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Summary

Recent studies combining macroscopical observations and microCT analysis strongly suggested the
diagnosis of tuberculosis for a child from the site of Khirokitia (Cyprus, 7th - early 6th millennium cal. BC),
whose age at death is between 5 and 7 years. Many single primary burials were discovered at the site
where the dead (MNI=243) are buried in the same way, whatever their age. Nevertheless, the burial of this
child presents a unique feature on the site (a male Ovis trophy marking the limit of the burial pit), probably
indicating specific attention for this young deceased. This case is the oldest known in the Mediterranean
islands and presents a particular interest from a paleoepidemiological point of view. Indeed, considering,
on the one hand, the settlement pattern of the island of Cyprus by migrants from the Near East, and on the
other hand, the presence of human tuberculosis in the Near East as early as about 10,500 years BP, it is

very likely that the prehistoric migrants brought the disease from mainland to Cyprus.
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1. INTRODUCTION

The numerous Mediterranean islands have experienced various settlement patterns. They are therefore of
great interest for the study of the diffusion of pathogens in the past. Given its proximity to the Levantine
and Anatolian coasts as well as the age and the modalities of its settlement, the island of Cyprus offers a
unique place to study the interactions of the Neolithic populations of the Near East with their insular
environment. Discoveries during recent decades have highlighted the affinities of the first island
communities (9™-8" mill. cal. BC) with the mainland [1]. Later, the island’s culture appears to follow a
distinct trajectory until the emergence, during the 7™ millennium cal. BC, of the so-called “Khirokitia
Culture” [2, 3, 4, 5]. The case presented here, coming from the site of Khirokitia, showed a pattern of
osteological changes strongly suggestive of tuberculosis infection. Although the diagnosis proposed here is
morphological and not molecular (the climate of the region is not suitable for long-term preservation of
organic components of bone, including DNA) [6, 7], this case is the only probable prehistoric evidence of

human tuberculosis in the Mediterranean islands.

2. MATERIAL AND METHODS

2.1. Archaeological context

The site of Khirokitia, situated in the Larnaka District, at about 6 km directly from the present southern
coast of the Cyprus island, was excavated first by P. Dikaios between 1936 and 1946 [8] and second by A. Le
Brun from 1977 to 2009 [2, 3, 4, 5]. The occupation of the site, which illustrates the last phase of the Pre-
Pottery Neolithic of Cyprus, took place in the second half of the 7" millennium cal. BC and the first half of
the 6™ millennium cal. BC. In the course of recent excavations, nine stratigraphic levels have been
recognized in the east sector (A to H, J) which was occupied first and three (I to Ill) in the west sector; it also
appeared that the boundaries of the village fluctuated during its occupation [2, 3, 4, 5, 9, 10] (Figure 1). The
inhabitants of Khirokitia were engaged in farming, herding, hunting and gathering activities [11, 12, 13, 14,
15] .

Many burials were discovered on the site, all of which are primary burials. The bodies lied in a contracted
position in burial pits that were dug into the floors of houses while those houses were occupied. The dead
are all buried in the same way, whatever their age-at-death. The reappraisal of the skeletons uncovered
during the old excavations, and the study of the human remains from recent excavations allowed us to
identify at least 243 individuals, * of which 135 are juveniles. Grave goods were only buried with a few of
the deceased, usually consisting of a rough or shaped stone or a quern covering part of the body, and/ or

one or several stone vessels. Less than a quarter of the burials included a stone placed on the body; stone

LIn a few cases, when bones from several burials uncovered during Dikaios excavations were mixed together, it was
necessary to estimate the minimum number of individuals.
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vessels are even rarer. Faunal remains or ornaments were deposited in a few burials [8, 2, 3, 16, 4, 17, 18,

19, 20].

2.2. Burial 207

The case reported here comes from building S. 84 in the west sector of the site. This building was used from
level Il to level Ib?, that is during the last phase of the occupation of the site; it yielded only one burial. The
pit, which contained the remains of an immature individual, is subcircular in shape; dug into the fill of level
Ic, it was sealed by the deposits of level Ia [2]. Attempts to date the bones and teeth of this individual were
unsuccessful due to poor preservation of collagen, which is common in prehistoric Cyprus [21, 7, 23]). No
14C date is available for level | but dating of a charcoal sample from level Il provided a date between 6440-
6102 cal. BC. [5].The body, oriented southwest-northeast, was resting in a contracted position; a shaped
stone placed on the deceased before filling the pit was covering the head, the neck and the upper part of
the thorax. The north-northwestern limit of the burial pit was marked by a male Ovis trophy (Figure 1) [2,
24]. The preservation is rather good regarding the relative completeness of the skeleton. On the other
hand, the skull is incomplete, the ribs and the vertebrae are fragmentary as well as most of the extremities
of the long bones of the lower limbs. However, a set of pathological lesions can be clearly observed on skull

vault and long bones (Figure 2).

2.3. Methods

As is usually the case with human and animal remains from prehistoric Cyprus, the skeleton was covered
with concretions. The bones were therefore cleaned with a dilute acetic acid solution in order to dissolve
the concretions and to allow study of the skeleton [25]. This method gave quite good results. According to
dental development [26] the child died between 5 and 7 years. All skeletal remains were carefully
examined macroscopically for possible changes due to TB, according to criteria commonly accepted in
palaeopathological literature [27, 28, 29]. The skeletal pieces matching with these criteria were thus
examined with a binocular lens. Finally, in order to eliminate the possibility of lesions of taphonomic origin
and to have access to the inner structure of the bones showing lesions, micro-computed tomography (u-CT)
imaging techniques, which permit non-destructive study of pathologies [30, 31] were applied to a selected
set of pieces. The bones were p-CT scanned with a GE v|tome|x S at a resolution from 15 to 32 um, a
number of images for a complete rotation between 1650 and 2550, a voltage from 100 to 120 kv, a current
between 200 and 250 pA and a filter of 0.1mm Cu.. The images were reconstructed with the TIVMI® v2.3
software based on the HMH (Half-Maximum Height) algorithm [32] extended to 3D [33].

2 LLevel | has been subdivided in 3 sub-levels, Ia, Ib and Ic.
3 Personal communication Christine Oberlin, Centre de Datation par le Radiocarbone, Lyon, France.
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3. RESULTS
The skeleton exhibited cranial and infracranial lesions including endocranial lesions, periosteal reaction and

porotic lesions (Figure 2).

Endocranial lesions

Extensive endocranial lesions with labyrinth-like pattern occupy large areas on several bones of the vault :
(i) right parietal bone, in the middle region and along the sagittal suture, (ii) preserved superior part of the
left parietal bone, (iii) squamous part of the occipital bone along the superior sagittal sulcus and on the
right cerebral fossa, and (iv) frontal bone along the groove for the superior sagittal sinus (Figure 3). This
pattern, firstly described as serpens endocrania symmetrica or SES [27] has been recently redescribed [34,
35] taking into account a variability of morphological expressions (granulations, vascular imprints,
periosteal appositions...). Whatever the terminology used, these lesions have been recognized by the
authors of these recent papers as being closely related to a tuberculous infection of the meningeal spaces
(tuberculous leptomeningitis). MicroCT analysis of a fragment of the left parietal bone (Figure 4) confirmed
that the lesions are not of taphonomic origin: changes are not related to an erosion of the inner table
exposing the diploe, but to a pathological process remodelling the inner table. The serpentine aspect is due
to irregular bone formation developed on the inner table (spicules observed on sections) due to
inflammatory/infectious process developed in the epidural space, in close contact to the dura matter,
which is the periosteum of the inner table. Very same pattern was observed on the endocranial surface of

Neolithic child from Atlit Yam and molecularly characterized as M. tuberculosis [36].

Infracranial lesions

The symmetrical periosteal reaction observed on the tibiae (Figure 5) as well periosteal reaction observed
on the left first metatarsal bone are in favor of a secondary hypertrophic pulmonary osteoarthropathy

(HPO), which reinforce, associated to the endocranial changes, the diagnosis of tuberculosis [37, 38, 39].

Porotic lesions

Cribra orbitalia (CO) is observed on the right orbital roof (the left one is missing) and cribra femoris (CF) are
present on the two femurs. MicroCT analysis of a fragment of the right orbit (Figure 6A) and of a proximal
fragment of the right femur (Figure 6B) show that these porotic lesions are not of taphonomic origin.
Classically attributed to anemia [40], it has been recently suggested that such porotic lesions might result
from a focal intraosseous TB infection of the medullar space [41]. Nevertheless, the p-CT images of the
orbit showed wide diploic spaces (Figure 6A), some opened at the orbital roof having a vermiculated aspect
and images of the femur do not reveal any focal modification of the metaphyseal trabecular
microarchitecture (Figure 6B). Therefore, the pathophysiology of these porosities, which appear in

communication with the medullary spaces without any reaction of the trabecular bone remains to be

5



135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

clarified. Moreover, the association of these porotic lesions is not systematic, and their etiology is probably
different [42] At this stage, even if a co-occurence has been recently showed between skeletal porotic
lesions of this type and mortality by pulmonary infections including TB [43] no morphological evidence

evoking TB can be put forward here.

4. DISCUSSION

The differential diagnosis can be discussed separately for each of the lesions observed: endocranial lesions
may possibly result from subdural bleeding, periosteal reactions from a growth spurt and orbital porosities
from anemia. However, the association of these skeletal changes observed on this child skeleton allowed us
to propose a diagnosis of tuberculosis.

It is interesting to note that the burial of this young individual exhibits two particularities while the funerary
practices at Khirokitia are characterized by their homogeneity [16, 18]. First, a shaped stone has been
placed on the upper part of the body. This is not unique, as shaped stones have been found in 11 other
burials, but all of them are adult burials [16, 17]. Second, a male Ovis trophy marks the limit of the burial
pit, which is unique on the site. The analysis of human-animal relationships in the Pre-Pottery burials in
Cyprus [20] presents evidence that suggests a strong relation between humans and domestic ovicaprids.
Ovicaprid burials as well as deposition of ovicaprid remains in human burials have been observed at
Khirokitia but no other Ovis trophy was found in relation to a human burial. It thus seems that specific
attention was paid to this young deceased who, during his/her short lifetime, must have shown apparent
signs of illness.

No bone lesion suggestive of tuberculosis was observed on the other Pre-Pottery sites in Cyprus.
Nevertheless, earlier Neolithic Cypriot sites, Kissonerga Mylouthkia, Shillourokambos and Kalavasos Tenta
yielded a small number of poorly preserved individuals, as well as the site of Cap Andreas Kastros which is
contemporary to Khirokitia [44, 45, 46, 47].

On the mainland, the earliest evidence of tuberculosis, dating back to the 9*" millennium cal BC, are known
from two Pre-Pottery Neolithic sites in Syria, Dja’de el Mughara and Tell Aswad [48, 49, 50]. Before these
discoveries, the two cases from Atlit Yam (Israel, 8-7™" mill. cal BC) [36] were the oldest known. Probable
contemporary cases have also been reported from Abu Hureyra and Tell Ain el Kerkh in Syria [51] and from
Ain Ghazal in Jordan (7™ mill. cal BC) [52] .

As Cyprus was populated by migrants from the mainland, as demonstrated by archaeological [53, 1] and
genetic [54, 55] data, these migrants highly likely introduced the disease on the island. Cyprus underwent
several waves of migration during the Pre-Pottery Neolithic period [56], but the available data do not
currently enable us to date the introduction of the Mycobacterium complex on the island. Several
hypotheses can be considered. The migrants at the origin of the first island communities (9™-8™" mill. cal BC)

might have brought it with them but the poor state of preservation and the small number of skeletal
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remains would not allow us to recognize possible changes due to TB. Another hypothesis would be a later

introduction during the 7" mill. cal BC.

4. CONCLUSION

This study concerning Pre-Pottery Neolithic Cyprus not only adds a specific case to the growing list of
paleopathological cases of TB identified in the Neolithic Near East but also brings new data on the earliest
diffusion of infection of human populations by the Mycobacterium tuberculosis complex in the
Mediterranean. It also raises questions regarding the time of its introduction in Cyprus, but more data is
needed to answer them.

It has to be noted that the evidence of prehistoric tuberculosis from Cyprus regards an immature individual.
he same applies to most of the cases of TB infection observed at Dja’de el Mughara (9 out of 10) [48, 49],
and for one of the two affected individuals at Tell Aswad [48, 50] and Atlit Yam [36].

The numerous excavations conducted in the Near East produced large quantities of human skeletal
remains. Despite this, ancient populations were, until recently, poorly understood in terms of mortuary
practices, demography, activity patterns, diet, pathological conditions and genetic relatedness. In the last
few decades, the increase of new dynamic field and laboratory investigations has led to a series of
important advances in the knowledge of past populations of the Near East [57]. By the same time, the
picture of the Pre-Pottery Neolithic in Cyprus has completely changed but many aspects of its fluctuating
relationships with the mainland have still to be investigated. Future cross-disciplinary research in the region
should lead to a better understanding of the evolution of the health status of these populations and of the

spread of infectious diseases during the Neolithization process.
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CAPTIONS TO ILLUSTRATIONS

Figure 1: Khirokitia. a) general plan of the settlement; b) plan of leved Ib in the area in purple on the
general plan, with the location of burial 207 in structure 84; c) child burial 207 (© French Archaeological
Mission at Khirokitia).

Figure 2: Preservation sheet of the individual from burial 207. Lesions are indicated in red.

Figure 3: Serpens endocrania symmetrica: a) on the frontal and right parietal bone; b) on the left parietal
bone; c) on the occipital bone; enlargement on the right (d) and left (e) parietal bone

Figure 4: A. Serpens endocrania symmetrica on the endocranial surface of a parietal. The red arrow
indicates the location of the uCT section.

B. UCT section showing the "postage stamp" indentation of the inner bone table.

C. Detail of the indentation pattern.

Figure 5: Periosteal reaction on the lateral side of the left tibia.

Figure 6: A.Cribra orbitalia showing a vermiculated pattern. uCT section reveals widening of diploic spaces.
Some of them are opened at the orbital roof surface.

B.Cribra femoris on the anterior part of femoral neck. uCT section at the cribra femoris area shows no focal
changes in the metaphyseal trabecular microarchitecture. Detail of the microarchitecture reveals that the

porosities communicate with the medullary spaces without any reaction of the trabecular bone.
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