAACCGAACGAAGTACAACAA

GTCACTGCCGAAGGAGCAGGCTAGCTACGAGTCATCGGACGGACCGCCGGTCGCCATTAG

GCGCCGAATGTCGGCAAGTCGTCTCTTCTGAACCGGGGGATAGCGCGTCAGAACCGCGTA

GTCGTTCTTTCGGATATTTCGGACGACGGCTGATCCCGTTGAAGTTCCACAACGCGAAAG

CGTTTCACGATAAATGCGAAAACGCAAAACACCACCCAGGGCCGAACGAAGTACTGA

Fig. 1 P acnes sequences from wax (1) and wood (2); fragments classified as corresponding to P. acnes are underlined (see Fig. 2)




Witt et al. Microbial Cell Factories (2022) 21:245 Page 4 of 6
Table 1 P acnes TypelAP2.acn31

Source of query Organism Read length Query cover Alignmentlength Identity (BLASTN) Mapping

sequence

Wax sample P.acnes TypelAP2.acn31 521 bp 487 bp (94%) 511 bp 459/511 (89.4%) Amidohydrolase gene
Wood shavings P acnes TypelAP2.acn31 237 bp 159 bp (67%) 168 bp 151/168 (89.9%) Ribosome-associated

GTPase gene

Sequence 1 (521 bp).
TGCCGGCAGCCAACAACCGAACTCGAGGCA
ATGAGGCTGTTGATAGTGCCGCTGAAGTCG
GTACCGGTGAATAAATCGGCACCCGGCATC
CCAAGCCCTATGATCGTTTCCATGACGGTG
AGTATGGAGGTGACGCATATGTGCGGCATATTT
GGGGAACTGCTGTCGGCCTGAGCGGCG
ATGGACGGAAGGTCTCTCGATATTGATCAAAGT
CGGGACAGTTCACCTCGCGCTCAGCCA
TAGTGGCGATTGTCTCGTCGGTAAGCCCAG
TGCCGTGCTCAATACAGTCAATACCGGCAT
CAACGAGCGCCGTGCGTGAGCTCGAAAACA
GGCAGTAACACGGGCACCAAGCTCATGAGC
ACGATCGATGGCGGCCTGGGCGATATCTGTACA
CACACAACGGAGCGAGATCCTCGTCGC
GATCAATCCAGTCACCGACAAGCTTGACTCAAT
CCATCACCGGATCGAGCCCATCGATCG
ACCCCGGCAACAGCAATACGTAACCGAACGAA
GTACAACAA
Sequence 2 (237 bp).
GTCACTGCCGAAGGAGCAGGCTAGCTACGA
GTCATCGGACGGACCGCCGGTCGCCATTAG
GCGCCGAATGTCGGCAAGTCGTCTCTTCTG
AACCGGGGGATAGCGCGTCAGAACCGCGTA
GTCGTTCTTTCGGATATTTCGGACGACGGCTGA
TCCCGTTGAAGTTCCACAACGCGAAAG
CGTTTCACGATAAATGCGAAAACGCAAAAC
ACCACCCAGGGCCGAACGAAGTACTGA

Discussion

The observed identity between the P acnes sequences of
DNA extracted from wax and wooden plate and the cor-
responding fragments of P acnes TypelAP2.acn31 refer-
ence was 89% and 90%, respectively. Erroneous sequence
readings might play a role in lowering the identity; the
accuracy of reads claimed by the vendor was 95-97%.
If corrected for the technical errors, the actual identity
values for both DNA fragments would be 94% and 95%,
respectively.

Theoretically, the differences with respect to the ref-
erence sequence could point to the isolated sequences
originating from a P acnes strain not deposited in the
database. However, repeated blasting against the Gen-
Bank resources did not reveal any entries, which would
represent even remote similarity to bacterial species

other than P, acnes TypelAP2.acn31. We hypothesize that
the identified reads represent the ancient P acnes DNA
(aDNA), which underwent fragmentation and sequence
changes caused by its long-time presence in the envi-
ronmental conditions conducive to degradation. In this
context, it should be emphasized that some of the human
and E.coli sequences reads from the wood sample dis-
played higher compliance with their reference sequences
(over 92%) and were much longer (over 1.2 kb), which
may suggest that, in contrast to P, acnes, they represented
recent contamination.

In our opinion, the P. acnes sequences identified in the
DNA isolated from the analysed samples could reflect the
presence of the bacteria in the original heart tissue. We
exclude the possibility of ancient post-mortem contami-
nation for the following reasons. The P. acnes sequences
were recovered both from the wax and from the wood
containing the debris of the heart tissue, but not from
the cloth used to wipe the external surface of the heart,
which at that time was not decomposed. The amount
of the DNA was sufficient to read the sequence without
relying on nested PCR, which has to be applied in case
of extremely low titers of contaminating bacterial mate-
rial. According to the autopsy record, Kosciuszko’s heart,
after being extracted from the corpse, was immediately
placed in ethanol, which prevented the growth of poten-
tial contaminating bacteria. After 78 years in ethanol, the
heart was transferred directly to a new conservation fluid
containing 3% phenol, a highly potent bactericide; wax
pieces with heart debris even today emitted a foul odor
of phenol.

C. acnes is a Gram-positive, slow-growing coccobacil-
lus that is normal skin and mucosal membranes commen-
sal. Commonly known as a causative agent of skin acne, it
has been associated with various severe infections, both
native and postoperative, like endocarditis, pericarditis,
osteomyelitis, arthritis, spondylodiscitis, endophthalmi-
tis, and brain abscess [13]. The ability of C. acnes to cause
deep-seated infections, despite its presumed low viru-
lence, is attributed to its capability to form biofilms [14].
Critical heart complications of C. acnes infection include
constrictive pericarditis, tamponade, and left ventricular
pseudoaneurysm, or acute endocarditis with free-floating
thrombi [15]. Endocardial complications involve almost
exclusively males (most likely due to a greater number of
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Propionibacterium acnes TypelA2 P.acn31, complete genome
Sequence ID: CP003197.1 Length: 2498766 Number of Matches: 1

Range 1: 1535649 to 1536150 GenBank Graphics

Score Expect Identities Gaps Strand
616 bits(333) le-171 457/511(89%) 32/511(6%) Plus/Plus

Query 4 CGGCAGCCAACAACCGAAC-TC-GAGGCAATGAGGC--TG-TTGATAGTGCCGCTGAAGT

IIIIIIIIIlIIlIIIIII LOLLEEEREEELEEr L LReepeeeeenet 1l
Sbjct 1535649 CGGCAGCCAACAACCGAACCTCGGAGGCAATGAGGCCGTGCTTGATAGTGCCGCCAGCGT

Query 59 CGGTACCGGTGAATAAATCGGCAC-CCGGCATCCCAAGCCCT-ATGATCGTTTCCATGAC

IIIIIII LD CRRLEEeee et eeeeeeeneeel 1t IIIIII
Sbjct 1535709 CC-G-GCATAAATCGGCACTCCGGCATCCCAAGCCTTGGCGATCGTTT-CATGA

Query 117 GGTGAGTATGGAGGTGACGCATATGTGCGGCATATTTGGGGAAC-TGCTGTCGGCCTGAG

CELLLEEERREEEEEr e e i e ee ety et LeE FRiiirernn
Sbjct 1535766 GGTGAGTATGGAGGTGACGCATATGTGCGGCATATTTTGGGAACTTGCCGTCGGCCTGAG

Query 176 CGGCGATGGACGG-AAGGTCTCTCGATATTGATCAAAGTCGGGACA-GTTC-ACCTCGCG

CELLLEEEReer ceer CERRREeeree e et 1 il
Sbjct 1535826 (CGGCGATGGACGGGAAGG--TCTCGATATTGATCAAAGTCGGGACAAGCCCGACCTCGCG

Query 233 CTCAGCCATAGTGGCGATTGTCTCGTCGGTAAGCCCAGTGCCGTGCTCAATACAGTCAAT

IIIIII|IIlIIIII|IIllIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIII
Sbjct 1535884 (CTCAGCCATAGTGGCGATTGTCTCGTCGGTAAGCCCAGTGCCGTGCTCAATACAGTCAA

Query 293 ACCGGCATCAACGAGCGCCGTGCGTGAG- - - -CTC-G-AAAACA- -G-GCAGTAACACGG

COLLEEELEEeeeeet eeeer el e E e L el
Sbjct 1535944 ACCGGCATCAACGAGC--TGTGCGGGAGCTTCCTCGGAAAAACAGTGCGCAGTAACACGG

Query 344 GCACCAAGCTCATGAGCACGATCGATGGCGGCCTGGGCGATATCTGTACACACACAACGG

COLERLELEREEEEEE e et et e et e eeeer b ieeenrd
Sbjct 1536002 GCACCAAGCTCATGAGCACGATCGATGGCGGCCTGGGCGATATCTGTGGGC -CACAACGG

Query 404 AGCGAGAT - - -CCTCGTCGCGATCAATCCAGTCACCGACAAGCTTGACTCAATCCATCAC
COLEREEL  LLCCEEEEEE LRt ey tee Lennd
Sbjct 1536061 AGCGAGATCCCCCTCGTCGCGATCAATCCAGTCACCGACAAGCTTGACCCAA-CCATCAC

Query 461 CGGATCGAGCCCATCGATCGACCCCGGCAAC 491

CERLLREREEr LEERREEer Tennrnd
Sbjct 1536120 CGGATCGAGCCTGACGATCGACCTCGGCAAC 1536150

Cutibacterium acnes SZ2 DNA, complete genome
Sequence ID: AP022845.1 Length: 2504552 Number of Matches: 1

Range 1: 1294285 to 1294446 GenBank Graphics

58
1535708
116
1535765
175
1535825
232
1535883
292
1535943
343
1536001
403
1536060
460
1536119

Score Expect Identities Gaps Strand
196 bits(106) 8e-46 150/168(89%) 15/168(8%) Plus/Plus

Query 4 ACTGCCGAAGGAGCAGGCTAGCTACGAGTCATCGGACGGACCGC--C-GGTCGCCA-T-T

IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [ ILEEEn 1|
Sbjct 1294285 ACTGCCGAAGGAGCAGGCTAGCTACGAGTCATCGGACGGACCGCGTCGGGTCGCCATTGT

Query 59 AGGC- -GCCGAATGTCGGCAAGTCGTCTCTTCTGAACCGGGGGATAGCGCGTCAGAACCG

CLE LLLLLLLEEEEEEELELEEEEEEL LTI IIIIIIIIIIIIIIIII
Sbjct 1294345 GGGCAAGCCGAATGTCGGCAAGTCGTCTCTTCTGAACCGT---ATAGCGCGTCAGAACCG

Query 117 CGTAGTCGTTCTTTCGGATATTTC--GGACGACGGCTGATCCCGTTGA 162

CLEEEeer o0 teneeeeeer et LLEEErinnnd
Sbjct 1294402 CGTAGTCGT-CT--CGGATATTTCCGGGACGACGGTTGATCCCGTTGA 1294446

Fig. 2 BLASTN alignments of the P acnes sequences

58
1294344
116
1294401
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sebaceous glands), of age 654-. The mortality is relatively
high (15% to 27%) [13]. Risk factors include: pneumococ-
cal pneumonia as a triggering event, purulent derma-
titis e.g. due to injuries (specifically under the arm and
around the shoulder), and lowered overall immunity [16].
The year of Kosciuszko’s death, 1817, was conducive to
immune imbalance due to severe D3 avitaminosis, as it
was the famous second consecutive European "year with-
out summer”, after the eruption of the Mount Tambora
volcano in Indonesia [17].

The presented data, support a hypothesis that the
process of C. acnes infection in Kosciuszko’s heart was
progressing inside the organ (endocarditis), not on its
surface (pericarditis). This is consistent with the canoni-
cal version of pneumonia being the alleged cause of
Kosciuszko’s death. In the nineteenth century, differen-
tial diagnosis of severe pneumonia, acute endocarditis,
and thromboembolia was not available. In fact, one does
not preclude the other, since the cerebral stroke and/or
pulmonary thromboembolia can readily follow C. acnes
endocarditis. Incidence of bacterial endocarditis in the
pre-antibiotic era was as high as 1:250, in our time being
lowered to 1:18,000. Clinical presentation of the dis-
ease involves fever, chills, shortness of breath, malaise,
tachycardia, arrhythmia, pleuritic chest pain, dyspnoea,
and lower limb swelling. Such nonspecific but acute
symptoms, which may resemble bacterial pneumonia,
occurred in Kosciuszko in the period preceding his death
[18, 19].

Our novel finding leads us to claim that it is highly
likely that specifically acute endocarditis resulting from
the earlier infection with commensal bacteria C. acnes
could have contributed to the fatal outcome of the ail-
ment and, eventually, the death of Thaddeus Kosciuszko.
This confirms reports that normal skin and mucosal
membranes commensal may be associated with various
severe organ infections constituting a significant health
problem.
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