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In Spring of 2015 the collections of the Museum of Anthropology, University of Padua, have 
been transferred in a single location – Palazzo Cavalli – after many decades of alternate events. 
Here it is intended to reach a rapid conclusion of the cataloguing, studying and valorisation of 
the entire osteoarchaeological collection. The copious collection (currently it is esteemed that its 
numerical consistency is around thirty thousand finds) has an undeniable scientific value and 
it is largely unknown.The finds come from archaeological excavations, different in chronology 
and geographic sites. The project started with the systematic cataloguing, in order to evaluate 
the antiquity, the origin of the human osteological finds and re-examine them with the current 
anthropological methodologies.This paper reports the study of the human skeletal remains found 
during the archaeological campaigns carried out in 1978 and 1981 at Herdonia (southeast 
Italy) and reveals new unexpected palaeopathological evidences. 
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1. Introduction

At the beginning of 2016 the Museum of Anthropology, University of Padua started a new project 
of study and revaluation of its human skeletal remains coming from archaeological excavations.

The first part of the project, ended in November 2015, examined the Tedeschi Osteological 
Collection. Enrico Emilio Tedeschi (1860-1931) was the founder of the Institute of Anthropology 
at the University of Padua and he may be considered its first director. In 1912 Tedeschi compiled a 
precise register on osteological remains he had collected in several years from different sources. Most 
of the individuals dated from the end of the 19th to the beginning of the 20th century. This work 
permitted not only to verify the actual consistency of the collection (1154 individuals), but also to 
study it with the most advanced methods.

The same aims are expected from the second part of the project. The exact consistency of the human 
skeletal remains coming from archaeological excavations is unknown. Cataloguing and studying are 
two inseparable operations in this case because of lacking information.

Even if in the ’70s and ’80s of the last century works about this material were published, the present 
project intends to re-examine them following the current anthropological recommendations and with 
the help of the most advanced techniques. In last decades, in fact, investigations on human skeletal 
remains have changed their perspectives and the single individual is considered, where possible, as part 
of a population. The classical anthropological information related to an individual (age, sex, stature 
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and ancestry) are enriched by an upper level: the reconstruction of population biology.

Palaeopathology (the study of diseases in ancient communities) and palaeodemography (the study 
of vital statistics in ancient communities) can be decisive in order to better understand different 
cultural phases, migrations and adaptations (White and Folkens 2005:359-60). Furthermore, the 
development and the improvement of new investigation techniques such as ancient DNA, computed 
tomography and archaeometric analysis, allow more numerous as well as more detailed observations 
(Weiss 2014; Aufderheide and Rodriguez-Martin 2011).

The present study on the human skeletal remains coming from ancient Herdonia (southeast Italy) 
is a good example on how a revision of previous works can give more and, sometimes, unexpected 
information thanks to the biocultural approach.

1.1 Ancient Herdonia

The archaeological site of Herdonia – today’s Ordona, southeast Italy (Figure 1) – was the object 
of systematic excavations by the Belgian Archaeological Mission in the last sixty years (Figure 2), with 
the aim of bringing to light not only the Daunian settlement, but also the Roman and the medieval 
towns (Mertens 1994).

The first traces of settlement date from the Neolithic Period. Starting from the 6th c. BC, it became 
an important Daunian center, famous for the geometric ceramic production. In the 3rd c. BC, the 
Romanization Period, the first citadel with its defensive structures was built and the entire area was 
transformed: the scattered hamlet pattern disappeared, replaced by fortified citadels alternated with 
farmhouses and villae (Volpe 1990).

Herdonia was destroyed in 210 BC, during the Second Punic War, when Hannibal besieged, set 
fire to the town and deported its citizens, and it was rebuilt in the following century. In the 1st century 
BC, Herdonia became a Roman municipality and was enriched with new public buildings. The 
greatest development of the town took place between the 1st and the 3rd centuries AD, thanks to the 
construction of the Via Traiana. In the 4th century AD a number of earthquakes– the most disastrous 
probably in 346 AD – caused the destruction of several public monuments and the abandonment 
of the town. In the late 5th and early 6th century AD Herdonia lost its political and jurisdictional 
functions but continued to be an important center with a bishop in residence.  During the High 
Middle Ages (7th-10th c. AD), the town considerably shrank and some urban areas were occupied by 
agricultural activities and burial grounds. Starting from the 11th century AD, at the northern edge of 
the town a church was built, later transformed into a moat and bailey castle in the 13th c. AD. The 
medieval village, as well as the previous ancient Roman town were abandoned in the 15th century AD 
(Martens and Volpe 1999).

2. Material and methods

During the archaeological campaigns carried out in 1978 and 1981, 27 tombs were excavated in 
the ancient site of Herdonia. The human remains were studied by Corrain (1986) and by Corrain 
and Erspamer (1988) in order to obtain a synthetic anthropological evaluation, and later stored at 
the University Museum of Anthropology in Padua. This paper examines Corrain’s work according to 
current anthropological methods, giving greater attention to paleopathological issues.
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2.1 Age determination

Skeletons have been classified into eight general age groups: five sub-adults (fetuses, less than 
1-year-old, 1-4 years, 5-9 years, 10-14 years and 15-19 years) and three adults (20-39 years, 40-59 
years and 60+ years). Recommendations suggested by Ferembach, Schwidetzky and Stloukal (1980) 
and the criteria described by Krogman and Isçan (1986) were followed for the classification of sub-
adult skeletons. The dental development (Ubelaker 1989; AlQahtani, Hector and Liversidge 2010) 
and the degree of ossification and epiphyseal union of long bones criteria were also observed (Brothwell 
1981; Ferembach, Schwidetzky and Stloukal 1980; Krogman and Isçan 1986). To classify the adult 
skeletons, the recommendations suggested by Ferembach, Schwidetzky and Stloukal (1980) and 
Buckberry and Chamberlain (2002) were followed, and the multi-factorial approach was preferred 
(Lovejoy et al. 1985a). Then, the degree of cranial sutures synostosis (Meindl and Lovejoy 1985), 
dental wear (Brothwell 1981), morphological changes of the pubic symphysis (Meindl et al. 1985; 
Krogman and Isçan 1986), and metamorphosis of auricular surface of the ilium (Lovejoy et al. 1985b) 
were employed.

2.2 Sex determination

Considered that skeletal dimorphism is not evident in immature skeletons, and that no consensus 
exists on the methodology that should be adopted, sex diagnosis was not attempted for individuals 
under 15 years of age. With juvenile and adult skeletons, the classic criteria proposed by Ferembach, 
Schwidetzky and Stloukal (1980), Sjøvold (1988), Buikstra and Ubelaker (1994), Bass (1995) and 
Walker (2005) were adopted.

2.3 Minimum Number of Individuals (MNI)

The estimation of Minimum Number of Individuals (MNI) in each tombs was based on the 
procedure outlined by White (1953).

2.4 Paleopathological methodology

The most common type of ante mortem evidences found in archaeological contexts include 
fractures, arthritis, vertebral pathology, osteomyelitis, periostitis, congenital conditions or anomalies 
and infectious diseases.

Diagnosis of pathological conditions were determined following the recommendations of important 
clinical journals, books and paleopathological texts (Ortner and Putschar 1981; Merbs 1989; Cattaneo 
and Grandi 2004; Mann and Hunt 2005; Baxarias and Herrerín 2008; Waldron 2008; Fornaciari and 
Giuffra 2009; Aurderheide and Rodriguez-Matin 2011).

3. Anthropological observations

The present study regarded 27 tombs. MNI was 43 individuals. According to Corrain’ studies 
(1986, 1988), instead, 26 tombs and 39 individuals were analysed. The tomb OR.91 did not appear 
in Corrain’s  papers due to the uncertain chronology. The OR.91 skeletal remains belonged to a 
child (9-11 years of age), sex not determinable. The difference in MNI probably depends on the 
development of more accurate techniques in age determination after ’90, particularly for sub-adult 
skeletons. The present study, in fact, provides in some cases narrower ranges in the age estimation of 
infantile individuals: that is the reason why they were under-represented by Corrain.
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Human skeletal remains were divided into two chronological groups: an ancient group (19 tombs) 
dated from the 7th to the 4th century BC, and a medieval one (8 tombs) with a wider time span, from 
the 4h to the 12th century AD. Table 1 and Table 2 show the synthetic information regarding the 
Herdonia ancient and medieval tombs.

As regards sex, no significant difference was notable from Corrain’s works (1986, 1988) and the 
present one. In four occasions (OR.12, OR.54, OR.59(B) and OR.81) we could not determine sex 
due to bad conservation.

Corrain attributed the following sex: 

 OR.12 female, 
      OR.54 male, 
 OR.59(B) male, 
 OR.81 male.

In one case (OR.122) sex determination was different: Corrain and Erspamer (1988) attributed 
the feminine sex, considering the general gracility of the skull. We preferred the attribution of male sex 
because the skull, even if gracile, presented masculine features such as the robust supra-orbital region, 
the dull supra-orbital margin and the robust mastoid process.

In six ancient tombs (OR.65, OR.81, OR.90, OR.134, OR.159 and OR.164), some bones or 
skeletal districts presented traces of green oxidation, probably connected with the presence of bronze 
objects in the grave goods. Haloes can be observed on skulls, upper and lower limbs and in two cases 
(OR. 159 and OR.164) the oxidation was circular (diameter 1,5 cm), probably due two the presence 
of coins. In OR.164 the oxidation halo was reddish (iron coin?).

4. The cases of brucellosis and tuberculosis

In the last thirty years the study of ancient diseases in archaeological bones have been increasing 
in number and quality. The present study particularly examined many aspects not mentioned in 
the previous ones  (Novello 1988), connected with evidences of two infectious diseases: tuberculosis 
and brucellosis in some human skeletal remains from both ancient and medieval Herdonia. The 
two diseases leave signs on bones, particularly on the spine. Even if only the DNA analysis could 
be decisive in order to understand which kind of infection afflicted the individuals from ancient 
Herdonia, we followed the recommendations of some radiological studies to discriminate our samples 
(i.e. Bouaziz et al. 2008). Table 3 shows the differential diagnosis data between brucellar spondylitis 
and tuberculous spondylitis, utilized in the present study.

Two cases of brucellosis (OR.59(A) and OR.73) and four of tuberculosis (OR.81, OR.113(A), 
OR.134(A) and OR.159) were found in the ancient Herdonia group. Two cases of brucellosis (two 
individuals from OR.130) were diagnosed in the medieval group; one case of brucellosis was evidenced 
in OR.91 (unknown chronology). Figures 3-6 show the most significant evidences of brucellosis 
(Figure 3 and Figure 4) and tuberculosis (Figure 5 and Figure 6) observed.

The cases of brucellosis and tuberculosis regarded children and young individuals: nine out of 
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twenty-one individuals (42.8%) under twenty years of age probably died from these diseases. Hence 
brucellosis and tuberculosis can be considered endemic in southeastern Italy through the centuries.

5. Brucellosis and tuberculosis: two diseases connected with farm animals

Brucellosis is disease occurring all over the world, and although it has been eradicated in some 
countries, it continues to be an important disease in many farming areas. It is a zoonotic infection 
(Brucella spp. - bacteria) transmitted to humans through contact with fluids from infected animals 
(sheep, cattle, goats, pigs, or other animals) and through ingestion of derived food products such as 
unpasteurized milk and cheese. The disease is rarely transmitted among humans. Vertebral brucellosis 
was diagnosed in the partial skeleton of a late Pliocene Australopithecus africanus, showing  that this 
infectious disease also affected our direct ancestors occasionally 2.3–2.5 million years ago (D’Anastasio 
et al. 2011). In Homo sapiens, brucellosis has been reported since the Bronze Age (Brothwell 1965; 
Rashidi et al. 2001), and it might have been endemic in Roman times as well as the Middle Ages 
(Exteberria 1994; Capasso 1999; Mutolo et al. 2012).

The bacteria causing tuberculosis belong to a group of microorganisms known as mycobacteria 
(Mycobacterium tuberculosis complex). The human form of tuberculosis is an acute or chronic infectious 
disease caused especially by Mycobacterium tuberculosis of the human or bovine type. Infection is 
usually acquired by inhaling bacilli-laden moisture droplets from a coughing lung-infected human 
and thus the disease commonly begins as a respiratory infection. Microbes can survive within dark 
manmade structures built for humans and cattle with poor sanitation and ventilation (Barnes 2005). 
The oldest evidence of human tuberculosis comes from human bones associated with cattle bones 
and recovered in two sites from western Italy, (“Arene Candide” cave and “Arma dell’Aquila” cave, 
Liguria), both dated 4000-3520 BC (Formicola, Milanesi and Scarsini 1987; Canci, Minozzi and 
Borgognini 1996). Since the beginning of the Middle Ages, human tuberculosis has become well 
known throughout Europe (Pósa et al. 2015). The disease reached epidemic proportions in crowded 
villages and cities with poor sanitation, and peaked during the industrial revolution (Aufderheide and 
Rodríguez-Martin 1998).

Brucellosis and tuberculosis are two diseases connected with farm animals, therefore the presence 
of nine cases at Herdonia is not surprising and it involves one fourth (24.3%) of the studied skeletal 
population. However, it denotes some interesting aspects about everyday life in southeastern Italy from 
the Daunian Period until the Middle Ages. At that times cattle breeding was probably an important 
working activity but generic hygienical conditions were poor and the infection could pass from cattle 
to humans. Three cases of brucellosis regarded very young children (under 5 years of age): it is possible 
that the transmission derived from the assumption of infected milk for alimentary aim.

6. Conclusions

Within the project of the study and revaluation of the osteological collections started in 2016 
at the Museum of Anthropology, University of Padua, we examined the human skeletal remains 
from ancient Herdonia thirty years after Corrain’s work (1986, 1988). During this period, new 
anthropological methodologies and, most of all, new investigation techniques (e.g. ancient DNA, 
computed tomography and archaeometric analysis) have been developing so that the materials can be 
analyzed from innovative perspectives.
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The most important observation deriving from this study regarded paleopathological aspects. Nine 
out of thirty-nine individuals (24.3%) suffered of brucellosis and tuberculosis. In ancient Herdonia 
these diseases especially hit children and young individuals (under twenty years of age) and they may 
be considered endemic during the Daunian/Pre-Roman Period (7th to 4th c. BC) and the Middle 
Ages (4th to 12th c. AD).

At that time brucellosis and tuberculosis coexisted with the ancient societies , in southeastern Italy 
because of deeply connected with an important human activity, i.e. animal breeding. Cattle breeding 
was probably the most significant reservoir of infective agents causing brucellosis and tuberculosis, 
even if two other aspects have to be considered: bad hygienical conditions and high human density 
were plausibly decisive factors in disease development.

Further molecular analysis on the human skeletal remains from Herdonia – vertebrae in particular 
– are desirable in order to investigate which kind of disease hit these populations. Moreover, DNA 
analysis could clarify if cattle breeding was one of the most important factor in the infection diffusion.
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TABLE 1. Synthetic archaeological and anthropological information regarding the ancient tombs at Herdonia.

Tomb MNI* Age class (years) Sex Chronology

OR.43 2 less than 1 ND** 4th c. BC
OR.54 1 20+ ND** end of 4th c. BC

OR.57 4 less than 1 ND** 5th c. BC

OR.59(A) 1 1-4 ND** 5th c. BC

1 0-7 ND** 5th c. BC

OR.59(B) 1 25+ ND** 4th c. BC

OR.62 3 45+ male 525-475 BC
OR.64 3 less than 1 ND** 350-325 BC
OR.65 1 20-29 female 500-470 BC
OR.73 1 1-4 ND** end of 6th c. BC
OR.81 1 15-19 ND** second half of 5th c. BC
OR.90 1 less than 1 ND** beginning of 5th c. BC
OR.113(A) 1 17-19 male Daunian culture
OR.113(B) 1 40-45 male 600-550 BC
OR.134 1 5-7 ND** 4th c. BC

1 9-10 ND** 4th c. BC
1 10-14 ND** 4th c. BC
3 25+ ND** 4th c. BC

OR.137 1 less than 1 ND** 650-625 BC
OR.138 1 35-39 female 600-570 BC
OR.159 1 5-6 ND** 300-275 BC
OR.164 2 2.5-3.5 ND** end of 4th c. BC
* MNI = Minimum Number of Individuals (White 1953)
** ND = not determinable
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TABLE 2. Synthetic archaeological and anthropological information regarding the medieval tombs at Herdonia.

Tomb MNI* Age class (years) Sex Chronology

OR.10 1 8-10 ND** 8th–11th c. AD

1 10-12 ND** 8th–11th c. AD

OR.11 1 ND** ND** 7th – 11th c. AD

OR.12 1 ND** ND** 7th – 11th c. AD

OR.87 1 25-29 female (?) 4th – 12th c. AD

OR.88 1 25+ ND** 4th – 12th c. AD

OR.89 1 25-35 male 4th – 12th c. AD

OR.122 1 25+ male (?) 8th – 11th c. AD

OR.130 1 4-5 ND** 8th – 11th c. AD

1 10-12 ND** 8th – 11th c. AD
* MNI = Minimum Number of Individuals (White 1953)
** ND = not determinable

TABLE 3. Differential diagnosis data between brucellar and tuberculous spondylitis (modified from Bouaziz et al. 2008)

Brucellosis Tuberculosis
Site Lower lumbar spine Thoracic and thoraco-lumbar
Vertebrae Multiple, contiguous Contiguous
Disktis Late, important Late, moderate
Vertebral body destruction Mild Marked
Vertebral body condensation Early and marked Late and moderate
Canal compression Rare Common
Osteophyte Anterolateral Unusual
Deformity Wedging uncommon Anterior wedging
Recovery Sclerosis Variable
Paravertebral abscess Small, well localized Common, discrete loss, transverse process

Psoas abscess Rare More likely
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FIGURE 1. Map of southeast-
ern Italy and localization of 
ancient Herdonia.

FIGURE 2. View of the 
excavation area at Herdonia.

FIGURE 3. Evidences of bru-
cellar spondylitis in thoracic 
vertebrae from OR.59(A), 
1.5-2 year-old individual. 
Frontal view.
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FIGURE 4. Evidences of brucel-
lar spondylitis in thoracic verte-
brae from OR.91, 9-11 year-old 
individual. Left lateral view.

Figure 5. Evidences of tuberculosus 
spondylitis in a thoracic vertebra 
from OR.81, 15-20 year-old 
individual. Frontal view.

FIGURE 6. Evidences of tuber-
culosus spondylitis in thoracic ver-
tebrae from OR.113(A), 17-19 
year-old male. Frontal view.


