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Abstract

In the veterinary and anthropological literature, the pathology of nonhuman primates is
heavily focused on soft-tissue involvement and there is scant reference to nonhuman
primates in zoopalaeopathology, the study of ancient and historical diseases in animals.
We present the curated skeletal remains of a nonhuman primate present with osteolytic
lesions consistent with a pathological process. We evaluated the observed pathological
changes via an extensive macroscopic analysis of the skeleton, coupled with radiographic
images of the affected bones, and provide a differential diagnosis of the skeletal remains
using relevant clinical and zoopalacopathological data. Multiple osteolytic lesions of
varying sizes, as well as periosteal new bone, were present on several elements. The
lesions affected the skeleton bilaterally, asymmetrically and with no clear focus or pattern.
The skeletal lesions were differentially diagnosed as the result of either a metastatic
neoplastic disease or a chronic infection. This case provides a zoopalaeopathological
example for the study of skeletal lesions in nonhuman primates in anthropological and
archaeological collections, where contextual data may not be available.

Keywords Differential diagnosis - Infection - Metastatic - Neoplasia - Nonhuman primate -
Zoopalaecopathology
Introduction

Zoopalacopathology, a subfield of biological anthropology, is the study of ancient and
historical diseases in animals and it centres on examining the skeletal remains of
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animals for evidence of pathology. In general, the skeleton responds to external stimuli,
such as trauma or pathology, in one of two ways: either through osteoblastic or
osteolytic lesions. Osteoblastic lesions are characterized by new bone growth, normally
consisting of periosteal new bone, which is a form of immature woven bone that does
not lend to structural support (Ortner 2003; Waldron 2009). Osteolytic lesions are
created through the destruction and resorption of bone and appear as holes or pitting
(Ortner 2003; Waldron 2009). As a result of this limited skeletal response,
zoopaleopathologists rely on considering the appearance and distribution of the ob-
served skeletal lesions, most often via a combination of macroscopy and radiography,
to construct a differential diagnosis. Numerous pathological conditions can induce a
skeletal response. Some disease processes may present with pathognomonic char-
acteristics, such as eburnation in cases of osteoarthritis (Ortner 2003; Waldron
2009); however, other diseases may result in nonspecific skeletal changes, such
as osteomyelitis (Ortner 2003; Waldron 2009). Another factor that influences a
skeletal reaction is the severity and character of the pathological process. For
instance, an acute infection will be less likely than a chronic condition to result in
observable pathological lesions (Ortner 2003; Waldron 2009). Broad pathological
categories, such as infections, metabolic disorders, and neoplasms, have been
established in zoopalacopathology and these can be linked to a generalized etiology
in relation to factors such as age and diet. However, it is beyond the remit of
zoopaleopathology to comment on the “health” of an animal based solely on its
skeletal remains. “Health” is a broad term that encompasses an individual’s com-
plete physical, mental and social well-being (World Health Organization 2020).
Instead, zoopalaeopathology focuses on disease and disease processes by reporting
either its presence or absence, describing how the skeleton reacted to the disease,
and providing a differential diagnosis.

In zoopalaeopathology there is limited information regarding nonhuman primates.
Currently, Lovell’s (1990a) volume on illness and injury in great apes appears to be the
only in-depth research using skeletal material, but it is questionable if the findings from
this investigation can be applied across all nonhuman primates owing to differences in
immune response and biology (Barreiro ef al. 2010). The veterinary and anthropolog-
ical literature are also challenging from a zoopalaeopathological perspective as these
sources are concerned with living or recently deceased nonhuman primates (Abee et al.
2012). Thus, heavy focus is placed on soft-tissue analysis, especially histology and
blood screening, as well as observed associated symptoms. Both of these forms of
clinical evidence are not applicable in a zoopalacopathological context. Instead,
zoopalaeopathology must combine the veterinary and anthropological lines of enquiry
with human palaeopathology. We present the curated remains of a nonhuman primate,
OW.14, which exhibits numerous pathological lesions throughout the skeleton. The
skeleton is part of the Biological Anthropology Collection held in the Anthropology
Department at University College London, United Kingdom. The collection largely
comprises hominins and other primate fossil casts, nonhuman primate skeletons, and
film reels. The collection began in the early 20t century in the Anatomy Department
and was later transferred to the Anthropology Department in 1948. In 1983, the
collection was greatly expanded with the donation of John Napier’s personal
collection of primate skeletons and fossil casts (Aiello and Ellis 1985). According to
written records from the collections, OW.14 was acquired from London Zoo; however,
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when contacted, London Zoo had no records of any species being provided to John
Napier. Contextual information regarding the individual’s provenance, curation, or life
history were missing from the collection’s records. Our aim is to analyse the observable
skeletal lesions and construct a differential diagnosis for this nonhuman primate. This
exercise in zoopalaeopathology also serves as a methodological example for primatol-
ogists if they are presented with pathologically altered skeletal remains of a nonhuman
primate.

Methods

We evaluated the osteolytic lesions via a differential diagnosis, using a combi-
nation of palacopathological, veterinary, and anthropological enquiry. Our
primary evaluative framework for analyzing the observed pathological changes
was a comprehensive macroscopic analysis of the skeleton, coupled with a
radiographic examination of the affected bones. Our photographs were taken
with a Canon EOS 70D, with a 50 mm macro lens. We classified areas of
periosteal new bone using schemes developed by Edeiken ef al. (1966, 1981)
and Ragsdale er al. (1981).

Ethical Note

There were no ethical considerations, as the focus of this investigation consists entirely
of curated skeletal remains.

Data Availability All data generated or analyzed during this study are included in the
present report.

Results

The skeletal remains of OW.14 were recorded as a tantalus monkey (Chlorocebus
tantalus), based on macroscopic analysis of cranial and postcranial morphology. The
individual is an adult based on the complete fusion of the epiphyses and complete
dental eruption, although the exact age and sex could not be determined owing to a lack
of published age and sex estimation methods suitable for this species. Preservation of
the remains was very good and there was minimal postmortem damage to the surface of
the bones. The skeleton was almost complete, apart from the missing left arm and right
forearm (Fig. 1).

Multiple osteolytic lesions of varying size were present on several skeletal elements,
including the cranium, vertebrae, ribs, os coxae, and fore- and hind limbs. The lesions
were circular in shape and the mean diameter was 3 mm; some coalesced into larger
lesions, measuring 8—16 mm. Although little was known about the context and curation
of the remains, damage resulting from cleaning the remains may have exaggerated the
lesions, particularly among the smaller bones. However, the smooth edges on the
osteolytic lesions, cortical involvement and areas of periosteal new bone growth
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Fig. 1 A schematic diagram of the skeletal remains of OW.14, a tantalus monkey, from the Biological
Anthropology Collection at University College London, UK. Missing skeletal elements are presented in black.
Pathological lesion distribution is presented in gray.

indicated they were not solely the result of postmortem damage. In some cases,
periosteal new bone was present adjacent to the osteolytic lesions. In comparison to
the schemes for describing periosteal new bone growth (Edeiken ez al. 1966; Edeiken
1981; Ragsdale ef al. 1981), the lesions were most consistent with solid, continuous,
thin undulating periosteal new bone formation.

There was no clear focus or pattern in the locations of the lesions and skeletal
elements involved. Lesions were present on the axial skeleton and the limbs, without
notable differences between or within limbs, although this may have been obscured
because of the missing forelimb elements. The lesions affected the skeleton bilaterally
and asymmetrically. Since the lesions were destructive to the cortical bone, all of the
lesions were externally evident during the macroscopic analysis. Although there were
some minor differences in the appearance of the lesions, this was likely due to the
architecture of the bone, such as a long bone of the limbs versus a flat bone of the
cranium, as well as biological factors, such as blood flow.

In the axial skeleton, multiple small osteolytic foci were present on the cranium,
inferior to the orbital margin and on the inferior surface of the orbit (Fig. 2). On the
mandible, lesions were present on the right ramus and medial surface of the corpus near
the mandibular foramen. Lesions were also present on the majority of the vertebrae,
including the 2314 cervical, 1-7th and 9-10t thoracic, and all lumbar vertebrae. Similar
lesions were present on 8 of the right ribs and 11 of the left; these occurred on the rib
heads and the caudal surface of the mid-rib. Pathological lesions were also present on
the sternum, most prominently on the manubrium, where there was some new bone
growth; these lesions, which penetrated the cortex, reduced bone mass and made the
sternum susceptible to damage (Fig. 3). Further osteolytic lesions were present on the
os coxae, concentrated around the acetabulum and on the left and right wings of the
sacrum. Together, there was a greater amount of periosteal new bone growth on the os
coxae than other skeletal regions (Fig. 4). Smooth plaques of periosteal new bone

@ Springer



490 T. Siek et al.

Fig. 2 The cranium of OW.14, a tantalus monkey, from the Biological Anthropology Collection at University
College London, UK. Osteolytic lesions are clearly visible inferior to the orbital margin and on the interior
inferior surface of the orbit.

growth were present on the pubis and ilia. The majority of periosteal new bone
projected away from the surface of the bone in small spicules.

In the appendicular skeleton, osteolytic lesions were present on the lateral posterior
surface of the left clavicle and the right scapula along the inferior medial border of the
scapular wing. Radiographs of the humerus, ulna, and radius showed several large
osteolytic foci that had not yet penetrated the cortex; these foci were predominantly
located on the epiphyses and distal and proximal ends of the diaphyses (Fig. 5). On the
femora, osteolytic lesions were present on the right greater trochanter, the left lesser
trochanter, and on both the distal and proximal epiphyses. Adjacent to these lesions,
periosteal new bone growth was also present. The osteolytic foci on the femors were
small and circular in shape.

Discussion

The skeletal remains of OW.14 presented with multiple osteolytic lesions, as well as
some periosteal new bone formation. There are a number of etiological causes for such
lesions, including infection, neoplastic and metabolic disease, as well as trauma. A
metastatic neoplastic disease or a chronic infection may be the most likely etiology for
the observed skeletal lesions based on the differential diagnosis.

Fig. 3 The sternum of OW.14, a tantalus monkey, from the Biological Anthropology Collection at University
College London, UK, with visible osteolytic lesions permeating the cortex of the sternal body.
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Fig. 4 The left os coxae of OW.14, a tantalus monkey, from the Biological Anthropology Collection at
University College London, UK, with periosteal new bone growth.

Infection

There have been few reported cases of skeletal lesions in nonhuman primates due to
infection, possibly because of the character of nonhuman primate groups (Hirst and
Waldron 2019; Lovell 1990a, b; Lovell et al. 2000). Their transmission in
nonhuman primate groups is limited, as many infections are reliant on poor sanitation
or on large populations (Lovell 1990a, b; Lovell et al. 2000). Moreover, in the
veterinary and anthropological literature, cases of infection do not include reference
to skeletal lesions, and as a result, reliance must be placed on the human
palaeopathological literature.

Tuberculosis is one of the few infectious diseases that both (1) affect the skeleton
and (2) occur in nonhuman primates (Lignereux and Peters 1999; Parrott 2018). In
human skeletal remains, the disease most often affects the vertebral column,

Fig. 5 Radiographs of the left distal and right proximal humerus of OW.14, a tantalus monkey, from the
Biological Anthropology Collection at University College London, UK, displaying large osteolytic foci.
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particularly the bodies of the lumbar vertebrae, and results in osteolytic lesions without
new bone formation (Waldron 2009). Advanced cases are characterized by weakening
of the vertebral bodies, collapse, and ankylosis of the spine (Waldron 2009). Tubercu-
losis was once common in nonhuman primates, especially in the 1950s when large
numbers of monkeys, mainly macaques, were imported from India, but incidence
declined with the adoption of faster shipping and housing the animals in more hygienic
conditions (Simmons and Gibbons 2012). In nonhuman primates, the clinical presen-
tation of tuberculosis includes a decrease in locomotion, a propensity for the long bones
to bend or fracture, marked thickening of the maxilla and mandible, as well as kyphosis
of the lower thoracic and upper lumbar vertebrae (Pritzker and Kessler 1998; Woodard
and Montgomery 1979). However, specific osseous lesions resulting from tuberculosis
appear to be rare in nonhuman primates (Fox et al. 1974; Kennard 1941; Martin et al.
1968). For example, 73 of 246 autopsied monkeys had tuberculosis but only one
exhibited ankylosis with the collapse of the thoracic vertebra (Kennard 1941). In
another report, one of 100 macaques was diagnosed during life with tuberculosis. At
autopsy, the individual displayed a kyphosis of the lower thoracic spine, as well as
osteolysis and collapse of the 10th vertebrae; this was the only reported case that was
noted to have a small zone of periosteal new bone formation (Martin ef al. 1968). A
third report described the autopsy of a rhesus monkey that displayed the collapse and
complete destruction of the second lumbar vertebrae, resulting in a kyphosis of the
upper lumbar vertebrae (Fox ez al. 1974). OW.14 did have vertebral osteolytic lesions,
but there were no signs of kyphosis and the observed lesions were not limited to the
vertebrae, as noted in previous reports of tuberculosis in nonhuman primates (Fox et al.
1974; Kennard 1941; Martin et al. 1968). Periosteal new bone formation in relation to
tuberculosis in nonhuman primates has been reported only once in the clinical litera-
ture, for one individual, by Martin ef al. (1968), and thus it cannot be perceived as a
diagnostic factor, as this would be highly speculative.

Other infections that could be considered are melioidosis, salmonella, and
coccidioides, all of which are bacterial or fungal infections and are associated with
osteomyelitis principally affecting the vertebrac (Castleman et al. 1980; Fritz et al.
1986; Klumpp et al. 1986; Rosenberg et al. 1984; Simmons and Gibbons 2012). While
these infections have been previously reported among nonhuman primates, skeletal
involvement is rare. For instance, five cases of melioidosis was reported in three
separate outbreaks, but none of the individuals displayed evidence of skeletal lesions
(Kaufmann et al. 1970).

Neoplastic Disease

In humans, metastatic skeletal lesions from soft-tissue cancers can present as osteolytic,
osteoblastic, or a mix of the two (Waldron 2009). These lesions occur anywhere in the
skeleton, but occur mainly in the skull, pelvis, vertebrae, scapulae, and the proximal
femora (Coleman 2006). Metastases vary in their pattern and this is influenced by
molecular and cellular biological characteristics of the tumor cells, as well as the tissues
to which they travel; other factors affecting metastatic spread include vascular path-
ways, blood flow, and capillary structure (Coleman 2001). OW.14 exhibits osteolytic
lesions in the axial skeleton, similar to metastasis. These lesions are accompanied by
sporadic periosteal new bone formation and are asymmetrically distributed throughout
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the skeleton. While metastasis appears a possible option of the differential diagnosis,
there is no contextual information for OW.14 during its life, and so nothing can be said
about possible primary soft-tissue cancer sites. There is also scant information in the
anthropological and zoopalacopatholological literature regarding the manifestation of
metastatic lesions in nonhuman primate skeletons. A pituitary carcinoma eroded the
base of the skull in a baboon and a gibbon, diagnosed with adenocarcinoma of the
pancreas, exhibited hypertrophic osteoarthropathy as a secondary complication of the
neoplasm (Goodhart 1885; Ryder-Davies and Hime 1972). In the veterinary literature,
the most frequent malignancies in all monkey species are lymphoma, leukemia, and
cancers of the digestive tract (Lapin and Yakovleva 2014). Moreover, while gastroin-
testinal tumors are more frequent in macaques, this type of cancer is infrequent and
usually benign among other Old World monkeys, such as the tantalus monkey
(Valverde et al. 2000).

Metabolic Disease

Metabolic diseases have been reported among nonhuman primates and they can present
with skeletal involvement (Morgan and Eisele 1992; Nerlich et al. 1993). One such
metabolic disorder, primary hyperparathyroidism, is due to a tumor on the parathyroid
gland, while secondary hyperparathyroidism is associated with renal or nutritional
disease processes, such as a deficiency in vitamin D, calcium, or phosphorus (Liu
2002; Waldron 2009). The parathyroid gland produces parathyroid hormone, which
stimulates osteoclasts to resorb bone and results in radiographic, cystic endocortical
erosive lesions, as well as deformities in the long bones, face, and mandible (Liu 2002;
Pritzker and Kessler 2012; Waldron 2009). Although osteolytic lesions are observed in
OW.14, there is no deformation of the long bones; in addition, the presence of
periosteal new bone is not consistent with previously reported palaeopathological
lesions associated with hyperparathyroidism (Mays et al. 2001, 2007).

Trauma

Among nonhuman primates, trauma-related injuries are common, due to either acci-
dental or nonaccidental injury, and periosteal new bone may form during healing
(Jurmain 1997; Terio et al. 2011). In such cases, however, fracture lines would be
observable on the bone, either macroscopically or on a radiograph, and no such lines
are present on OW.14. In addition, the widely distributed nature of the lesions is
inconsistent even with multiple trauma events. These observations are sufficient to
discard trauma as either a proximate or distant etiology for the lesions.

Conclusion

This case report considered the character and pattern of osteolytic lesions coupled with
periosteal new bone in the skeletal remains of OW.14, a tantalus monkey. However,
owing to missing contextual information regarding the individual’s life and the lack of
references regarding the zoopalaeopathology of nonhuman primates, it is not possible
to provide a specific diagnosis or to comment on the overall health status of the tantalus
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monkey. Instead, the differential diagnosis of the observed lesions considered infection,
neoplastic and metabolic disease, as well as trauma. A metastatic neoplastic disease or a
chronic infection may be the most likely etiology for the observed skeletal lesions.

As the anthropological and veterinary literature has been principally concerned with
soft tissue, this case provides comparative material to aid in diagnosing skeletal lesions
in nonhuman primates in anthropological and archaeological collections, where con-
textual data may not be available. This case also adds to the currently sparse
zoopalaeopathological literature regarding nonhuman primates, considering the etiolo-
gy and evolution of pathological processes. Finally, this case report also serves as a
methodological exercise in zoopalaeopathology for primatologists if they are presented
with pathologically altered skeletal remains of a nonhuman primate, either in captivity
or in the field.
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