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ABSTRACT

In 1932, skeletal remains of two Neanderthal individuals, a young adult female and a 3-4-year-old
child, were discovered in Subalyuk Cave in Northern Hungary [1,2]. Results of the anthropological
examination were published some years after this important discovery. Methodological progress
encouraged re-examination of the material during the last few years. Radiocarbon dating revealed a
chronological age of 39,732-39,076 cal. BP for the adult female and 36,117-35,387 cal. BP for the
child [3]. Morphological paleopathological studies of these Neanderthal remains uncovered distinct
evidence of skeletal infections. Alterations of the adult individual’s sacrum suggest probable early-
stage sacroiliitis, while several vertebral bodies indicate superficial osseous remodelling of
infectious origin. Traces of pathological lesions were observed on the endocranial surface of the
child’s skull, reflecting a reaction of meningeal tissues, a consequence of a probable TB-related
meningeal infectious process. Results of recent paleomicrobiological examinations — lipid

biomarker and aDNA studies — support the morphological diagnosis of probable TB infections [4].

KEYWORDS

Neanderthal remains; paleopathology; tuberculosis; tuberculous meningitis; Subalyuk Cave;
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INTRODUCTION

The paleopathology of human tuberculosis (TB) is one of the wealthiest subfields of the science of
diseases whose existence can be demonstrated based on ancient human remains. Although there are
still difficulties in the way of discovering the exact evolutionary past of tuberculosis, human
paleopathology provides an abundance of scientific information related to past occurrences of this
severe infectious condition. This is partly due to the fact that some skeletal lesions are relatively
specific to TB; it is one of the few infectious diseases that can leave behind quite pronounced and
rather specific bone alterations. The classical diagnostic criteria of skeletal TB are characteristic
Iytic lesions with reactive new bone formation that tend to show predilection in hematopoietic red
marrow areas, mainly in the vertebrae, ribs, and metaphysis and epiphysis of long bones. Although
TB can potentially affect any bone of the human skeleton, vertebral TB (tuberculous spondylitis,
often occurring in the vertebral bodies of the thoracic and lumbar regions) is the most typical
representation of skeletal tuberculosis; the second most frequent alteration in TB is arthritis of the
large, weight-bearing joints [5,6,7,8]. Although until the 1990s, human paleopathology was
essentially limited to the identification of typical skeletal lesions of chronic extrapulmonary
tuberculosis, several hundreds of convincing ancient TB cases were identified and published during
the first century of human paleopathology, between the end of the 19" and 20™ centuries [9,10]. In
the 1990s, it was generally accepted that tuberculosis, a disease of zoonotic origin, appeared in the
Neolithic period because of the domestication of the aurochs, the wild ancestor of cattle [11]. The
last quarter of a century has brought progress in the paleopathological diagnostics of TB, both in
morphological [12,13,14,15,16,17,18,19] and biomolecular [20,21,22,23,24,25,26,27,28,29]
diagnostical methods, thus opening significant new perspectives for ancient tuberculosis research.

According to a recent review of the paleopathological literature, several 20" century
paleopathological studies have already proved the existence of Neolithic human tuberculosis. The
introduction of new morphological and molecular methods accelerated the progress in this field
since the turn of the millennium, and many ancient morphological and molecular cases were
published in the last decades [30]. Since 2015, we have evident and confirmed paleopathological
proof that human TB has predated domestication [31]. However, ancient human skeletal material
(especially from the periods before the Early Neolithic) is still scarce, and all probable Paleolithic
TB occurrences, either evident, confirmed, or suspicious are of great importance. Therefore, despite
all progress in ancient TB paleopathology research, our corresponding paleoepidemiological

knowledge needs to be revised in the future.
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MATERIAL AND METHODS
Material — the Subalyuk hominin remains

The Subalyuk hominin remains were uncovered in 1932 in a cave of the same name (called
‘Mussolini Cave’ at the time of the discovery and the first publications) in the Bukk Mountains,
Northern Hungary (Supplementary Figures 1-2). The remains represent two individuals, Subalyuk 1
(25-35-year-old adult female, Fig. 1) and Subalyuk 2 (3-4-year-old child, Fig. 2). They are curated
in the Hungarian Natural History Museum, Department of Anthropology, Budapest, Hungary. Both
sets of skeletal remains are highly incomplete, but they provide substantial anthropological data,
and their Neanderthal affiliation has been widely accepted in the literature. Since the first
description in 1940 [1], the Subalyuk hominin remains have been the subject of several
international anthropological studies [2, 32, 33, 34]. Preliminary paleopathological studies were
also carried out during the last couple of years [35, 36].

These two individuals’ first direct dating results have been recently published [3]. The radiocarbon
dating places them among the last Neanderthals of Central Europe. Dating was carried out at the
Curt-Engelhorn-Centre Archaeometry, Mannheim (Germany), and revealed an age of 39,732-
39,076 cal. BP (20) for the adult female, and 36,117-35,387 cal. BP (20) for the child [3]. During
the dating process, the issue of an old preservative varnish has also been addressed, which covers all
remaining bone elements and somewhat hinders observation. However, most bone surfaces are still

fit for examination despite the varnish.

Methods
Morphological analysis

In the frame of an international paleopathological research project, detailed macromorphological
analyses have been performed on both Neanderthals in 2011-2012. During the identification of
pathological conditions, a standard system of categorization was used [7]. In the first step of this
project, all the preserved skeletal elements were examined morphologically. This process led to the
discovery of different alterations, which previously had remained undetected.

In order to obtain a more precise dating of these remains, both specimens were sampled for a
radiocarbon analysis [3]. The same sampling process furnished bone powder material for the

subsequent paleomicrobiological analysis.

In 2017, we had the opportunity to examine the Subalyuk 1 vertebral bodies and the Subalyuk 2

cranium using digital light microscopy. Morphological changes on the surface of these selected
5
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skeletal elements were scanned and analyzed with Keyence VHX-5000 Digital microscope for
better understanding and visualization of the structural remodeling. These examinations were

carried out in the Central Quality Laboratory, Continental Automotive, Hungary.

The detected osteoarticular lesions were analyzed, discussed, and diagnosed using relevant
paleopathological and modern medical literature.

Biomolecular analyses

This paper presents the results of the morphological paleopathological investigation carried out on
the Subalyuk remains. The methods used for the aDNA and lipid biomarker analyses are detailed in

a paper by Lee and collaborators [4]
RESULTS

The adult human remains (Subalyuk 1) are represented by an incomplete mandible (Fig. 1), the
manubrium sterni, the atlas (in three parts), three vertebral bodies, one spinous process of a thoracic
vertebra, an incomplete sacrum, the left patella, three more or less complete metatarsals (second

and third right one, left fourth one) and fragments of a second left metacarpal [2,3,4].

The subadult Neanderthal remains (Subalyuk 2) consist of an incomplete cranium (Fig. 2) (basis

not represented), two maxillae, an isolated left nasal bone, and a few vertebral bodies [2,3,4].

Based on the results of our preliminary paleopathological analysis, we can state that the adult
Subalyuk 1 mandible, atlas, patella, metatarsals, and metacarpal remains were either free of
macroscopically detectable pathological changes or the postmortem degradation of the frequently
damaged bones had rendered them unrecognizable. However, some lesions of potential pathological
origin could be found on the manubrium sterni, the sacrum, and on the three vertebral bodies. These
(in some cases incomplete or fragmentary) bones are presented in Supplementary Figures 3a-b,
4a-b-c-d-e, 5.

As for the incomplete subadult material, the Subalyuk 2 facial bones or vertebral remains do not
show traces of paleopathological changes. Since in this study, we deal with the skeletal elements in
which the paleopathological examination found traces of evident, probable, or at least possible
lesions of pathological origin, in the case of the Subalyuk 2 child specimen, the subject of our study

was only the partially reconstructed skull (Supplementary Figure 6).

Despite the incomplete, and for most of the elements fragmentary character of the Subalyuk 1 adult
skeleton, changes of possible or probable pathological origin could be recognized during the
macromorphological study. Among the observed anomalies, the two circumscribed bone defects of

6
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the manubrium sterni (Supplementary Figures 3a-b) were probably the most difficult to
differentiate from taphonomical (post mortem) changes. The two, slightly oval, 15-20 mm long, 5-
10 mm wide, 5-10 mm deep defects open in the cortical bone of the posterior left side of the
manubrium sterni (Fig. 3). Both lytic foci are characterized by loss of cortical and spongious bone
material. Even though considerable new bone formation cannot be detected inside the cavities,
small-scale remodeling on the upper left margins of the superior defect suggests possible in vivo
origin of the lesions, or at least in some parts of the lesions. Traces of porosity can be observed in
the remnants of the original cortical bone over the superior bone defect. However, some post
mortem degradation is also apparent in and around the lesions. As for the few preserved spinal
elements of the adult Neanderthal specimen Subalyuk 1, there is no detectable alteration on the
fragmentary atlas and the only thoracic spinous process. However, all preserved thoracic and
lumbar vertebral bodies show pathological changes. The no. Hbll thoracic vertebral body has
suffered considerable taphonomical damage. The macroscopic picture of the relatively well-
preserved anterior surface (Supplementary Figure 4b) shows evidence of hypervascularization and
superficial bony remodeling. These alterations, especially the new bone formation is clearly
confirmed by digital microscopic surface scanning (Fig. 4, Supplementary Figure 4c). As for the
other partially preserved thoracic vertebral body no. Hb15, a less developed superficial remodeling
with discoloration, can be observed on the left side, which became more visible through digital

microscopic surface scanning (Supplementary Figures 4d-e).

The relatively well-preserved upper lumbar vertebral body no. Hb3 carries very similar
pathological lesions (hypervascularization, superficial new bone formation), predominantly on the
body’s left side and medial surfaces. The alterations can be easily recognized macroscopically (Fig.
5a). The digital microscopic surface scanning makes the superficial remodeling more evident (Fig.
ob). As for the observability of the bone surfaces, the sacrum is one of the best elements among the
Subalyuk 1 skeletal remains. Unfortunately, the lower two segments of bone were broken off and
lost post mortem in a slightly asymmetrical manner (Supplementary Figure 5). Approximately in
the middle of the complete right side auricular surface of the sacrum, a 4 mm centimeter wide,
small, round bone cavity can be observed (Fig. 68). On the left side of the sacrum, the lower third
of the auricular surface is missing. The macromorphological examination revealed a 4-5 mm wide
depression and nine more or less sharply demarcated more minor, round, erosion-like defects in the
upper, preserved part of the left auricular surface (Fig. 6B). The accurate restoration of the Subalyuk
2 subadult skull remains has permitted the paleoanthropological study of the specimen during the
last century, but paleopathological alterations were never described. However, in during our

investigation we found traces of different alterations in the endocranial surface of the infant skull
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(Supplementary Figure 6). Several areas of the original endocranial cortex are covered with a
widespread, off-white, discolored periosteal new bone layer on the restored and preserved parietal
bones, predominantly at both sides of the sagittal suture (Fig. 7&). The most evident lesions can be
observed on the relatively well-preserved parietal endocranial surfaces. However, the frontal bone
and the occipital region are also slightly involved. Within and around these new bone plaques, a
great number of small abnormal blood vessel impressions can be detected (Fig. 7a, Supplementary
Figures 7a-b). The microscopic examination supported the macroscopic morphological results
(Fig. 7b, Supplementary Figure 7c). In addition to the observed traces of periosteal appositions
and abnormal blood vessel impressions, the digital microscopic surface scanning has revealed the
presence of several small, 0,5-1 mm large roundish granular impressions with smooth margins (Fig.
/c-d, Supplementary Figure 7d). These lesions are usually isolated or sometimes forming clusters,

and, even more rarely, are confluent Supplementary Figure 7e).

DISCUSSION AND CONCLUSIONS

In all paleopathological studies, the first step has to confirm the ante mortem origin of the observed
alterations. In the case of the two Subalyuk specimens, for most of the detected lesions, the post
mortem origin is quite easy to rule out because of the presence of evident traces of new bone
formation. The superficial new bone formation on the three adult vertebral bodies or the plaque-
like, discolored new bone layers (traces of periosteal appositions) in certain zones of the child’s
endocranial surface are evident proofs of their formation during the life of the individuals. The
delineated, circumscribed anomalies with intact newly formed border, that we can observe around
the abnormal blood vessel impressions and small granular impressions on the endocranial surface,
the hypervascularization of the vertebral bodies, or the quite regular erosive changes on the adult
sacral auricular surfaces can be considered as results of in vivo processes. The left side sacral
auricular surface, or the Hb11 thoracic vertebral body, are broken and incomplete; however, we see
enough anomalies on the remains to be sure that these skeletal elements were also subjects of ante
mortem pathological alterations. The only element among the presented bone remains without
strong enough evidence concerning the ante mortem character of the alterations is the manubrium
sterni. The taphonomic damage here is too substantial at the potential lesions, which does not
facilitate an unequivocal conclusion. During earlier investigations of the Subalyuk specimens in the
first half of the 20™ century, the shape and regular character of these two lesions oriented the
paleoanthropologist toward a very special explanation: they were considered as probable bite marks
from animals gnawing at the remains [1]. We do not want to completely exclude this type of

taphonomic explanation, but we consider it improbable because of the position of the lesions,
8
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among other reasons. Moreover, since one of the lesions has a slightly sclerotic border, we prefer to
keep the manubrium defects as potential pathological lesions of uncertain origin, contrarily to the
other described lesions where there is no doubt concerning their real pathological origin.

The paleopathological study of the Subalyuk specimens has been set back both by the very
incomplete nature of the remains and the very limited accessibility of this precious
paleoanthropological material. Essentially, our data come from two study campaigns: a first
macromorphological study carried out in 2011-2012 (followed by sampling for biomolecular tests)
and a second occasion for digital microscopy of some selected skeletal elements in 2017.
Paleoradiological or other specific studies could not be carried out.

The most striking and newly recognized alterations were the endocranial changes observed on the
subadult Subalyuk 2 skull. The presented lesions can be divided into three groups: traces of
abnormal blood vessel impressions (ABVI), periosteal appositions (PA), and granular impressions
(GI). According to the results of the paleopathological research in the last quarter of a century, all
these changes are compatible with the consequences of tuberculous meningitis (TBM)
[7,13,14,16,17,18,19,37,38,39,40,41,42]. Pioneering works by Schultz [13,38], and later the studies
by Spekker and collaborators [17,18,41] have proved essential differences in the diagnostic values
of these alterations. Among these alterations, Gls are caused by pressure atrophy of the tubercles
formed on the outermost meningeal layer during the later stages of TBM. Gls on the inner skull
surface have been considered pathognomonic features of TBM and can also be used as diagnostic
criteria for TBM in the paleopathological practice [13,17,38,40,41]. During the first twenty years of
our century, the different forms of the endocranial abnormal blood vessel impressions (ABVIs) and
endocranial periosteal appositions (PAs) were generally considered as paleopathological diagnostic
criteria for TBM [7,14,16,39,42]. However, ABVIs and PAs on the inner surface of the skull are the
traces of the inflammatory and/or haemorrhagic processes of the meninges and can be generated by
several infectious (including TBM, but also nonspecific infections) and non-infectious conditions
(e.g., trauma and scurvy). As solitary symptoms, they cannot be considered pathognomonic features
of TBM during a paleopathological study. However, they have a diagnostic value in the
identification of TB in human osteoarchaeological material, when they simultaneously occur with
other probable TB-related lesions [18,40,41]. Endocranial traces of ABVIs and PAs can reveal
previous vasculitides. As tuberculous cerebral vasculitis (a frequent complication of TBM) is
among the most frequent secondary cerebral vasculitides [43,44,45], simultaneous ABVIs and PAs

occurrence on the inner skull surface can be used as indicators of probable TBM.

Among the presented lesions of the Subalyuk 1 adult skeletal remains, the clearest and most striking

are the traces of superficial vertebral osseous remodeling. Hypervascularizations accompanied by
9
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periosteal new bone formation (PNBF) are seen on the anterior and lateral aspects of the 3
preserved thoracic and lumbar vertebral bodies. PNBFs on all vertebral bodies are of remodeled
character. Since the end of the last century, vertebral hypervascularization has been considered a
paleopathological marker of early-stage skeletal TB [12,46]. The anterior or antero-lateral PNBF
lesions of vertebral bodies with hypervascularization, with or without erosive lesions, and without
morphological changes of the endplates (due to the preservation of the disk spaces) are most
frequently the consequences of subligamentous abscesses related to infectious spondylitis. A
subligamentous spread of three or more vertebral segments is more suggestive of tuberculous
spondylitis than pyogenic spondylitis [6,8,47,48]. During a macromorphological examination, and
especially in the case of such an incomplete skeletal material, we cannot exclude pyogenic or other
skeletal infections; TB is only one of the possible etiologies. However, based on the lesions’
character and multivertebral spread, the most probable reason would be TB. Recent
paleopathological studies from anatomical collections support the possible TB diagnosis, since
many documented and confirmed spinal TB cases were analyzed and published during the last two
decades with symptoms similar that of Subalyuk 1 [7,16,49,50].

Although the erosive lesions observed on the auricular surfaces of the incomplete sacrum are less
informative, they suggest a possible bilateral inflammatory process of the sacroiliac (SI) joints. We
do not exclude the possibility of a non-infectious origin of these changes. However, the lack of any
signs of spondyloarthropathy and the presence of vertebral changes of probably infectious origin
suggest higher probability for an infectious origin and a possible link between the spinal and Sl
joint lesions. Among them, one of the plausible explanations could be a TB infection
[7,8,16,49,50,51].

Finally, the most uncertain but possibly paleopathological alterations observed on the Subalyuk
skeletal remains are that of the manubrium sterni. We do not exclude their taphonomical origin.
However, the remnants of some sclerotic border at the upper rim of one of the holes may support
the idea of a possible in vivo pathological process. If that case is valid, an eventual sternal

osteomyelitis may be a possible explanation [52,53].

The morphological examination of the two Subalyuk specimens has furnished rich
paleopathological results despite the skeletal elements’s very incomplete and frequently
fragmentary nature. As detailed above, the diagnostic value of the observed pathological alterations
is diverse. As for the skull of the Subalyuk 2 child, the 3 observed types of endocranial lesions are
all compatible with TBM. Gls are pathognomonic for TBM, and their simultaneous occurrence with
the ABVIs and PAs strengthen the TBM-related origin of the latter lesions, too. The incomplete

adult skeletal material Subalyuk 1 exhibited lesions in 3 locations.
10



298
299
300
301
302
303
304
305
306

307
308
309
310
311
312

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

On all preserved thoracic and lumbar vertebral bodies, traces of hypervascularization and
superficial remodeling were detected. Although these lesions are much less pathognomonic for TB
than the previously mentioned endocranial changes of Subalyuk 2, they were very probably related
to some chronic infectious disease, and they can be seen relatively frequently in pre-antibiotic
modern skeletal TB cases. The small, erosive superficial changes of probable pathological origin
observed in both auricular surfaces of the incomplete sacrum may reveal a possible bilateral
sacroiliitis. The lesions of the manubrium sterni might be the consequences of an eventual sternal
osteomyelitis. Unfortunately, most of the adult skeleton is missing; therefore, a hypothetical

association of lesions in separate locations cannot be recognized.

After evaluating of all morphological changes of the two specimens, we can conclude that about 39
thousand years ago in the Carpathian Basin, a 25-35-year-old adult Neanderthal female suffered
from some chronic infection. The traces of this disease are compatible with a few non-
pathognomonic symptoms of TB. Approximately 3 thousand years later, the remains of a 3-4-year-
old child accumulated in the same Subalyuk Cave who had suffered from TBM, which eventually

could have played a role in their early death.

Because of the apparent 3 thousand years gap between the two specimens proved by the
radiocarbon dating, we do not want to look for a direct link between the two individuals. However,
a potential link concerning this supposedly common disease was recently supported by the
biomolecular analysis of the Subalyuk samples. Application of PCR amplification to the subadult
Subalyuk 2 cranium and a vertebra gave a positive result (1IS6110) for tuberculosis, backed up by
spoligotyping. Lipid biomarker analyses of the same two specimens revealed definitive signals for
Cs3, mycoserosate, a very characteristic fatty acid found in the Mycobacterium tuberculosis complex
(MTBC). A vertebra from the adult Subalyuk 1 provided weak evidence for mycocerosate
biomarkers [4]. These new results complete and confirm the morphological data. Based on both the
morphological observations and their biomolecular support, we can conclude that tuberculosis was
present in Central Europe during the Late Pleistocene, approximately 36-39 thousand years ago.
Several earlier paleopathological data have already supported the presence of the disease in the
prehistoric Carpathian Basin; but until now the oldest cases were found in different, approximately
7 thousand years old Neolithic anthropological series [54,55,56,57,58,59,60]. Our new results
confirm an at least 36-39-thousand-year-old ancestry of TB in Europe. The occurrence of TB in late
Neanderthal remains is compatible with the theory by Comas and coworkers that TB and humans
co-evolved from 70 ka onwards and emerged “Out of Africa”. Our results support the concept by
David E. Minnikin, who has recently proposed the possibility of an important contribution of

tuberculosis to the rapid extinction of Neanderthals [4,36,61,62].
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FIGURE LEGENDS

Figure 1: Lateral view of the adult Subalyuk 1 mandible (68.140.2.) (photo courtesy of Ildiko Pap).

Figure 2: Lateral view of the partially restored subadult Subalyuk 2 calvaria (68.146.1.) (photo
courtesy of 1ldiko Pap).

Figure 3: Circumscribed bone defects in the left side of the adult Subalyuk 1 manubrium sterni

(68.140.8.) (posterior view, photo courtesy of Ildik6 Pap).

Figure 4: Hypervascularization and superficial osseous remodeling on the remnants of the broken
thoracic vertebral body no. Hb11l (68.140.11.) (Subalyuk 1 adult specimen, Keyence VHX-5000

Digital microscope, 50x magnification, photo courtesy of Antal Sklanitz).

Figure 5a: The adult Subalyuk 1 upper lumbar vertebral body no. Hb3 (68.140.3.) (photo courtesy
of Gyorgy Palfi).

Figure 5b: Close-up picture showing superficial osseous remodeling on the vertebral body
(Subalyuk 1 adult specimen, no. Hb3 (68.140.3.), Keyence VHX-5000 Digital microscope, 20x
magnification, photo courtesy of Antal Sklanitz).

Figure 6a: Small, round bone defect in the right auricular surface of the adult Subalyuk 1 sacrum
(68.140.1.) (photo courtesy of Gyorgy Palfi).

Figure 6b: Small erosions in the upper part of the left auricular surface of the adult Subalyuk 1
sacrum (68.140.1.) (photo courtesy of Gyorgy Palfi).

Figure 7a: Endocranial changes on the subadult Subalyuk 2 parietal bones (68.146.1.) (photo
courtesy of Gyorgy Palfi).
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Figure 7b: Endocranial changes — traces of periosteal plagues, abnormal blood vessel impressions
(Subalyuk 2 subadult specimen (68.146.1.), Keyence VHX-5000 Digital microscope, 20x
magnification, photo courtesy of Antal Sklanitz).

Figures 7c-d: Endocranial changes — traces of periosteal appositions, abnormal blood vessel
impressions and granular impressions (Subalyuk 2 subadult specimen (68.146.1.), Keyence VHX-

5000 Digital microscope, 20x magnification, photos courtesy of Antal Sklanitz).

Supplementary Figure 1: Map of Central Europe, detail showing the location of Subalyuk Cave
(map courtesy of Zsolt Mester).

Supplementary Figure 2: Entrance of Subalyuk Cave in the Bliikk Mountains, Northern Hungary
(photo courtesy of Gyorgy Palfi).

Supplementary Figure 3a: The adult Subalyuk 1 manubrium sterni (68.140.8.) in anterior view
(photo courtesy of Ildiko Pap).

Supplementary Figure 3b: The adult Subalyuk 1 manubrium sterni (68.140.8.) in posterior view
(photo courtesy of Ildiké Pap).

Supplementary Figure 4a: Adult Subalyuk 1 vertebral remains in the original boxes from 1932
(photo courtesy of Gydrgy Palfi).

Supplementary Figure 4b: Remains of the adult Subalyuk 1 thoracic vertebral body no. Hb11l
(68.140.11.) (photo courtesy of Gyorgy Palfi).

Supplementary Figure 4c: Superficial osseous remodeling on the left side of the thoracic vertebral
body no. Hb15 (68.140.15.) (Subalyuk 1 adult specimen, Keyence VHX-5000 Digital microscope,
30x magnification, photo courtesy of Antal Sklanitz).

Supplementary Figure 4d: The adult Subalyuk 1 thoracic vertebral body no. Hb15 (68.140.15.)
(photo courtesy of Ildiké Pap).

Supplementary Figure 5: The adult Subalyuk 1 incomplete sacrum (68.140.1.) in anterior view
(photo courtesy of 1ldikd Pap).

Supplementary Figure 6: The partially restored subadult Subalyuk 2 calvaria (68.146.1.), inferior
view (photo courtesy of Gyorgy Palfi).

Supplementary Figures 7a-b: Endocranial changes on the subadult Subalyuk 2 parietal bones
(68.146.1.) (photos courtesy of Gyorgy Palfi).

19



599
600
601
602
603
604
605
606
607
608

Supplementary Figure 7c: Endocranial changes — traces of periosteal appositions, abnormal blood
vessel impressions (Subalyuk 2 subadult specimen (68.146.1.), Keyence VHX-5000 Digital
microscope, 20x magnification, photo courtesy of Antal Sklanitz).

Supplementary Figure 7d: Endocranial changes — traces of periosteal appositions, abnormal blood
vessel impressions and granular impressions (Subalyuk 2 subadult specimen (68.146.1.), Keyence
VHX-5000 Digital microscope, 20x magnification, photo courtesy of Antal Sklanitz).
Supplementary Figure 7e: Endocranial changes — traces of periosteal appositions, granular
impressions (Subalyuk 2 subadult specimen (68.146.1.), Keyence VHX-5000 Digital microscope,

20x magnification, photo courtesy of Antal Sklanitz).
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