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ABSTRACT: The main goal of this paper is to describe and discuss pathological
lesions observed in a Roman skeleton (between 2" and 3™ Century AD) from the north-
east region of the Iberian Peninsula (St Nicasi 18-24 site. Gava, Barcelona), which may
be compatible with treponematosis. Most of the skeleton, with the exception of the
neurocranium, was recovered. Only the left tibia was affected, whereas the rest of the
recovered skeletal remains were unaffected. Macroscopic examination revealed a male
individual between 25 and 30 years of age-at-death with a sabre-shaped left tibia. The
proximal half of the diaphysis was pitted and the bone overall enlarged. The surface of
the tibia showed occasional vascular impressions where, in some instances, small raised
plaques of new bone appeared to bridge over them, specifically in the most affected area
of the proximal half of the tibia. No destructive lesions were observed. Radiographic
examination, and gross inspection at the cross section of the tibia showed encroachment
into the medullary cavity of coarse cancellous bone and cancellization of the cortex. The
observed lesions indicate that the tibia was affected by a chronic infectious disease.
Differential diagnoses were considered and these included other infectious diseases,
fibrous dysplasia, Paget’s disease, chronic varicose ulcers affecting bone, and trauma,
with the conclusion that the disease affecting the tibia could have been treponematosis.

This could be significant in the history of the treponematoses being one of the oldest

examples of treponematosis in pre-Columbian Europe.
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INTRODUCTION

The treponematoses are a group of bacterial infections caused by spirochetes of
the genus Treponema which belongs to the family Spirochaetaceae, and the order
Spirochaetales (Arrizabalaga 1993). Clinically, four treponematoses are recognised: 1)
pinta, which is endemic in the tropical zones of America; 2) yaws, which is found in
almost all humid tropical areas; 3) endemic syphilis or bejel, which is found in the arid
zones of Eurasia; and 4) venereal syphilis, which may be congenital or acquired and is
found all around the world regardless of climate. All of them, with the exception of
pinta, can produce skeletal lesions, which correspond to the tertiary stage of the disease.

The origin and the geographical spread of the treponematoses has been the
subject of numerous controversial debates. The debate mainly focuses on the presence
and dating of skeletons with lesions consistent with venereal syphilis in the Old and
New Worlds. The Columbian hypothesis maintains that venereal syphilis originated in
America and was brought back to Europe by Christopher Columbus in AD 1493 when
he and his crew returned from his first voyage to the Americas (Williams et al., 1927;
Harrison, 1959; Dennie, 1962; Goff, 1967; Crosby, 1969). Other theories maintain that
it was already present in Europe before Columbus’ voyage to the New World in AD
1492. Specifically, the pre-Columbian hypothesis states that venereal syphilis was
present in Europe before 1493 but was unknown as it was not well differentiated
clinically from leprosy (Holcomb, 1930, 1934, 1935; Hackett, 1963, 1967; Cockburn,
1961; Kampmeier, 1984). The hypothesis between these two “extremes” postulates that
treponemal disease had long been present both in the Old and New World. According to
this last hypothesis, the four different forms of treponematosis originated from
Treponema pallidum which then adapted to different environments (Hudson, 1958;
1963, 1965, 1968). Due to the fact that insufficient data have been obtained through
documentary and ethnographic research to clarify the origin of this disease (Roberts,
1994), paleopathological research has become a useful tool in studying the origin of the
treponematoses, providing direct evidence of the disease in combination with the
environmental and social context of those affected. However, the debate continues.

The abundant skeletal evidence for the pre-Columbian presence of treponemal
disease in the New World argues for an American origin, whereas the Old World

evidence is scanty and sporadic. However, a number of medieval skeletons from



England and Turkey pre-dating 1492 show unambiguous skeletal lesions characteristic
of treponematosis, reflecting the presence of treponematosis in Europe in the pre-
Columbian period (Dawes and Magilton, 1980; Roberts, 1994; Stirland 1994; Mays et
al., 2003; Erdal, 2006). This paucity of evidence for pre-Columbian treponematosis in
the Old World may be a consequence of the difficulty of recognizing the characteristic
skeletal changes of treponematosis, which requires specialist training in paleopathology
(Roberts, 1994). It is argued that in the New World the number of researchers working
with formal training in paleopathology are relatively higher than in the Old World; this
means that more skeletal collections are examined by experienced researchers, a fact
which may influence the numbers of identified skeletons with treponematosis (Roberts,
1994). However, in recent years there have been improvements in training provision in
the Old World (e.g. see Roberts 2006).

Recently, with molecular studies thriving, research has focused on modern
Treponema pallidum genes to try to elucidate the origin and spread of the
treponematoses, but again data are controversial. The data obtained by Gray et al (2006)
indicate that sequences of Treponema pallidum subspecies pallidum appear to have too
much variation to support the hypothesis of the evolution of venereal syphilis within the
past 500 years. Contrary to this, observations made by Harper et al (2007) suggest that
venereal syphilis arose recently in human history (~ 500 years ago) from a New World
progenitor related to yaws. However, Mulligan et al (2008) point out that this last study
has limitations and argue that the phylogeny presented by Harper et al (2007) does not
show a significant structure. According to Mulligan et al (2008) phylogenetic and
network analysis presented by Harper and colleagues are contradictory in that the
phylogeny supposedly supports the evolution of pallidum from endemicum, but the
network is used to infer the origin of pallidum from New World pertenue strains. Part of
the problem may be the fact that the phylogeny does not show significant structure and,
when the tree is redrawn to show only branches with at least 50% bootstrap support, the
pertenue cluster disappears and all three subspecies, plus the simian isolate, branch off
the most basal branch simultaneously. This means that no evolutionary order can be
inferred (Mulligan et al 2008). Furthermore, ancient DNA analysis of skeletons with
evidence of treponematosis has been generally unsuccessful to date (e.g. see Bouwman

and Brown 2005, Von Hunnius et al. 2007), and therefore there does not at the current



time seem to be much progress in determining the origin and evolution of the
treponemal diseases through either modern or ancient molecular analysis. It is clear that
Treponema pallidum is a difficult and complex pathogen in all senses, genetically,
clinically and epidemiologically. Therefore, understanding the origin and evolution of
the treponematoses is difficult and a multidisciplinary approach is needed.

Thus, the main objective of this study is to describe and discuss a skeleton from
the Late Roman period in the north-eastern region of the Iberian Peninsula which

presents lesions suggestive of treponematosis.

MATERIAL AND METHODS

The skeleton derives from an archaeological site located at St. Nicasi 18-24, a
street in the centre of Gava city (Barcelona, Spain) (Figure 1). Archaeological
intervention was carried out as a rescue excavation by ArqueoCat SL at the end of 2005.
The skeleton was buried in a simple grave situated in the northern part of the site
beneath the remains of houses and three other burials (two in simple graves and the
third in a tile lined grave), all dated to the Roman period. The skeleton was radiocarbon
dated to between the 2" and 3™ Century AD, the date (see below) correlating with the
statigraphic sequence of the site and the dating of associated materials (Prida-Trujillo,
2007). The Roman houses and the other three burials were dated to between the 4™ — 5™

Centuries.

The skeleton’s sex was estimated using the morphology of the innominate
bones, the robustness of the skeleton and discriminant function analysis applied to
measurements of the long bones and the innominates (Ferembach et al., 1980; Rissech
and Malgosa, 1991, 1997; Aleman et al., 1997; Safont et al., 2000). Its age at death was
estimated by dental wear, the morphology of the auricular surface, the pubic symphysis
and the acetabulum (Lovejoy et al., 1985; Brothwell, 1987; Brooks and Suchey, 1990;
Rissech et al., 2006, 2007).

The distribution of any abnormal bone formation and destruction was recorded
macroscopically. Plain film radiography and computed tomography (CT) were applied

to both tibiae in the Radiological Unit of St. Pau Hospital in Barcelona. A complete



skeletal scan was also done of the whole skeleton using Multidetector Computed
Tomography (MDCT) in the Radiology Department of the Hospital Clinic in Barcelona.
In the conventional radiographic study, digital mode was used. The radiographs were
taken in two orthogonal projections, antero-posterior and medio-lateral, with Philips
Diagnost® medical radiological equipment, at 50 kilovolts (kV) and 15
milliampere/second (mAs) settings, with a focus-plate distance of 120 cm. Digital
radiological AGFA MultiSync LCD 18805X® equipment was used for processing,
adjusting the brightness and contrast of the image until maximum quality was achieved.
For the CT study of both tibias a Toshiba Asteion® equipment was used. The proximal
halves of both tibiae were scanned in 23 five mm thick slices at intervals of 5mm, with
an exposure time of 0.75s. Scans were done at 120 kV and 150 mAs via a bone filter
with a final window adjustment of WL= 1223 and WW= 2015. For the MDCT study of
the whole skeleton a Somatom® Siemens-64-slices equipment was used. The remains
were placed in normal anatomical position. First, a scan scout was taken of the remains
and then scan sequences of the whole body were carried out using helical acquisition.
The scans were done at 120kV, with a mAs which varied between 32 and 41. A bone
reconstruction algorithm and a wide window to accentuate the border of bony structures
were used. The collimation factor was 0.6 mm with a scan section of 3 mm, axial
reconstruction of 0.6 mm and multiplanar reconstruction of 2D and 3D of 2 mm. The
images were enhanced to their maximum on a Siemens Wizard® console using Siemens

Syngo® software. Surface rendering 3D images were obtained in different planes.

RESULTS: SKELETAL OBSERVATIONS AND DATING

Skeletal preservation, age and sex estimation. The skeletal remains were well
preserved, with 70% of the skeleton present (Figure 2) although they were slightly
fragmented. The bone surfaces had slight post-depositional erosion. All the epiphyses
were fused which indicated an adult individual. The morphology of the innominate
bones, the robustness of the skeleton and discriminant function analysis applied to
measurements of the long bones and innominate indicate that the individual was male.

The morphology of the auricular surface, the pubic symphysis and the acetabulum, and



dental wear and the lack of degenerative joint disease, would suggest that the individual
is between 25 and 30 years old.

Pathological lesions. Examination of the skeletal remains revealed that the left
tibia was sabre-shaped (Figure 3) and the diaphysis was thickened in its entire proximal
half (Figures 3 and 4), especially on its anterior aspect; this was due to bone deposition
on the anterior tibial crest, resulting in its sabre shape morphology. The external cortical
surface was irregularly thickened, with an enlarged appearance. Pitted areas and
vascular grooves were consistently present (Figure 5). In fact, all the surface of the tibia
showed occasional scattered, shallow grooves which appeared to represent impressions
of superficial blood vessels. In some instances small raised plaques of new bone
appeared to bridge over small vessels, specifically in the most affected area, the
proximal half of the tibia (Figure 5). Most deposits were well remodelled with the
exception of the small raised plaques of new bone. There were no destructive lesions.

A plain film radiograph shows a vertical medullary cavity (Figure 6). MDCT
analyses (Figure 7), and macroscopic examination of both post-depositional breaks
(Figure 8) and cross sections of both tibiae (Figure 9), showed encroachment into the
medullary cavity of coarse cancellous bone and cancellization of the cortex (the cortex
become like cancellous bone, increasing the area of cancellous bone and reducing the
thickness of the cortical area) along the whole of the proximal half of the left tibia. For
this reason, the medullary cavity of the left tibia was obliterated in its proximal half
(Figure 9) and reduced in diameter in its midshaft (Figure 8).

The left part of the maxilla and the entire mandible are the only remains of the
skull that were present. No other alterations that could be related to those found in the

tibia were observed in the rest of the skeleton.

Dating. A radiocarbon determination was carried out by Beta analytic Inc.
(Miami, USA) in 2007. The sample of the St Nicasi’s skeleton was processed according
to the methods outlined in Mook and Streurman (1983) and dated as described by
Beukens et al (1986). The result is a conventional radiocarbon age, corrected for
isotopic fractionation (Stuiver and Polach, 1977). Using the maximum intercept method
of Stuiver and Reimer (1986) and the calibration data of Stuiver et al. (1998), the date



calibrates to AD 121 — 264 (at 85% confidence; Beta-231225; 1810+40 BP). The
distribution of probability of the calibrated date is shown in Figure 10 (Stuiver and
Reimer, 1993).

Because a substantial marine component to the diet may affect radiocarbon dates
(Arneborg et al., 1999), carbon and nitrogen stable isotope levels were measured in
order to assess the presence of a marine component in the diet of this individual. These
levels were determined in 2008 by B.F. at the Max Planck Institute, Leipzig, Germany,
using methods described by Richards and Hedges (1999). The obtained value for o
was -18.66 and for 9N was 10.14. A 6"°C value of -18.66 is slightly less negative than
expected for a human population consuming C3 terrestrial foods, but the 8°N value
indicates a terrestrial rather than marine diet (Mays, 1998; Murray and Schoeninger,
1988). Thus, the lesser negative ratio of 8*>C may be caused by factors besides a marine
diet, such as the consumption of C4 plants such as millet which was cultivated in some
parts of eastern and southern Europe (Murray and Schoeninger, 1988, Schoeninger and
Moore 1992; Mays, 1998) as well as in the north-eastern region of the Iberian Peninsula
(Alonso, 2000).

DIFFERENTIAL DIAGNOSIS

The observed skeletal changes indicate that the individual probably suffered
from an infectious disease which caused chronic long term inflammation. Only the left
tibia is affected, while the rest of the preserved skeleton appears to be unaffected by
pathological lesions that can be linked to the infection. Differential diagnoses of
osteomyelitis, fungal infection, tuberculosis and treponematosis are considered as
possible causes of the tibial lesions. However other conditions should also be taken into
account, such as monostotic fibrous dysplasia, Paget’s disease, chronic varicose ulcers
and traumatically induced non-specific infections.

Fibrous dysplasia is a benign process, characterized by the faulty differentiation
of portions of the osteogenic mesenchyme where osteoblasts fail to undergo normal
maturation (Feldman, 1995). It was first described by Lichtenstein in 1938. Later, Jaffe
and Lichtenstein (1942) published on two different types of fibrous dysplasia:

polyostotic and monostotic. The widespread skeletal involvement permits the exclusion



of the polyostotic type in this study. Monostotic fibrous dysplasia most commonly
affects the femoral neck as well as the tibiae and ribs principally in the second decade of
the individual’s life. The lesions arise centrally in the bone, and are very rarely seen in
the joints in adults, being normally located in the metaphysis or diaphysis. The bone
lesions consist of islands of fibrous tissue that develop in the marrow space. From this
location the fibrous lesions enlarge, often at the expense of cortical bone, which will be
gradually replaced by fibrous tissue. Mineralization of this fibrous tissue takes place
without the initial participation of osteoblasts, which are active in the mineralization of
normal osteoid (Ortner, 2003). The weakened bony structure leads to mechanically
induced deformities with or without major pathological fractures. In the proximal femur
this can result in the formation of a so-called “shepherd's crook” deformity. There is
also sometimes focal thinning of the overlying cortex, called "scalloping from within™.
Radiographically, fibrous dysplasia may appear as purely lytic lesions, and it is
characterized by having a diffuse ground glass or hazy appearance due to the partial loss
of the normal trabecular pattern in the cancellous bone (Greenspan, 1996; Park, 1993;
Ortner, 2003). The absence of the characteristics described for monostotic fibrous

dysphasia in the described skeleton allows us to disregard this disease.

Paget’s disease is a chronic bone abnormality of unknown specific aetiology
characterized by a profound increase in both new bone and resorption which results in a
simultaneous mixture of lytic and sclerotic lesions, which can cause enlargement of the
bones; the tibia generally adopts a sabre-shaped morphology. It may affect a single
bone, several or many bones, but never the entire skeleton (Resnick and Niwayama,
1988; Ortner, 2003). Paget’s disease occurs more commonly in the older age groups (>
40 years), in males, and in populations of European descent, but it is rare in Africans
and Asians. The disease is not rare in a limited form, but severe multiosseous
involvement is uncommon. The lesions show the following distribution: sacrum, 57%;
spine 50%; femora, 46%; skull, 39%; sternum, 32%; pelvis, 30%; clavicle, 18%; tibia,
11%; ribs, 10%; and humerus, 6% (Ortner, 2003). These data indicate the great
predilection for the axial skeleton, which often is the only area involved. The femur and
tibia are the most common sites of involvement in the major long bones, and the

asymmetric distribution, thickened trabeculae and cortices, and enlargement of the



involved bone are all typical of Paget's disease (Ortner, 2003).

The cancellous bone at either ends of long bones is usually the initial area of for
the lytic process which then progresses towards the apposing ends with a V-shaped
leading edge, leaving dense bone in the sclerotic phase. The cortex becomes thickened
though the medullary cavity is retained. New bone is deposited causing antero-lateral
bowing of the femur and medio-lateral bowing of the tibia. Bowing, especially in the
weight-bearing bones, occurs mainly as an expression of the mechanical inferiority of
the abnormal bone formed. Fissure-like stress fractures (infractions) are common, and
the newly-formed bone is lamellar in character; it does not remodel in response to stress
and therefore does not have the strength of normal bone. Diagnosis of Paget’s disease is
made on typical radiological characteristics: a fibrous bony structure, the presence of a
“V” shape of demineralization,and focal radiodensity of the epiphyses (Resnick and
Niwayama, 1988; Claired and Dagorn, 1994; Mirra et al., 1995a, b; Aufderheide and
Rodriguez-Martin, 1998; Ortner, 2003). The absence of these characteristics in this
skeleton allows us to disregard Paget’s disease as the condition affecting the tibia.

In very advanced cases, chronic varicose veins leading to soft tissue ulcers can
leave very specific bone changes on the lower leg bones. Vascular impressions in the
periosteal new bone formed are usually apparent. These impressions are spiculated,
sharp-edged and sometimes have a pronounced mosaic shape (Resnick and Niwayama,
1988, Pinheiro et al., 2004). The absence of these characteristics here allows this

condition to be discarded.

As for specific infectious diseases, pyogenic osteomyelitis could be a possible
cause of the lesions observed. We should distinguish between (i) acute osteomyelitis,
where lysis is dominant or (ii) chronic osteomyelitis, where the formation of an
involucrum, sequestrum and cloacae predominate. However, none of these
characteristics can be observed in the individual here. With regard to secondary
osteomyelitis, caused by an infection, trauma or other condition, the observed lesions
could be a consequence of the penetration of microorganisms from the exterior through
a wound or from an open fracture. If this were the case here, there would be an
inflammatory reaction and the production of new well-remodelled bone distributed

irregularly and with a spiculated appearance. There may or may not be lacunae evident
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or evidence of cloacae with eventual sclerotic areas (Steinbock, 1976; Campillo, 2001).
The absence of these characteristics allows this condition to be discarded.

At this point, sclerosing osteomyelitis of Garré should also be considered. This
disease is confined normally to a single bone, but multiple areas of the bone can be
involved. Infants and children are affected more commonly. The usual location is the
tibia followed by the femur. No pus is formed and no acute phase occurs. The
predominant feature of this chronic condition is sclerotic and fusiform thickening of the
cortex of the affected bone (Aufderheide and Rodriguez-Martin, 1998; Resnick and
Niwayama, 1988). These characteristics are contrary to those observed here, where
there is encroachment into the medullary cavity of coarse cancellous bone tissue and
cancellization of the cortex. For this reason, this condition is dismissed.

The possibility of a fungal infection, such us sporotrichosis and cryptococcosis,
which may have been present in Europe in the Roman period, has also been considered.
However, lesions of fungal infections are lytic and not compatible with the lesions
observed in the studied skeleton. Furthermore, the lesions of sporotrichosis appear
mainly on the hands and feet (Ortner, 2003; Aufderheide and Rodriguez-Martin, 1998).

With regard to tuberculosis, although bone changes are seen on the skeleton,
they are rarely characterized by osteitis affecting the diaphysis of a long bone. Skeletal
alteration, usually in the spine, is produced by the dissemination of the bacteria
haematogenously or lymphatically, and the cancellous bone is affected rather than the
cortex and medullary cavity. The process in the long bones tends to remain localized
mostly to the metaphyseal and epiphyseal areas. In the rare case where the diaphysis is
affected, lesions on more than one bone, along with alteration to the articular surfaces,
are observed. The joints can also become involved through metaphyseal abscesses that
spread to the joint surfaces; this may develop into septic arthritis and even ankylosis.
The general pattern of involvement in bone and joint tuberculosis is characterized by
lysis and very little or any bone formation (Roberts and Buikstra 2003). Often the
involved bone also can show perifocal or general osteoporosis (Aufderheide and
Rodriguez-Martin, 1998; Ortner, 2003). Therefore, this disease can also be disregarded.

The treponematoses, in their widest sense, are infections that produce lesions
such as those described in the skeleton here studied. For example, in the cranium,

venereal syphilis can produce the characteristic diagnostic chronic lesions of caries
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sicca on the vault (central destruction surrounded by reactive bone formation that
creates the crater-like lesion). Unfortunately the neurocranium of the St Nicasi’s
individual was not recovered. In the post-cranial skeleton, the sabre shape of the tibia,
along with thickening of the bone caused by osteoperiostitis, the small raised plaques of
new bone bridging over minor blood vessels, the invasion of the medullary cavity by
trabecular bone and cancellization of the cortical bone, producing its reduction in
thickness, are typical characteristics of treponematosis_(Ortner, 2003). These changes,
along with the absence of cloacae, are typical of nongummatous lesions of treponemal
disease (Hackett, 1976; Steinbock, 1976; Ortner, 2003; Claired and Dagorn, 1994;
Aufderheide and Rodriguez-Martin, 1998).

The lesions produced by yaws, venereal syphilis and endemic syphilis are
similar. However, the causal agent of yaws, Treponema pallidum sub-species pertenue,
is adapted to humid tropical environments today and it is very unlikely that it was
present in Western Europe in the past. Consistent with this, there is no historical
evidence of this infection in the Iberian Peninsula. However, a migrant origin of the
individual from a tropical area could be argued, but the obtained 6*3C value of -18.66
from stable isotope analysis (see above) is low enough to disregard such a tropical
origin. Individuals from tropical regions have low 8**C values (-9 to -4) due to the great
consumption of C4 plants, and animals which eat C4 plants (Mays 1998). Therefore, it
would seem reasonable to eliminate a diagnosis of yaws in the skeleton presented here.

Venereal syphilis is caused by Treponema pallidum sub-species pallidum and,
depending on how it is contracted, it is either congenital or acquired. Venereal syphilis
is found all over the world today, regardless of climate; the differences in distribution
are mainly related to socio-cultural factors (Benenson, 1984) and it is more frequent in
urban than in rural areas (Aufderheide and Rodriguez-Martin, 1998). Congenital
syphilis is transmitted by haematogenous dissemination of the spirochetes from the
placenta to the fetus; the rate of congenital syphilis is about of 80% in the offspring of
infected mothers. Mortality is extraordinarily high, causing frequent miscarriages and
premature death in children, and those who survive usually present serious and
persistent health problems. For example, spirochetes can affect the development of the
teeth (Hutchinson’s incisors, Mulberry molars — see Hillson et al., 1998) and inhibit

normal development of bones (Aufderheide and Rodriguez-Martin, 1998). Therefore, a

12



diagnosis of congenital syphilis in this skeleton, is very unlikely because, apart from not
showing the typical morphological characteristics, the skeleton is that of an adult about
30 years old and it is unlikely that he would have survived for so long in the Roman
period. Acquired venereal syphilis is transmitted through sexual intercourse with an
infected person, although indirect transmission is possible through infected objects or
the non-sexual contact of exudates from open lesions (Aufderheide and Rodriguez-
Martin, 1998). Venereal syphilis mainly affects individuals between 15 and 30 years of
age and it is two or three times more frequent in males than in females (Aufderheide and
Rodriguez-Martin, 1998). According to these epidemiological data, the observations in
the skeleton under study here are consistent with acquired venereal syphilis.

With regard to endemic syphilis or bejel, there is documented evidence that it
was common before the medieval period (Willcox, 1972). It is localized in populations
where hygiene is poor and the climate is warm and dry. It is transmitted by contact with
infected objects such as drinking vessels, and it is currently seen in populations of the
developed world (Mehues, 1996). The characteristics of the causal microorganism
(Treponema pallidum sub-species endemicum) are very similar to venereal syphilis to
the extent that laboratory tests are very similar. However, endemic syphilis is generally
contracted in childhood (Willcox, 1972) and can affect skeletal growth. In endemic
syphilis and yaws, the latter of which is also contracted in childhood, affected tibiae
have an accelerated growth rate and, because they are “fixed” in two places to the
fibula, they develop anterior bowing (Steinbock, 1976). Venereal syphilis presents
“pseudobowing” due to the bone deposition on the anterior tibial crest (Jaffe, 1972;
Steinbock, 1976). In endemic syphilis both tibiae are affected, while in venereal
syphilis the involvement can be unilateral or bilateral (Wallace, 1919; Willard-Roberts,
1920; Thomason and Mayoral, 1940; Resnick and Niwayama, 1988; Hershkovitz et al.,
1994; Rothschild and Rothschild, 1995; Rothschild et al., 2000). Furthermore, in
venereal syphilis, when the tibia suffers severe remodeling causing its sabre shaped
morphology, the observed periosteal reaction is much less important than the
remodelling. At times the periosteal lesions are negligible such that the changes are not
visible to the naked eye. However in endemic syphilis, when there is severe remodeling
it is always related to extensive periosteal reaction which makes the pathological lesions
evident (Thomason and Mayoral, 1940; Rothschild and Rothschild, 1995; Zink et al.,

13



1994; Molto, 2005).

Therefore, we conclude that the pathological bone changes outlined in this
skeleton seem to represent treponemal disease and, although we are inclined to a
diagnosis of venereal syphilis, it is not possible to determine with any great certainty
that the evidence illustrates treponematosis, and even less venereal syphilis. It is
difficult to be certain because the individual has only one bone affected, the tibia,
although Hackett (1976) and Ostendorf-Smith (2006) argue that the shaft expansion of
the tibia (fusiform and/or thickening), the presence of periosteal plaques and sclerosing
periostitis in a tibia displaying a saber-shape morphology is indicative of
treponematosis; the tibia is also the most common site of skeletal involvement in the
treponematoses (Powell, 1988) but, until now, it has been the lesions of caries sicca on
the cranial vault that have been considered as diagnostic of venereal syphilis. For this

reason, a diagnosis of treponematosis must remain as a tentative suggestion.

DISCUSSION

Although the cranium is considered to be the most important area of the skeleton
for observing lesions that are diagnostic of venereal syphilis, the tibia is much more
frequently affected than the cranium. Specifically, in bejel the tibia is affected in 61% of
cases compared to only 4% in the cranium. In venereal syphilis the tibia is affected in
36% of cases and the cranium only in 14% (Ortner 2003). Perhaps, the reason that not
more skeletons with treponematosis have been diagnosed in the Old World is because of
many of them have only affected tibiae, and there is a reluctance to diagnose venereal
syphilis without observing the cranium. We are aware that diagnosing treponematosis
using the tibia is not a straightforward matter but that the difficulty mainly resides, as
pointed out by Roberts (1994), in the lack of experience in identifying such pathological
lesions, for many, until recently. Due to the importance of the tibia in this condition, this
bone should be taken into account, along with the methods described for its diagnosis
(Rothschild and Rothschild, 1995; Molto, 2005).

The observed lesions of the tibia in the skeleton from Gava, characterized by
encroachment into the medullary cavity of coarse cancellous bone, cancellization of the

cortex, thickening of the diaphysis, the presence of small raised plaques of new bone
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bridging over minor blood vessels, a sabre-shaped morphology and a predominance of
bone remodeling rather than periosteal reaction, are the typical characteristics of tibiae
affected by treponematosis (Hackett 1976). For this reason we believe that this skeleton
represents a possible example of treponematosis. Radiocarbon dating indicates that the
skeleton is firmly from a pre-Columbian date, between the 2" and 3" centuries AD.
This Roman male could add to a very small body of paleopathological data which
indicates that treponemal disease was present in Europe prior to Columbus’ voyages,
specifically in the north-east of the Iberian Peninsula.

In spite of the debate, based on paleopathological evidence, it seems clear that
treponematosis existed in both New (Baker and Armelagos, 1988; Dutour et al., 1994;
Powell and Cook, 2005) and Old Worlds before Columbus’ voyages (Dutour et al.
1994). There is evidence that in the Old World it existed before 1493 in Europe, Iraq,
the Pacific Islands and India (Brothwell, 1968, 2006; Baker and Armelagos, 1988;), the
oldest evidence dating back to the Iron Age and the Chalcolithic period in India (Rao et
al., 1996; Lukacs et al., 1986). In Europe, evidence dates to the Mediaeval and post-
Mediaeval periods, from the 12" century onwards (Roberts 1994; Stirland 1994;
Malgosa et al., 1996; Mays et al., 2003; Erdal 2006; Solérzano et al., 2004), except for
those skeletons excavated in France (Palfi et al., 1992; Blondiaux and Alduc le
Bagousse, 1994), Italy (Henneberg and Henneberg, 1994) and England (Simmonds et
al., 2008) which are dated earlier than the 4™ century AD and displayed lesions
indicative of congenital syphilis. The present study suggest that treponematosis was
possibly present in the 2" century AD in the Iberian Peninsula, suggesting that it is a
much older disease than has been previously believed, according to paleopathological
data.

This study could be very relevant to contact made between Spain and the
Americas in the 15" century AD. The presence of the St Nicasi’s individual in the
Iberian Peninsula would suggest that treponematosis had arrived in the Iberian
Peninsula and Western Europe at least during the Roman expansion from Italy, well
before Columbus’ voyages and before the Crusades in the Middle Ages, contrary to
some authors’ suggestions (Mays et al., 2003). This hypothesis becomes stronger when
skeletons with probable congenital syphilis from Italy (Henneberg and Henneberg,
1994), France (Palfi et al., 1992; Blondiaux and Alduc le Bagousse, 1994) and England
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(Simmonds et al., 2008), also dating to the late Roman Imperial period, are taken into
account. If treponematosis had arrived in the Iberian Peninsula during or before the
Roman expansion, it invalidates the Columbian hypothesis and points to a greater

antiquity of the disease.

CONCLUSION

The skeleton analyzed here potentially provides further evidence of pre-
Columbian treponematosis in Europe, specifically in the north-east of the Iberian
Peninsula. Radiocarbon dating provides a Roman date for the remains. This skeleton
could be important for its contribution to the history of treponemal disease, along with
those found previously in England, France and lItaly, indicating that treponematosis
existed in western Europe before the Crusades or the arrival of the Spanish in America.
These studies could illustrate that treponematosis in Europe did not occur recently in
human history (~ 500 years ago) from a New World progenitor related to yaws,
supporting the molecular data obtained by Gray et al., (2006), who found great
variability in the genetic sequences of Treponema pallidum subspecies pallidum whose
origin is inferred to be within the past 500 years. In fact, if treponematosis has existed in
India since the Iron Age, it is easier to think that the origin of the treponematoses in
Europe may have been in the eastern area of the Old World, as suggested by Mays
(2003),and not the New World.
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Figure 1. Map to show the location of the archaeological site of "St Nicasi 18-24"
located in the centre of Gava, Spain.

Figure 2. Representation of the surviving parts of the St Nicasi's skeleton.

Figure 3.Radiograph of both tibiae. The proximal half of the left tibia appears to be
enlarged and has a sabre shape.

Figure 4. Photograph showing the difference between the tibiae. The anterior surface
of the proximal diaphysis of the left tibia is enlarged due to deposition of subperiosteal
new bone.

Figure 5. Detail of new bone formation on medial surface of the left tibia of the St
Nicasi’s individual. Arrows show some of the small raised plaque bridges. They appear
to have spanned a small blood vessel whose course can be traced by a visible channel
above and to the right of the bony bridge.

Figure 6. Radiograph of the proximal half of the left tibia showing a vertical medullary
cavity.

Figure 7. Computed tomography image of both tibiae showing how the slices were
made (a). They were made at the same time and in the same anatomical position. The
images from b to f show some of the obtained slices as an example. In the right tibia,
soil can be observed in the medullary cavity, but in the left the cortical bone is observed
to be thinner than on the right, and there is a thickening of the cancellous bone which
has reduced and in some cases obliterated the medullary cavity. These images
correlate with figures 8 and 9.

Figure 8. Post-depositional break in the midshaft of the left tibia showing the increase
in cancellous bone and the reduction of the medullary cavirty.

Figure 9. Cross section obtained after sawing the right tibia (a) and the left tibia (b)
though the mid proximal half of the shaft. This shows the increase of cancellous bone
and obliteration of the medullary cavity in left tibia.

Figure 10. Probability distributions of dates from St Nicasi’'s individual. Distribution

represents relative probability that an event occurred at a particular time.
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