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Abstract

This study is based on the palacopathology of leprosy on human skeletal
remains and the detection of ancient Mycobacterium leprae DNA. Two
cases of childhood leprosy were recognised. The first case was in a
Roman necropolis at Martellona (Rome, Central Italy), dated to the 2™ —
3" century CE. The skeleton of a child aged 45 years, from tomb 162, is
the youngest individual in Italy from this time period, with the clear
rhino-maxillary syndrome and other bony changes indicative of leprosy.
The second case from a burial at Kovuklukaya, in the Sinop region of
Northern Turkey was from the 8" — 9" century, during the Byzantine era.
The endocranium of a 4-5 months old infant with new bone formation —
an indication of chronic inflammation — was positive for M. leprae DNA.
Infant and childhood leprosy is uncommon today and there is a scarcity of
information in the osteoarchaeological literature of leprosy in the past,
especially in children. The significance of these cases is that it adds to an
understanding of the history of the disease in the former Roman Empire.
It is hoped that over time sufficient data can be obtained to understand the
epidemiological dynamics and clinical evolution of leprosy from the
ancient period until today.

Key words — 2™ — 3" century CE; 8" — 9" century CE; Byzantine period;
Central Italy; Turkey; Leprosy; ancient DNA
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Introduction

Leprosy (or Hansen’s disease) is a chronic infectious disease caused by
an unculturable pathogen: Mycobacterium leprae, an acid-fast, rod-
shaped bacillus. Leprosy is rarely found today in Europe but is still a
significant disease worldwide, principally in Southeast Asia, Africa and
South America (Brazil) (World Health Organization, 2011). Primarily
transmission occurs through droplet infection (Nunzi and Likey, 2005).
The incubation period is very long, sometimes up to 20 years, before
clinical signs and symptoms become apparent (Robbins and Cotran,
2002). Leprosy can affect all age groups, although it is often first
observed before the age of 20 (Resnick, 2002). The disease primarily
affects the peripheral nervous system, especially the extremities, and
secondarily involves the skin, nasal tissues and, in the most severe forms,
the bones (Nunzi and Likey, 2005). M. leprae is a highly infective
bacterium with low pathogenicity; that is, its ability to induce clinical
disease is low (Robbins and Cotran, 2002). The bacterium accumulates
principally in the extremities of the body, where it resides within the
macrophages and infects the Schwann cells of the peripheral nervous
system. Lack of myelin production by infected Schwann cells, and their
destruction by host-mediated immune reactions, leads to nerve damage,
sensory loss and the disfiguration that are the characteristic signs of
leprosy (Nunzi and Likey, 2005). The response to the disease is highly
variable, and the genetic background and immune status of each infected
person determine the type and severity of pathological change (Robbins
and Cotran, 2002). In its most severe form, multibacillary (Iepromatous)
leprosy, both the skin lesions and the peripheral nerve damage become
generalised and symmetrical in nature. Those with high immune status
are more likely to develop paucibacillary (tuberculoid) leprosy, where

only a small number of skin lesions develop and peripheral nerve damage
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is asymmetrical (Nunzi and Likey, 2005). When leprosy affects the
skeleton, a number of specific and non-specific bony and osteoporotic
changes occur during pathogenesis (Thappa ef al., 1992). Specific bone
changes are caused by invasion of the tissues by M. leprae, which is why
facial changes are seen; secondary bone changes are a result of peripheral
nerve involvement (hands, feet and lower leg bones) and lead to sensory
nerve anaesthesia, trauma to the hands and feet because people cannot
feel the trauma, ulceration of the feet and hands, then secondary infection
of the bones of the hands and feet. There is also motor nerve damage
(claw hands and feet) and autonomic nerve damage (absorption,
remodelling etc.). Osteoporosis is caused by disuse and is a reduction of
the bony mass normally mineralized. Histologically, it is caused by three
factors: reduction of osteoblastic activity, rise of osteoclastic activity or
both (simultaneous competition). In leprosy nerve damage and the
consequent cessation of normal functional activity of the limb produces
an imbalance in the osteoclastic/osteoblastic equilibrium in the bones
with a rise of the osteoclastic activity (resorption of the bone) that leads
to osteoporosis by disuse (Robbins and Cotran, 2002; Bennike et al.
2005). Thus osteoporosis may produce remodelling of the bone because
of the collapse of the cortical tissue under the pressure of the muscles. It
is believed that the activity of remodelling produces the characteristic
pencilling shape of the hands and feet bones (Kulkarni and Mehta, 1983;
Robbins and Cotran, 2002). The cranial features of leprosy, the so called
facies-leprosa (Meller-Christensen, 1969) or rhinomaxillary syndrome
(Andersen and Manchester, 1992), consist of the progressive erosion of
the alveolar process of the maxilla with the loosening and ultimate loss of
the central and lateral maxillary incisor teeth. There is an associated
erosion of the anterior nasal spine leading to its ultimate loss. The

margins of the pyriform aperture become eroded at their lower parts. Both
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the nasal and the oral surfaces of the palatine process of the maxilla
exhibit inflammatory changes, and there may ultimately be perforation of
the hard palate (Roberts and Manchester, 2005). These rhinomaxillary
changes are inflammatory and are due specifically to the action of the

leprosy bacillus (Robbins and Cotran, 2002, Nunzi and Likey, 2005).

The decline of leprosy in Western Europe and in the Mediterranean Basin
is probably due to a complex web of factors: medical, environmental,
social and legal (Rawcliffe, 2006, Rubini and Zaio, 2009a, b). Initially it
was believed that with increased urbanisation, tuberculosis became more
prevalent and that as both diseases are usually contracted at a very early
age (Robbins and Cotran, 2002), the majority of individuals, mostly
young children, would, as now, overcome the primary tubercle invasion,
recover, and henceforth be immune to leprosy (Manchester, 1984,
Lietman et al., 1997, Robbins and Cotran, 2002). It is recognised that the
Bacillus-Calmette-Guérin (BCG) vaccine is effective against leprosy in
20-91% of cases (Merle et al. 2010), suggesting cross-immunity between
the two diseases, so underlying leprosy infection gave cross-immunity
and some degree of protection. An alternative scenario that may have
increased in importance with greater population density and social
deprivation is that a higher proportion of primary tuberculosis cases died
from the condition, thereby causing the leprosy decline noted in Western
Europe (Donoghue et al., 2005a). It is recognised that there is a close
antigenic relationship between M. leprae and M. tuberculosis (Shinnick
et al., 1987, Ravindra et al., 2010). It was once believed that the higher
reproductive rate of tubercle bacilli as compared to lepra bacilli and
degree of cross immunity within an individual would not allow both
infections to occur simultaneously, but a careful study of the early clinical

literature, and more recent molecular studies, show that this belief was
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erroneous (Hansen & Looft 1895, Nigam et al. 1979, Kumar et al. 1982,
Jayalakshmi et al. 1987, Glaziou et al. 1993, Rafi & Feval 1995, Kumar
et al., 2000; Donoghue et al. 2005a, Prasad et al., 2010). Furthermore,
Donoghue et al. (2005a) suggested that the immunological changes seen
in multibacillary leprosy together with the socioeconomic impact of the
disease might have led to increased mortality due to tuberculosis that
resulted in the decline of leprosy in Western Europe. Bony changes in
leprosy were found mostly among the adult individuals in
palaeopathology. Sub-adult individuals with leprosy, especially those of
infants in ancient times are very few in number. The aim of this study is
to investigate and discuss two sub-adult individuals with bone changes on
the skull from Roman and Byzantine cemeteries with respect to
diagnosis, the spread of infection among sub-adults and possible reasons

for the development of skeletal lesions in such young individuals.

Material and methods

The first sample was found in a Roman cemetery near Rome. The
Martellona necropolis is a large inhumation area situated along the
Tiburtina Way (fig.1). At present there are 412 excavated graves. The
cemetery was used continuously from the 6™ century BCE — 4" century
CE. All the Roman phases are represented: Republican and Imperial Age.
The main funerary typology is the “cappuccina” tomb. Trench graves and
chamber tombs are also present. The grave goods are poor and very rare,
especially in the tombs of the last period. The site shows an economy
substantially agricultural and very poor. In the tomb number 162 (code
GM162) was found a skeletal sample of a child chronologically dated to
the 2™ — 3" century CE (Imperial Age) according to coins and pottery.

Furthermore two adult individuals buried near this tomb were dated with
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calibrated C'*. The result was 1817+ 25 years before present (193+25
CE). The osteoarchaeological remains from Martellona are incomplete
but quite well preserved. In the case of GM162 the condition of the bones
is good especially when considering the fragility due to the young age.
The skeleton is represented only by the cranium and mandible, left
clavicle and first and second left ribs. The age at death was estimated
according to the Ubelaker (1989) and Maglietta (2004) methods on the
chronological development of the dentition and on the radiological
analysis of the complete dentition. The screening of the traces of leprosy
on the skeleton was performed according to the suggestions of Moller-
Christensen (1967, 1969, 1978), Andersen and Manchester (1992) and
Roberts and Manchester (2005).

Kovuklukaya is located 300 m northeast of Culhal1 village, 10 km
from the town of Boyabat in Sinop province, northern Anatolia, Turkey
(fig.2). The site was excavated during a highway construction. The
western side of the mound was inhabited during the Late Chalcolithic and
Early Bronze Age (Ozcan et al., 2003; Dénmez, 2005; Erdal 2008). A
Byzantine cemetery was located at the top of the mound, which measures
approximately 70-80 m. Thirty-six human skeletons were unearthed in 25
simple rectangular pits and cist graves (Ozcan et al., 2003; Erdal, 2004,
2008; Donmez, 2005). There were no grave goods except a crucifix found
with an adult male individual. Human skeletal remains were dated to
117535 BP based on C'* dating by Dr Elisabetto Boaretto of the
Weizmann Institute of Science Radiocarbon Dating Laboratory. The
calibrated range of C'* is CE 770-970 20 (95.4% probability). This age
range falls at the end of first millennium CE, and agrees with
archaeological data that also suggest the upper layer of Kovuklukaya is a

small sized Byzantine cemetery (Erdal, 2008). There were 17 males, 15

Copyright © 2012 John Wiley & Sons, Ltd.



females and 4 sub-adults (Erdal, 2004). The excavated skeletal remains
from Kovuklukaya were well preserved. Occlusal grooves of the anterior
dentition, skeletal pathologies and other anthropological data suggest that
Kovuklukaya people were engaged in yarn production, weaving, tree
felling and animal husbandry (Erdal 2004, 2008). In addition to this
information about daily activities, two males and one female skeleton
showed pathognomonic characteristics of leprosy (Erdal, 2004). These
individuals and also bones from other individuals with non-specific
pathology were examined for the presence of M. leprae ancient DNA
(aDNA) using specific PCR (Donoghue et al 2005a). One of the sub-
adults, a four-five months old infant from the simple pit grave SK 9/1,
showed porous bone formation on the inner surface of the occipital and
frontal bones (Fig 2). The individual has almost all cranial and post-
cranial bones. Other bones are fairly well preserved except the periosteal
surface of tibia and forearms, and metaphyseal ends of many long bones.
The age at death of the Kovuklukaya individual was estimated by dental
calcification and maximal femur length (Ubelaker 1989; Scheuer and

Black 2000).
Molecular examination

The recommended protocols of aDNA work (O'Rourke ef al.,
2000) were followed, with separate rooms for different stages of the
process. Thirty mg of bone scrapings were sampled from the outer edge
of the porous bone formation on the inner surface of the occipital and
frontal bones of the Kovuklukaya infant. These were crushed in a sterile
pestle and mortar, transferred into a 9 ml tube of NucliSens®
(bioMérieux) lysis buffer containing 5 mol™' guanidium thiocyanate.
Tubes were vortex-mixed, placed on a rotator for 2 hours, then vortex-

mixed again, placed in a water bath and incubated at 56°C for 96 hours.

Copyright © 2012 John Wiley & Sons, Ltd.



Negative extraction controls were processed in parallel with the test
sample. Each 9 ml tube was boiled for 1 hour, vortex-mixed and allowed
to cool. To complete the disruption of the bone scrapings and the resistant
cell walls of any pathogenic mycobacteria (Taylor et al., 2006), the
sample was then snap-frozen in liquid nitrogen and thawed in a 65°C
water bath. This was repeated twice. The sample was spun at 5000g for
15 mins at 5°C and the supernatant carefully removed into a clean, sterile
tube. DNA was captured by mixing for 100 mins with 50ul silica
suspension (NucliSens”™) and centrifugation. The silica pellet was washed
once with wash buffer (NucliSens®), twice with 70% (v/v) ethanol (-20
°C) and once with acetone (-20 °C). After drying in a heating block, DNA
was eluted from the silica using 60pl elution buffer (NucliSens®),

aliquoted and used immediately or stored at -20°C.

DNA amplification and detection
M.leprae DNA was detected by targeting a specific region of the
repetitive element RLEP (37 copies/cell). A two-tube nested PCR was
used which gives an outer product of 129 bp and a nested PCR product of
99 bp (Donoghue et al., 2001). A hot-start 7ag polymerase was used to
minimise non-specific primer and template binding. Negative DNA
extraction and PCR controls were processed alongside the test sample.
Detection of PCR product was by staining with ethidium bromide and

visualising under ultraviolet light.

Description of the skeletons
Martellona

The individual GM162 is a child of 4-5 years of age. The cranial skeleton
shows changes localized in the region of the nasal and buccal mucosae.

The alveolar process of the maxilla displays an intense and complete
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erosive activity in the anterior part with osteolysis in correspondence of
both central and right lateral incisors while the alveolar area of the left
lateral incisor is damaged post-mortem. The anterior nasal spine has been
entirely resorbed (fig.3). There is a bilateral symmetrical resorption and
remodelling of the normally sharply defined inferior margins of the nasal
aperture. The lateral margins are smooth and thick in appearance. In
particular the right margin of the nasal aperture is deformed and rounded.
The left and right inferior nasal conchae are partially resorbed. In
conjunction with the remodelling of the margins of the nasal aperture, the
alterations of the intranasal structures have resulted in the appearance of a
wide semi-empty cavity. In the left anterior part light post-mortem
damage is also present. The regression of the inferior portion of the
superior face can be seen clearly in the lateral view of the skull (fig.4).
Furthermore the hard palate shows fine pitting and in the left side a
perforation of probable chronic infective origin is present. The lesion is of
sub-circular shape. Its measurements are as follows: length parallel to the
medial palatine suture 3.8 mm, breadth 3.6 mm (fig.5). The radiological
aspect confirms the infectious process involving the bony tissue of the
rhino-maxillary and palatine region (figs. 6 and 7). The absence of the
post-cranial skeleton prevents any evaluation of the level of changes in

the limbs.

Kovuklukaya

The Kovuklukaya individual is an infant aged 4—5 months. In contrast to
the Martellona individual with pathognomonic characteristics of leprosy,
the Kovuklukaya individual has no signs of any lesion on well-preserved
bones except for the occipital and frontal bones. Here porous bone

formation was observed on the inner surface of the occipital bone (fig. 8),
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especially on the internal occipital protuberantia or cruciform eminence
and prevailing through transverse sulci and sagittal sulcus. Porous bone
structure can also be observed on the inner surface of the parietal margins
on the occipital. Moreover, along the side of the coronal suture, severe
porous structure can be detected both on the inner and outer surfaces of
the frontal. The porous structure and new bone formation are highly
dense and sometimes look similar to a cribrotic structure (fig. 9).
However, there was no sign of infection on the facial skeleton, other

bones of the skull, teeth and also post-cranial bones.

Differential analysis and molecular analysis results

In a number of pathological conditions there may be considerable
destruction of bone in the rhinomaxillary region (Ortner, 2003; Rubini
and Zaio, 2009). These conditions include /upus vulgaris (tuberculosis of
the facial skin and soft tissue), actinomycosis, fungal infections such as
mucormycosis, and granulomatous diseases such as sarcoidosis and
treponemal diseases. In children there is also another disease, noma,
which can involve the bone in the rhinomaxillary region (Robbins and

Cotran, 2002).

Lupus vulgaris 1s a chronic tubercular infection of the skin
involving soft yellow swellings, ulcers and abscesses. It can also affect
children (Robbins and Cotran, 2002). Long-standing tuberculosis of the
facial skin and soft tissues can lead to the destruction of the nasal bones
(Meng et al., 1942). However, in this pathology the anterior alveolar
process is rarely affected (Meoller-Christensen, 1967; Robbins and Cotran,

2002), which discounts lupus vulgaris as a diagnosis.

Actinomycosis produces effects on the cervicofacial area; bone

involvement is rare. When affected, the mandible rather than the maxilla
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is more involved (Ortner 2003). This is not the case in the individual

GM162.

Mucormycosis (phycomycosis) is a rare invasive fungal infection,
which tends to affect people who have poorly controlled diabetes. It
results in black, dead tissue in the nasal cavity and blocks the blood
supply to the brain, leading to neurological symptoms, such as headaches
and blindness (Ruoppi et al., 2001). Mucormycosis attacks the nasal
cavity with involvement of the paranasal sinuses and their walls (Ortner,

2003). A diagnosis of a mucormycosis can be ruled out.

Sarcoidosis is a granulomatous disease of unknown aetiology. Like
leprosy, it tends to affect the phalanges of the fingers and toes, causing
lytic lesions and no reactive bone formation (Ortner, 2003; Robbins and
Cotran, 2002). However, in the skull it causes mainly destruction of the
nasal bones but rarely of the anterior nasal spine and never of the crest.
Thus, we can exclude this disease as an explanation for the bony lesions

in our Martellona specimen.

Destruction observed on the maxillo-palatal area can also be a
symptom of tuberculosis. However, gross destruction of the facial
skeleton and skull are extremely rare in tuberculosis (Rogers & Waldron,
1989; Manchester, 1984; Ortner 2003). The lesion is largely destructive
without gross evidence of repair in tuberculosis (Manchester, 1984,
Ortner, 2003), whereas the destruction observed on the rhinomaxillary
area of the Martellona specimen shows signs of a healing process.

In view of the reconsideration of the origin of treponemal disease
in the Old World, this group of pathologies should also be discussed
since, like leprosy, they can lead to the destruction of the nose and to

bony changes in the lower limbs (Ortner 2003). Treponemal diseases
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include syphilis (venereal and endemic), yaws and pinta, which are
granulomatous infections caused by spirochetes of the genus Treponema.
Excluding pinta, which does not affect the bones, in the tertiary stage
these diseases can involve the skeleton in about 3-5% of yaws cases, 6-
8% of bejel or endemic cases and 10-12% of venereal cases (Robbins and
Cotran, 2002). They tend to be associated with inflammatory bony
changes accompanied by extensive bone regeneration, often resulting in
alteration of the bone morphology. These changes can be specific:
necrosis as a surface depression that represents the foci of necrotic bone
(gummatous lesions); or non-specific: periostitis, osteitis and
osteoperiostitis (nongummatous lesions). In some cases destruction of the
nasal-palatal area may occur (Ortner 2003; Erdal 2006). The last stage of
yaws can be characterized by widespread bone, joint and soft tissue
destruction, which may include extensive destruction of the bone and
cartilage of the nose (rhinopharyngitis mutilans or 'gangosa'). Joints may
stiffen, and chronic osteitis and periostitis can lead to bent leg bones
(sabre tibiae). In bejel (endemic syphilis) periostitis of the leg bones is
commonly seen. More rarely, bejel involves the skull, with gummas of
the nose and soft palate developing in the last stage (Robbins and Cotran,
2002). The 'gangosa' condition may occur. The most commonly affected
bones in venereal syphilis are (in order of importance) the tibia, frontal
and parietal (with caries sicca on the outer tables), nasal-palatal region,
clavicle, sternum, vertebrae, fibula, femur, humerus, radius and ulna
(Ortner, 2003). Also the teeth can be involved, showing a screwdriver
shape (Hutchinson teeth). No specific involvement of the feet is observed
in this pathology. The tibia (with sabre-shaped deformity) and the skull
are the most common bones afflicted during the tertiary stage of the
disease. According to Ortner (2003), the calvarial lesions are the most

specific diagnostic features. Although the nasal cavity is often enlarged,
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producing the characteristic “saddle nose”, the nasal spine is usually
spared (Rogers and Waldron, 1989). Furthermore, the anterior alveolar
process is uncommon in yaws and syphilis (Meller-Christensen, 1967 p.
297). In children congenital syphilis may occur. This variant of syphilis
shows Hutchinson's incisors that are typical of this condition, as are
Mulberry molars (Robbins and Cotran, 2002; Erdal 2006). In the present
case GM162, the pathogenic picture does not correspond to that of
treponemal diseases because stallea scars or caries sicca, and dental

stigmata of the congenital syphilis are not present.

Noma (derived from the Greek "nomein" meaning "to devour") is a
devastating gangrenous disease which attacks children, quickly
destroying their mouth, nose, and face, and which can prove fatal after
just a few weeks (Robbins and Cotran, 2002). Noma, also known as
cancrum oris, seems to start on the gum and extends outwards to the
cheeks and lips. Without prompt treatment, mortality rates from this
disease are as high as 70-90%, with most deaths attributed to
complications such as pneumonia, diarrhoea and septicaemia (Robbins
and Cotran, 2002). Noma can involve the bone of the rhinomaxillary
region, but only with asymmetrical expression while the nasal spine and
hard palate are usually spared. Therefore, in the Martellona case we
excluded this diagnosis. Given the expression and distribution of the
changes in this first case, the most likely diagnosis is leprosy (Meller-
Christensen, 1967, 1969, 1978; Andersen and Manchester, 1992, Roberts
and Manchester, 2005). Important osteological changes are present in the
rhinomaxillary region. The resorption of the anterior nasal spine, the
enlargement and rounding of the piriform aperture, the cicatrisation of the
lower margin of the nasal aperture and erosion of the alveolar margin

accompanied by the loss of the front teeth shown in our case are the
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classic changes seen in leprosy referred to as facies leprosa (Meoller-
Christensen, 1967; Rogers and Waldron, 1989) but more appropriately in
palacopathology as rhinomaxillary syndrome (Andersen and Manchester,
1992, p.122). Furthermore the perforation of the hard palate is present.
This last change is strongly pathognomonic in leprosy diagnosis (Roberts
and Manchester, 2005; Nunzi and Likey, 2005). An initial examination of
the Martellona sample for M. leprae DNA in the Jerusalem laboratory

was unsuccessful (data not shown).

The pathological lesions detected on the child skeleton from
Martellona are similar to the adult specimens from Kovuklukaya
especially those of SK 20/1 and SK 24/1 (Erdal, 2004). However, there
are no pathognomonic lesions observed on the individual SK 9/1. Only
the occipital and frontal have reactive new bone formation on the
endocranial surfaces. Moller-Christensen (1961) referred to the lesions as
cribra cranii interna and regarded them as part of the same process
contributing to the orbital lesions, which were considered inflammatory
in origin. Reactive new bone on the endocranial surface of the skull is
commonly found on the occipital bone, outlining the cruciate eminence
(Lewis, 2004), while new bone on the original cortical surface expands
around meningeal vessels. Lewis (2004) suggests that the majority of
cases in the youngest age category (0—0.5 years) are probably non-
pathological in origin, and the result of rapid growth in that area. She
also concludes that the aetiology of these lesions should be referred to as
non-specific indicators of haemorrhage or infections (Lewis, 2004). The
presence of new bone formation on the endocranial surface in the SK 9/1
infant may be related to bacterial or viral infections, or non-infectious
conditions such as tumours and haemorrhage (Schultz, 2001; Roberts and

Manchester, 2005). There is no other pathognomonic lesion of leprosy
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found on SK 9/1. However, the bone scrapings from the inner surface of
the occipital of SK 9/1 were positive for M. leprae DNA using nested
PCR (fig. 10). This lesion on the internal surface of the occipital and
frontal bones of SK 9/1 may, therefore, be a non-specific indicator of

bacterial inflammation due to leprosy.

Discussion

Today the frequency of occurrence of leprosy in children is an important
epidemiological parameter for determining the rate of transmission of
disease (Burman et al., 2003). The source of infection is usually an
infectious case in the family, particularly for the pre-school age group.
According to Melson et al. (1982) 25-50% of children born into families
with multibacillary leprosy develop clinical signs of the disease before
the age of five years. In many cases, leprosy heals spontaneously but may
re-occur when the child is adult. Clinical features of leprosy in children
may sometimes be confusing. Sensory testing is difficult to perform and
slit-skin smears (SSS) are usually negative (Prasad, 1998).
Histopathology may be unrewarding in early tuberculoid and
indeterminate leprosy and there may be a marked disparity between the
clinical and histopathological features. It has been suggested that the
clinical spectrum of leprosy according the Ridley-Jopling scheme (Ridley
and Jopling, 1966), is incomplete in the 0—14 year age group since most
of the cases are indeterminate (1), tuberculoid (TT), borderline
tuberculoid (BT), or mid-borderline (BB) and very few are borderline
lepromatous (BL) or lepromatous (LL), especially in children under 5-6
years of age (Nunzi and Likey, 2005). Another variant present in children
is nodular leprosy (NL). NL is a benign clinical variant of the

paucibacillary leprosy that affects breastfeeding infants and children that
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remain in a highly infected environment (Fakhouri et al, 2003). The
lesions resolve with complete healing and NL has been considered a
manifestation of allergy and congenital immunity to M. leprae (Fakhouri

et al, 2003).

The bone changes on the Martellona sample indicate a well-developed
phase of leprosy. The M. leprae has clearly proceeded from the infected
mucosae to the cartilaginous tissue and finally to the bony tissue. Here it
has produced an intense osteoclastic activity with absence of any bony
repair. This clinical condition is normally only present today in untreated
cases. The introduction of multi-drug therapy is relatively recent (1982)
and in ancient times the disease carried out its natural course. This
situation allows evaluation of the effective development of the leprosy
and the physiological reaction of the human body and the cell mediated
immune response (CMI). In our first case the severity of the clinical
condition shows a high level of expression of the disease. The relation
between the nature and severity of the bony changes and the young age
suggest a quick and serious development of the disease (Schwarz and
McDonald, 2004). Today there are no literature or hospital reports on
children under 4-5 years with lepromatous leprosy that show such an
involvement of the bones, even in underdeveloped countries where the
medical control is difficult (WHO, 2011). Recent studies reveal
maximum incidence rates among children aged 10—14 years (Selvasekar
et al., 1999). Given the long incubation period, it can be inferred that
younger children are indeed at greater risk. Today childhood leprosy is
mostly seen in the age group of 4-14 years (Vara, 2006), although leprosy
has also been described in 91 infants (Brubaker et al., 1985). In the
Martellona case severe changes of the bones of the face are present. The

perforation of the hard palate and the destruction of the nasal bones have
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produced a visible deformity in the rhinomaxillary portion. This condition
displays an advanced phase of the disease, indicating a low cell mediated
immune reaction and high bacteriological load, typical of the

multibacillary form (Nunzi and Likey, 2005).

Leprosy in infancy has received little attention in palaeopathology in
recent years but has been described (Lewis, 2002). One reason of this is
that a significant proportion of the infected infants die of other causes. In
addition, the pathological changes are likely to be observed later in
childhood due to the length of the incubation period, giving difficulty in
diagnosing leprosy in infant specimens based solely on gross skeletal
morphology such as the rhinomaxillary syndrome. This is the probable
explanation for the absence of pathognomonic lesions of leprosy in the
Kovuklukaya specimen. Porous structures on the inner surface of the
skull are not themselves pathognomonic lesions of leprosy. However,
similar osseous lesions were found in the nasal cavities, hard palates,
alveolar process and the oral surfaces of the palatine process of the
maxillae, on three adult individual skeletons from the same site: two
males and one female. On SK 20/1 and SK 24/1, complete destruction
(disappearance) of the anterior nasal spines is observed. The narrowing of
the pre-maxillary area related to the infections on the anterior nasal spines
has occurred on these two individuals, plus symmetrical resorption and
smooth remodeling of the margins of the nasal apertures (rounding and
widening of the nasal aperture). On the border of the nasal aperture, the
inner surface of the frontal process of the maxillae and both oral and
nasal surfaces of the hard palates have active porosity resulting from
inflammation (Erdal, 2004). Most of the intranasal bones such as the
vomer and the concha nasalis inferior have been destroyed due to

infection while nasal apertures have enlarged and rounded, giving the
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appearance of a wide semi-empty cavity. In SK 20/1, the upper central
and lateral incisors have been lost before death due to an infection in the
pre-maxillary area. Therefore, lesions on facial skeletons of these two
individuals have the typical characteristics of rhinomaxillary syndrome.
Erosive lesions have developed near the palatine suture in the mid-portion
of the palate on the oral surface. A perforation about 8§ x13 mm in
diameter is present on the hard palate of SK 24/1. In addition, there is a
porous lesion on the hard palate of the individual registered as SK11/2

(Erdal, 2004).

On the same skeletons, periostitis has developed on the anterior surfaces
of the distal parts of the tibiae and fibulae. Infection is also present on the
metatarsals (SK 20/1). Partial paralysis of the foot bone may have
deformed the foot, and extra joint surfaces (palmar grooves) have
developed on the palmar and planter surfaces of fingers (Erdal, 2004).
These pathological changes on the anterior nasal spine, intranasal
structure, margins of the nasal aperture, hard palate, and metatarsal bones,
tibiae and fibulae observed on three skeletons discovered in Kovuklukaya
suggest that pathogens were present during the Byzantine era in the site.
Together with the pathognomonic changes typical of leprosy, aDNA
studies on Kovuklukaya individuals (Donoghue, 2008; Taylor and
Donoghue, 2011) have proved that M. leprae was present in the
settlement. It is well known that transmission of the organism from an
infected individual to another easily occurs via aerosols and that leprosy
affects family members (Nunzi and Massone, 2009). Therefore, the most
probable explanation for the palacopathological features in both the
Martellona and Kovuklukaya individuals, is that they were infected by a

member of their family via the respiratory route or skin contact.
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It has also been reported that the leprosy is present in utero, in infants
under one year of age, and therefore there is a haematogenous spread of
the infection (Lewis 2002). Pregnant woman with paucibacillary or
borderline leprosy have been shown to revert to multibacillary leprosy
after conception. Acid-fast bacilli have been shown in the placenta and
cord blood, suggesting that congenital leprosy can occur (Donoghue,
2008). It has also been suggested that M. leprae may be transmitted to the
foetus via sperm (Lewis 2002). The presence of M. leprae in breast milk
suggests a potential gastrointestinal route of infection (Lewis 2002).
Therefore, it is possible that both the Martellona and Kovuklukaya
individuals were infected in utero or during the early infantile period.
This could be an explanation for the severity of the changes in the
Martonella individual GM162, and the appearance of chronic

inflammation in the four—five months old infant from Kovuklukaya.

The failure to demonstrate M. leprae DNA in the Martellona case
may be due to several reasons, such as the small quantity of bony sample,
the absence or uneven distribution of M. /leprae DNA in the specimen, or
poor DNA preservation. However, an important factor is likely to be that
the disease is present in such an advanced phase. It is the early cases of
ancient leprosy with non-specific pathological changes that often
demonstrate good recovery of M. leprae DNA, such as the samples
examined by Donoghue et al. (2002) and our present second case from
Kovuklukaya. The destruction of the nasal bones and the perforation of
the hard palate in the Martellona specimen show the presence of leprosy
for a long period. In consideration of the young age of the subject, this
case of primary leprosy may have been congenital or contracted from an
infected mother or possibly another family member, immediately after the

birth. This could explain the advanced phase of disease (Schwarz and
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Mcdonald, 2004). An important observation is that today the studies on
leprosy sufferers in the absence of drug therapy show changes in the
rhinomaxillary skeletal region only after about 7—10 years from the likely
date of infection (Schwarz and Mcdonald, 2004). Therefore, this is the
most likely reason why today children under 14 years of age with leprosy

do not show significant changes in the facial bones (Prasad et al. 2004).

Another possibility for the early onset of pathology is that in the
past M. leprae was more aggressive than today. Monot et al. (2005), in a
phylogeographic study on leprosy, genotyped 175 strains of M. leprae
from 21 different geographic origins, but of 64 possible permutations
only four phylogenetic groups based on single nucleotide polymorphisms
(SNPs) occurred. A close relationship was established between the
geographical origin of the strain and its genotype, giving a first
impression of how leprosy may have disseminated around the globe as
humans migrated. The European phylogenetic group is SNP-type 3. This
shows five subtypes (I-M) in extant populations and a few well-preserved
samples of extinct strains from the first millennium CE were identified as
subtypes I, K, L and M (Monot et al., 2009). This demonstrates a
continuity of M. leprae type 3 and its subtypes during the last 2,000 years
in Europe. Parallel to this, Gomez-Valero et al. (2007) demonstrated in a
phylogenomic study that during the reductive evolution of M. leprae,
1537 of 2977 ancestral genes were lost, among which were 177
previously unknown pseudogenes. It is clear that a massive gene
inactivation took place relatively recently in the M.leprae lineage, leading
to the loss of hundreds of ancestral genes. A large proportion of the
pseudogene nucleotide content (~89%) remains in the genome, which
allows its characterization and dating. The position of the genes that were

lost in the presumed ancestral organism reveals that the process of
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function loss and degradation mainly took place through a gene-to-gene
inactivation process, followed by the gradual loss of DNA. The massive
genome reduction, through many nearly simultaneous pseudogenization
events, has led to a highly specialized pathogen (Gomez-Valero et al.,
2007) indicated by the presence of leprosy today in only humans and
some species of American armadillos. This work indicates that the type
and subtypes of leprosy are the same in the past as today. Indeed, the
adult female case of leprosy from Kovuklukaya was sub-genotyped and
found to be of type 3K, which is the same sub-genotype found in modern
Turkey and Iran (Monot et al 2009). Consequently, a possible different
and greater aggressiveness of the disease in the past is likely either
because of the low immunological status of the host individuals, or
because of an as-yet undetected bacteriological difference in ancient
compared with modern M. leprae. This last point could be a result of the
co-evolution of M.leprae with its human host, resulting in a less

aggressive infection over time (Gomez de Valero et al., 2007; Monot et

al., 2009).

The cases in this study have enriched the scanty
osteoarchaeological documentation of leprosy in childhood and infancy
during the Roman and Byzantine period, and contributed to reducing the
discrepancy between the historical and biological evidence. At this
moment the case of Martellona is the first case in Italy (and possibly in
the world) of a child under 5 years of age with a clear rhinomaxillary
syndrome. Other cases of children and adolescents with rhinomaxillary
syndrome have been reported in the literature, but not under 5 years. For
example, a skull of an 8-9 year old child of unknown provenance is held
in the skeletal collection at the University of Bradford (Lewis, 2002).
Brothwell (1958) reported a skull of a child aged between 14—16 years
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from Scarborough Castle with rhinomaxillary syndrome. Meoller—
Christensen (1961) revealed that three young children aged between 8-10
years from St. Jorgen’s Hospital in Nastved show changes typical of
rhinomaxillary syndrome. He also published (1978) evidence for
rhinomaxillary syndrome in 12 juveniles. Anderson (1996) described 11
cases of leprosy in sub adults from the later Medieval site of Sr. John
Timberhill in Norwich. Recently Kjellstrom (2010) described a case of
rhinomaxillary syndrome in a child of 11-12 years from Sigtuna
(Sweden). The case from Kovuklukaya displays no pathognomonic bone
changes for leprosy but the palaeopathology is consistent with a chronic
inflammatory response and specific PCR is positive for M. leprae DNA
(Donoghue et al., 2005b). We believe that this is the youngest individual
in the world known to have had leprosy in the past. In sum, this study
suggests that skeletal changes on young children must be analyzed in
detail and aDNA analysis should be applied on sub adult individuals,
especially those who have non-specific infectious lesions, who are in

populations with adult individuals with pathognomonic lesions of leprosy.

Conclusions.

The first case from 2"°-3" century CE Italy shows strong
palaeopathological evidence of advanced leprosy and is the first
recognized case of rhinomaxillary syndrome in a child under 5 years. The
lack of DNA confirmation is consistent with other findings that molecular
results are more likely in the early stages of disease. The second case,
from the 8"-9" century CE Byzantine Empire in modern day Turkey,
with the non-specific inflammatory changes and confirmation by aDNA

of M. leprae, is the youngest individual known in the world to have had
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leprosy in the past. Overall, the results of this study suggest that skeletal
changes on young children must be analyzed in detail and aDNA analysis
should be applied on sub adult individuals, especially on those who have
non-specific infectious lesions in populations with adult individuals who

have pathognomonic lesions of leprosy.
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Figure 2 — Geographic location of Kovlukukaya
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Figure 3 — GM162. Anterior nasal spine entirely resorbed. Alveolar
process of the maxilla with intense and complete erosive activity in the
anterior part and osteolysis in correspondence of the both central and

right lateral incisors
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Figure 4 — GM162. Lateral view of the skull

Copyright © 2012 John Wiley & Sons, Ltd.



Figure 5 — GM162. Palatal view. Subcircular perforation of the hard
palate
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Figure 6 — GM162. X-ray in frontal view.
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Figure 7- GM162. X-ray in palatal view. The black arrow shows the

perforation on the hard palate
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Figure 8 — SK9/1. Inner view of the occipital of the Kovuklukaya child
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Figure 9 — SK9/1. Details of the changes viewed from the cribrotic aspect
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Figure 10 — Gel electrophoresis demonstrating a 99-bp RLEP sequence
specific for M. leprae, from the specimen shown in figures 8 and 9 (lane
3), and from nasal scrapings of an adult male SK11/2 with typical
palaeopathology of multibacillary leprosy from the same archaeological
site (lane 4). Lanes 1, 2 and 5-8: other samples (negative); lane 9:
negative DNA extraction control; lane 10: negative PCR control; lane 11:

PhiX174Haelll molecular markers
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