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Abstract
Plague and famine are two of the worst killers in human history. Both struck the Czech lands in the Middle Ages not
long after each other (the famine of 1318 CE and the plague of 1348–1350 CE). The aim of our study was to try to
relate the mass graves found in the vicinity of the Chapel of All Saints with an ossuary in the Kutná Hora–Sedlec
site to these two specific events. For this purpose, we used stratigraphic and archaeological data, radiocarbon dating,
and Bayesian modeling of 172 calibrated AMS ages obtained from teeth and bones of 86 individuals buried in the
mass graves. Based on the stratigraphic and archaeological data, five mass graves were interpreted as famine graves
and eight mass graves were interpreted as plague graves. Using these data and the calibration of the radiocarbon
results of the tooth-bone pairs of each individual, we constructed the Bayesian model to interpret the remaining
mass graves for which no contextual information was available (eight mass graves). In terms of Bayesian model
results, the model fits stratigraphic data in 23 out of 34 cases and in all seven cases based on calibration data. To
validate the model results on archaeologically and stratigraphically uninterpreted data, ancient DNA analysis is
required to identify Yersinia pestis.

Introduction

Human history contains events of great interest to researchers as well as to the general public. Such
events are usually associated with significant socio-economic changes and high mortality rates. Plague
epidemics and famines are undoubtedly among the most important events studied by a wide range of
scientific disciplines. Historically, there are three main known plague pandemics. The first was the
Justinian Plague, which began in 541–544 AD and lasted until ∼750 AD. The second is most commonly
referred to as the Black Death (1347–1351 AD), which had been recurring until the 18th century. The
third emerged in China in the 1850s and lasted until the mid-20th century (Benedictow 2021; Harbeck
et al. 2013; Little et al., 2007). In historical sources, it is possible to trace two other earlier events
referred to as plagues, the Plague of Athens (430–427 BC) and the Antonine Plague (165–180 AD), but
there is a lack of evidence that these were actually plagues in the modern sense of the word, i.e., caused
by the bacterium Yersinia pestis (Dancourt and Raoult 2002; McNeill 1976; Rasmussen et al. 2015).
Similarly, famines have occurred several times in our history (Ljungqvist et al. 2023), always due to the
coincidence of some specific features; for example complicated socio-political situation, accumulating
of adverse weather patterns, failures of key agricultural crops and several other features (Brázdil
et al. 2018).
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Despite the usually good historical record of these events, it can be very difficult to link an archaeological
finding to a specific catastrophic event. One such archaeological site is the cemetery surrounding theChapel
ofAll Saints inKutnáHora–Sedlec,CzechRepublic. This site probably contains, in addition to the burials of
people who died of natural causes, victims of the famine of 1318 and the Black Death of 1348, buried in
32 mass graves (Brzobohatá et al. 2023a; Frolík 2017). In this paper, we employ a methodology that
combines the number of individuals and the decubitus form to define a mass grave. A mass grave was
defined as any grave that contained three or more individuals buried in multiple vertical layers where
individuals must be in physical contact. Additionally, the mass grave could be described as a single
stratigraphic unit, indicating that the burial of the individuals occurred as a discrete event. In some cases,
however, only one or two individuals could be used for radiocarbon dating due to taphonomy, diagenetic, or
contextual factors (for comparison: Hanglund 2002; Skinner 1987; Skinner et al. 2002).

Based on the combination of archaeological stratigraphic data, historical sources and found artifacts,
it was possible to interpret a few of the graves and assign them to a specific event. In addition, two
separate studies (anthropological and cementochronological) were conducted to identify additional
mass graves with varying degrees of success (Lépinau et al. 2021; Zazvonilová et al. 2023). In this
study, we solely focus on another used method, radiocarbon dating of individuals from the mass graves
in an attempt to complement previous results and interpret the remaining mass graves.

Historical and archaeological background

The Chapel of All Saints with an ossuary in Kutná Hora–Sedlec represents a unique monument even on
a global scale (Figure 1). The chapel is located in a former lay cemetery as part of the now extinct

Figure 1. Kutná Hora–Sedlec, Chapel of All Saints with ossuary and its location within the Czech
Republic. View from the southwest (figure borrowed with permission of the journal editors from
Brzobohatá et al. 2023b).
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Cisterian monastery. The chapel was built after 1380 CE, repaired in the late 15th century after damage
during theHussiteWars, and fundamentally rebuilt by the architect J. SantiniAichl in the early 18th century.
The interior furnishings consist of isolated human bones since the 16th century, last modified in the 19th
century. The bones that decorate the interior of the ossuary come from several tens of thousands of
individuals (for the phenomenon of the ossuary and its transformations, see Horák et al. 2022).

The problems with statics of the building caused the need to first carry out rescue archaeological
research around the ossuary from 2016 to 2018 and in 2019 and 2020 partly in the interior of the
building. An important part of the found collection was 32 mass graves outside the ossuary (Figure 2).
They were investigated to varying degrees, given the fact that archaeological research was limited to a
two-meter-wide strip around the perimeter of the ossuary. A total of 1817 burials (skeletons) were
examined, more than half of which were placed in mass graves. 907 individuals were anthropologically
evaluated, of which 322 were juveniles (Brzobohatá et al. 2023a; Frolík 2017). The total number of
mass graves remains unknown as does the extent of the cemetery, but the overall situation suggests that
the mass graves were dug on the northern edge of the cemetery (Brzobohatá et al. 2023a). Based on the
uniquely preserved stratigraphic situation, it is possible to connect some mass graves with specific
catastrophic events. However, mass graves belong to two stratigraphic phases. The third one is
foundation wall of the chapel/ossuary built in 1380s. The mass graves are older.

Two past disasters are documented in written sources. First, the famine of 1318, is documented in
written sources directly for Kutná Hora, including information about the burials “in front of the Sedlec
Gate” (Zbraslav Chronicle II/3; FRB IV 1884, 248). Stratigraphically older mass graves are attributed to
this event. For the stratigraphically younger graves, a plague epidemic in the years 1348–1350 CE is
suggested, for which there are only sparse reports from Bohemia and for Kutná Hora none. It was

Figure 2. Kutná Hora–Sedlec, ossuary. The graves filled with blue are those interpreted as plague
graves according to stratigraphy and numismatics, in yellow are those interpreted as famine graves
according to stratigraphy. In gray and italics are the numbers of mass graves, in black the numbers of
analyzed individuals. The blue and red lines indicate the extent of the surveyed area (figure borrowed
and modified with permission of the journal editors from Brzobohata et al. 2023b).
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generally believed that the plague epidemic did not reach Bohemia at that time (Mengel 2011).
However, from the point of view of the stratigraphy of the cemetery in Sedlec, the younger deadly
catastrophe most likely had occurred after 1318 CE and before 1380 CE. On this basis, we can connect
five mass graves (Graves 2, 10, 13, 24, 30) with the famine of 1318 CE, and five other graves (No. 1, 11,
12, 23, 29) to the plague epidemic between 1348 CE and 1350 CE. The remaining 22 mass graves do not
have this possibility.

Attention was therefore focused on the evidence of the treatment of the dead in an attempt to find out
the differences that would allow us to distinguish the two disasters. No differences were found in the
burial of the deceased and their grave goods, and they did not differ from the deceased buried in
individual graves. Differences were not found even when analyzing the physical characteristics of the
buried (Lépineau et al. 2021; Brzobohatá et al. 2023a). Burials are mostly very poor in grave goods. The
exception is iron or bronze buckles in the number of one to three, some even with small torsos of a
leather belt. These graves clearly belong to men and no similar guidelines were found for female burials.
Individuals carrying cash were examined in three graves. Nine coins of the king John of Luxembourg
from period 1340–1346 CE and one from the period 1318–1327 CE were identified in grave H184
(mass grave 21). The composition of the group of Prague groschen from grave H232 (mass grave 18) is
similar. One was minted in the period 1311–1318 CE, the others in 1318–1346 CE (Castelin 1960; Hána
2008). In grave H1803 (mass grave 26), the deceased originally had a knife, a whistle, and small coins—
parves of Jan of Luxembourg in a pouch near his waist. These individuals were apparently buried in
their clothing and were not searched beforehand. A fear of contagion is offered as an explanation, which
would suggest an interpretation of the mass grave as a plague, although death from a contagious disease
due to weakening by starvation cannot be ruled out. If considering these findings, the number of plague
graves would rise to eight (1, 11, 12, 18, 21, 23, 26, 29).

The set of skeletal remains frommass grave is the largest researched set of this kind in Europe to date,
and it can be used to obtain unique data on the population of a rapidly developing city related to clearly
defined periods of time (Brzobohatá et al. 2019; Castex 2008). Further efforts were therefore focused on
radiocarbon dating that would allow attributing the remaining mass graves to the mentioned disasters,
possibly to confirm the previous conclusions (Zazvonilová et al. 2023).

Material and methods

Sampling

In the present study, 95 bones and 85 teeth were used for the purpose of radiocarbon dating. These
samples were yielded from 95 individuals buried in the cemetery adjacent to the Chapel of All Saints in
Kutná Hora–Sedlec. The individuals came mostly from mass graves, but several individuals engaged in
this assessment preceded the events connected with mass graves.

During the archaeological excavation, 32 mass graves were at least partially uncovered. For the
purpose of this study, individuals from 17 of these graves were involved. Of these, three (2, 10 and 13)
were archaeologically and historically connected with famine (1318 CE). The six graves (1, 11, 12, 18,
21 and 29) were archaeologically and historically connected with the plague (1348–1350 CE). The
remaining eight mass graves involved in the study could not be contextually linked to either of these two
events. The remaining individuals (11) were assessed as being older than the mass graves and were
buried separately within the etage cemetery. The individuals from the remaining mass graves were not
included in the study because they did not meet the age criteria or did not have preserved both bone and
tooth for Bayesian modeling.

All individuals included in the study provided bone and tooth samples for radiocarbon dating, except
for ten individuals whose state of preservation did not allow for the involvement of teeth. These
individuals were not involved in the Bayesian modeling process. Their role was to verify the
stratigraphy and chronological classification of the mass graves. Further details about all samples
included in the study can be found in Supplementary Table 1. The table contains the number of mass
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graves and the number of individuals from which the samples originate, the type of sample, and the
laboratory number of each sample.

In our study, we assumed that the dated episode in tooth roots is approximately the time of tooth
eruption. For bone sampling, preference was given to clavicles and ribs, where we assumed that their
age is closest to the time of death even in old individuals (Handlos et al. 2018).

The aim of tooth-bone pair sampling was to suppress dating ambiguities in the groups of individuals
studied, resulting from the non-monotonic course of the radiocarbon calibration curve during the period
under investigation.

Anthropology

All sampled individuals were subject to an anthropological assessment, with particular consideration
given to basic demographic parameters such as age at death, sex, and physical characteristics of the
deceased. Additionally, a basic paleopathological assessment was conducted. However, for the
purposes of this study, only the age at death results were deemed relevant, and thus the remaining
demographic assessments were not incorporated into further analyses. Further information regarding the
anthropological evaluation of the total assemblage from the archaeological site Chapel of All Saints with
an ossuary in Kutná Hora–Sedlec can be found in Brzobohatá et al. (2023b).

Supplementary Table 1 also contains the results of the anthropological assessment of age at death and
the interpretation of mass graves based on stratigraphy and archaeological findings. The age at death
results is presented in the form of age categories (Table 1).

Radiocarbon dating and stable isotope analysis

All samples were processed in the laboratory CRL of the Nuclear Physics Institute (NPI) of the Czech
Academy of Science. The procedure consisted of mechanical cleaning, pre-treatment, and collagen
extraction (Brock et al. 2010; Frolik et al. 2020; Gupta and Polach 1985; Jull et al. 2006; Law and
Hedges 1989; Longin 1971), filtration with glass fiber filter or ultrafiltration to remove fraction below
30 kDa.

For the radiocarbon measurement, the samples underwent graphitization (Orsovszki and Rinyu 2015;
Rinyu et al. 2015). Graphitized samples were measured on AMS systems MILEA at NPI (Kučera et al.
2022, 2023) or MICADAS (DeA laboratory, Hungary). AMS data were processed using BATS
freeware (Wacker et al. 2010) and calibrated with OxCal 4.4. software and IntCal20 calibration curve
(Bronk Ramsey 2009; Reimer et al. 2020).

For coupled N and C isotope analysis, collagen triplicates of 650–750 μg were weighed into tin
capsules. The isotope ratios were determined using elemental analyser Flash IRMS with TCD detector
coupled to Continuous flow IV and Delta V Advantage mass spectrometer. The isotope ratios were

Table 1. Age categories of anthropological analysis and defined abbreviations.

Category Abbreviation Age (years)
Fetus Fet
Infans I InfI 0.1–6
Infans II InfII 7–13
Juvenis Juv 14–20
Adultus I AdultI 21–30
Adultus II AdultII 31–40
Maturus I MatI 41–50
Maturus II MatII 51–60
Senilis Sen > 60
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expressed as δ values (Werner and Brand 2001). The ratios were normalised using four international
standards (IAEA-N1, IAEA-N2, IAEA-CH3, IAEA-600) and four reference collagens
(Stabilisotopenanalytik 2018). The C isotope ratios were reported against the Vienna Pee Dee
Belemnite (VPDB) scale and the N isotope ratios were reported against the atmospheric N2.

Bayesian modeling

Only the results of radiocarbon dating of tooth-bone pairs were used for modeling. For each skeleton,
we calculated posterior probabilities of two hypotheses

H 2 Hf ; Hp

� �
(1)

conditioned on the CRA (conventional radiocarbon activity) of bone (CRAb) and tooth (CRAt). The
hypothesis concerns the year of death and has following alternatives: Hf that the individual died of
famine and alternative Hp that they died of plague according to Bayes´ formula:

p HjCRAb;CRAt� � � p CRAb; CRAtjH� �p H� �
p CRAb;CRAt� � (2)

All information about CRA for the given hypothesis is contained in bone age and tooth age (tb and tt).
Their probabilities depend, in addition to hypothesis H, on biological age a as

p CRAb;CRAtjH� � �
Z

p CRAb;CRAtjtb; tt� �p tb; ttjH; a� �dtbdtt (3)

For given tb and tt, CRAb and CRAt are independent:

p CRAb;CRAtjtb; tt� � � p CRAbjtb� �p CRAtjtt� � (4)

and the age of the bone and tooth are independent for given hypothesis and biological age a:

p tb; ttjH; a� � � p tbjH; a� �p ttjH; a� � (5)

By substituting, we obtain the posterior probability of the hypothesis as the integral of the product of
the known probability densities. It includes calibration:

p CRAijti� � (6)

the bone and tooth age model at the time of the death:

p tijH; y� � (7)

The bone lag time, representing the delay between the actual year of death and bone formation, was
estimated based on data from Ubelaker et al. (2015). This data can be described as a piecewise function
dependent on the estimated age, increasing linearly up to 60 years and remaining constant beyond that.
The tooth lag time was modeled assuming that the teeth typically erupt by the age of 13 ± 3 years
(Ubelaker 1989).

The script, implemented in Matlab R2021a (MathWorks Inc. 2022), uses Monte Carlo sampling to
simulate possible scenarios for the year of death of an individual. The individuals analyzed are
characterized by measured CRAs of bone-tooth pair, their standard deviations, the assigned grave, and
anthropological age estimates expressed as means with standard deviations. For each simulation, the
formation years of bones and teeth are generated by subtracting the respective lag times, which are
randomly sampled from a normal distribution, reflecting age-specific uncertainties. The corresponding
CRA values are obtained by interpolating data from the current calibration curve for the northern
hemisphere (Reimer et al. 2020). The likelihoods for each simulated CRA are then calculated assuming
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a normal probability density distribution, where the mean is the CRA value measured for bone or tooth
sample, and the standard deviation is the combined uncertainty, derived from the calibration curve and
the measurement uncertainties. Total likelihoods for the famine or plague hypotheses are computed by
summing the likelihoods across all simulation; the posterior probabilities are determined by normalizing
the total likelihoods.

Results and discussion

In most of the cases, radiocarbon dating of a single sample fails to distinguish between famine and
plague catastrophe. This unfortunate result arrives from the complex shape of the given part of the

Figure 3. Examples of radiocarbon dating results. (A) Multiple resulting intervals for bones of two
individuals (1568 and 716) with resolution too low to distinguish famine from plague event. (B) The
results of tooth of the individual No. 1568 (juvenis) has anchored the individual to the famine event. For
the individual No. 716 (maturus) the assessing of bone-tooth pair results has no helpful effect. Vertical
lines mark event of famine (red, 1318 CE) and plague (black, 1348 CE).
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calibration curve which results in multiple intervals covering both events (Figure 3A). However,
assessment of the dating of a bone-tooth pair from a single individual has, in some cases, led to
the exclusion of intervals and anchoring the sequence to one or the other event (Figure 3B). The
simple basis for the anchoring is that the tooth must be older than the bone and the lag-time between
the bone and the tooth cannot exceed a given life span. Such seven anchoring pairs are depicted in
Figure 4.

For the modeling, the single-sampled individuals were excluded. 2 of 11 these solitary samples from
individuals 114 and 1835 (found outside the mass graves) were dated to a significantly younger period
than the first half of the 14th century (Figure 5). The remaining nine single-sampled individuals cannot
be conclusively linked to either famine or plague.

The results of the Bayes model are summarized on Figure 6. Twenty individuals are found to be
victims of famine, 66 of plague. The average age of the deceased is 35.6 ± 17.4 years (famine) and
38.0 ± 18.8 (plague).

The model agrees with the radiocarbon dating of all seven pairs anchored by bone-tooth
combination.

Compared to the stratigraphic estimates (Supplementary Table 1), the model aligns with 23 out of 34
individuals (68%). In eight cases, the model predicts famine as the more likely cause of death, whereas
stratigraphy attributes it to plague. For the remaining three individuals, the opposite is observed. In
graves No. 1, 2, 10 and 29, which contain only one or a few individuals, this discrepancy cannot be
resolved due to lack of additional information, making both interpretations potentially valid.

Figure 4. Seven pairs where the radiocarbon dating results are anchored to famine (red) or plague
(back) event. Vertical lines mark event of famine (red, 1318 CE) and plague (black, 1348 CE).
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In grave No. 18, the model associates’ individuals 469 and 505 with the famine event, while the
remaining six buried individuals are linked to the plague event, contrary to the stratigraphic estimate that
suggest all died of plague. Similarly, in grave No. 21, which is also stratigraphically identified as plague
grave, the model predicts that individual 253 died of famine, while all nine other individuals are
attributed to the plague. Given this context, it is likely that the stratigraphic interpretation is more
reliable for graves No. 18 and 21.

Figure 5. Radiocarbon dating of bones from single-sampled single-buried individuals.

Figure 6. Normalized posterior probability of death due to famine (red cross markers) or plague (black
cross markers) for the individuals across different graves. Discrepancies between the model and
stratigraphy estimates are highlighted with colored circle symbols.
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Grave No. 11 presents a more complex situation. It contains four young individuals and one senior
individual, all stratigraphically placed in the plague event. However, the model identifies three of them
as famine victims, two with high probability, including the senior individual 738, and three as plague
victims with similarly high probability. This raise concerns whether grave No. 11 represents a single
mass burial or if its history is more complex, potentially involving a secondary burial.

If all individuals from graves No. 18 and 29 are assigned to the plague event, the number of
individuals attributed to famine decreases to 17, while the number of plague victims rises to 69. With
this adjustment, the corrected average age of death is 37.3 ± 18.9 years (famine) and 37.5 ± 18.9
(plague).

Supplementary Table 1 also summarizes the results of CN stable isotope analysis for a subset of the
collagen-bone samples, where enough material was isolated for triplicate analysis. The δ15N ratios
ranged from 9.5 to 14.3‰, with the highest value observed in the remains of a child who died between
the ages of 7 and 13. The δ13C values varied between –23.7‰ and –17.8‰. There is no statistically
significant difference between the average δ15N and δ13C values from the remains of individuals who,
according to the model, died of plague or famine.

Conclusion

The excavation near the Chapel of All Saints with the ossuary in Kutná Hora–Sedlec provided unique
evidence of medieval plague and famine epidemics in the Czech Republic. Unfortunately, stratigraphic
and archaeological data allowed for the interpretation of only six plague mass graves and three famine
mass graves. Radiocarbon dating was also challenging due to the short time gap between the two events
and the problematic shape of the calibration curve for the period in question. However, Bayesian
modeling of 172 calibrated AMS ages from teeth and bones of 86 individuals provided substantial
assistance in the interpretation of a number of individuals and also several mass graves. The Bayesian
model significantly contributed to uncovering the extent of the plague, which was previously believed to
have had only a minor impact on the Czech landscape, and to confirming the famine event. The model
aligns with stratigraphic and archaeological interpretation in 23 out of 34 cases, and in all seven cases
based on calibration data. To further validate our model, DNA analysis of the studied individuals is
essential to confirm the presence of Yersisnia pestis.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.1017/RDC.2025.18

Acknowledgments. This study was supported by the Czech Science Foundation (project no. GA21-09637S) and also by the
MYES project “Ready for the future: understanding the long-term resilience of the human culture (RES-HUM)”, project reg.
number: CZ.02.01.01/00/22_008/0004593.

References

Benedictow OJ (2021) The Complete History of the Black Death. The Boydell Press.
Brázdil R, Kotyza O and Bauch M (2018) Climate and famine in the Czech lands prior to AD 1500: Possible interconnections in a

European context. In Collet D and Schuh M (eds), Famines During the “Little Ice Age” (1300–1800). Springer.
Brock F, Higham T, Ditchfield P and Ramsey CB (2010) Current pretreatment methods for AMS radiocarbon dating at the Oxford

Radiocarbon Accelerator Unit (ORAU). Radiocarbon 52(1), 103–112.
Bronk Ramsey C (2009) Bayesian analysis of radiocarbon dates. Radiocarbon 51(1), 337–360.
Brzobohatá H, Frolík J and Velemínský F (2023a) Hromadné hroby jako příklad zvláštního zacházení se zemřelými ve

středověku–Massengräber als Beispiel für einen besonderen Umgang mit Verstorbenen im Mittelalter. Archaeologia Historica
48(2), 635–659.

Brzobohatá H, Frolík J and Velímský F (2023b) Wealth or just job seekers: Medieval skeletal series from Kutná Hora-Sedlec
(Czech Republic) with a notable surplus of men. IANSA 14:79–92.

Brzobohatá H, Frolík J and Zazvonilová E (2019) Bioarchaeology of past epidemic-and famine-related mass burials with respect to
recent findings from the Czech Republic. Interdisciplinaria Arachaeologica Natural Science in Archaeology 10, 79–87.

10 J. Sneberger et al.

https://doi.org/10.1017/RDC.2025.18 Published online by Cambridge University Press

https://doi.org/10.1017/RDC.2025.18
https://doi.org/10.1017/RDC.2025.18
https://doi.org/10.1017/RDC.2025.18


Castelin K (1960) O chronologii pražských grošů Jana Lucemburského. Numismatický sborník 6, 129–163.
Castex D (2008) Identification and interpretation of historical cemeteries linked to epidemics. In Raoult D and Drancourt M (eds),

Paleomicrobiology: Past Human Infections. Berlin, Heidelberg: Springer, 23–48.
Drancourt M, Raoult D (2002) Molecular insights into the history of plague. Microbes Infect 4:105–109.
FRB IV (1884) Petra Žitavského Kronika zbraslavská (Chronicon Aulae Regiae). Fontes rerum Bohemicarum IV, Pragae.
Frolík J (2017) Pohřbívání ve vrcholném středověku a v novověku na Chrudimsku, Pardubicku a Kolínsku–Bestattungen im

Hochmittelalter und in der Neuzeit in den Regionen Chrudim, Pardubice und Kolín. Archaeologia Historica 42(1), 187–205.
Frolík J, Sneberger J, Svetlik I, Drtikolová Kaupová S, Pachnerová Brabcová K and Ovsonkova ZA (2020) The oldest rules of

early medieval Bohemia and radiocarbon data. Radiocarbon 62(6), 1529–1542.
Gupta SK and Polach HA (1985) Radiocarbon dating practises at ANU. Canberra: ANU.
HaglundWD (2002) Recent mass graves, an introduction. In HaglundWD and Sorg MH (eds), Advances in Forensic Taphonomy.

Method, Theory, and Archaeological Perspectives. CRC Press, 263–281.
Handlos P, Svetlik I, Horáčková L, Fejgl M, Kotik L, Brychova V, Megisova N and Marecova K (2018) Bomb peak: Radiocarbon

dating of skeletal remains in routine forensic medical practice. Radiocarbon 60(4), 1017–1028.
Hána J (2008) Úvahy o typologii a chronologii pražských grošů Jana Lucemburského. Numismatický sborník 22, 107–144.
Harbeck M, Seifert L, Hänsch S, Wagner DM, Birdsell D, Parise KL, Wiechmann I, Grupe G, Thomas A, Keim P, et al. (2013)

Yersinia pestis DNA from skeletal remains from the 6th century AD reveals insights into Justinianic Plague. PLoS Pathog 9,
e1003349.

Horák J, Weiss-Krejci E, Frolík J, Velímský F and Šmejda L (2022) The cemetery and ossuary at Sedlec near Kutná Hora:
Reflections on the agency of the dead. In Weiss Krejci E, Becker S and Schwyzer P (eds), Interdisciplinary Explorations of
Postmodern Interaction. Dead Bodies, Funerary Objects, and Burial Spaces through Texts and Time. Cham (Switzerland):
Springer, 269–295.

Jull AJT, Burr GW, Beck JW, Hodgins GWL, Biddulph DL, Gann J, Hatheway AL, Lange TE and Lifton NA (2006) Application
of accelerator mass spectrometry to environmental and paleoclimate studies at the University of Arizona. Radioactivity in the
Environment 8, 3–23.

Kučera J, Maxeiner S, Müller A, Němec M, John J, Světlík I, Kameník J, Dreslerová D, Pachnerová Brabcová K, Tecl J, Bourquin J,
Herrmann A and Fahrni S (2022) A new AMS facility MILEA at the Nuclear Physics Institute in Řež, Czech Republic.
Nuclear Instruments and Methods in Physics Research B 527, 29–33.

Kučera J, Pachnerová Brabcová K, Němec M, Kameník J, Trubač J, Brychová V, Světlík I, John J, Garba R and Daňo M (2023)
Status report of the first AMS laboratory in the Czech Republic at the Nuclear Physics Institute, Řež. Chemical Papers 77,
7311–7317.

Law IA and Hedges REM (1989) A semi-automated bone pretreatment system and the pretreatment of older and contaminated
samples. Radiocarbon 31(3), 247–253.

Lépinau A de, Castex D, Brzobohatá H, Frolík J, Velímský F, Brůžek J, Velemínský P, Kacki S (2021) Entre peste et famine:
Caractérisation d’une crise de mortalité par l’étude de trois sépultures multiples du site de Kutná Hora–Sedlec (République
Thèque, XIVe siècle). Bulletins et mémoires de la Société d’Anthropologie de Paris 33(7664), 1–23.

Little LK, Hays JN, Morony M, Kennedy HN, Stathakopoulos D, Sarris P, Stoclet AJ, Kulikowski M, Maddicott J, Dooley A,
et al. (2007) Plague and the End of Antiquity: The Pandemic of 541–750. Cambridge University Press.

Longin R (1971) New method of collagen extraction for radiocarbon dating. Nature 230, 241–242.
Ljungqvist FC, Seim A and Collet D (2023) Famines in medieval and early modern Europe–Connecting climate and society.

WIREs Climate Change 15, e859.
Mathworks Inc. (2022) MATLAB version 9.10.0 (R2021a). Natick, Massachusetts.
Mengel DC (2011) A plague on Bohemia? Mapping the Black Death. Past and Present 211(1), 3–34.
McNeill WH (1976) Plagues and Peoples. New York: Anchor Book.
Orsovszki G and Rinyu L (2015) Flame-sealed tube graphitization using zinc as the sole reduction agent: Precision improvement

of Environ MICADAS 14C measurements on graphite targets. Radiocarbon 57(5), 979–990.
Rasmussen S, Allentoft ME, Nielsen K, Orlando L, Sikora M, Sjögren KG, Pedersen AG, Schubert M, Van Dam A, Kapel CM,

et al. (2015) Early divergent strains of Yersinia pestis in Eurasia 5,000 years ago. Cell 163, 571–582.
Reimer PJ, Austin WEN, Bard E, Bayliss A, Blackwell PG, Bronk Ramsey C, Butzin M, Cheng H, Edwards RL, Friedrich M,

et al. (2020) The IntCal20 Northern Hemisphere radiocarbon age calibration curve (0–55 kBP). Radiocarbon 62(4), 725–757.
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