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Abstract

Background The history of rare diseases is largely unknown. Research on this topic has focused on individual cases
of prominent (historical) individuals and artistic (e.g., iconographic) representations. Medical collections include large
numbers of specimens that exhibit signs of rare diseases, but most of them date to relatively recent periods. However,
cases of rare diseases detected in mummies and skeletal remains derived from archaeological excavations have also
been recorded. Nevertheless, this direct evidence from historical and archaeological contexts is mainly absent from
academic discourse and generally not consulted in medical research on rare diseases.

Results This desideratum is addressed by the Digital Atlas of Ancient Rare Diseases (DAARD: https://daard.dainst.org),
which is an open access/open data database and web-based mapping tool that collects evidence of different rare
diseases found in skeletons and mummies globally and throughout all historic and prehistoric time periods. This easily
searchable database allows queries by diagnosis, the preservation level of human remains, research methodology,
place of curation and publications. In this manuscript, the design and functionality of the DAARD are illustrated using
examples of achondroplasia and other types of stunted growth.

Conclusions As an open, collaborative repository for collecting, mapping and querying well-structured medical

data on individuals from ancient times, the DAARD opens new avenues of research. Over time, the number of rare
diseases will increase through the addition of new cases from varied backgrounds such as museum collections and
archaeological excavations. Depending on the research question, phenotypic or genetic information can be retrieved,
as well as information on the general occurrence of a rare disease in selected space—time intervals. Furthermore, for
individuals diagnosed with a rare disease, this approach can help them to build identity and reveal an aspect of their
condition they might not have been aware of. Thus, the DAARD contributes to the understanding of rare diseases
from a long-term perspective and adds to the latest medical research.
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Background

Rare diseases in human archaeological remains

Rare diseases play a crucial but often overlooked role
in human history, and human bones from archaeologi-
cal contexts provide the only direct evidence for these
diseases. Paleopathology, the transdisciplinary study of
ancient diseases from multiple sources, can contribute to
medical knowledge of the long-term genetic, pathophysi-
ological, and social evolution of rare conditions.

Among the oldest examples known thus far are the
more than 10,000-year-old case of chondrodystrophic
dwarfism from Italy (Romito, Paleolithic) [1] and one
individual, the oldest and currently only known indi-
vidual affected by autosomal-dominant osteopetrosis,
from Albania dated to 4600 BCE [2]. However, when and
where did rare diseases such as trisomy, osteogenesis
imperfecta or melorheostosis first occur?

These questions are difficult to answer because rare
diseases are even less common in archaeological human
remains than in modern contexts, and reports on rare
diseases are often hidden in less accessible journals or
mentioned as supplementary information in archaeologi-
cal publications [3].

Ancient medical texts and iconographic sources cover
only parts of human history; they deliver an incomplete
geographical picture, and their information is distorted
through the lens of old medical knowledge and pre-
conceptions. Thus, human remains are the only direct
source, specifically, those from museum collections and
archaeological contexts.

Historic collections comprise a large variety of speci-
mens, often from individuals with a rare disease, as these
individuals were frequently collected during certain
periods [4]. Many of these specimens are cataloged and
accessible (e.g., Charité Museum of Medical History Ber-
lin, Germany, or the Pathological-Anatomical Collection
in the Narrenturm, Vienna, Austria). However, there are
many cases that are either not accessible or have a ques-
tionable diagnosis that needs to be re-evaluated, e.g.,
osteopetrosis in the Fairbank collection [5].

The enormous corpus of skeletons and mummies from
archaeological contexts represents an invaluable source
of information that remains largely unexplored because
better known and more widespread diseases [3] are pri-
oritized over rare conditions. Furthermore, when pres-
ent, most of the data are hidden in unpublished (gray)
literature, making them difficult to access.

Creating visibility and awareness of ancient rare diseases

Visibility remains the core problem for ancient but also
for modern diseases. Prompting a turning-point strat-
egy, the solution presented in this manuscript, the Digital
Atlas of Ancient Rare Diseases (DAARD), addresses two
main aims. Firstly, by adding new cases of rare diseases,
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medical specialists can consult data from more individu-
als. These cases can be tested against recent diagnoses,
and due to their different states of preservation, they
can offer different research approaches. The second aim
is to involve patient associations and the wider public.
Creating awareness of the history of rare diseases helps
to build identity and adds an important, thus far under-
represented, aspect to the knowledge of rare diseases. To
achieve these aims, we created the first database of rare
diseases in archaeological human remains, the Digital
Atlas of Ancient Rare Diseases.

The DAARD is an open-access GIS-based database
that is part of the iDAI world (https://idai.world/) of the
German Archaeological Institute (Deutsches Archéolo-
gisches Institut; DAI) in Berlin. It is available online at
https://daard.dainst.org. The DAARD is a unique multi-
media repository in which published data on rare diseases
from archeological and museum contexts are collected
and organized according to geographical, chronologi-
cal, biological, and archaeological features. Furthermore,
the guided interactive data-entry mask provides a tool to
inspect and validate the diagnostic process.

In clinical research, databases on rare diseases have led
to great advances in diagnostic methods and they have
become very important in helping clinicians in the field
of often unknown, diverse syndromes. These databases
also create awareness of the variety of possible diseases,
since medical staff due to their usual daily routine might
not be familiar with these diseases. Such useful diagnos-
tic tools include Phenomizer [6, 7] and FindZebra [8, 9].
These databases aim to provide a full dataset for the phe-
notypical expression of each rare disease, including skin
and other soft tissue involvement and laboratory values.
The study of ancient human remains is limited by pres-
ervation due to taphonomic conditions, in most cases
leaving only teeth and skeletal tissues to evaluate patho-
logical changes, with the exception of mummified human
remains. However, mummies are not commonly found,
but when they are present, such as in Egypt or South
America, they offer a valuable source of information
because of preserved soft tissue preservation.

The DAARD is supplementing clinical databases as
it concentrates on bone changes in a more detailed way
compared to clinical databases. In addition to providing
important information on different rare diseases, and
their geographical and chronological distributions, this
open-access database enables us to construct a broader
picture of the pathological and social history of rare
diseases.

Methods

The DAARD is a publicly accessible WebGIS applica-
tion, designed and hosted by the DAI, and implemented
in 2022 by Cuprit GbR. It utilizes GeoNode (https://
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geonode.org), an open-source content management sys-
tem for spatial data known for its modular design and
extensive integration of diverse spatial data formats.

In turn, GeoNode relies on other established open-
source components, such as the following:

1. Django (https://www.djangoproject.com/) is used
for system administration tasks (such as user
management) and provides a robust authentication
and authorization system.

2. Postgres/PostGIS (https://www.postgresql.org/)
serves as the database’s backend, offering advanced
geospatial capabilities for efficient storage and
retrieval of data.

3. GeoServer (https://geoserver.org/) acts as a
middleware component, enabling dynamic map
rendering and efficient spatial data dissemination via
the geodata service provider standards defined by the
Open Geospatial Consortium (OGC).

GeoNode’s usefulness is amplified by the support of a
dedicated community, which is vital for the continuous
evolution and refinement of these components. These
key features make it an ideal base for the DAARD.

The DAARD allows for the entry of 18 different rare
diseases and currently comprises 127 individuals (last
update May 22, 2024). Already published but also new
data from prehistoric and historic individuals affected by
a rare disease are underpinning research.

The database is organized into five sections, with each
of them presenting different data. Entering new cases is
facilitated by an intuitive and straightforward process.
The first section comprises data about the chosen disease
and individual data about the affected human remains.
The disease in question can be chosen; however, only rare
diseases already represented in the DAARD are avail-
able for entry. Age at death (fetus, infans, adolescent,
adult, senile, unknown) and biological sex (male, female,
indeterminable) can be chosen from dropdown menus.
The second section, “Inventory’, queries the complete-
ness of the skeleton and the preservation of individual
bones (absent, less than 75% preserved, more than 75%
preserved). The skeleton is divided into different sec-
tions (e.g., cranial district, axial skeleton, left upper
limb). The third section is used to query the pathologi-
cal “bone changes” For each bone, specific changes can
be chosen from dropdown menus for the respective dis-
ease, choosing macroscopic, radiographic, and/or micro-
scopic examination methods. The fourth section details
the data entry for the “Site” or origins of the human
remains. Here, archaeological context information, such
as the place of excavation, funerary context and chronol-
ogy, is documented, in addition to information about the
current place of curation of the human remains. In the
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fifth and last section “Genetic analyses and publication’,
it is possible to indicate whether biomolecular studies
such as DNA analyses have already been carried out. This
aspect will be improved and given more prominence in
future versions of the DAARD. In this last section, any
publications of the case are also entered into the data-
base. Throughout the data entry process, users have the
flexibility to return to individual sections, allowing for
the addition, removal, or correction of entries. In cases
where the provided selection criteria in the dropdown
menu do not cover the relevant information, users can
make free-text entries (e.g., age-freetext). Once all rel-
evant details are completed, the case can be submitted.
However, before it will become visible as a new entry on
the DAARD world map, it will be reviewed by a member
of the scientific board.

Results

Presentation of the DAARD using an example of rare
diseases involving short stature

In the DAARD cases of rare diseases in mummified and
skeletonized human remains are collected, providing as
much information as possible on the affected individual
and its historical or archaeological context.

When opening the DAARD website, all individuals
affected by a rare disease are identified by colored dots
on the world map, with each disease represented by a
different color. The different colors are detailed in the
legend, which provides an immediate overview of the dis-
tribution of a specific disease around the world.

In the paleopathological literature, one of the most fre-
quently recorded physical characteristics, which might be
indicative of a rare disease, is short stature [3]. At pres-
ent, 51 entries for diseases associated with short stature
are compiled in the DAARD (Fig. 1) (last update May
9, 2024). The list of diagnoses thus far includes achon-
droplasia (n=30), trisomy 18 and 21 (#=10), hypopitu-
itarism (n=9), and Turner syndrome (n=2). The oldest
of these cases is the already mentioned individual from
Romito, Italy [1] who was diagnosed with chondrodys-
trophic dysplasia. The youngest case of short stature is
found in a person who died in Washington, D.C., USA, in
1959 and whose skeleton is curated at the Robert J. Terry
Anatomical Collection in the same city. This individual’s
short stature is diagnosed as hypopituitarism [10]. The
DAARD also includes other diseases that can lead to
short stature, e.g., Albright Hereditary Osteodystrophy,
but cases of these diseases are not yet been included in
the database.

One of the most frequently found rare diseases:
Achondroplasia

The most frequently reported cause of short stature in
archaeological human remains is achondroplasia, for
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Fig. 1 Individuals with short stature recorded in the DAARD (achondroplasia (n=30) in red, hypopituitarism (n=9) in orange, trisomy 21 (n=9) in green,
trisomy 18 (n=1) in turquois, and Turner syndrome (n=2) in purple). Some dots represent several individuals which become visible when zooming in
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Fig. 2 Distribution of A) age and B) sex among the 30 individuals affected by achondroplasia: recorded in the DAARD, as well as C) their geographic
location. Some dots represent several individuals which become visible when zooming in

which 30 entries are currently available in the database
(Figs. 1 and 2). Targeted queries on various aspects and
research questions about individuals affected by achon-
droplasia can be initiated by using specific filter settings.
For example, choosing additional filter criteria enables
the researcher to display or hide certain characteristic
criteria, such as age groups, a particular biological sex, or
entire temporal categories. Furthermore, numerous other

attributes can be filtered, such as skeletal characteristics,
place of origin (archeological site), or place of curation,
e.g., collections in museums or research institutions. The
ability to selectively query specific aspects significantly
expedites literature research, as the database compiles all
registered cases, allowing for direct use of data and easy
extraction of basic information about specific diseased
individuals from the database attribute table.
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Entering data into the designated form facilitates the
transfer of data into the defined terminology, ensuring
standardization and enabling a refined search for specific
terms. This approach is also possible for papers in lan-
guages other than English, as their contents can be trans-
lated into English and then added to the database.

Most of the achondroplasia cases (Fig. 1) that were
identified in the database originated from excavations
in Egypt (n=6/30). The second largest group included
individuals who were almost equally distributed across
Europe (n=16/30). Only eight individuals were found in
non-European locations, five were from North America,
two from Asia, and one was from South America. How-
ever, this does not reflect the actual geographical distri-
bution of the disease; it rather indicates research gaps
visible in the underrepresentation of some geographi-
cal areas where few or no archaeological projects have
been conducted thus far. Therefore, the DAARD may
help to identify research gaps and support the selection
of new research projects and strategies for researchers
worldwide.

Additional tools of the DAARD

The DAARD offers several tools to support geographi-
cally and historically wide-ranging research questions,
such as comparative views of tables, graphs (Fig. 2) and
skeletal diagrams. For the latter, the available bones are
schematically colored in different shades of gray (light
gray: < 75% preserved, dark gray: > 75% preserved), and
affected bones are indicated in red (Fig. 3). Thus, data on
preservation of several skeletons can be compiled to pro-
vide an immediate overview of post-depositional biases,
distinguishing skeletal areas that are simply not pre-
served from those that are actually not affected (Fig. 3).
This tool is particularly useful when dealing with diseases
that can affect different parts of the skeleton, allowing for
the targeted selection of individuals of interest. The com-
pilation of skeletal diagrams can be downloaded directly
from the DAARD and used as comparative illustrations
for publication (Fig. 3).

The morphological changes associated with each dis-
ease are stored in the database’s backend and can be
chosen when entering a new case. This enables a search
and comparison of the data. For example, it is possible
to search for certain cases of this disease as well as for
certain morphological traits, such as a depressed nasal
bridge or other typical features of achondroplasia.

When comparing the six Egyptian individuals in the
DAARD, it became evident that only four individuals
exhibited macroscopic features of macrocephaly (Fig. 3).
In the two Old Kingdom individuals, cranial involvement
was notably absent, which is rather atypical for the clini-
cal manifestation of achondroplasia. Conversely, limb
involvement is consistently observed in all individuals
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where limbs are present. A comprehensive understanding
of the distinctions and commonalities among individuals
is achievable only through a meticulous comparison of
cases within the DAARD. Therefore, the DAARD serves
as a crucial foundation and source of information for
subsequent research endeavors.

Specific research methodologies might provide addi-
tional information of interest to scientists. For each case,
it is indicated whether only macroscopic methods have
been applied or whether additional radiographic, micro-
scopic, isotopic, or genetic analyses have been under-
taken. References for corresponding publications are
given. So far, genetic analysis was performed for only
one of the 30 individuals with achondroplasia. The his-
toric, 180-year-old skeleton of an achondroplastic adult
male is currently curated at the Museum Vrolik, the
Anatomical Museum of the University of Amsterdam,
The Netherlands. Boer and colleagues [11] were able to
extract nuclear DNA from a premolar and identified the
Gly380Arg mutation of the FGFR3 gene, which is pathog-
nomonic for achondroplasia.

All known publications for each individual are depos-
ited in the DAARD because, in some cases, several re-
evaluations have taken place, and the original data are
distributed across several publications. Information
about preserved skeletal remains is valuable for research-
ers who want to identify skeletons for further evaluation.
When possible, this information was extracted from the
publications; in some cases, the authors were contacted,
and their additional information was added. Of the 30
individuals with achondroplasia, six were curated in
museums, and four were housed in collections of uni-
versities or institutes. For 20 individuals, no informa-
tion about the location of the skeletal remains could be
obtained, but any new information about their place of
curation will be added to the database.

Discussion

Evidence for rare diseases in the literature and
iconography

There is interest in the history of rare diseases, evidenced
by a number of books and papers, particularly on people
with short stature, and specifically on achondroplasia.
The book “Small People - Great Art” [12] focusses on
individuals of short stature in popular paintings. A large
corpus of iconographic evidence exists for Ancient Egypt
[13, 14] and pre-Columbian South America [15, 16].
However, iconographic evidence can be highly subjective,
for the artist and the observer. 2D visualization makes a
thorough and accurate diagnosis very difficult, and no
original material from the affected person is available for
further diagnosis.
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Fig. 3 Comparison of bone preservation and affected bones in achondroplastic individuals from Egypt: recorded in the DAARD

Archaeological human remains (skeletons, mummies) as
objective sources

Human skeletal remains and mummies from archaeo-
logical excavations are mainly kept in the storage facili-
ties of local archaeological institutions, universities, or
museums. Historical human remains are often part of

anatomical collections in universities and museums [4,
17]. These institutions often grant access to bona fide
researchers on request. Despite their sometimes less than
ideal preservation, they “can yield valuable contributions
in e.g., etiopathogenetic issues and potentially expand the
literature beyond the restrictions of single case studies
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due to the plurality of specimens with similar anoma-
lies in these collections” ( [11] page 6). However, often,
from today’s perspective, the provenance of such human
remains from historical collections may be ethically
questionable. To follow ethical guidelines the acquisition
history of each individual should be clarified and individ-
uals should not be included in future research projects if
found to be acquired by unethical means [18].
Furthermore, in contrast to iconographic evidence of
rare diseases, human remains as bioarcheological sources
provide objective information, whose presence is not the
result of intentional selection due to economic, social or
political reasons or unintentional due to historical and
cultural filters as it is the case for iconographic evidence.

Problems in diagnosing rare diseases in archaeological
human remains

The diagnosis of rare diseases in human remains from
prehistoric or historic archaeological contexts or osteo-
logical collections is not easy, and comparative cases are
difficult to find in the literature. Diagnosing this highly
diverse disease class is often challenging, as the resulting
bone changes are commonly not part of the basic paleo-
pathological education program, and most specialists are
not familiar with them [19]. The diagnosis of rare diseases
in ancient skeletal human remains is further complicated
by the fact that formerly existing soft tissue changes are
no longer observable, and no reference data from clinical
and laboratory analyses are available. On the one hand,
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the low visibility of rare diseases results from a combi-
nation of missed diagnoses or misdiagnoses [3]. On the
other hand, visibility is strongly dependent on the type of
publication, such as preferred article types and journals.
Human skeletal remains and mummies from individuals
who were affected by a rare disease are almost exclusively
published as case reports; these reports are currently not
overly popular in science [20] and they are less often read
and cited compared to larger-scale group or population-
based studies. It is therefore difficult to publish such
studies in scientific journals, which makes them more
likely to be hidden in the gray literature [3].Until now,
these limitations have prevented the development of a
comprehensive review of the pathological and social his-
tory of rare diseases.

The DAARD as a repository of information on ancient rare
diseases, applying FAIR (findable, accessible, interoperable,
reusable) principles for data management

The DAARD is an open access platform for collecting
new or already published cases of rare diseases, serving
as a repository (Fig. 4). Given that not all publications are
open access, entering their basic data into the DAARD
makes them accessible to everyone, thus promoting the
FAIR principle of data presentation [21]. The DAARD
refers to the original paper and its DOI for further infor-
mation. Newly identified cases can be directly entered
by the respective researcher, and published disease cases
can be added by any user. This approach maximizes the
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amount of data input and helps to further develop the
database.

All data entries undergo a review process before they
appear in the list and as dots on the world map. The
review process is conducted by a team of physicians
and biological anthropologists, and the data has to be
approved before their final upload.

Limitations of the DAARD

Ultimately, the DAARD is reliant on the interest of
researchers to include their data. Furthermore, only dis-
eases that are already documented in the DAARD system
can be included and of the large number of rare diseases
affecting the skeleton, only a small fraction has been
recorded in the DAARD. Currently, there is only a skel-
etal schematic drawing of an adult skeleton, representing
both adult and non-adult skeletons. In the future skeletal
drawings will be adapted to the different age classes of
the affected individuals. With the increasing importance
of genetic analysis in the diagnosis of rare diseases more
emphasis will be put on genetic evidence as a vital part of
the DAARD.

Furthermore, the study of ancient rare diseases is
severely limited by several factors, ranging from biased
burial customs and differences in bone preservation to
difficulties in the diagnosis of diseases in skeletal human
remains, and the type of publication [3].

Further applications of the DAARD: medical and social
objectives

During the development of the DAARD, we followed two
main objectives—one medical and one social: Ancient
skeletons, depending on their preservation, can contrib-
ute to recent medical research in different ways.

Medical objectives

Archaeological human skeletal remains can be sampled
for further genetic research on their specific disease and
this would also verify the initial diagnosis. The probabil-
ity of finding the same genetic mutation in ancient and
recent disease cases is high especially if the disease is
pathognomonic, e.g., achondroplasia [11]. However, this
assumption cannot be regarded as certain and must be
tested using a larger reference sample. The genetic muta-
tions underlying trisomy 21 are found in individuals from
the Neolithic period in Ireland [22], Bronze Age Spain,
Bulgaria and Greece [23], the Iron Age in Great Britain
[24], early medieval France [23, 25] and post-medieval
Finland [23]. This mutation is the same as today [26].
Regarding the verification of the possible presence of tri-
somy in morphologically suspected cases from archaeo-
logical contexts, genetic analysis is recommended since
the phenotypic expression is highly variable and the diag-
nosis is difficult on a macroscopic level alone [27]. Less
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clear is the genetic composition of rare diseases with
multiple possible mutations resulting in a similar pheno-
type, such as autosomal-dominant osteopetrosis (ADO)
of which 13 different genetic variants are known. The
most common mutation is a heterozygous mutation in
the CICN7 gene [28]. Currently, a genetic investigation of
the oldest known case of an individual affected by ADO
[2] is being performed to determine the underlying type
of genetic mutation.

Despite the challenges in extracting high-quality DNA
from ancient tissues and ethical issues of destructive
sampling, new methods such as next generation sequenc-
ing (NGS) of whole genomes/exomes enables large scale
investigations of genetic samples. This would allow for
a confirmatory genetic testing of potential rare diseases
whenever DNA is available. Information about mono-
genic conditions, as well as valuable insights into the
evolution of genome organization, genetic risk factors
and variant distribution are more likely to be achieved by
sequencing.

By including affected archaeological human remains,
the small number of individuals (recent and ancient) with
rare diseases increases, and cautious and well-targeted
sampling of analytical material can provide more but also
different samples than can be taken from a living patient.
By doing so, new datasets for studying rare disorders can
be acquired, which will generate knowledge about these
very specific diseases throughout humankind. However,
neither human remains from historical collections nor
archaeological excavations should be exploited to obtain
samples, as the “irreplaceable value that these collections
have as cultural-historical objects” must not be ignored (

[11] page 7).

Social objectives

The social aspect focusses on the affected people and
their patient association groups that refers to a yet
underexplored aspect of rare diseases. Understanding
our history is an inherent aspect of human nature. This
is an important topic, ranging from family structures to
the histories of a population or a social-political group.
People affected by a rare disease thus far lack a history
of their specific disease. Establishing this historical con-
text is important for building identity and revealing that
living with these diseases has been a challenge faced by
individuals not only in the present but also by people
hundreds or even thousands of years ago. Adding this
historical perspective to the disease might be interesting
to the affected people and could help them to contextual-
ize their disease, and create more general awareness.

Future aims
In future, more rare diseases should be added to the
DAARD. The better known the database will be, the more



Gresky et al. Orphanet Journal of Rare Diseases (2024) 19:277

cases of individuals with rare diseases will be recognized
and can be entered into the database, and a wider pic-
ture of each rare disease will emerge. Having generated
this database, we hope that it is valuable to the scientific
community researching rare diseases as well as for the
groups of affected people to add a historic aspect to their
diseases. Furthermore, in addition to search and retrieval
functions, the increasing number of cases prompts pre-
dictive functions that facilitate and standardize differ-
ential diagnoses. Provided with a set of pathological
changes of skeletal tissues, the DAARD will be able to
generate a list of diseases organized on the basis of their
most likely association with the observed lesion(s). The
accuracy of this process is expected to increase with the
number of cases fed into the DAARD.

Conclusions

With the development of the Digital Atlas of Ancient
Rare Diseases (DAARD), the first search tool for ancient
rare diseases provides open access to original data and
allows for comparisons of characteristics of recent and
ancient diseased individuals based on the FAIR princi-
ples. This digital atlas allows medical specialists to search
for cases of rare diseases worldwide within all time peri-
ods and allows affected people to explore the history and
even prehistory of their specific rare disease.
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