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Resumo

BARBOSA, Fernando Henrique de Souza. Estudo paleopatoldgico em Xenarthra Folivora
(Mammalia) do Quaterndrio da Regido Intertropical Brasileira. Rio de Janeiro, 2017, 96 f.
Tese (Doutorado em Geologia) — Programa de Pds-graduacdo em Geologia, Instituto de

Geociéncias, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2017.

A Paleopatologia € a ciéncia que estuda as doengas em organismos do passado. Geralmente, o
estudo de doencas em organismos antigos € restrito a 0ssos e dentes devido as condi¢oes
preservacionais, as quais favorecem a preservacao de tecidos duros. Na paleontologia brasileira,
estudos paleopatoldgicos ainda sdo escassoz, apesar da enorme quantidade coletada de fosseis,
especialmente no Quaternario. Neste trabalho, foi realizado uma anélise paleopatoldgica em
nove especies de preguigas extintas (Xenarthra, Folivora) ocorrentes no Quaternario da Regiéo
Intertropical Brasileira (RIB), incluindo: Nothrotherium maquinense, Ahytherium aureum,
Australonyx aquae, Valgipes bucklandi, Catonyx cuvieri, Mylodonopsis ibseni, Glossotherium
sp., Ocnotherium giganteum e Eremotherium laurillardi. Os espécimes estudados foram
coletados em diferentes depdsitos fossiliferos — cavernas, abrigos e tanques naturais —
localizados nos estados do Piaui, Pernambuco, Bahia e Minas Gerais totalizando 4432 0ssos.
Foram diagnosticados seis tipos distintos de lesdes articulares (espondiloarthropatia, doenca de
deposicdo de pirosfosfato de calcio, osteoartrite, espondilose deformante, ndédulo de Schmorl e
osteocondrite dissecante), trauma, infeccdo inespecifica, infec¢do granulomatosa (tuberculose
e/ou brucelose) e lesdo tumoral 6ssea benigna. Ocnotherium giganteum foi a espécie que
apresentou 0 maior numero de lesdes identificadas e Australonyx aquae foi a Unica espécie que
ndo apresentou lesbes dsseas. Espondioartropatia e doenca de deposicéo de pirofosfato de célcio
foram as doencas mais comumente diagnosticas, sendo encontradas em cinco das oitos espécies

com alteracGes dOsseas.

Palavras-chave: Paleopatologia, Xenarthra, Quaternario, Regido Intertropical Brasileira
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Abstract

BARBOSA, Fernando Henrique de Souza. Estudo paleopatoldgico em Xenarthra Folivora
(Mammalia) do Pleistoceno Final da Regido Intertropical Brasileira. [Paleopathological
study in Xenarthra Folivora (Mammalia) from Quaternary of the Brazilian Intertropical
Region.] Rio de Janeiro, 2017, 96 f. Tese (Doutorado em Geologia) — Programa de Pds-
graduacdo em Geologia, Instituto de Geociéncias, Universidade Federal do Rio de Janeiro, Rio
de Janeiro, 2017.

Paleopathology is the science that deals with the study of diseases in ancient organisms.
Usually, the study of diseases in ancient organisms is restrict to bones and tooth due
preservation conditions, which favor hard tissues. In the Brazilian fossil record,
paleopathological studies have been rare, despite of large quantity of collected fossils, mainly
in the Quaternary. In this work, we carried out a paleopathological analysis in nine extinct
ground sloths species (Xenarthra, Folivora) from Quaternary of the Brazilian Intertropical
Region (RIB), including: Nothrotherium maquinense, Ahytherium aureum, Australonyx aquae,
Valgipes bucklandi, Catonyx cuvieri, Mylodonopsis ibseni, Glossotherium sp. Ocnotherium
giganteum and Eremotherium laurillardi. The specimens studied were collected in different
fossiliferous deposits — caves, shelter and natural tanks — located in the Piaui, Pernambuco,
Bahia and Minas Gerais states, corresponding to 4432 bones. We diagnosed six distinct types
of joint lesions (spondyloarthropathy, calcium pyrophosphate deposition disease, osteoarthritis,
spondylosis deformans, Schmorl’s node and osteochondritis dessecans), trauma, unspecific
infection, granulomatous infection (tuberculosis and/or brucellosis) and a benign bone tumor.
Ocnotherium giganteum was the species with the highest number of diagnosed diseases, while
Australonyx aquae was the only species without lesions. Spondyloarthropathy and CPPD were

the diseases most often observed.

Key-Words: Paleopathology, Xenarthra, Quaternary, Brazilian Intertropical Region
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1 INTRODUGCAO

1.1 Consideracdes gerais sobre a Paleopatologia

O estudo das evidéncias de doencas em organismos do passado € denominado de
paleopatologia (paleo = antigo; pathos = doenga, sofrimento; logos = estudo, tratado; Ruffer,
1914). Seu estudo pode ser realizado através de duas formas de abordagem bastante distintas:
uma conduzida pelo cientista médico e outra pelo paleontélogo/antropdlogo. Suas formas de
investigagdo e termos técnicos utilizados podem ser diferentes a ponto de se tornarem
mutualmente incompreensiveis em alguns casos (Rothschild & Martin, 2006). A forma de
investigacdo geral das doencas do passado pode ser realizada através do estudo de textos
médicos, por ilustracdes, artefatos e coproélitos (Waldron, 2009). No entanto, a inspecdo dos
restos fisicos (e.g. 6rgdos, tecidos moles, 0ssos e dentes) é a principal forma pela qual os
paleopatologistas realizam suas investigagdes (Waldron, 2009). Em se tratando especificamente
dos paleont6logos, o conjunto de dados para interpretac6es das lesdes é ainda mais restrito, uma
vez que, geralmente, apenas 0ssos e dentes sdo preservados e disponiveis para a interpretacdo

de diagnosticos.

A interpretacdo de dados na paleopatologia depende fundamentalmente de diagndsticos
realizados a partir de sinais de doencas aparentes em restos 0sseos e dentarios, ja que
normalmente tecidos moles, érgdos, células e fluidos corporais ndo sdo preservados (Ortner,
2003a). Dessa forma, muitas das técnicas comumente utilizadas em humanos e animais atuais
para a realizacdo de diagndsticos (e.g. histdria médica do paciente, testes bioquimicos, testes
citopatoldgicos) ndo sdo aplicaveis em estudos paleopatoldgicos, especialmente em fdsseis, 0
que torna o estudo, até certo ponto, limitado, uma vez que 0ssos e dentes apresentam uma

quantidade diminuta de enfermidades que podem acometé-los (Ortner, 2003a).

Em relacéo aos 0ssos, ndo apenas 0 numero de doencas passiveis de afeta-los é pequeno,
como também a maneira como eles respondem aos agentes agressores, manifestando-se através
de mudangas na formacéo, destruicdo, continuidade, densidade, tamanho e integridade (Ortner,
2003b; Rothschild & Martin, 2006). Tais modificacdes na morfologia normal dos 0ssos sdo
decorrentes de disturbios nas populacdes das células Osseas, osteoblastos, osteoclastos e

ostedcitos, ou de mudancas na taxa metabdlica dessas células (Schinz et al., 1951-1952). Além



da resposta restrita dos 0ssos aos processos patoldgicos, as modificacdes observaveis, podem
ser em muitos casos, similares entre diferentes doencas, o que torna ainda mais dificil atribuir

uma causa especifica a uma anormalidade 6ssea observada (Ortner, 2003b).

Outro problema relacionado ao estudo das enfermidades Gsseas € o fato das doencas que
causam a morte dos individuos se manifestarem, geralmente, de forma aguda (processos
patologicos de origem subita, com desenvolvimento rapido e durac¢do curta), ndo havendo
tempo suficiente para que 0s 0ssos sejam afetados. Assim, as doengas cronicas (processo
patoldgico caracterizado por evolucéo lenta e duracdo prolongada, ou por recorréncia frequente
por tempo indeterminado) tém maior probabilidade de deixar algum tipo de evidéncia. Por essa
razdo, em geral, é impossivel determinar a causa mortis a partir de analises puramente

osteopatoldgicas (Waldron, 2009).

Diante de tais dificuldades, a determinacao de um diagndstico preciso torna-se uma tarefa
dificil em andlises paleopatoldgicas, pois ndo é possivel obter detalhes sobre os principais sinais
e sintomas dos individuos. Além disso, a presenca de determinadas assinaturas tafonémicas
(i.e., alteragBes Osseas post-mortem) associadas, podem induzir a erros de interpretacdo,
especialmente tratando-se de lesGes erosivas (Waldron, 2009). Mesmo enfrentado um quadro
bastante dificultoso, diversos diagndsticos baseados apenas em alteracGes Osseas tém sido
realizados com grande precisdo (e.g. Rothschild & Martin, 2006) e confirmados através de
modernas analises de obtencdo de DNA e moléculas biomarcadoras preservadas em restos
6sseos (Rothschild et al., 2001; Klaus, et al., 2010; Lee et al., 2012).

1.1.1 As falsas alteracdes patoldgicas (Pseudopaleopatologia)

Tafonomia é a ciéncia que estuda o0s processos de preservacdo e como eles afetam as
informagdes no registro fossilifero (Behresmeyer & Kidwell, 1985). A preservagdo dos restos
organicos atraves dos processos de fossilizacéo é caracterizada pela atuagcdo de um conjunto de
alteragOes fisicas (e.g. intemperismo fisico, abraséo, quebras) e quimicas (e.g. intemperismo
quimico, corrosdo) sobre esses restos (Donovan, 2002). Quando feicdes tafonémicas
mimetizam alterac6es patologicas recebem a denominacao de pseudolesdes, sendo seu estudo
denominado pseudopaleopatologia. As falsas lesdes podem resultar de duas condicGes bésicas:
0 ambiente de sedimentacdo e os problemas durante e/ou apos a escavacao (Aufderheide &

Rodriguez-Martin, 1998; Schultz, 2003). Vérias condi¢des podem afetar os 0ssos produzindo



pseudolesdes, incluindo larvas de insetos, acdo de roedores, raizes de plantas, acdo fungica,
variagbes microambientais no pH do solo, agua, pressdo e temperatura (Ortner, 2003b).
Portanto, o primeiro passo na identificagdo de verdadeiras enfermidades nos fosseis é a correta
diferenciacdo entre alteraces 6sseas anormais post-mortem (danos 6sseos preservacionais) e

alteracdes 0sseas anormais ante-mortem (condicGes ocorridas em vida).

Poucos sdo os estudos que buscam diferenciar feicdes ante-mortem e postmortem. Ortner
(2003b) propds dois critérios de separacdo dessas feicdes: a) verdadeiros processos destrutivos
tendem a apresentar bordas suaves ou arredondadas, enquanto alteracGes post-mortem exibem
bordas agudas, irregulares e denteadas; b) a maioria das lesdes destrutivas ante-mortem
evidenciardo indicios de atividade osteoblastica em algum lugar da lesdo, sendo normalmente
expressa como arredondamento das bordas destruidas ou proliferacdo de 0sso reativo nas bordas
dalesdo. Waldron (2009) também apresentou critérios de diferenciacéo sugerindo que lise dssea
cortical, bordas erodidas, trabéculas expostas, cristas afiadas ou boleadas e assoalho escavado
sdo os principais aspectos diagndsticos de verdadeiras lesGes. Além disso, Waldron (2009)
afirma que qualquer orificio em que o cortex esteja intacto ndo pode ser considerado como uma
erosdo patoldgica e afirma também, que danos post-mortem apresentardo, normalmente,
coloracdo distinta do cortex danificado, sendo mais claro que o resto do 0sso. Em exames de
raios-X, erosdes patoldgicas frequentemente deixaram margens escleréticas, mostrando que
alguma reacdo de remodelagem ocorrera durante a vida. Outro estudo que buscou diferenciar
verdadeiras lesdes de feicdes tafondmicas foi realizado por Mello (1999). Esse autor apresenta
uma extensa lista de critérios avalidveis, porém considera que resposta/reacao 0ssea € o critério
béasico na identificacdo de verdadeiras fei¢des paleopatoldgicas. A Figura 1 ilustra alguns dos

critérios acima mencionados pelos referidos autores.
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Figura 2 — Esquema de alteracBes 6sseas com e sem relacdo com processos patolégicos. (A) Exemplos de tipos
distintas de fraturas sem evidéncias de regeneracdo 6ssea; e (B) Esquema basico de cicatrizacdo de uma
verdadeira alteracdo patoldgica.

1.1.2 A anélise patoldgica propriamente dita

Apos identificar uma verdadeira alteragdo 0Ossea, € necessério entdo, reconstruir, na
medida do possivel, o processo patoldgico que resultou na provavel causa da anormalidade.
Fundamentalmente, ha quatro abordagens relevantes para esse fim: analise macroscopica do
esqueleto em si; inspecdo radioldgica; anélises 6sseas por microscopia; e 0s estudos quimicos
(Ortner, 2003b). Microscopia e analises quimicas ainda séo tecnicas pouco utilizadas em
investigacOes paleopatoldgicas, devido a sua natureza essencialmente destrutiva. Entretanto,
alguns pesquisadores tém feito uso de tais técnicas com bastante sucesso (e.g. Salo et al., 1994;
Rothschild et al., 2001; Donoghue et al., 2005; Lee et al., 2012; Barbosa et al., 2016).

A inspecdo macroscopica e as técnicas de radiologia (e.g. raios-X, Tomografia

Computadorizada) sdo os principais metodos utilizados em estudos de doencas 0sseas em



fosseis. O diagnostico de doencas através de inspe¢do macroscopica ou morfologica € também
designado Patologia Morfoldgica, sendo sua base a anatomia macroscépica normal de cada
organismo (Faria, 2003). Nessa primeira abordagem utiliza-se a visdo como meio de
investigacao, através da qual identifica-se a localizacdo, o aspecto, a extensao e a forma de

determinados processos patoldgicos, além da existéncia de formac6es andmalas (Faria, 2003).

Em muitos casos, a analise anatomopatoldgica ndo é suficiente para uma interpretacdo
diagndstica precisa, fazendo-se uso de técnicas radioldgicas para uma melhor identificagéo.
Assim, a radiologia ajuda na investigacdo de processos patologicos 0sseos internos nao
detectaveis pelo olho humano (e.g. alteracdes de densidade, extensdo interna de processos
infecciosos). Dentre as técnicas de obtencdo de imagem por radiologia em paleontologia
destacam-se a analise de raio-X convencional e a tomografia computadorizada (TC). A anéalise
de raios-X é extremamente vantajosa, devido ao seu facil acesso (hospitais universitarios e
clinicas particulares) e baixo custo. Todavia, seu uso € limitado a obtencdo de uma unica
imagem unidirecional a cada processo de aquisi¢do, geralmente na posi¢do anteroposterior e
lateral. A tomografia computadorizada, por sua vez, € de acesso mais restrito devido ao seu alto
custo. Entretanto, o processo de aquisicdo de imagem pelos equipamentos de TC €
significativamente mais acurada em relacdo as imagens obtidas por raios-X, ja que uma série
de reformatagdes é possivel apds aquisicdo volumétrica utilizando equipamento helicoidal
(Bushong, 2004). Dessa forma, é possivel uma reconstrucdo digital do espécime analisado.

Nem sempre os paleopatologistas sdo capazes de ler e interpretar as imagens geradas por
técnicas radioldgicas. Por outro lado, profissionais da radiologia ndo sdo familiarizados com os
processos pelos quais um organismo é submetido durante sua fossilizagdo. Assim, torna-se
essencial que haja cooperacao entre profissionais dessas distintas areas (interdisciplinaridade)
para que as interpretacfes dos dados obtidos sejam realizadas de modo a minimizar possiveis
erros de diagnéstico. E importante salientar que antes de tentar atribuir uma causa especifica a
um determinado conjunto de alteragdes 0sseas, € necessario realizar descri¢fes cuidadosas e
precisas (tanto descrigdes anatomopatologicas quanto radiologicas), porque mesmo com erros
de interpretacdo, tais procedimentos sdo atemporais, permitindo assim, que outros
pesquisadores possam analisar e chegar a suas proprias conclusdes, corroborando as analises

prévias ou propondo conclusdes alternativas (Ortner, 2003b).



1.1.3 Importéncia e aplicabilidade da Paleopatologia

E importante considerar que as marcas deixadas pelas enfermidades nos fdsseis foram
geradas dentro de um contexto ecoldgico onde se inseriam 0s animais, e podem estar
diretamente ligadas as caracteristicas ecoldgicas particulares da espécie (autoecologia; e.g.
artrites) ou as suas relacées troficas com os demais componentes do ecossistema (sinecologia;
e.g. infec¢des). Em um estudo de frequéncia e distribuicéo de lesdes trauméaticas em Smilodon
fatalis (Carnivora, Felidae) e Canis dirus (Carnivora, Canidae) foi possivel observar a relacdo
direta entre a frequéncia/distribuicdo das lesbes dsseas diagnosticadas e a estratégia de caca de
cada espécie (emboscada versus perseguicdo; Brown et al., 2017). Ainda é possivel citar
alteracbes provocadas por patégenos, como bactérias, virus e fungos (integrantes do
ecossistema ou exaticos), ou pela relacdo presa-predador, disputas por territério ou por
parceiros sexuais (Braunn, 2004). Assim, identificacdes e descri¢cbes precisas de feicOes
paleopatoldgicas podem constituir uma atil ferramenta para formular hipoteses paleoecoldgicas
ou testar hipdteses prévias baseadas em outras classes de evidéncia. Além dos fatores bidticos,
mudancas em parametros ambientais podem levar a distdrbios sistémicos capazes de produzir
feicOes paleopatologicas. Melo (2007), por exemplo, interpretou a presenca de hipoplasia de
esmalte em dentes de Toxodon (Mammalia, Notoungulata) como sendo decorrente de caréncia
nutricional, o que seria compativel com as mudancas climaticas hipotetizadas para o

Pleistoceno Final do Brasil.

O estudo de enfermidades no registro fossilifero pode ainda proporcionar evidéncias
relevantes para o entendimento das causas que levaram a extingdo de organismos pretéritos.
Ferigolo (1999), por exemplo, sugeriu que infec¢des geradas pela introducdo de patdgenos
trazidos por mamiferos norte-americanos teriam sido a forga motriz causadora da extin¢do da
megafauna sul-americana. A constatacao de agentes infecciosos ou das lesGes deixadas por eles
nos fosseis auxiliaria na avaliagdo dessa hipotese. Além disso, a paleopatologia pode contribuir
para o entendimento de multiplos aspectos paleobioldgicos dos individuos, tais como: idade
relativa do momento da morte, comportamento geral, problemas nutricionais e metabélicos e
caracteristicas morfofuncionais, além de auxiliar na melhor compreensdo de aspectos
evolutivos, na histdria das doengas em geral e como uma ferramenta importante para evitar
erros em taxonomia (Ferigolo, 2007). Finalmente, estudos paleopatoldgicos séo importantes na
interpretacdo da historia tafonémica de acumulacdes fossiliferas, pois a diferenciacdo entre

feicdes bioestratindbmicas/diagenéticas e paleopatoldgicas nem sempre € evidente,



especialmente tratando-se de lesdes com caracteristicas erosivas, onde desgastes provenientes
de alguma doenca (e.g. espondiloartropatias, osteomielites, neoplasias, traumas) podem ser

confundidos com diversas fei¢Ges tafondmicas (e.g. intemperismo, abrasdo, corrosao, quebras).

1.2 O clado Xenarthra Cope, 1889

Xenarthra constitui um notavel grupo de mamiferos endémicos da Regido Neotropical —
exceto por uma espécie (Wetzel, 1985) — os quais alcancaram sua maior diversidade em
florestas e savanas intertropicais, possivelmente em decorréncia de sua homeotermia distinta
(Scillato-Yané, 1986). O registro mais antigo desta data do final do Paleoceno — representado
por osteodermos de Riostegotherium yanei Oliveira & Bergqvist, 1998 — e tornaram-se um dos
mais importantes fosseis da América do Sul (Bergquvist et al., 2004). O registro fossilifero
possui mais de 150 géneros de xenartros conhecidos, a maioria dos quais derivam de duas
radiacdes evolutivas de mamiferos terrestres de grande e pequeno porte, ocorridas durante o
Cenozoico que se propagaram por toda a América: as preguicas terricolas e os gliptodontoides
(McKenna & Bell, 1997). Atualmente, o clado é composto por 31 espécies, agrupadas em 14
géneros, incluindo as formas com exoesqueleto (tatus), as formas completamente desprovidas
de dentes (tamanduds) e as pequenas preguicas arboricolas (Vizcaino, 1995; McKenna & Bell,
1997), os quais sdo extremamente distintos tanto morfologicamente quanto ecologicamente
(Gaudin & Croft, 2015). Todos os grupos conhecidos, fésseis e recentes, sdo distribuidos em
trés ordens, a saber: Cingulata, Vermilingua e Folivora (= Tardigrada) (Figura 2; Engelmann,
1985).
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Figura 3 — Cladograma representativo das relagdes filogenéticas entre as trés sub-ordens de Xenarthra (adaptado
de Gaudin, 2003).

Os membros que compBe o clado Xenarthra tém sido tradicionalmente agrupados de
acordo com sua distribuicdo biogeogréafica restrita e por um conjunto de caracteristicas
morfoldgicas peculiares (Gaudin, 2003). Entre essas caracteristicas, destaca-se a forma de
articulacdo das suas vértebras dorsais e lombares, as quais, além das articulagcbes normais
(disco-intervertebrais, costo-vertebrais e zigapofises), possuem articulacbes adicionais,
denominadas de xenartria (anapofise; Figura 3), e uma forte reducdo dentaria, exceto 0s
tamanduds, que sdo completamente desprovidos de dentes (Paula-Couto, 1979; Engelmann,
1985). Os dentes, quando presentes, sdo geralmente prismaticos ou cilindricos (exceto
gliptodontes e pampatérios, que apresentam dentes trilobados e bilobados, respectivamente),
sem esmalte (exceto Utaetus e Astegotherium, tatus extintos do Eoceno, além de fetos e recém-
nascidos do tatu moderno Dasypus novemcinctus), homodontes e considerados como
molariformes, mesmo quando ocupando a posi¢cdo dos incisivos e/ou caninos, ou Sseja,
monofiodontes (Paula-Couto, 1979). Além da xenartria e das caracteristicas dentarias, outras
importantes fei¢des morfoldgicas caracterizam o grupo, tais como: sinsacro, formado pela fuséo
do isquio e do sacro e fenestra sacroisquiatica, metapofises vertebrais, fusdo dos processos
transversos das vértebras caudais ao isquio, temperatura corporal relativamente mais baixa e
presenca de osteodermos e ossiculos dérmicos em algumas espécies (Paula-Couto, 1979;
Engelmann, 1985).
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Figura 4 — Décima sétima vértebra toracica, primeira e segunda vértebras lombares de Thalassocnus nathans em
vista lateral, evidenciando a xenartria. Escala = 10 cm. (modificado de Amson et al., 2015).

A posicao filogenética de Xenarthra dentro de Placentalia tem sido objeto de intensos
debates. Isso ocorre em virtude da auséncia de homologias dentérias identificaveis que
permitam uma melhor ligacéo entre xenartros e os outros mamiferos atuais e extintos, além da
retencdo de tracos estranhamente basais (Gaudin & Croft, 2015). Em decorréncia dessas
dificuldades, Thomas (1887) chegou a sugerir que xenartros, marsupiais e placentarios
poderiam representar trés irradiagdes evolutivas independentes. Por outro lado, McKenna
(1985) considerou Xenarthra como grupo-irmado de todos os outros mamiferos inclusos em
Placentalia, denominando-o de Epitheria. Atualmente, Xenarthra tem sido considerado um dos
quatro principais clados de Placentalia (a0 lado de Afrotheria, Euarchontoglires e
Laurasiatheria), sendo possivelmente o ramo mais basal. No entanto, as relacdes entre esses

quatro principais clados ainda permanece bastante controversa (Gaudin & Croft, 2015).



1.2.1 O sub-clado Folivora Delsuc, Catzeflis, Stanhope& Douzery, 2001

E o grupo que inclui todas as preguicas atuais e extintas. Atualmente, contém mais de 80
géneros descritos, agrupados em cinco familias: Megatheriidae, Megalonychidae,
Nothrotheriidae, Mylodontidae e Bradypodidae (Figura 4; Bargo & Vizcaino, 2008). Sua
origem ainda é objeto de intensos debates, mas parece datar, provavelmente, do inicio do
Paleoceno (Paula-Couto, 1979). A monofilia desse grupo é suportada por 60 caracteres,
incluindo 31 caracteres ndo ambiguos e 29 caracteres ambiguos, dos quais 10 caracteres —

feicOes cranianas e dentarias — sdo exclusivos das preguicas (ver Gaudin, 2004).

Megalonychidae a

Notrotheriidae l

Megatheriidae ‘

Mylodontidae a

Bradypus

>VO<—r-om

................................. Vermilingua

N N N N N NN N NN NS Cingula‘ta

Figura 5 — Cladograma resumido das relacGes filogenéticas entre as cinco familias de Folivora (adaptado de
Gaudin, 2003).

Durante o inicio do Mioceno, a frequéncia e diversidade de folivoras aumentaram
substancialmente, ocorrendo formas arboricolas facultativas de pequeno e medio porte
(Scilatto-Yané, 1986; McDonald & De lullis, 2008). Entretanto, foi apenas durante o
Pleistoceno (2,58 — 0,117 milhdes de anos) que as formas terricolas de grande e mega porte

(Megatheriidae e Mylodontidae) alcancaram sua maior diversidade (Bargo &Vizcaino, 2008).
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1.2.2 Preguicas fosseis da Regido Intertropical Brasileira

A Regido Intertropical Brasileira (RIB) compreende uma regido geografica do pais que
engloba dois importantes ecossistemas: caatinga e cerrado (Cartelle, 1999). Ela abrange 12
estados, incluindo oito da Regido Nordeste (Piaui, Ceara, Rio Grande do Norte, Paraiba,
Pernambuco, Alagoas, Sergipe e Bahia), trés da Regido Sudeste (Minas Gerais, Rio de Janeiro
e Espirito Santo) e um da Regido Centro-Oeste (Goias; Figura 5). O registro fossilifero
pleistocénico da RIB é dominado por mamiferos, especialmente preguicas (Folivora) e
cingulados (Cingulata). Nessa regido sdo conhecidas nove espécies de preguicas distribuidas
nas quatro familias que compde o grupo (Tabela 1). Esse grande nimero de preguicas
pleistocénicas compreende animais que variam de medio porte (10-100 kg), como
Nothrotherium maquinense, a megamamiferos (> 1000 kg), como Eremotherium laurillardi

(sensu Prevosti & Vizcaino, 2006).

\ \?/L o \ N
2 l\u’ ~ 7 ‘

.(L; Cerrado
/ ¥ 1) i
//J ) Caatinga
y Amazonia B
. ’ PB
" { PE
\ -
" G PN S ~ /L"*/K -
(¥ & ‘{’
( _ BRASIL \) \'\“\
s~IRIB L r
</ L
- b4 Pantanal Mata Atlantica

0 400 800 km
—

W

Pampa

Figura 6 — Mapa de localizacéo da Regido Intertropical Brasileira (RIB) evidenciando os biomas brasileiros
englobados pela regido. Siglas: AL = Alagoas; BA = Bahia; CE = Ceard; ES= Espirito Santo; GO = Goias;
Minas Gerais; PB = Paraiba; PE = Pernambuco; Pl = Piaui; RJ = Rio de Janeiro; e SE = Sergipe (sensu Cartelle,
1999).
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Tabela 1 — Lista de preguicas pleistocénicas da Regido Intertropical Brasileira (sensu Cartelle, 1999).

ORDEM FAMILIA ESPECIE

Megatheriidae Eremotherium laurillardi Lund, 1982
Nothrotheriidae Nothrotherium maquinense (Lund) Lydekker, 1889
Ahytherium aureum Cartelle, De lullis e Pujos, 2008
Megalonychidae
Australonyx aquae De lullis, Pujos e Cartelle, 2009
Folivora Valgipes bucklandi Lund, 1839
Catonyx cuvieri Lund, 1839
Mylodontidae Mylodonopsis ibseni Cartelle, 1991

Glossotherium sp. Winge, 1915

Ocnotherium giganteum Lund, 1839

A familia Nothrotheriidae foi estabelecida por Gaudin (2004) e durante o Pleistoceno da
América Sul foi representada apenas pela espécie Nothrotherium maquinense, considerada
terricola, além de ter sido a menor espécie de preguica conhecida para a época (Cartelle &
Fonseca, 1983). Outro aspecto interessante de N. maquinense € que a espécie representa um dos
primeiros achados fosseis realizados por Peter W. Lund — o pai da paleontologia brasileira — na

regido de Lagoa Santa, Minas Gerais (Cartelle & Bohérquez, 1986).

A familia Megatheriidae, por sua vez, é representada pelas espécies Megatherium
americanum e Eremotherium laurillardi (Cartelle & De lullis, 1995). Essa tltima tem sido a
mais comumente encontrada em depositos fossiliferos pleistocénicos do Brasil intertropical e é
considerada a Unica espécie Panamericana da familia (Cartelle et al., 2014). Eremotherium
laurillardi foi uma espécie quadripede — mas eventualmente podia assumir postura bipede
(Cartelle, 1992) — possuia massa corporal de aproximadamente 5 toneladas e cerca de 6 m de
comprimento (Cartelle, 2000). Sua dieta era baseada em gramineas e folhas, sendo considerada,

portanto, um mamifero pastador/ramoneador (Cartelle & De lullis, 1995; Cartelle, 2000).

A ocorréncia de megaloniquideos no Pleistoceno do Brasil, assim como em toda América

do Sul, ¢ bastante esparsa quando comparado a Ameérica do Norte e Antilhas (De lullis et al.,



2009). Atualmente, apenas duas espécies sdo conhecidas para o Pleistoceno brasileiro,
Ahytherium aureum e Australonyx aquae. Nenhuma das espécies era plantigrada, sendo sua
massa corporal suportada pela face lateral dos pés (De lullis et al., 2009). Australonyx aquae
difere, em linhas gerais, de Ahytherium aureum por ser mais robusta e atarracada, porém com

pés menores e mais graceis (De lullis et al., 2009).

Embora Eremotherium laurillardi seja a espécie mais frequentemente encontrada nos
depositos pleistocénicos brasileiros, a familia Mylodontidae representa o grupo mais diverso de
preguicas preservadas na RIB. Cinco taxons distribuidos em trés subfamilias sdo conhecidos
para a regido: Scelidotheriinae (Valgipes bucklandi e Catonyx cuvieri), Mylodontinae
(Mylodonops ibseni e Glossotherium sp.) e Lestodontinae (Ocnotherium giganteum).
Mylodonopsis ibseni foi uma preguiga intertropical brasileira, de tamanho aproximado a
Mylodon darwini (> 1000 kg), de ocorréncia austral, quadripede, provavelmente com apoio
dos pés sobre os calcaneos e os das maos sobre seu dorso, e possivel habito escavador (Cartelle,
1991). Glossotherium foi, possivelmente, uma espécie aloctone, oriunda da regido mais austral
da América do Sul e integrante ocasional da fauna da RIB (Cartelle, 1992), com massa corporea
de aproximadamente 1 tonelada (Farifia et al., 1998). Por fim, Ocnotherium giganteum foi uma
espécie de preguica intertropical, com massa corporal relativamente menor que Lestodon

armatus (Cartelle, 1992), a qual possuia aproximadamente 2 toneladas (Farifia et al., 1998).

1.3 Objetivos

Identificar e interpretar alteracfes 0sseas ante-mortem nas espécies de preguicas extintas
(Mammalia, Xenarthra, Folivora) do Pleistoceno médio — Holoceno inicial da Regido
Intertropical Brasileira (RIB; sensu Cartelle, 1999), através de inspe¢cdes macroscopicas de

fésseis recuperados de diferentes localidades representativas dessa regido.

1.4 Finalidade

Os tipos de lesdes Osseas que acometiam a fauna do Pleistoceno — Holoceno inicial do
Brasil sdo pobremente conhecidos, mesmo entre as preguicas fésseis — um dos grupos mais

frequentes e diversos encontrados nos depositos fossiliferos da regido. Desse modo, este
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trabalho tem como finalidade melhorar o conhecimento das doencas Gsseas — em alguns casos
apresentar as primeiras ocorréncias — nesse importante grupo de mamiferos extintos. Esta
primeira abordagem proporcionara, aléem de um relevante banco de dados, interpretacGes acerca

do significado da presenca das diferentes doencas observadas em amplo conjunto de espécies.

1.5 Méterial e métodos

1.5.1 Material

O material utilizado para a analise das leses 6sseas compde acervos de trés colecdes
paleontoldgicas: colecdo de Paleontologia do Museu de Ciéncias Naturais da Pontificia
Universidade Catdlica de Minas Gerais (PUC-MG), em Belo Horizonte, Minas Gerais; colecdo
de Paleontologia da Fundacdo Museu do Homem Americano (FUMDHAM), em Sdo Raimundo
Nonato, Piaui; e colecdo de Macrofdsseis do Departamento de Geologia da Universidade

Federal de Pernambuco em Recife, Pernambuco.

Os espécimes estudados aqui foram coletados em diferentes tipos de depdsitos fossiliferos
— cavernas, abrigos e tanques naturais — localizados nos estados do Piaui, Pernambuco, Bahia e
Minas Gerais. O material corresponde a 4432 0ss0s do cranio e pds-cranio, pertencentes a nove
tdxons de preguicas extintas do Quaternario da Regido Intertropical Brasileira, incluindo:
Nothrotherium maquinense, Ahytherium aureum, Australonyx aquae, Valgipes bucklandi,
Catonyx cuvieri, Mylodonopsis ibseni, Glossotherium sp., Ocnotherium gigantium e
Eremotherium laurillardi. O Quadro 1 lista a quantidade de espécimes estudados por taxon e

localidade.
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Quadro 1 — Material analisado de cada taxon por localidade. Siglas das localidades: FN = Tanque de Fazenda
Nova; GB = Gruta dos Brejdes; GT = Gruta do Tunel; GVST = Gruta Volta da Serra Trés; Ira = Iraquara; PA =
Poco Azul; TB = Toca da Barriguda; TBV = Toca da Boa Vista; TG = Toca do Garrincho; TIBA = Toca da
Janela da Barra do Antonido; TO = Toca dos Ossos; e TP = Toca do Pildo. Siglas das cole¢6es: DGEO-UFPE =
Departamento de Geologia da Universidade Federal de Pernambuco; FUMDHAM = Fundacéo Museu do
Homem Americano; e MCL = Museu de Ciéncias Naturais da Pontificia Universidade Catolica de Minas Gerais.

Familia Taxon Localidade | Depdsito | NUmero de espécimes Colecao
PA Caverna 630 MCL
Nothrotheriidae | Nothrotherium maquinense GB Caverna 570 MCL
TBV Caverna 610 MCL
] Ahytherium aureum PA Caverna 360 MCL
Megalonychidae
Australonyx aquae PA Caverna 61 MCL
PA Caverna 290 MCL
. . GVST Caverna 189 MCL
Valgipes bucklandi
Ira Caverna 47 MCL
B Caverna 84 MCL
PA Caverna 246 MCL
Ira Caverna 104 MCL
o TO Caverna 21 MCL
Catonyx cuvieri
TBV Caverna 34 MCL
Mylodontidae GT Abrigo 29 MCL
TG Abrigo 8 FUMDHAM
TG Abrigo 84 FUMDHAM
Scelidotheriinae .
) ) TP Abrigo 6 FUMDHAM
indeterminados
TIBA Abrigo 59 FUMDHAM
GB Caverna 123 MCL
Mylodonopsis ibseni
TO Caverna 17 MCL
Glossotherium sp. TO Caverna 154 MCL
Ocnotherium giganteum TO Caverna 307 MCL
FN Tanque 127 DGEO-UFPE
Megatheriidae Eremotherium laurillardi
PA Caverna 272 MCL

1.5.1.1 Area de Estudo

O material avaliado nessa tese foi recuperado de trés tipos distintos de depdsitos
fossiliferos — cavera, abrigo e tanque natural — provenientes da Regido Intertropical Brasileira.
A génese de tais depositos esta associada a diferentes unidades litoldgicas descritas

suncitamente abaixo.



- Formacéo Salitre

As cavernas Gruta dos Brejoes, Poco Azul, Iraquara, e Toca da Boa Vista tem suas
géneses associadas a Formagdo Salitre do Grupo Una, Bacia de Irecé. A Formagdo Salitre é a
unidade litoestratigréfica predominante da Bacia de Irecé, sendo composta por uma sucessdo
carbonatica neoproterozoica, com algumas intercalacdes terrigenas, registrando uma extensa
plataforma dominada por marés (Souza et al., 1993). As cavernas apresentadas aqui estdo
localizadas na porcdo centro-norte da bacia, a qual € composta por calcirruditos e,
subordinadamente, estromatdlitos fosfaticos e sedimentos siliciclasticos, arranjados em um

ciclo regressivo-transgressivo (Fragoso et al., 2008).

- Formacéo Sete Lagoas

A caverna Gruta Volta da Serra Trés foi formada sobre rochas carbonaticas
neoproterozoicas da Formacdo Sete Lagoas, Grupo Bambui da Bacia de Sdo Francisco. Esta
unidade é composta por dolominitos, calcarios e pelitos com estromatélitos bem preservados,
depositados na base do Grupo Bambui, sobre os diamictitos do Grupo Macaubas no Craton do
Séo Francisco (Vieira et al.,2007). A Formacao Sete Lagoas € subdividida em duas sequéncias
transgressivas: a primeira sequéncia esta diretamente sobre o embasamento cristalino,
correspondendo a carbonatos depositados sob influéncia de atividade microbina no inicio da
evolucdo da bacia, sendo posteriormente depositado por influéncia de tempestade e maré;
enguanto a segunda sequéncia transgressiva depositou, inicialmente, carbonatos e argilitos em
agua profunda e depois calcérios negros, ricos em matéria organica, em ambiente costeiro e de
rampa interna. Esses depoésitos deram lugar a expressivos estromatolitos, correspondo ao topo
da unidade (Vieira et al., 2007).

- Formacéao Caatinga

A caverna Toca dos Ossos tem sua génese associada as rochas da Formacéo Caatinga.
Esta unidade é composta por calcarios puros muito heterogéneos, ora macicos, ora
pulvurulentos, que raramente superam os 20 m de espessura, originados a partir da dissolucéo
e reprecipitacdo dos carbonatos neoproterozoicos do Grupo Una (Auler et al., 2003). A
Formagdo Caatinga é considerada um depdsito do tipo calcrete, formado a partir de rochas
carbonaticas pré-existentes sob clima arido e semi-arido (Suguio et al., 1980; Penha, 1994),
provavelmente de idade quaternéria, relacionada a ambientes continentais fluvial e lacustre
(Suguio et al., 1980).
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- Fazenda Nova

Tanques naturais sdo depressdes formadas em rochas do embasamento cristalino, as quais
podem ser preenchidas por sedimentos quaternarios, formando depdsitos fossiliferos
caracteristicos do nordeste do Brasil (Aratjo-Janior et al., 2017). O tanque de Fazenda Nova,
€ um tipo de deposito de tanque, na Depressdo Interplanaltica, do Planalto da Borborema,
associada a inselberg de vertente inclinada, circundado por superficies de erosao planas (Alves
et al., 2007). O material sedimentar que preencheu o tanque é reresentado por sedimentos
siliciclasticos e quimicos (cimento calcifero; Alves et al., 2007). preenchimento sedimentar,
formado por quatro niveis estratigraficos distintos, sendo os dois primeiros, concentracdes
fossiliferas com diferentes arranjos e espessura e de forma tabular. O preenchimento do tanque
resultou do transporte de detritos (clastos, fragmentos de rochas), 0ssos, dentes e osteodermos
que se situavam nas proximidades. Foram transportados pela acdo da gravidade e das aguas de
chuvas torrenciais, durante enxurradas em ambiente de vertente inclinada proximo ao inselberg
(Alves et al., 2007).

— Abrigos cérsticos

A Gruta do Tunel, Toca do Garrincho, Toca da Janela da Barra do Antdnido e a Toca do
Pildo estdo localizadas na area carstica no entorno do Parque Nacional Serra da Capivara. Essa
regido esta associada a rochas carbonaticas pré-cambrianas da Formacdo Barra Bonita, uma
unidade metassedimentar de ambiente marinho plataformal do Grupo Casa Nova (Figuer6a &
Silva Filho, 1990; Santos & Silva Filho, 1990).

1.5.2 Métodos

1.5.2.1 Analise macroscoépica

Todos o0s espécimes acima mencionados foram examinados macroscopica e
individualmente para identificagdo de lesGes dsseas (alteracdes ante-mortem) diferenciando-as
das alteracOes decorrentes dos processos tafonémicos (alteracBes post-mortem). Os modelos
para descri¢cOes das lesdes e os diagnosticos propostos seguem trabalhos classicos tanto da

literatura médica (e.g. Resnick, 2002; Mller et al., 2014) quanto da literatura paleopatologica

17



18
(e.g. Aufderheide & Rodrigues-Martin, 1998; Ortner, 2003; Rothschild & Martin, 2006; Chhem
& Brothwell, 2008; Waldron, 2009).

As alteracdes Osseas decorrentes de processos patoldgicos observadas nos espécimes
estudados foram diferenciadas das alteracGes provocadas por processos tafondmicos seguindo
as recomendacdes de trabalhos classicos da literatura paleopatoldgica (e.g. Melo, 1999; Ortner,
2003b; Rothschild & Martin, 2006; Waldron, 2009).

Foi calculado o Numero Minimo de Individuos (NMI) para cada um dos tdxons estudados
seguindo o método proposto por Lyman (1994). Essa analise considerou tanto o nimero total

de individuos por tdxon quanto o nimero total de individuos com lesdes 0sseas por taxon.

1.5.3 Terminologias

Ante mortem = antes da morte.

Artrite = conjunto de lesdes das articulagdes sinoviais.

Benigno = termo médico para descrever doenca branda, sem profunda.
Doenca = alteracdo bioldgica e psiquica do estado de saude.

Entesidfito = crescimento 6sseo nos pontos de insercdo de ligamentos, tenddes e capsulas

articulares.
Eroséo subcondral = lesdo 6ssea destrutiva logo abaixo da cartilagem de protecéo.

Feicdes tafondmicas = caracteristicas observadas nos 0ssos originadas durante o processo de

fossilizacéo.

Infeccéo = invaséo de tecidos corporais de um organismo hospedeiro por parte de organismos
capazes de provocar doengas.

Nova formacéao 0ssea = crescimento 4sseo.
Maligno = que ocorre na forma grave e tende a levar a morte.
Neoplasia = processo patologico que resulta no desenvolvimento de um neoplasma.

Neoplasma = crescimento anormal, incontrolado e progressivo de tecido, mediante

proliferacdo celular acentuada e anaplasica.

Ostedfito = crescimento 6sseo na margem de articulagdes.
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Osteomielite = doenca infecciosa grave, aguda ou crénica causada por microorganimos.
Patologia = especialidade médica que estuda as doencas.

Pseudopaleopatologia = fei¢cdes tafonémicas que mimetizam verdadeiras lesdes.

Post mortem = ap6s a morte.

Processo litico = processo destrutivo dissolutivo.

Tumor = qualquer aumento no volume de tecido.

1.6 Estrutura e organizacdo da Tese

O volume dessa Tese esta organizado a partir do capitulo 1, que trata da introducdo ao
estudo da Paleopatologia, o contexto onde a analise das doencas tem sido aplicada, a
justificativa do estudo, bem como seus objetivos. O capitulo 2 trata do quadro geral do
conhecimento sobre as pesquisas de doencas 0sseas em preguicas fosseis do Brasil. O capitulo
3 descreve brevemente todos os dados obtidos na nessa tese e suas principais interpretacoes.
No capitulo 4 sdo apresentadas interpretacGes de casos isolados e uma integracao de todos 0s
dados obtidos. Todas as referéncias citadas no corpo principal do texto sdo apresentas no final
desse volume. Por fim, em anexo, encontra-se dois artigos cientificos publicados em periddicos
internacionais e um manuscrito submetido a avalia¢do, também em um periddico internacional.

Esses trabalhos, detalham todas os resultados obtidos para o desenvolvimento dessa Tese.



2 ESTADO DA ARTE DAS PESQUISAS EM PALEOPATOLOGIA EM PREGUICAS
FOSSEIS DO BRASIL

A primeira descricdo de alteracdes patoldgicas em preguicas extintas do Brasil foi
baseada na presenca de crescimentos 0sseos em duas vértebras toracicas de Megatheriidae do
estado do Rio Grande do Sul (Ferigolo, 1985). Ap6s essa primeira descri¢do, poucos trabalhos
tém dado énfase a descricOes e diagndsticos de lesdes 6sseas em preguicas fosseis, sendo eles:
(i) a descricdo de crescimento 6sseo no bordo de centros vertebrais toracicos e caudais, e,
destruicdo e nova formacdo Ossea em radio, metacarpo, falange e calcaneo em Lestodon sp.
(Cabral & Henriques, 2007); (ii) o diagnéstico de osteocondrite dissecante em um fémur de
Mylodontidae (Ferigolo, 2007). Esse caso, entretanto, em virtude das caracteristicas
apresentadas pelo espécime, parece ser mais compativel com espondiloartropatia; (iii) a
descricdo de um amplo conjunto de lesdes em 23 veértebras de Eremotherium laurillardi, as
quais foram diagnosticadas como possiveis sinais de nddulo de Schmorl e osteofitose (Cruz &
Henriques, 2008); uma breve descricdo de lesbes vertebrais — um crescimento dsseo irregular
no centro vertebral e um calo dsseo na porcdo dorsal — em duas vértebras de Eremotherium
laurillardi (Aradjo-Janior et al., 2013), as quais parecem representar uma lesdo articular e
traumatica; e (v) descricdo e diagndstico de osteoartrite em um atlas e fraturas patoldgicas em
centros vertebrais de trés vértebras toracicas em Eremotherium laurillardi (Xenarthra,

Megatheriidae; Barbosa et al., 2012; Barbosa et al., 2014a, respectivamente).

Claramente ha uma escassez de trabalhos em que lesdes dsseas sejam descritas em
preguicas fdésseis do Pleistoceno do Brasil. Atualmente, 11 espécies de preguicas extintas,
distribuidas pelas quatro familias conhecidas, s&o reconhecidas para essa Epoca no Brasil, das
quais apenas Eremotherium laurillardi e Lestodon sp. possuem algum tipo de doenca descrita.
Isso ndo reflete a verdadeira histdria das doencas no clado e oferece uma grande oportunidade
de investigacdo sobre a real historia das doencas no principal grupo de animais extintos do

Pleistoceno brasileiro.
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3 RESULTADOS

Os resultados deste trabalho serdo apresentados em quatro partes distintas. Na primeira
parte sdo apresentados resumidamente os resultados obtidos para as espécies Nothrotherium
maquinense, Ahytherium aureum e Australonyx aquae (para mais detalhes ver ANEXO A), na
segunda parte serdo apresentados, resumidamente, os resultados obtidos acerca de todas as
lesbes articulares diagnosticadas nos taxons Valgipes bucklandi, Catonyx cuvieri,
Mylodonopsis ibseni, Glossotherium sp., Ocnotherium giganteum e Eremotherium laurillardi
(para mais detalhes ver ANEXO B). No terceiro momento, serdo retratados sinteticamente as
lesGes infecciosas observadas em Valgipes bucklandi e Eremotherium laurillardi (para mais
detalhes ver ANEXO C). Por fim, serdo apresentadas descri¢oes de lesdes isoladas em Catonyx

cuvieri, Glossotherium sp. e Ocnotherium giganteum.

3.1 Elucidating the bones diseases in the Brazilian Pleistocene sloths (Xenarthra, Pilosa,
Folivora): first cases reported for the Nothrotheriidae and Megalonychidae -
Ameghiniana (doi: 10.5710/AMGH.30.11.2016.3032)

Neste trabalho foram realizadas inspe¢fes macroscopicas individuais em 2232 0ssos de
trés espécies de preguigas extintas do Pleistoceno da Regido Intertropical Brasileira (RIB).
Dessa amostra, 1810 0ssos sao pertencentes a espécie Nothrotherium maquinense, 361 a espécie
Ahytherium aureum e 61 a espécie Australonyx aquae. Os espécimes de N. maquinense foram
recuperados de trés cavernas calcarias localizadas no Estado da Bahia: Pogo Azul (12°46°49.71”
S; 41°09°02.72” W; 630 espécimes), Gruta dos Brejoes (11°00°42.7” S; 41° 25°59.6”W; 570
espécimes) e Toca da Boa Vista (10°09°45S, 40°51°35”W; 610 espécimes). Os ossos de A.

aureum e A. aquae foram recuperados apenas da caverna Pogo Azul.

Entre os 1810 ossos de Nothrotherium maquinense, apenas seis apresentaram lesfes
evidentes (0,33%); um metacarpo IV esquerdo (MCL 2786-01), uma falange proximal do dedo
IV (MCL 2786-03), duas vértebras toracicas (MCL 21 764-02 e MCL 21 764-04), uma vértebra
caudal (MCL 21 770) e um astragalo direito (MCL 22 029/04). Tais 0ssos sdo atribuidos a pelo

menos trés individuos, sendo dois adultos e um juvenil.
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O metacarpo 1V esquerdo (MCL 2786-01) e a falange proximal do dedo IV (MCL 2786-
03) apresentam crescimento 6sseo andmalos em pontos de insercdo de tendGes (entesite). Além
disso, foi verificado erosdo subcondral na superficie articular para o metacarpo V (MCL 2786-
04).

A vertebra toracica (MCL 21 764-01) possui uma fratura (3,5 cm) com bordas suavizadas,
orientada obliqguamente em relacdo ao eixo dorsoventral da superficie articular do centro
vertebral, estendendo-se de sua borda inferior direita a sua borda superior esquerda. Ja a
vértebra toracica (MCL 21 764-04) possui uma escavagdo 0ssea na superficie articular anterior
do centro vertebral, como um entalhe. Essa lesdo é em forma de U, com margens suavizadas e
apresentando trabeculas remodeladas em seu interior. Além disso, ha uma fratura com bordas
remodeladas que se estende através do eixo dorsoventral da superficie articular posterior do

centro vertebral.

A vértebra caudal (MCL 21 770) tem uma grande erosao subcondral sobre a superficie
articular anterior do centro vertebral (2,7 cm de didmetro). Essa erosdo é céncava, com paredes
suavizadas, sem evidéncia de reacdo Ossea. Estd obliqguamente orientada, estendendo-se da
borda ventral a borda lateral esquerda. Por fim, o astragalo direito (MCL 22 029-04) possuli
pequenas erosdes subcondrais: duas sobre a superficie articular para o navicular e uma sobre o
processo odontoide. Todas as erosdes possuem bordas arredondadas e trabéculas expostas, mas

ndo héa evidéncias de neoformacdo dssea.

Nenhuma lesdo foi encontrada nos 61 espécimes assinalados a Australonyx aquae. Entre
0s 361 espécimes de Ahytherium aureum, apenas dois espécimes apresentam alteracGes
patoldgicas (0,55%): um astragalo direito (MCL 22 875/54) e um astragalo esquerdo (MCL 22
875/55). As alteracBes estdo localizadas nas superficies articulares para 0s respectivos
calcaneos (faceta ectal) em ambos os espécimes. Elas sdo simétricas, elipticas, com bordas
irregulares e com aparéncia “punched out”, ou seja, como perfuracfes. As areas de destruicdo

medem aproximadamente 1,11 cm? e 1,27 cm?, respectivamente.

As erosdes subcondrais observadas no metacarpo 1V (MCL 2786/01) e no astragalo
direito (MCL 22 029/04) de Nothrotherium maquinense sdo caracteristicas de
espondiloartropatia, uma forma de artrite inflamatéria degenerativa. Os defeitos 6sseos
observados nas vértebras toracicas (MCL 21 764/02 e MCL 21 764/04) sdo diagndsticos de
nodulos de Schmorl. Essa condicao tem sido tradicionalmente considerada como resultante de
herniagdo do nucleo pulposo através do anulo fibroso do disco intervertebral. Entretanto,

osteonecrose pode também ser a condi¢do basica para o desenvolvimento desses ndédulos.
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Considerando a morfologia do trauma sobre a vértebra toracica (MCL 21764/04) — uma fratura
dividindo o corpo vertebral no plano coronal. Isso sugere que o trauma foi causado por forgas
de compressdo axial sobre o corpo vertebral. A erosdo subcondral associada & reacdo dssea
“filigree” sobre 0 centro vertebral de vértebra caudal (MCL 21 770) sdo indicativas de uma
osteomielite ndo especifica. Finalmente, as alteragdes dsseas nos astragalos direito e esquerdo
(MCL 22 875/54 e MCL 22 875/55) de Ahytherium aureum sdo compativeis com osteocondrite
dissecante. Essa doenca é uma condicdo benigna, ndo inflamatoria, caracterizada por necrose
0ssea de um segmento da superficie convexa de articulagdes sinoviais, seguidas por mudancas

degenerativas na cartilagem sobrejacente.

3.2 Articular and vertebral lesions in the Pleistocene sloths (Xenarthra, Folivora) from
the Brazilian Intertropical Region - Historical Biology (doi:
10.10080/08912963.2017.1376191)

Neste trabalho, 2079 ossos pertencentes a seis tdxons de preguicas do Pleistoceno da
Regido Intertropical Brasileira (RIB), foram macroscopicamente examinados. Dessa amostra,
570 ossos pertencem a espécie Valgipes bucklandi, 448 ossos pertencem a espécie Catonyx
cuvieri, 140 ossos pertencem a espécie Mylodonopsis ibseni, 173 0ssos pertencem ao taxon
Glossotherium sp., 321 0ssos pertencem a espécie Ocnotherium giganteum e 427 0ss0s
pertencem a espécie Eremotherium laurillardi. O material estudado encontra-se depositado nas
colecBes de paleontologia do Departamento de Geologia da Universidade Federal de
Pernambuco (DGEO-UFPE), Funda¢do Museu do Homem Americano (FUMDHAM), e Museu
de Ciéncias Naturais da Pontificia Universidade Cat6lica de Minas Gerais (PUC-MG).

O objetivo do trabalho foi diagnosticar todas as lesdes articulares do esqueleto axial e
apendicular nos seis taxons acima citados e comparar com as lesdes observadas no trabalho do
subitem 3.2 (Elucidating the bones diseases in the Brazilian Pleistocene sloths (Xenarthra,
Pilosa, Folivora): first cases reported for the Nothrotheriidae and Megalonychidae). Desse
modo, é apresentado um quadro detalhado das lesdes articulares e vertebrais em todas as

preguicas do Pleistoceno da Regido Intertropical Brasileira.

Entre os 2079 ossos estudados, 102 espécimes apresentaram lesdes articulares evidentes
(5,05%), assim distribuidas: 16 ossos em Valgipes bucklandi (2,83%); sete 0ssos em Catonyx

cuvieri (1,56%); sete ossos em Mylodonopsis ibseni (4,9%); 13 ossos em Glossotherium sp.
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(7,5%), 41 ossos em Ocnotherium giganteum (12%); e 18 ossos em Eremotherium laurillardi
(4,2%). Tais lesdes representam quatro tipos distintos de doengas articulares e duas condicGes
vertebrais degenerativas, sendo Doenca de Deposicdo de Pirofosfato de Célcio (DDPC),
Espondiloartropatia (EpA), Osteoartrite (OA) e Osteocondrite dissecante (OD) as doencas

articulares, e Nodulo de Schrmol (NS) e Espondilose deformante (ED) as condicfes vertebrais.

As lesbes articulares sdo assim distribuidas entre os taxa estudados: DDPC foi
diagnosticada em V. bucklandi, C. cuvieri, Glossotherium sp., O. giganteum e E. laurillardi;
Espondiloartropatia foi identificada em C. cuvieri, M. ibseni, Glossotherium sp., O. giganteum
e E. laurillardi; Osteoartrite foi diagnosticada em C. cuvieri, Glossotherium sp. e O. giganteum,
nos dois ultimos taxa, OA foi considerada uma lesdo secundaria a EpA; OD foi observada
apenas em O. giganteum e E. laurillardi; Nodulo de Schmorl foi reconhecido em Glossotherium
sp., O. giganteum e E. laurillardi; e SD foi diagnosticada em V. bucklandi, O. giganteum e E.
laurillardi. Baseado nessa distribuicdo, DDPC e EpA sdo as doencas com maior abragéncia
entre os clados estudados, e Glossotherium sp., O. giganteum e E. laurillardi sdo os tdxons com

maior nimero de lesdes identificadas (cinco doencas em cada taxon).

Além da identificacdo das lesBes, nesse trabalho, foi realizada uma investigacao
estatistica, através de analises multivariadas (andlise de agrupamento e analise de
correspondéncia). Tais analises permitem estabelecer graus de semelhancas entre os dados em
estudo. Nessa investigacao, foram considerados todos os taxons acima mencionados, bem como
os taxons do item 3.2 (Nothotherium maquinense, Ahytherium aureum e Australonyx aquae).
Com isso, foi possivel observar agrupamentos de espécies, baseado na presenca de
determinadas doengas. O primeiro grupo, denominando de PG1, foi formado por Eremotherium
laurillardi, Ocnotherium giganteum, Glossotherium sp., Valgipes bucklandi e Catonyx cuvieri.
Ja o segundo grupo, denominado PG2, foi formado por Mylodonopsis ibseni e Nothrotherium
maquinense. A. aureum ndo agrupou com nenhum taxon. A formacdo de PG1 pode ser
explicada pelo tamanho dos taxons que o compde — 0s animais maiores e mais pesados —
enquanto que a formagdo de PG2, foi fortemente influenciada pela presenca de

espodiloartropatia (para mais detalhes, ver Anexo B).
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3.3 Tuberculosis versus brucellosis: Granulomatous infection in Pleistocene sloths
(Xenarthra, Folivora) from Brazil (Manuscript ID: NAWI-D-17-00302)

Neste trabalho 142 ossos pertencentes a um individuo adulto da espécie Valgipes
bucklandi e em duas vértebras caudais isoladas pertencentes a espécie Eremotherium laurillardi
foram analisadas macroscopicamente, com o objetivo de identificar possiveis causas de um
conjunto de alteracOes proliferativas e, especialmente, erosivas. O material estudado encontra-
se depositado na colecdo de Paleontologia do Museu de Ciéncias Naturais (MCL) da Pontificia
Universidade Catolica de Minas Gerais (PUC-MG), em Belo Horizonte, Minas Gerais
(Valgipes bucklandi) e na colecdo de Paleontologia do Departamento de Geologia da
Universidade Federal de Pernambuco (DGEO-UFPE), em Recife, Pernambuco (Eremotherium

laurillardi).

Entre os 142 ossos pertencentes a V. bucklandi (MCL 4293), 11 apresentaram lesbes
distribuidas entre as méos direita e esquerda, pé esquerdo e vértebras caudais. Na mao direita,
a falange proximal + medial (MCL 4293/92) e a falange ungueal (MCL 4293/91) do quarto
digito foram afetados. A falange proximal + medial (MCL 4293/92) apresenta intensa erosdo
6ssea na superficie articular distal, associada com uma robusta reacdo periosteal sobre as faces
lateral e dorsal da diafise. A falange ungueal (MCL 4293/91) apresenta intensa erosdo da
superficie articular proximal, a qual localiza-se oposta a eroséo observada em MCL 4293/92.
Na méo esquerda, o metacarpo IV (MCL 4293/67) e o metacarpo V (MCL 4293/68) foram
afetados. O primeiro apresenta erosdo 6ssea na superficie articular distal, enquanto o segundo
apresenta o terco distal completamente destruido, enquanto o terco proximal encontra-se
edemaciado (dactilite) e desorganizado (comparado ao seu antimero). No pé esquerdo, por sua
vez, apenas 0 metacarpo V (MCL 4293/96) apresenta alteracdo patoldgica: uma grande cloaca

(um canal de drenagem) circundada por uma leve reacdo periosteal na superficie dorsal.

Entre as vértebras caudais, quarto foram afetadas: a segunda (MCL 4293/21), terceira
(MCL 4293/22), oitava (MCL 4293/28) e nona (MCL 4293/29) vértebras caudais. A segunda
vertebra caudal (MCL 4293/21) apresenta intensa destruicdo Ossea na superficie articular
posterior do centro vertebral, a qual se estende aos arcos neurais, pré-zigapofises e pos-
zigapofises. A terceira vértebra caudal (MCL 4293/22) apresenta destruicdo dssea da superficie
articular anterior do centro vertebral, localizada adjacente a lesdo observada na segunda
vértebra caudal. Os elementos posteriores dessa vértebra foram completamente destruidos, a
partir da base dos arcos neurais. Por fim, a oitava (MCL 4293/28) e a nona (MCL 4293/29)
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vértebras caudais mostram severa destruicdo da superficie articular posterior dos centros
vertebrais. Além das quarto vértebras mencionadas, um arco hemal (MCL 4293/37) apresenta

crescimento 0sseo irregular conectando suas extremidades.

As duas vértebras caudais isoladas (DGEO-UFPE 5966 e DGEO-UFPE 5973)
pertencentes a Eremotherium laurillardi apresentam lesdes liticas nas superficies articulares
dos seus centros vertebrais. Em DGEO-UFPE 5966, a destruicdo 0ssea afeta tanto a superficie
articular anterior quanto a posterior. As lesdes anteriores sdo circundadas por uma zona de
reabsorcdo. Ha também um pequeno colapso proximo a borda dorsolateral da superficie
articular anterior. Ja em DGEO-UFPE 5973, destruicdo éssea ocorre apenas na superficie

articular anterior do centro vertebral, também associada a uma zona de reabsorg&o.

As lesBes acima descritas sdo predominantemente de origem litica, com excecdo do
metacarpo V (MCL 4293/96) de Valgipes bucklandi, o qual apresenta alteracdo proliferativa
(dactilite). Esse conjunto de alteracGes sugere um processo infeccioaso granulomatoso como a
causa mais provavel, sendo tuberculose (um tipo de infecgcdo bacteriana causada por uma das
espécies do género Mycobacterium) e brucelose (um tipo de infeccdo bacteriana causado por
uma das espécies do género Brucella) as mais provaveis doencas sugeridas. Destruicdo 0ssea
articular tem sido frequentemente apontada como caracteristica diagnostica de tuberculose, no
entanto, ela também pode ocorrer em alguns casos de brucelose. Em virtude das caracteristicas
apontadas, osteomielite piogéncica, infeccdo fingica e mestastase Gssea foram descartadas

como diagndésticos possiveis.

Independentemente da especificidade da infeccdo (tuberculose ou brucelose), esses sdo
0s primeiros casos de leséo infecciosa granulomatosa sugeridos para um Xenarthra, vivente ou
extinto. Caso a infec¢do seja tuberculose, esse seria a primeiro diagnostico de tuberculose no
registro fossilifero da América do Sul, caso a infeccdo representa uma brucelose, seria entdo o

primeiro caso no registro fossilifero.

3.4 Lesoes isoladas em Catonyx cuvieri, Glossotherium sp. e Ocnotherium giganteum

3.4.1 Catonyx cuvieri

Um axis (MCL 22 381/03) de um individuo adulto, encontrado associado ao cranio (MCL
22 382/01), atlas (MCL 22 382/02) e terceira vértebra cervical (MCL 22 382/04) mostra uma
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grande erosdo 6ssea sobre a superficie articular posterior do corpo vertebral (Figura 5). A lesdo
é irregular, com margens suavizadas, grande exposicdo das trabéculas, medindo
aproximadamente 3,46 cm? (a lesdo compromete 24,2% da superficie articular).
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Figura 7 — Axis de Catonyx cuvieri (MCL 22 381/03) em vista posterior. Destaque para a erosdo 6ssea. Cabeca
de seta indica eroséo subcondral. Escala = 5,0 cm.

3.4.2 Glossotherium sp.

Um individuo juvenil (MCL 4304) apresenta oito 0ssos com alterag@es 0sseas, incluindo:
escafoide direito (MCL 4304/03), unciforme esquerdo (MCL 4304/06), magno esquerdo (MCL
4304/07), metacarpo IV esquerdo (MCL 4304/09), axis (MCL 4304/12), vértebra toracica
(MCL 4304/15), trapezoide esquerdo (MCL 4304/21) e uma costela (MCL 4304/35). O
unciforme, magno, metacarpo IV, trapezoide e costela apresentam neoformacao 6ssea na regido
articular marginal que cresce em dire¢do ao centro da articulacdo. O &xis exibe uma pequena
neoformacdo éssea na borda ventral do centro vertebral posterior (osteofitose). Tais lesbes
foram discutidas no item 3.2 (ver anexo B). Uma vértebra toracica (MCL 4304/15), entretanto,

apresenta um crescimento 6sseo andmalo na porcao ventral do corpo vertebral (Figura 7).



_»

Figura 8 — Vértebra toracica (MCL 4304/15) de Glossotherium sp. A: Vista posterior; e B: Vista lateral. Cabegas
de seta indicam o crescimento 6sseo andmalo na porgdo ventral do centro vertebral. Escala = 5,0 cm.

3.4.3 Ocnotherium giganteum

Uma vértebra caudal (MCL 21334) isolada de Ocnotherium giganteum apresenta um
crescimento 6sseo anémalo localizado na face articular anterior do centro vertebral (Figura 7).
O crescimento Osseo possui formato ovalado, de aparéncia solida, medindo 3,8 mm

anteroposteriormente e 2,9 mm latero-lateralemente.
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Figura 9 — Vértebra caudal de Ocnotherium giganteum (MCL 21334) com destaque para o0 crescimento 0sseo
andmalo. (A) Vista dorsal; e (B) Vista ventral. Escala =5 cm.
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4 DISCUSSAO

4.1 Diagnésticos individuais

Em virtude da natureza isolada dos espécimes descritos no item 3.4, o diagndstico preciso,
baseado apenas nos caracteres macroscopicos dos espécimes, torna-se bastante duvidoso.

Entretanto, é possivel apresentar algumas possibilidades plausiveis.

A erosdo observada na superficie articular posterior do centro vertebral de um axis de
Catonyx cuvieri (MCL 22 381/03; Figura 6) pode ser associado a diferentes processos
infecciosos, como osteomielite piogéncia, tuberculose, brucelose e osteomielite fungica, além
de metéstase 6ssea de um tumor maligno. A auséncia de grande parte do esqueleto pertencente
ao espécime lesionado, torna ainda mais complexo o diagndstico, uma vez que a distribuicdo
das lesBes no esqueleto, € uma importante caracteristica diagnostica (Rothschild & Martin,
2006). O uso de técnicas de radiologia (Chhem & Brothwell, 2008) e recuperacdo de
biomoléculas (ver Rothschild et al., 2001; Lee et al., 2008) podem ser uteis ferramentas na

diferenciacdo das doencas possiveis.

O crescimento 6sseo observado na face ventral da vértebra toracica de Glossotherium sp.
(MCL 4304/15; Figura 7) permanece sem uma explicacdo apropriada. Entretanto, € clara a
natureza andmala da alteracdo. Serdo necessarios novos métodos de investigacdo, como exames

radiologicos e/ou histologicos, para melhor compreensdo da natureza dessa alteracdo 6ssea.

O crescimento 6sseo ovalado na superficie articular anterior do centro vertebral da
vértebra caudal de Ocnotherium giganteum (MCL 21334; Figura 8) é compativel com um tumor
6sseo de origem benigna, em virtude da natureza regular/solida da nova formacao déssea (Rana
et al., 2009). Entre os possiveis tipos de tumores 6sseos benignos que podem estar associados
ao crescimento 0sseo observado inclui osteoma, osteoma osteoide e osteoblastoma. Tais
tumores séo caracterizados por serem formadores 6sseos produzindo osteoide ou 0sso maduro
(Greenspan, 1993). Para a correta diferenciacdo de tais tumores é necessario o uso de técnicas
radioldgicas e histologicas, em virtude da semelhanga macroscopica apresentada entre eles
(Greenspan, 1993). Portanto, o diagndstico apresentado aqui, baseado apenas nas carateristicas

macroscopicas, deve ser limitado.



4.2 Integracdo das analises

Os trés trabalhos apresentados no item 3 (RESULTADOS) e detalhados nos anexos A,
B e C, além das interpretacdes realizadas nos espécimes isolados no item 4.1 (Diagndsticos
individuais), permitiram criar um quadro geral apontando as principais doencas 0sseas que
acometeram as preguicas fdsseis (Xenarthra, Folivora) do Quaternério da Regido Intertropical
Brasileira (RIB).

Nove especies de preguicas fosseis representativas das quatro familias atualmente
conhecidas foram estudadas, sendo Australonyx aquae (Megalonychidae) a Unica espécie em
que nao foi observado alteracGes patoldgicas (ver ANEXO A). Provavelmente, em virtude da
quantidade diminuta de o0ssos conhecida para espécie (61 espécimes), o que limitou

profundamente sua analise.

Pelo menos nove tipos distintos de doencas ésseas foram identificadas, as quais estdo
distribuidas diferentemente entre as oitos espécies de preguicas que apresentaram algum tipo
de alteragdo Ossea, sendo elas: Nothrotherium maquinense (Nothrotheriidae); Ahytherium
aureum (Megalonychidae); Valgipes bucklandi, Catonyx cuvieri, Glossotherium sp. e

Ocnotherium giganteum (Mylodontidae); e Eremotherium laurillardi (Megatheriidae).

As doencas diagnosticadas foram classificadas como lesbes articulares, traumatica,
infecciosas e tumorais. As lesbes articulares sdo espondiloartropatia, doenca de deposicao de
pirofosfato de calcio (DDPC), osteoartrite, nddulo de Schmorl, espondilose deformante e
osteocondrite dissecante (ver ANEXO A). Entre as infecc@es, foi possivel diagnosticar apenas
infeccdo inespecifica (ver ANEXO A) e infeccdo granulomatosa, provavelmente brucelose (ver
ANEXO C). Apenas um caso de trauma 6sseo (fratura) foi identificado em uma vértebra de N.
maquinense (ver ANEXO A). E, por fim, foi identificado uma lesdo tumoral 6ssea benigna em
uma vertebra caudal de O. giganteum, cuja atribuicdo precisa ndo pode ser alcangada, devido a
natureza inespecifica das caracteristicas morfologicas, sendo possivelmente osteoma, osteoide

osteoma ou osteoblastoma (ver Quadro 2 para distribuigdo das doengas por espécie).
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Quadro 2 — Distribuigdo das doengas 6sseas por espécie de preguica fossil da Regido Intertropical Brasileira.

Espécie Doenca

Espondiloartropatia

Nédulo de Schmorl

Nothrotherium maquinense _
Fratura 0ssea

Infecco inespecifica

Ahytherium aureum Osteocondrite dissecante
Australonyx aquae Ausente

DDPC
Valgipes bucklandi Espondilose deformante

Infeccdo granulomatosa

Espondiloartropatia

Catonyx cuvieri DDPC

Osteoatrite

Mylodonopsis ibseni Espondiloartropatia

Espondiloartropatia
DDPC

Osteoatrite

Glossotherium sp.

Nédulo de Schmorl

Espondiloartropatia
DDPC

Osteoatrite

Ocnotherium giganteum Espondilose deformante

Nodulo de Schmorl

Osteocondrite dissecante

Tumor 6sseo benigno

Espondiloartropatia
DDPC

) ) ) Osteocondrite dissecante
Eremotherium laurillardi

Nédulo de Schmorl

Espondilose deformante

Infeccdo granulomatosa

Ocnotherium giganteum foi a espécie que apresentou o maior nimero de lesdes
identificadas (7), apesar do pequeno numero de o0ssos estudados (307). Espondioartropatia e
DDPC foram as doengas mais comumente diagnosticas, sendo encontrada em cinco das oitos
espécies com alteragdes 6sseas (ver Quadro 2). O grande numero de casos de espondioartropatia

ndo é surpreendente, pois essa doenca tem sido frequentemente diagndstica em diversas
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espécies fosseis de diferentes idades (Cisneros et al., 2010; Barbosa et al., 2014b; 2017;
Barbosa & Luna, 2014). J4 DDPC parece ser tdo frequente quanto espondiloartropatia, pelo
menos entre os Folivora aqui apresentados e entre os gliptodontes (ver Barbosa et al., 2014b,
Barbosa & Luna, 2014). Lesdo tumoral foi restrita a uma vértebra caudal de Ocnotherium
giganteum, demostrando sua raridade no registro fossilifero. Vale salientar que esse € o

primeiro caso de lesdo tumoral na fauna quaternéria da América do Sul.

Essa €, sem duvida, a maior analise paleopatoldgica ja realizada em animais fésseis da
América do Sul. As descri¢bes aqui apresentadas, apesar de limitadas no método de analise
adotado (observacdes estritamente semioldgicas), permitiu documentar um conjunto amplo de
diagndsticos precisos, com etiologias completamente distintas. Assim, esse trabalho abre uma
importante janela para estudos paleobiolégicos de um dos grupos de animais fosseis mais
frequentemente encontrados nos depositos fossiliferos do Quaternario sul-americano. Por que
determinadas doencas acometeram uma espécie e ndo outra? Ha diferenca entre as doencas
diagnosticadas nos animais de maior e menor porte? Que 0ssos sdo mais frequentemente
afetados? E por qué? Essas sdo algumas das principais perguntas que surgem apo0s a

apresentacao desse extenso registro de lesdes 0sseas.
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Abstract. Nothrotherium maquinense, Ahytherium aureun and Australonyx aquae are ground sloths endemic of the late Pleistocene of the
Brazilian Intertropical Region for which, as opposed to other xenarthrans such as megatheriid sloths and glyptodonts, no information regarding
pathological conditions is available. Herein, we describe, based on an anatomopathological examination, four types of lesions for M. maquinense
(spondyloarthropathy, Schmorl's node, vertebral trauma and unspecific infection) and one lesion for A. aureum (osteochondritis dissecans). No
lesions were observed in A. aquae. Although several different diseases have been diagnosed, considering the significant number of specimens
(2,232) and individuals (41) analyzed, low prevalence marks them all.

Key words. Sloths. Late Pleistocene. Brazilian Intertropical Region. Diseases.

Resumen. ELUCIDANDO LAS ENFERMEDADES OSEAS DE LOS PEREZOSOS PLEISTOCENICOS BRASILENOS: LOS PRIMERQS CASOS REGIS-
TRADOS EN LA FAMILIAS NOTHROTHERIIDAE Y MEGALONYCHIIDAE. Nothrotherium maguinense, Ahytherium aureum y Australonyx aquae son
perezosos endémicos del Pleistoceno tardio de La Region Intertropical Brasilena para los cuales no hay informacion acerca de las condicio-
nes patoldgicas, en contraste con otros xenartros, tales como los perezosos megatériideos y gliptodontes. Aqui se describen cuatro tipos de le-
siones en . maquinense (espondiloartropatia, nddulo de Schmorl, traumatismo de la médula e infeccidn no especifica) y una lesian en A.
aureum (osteocondritis disecante) sobre la base de un examen patolégico. Ninguna lesion se hallé en A aguae. Aunque muchas enfermedades
diferentes han sido diagnosticadas, muestran un baja predominio, teniendo en cuenta el gran nimero de especimenes (2.232) e individuos
(41) analizados.

Palabras clave. Perezosos. Pleistoceno tardio. Region Intertropical Brasilena. Enfermedades.

PaLeopaTHOLOGY is the science that studies diseases in or-
ganisms of the past (Ruffer, 1914). Paleontological litera-
ture reveals there is a growing interest in paleopathology
and the descriptions of diseases in a variety of organisms
throughout geological time (e.g, Moodie, 1917; Rothschild et
al, 2003; Cabral et al, 2011; Barbosa et al, 20144, b; Bishop
etal, 2015; Martinelli et al, 2015; Senter and Juengst, 2016;
Stilson et al., 2016). Paleopathology can prove useful for
answering questions such as locomotor habit, diet, general
behavior and nutritional disorders, all of which are of inter-
est for paleobiology students while also providing important
information about environmental changes and contributing

AMGHB2-0002-7014/12$00.00+.50

to taphonomic and systematic studies (Ferigolo, 2007).
Notwithstanding its importance, paleopathology is still
an underexplored field in South American paleontology.
However, this scenario is slowly changing with regard to the
superorder Xenarthra —one of the most distinctive faunal
taxa of the South American Cenozoic— and, especially, con-
cerning Pleistocene large cingulates (e.g, Henriques et al.,
1998; Aramayo, 2006; Barbosa and Luna, 2014; Barbosa et
al, 2014a) and giant ground sloths (e.g, Ferigolo, 1985; Bar-
bosa et al, 2014b). Nevertheless, knowledge of the types of
diseases that affected these extinct animals remains scarce
as few taxa from the rich and diverse fossil record of South
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America have been previously assessed for pathology.

Among the Brazilian late Pleistocene sloths, two fami-
lies prove notable due to the small number of representative
species in each: the family Nothrotheriidae -represented
only by Nothrotherium maquinense (Lund) Lydekker, 1889,
the smallest ground sloth of the Pleistocene of Brazil
(Cartelle and Bohorquez, 1986) - and the family Megalony-
chidae - represented only by two species: Ahytherium aureum
Cartelle, De luliis and Pujos, 2008 and Australonyx aquae De
luliis, Pujos and Cartelle, 2009. Even though the discovery
and description of almost complete skeletons the mor-
phology of these species, pathology has not been described
for these extinct animals thus far. Herein, we perform the
first paleopathological examination of species of the fami-
lies Nothrotheriidae (Nothrotherium maquinense) and Mega-
lonychidae (Ahytherium aureum and Australonyx aquae) from
the late Pleistocene of Brazil.

MATERIALS AND METHODS

The analyzed material is housed in the paleontological
collection of the Museu de Ciéncias Naturais of the Pontificia
Universidade Catélica of Minas Gerais (PUC-MG), Belo
Horizonte city, Minas Gerais State, Brazil. The material

includes 1,810 cranial and postcranial remains of speci-
mens assigned to Nothrotherium maquinense and 422 spec-
imens of megalonychids, of which 61 specimens are
assigned to Australonyx aquae and 361 to Ahytherium aureum
(detailed in Tab. 1). These species are rare in the Brazilian
fossil record. The materials hereby examined represent the
most complete sample available for study.

All specimens of N. maquinense were recovered from
three limestone caves in Bahia State, Brazil: Pogo Azul (12°
46'49.71"S; 41° 09' 02.72" W; 630 specimens), Gruta dos
Brejoes (11° 00" 42.7" S; 41° 25' 59.6" W; 570 specimens)
and Toca da Boa Vista (10° 09'45" S, 40° 51' 35" W; 610
specimens). Megalonychid specimens were present only
in the Poco Azul cave (Fig. 1). The aforementioned caves
were formed in carbonate rocks belonging to the Salitre
Formation, Una Group, Irecé Basin (Auler and Smart, 2002;
Berbert-Born and Karmann, 2002).

The Minimum Number of Individuals (MNI) for each
sample was calculated following the method proposed by
Lyman (1994) in order to verify the distribution of diseases
per ontogenetic age (see Tab. 2). Four ontogenetic stages
were adopted for this study: adult, young, neonate and
fetus. Criteria for specific age groups are: epiphyseal plates

TasLe 1 - Number of specimens by species and ontogenetic age.

Site Ontogenetic Age Nothrotherium maquinense Ahytherium aureum Australonyx aquae
Adult 552 0 0
Young 18 0 0
Gruta dos Brejoes
Neonate 0 0 0
Fetus 0 0 0
Adult 256 0 0
Young 700 0 0
Toca da Boa Vista
Neonate 0 0 0
Fetus 0 0 0
Adult 470 207 48
Young 158 153 13
Poco Azul
Neonate 2 0 0
Fetus 0 0 0
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Figure 1. Location map indicating the sites from where the remains
here studied were recovered. Numbers: 1, Toca da Boa Vista cave; 2,
Gruta dos Brejoes cave; 3, Poco Azul cave.

of long bones completely ossified (adult); non-ossified epi-
physeal plates (young); non-ossified epiphyseal plates and
length of long bones much more reduced than in young in-
dividuals (neonate); and long bones small and epiphyses not
yet formed (fetus).

A macroscopic examination of each specimen was carried

out and the descriptions and diagnoses of each lesion hereby
reported were performed on the basis of classic works drawn
from the medical and paleopathological literature (Resnick,
2002; Rothschild and Martin, 2006). The measurement areas
of the lesions described below were obtained using the
open source Image] (http://rsb.info.nih.gov/ij/).
Institutional abbreviations. MCL, Museu de Ciéncias Naturais
da Pontificia Universidade Catolica de Minas Gerais, Belo
Horizonte, Brazil; PUC-MG, Pontificia Universidade Catélica
of Minas Gerais, Brazil.

TABLE 2 — Minimal number of individual calculated for ontogenetic age.

Site Ontogenetic Age MNIT MNI pathological ' MNI? MNI pathological * MNI3 MN| pathological *
Adult 6 0 (0] 0 0 0
Young 0o 0 0 0 0 0
Gruta dos Brejoes Very Young 0 0 0 0 0 0
Neonate 0 0 0 0 0 0
Fetus (0] 0 (0} 0 0 0
Adult 3 7 0 0 0 0
Young 1 0 0 0 0 0
Toca da Boa Vista Very Young 0 0 0 0 0 0
Neonate 0 0 0 0 0 0
Fetus 0 0 0 0 0 0
Adult 4 7 4 1 1 0
Young 6 7 5 0 2 0
Poco Azul Very Young 3 0 3 0 1 0
Neonate 1 0 0 0 0 0
Fetus 1 (0} 0 0 0 0

"Nothrotherium maquinense. ?Ahytherium aureum. ? Australonyx aquae.
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RESULTS
Nothrotheriidae

Among the 1,810 bones representing 25 individuals of
N. maquinense (Tab. 2), only six bones (0.33%) presented a
macroscopically recognizable pathology: a left metacarpus
IV (MCL 2786-01), a left fourth digit proximal phalanx (MCL
2786-03), two thoracic vertebrae (MCL 21 764-02 and MCL
21 764-04), a caudal vertebra (MCL 21 770) and a right as-
tragalus (MCL 22 029/04). These bones are attributed to at
least two individuals (one juvenile and one adult) from the
Poco Azul cave and one adult individual from the Toca da

Figure 2. Nothrotherium maquinense. 1, Metacarpal IV (MCL 2786-01),
metacarpus V (MCL 2786-02), proximal phalanx of the fourth digit (MCL
2786-03) and rudimentary phalanx  (MCL 2786-04) of the left hand in
anatomical position; 2, Metacarpal IV (MCL 2786-01) in lateral view; 3,
Metacarpal IV (MCL 2786-01) in medial view. Arrows indicate enthesi-
tis; arrowhead indicates subchondral erosion. Scale bar= 2 cm.
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Boa Vista cave. We found no pathologies in specimens re-
covered from the Gruta dos Brejoes cave.

The left metacarpal IV (MCL 2786-01) and the left fourth
digit proximal phalanx (MCL 2786-03) were found articu-
lated with a left metacarpus V (MCL 2786-02) and a left
rudimentary phalanx V (MCL 2786-04; Fig. 2). MCL 2786-
01 and MCL 2786-03 manifest enthesitis or new bone for-
mation at sites of ligament, tendon and capsule insertions
(Fig. 2.2). Additionally, the left metacarpal IV (MCL 2786-01)
shows a subchondral erosion on the articular surface related
to the left metacarpus V (MCL 2786-04; Fig. 2.3).

The two thoracic vertebrae (MCL 21 764-02 and MCL 21
764-04) belong to a set of four articulated vertebrae (MCL
21 764-01, MCL 21 764-02, MCL 21 764-03 and MCL 21
764-04; Fig. 3.1). MCL 21 764-02 exhibits a fracture (3.5 cm
long) with very smooth borders that is obliquely oriented
relative to the dorsoventral axis of the vertebral endplate
and extends from its lower right to its upper left border
(Fig. 3.2). MCL 21 764-04 presents a focal indentation bone
alteration in the anterior vertebral endplate. This lesion is
U-shaped, with smooth margins and remodeled trabeculae
exposed within (Fig. 3.3). There is also a fracture with re-
modeled edges extending across the dorsoventral axis of
the vertebral posterior endplate with slightly smoothed
edges (Fig. 3.4).

A caudal vertebra (MCL 21 770), an isolated remain of
an adult individual, displays a large (2.7 cm in diameter)
subchondral bone erosion in the anterior vertebral endplate
(Fig. 4). This erosion is concave and smooth-walled with
no evidence of proliferative reactive changes. It is obliquely
oriented, extending from the ventral edge towards the left
lateral edge. Finally, the right astragalus (MCL 22 029-04) is
marked by minor subchondral erosions of which two are
observed on the navicular articular surface while another
one is recognized on the odontoid process (Fig. 5). All ero-
sions yield rounded edges and exposed trabeculae but no
evidence of new bone formation. This specimen was found
associated with a right calcaneus and a left astragalus and
calcaneus belonging to a single young individual.

Megalonychidae

No lesions were observed among the 61 specimens
assigned to Australonyx aquae while out of the 361 speci-
mens representing at least 12 individuals of Ahytherium
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Figure 3. Nothrotherium maquinense. 1, Sequence of four articulated thoracic vertebrae (MCL 21 764-01 - 04); 2, MCL 21 764-02 thoracic
vertebra with oblique lesion; 3, MCL 21 764-04 thoracic vertebra with lesion in the anterior vertebral endplate; 4, and traumatic lesion in the

posterior vertebral endplate. Scale bar= 2 cm.

aureum, only two specimens exhibit pathological bone al-
terations (0.55%) in a right astragalus (MCL 22 875-54; Fig.
6.1-2) and a left astragalus (MCL 22 875-55; Fig 6.3-4).
The two pathological specimens were found associated with
several other samples, including a skull, an almost complete
vertebral column and appendicular bones, of the same in-
dividual. No abnormalities were found in these additional
elements. In both specimens, symmetric, elliptical in shape,
with ragged edges and a "punched out” appearance (Fig. 6),
the alterations are located on the joint surface that articu-
lates with the calcaneus (ectal facet). The areas of destruc-
tion are approximately 1.11 cm?and 1.27 cm? in MCL 22
875-54 and MCL 22 875-55, respectively.

DIAGNOSIS
Erosive arthritis

The subchondral bone erosions observed in the meta-
carpus IV (MCL 2786-01; Fig. 2) and the right astragalus
(MCL 22 029-04; Fig. 5) of Nothrotherium maquinense are
characteristic of spondyloartropathy (SpA), an inflamma-
tory form of arthritis (Resnick, 2002; Rothschild and Mar-
tin, 2006). Furthermore, enthesitis, new bone formation
that represents a reaction in response to inflammation at
the sites of attachment of tendons, ligaments or capsule
insertion (Jacobs, 1983; Rothschild and Martin, 2006), can
be observed in the metacarpus IV (MCL 2786-01; Fig. 2.2)
and the fourth digit proximal phalanx (MCL 2786-03; Fig.
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Figure 4. 1, Caudal vertebra (MCL 21 770) in anterior view with un-
specific infection process (osseous filigree reaction) in the anterior
vertebral endplate. Scale bar= 2 cm. 2, close-up view of the lesion.

2.1) of the same individual. This articular surface alteration
is diagnostic of spondyloarthropathy (Rothschild and
Martin, 2006; Rothschild, 2014). The remodeling excludes
the differential diagnostic consideration of osteochondritis
dessicans while irregular borders and remodeling exclude
osteochondrosis.

Vertebral endplate defects

Bone defects such as the focal indentations recognized
on the vertebral endplates of the thoracic vertebrae (MCL
21 764-02 and MCL 21 764-04; Fig. 3.3) are considered
diagnostic of Schmorl's node (Pfirmann and Resnick, 2001;
Peng et al, 2003). This disease has been traditionally con-
sidered the result of herniation of the nucleus pulposus
through the anulus fibrosus of an intervertebral disc into the
bony endplate of the adjacent vertebral body (Schmorl and
Junghanns, 1971). However, osteonecrosis can also repre-
sents the basic condition for the development of Schmorl's
nodes, in which case herniation would prove a secondary
phenomenon (Peng et al, 2003).

Considering the morphology of the trauma on the pos-
terior vertebral endplate of the thoracic vertebra (MCL 21
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764-04; Fig. 3.4), a fracture splitting the vertebral body in
sagittal plane, it is possible to classify the vertebral injury
as Type A (vertebral body compression) subtype A2.1 (coro-
nal split fracture) according to the system of classification
proposed by Margerl et al. (1994). This suggests that the
injury in MCL 21 764-04 was caused by axial compression
forces on the vertebral body without loss of vertebral
stability (Margerl et al, 1994).

A possible consequence of vertebral trauma is the risk
of neurologic injury, which is generally linked with the de-
gree of instability generated by the lesion (Marger! et al,
1994). Spinal stability is defined as the tolerance of the
vertebral column with respect to compressive, tensile and
rotational forces, which results in the holding of the body
in normal position without progressive kyphosis and in the
protection of the spinal canal contents from further injury
(Whitesides, 1977). Compressive lesions, such as those
described herein, do not usually affect normal stability and,
accordingly and most likely, there was no neurological

impairment in the affected individual.

™

®

@
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Figure 5. Nothrotherium maquinense. 1, Articulated left and right as-
tragali and calcanei (MCL 22 029-01, MCL 22 029-02, MCL 22 029-
03 and MCL 22 029-04). 2, Right astragalus (MCL 22 029-04) in
dorsal view; 3, Right astragalus (MCL 22 029-04) in lateral view.
Arrowheads indicate subchondral erosions. Abbreviations: op, odon-
toid process. Scale bar= 2 cm.
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Although a Schmorl node and a traumatic injury are
present in the same vertebra (MCL 21 764/04), these le-
sions were likely generated at distinct moments with one
having no influence over the other. The individual seems to
have died while the traumatic injury was in an initial stage
of consolidation because there is no evidence of callus for-
mation whereas the Schmorl node, large in extension, re-
quired a longer time to reach the stage observed in MCL 21
764-04 and presumably developed before the occurrence
of the vertebral trauma responsible for the fracture

Infection lesion

The subchondral erosion and osseous filigree (mi-
crobubbles or aero candy-like) reaction observed on the
anterior vertebral endplate of the caudal vertebra (MCL 21
770; Fig. 4) are indicative of a non-specific osteomyelitis
(Rothschild and Martin, 1993). Unfortunately, the speci-
men presents no other morphologic features (e.g, cloaca,
sequestrum and involucrum) confirming such infection
diagnosis.

Avascular necrosis

Although 167 specimens belonging to a single indi-
vidual of Ahytherium aureum (MCL 22 875) were examined,
only two bones, both astragali (MCL 22 875-54, MCL 22
875-55; Fig. 6), presented destructive lesions. Such bone
alterations (see Results) suggest osteochondritis disse-
cans as the causative disease. This injury is a benign, non-
inflammatory condition characterized by bone necrosis of a
segment of the convex surface of synovial joints followed
by degenerative changes in the overlying joint cartilage
(Loveland et al, 1984; Aufdeheide and Rodrigues-Martin,
1998). Even though osteochondritis dissecans has been
considered the result of defective blood flow due to trauma,
especially when repeated and if low-grade chronic or mi-
crotrauma (Compare, 1982; Aufdeheide and Rodrigues-
Martin, 1998), it is currently deemed the result of a fracture
of the subchondral bone (Resnick, 2002).

GENERAL CONSIDERATIONS

The low prevalence of lesions observed in Nothrotherium
magquinense (0.33%) and Ahytherium aureum (0.55%) despite
the large number of specimens and individuals analyzed,
may reflect the low rate of diseases found in wildlife while,

®

Figure 6. 1,2 Right and 3, 4, left astragali of Ahytherium aureum
(MCL 22 875-54 and MCL 22 875-55 respectively), highlight the
symmetrical bone erosions with “punched out” appearance on the
joint surface to calcaneus. Scale bar= 2 cm.

in the case of the absence of lesions in Australonyx aquae,
the reduced number of specimens available for study (61
specimens) may serve as explanation.

Among extinct xenarthrans, SpA has thus far been recog-
nized only in glyptodonts (Barbosa et al, 2014a; Barbosa
and Luna, 2014) and, yet, the presence of spondyloarthro-
pathy in some specimens of Nothrotherium maquinense in-
dicates that this disease is not restricted to Glyptodontidae.
Such finding is not surprising given that SpA is the most
common arthritic lesion in land vertebrates (Rothschild et
al, 2001).

The only case of Schmorl's node previously suggested
involves an Early Jurassic plesiosaur (Hopley et al, 2001).
Nevertheless, Witzmann et al. (2016) challenged this con-
clusion based on the fact that plesiosaur vertebral centra
present synovial articulations and therefore no interverte-
bral discs with anulus fibrosus and nucleus pulposus (cf.
vertebral endplate defects section, above; Schmorl and
Junghanns, 1971). However, a true case of Schmorl's node
was recently recognized in a proboscidean (Notiomastodon
platensis Ameghino, 1888) from the late Pleistocene of
Brazil (Barbosa et al,, In press). Hence, the phenomenon
presented herein represents the first case of this disease in
extinct Xenarthra.
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The terms “osteochondritis dissecans” and "osteochon-
drosis” are a source of confusion in the literature as they
have often been utilized interchangeably. The former stands
for a fracture while the latter, for a cartilage "rest”; that is,
an area of articular cartilage that failed to be remodeled
into a bone. Although often mislabeled as osteochondritis
dessicans, osteochondrosis is a common disease in recent
mammals (e.g, Olsson, 1973; Ytrehus et al, 2007). Both
diseases are however rare in birds (Duff, 1987; Rothschild
and Ruahli, 2007). As for the fossil record, osteochondrosis
has been sporadically recognized, with cases diagnosed in
Camarasaurus Cope 1877 from the Late Jurassic (Tschopp
et al, 2016), in a Late Cretaceous hadrosaurid dinosaur
(Rothschild and Tanke, 2007), in several fossil marine mam-
mals (otarioid pinnipeds, desmostylians and cetaceans)
from the Miocene (Thomas and Burnes, 2015) and in the
extinct mammoth Mammuthus trogontherii Pohlig 1885
(Clark and Goodship, 2010). Given that a reported case of
osteachondritis dissecans in a femur of a Pleistocene my-
lodontid sloth (Ferigolo, 1992) calls for revision because the
described features are suggestive of spondyloarthropathy,
the osteochondritis dissecans accounted for herein repre-
sents the first reported occurrence of this disease in xe-
narthrans as well as in the fossil record of South America.

Infectious diseases, known from the Paleozoic (e.g, Reiz
et al, 2011; Vega and Maisch, 2014) to the Pleistocene
(e.g, Rothschild et al, 2001; Rothschild and Martin, 2003;
Barbosa et al,, 2013), are well represented throughout ge-
ologic time. Unfortunately, it is often challenging or even
impossible to attain a specific diagnosis (pyogenic or non-
pyogenic forms) because bone responses to different types
of infections (bacterial, fungal, viral and parasitic) are limited.
Still, the new case of infection hereby reported proves sig-
nificant when considering some questions regarding the
South American Pleistocene megafauna. The distribution of
osteomyelitis (an infectious disease) among South Ameri-
can late Pleistocene mammals has for instance been con-
sidered an important piece of evidence for one of the several
megafaunal extinction scenarios suggested (Ferigolo, 1999)
and, consequently, this isolated occurrence in Nothrotherium
maquinense can contribute to the assessment of this hy-
pothesis in future works.
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ABSTRACT

We performed a macroscopic study on six species of Pleistocene sloths from the Brazilian Intertropical
Region (BIR) including Valgipes bucklandi, Catonyx cuvieri, Mylodonopsis ibseni, Glossotherium sp.,
Ocnotherium giganteum and Eremotherium laurillardi and compared the results with a previous
investigation of Nothrotherium maquinense and Ahytherium aureum. Differential diagnostic analysis
revealed six varieties of musculoskeletal diseases: Calcium Pyrosphosphate Deposition Disease (CPPD),
Spondyloarthropathy (SpA), Osteoarthritis (OA), Osteochondritis Dessicans (OD), Schmorl’s Node (SN) and
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Spondylosis Deformans (SD). We also carried out multivariate statistical analyses on all Pleistocene sloths

to verify the similarity between taxa based on diagnosed diseases.

Introduction

The Brazilian Intertropical Region (BIR; sensu Cartelle 1999)
is a large geographic area (ca. 2 140 000 km?) occupied by cer-
rado and caatinga ecosystems, encompassing eight states of
the northeast, southeast and central regions of Brazil. During
the Pleistocene, the BIR was inhabited by a rich and diverse
large-sized mammalian fauna including several endemic
[e.g. Xenorhinotherium bahiense; Panochthus jaguaribensis]
and allochthonous [e.g. Arctotherium brasiliense; Palaeolama
major; and Toxodon platensis) species. Among these, one of the
most remarkable animals were the ground sloths (Xenarthra,
Folivora).

Nine species of ground sloths are currently recognized
from the Pleistocene of the BIR, distributed in four families:
Nothrotheriidae (Nothrotherium maquinense (Lund) Lydekker
1889), Megalonychidae (Ahytherium aureum Cartelle, De Iullis
and Pujos 2008 and Australonyx aquae De Iullis, Pujos and
Cartelle 2009), Mylodontidae (Mylodonopsis ibseni Cartelle 1991,
Glossotherium sp. Owen 1839 and Ocnotherium giganteum Lund
1839) and Megatheriidae (Eremotherium laurillardi Lund, 1842).
These species encompass medium (10-100 kg, N. maquinense)
to mega-sized (above 1000 kg, all other species) animals. Skeletal
remains of these animals are usually found in Quaternary sedi-
ments of caves (e.g. Dantas 2009; Oliveira et al. 2017) and natural
tanks (e.g. Bergqvist et al. 1997; Alves et al. 2007; Aratjo-Junior
etal. 2017).

Although several morphological (Cartelle and De Iullis 2006;
Cartelle et al. 2014), phylogenetic (Gaudin 2003, 2004; Slater et
al. 2016; Casali and Perini 2017) and paleobiological (Farifa et
al. 1998; Esteban-Trivigno et al. 2008) studies had been con-
ducted on the aforementioned species, paleopathology is still
an underexplored theme. Up to now, there are few diagnosed
cases of disease in Pleistocene sloths. Ferigolo (1985) described
vertebral lesions in Megatheriidae, probably Megatherium ameri-
canum. Aradjo-Junior et al. (2013) briefly reported two abnormal
vertebrae of Eremotherium laurillardi presenting discopathy and
a posttraumatic callus. Barbosa et al. (2014) reported a case of
arthritis affecting the axis of Eremotherium laurillardi and, more
recently, Barbosa, Porpino, Bergqvist et al. (2017) recognized
spondyloarthropathy, Schmorl’s node and a non-specific infec-
tion in Nothrotherium maquinense and osteochondritis dessicans
in Ahytherium aureum.

Among these few cases, the most commonly reported abnor-
malities in Pleistocene sloths are joint and vertebral surface alter-
ations. This is not surprising because joint lesions, especially
arthritic lesions, have been considered the most common type
of disease found in the fossil record. They are of considerable
antiquity (the most ancient report is in a therapsid from the
Permian; Rothschild et al. 2012). Thus, this paper aims to iden-
tify the etiology of skeletal lesions recognized in six of the nine
species of the Pleistocene sloths from the Brazilian Intertropical
Region and to verify: (i) pathological similarities among taxa

CONTACT Fernando H. de S. Barbosa @ fhsbarbosa@gmail.com

© 2017 Informa UK Limited, trading as Taylor & Francis Group
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in the RIB; and (ii) the similarites among injuries in terms of
taxonomic occurrence.

Material and methods
Sample and morphological analysis

We macroscopically examined 2,075 bones assigned to six species
of large Pleistocene sloths from the Brazilian Intertropical Region:
Valgipes bucklandi (570 specimens); Catonyx cuvieri (448 spec-
imens); Mylodonopsis ibseni (136 specimens); Glossotherium sp.
(173 specimens); Ocnotherium giganteum (321 specimens); and
Eremotherium laurillardi (427 specimens). Specimens studied are
housed in the following Brazilian collections: Departamento de
Geologia of the Universidade Federal de Pernambuco (DGEO-
UFPE), Pernambuco State; Fundacao Museu do Homem
Americano (FUMDHAM), Piaui State; and Museu de Ciéncias
Naturais of the Pontificia Universidade Catdlica de Minas Gerais
(PUC-MG), Minas Gerais State.

Each specimen was surveyed for evidence of articular, periar-
ticular and vertebral alterations in the axial and peripheral skel-
eton. All material was carefully evaluated to identify pathology
and exclude taphonomic alteration. We calculated the Minimal
Number of Individuals (MNI) for each species, following the
method proposed by Lyman (1994), to quantify the distribution
of alterations per ontogenetic age. The measurements of some
lesions described were obtained using the open source Image]
(http://rsb.info.nih.gov/ij/).

Multivariate analyses

We produced a data matrix for all abnormalities diagnosed
herein, as well as those previously published by Barbosa, Porpino,
Bergqvist et al. (2017). The data-set was scored as absence (0) and
presence (1) for each taxon, including Nothrotherium maquin-
ense, Ahytherium aureum, Valgipes bucklandi, Catonyx cuvieri,
Mylodonopsis ibseni, Glossotherium sp., Ocnotherium giganteum
and Eremotherium laurillardi. In this matrix (Table 1), the rows
represent taxa and the columns, the categories of abnormali-
ties. The resulting data matrix was submitted to cluster analysis
(Q-mode) using the weighted pair group method with simple
arithmetic averages (UPGMA) and to a correspondence analysis.
In all analyses, we used the Dice’s similarity coefficient.

In the cluster analysis, taxa were clustered based on the simi-
larity of their diagnosed bone alterations. We applied a bootstrap
test (N = 10,000) to evaluate the consistency of the clustering and

Table 1. Matrix of presence/absent of Pleistocene sloths with joint lesions.

Taxa CPPD SpA OA OD SN SD
Nothrotherium maquinense 0 1 0 0 1 0
Ahytherium aureum 0 0 0 1 0 0
Valgipes bucklandi 1 0 0 1 0 1
Catonyx cuvieri 1 1 1 0 0 0
Mylodonopsis ibseni 0 1 0 0 0 0
Glossotherium sp. 1 1 1 0 1 1
Ocnotherium giganteum 1 1 1 1 1 1
Eremotherium laurillardi 1 1 0 1 1 1

Abbreviations: CPPD: Calcium Pyrosphosphate Deposition Disease; SpA: Spondy-
loarthropathy; OA: Osteoarthritis; OD: Osteochondritis Dessicans; SN: Schmorl’s
Node; and SD: Spondylosis Deformans.

an ANOSIM permutation test (one-way) to evaluate the signif-
icance of the differences among the groups obtained. This latter
provides an R statistics that varies from minus one to plus one. R
values equal to plus one is obtained only when all samples within
the groups are more similar to each other than to any sample of
other groups (Clarke and Warwick 2001). The significance value
(p) of the clustering was also obtained from this test.

The correspondence analysis presents the Chi-squared dis-
tances (x*) between taxa, using the Chi-squared distances (x?)
between the bone alterations as their background (see Hammer
etal. 2001; Hammer and Harper 2006 for the applicability of cor-
respondence analysis to paleontological data). All multivariate
analyses were performed utilizing the software Paleontological
Statistics version 2.17 (PAST; Hammer et al. 2001).

Results
Valgipes bucklandi

Among the 565 Valgipes bucklandi bones analyzed, sixteen
exhibit peripheral joint and vertebral alterations (2.83%).
The total sample investigated corresponds to 13 individuals:
12 adults and one juvenile. Pathology is found in four adults
(30.7%).

The first specimen is a senile adult individual (MCL 4264),
with 47 bones recovered from a cave in Iraquara city. Among
the bones recovered, twelve exhibit articular lesions: The right
(MCL 4264/30) and left (MCL 4264/40) acetabulum, the right
(MCL 4264/35) and left (MCL 4264/36) tibiae-fibulae, the left
cuneiform (MCL 4264/42), metatarsal 111 (MCL 4264/43), the
left medial phalanx of the third digit (MCL 4264/47), left (MCL
4264/45) and right metatarsal V (MCL 4264/49), right calcaneus
(MCL 4264/51) and the left metatarsal II (MCL 4264/71). All
afflicted joint surfaces have calcific sheets. Additionally, verte-
bral osteophytes are present at the borders of a thoracic vertebra
(MCL 4264/22).

The calcific sheets in the examined specimens are distrib-
uted in the following manner: on the articular surface of the
right (MCL 4264/30) and left (MCL 4264/40) acetabuli; on both
medial joint surfaces of the proximal joint in the right (MCL
4264/35) and left (MCL4264/36) tibiae-fibulae, and on the distal
articular surface of the former; projecting articular surface for
metatarsal III in the left cuneiform (MCL 4264/42; Figure 1(A));
on the distal articular surface and on the edge of the proximal
joint surface in metatarsal I11 (MCL 4264/43); on both proximal
and distal articular joint surfaces in the left medial phalanx of
the third digit (MCL 4264/47; Figure 1(B)); in extensive parts of
the articulations to metatarsals IV of the left (MCL 4264/45) and
right metatarsals V (MCL 4264/49; Figure 1(C)); on the edge of
the calcaneal and tibial articular surfaces in the astragalus (MCL
4264/51); and on the surface articulating with left metatarsal III
in the left metatarsal II (MCL 4264/71). The thoracic vertebra
(MCL 4264/22) has bone overgrowth on the marginal edge of
the anterior vertebral endplate (Figure 1(D)).

The second specimen is an adult individual (MCL 22 211),
with 75 bones recovered from Pogo Azul cave. Only one bone of
this exemplar is affected: A left radius (MCL 22 211/55) exhib-
iting a calcified sheet projecting onto the posterior joint surface
(Figure 1(E)).
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Figure 1. Joint and vertebral lesions in Valgipes bucklandi. (A) left cuneiform (MCL 4264/42); (B) left medial phalanx of the third digit (MCL 4264/47); (C) right metatarsal
V (MCL 4264/49); (D) thoracic vertebra (MCL 4264/22); (E) left radius (MCL 22 211/55) in lateral view and detail of the proximal joint; and (F) left and right ulnae (MCL 22
263/01 and MCL 22 263/02) in cranial view; (G) right humerus (MCL 22 256/01) in cranial view and detail of trochlea; (H) medial phalanx (DGEO-UFPE 6036) in caudal view
and detail of lesion.

Notes: White arrows indicate deposition of calcific sheet. Black arrow indicates vertebral osteophyte. Scale bars (A-G) = 5 ¢cm and scale bar (H) = 2 cm.
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The third specimen corresponds to a juvenile individual repre-
sented by left and right ulnae (MCL 22 263/01 and MCL 22 263/02)
from the Pogo Azul cave. Both bones have calcified sheets on the
trochlear notch (proximal joint; Figure 1(F)). A right humerus
(MCL 22 256/01) of a juvenile individual also shows trochlear
(distal joint) calcification, projecting onto the joint surface (Figure
1(G)). Both individuals were recovered from the Pogo Azul cave.
Finally, a fragmented medial phalanx (DGEO-UFPE 6036) has
an elliptical bone defect, with smooth-edges and a ‘punched-out’
appearance on the proximal joint surface (Figure 1(H)).

Catonyx cuvieri

Among the 448 bones of Catonyx cuvieri analyzed, seven present
peripheral joint and vertebral changes (1.56%). MNI is 18, 12
adult and eight juvenile, of which three adults and one juvenile
show arthritis (22.2%).

An atlas (MCL 22 381/02) of an adult individual from Poco
Azul cave, found associated with skull (MCL 22 381/01) and
axis (MCL 22 381/03), has a calcified sheet on both occipital
condyle articular surfaces (Figure 2(A)). A fragment of pelvis
(MCL 22 490), also from Pogo Azul cave, has several smoothed,
rounded and crater-shaped subchondral erosions (Figure 2(B)).
The median epicondyle of a left femur (MCL 22 505) from a
juvenile individual exhibits a subchondral erosion (Figure 2(C)).

A right fibula (MCL 4267/04) and right tibia (MCL 4267/05)
have proximal joint remodeling with spur formation parallel,
identifying an osteophyte (Figure 2(D-E)). The bone overgrowth
in the fibula is located on the proximal joint surface with tibia,
while in the tibial spur formation it is located on the lateral and
medial condyles and on the proximal fibular articulation. These
specimens from the Toca dos Ossos cave belong to the same adult
individual and were found in association with the normal (no
lesions present) right (MCL 4267/01) and left (MCL 4267/02)

Figure 2. Joint and vertebral lesions in Catonyx cuvieri. (A) atlas (MCL 22 381/02) in cranial view; (B) fragment of pelvis (MCL 22 490); (C) distal epiphysis of a left femur
(MCL 22 505) and detail of the erosive lesion; (D) right fibula (MCL 4267/04) in cranial view; and (E) right tibia (MCL 4267/05) in cranial view.
Notes: White arrows indicate deposition of calcific sheet. Black arrows indicate osteophytes. Scale bars =5 cm.
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calcanei, the right astragalus (MCL 4267/03) and the left tibia
(MCL 4267/06).

Thirty-four specimens were recovered from the Toca da Boa
Vista cave. All belong to a single juvenile individual: Lumbar and
caudal vertebrae, hand and foot bones and fragments of other
appendicular bones. Among these specimens, a left metatarsal I11
(MCL 4291/10) has a small subchondral erosion in the articular
surface to cuneiform; this alteration is similar to that observed
on the fragment of pelvis (MCL 22 490).

Finally, an axis and third cervical vertebra (FUMDHAM 200-
303-6) from Toca do Garrincho are fused by new bone formation
(Figure 3). This overgrowth is comma-shaped, representing ossi-
fication of the anulus fibrosus, i.e. non-marginal syndesmophytes
(Rothschild and Martin 2006).

(A) (B)

anterior
articular surface

odontoid process

Axis

e
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Mylodonopsis ibseni

Among the 136 bones of Mylodonopsis ibseni analyzed from
the Gruta dos Brejoes cave, only three exhibit articular lesions
(2.2%). MNI is three adults, with one individual afflicted (MCL
450). This individual has ninety-five bones recovered: a zygo-
matic arch, hyoid, radius, fibula, four ribs, four sternebrae, 66
hand/foot bones, seven caudal vertebrae and nine haemal arches.
Two hemal arches (MCL 450/77 and MCL 450/82) and a caudal
vertebra (MCL450/94) are pathologically altered (Figure 4(A-
C)). The two haemal arches have erosions on the articulations
with their respectively caudal vertebrae, while a caudal vertebra
(MCL 450/94) has erosion of the articulation with its haemal
arch.

transverse process

non-marginal
syndesmophyte

Figure 3. Axis and third cervical vertebra (C3) fused of Catonyx cuvieri (FUMDHAM 200-303-6). (A) axis and C3 in lateral view; and (B) axis and C3 in ventral view.

Notes: Dashed line indicates the extension of the lesion. Scale bar = 5 cm.



Downloaded by [CAPES] at 06:50 14 September 2017

6 (& FH.S.BARBOSAETAL.
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Figure 4. Joint lesions in Mylodonopsis ibseni. (A) hemal arch (MCL 450/77) and detail of the erosive lesion; (B) hemal arch (MCL 450/82) and detail of the erosive lesion;

(C) caudal vertebra (MCL 450/94) in ventral view and detail of the erosive lesion.
Note: Scale bar =2 cm.

Glossotherium sp

Among the 173 bones of Glossotherium sp. examined, thirteen
exhibit pathological alteration (7.51%). MNI is 11 (six juvenile
and five adult), of which five (one juvenile and four adults) have
skeletal lesions, representing 45.45%.

The juvenile individual (MCL 4303) has two bones with
subchondral erosions, the left tibia (MCL 4303/08) and a tho-
racic vertebra (MCL 4303/18). The erosions in the left tibia (MCL
4303/08) are located on the proximal articulation with the fibula.
The thoracic vertebral erosions in MCL 4303/18 are located on
the left and right costovertebral articulations.

The adult individual MCL 4231 has two bones with patholog-
ical changes: The left tibia (MCL 4231/01) and left femur (MCL
4231/05). MCL 4231/01 has bone erosion on its distal joint sur-
face, associated with marginal bone overgrowth projecting onto
the joint surface (Figure 5(A)). MCL 4231/05 has marginal bone
overgrowth on the trochlea and medial condyle (Figure 5(B)).
The latter extends parallel from the joint surface, in contrast to
overlying calcification on the left tibial surface (MCL 4131/01),

The second adult individual (MCL 4304) has seven afflicted
bones: Right scaphoid (MCL 4304/03; Figure 6(A)), left unci-
form (MCL 4304/06; Figure 6(B)), left magnum (MCL 4304/07),

left metacarpus (MCL 4304/09), axis (MCL 4304/12), a thoracic
vertebra (MCL 4304/15), left trapezoid (MCL 4304/21; Figure
6(C-D)) and a rib (MCL 4304/35). They [axis (MCL 4304/12)
excepted] have overgrowth projecting onto their articular sur-
faces. The axis has a small overgrowth on the ventral border
of its posterior vertebral endplate (Figure 6(E-F)). An isolated
adult cervical vertebra (MCL 4320) has a focal indentation defect
on its posterior vertebral endplate (Figure 6(G)). This lesion is
slightly circular, smoothed-walled, with no evidence of prolif-
erative reaction changes.

Ocnotherium giganteum

Among the 321 bones of Ocnotherium giganteum from the Toca
dos Ossos site, 20 have osseous modification (6.23%). MNTI is 10
(one juvenile and nine adult individuals), of which seven are
afflicted (70%).

Of the 58 bones from individual MCL 4228, 12 were patholog-
ical: Right humerus (MCL 4228/03), left radius (MCL 4228/04),
left ulna (MCL 4228/05), metacarpus IV (MCL 4228/13), met-
acarpus IIT (MCL 4228/14), metacarpus V (MCL 4228/15),
thoracic vertebra (MCL 4228/26), sacrum (MCL 4228/30), a
thoracic vertebra (MCL 4228/33), left humerus (MCL 4228/40),
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Figure 5. Joint lesions in Glossotherium sp. (A): left tibia (MCL 4231/01) in caudal view; and (B): left femur (MCL 4231/05) in caudal view.
Notes: White arrow indicates deposition of calcific sheet. Black arrows indicate osteophytes. Scale bars = 5 cm.

metacarpus IV (MCL 4228/55) and a haemal arch (MCL
4228/60).

The right humerus (MCL 4228/03) has calcific sheets on
both its proximal and distal (trochlear) joint surfaces and sev-
eral small round erosions on the capitulum (distal articular
surface; Figure 7(A-B)). The calcific shelf on the left humerus
(MCL 4228/03) also involves the distal (trochlear) surface. The
right radius (MCL 4228/04) has prominent ossification at sites
of tendon and ligament insertion into its proximal diaphy-
sis (Figure 7(C)). The left ulna (MCL 4228/05) has a calcific
sheet on its proximal articulation with the humerus (trochlear

notch). Metacarpus IV (MCL 4228/13), metacarpus III (MCL
4228/14), metacarpus V (MCL 4228/15) and metacarpus IV
(MCL 4228/55; Figure 7(D)) have new bone formation at sites
of tendon and ligaments insertion (enthesiophytes; Rothschild
and Martin 2006). Lumbar vertebra (MCL 4228/26) has bone
overgrowth on the ventral edge of the anterior vertebral end-
plate (vertebral osteophyte; Resnick 2002; Rothschild and
Martin 2006; Figure 7(E)). This bone overgrowth extends cau-
dally to the insertion point of the ventral longitudinal ligament.
Thoracic vertebra (MCL 4228/33) also has an osteophyte on the
ventral edge of its posterior vertebral endplate (Figure 7(F-G)).
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Figure 6. Joint and vertebral lesions in Glossotherium sp. (A) right scaphoid (MCL 4304/03); (B) left unciform (MCL 4304/06); (C) left trapezoid (MCL 4304/21) in cranial
view; (D) left trapezoid (MCL 4304/21) in caudal view; (E) axis (MCL 4304/12) in lateral view; (F) axis (MCL 4304/12) in caudal view; and (G) cervical vertebra (MCL 4320)

in caudal view.

Notes: White arrows indicate deposition of calcific sheet. Black arrows indicate vertebral osteophyte. Thin black arrow indicates the focal indentation bone defect. Scale bars (A-D) = 2 ¢m and

scale bars (E-G) =5 cm.

Lastly, heamal arch (MCL 4228/60) has new bone formation in
its anterior aspect, extending horizontally in a bridging man-
ner (Figure 7(H-I)). Unfortunately, full bridging cannot be
verified, as the specimen is broken at the site where it likely
communicated with the adjacent haemal arch.

Individual MCL 21 232 is represented only by the atlas (MCL
21232/01) and axis (MCL 21 232/02). A calcific sheet is present
on the joint surfaces articulating with both occipital condyles
(Figure 8(A)). The right humerus (MCL 4240) and left ulna frag-
ment (MCL 21 405; Figure 8(B)) bear the same calcific sheet on
their trochlea and trochlear notch, respectively. Individual MCL
21 368 is represented by fourteen consecutives caudal vertebral,
the ninth (MCL 21 368/09) of which has a small, rounded erosion
on its posterior vertebral endplate (Figure 8(C)).

Another isolated vertebral centrum (MCL 21 292) exhibits a focal
indentation defect on its posterior vertebral endplate (Figure 8(D)).
This lesion is U-shaped, smooth-walled and located in the region
corresponding to the attachment of the anulus fibrosus. The right
tibia (MCL 21 432) and a phalanx (MCL 21 455) have single ellip-
tical areas of bone destruction (Figure 8(E-F)). In MCL 21 432 the
lesion is located on the distal articular surface, while the abnormal
area in MCL 21 455 is on the proximal articular surface. An isolated

cervical vertebral body (MCL 21 433) has marginal bone overgrowth
on the ventral edge of its anterior vertebral endplate (Figure 8(G)).

Eremotherium laurillardi

Among the 427 bones of Eremotherium laurillardi analyzed of this
species, eighteen bones have skeletal alterations (4.2%). MNI is 13
(one juvenile and twelve adults), of which four are afflicted (30.76%).

Individual MCL 33 089 is represented by the first four cervical
vertebrae. The axis (MCL 33 089/02) has calcific sheets on both
post-zygapophyses (Figure 9(A)). The fourth cervical vertebra
(MCL 33 089/04) has marginal bone overgrowth projecting onto
the articular surface of both pre-zygaphophyses (Figure 9(B)).
Furthermore, MCL 33 089/04 also has new bone formation at
the insertion site for the longitudinal ligament (Figure 9(C-D)).

Individual MCL 33 110 is represented by eight caudal vertebrae,
the last four (MCL 33 110/04, MCL 33 110/05, MCL 33 110/06
and MCL 33 110/07) of which have calcified sheets on the verte-
bral bodies. In the MCL 33 110/04 they are limited to the anterior
vertebral endplate. In MCL 33 110/05 (Figure 9(E-F)) and MCL
33 110/07, they are present on both the anterior and posterior
vertebral endplates and in MCL 33 110/06, present only on the
posterior vertebral endplate (Figure 9(G)).



Downloaded by [CAPES] at 06:50 14 September 2017

HISTORICAL BIOLOGY (&) 9

Figure 7. Joint and vertebral lesions in the individual Ocnotherium giganteum (MCL 4228). (A) proximal joint of right humerus (MCL 4228/03); (B): distal joint of right
humerus (MCL 4228/03); (C) right radius (MCL 4228/04) in the cranial view; (D) metacarpus IV (MCL 4228/55) in lateral view; (E) lumbar vertebra (MCL 4228/26) in caudal
view; (F) thoracic vertebra (MCL 4228/33) in caudal view; (G) thoracic vertebra (MCL 4228/33) in lateral view; (H) hemal arch (MCL 4228/60) in lateral view; and () hemal

arch (MCL 4228/60) in ventral view.

Notes: White arrows indicate deposition of calcific sheet. White long arrow indicates enthesiophytes. Black arrows indicate vertebral osteophyte. Green-marked areas in | represents bone

overgrowth. Scale bars A =5cm.

Individual MCL 33 210 is represented by an articulated
sequence of seven caudal vertebrae, of which two (MCL 33 210/03
and MCL 33 210/04) have hemispherical defects on their poste-
rior vertebral endplates (Figure 9(H-I)). The left lunate (MCL
33 237) has a calcific sheet on its articulation with the unciform
and marginal bone overgrowth projecting onto the joint surface.

Similar overgrowth is also present on the proximal left humeral
(MCL 33 247) surface. The left scapula (MCL 33 253) and the
medial phalange of the third digit (DGEO-UFPE 6238) also have a
calcific sheet on the glenoid cavity and proximal articular surfaces,
respectively. Individual MCL 33 254 is represent by thirteen bones

of the left hand, of which the fused (a characteristic of Folivora)
proximal + medial phalanges (MCL 32 254/09) and ungueal pha-
lanx of the second digit (MCL 32 254/10; Figure 8(])) have calcific
sheets on their distal and proximal articular surfaces, respectively.

Cervical vertebra DGEO-UFPE 5840 (Figure 9(K)) and iso-
lated vertebral body DGEO-UFPE 5990 (Figure 9(L-N)) have
marginal new bone formation at their anterior vertebral end-
plates. The latter is laterally positioned and extends caudally,
the pattern of a syndesmophyte. An isolated medial phalanx
(DGEO-UFPE 7133) has an elliptical bone defect, with smooth-
edges and a ‘punched-out’ appearance on the distal joint surface.
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Figure 8. Joint lesions in Ocnotherium giganteum. (A) axis (MCL 21 232/01) in caudal view; (B) left ulna fragment (MCL 21 405) in lateral view; (C) ninth caudal vertebra
(MCL 21 368/09) in caudal view; (D) isolated vertebral centrum (MCL 21 292); (E) distal joint of the right tibia (MCL 21 432); (F) phalange (MCL 21 455) in distal view; and

(G) cervical vertebra (MCL 21 433).

Notes: White arrows indicate deposition of calcific sheet. Black arrows indicate vertebral osteophyte. Long black arrows indicate elliptical bone destruction. Thin black arrow indicates the focal

indentation bone defect. Scale bars A~-E and G=5 cm. Scale bar F =2 cm.

Multivariate analyses

Q-mode cluster analysis revealed differences among the taxa,
allowing establishment of two distinct groups (Pathologic
Groups = PG1 and PG2) and an external branch represented by
Ahytherium aureum (Figurel0(A)). The ANOSIM test provided
an R = 0.69, p = 0.022, indicating that differences among these
three main clusterings are significant.

Pathological group PGl is composed of mylodontids
(Catonyx cuvieri, Valgipes bucklandi, Glossotherium sp. and
Ocnotherium giganteum) and the megatheriid Eremotherium
laurillardi. PG2 includes the mylodontid Mylodonopsis ibseni

and the nothrotheriid Nothrotherium maquinense (see Figure
10). PG1 includes 89.6% of individuals (based on MNI per-
centage) identified with pathology; PG2 and A.aureum rep-
resent 10.4%. The correspondence analysis reveals a similar
arrangement of the groups found in the cluster analysis.
Concordantly to the cluster analysis, A. aureum plots far from
the other taxa.

Discussion

The findings described above are assignable to six different types
of skeletal lesions. This includes four varieties of joint disease
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Figure 9. Joint and vertebral lesions in Eremotherium laurillardi. (A) axis (MCL 33 089/02) in caudal view; (B) fourth cervical vertebra (MCL 33 089/04) in dorsal view; (C)
fourth cervical vertebra (MCL 33 089/04) in lateral view; (D) fourth cervical vertebra (MCL 33 089/04) in ventral view; (E) caudal vertebra (MCL 33 110/05) in cranial view;
(F) caudal vertebra (MCL 33 110/05) in caudal view; (G) caudal vertebra (MCL 33 110/06) in cranial view; (H) caudal vertebrae (MCL 33 210/03) in caudal view; (1) caudal
vertebrae (MCL 33 210/04) in caudal view; (J) proximal joint surface of the ungueal phalange of the second digit (MCL 32 254/10); (K) cervical vertebra (DGEO-UFPE 5840)
in cranial view; (L) isolated vertebral body (DGEO-UFPE 5990) in cranial view; (M) isolated vertebral body (DGEO-UFPE 5990) in right lateral view; and (N) isolated vertebral

body (DGEO-UFPE 5990) in left lateral view.

Notes: White arrows indicate deposition of calcific sheet. Black arrow head indicates new bone formation. Short black arrows indicate vertebral osteophyte. Thin black arrow indicates the focal

indentation bone defect. Scale bars = 5 cm.

(often referred to as arthritis): calcium pyrophosphate deposi-
tion disease (CPPD), spondyloarthropathy, osteoarthritis, oste-
ochondritis dessicans. Additionally, two vertebral conditions are
identified: Schmorl’s nodes and spondylosis deformans. Below
we discuss each abnormality separately.

Calcium Pyrophosphate Deposition Disease (CPPD)

The presence of calcific plate-like overgrowths on subchondral
joint surfaces and marginal bone overgrowth projecting onto
joint surfaces, as observed in Valgipes bucklandi (MCL 4264/30,
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Figure 10. Cluster and correspondence analyses of taxa versus lesions. (A)
dendrogram with clustering of taxa according to their types of arthritic similarities/
differences (bootstrap test, N = 10,000; values in red); (B) diagram of coordinates
with the x? distances among all taxa and all types of bone alterations (yellow
circles).

Notes: Abbreviations in A: PG1 = Pathological Group 1 (green circles); PG 2 = Pathological
Group 2 (red circles); Vb = Valgipes bucklandi; Cc = Catonyx cuvieri; Gl = Glossotherium sp.;
QOg = Ocnotherium giganteum; El = Eremotherium laurillardi; Mi = Mylodonopsis ibseni;
Nm = Nothrotherium maquinense; Aa = Ahytherium aureum.

MCL 4264/35, MCL 4264/36, MCL 4264/40, MCL 4264/42, MCL
4264/43, MCL 4264/45, MCL 4264/47, MCL 4264/49, MCL
4264/51, MCL 4264/71, MCL 22 211/55, MCL 22 256/01, MCL 22
263/01 and MCL 22 263/02), Catonyx cuvieri (MCL 22 381/02),
Glossotherium sp. (4231/01, MCL 4304/03, MCL 4304/06, MCL
4304/07, MCL 4304/09, MCL 4304/15, MCL 4304/21 and MCL
4304/35), Ocnotherium giganteum (MCL 4228/03, MCL 4228/05,
MCL 4228/40, MCL 4240, MCL 21 232/01, MCL 21 232/02 and
MCL 21 405) and Eremotherium laurrilardi (MCL 33 089/02,
MCL 33 089/04, MCL 33 110/04, MCL 33 110/05, MCL 33 110/06,
MCL 33 110/07, MCL 33 237, MCL 33 247, MCL 33 253, MCL 33
254/09, MCL 33 254/10, DGEO-UFPE 6238) are diagnostic for

calcium pyrophosphate deposition disease (CPPD), a crystalline
type of arthritis (Rothschild 1982; Rothschild et al. 1992). CPPD
is an inflammatory arthritis (Arie and Doherty 1989), frequently
associated with osteoarthritis (Moskowitz et al. 1984).

The calcific sheets marginally located observed in some
bones (e.g. MCL 4264/49, V. bucklandi and MCL 4231/01,
Glossotherium sp.) could be confused with osteophytes, a mar-
ginal bone overgrowth on synovial joints that characterizes oste-
oarthritis (Resnick 2002; Rothschild and Martin 2006). However,
all the new bone formation, characterized above as projecting
onto the joint surface rather than parallel to that surface, is char-
acteristic of CPPD and distinguished from osteoarthritis.

Almost all individuals diagnosed with CPPD had calcific
sheets as the only evident bone change [individuals MCL
4228 (O. giganteum) and MCL 4231 (Glossotherium sp.)
excepted], allowing identification of the CPPD as primary,
i.e. that it developed independently of other inflammatory
diseases or osteoarthritis (Rothschild et al.1992). Primary
CPPD in humans is an age-related disease, predominantly
affecting adult individuals (Rothschild and Martin 2006).
Except for juvenile individuals (MCL 21 256 and MCL 22
263; Valgipes bucklandi), all cases of CPPD were observed
in adult individuals. This suggests that in the Pleistocene
sloths, CPPD was also a disease that affected predominantly
adult individuals.

CPPD is a rare type of arthritis in free-raging contempo-
rary animals (Rothschild and Woods 1993), recognized in
non-human primates (Rothschild and Woods 1992, 1993),
large cats (Rothschild et al. 1998) and reptiles including the
Komodo dragon, Varanus komodiensis (Frye and Dutra 1976;
Frye 1991; Barten 1996; Lopez del Castillo 1998; Rothschild
and Bruno 2009; Rothschild et al. 2012). In fossil organ-
isms, CPPD has been seldom described. Among Xenarthra,
it has been described for the glyptodonts Glyptotherium sp.
(Barbosa et al. 2014) and Panochthus sp. (Barbosa and Luna
2014; Barbosa, Aratdjo-Junior et al. 2017). In those cases, the
CPPD was likely a secondary complication of spondyloar-
thropathy, similar to observations in Varanus komodiensis
(Rothschild et al. 2012). This contrasts with the cases reported
in the current study, in which the CPPD was predominantly
primary, representing the first recognized cases of primary
CPPD in the fossil record.

A probable additional case is that of McAfee (2016), who fig-
ured an atlas from a juvenile Mylodon darwinii Owen, 1839 from
the Pampean Formation, Buenos Aires Province, Argentina.
Calcific sheets on both occipital condyle-articulating surfaces
(FMNH P14288; Figure 3.1, pg. 424), similar to that observed
in the atlas MCL 22 381/02 of Catonyx cuvieri described above
(see item 3.2), likely also represent CPPD.

Spondyloarthropathy (SpA)

The smoothed, rounded and crater-shaped subchondral erosions
observed in Catonyx cuvieri (MCL 4291/10, MCL 22 490 and
MCL 22 505), Mylodonopsis ibseni (MCL 450/77, MCL 450/82
and MCL 450/94) and Glossotherium sp. (MCL 4303/08 and MCL
4303/18) are diagnostic for the peripheral joint manifestations
of spondyloarthropathy (Resnick 2002; Rothschild and Martin
2006). The non-marginal syndesmophyte on the fused axis/
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third cervical vertebrae (FUMDHAM 200-303-6) of Catonyx
cuvieri, on the cervical vertebra (MCL 33 089/04) and on isolated
vertebra (DGEO-UFPE 5990) of Eremotherium laurillardi are
diagnostic for the axial manifestations of spondyloarthropathy
(Resnick 2002; Rothschild and Martin 2006). The subchondral
joint erosions and enthesitis in Ocnotherium giganteum (MCL
4228) are also diagnostic for peripheral manifestations of SpA
(Resnick 2002; Rothschild and Martin 2006).

SpA is a category of inflammatory arthritis characterized by
tendency to reactive bone formation, ossification at sites of ten-
don, ligaments, and capsule insertions (enthesitis), asymmet-
rical pauci-articular peripheral joint erosions and fusion, and
axial (spine and sacroiliac) joint disease (McEwen et al. 1971;
Rothschild 1982; Resnick 2002; Rothschild and Martin 2006).
SpA includes five subtypes: ankylosing spondylitis, reactive
arthritis, psoriatic arthritis, arthritis associated with inflam-
matory bowel disease (ulcerative colitis or Crohns disease)
and an undifferentiated form (Rothschild 1982; Resnick 2002;
Rothschild and Martin 2006). Unfortunately, the limited bone
alterations observed on the specimens herein described do not
allow accurately distinguishing among those subtypes, except for
ankylosing spondylitis. That disease presents with axial skeletal
fusion, extending uniformly in a cephalad cranial direction from
the pelvis. The isolated vertebral involvement in sloths is not
compatible with that subtype.

Non-marginal syndesmophytes can be confused with the
paravertebral ossification of the spinal longitudinal ligament
observed in diffuse idiophatic skeletal hyperostosis (DISH),
sometimes making an accurate diagnosis difficult or even
impossible (Rothschild and Martin 2006). However, in the case
of FUMDHAM 200-303-6, the direct vertebral attachments
of ossification transversing the intervertebral space eliminates
DISH as a diagnostic consideration, because it lacks the clear
space between the ossification and vertebral body inherent to the
DISH diagnosis (Resnick et al. 1978; Rothschild 1982).

MCL 4228 (O. giganteum) is very interesting as it illustrates
complication of one disease (spondyloarthropathy) by a second
one (CPPD), a phenomenon previously observed in Varanus
komodiensis (Rothschild et al. 2012). In additional to classic
findings of spondyloarthropathy, this individual also has cal-
cific sheets deposited on the joint surfaces, features diagnostic
for CPPD (see sub-item CPPD). Spondylosis deformans (see
sub-item Spondylosis deformans), was also recognized. Similar
association of different types of arthritis in a single individual
was previously observed in the glyptodonts Glyptotherium sp.
(Barbosa et al. 2014) and Panocthus sp. (Barbosa and Luna 2014).

Osteoarthritis (OA)

Marginal bone overgrowth on synovial joints that project parallel
to the articular surface, as observed in the fibula (MCL 4267/04)
and tibia (MCL 4267/05) of Catonyx cuvieri, the left femur (MCL
4231/05) of Glossotherium sp. and the right humerus (MCL
4228/03) of Ocnotherium giganteum represent articular osteo-
phytes, the characteristic feature of osteoarthritis (Altman et al.
1986, 1991; Resnick 2002; Rothschild and Martin 2006).
Osteoarthritis is extremely rare in extant wild-animals and
equally rare in the fossil record (Rothschild and Woods 1992,
1993; Rothschild and Martin 2006). This rarity of osteoarthritis
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in xenarthrans is supported by findings in the Pleistocene sloths
discussed herein. There is no evidence of osteoarthritis in the
Brazilian Pleistocene megalonichid and nothrotheriid sloths
analyzed in previous work (Barbosa, Porpino, Bergqvist, et al.
2017). Among xenarthrans, all osteoarthritis identified to date
has been a secondary complication of spondyloarthropathy, as
noted in Glyptotherium sp. (Barbosa et al. 2014) and Panochthus
sp. (Barbosa and Luna 2014). The left femur (MCL 4231/05)
of Glossotherium sp. and right humerus (MCL 4228/03) of
Ocnotherium giganteum likely represent cases of secondary oste-
oarthritis, given their association with other types of arthritis. In
the first case, osteoarthritis is associated with CPPD; the latter,
with SpA (see sub-item 4.2). Uniquely, the case of C. cuvieri
seems to be primary, as it is not associated with other disease.

Osteochondritis dessicans (OD)

The bone alterations in the fragmented medial phalanx (DGEO-
UFPE 6036) of Valgipes bucklandi, in the right tibia (MCL 21
432) and a phalanx (MCL 21 455) of Ocnotherium giganteum
and the medial phalanx (DGEO-UFPE 7133) of Eremotherium
laurillardi are compatible with the diagnosis of osteochondritis
dessicans. This is a non-inflammatory condition characterized
by bone necrosis of a segment of the surface of synovial joints
(Loveland et al. 1984; Aufderheide and Rodrigues-Martin 1998;
Resnick 2002). This condition had been for a long time inter-
preted as consequence of defective blood flow owing to trauma,
particularly repeated, low-grade chronic or micro-trauma
(Compare 1982; Aufderheide and Rodrigues-Martin 1998).
Recently, it has been attributed to subchondral bone fractures
(Resnick 2002).

Few cases of osteochondritis dessicans are reported in the fos-
sil record (e.g. Rothschild and Tanke 2007; Clark and Goodship
2010; Thomas and Barnes 2015; Tschopp et al. 2016). In xenar-
thrans, osteochondritis dessicans was confidently diagnosed
only in the Pleistocene megalonichid sloth Ahytherium aureum
(Barbosa, Porpino, Bergqvist, et al. 2017).

Schmorl’s node (SN)

The focal irregular indentation and hemispherical defects
observed in vertebral endplates of Glossotherium sp. (MCL
4320; cervical vertebra), Ocnotherium giganteum (MCL 21 292;
indeterminate vertebra) and Eremotherium laurrillardi (MCL 33
210/03 and MCL 33 210/04; caudal vertebrae) are suggestive
of Schmorl’s nodes (Pfirmann and Resnick 2001; Resnick 2002;
Peng et al. 2003). This condition is usually associated with herni-
ation of the nucleus pulpous through the anulus fibrosus linking
vertebral centra (Schmorl and Junghanns 1971). Nevertheless,
osteonecrosis has been recently and controversially suggested as
the basic condition for development of Schmorl’s nodes, hernia-
tion being a secondary phenomenon (Peng et al. 2003).
Schmorl’s nodes have been rarely identified in the fossil
record: A Notiomastodon platensis lumbar vertebra (Barbosa,
Porpino, Rothschild, et al. 2017) and a small Pleistocene ground
sloth (Nothrotherium maquinense) caudal vertebra (Barbosa,
Porpino, Berggvist, et al. 2017). The present study shows that
this condition also occurred in large Pleistocene ground sloths
(Glossotherium sp., O. giganteum and E. laurillardi).
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Spondylosis deformans (SD)

Marginal bone overgrowths parallel to vertebral endplates,
observed in the taxa Valgipes bucklandi (MCL 4264/22; thoracic
vertebra), Glossotherium sp. (MCL 4304/12), Ocnotherium gigan-
teum (MCL 4228/26; lumbar vertebra, MCL 4228/33; thoracic
vertebra and MCL 21 433; cervical vertebra) and Eremotherium
laurillardi (DGEO-UFPE 5840; cervical vertebra), are osteo-
phytes. However, they are not diagnostic for osteoarthritis, as
the latter is a term restricted to disease of synovial joints, not
disk spaces (Rothschild 1982; Rothschild and Woods 1987;
Rothschild and Martin 2006). The appropriate term for this bone
alteration (i.e. osteophytes on vertebral endplates) is spondylosis
deformans (Resnick 2002; Rothschild 2015).

Spondylosis deformans appears to be a nonspecific, asymp-
tomatic phenomenon of aging, with no diagnostic or prognos-
tic significance (Resnick 2002; Rothschild and Martin 2006;
Rothschild 2015). In contrast to osteoarthritis, spondylosis
deformans is not a pathological condition. This type of the verte-
bral alteration was also common in dinosaurs (Rothschild 1990),
but not accurately reviewed or separately analyzed from actual
osteoarthritis in extinct mammals (this article excepted).

Multivariate analyses implications

Association among SpA, CPPD, SN and SD is unknown.
Although CPPD may occur secondarily to SpA (Rothschild and
Martin 2006; Barbosa et al. 2014), the distance between them in
the plotting of the correspondence analysis is higher than the
distances between CPPD and SD, and SpA and SN. Therefore,
the possible secondary condition of CPPD to SpA cannot be con-
sidered alone in explaining the formation of PG 1. On the other
hand, the size of taxa clustered in PG1 (C. cuvieri, V. bucklandi,
Glossotherium sp., O. giganteum and E. laurillardi) is a possible
explanation for this grouping, as the larger-sized taxa may be
more vulnerable to certain abnormalities (based on the available
literature so far; Rothschild et al. 1994, 1998; Barbosa et al. 2014;
Barbosa and Luna 2014).

The plotting of PG 2 (N. maquinense and M. ibseni) in the
correspondence analysis is strongly influenced by the presence
of SpA and secondarily by SN. Clearly, their position is not
related to specific body size, as PG 2 includes species of dif-
ferent sizes. In fact, SpA - the main disease among the species
clustered in PG 2 - affects species with different body sizes since
Permian (Rothschild et al. 2012). The isolated positions of A.
aureum in the cluster and correspondence analyses (see Figure
10) agree with previous studies showing that such diseases were
rare among Brazilian megalonychids (see Barbosa, Porpino,
Bergqvist, et al. 2017).

Conclusions

Six different types of skeletal abnormalities, including
Calcium  Pyrosphosphate Deposition Disease (CPPD),
Spondyloarthropathy (SpA), Osteoarthritis (0A),
Osteochondritis Dessicans (OD), Schmorl's Node (SN) and
Spondylosis Deformans (SD), affected six Pleistocene ground
sloths species from the BIR. Considering the material analyzed
in this paper and previous studies, SpA is the most common

abnormality and Ocnotherium giganteum is the species with
higher variability of the lesions (it has all lesions herein diag-
nosed) among the ground sloths of the BIR. According to mul-
tivariate analyses, body size seems to be the preponderant factor
on the types of abnormalities that affected Pleistocene ground
sloths from Brazilian Intertropical Region.
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Intertropical Region (BIR) that can be interpreted as granulomatous infections. Among
the possible types of granulomatous infectious, the cases herein presented appear to be
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Introduction

Two endemic diseases that have a major impact on human history are tuberculosis
and brucellosis, the former afflicting one-third of humanity and the second
predominantly its food supply (Flynn and Chan 2001). These diseases, along with other
(e.g. fungal infection and syphilis) are named granulomatous diseases. Tuberculosis
clearly had a pre-Columbian worldwide occurrence (Rothschild and Martin 2006),
while brucellosis is considered more limited in its synchronic distribution (D’ Anastasio
et al. 2010), Ortner’s (2003) speculative Mexican case excepted.

Tuberculosis (TB) is a bacterial infection caused by a member of the Mycobacterium
tuberculosis complex (M. tuberculosis, M. bovis, M. bovis BCG, M. africanum and M.

microti) or by an atypical mycobacterium (e.g. M. kansasii, M. avium-intracellulare)
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(Aufderheide and Rodriguez-Martin 1998; Rothschild and Martin, 2006). Nowadays, it
is one of the major health problems, leading to nearly 1.4 million deaths in 2015 alone
(WHO 2016).

TB has been considered an ancient disease (Rothschild et al. 2001; Minnikin et al.
2012), with the oldest proven case identified in bones of Bison antiquus dated to 17.000
yr BP (Rothschild et al. 2001; Lee et al. 2012). Other cases have been suggested based
on abnormalities in skeletal remains of ice-age bovids (Rothschild and Martin 2006)
and mastodon (Rothschild and Laub 2006). In humans, on the other hand, the oldest
cases diagnosed are dated to 9.000 yr BP in Mediterranean (Hershkovitz et al. 2008)
and 2.100-1.900 yr BP in the Americas (Klaus et al. 2010). Tuberculosis is likely an
animal disease that subsequently infected humans (Lee et al. 2008). The dating of all
these cases suggests an immigration pathway for the disease from Eurasia to North
America (Lee et al. 2012).

Tuberculosis has been rarely recognizable in the fossil record, as morphological
changes it produces in bones are generally non-specific (Salo 1994; Holloway et al.
2011), except for those in bovids and mastodon (Spigelman and Lemma 1993;
Donoghue 2009; Minnikin 2012). The validity of the morphological diagnostic
approach in those groups has been improved by the emergence of new biomolecular
methods, including recovery of specific ancient DNA and lipid biomarkers (e.g.
Eisenach et al. 1990; Spigelman and Lemma 1993; Donoghue 2009; Minnikin 2012).

Brucellosis is an infection caused by one of the gram-negative species belonging to
the genus Brucella (mainly B. melitensis, B. abortus or B. suis) and, just like TB, it can
affect soft and skeletal tissues (Aufderheide and Rodriguez-Martin 1998). Brucella has
been isolated from cattle, pigs, goats, sheep, and a grey weasel in Argentina (Lucero et

al. 2007), the most important reservoirs for human infection. Although brucellosis has
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been eradicated in some areas, it remains as an important zoonosis around the world,
especially Mediterranean countries of Europe, northern and eastern Africa, Near East
countries, India, Central Asia, Mexico and Central and South America (Dean et al.
2012; Madkour 2001).

Brucellosis has also been considered an ancient disease with several suggestive
archeological reports (e.g. Capasso 1999; Etxeberria 1994; Rashidi et al. 2001). The
oldest possible case is in Australopithecus africanus from the late Pliocene (23-25 kyr
BP) hominin site of South Africa (D’ Anastacio et al. 2009). The oldest DNA-
documented case is in a modern human dated to 10-13th century AD (Mutolo et al.
2012). In wildlife, it has a wide distribution including canids, felids, bears, mustelidae,
procyanidae, ovids, swine, camelids, deer, rabbits, mice, rats, opossum and geese (Vana
1980).

Fossil evidence of TB has been restricted to Eurasia (Rothschild & Laub, 2006) and
North America (Rothschild et al. 2001; Rothschild and Martin 2006; Lee et al. 2012),
whereas brucellosis seems to be entirely unknown. A possible case was recognized in
the Pleistocene Maltese Hippopotamus melitensis by one of the authors (BMR). The
purpose of the present study is to describe the presence of a granulomatous disease
(tuberculosis or brucellosis) in two species of Pleistocene sloths from South America,

shedding light on the evolutionary history of these diseases.

Material and methods

We carried out a macroscopic examination on 10 bones of a single adult individual
assigned to Valgipes bucklandi (Lund, 1839), including: second (MCL 4293/21), third
(MCL 4293/22), eighth (MCL 4293/28) and ninth (MCL 4293/29) caudal vertebrae; a

hemal arch (MCL 4293/37); left metacarpus IV (MCL 4293/67); left metacarpus V
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(MCL 4293/68); right ungual phalanx of the fourth digit (MCL 4293/91); right proximal
+ medial phalanx of the fourth digit (MCL 4293/92); and left metatarsus V (MCL
4293/96). All specimens are housed in the paleontological collection of the Museu de
Ciéncias Naturais of the Pontificia Universidade Catdlica of Minas Gerais (PUC-MG),
Belo Horizonte city, Minas Gerais State, Brazil. We also analyzed two isolated caudal
vertebrae of Eremotherium laurillardi (Lund, 1842) housed in the paleontological
collection of the Departamento de Geologia of the Universidade Federal de Pernambuco
(DGEO-UFPE), Recife city, Pernambuco State, Brazil.

The specimens assigned to V. bucklandi were recovered from Volta da Serra III cave,
Sdo Joao das Missdes municipality, Minas Gerais State, Brazil (23 L 599484.003 E;
8344922.468 S). Unfortunately, this site is not dated. Geochronological studies of other
Brazilian caves deposits have provided different ages, mostly Late Pleistocene (e.g.
Auler et al. 2006; Hubbe et al. 2013), but some dates are older (e.g. Auler et al. 2006)
and younger (e.g. Auler et al. 2006; Baffa et al. 2000), so that we attribute the material
from Volta da Serra Trés cave here analyzed to the Pleistocene sensu lafo.

The two isolated caudal vertebrae of E. Jaurillardi were collected from a natural tank
(i.e. natural depressions formed by physical-chemical weathering in fractures on
basement outcrops; Paula-Couto 1980; Aratijo-Junior and Porpino 2011; Aradjo-]Jtnior
et al. 2015), at the Logradouro farm, Inc6 site, Fazenda Nova district (24 L 812329 E;
9094439 S), Brejo da Madre de Deus municipality, Pernambuco State, Brazil. The
Quaternary sediments where both vertebrae were collected are dated by Optically
Stimulated Luminescence method between 45.4 + 4 ka and 12.7 + 1 ka, i.e. Late

Pleistocene (Silva & Correa 2009; Silva 2013).

Results
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The specimens assigned to the adult individual of Valgipes bucklandi have lesions
distributed in both right and left hands, left foot and in caudal vertebrae. In the right
manus, the proximal + medial (MCL 4293/92) and ungueal (MCL 4293/91) phalanges
of the fourth digit were affected (Fig. 1 a, b). The proximal + medial phalanx (MCL
4293/92) has a large erosion undermining the distal joint surface, associated with
periosteal reaction on the dorsal and lateral faces of the diaphysis. The erosion on the
proximal joint surface of the articulating ungual phalanx is located opposite the lesion
found in MCL 4293/92. In the left manus, the metacarpus IV (MCL 4293/67) and
metacarpus V (MCL 4293/68) are also affected. Metacarpus IV (MCL 4293/67) has a
bone erosion on its distal joint surface. Metacarpus V (MCL 4293/68) has the distal
third missing, while the proximal third is swollen (dactylitis) and disorganized
(compared with the antimere; Fig. 1 ¢, d). In the left foot, only metatarsus V (MCL
4293/96) bears pathologic alteration: A large abscesses surrounded by slight periosteal
reaction on its dorsal face (Fig. 1 e, f).

In the caudal sequence of the spine, four vertebrae were infected, including the
second (MCL 4293/21), third (MCL 4293/22), eighth (MCL 4293/28) and ninth (MCL
4293/29) (Fig. 2 a-f). The second vertebra (MCL 4293/21) has bone destruction of the
posterior vertebral endplate extending to its neural arches, prezygapophysis and
postzygapophysis; the left postzygapophysis is missing. The third caudal vertebra (MCL
4293/22) has bone destruction on its anterior endplate, adjacent to the damage in the
second caudal vertebra. Posterior elements of this vertebra were destroyed and neural
arches are fractured at the base. Lastly, both eighth (MCL 4293/28) and ninth (MCL
4293/29) caudal vertebrae have destruction of the posterior vertebral endplate. Besides
the injuries in these four caudal vertebrae, a hemal arch (MCL 4293/37) is also affected,

with irregular new bone formation connecting the ends (osseous bridge; Fig. 2 g, h).
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Two isolated caudal vertebrae (DGEO-UFPE 5966 and DGEO-UFPE 5973) assigned
to Eremotherium laurillardi have lytic lesions on their endplates (Fig. 2 i-k). DGEO-
UFPE 5966 has bone destruction on both anterior and posterior vertebral endplates. The
lytic lesion on the anterior vertebral endplate is surrounded by a zone of resorption (a
macroscopic regional phenomenon surrounding lytic lesions; Hershkovitz et al. 1998).
There is a small collapse near the dorsolateral edge of the anterior vertebral endplate.
DGEO-UFPE 5973 shows lytic destruction in the anterior vertebral endplate, associated

with a zone of resorption.

Discussion

Vertebral and extra-vertebral lesions in an almost completely preserved individual
(V. buckiandi, MCL 4293) and in the two isolated vertebrae assigned to E. laurillardi
(DGEO-UFPE 5966 and DGEO-UFPE 5973) document the presence of a
granulomatous infection, attributable to either tuberculosis or brucellosis.

Accurate diagnosis of tuberculosis and brucellosis in isolated bones is often
problematic because most alterations only document the presence of an infection, but
are not diagnostic for the specific infectious process (Aufderheide and Rodriguez-
Martin 1998; Resnick 2002; Rothschild and Martin 2006; Fernandes et al. 2014). Some
alterations, however, apparently have specificity, both with respect to morphological
characters and skeletal distribution (Aufderheide and Rodriguez-Martin, 1998; Resnick
2002; Rothschild and Martin 2006).

Undermining of articular surfaces has been documented as definitive for tuberculosis
(Spigelman and Lemma 1993; Rothschild and Martin 2006; Donoghue 2009; Minnikin
2012). However, in the examined material, undermining is part of a large continuous

erosion, not limited to the undersurface of the articulating margin.
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Multiple vertebral involvement with anterior centra involvement and relative sparing
of posterior vertebral elements (transverse process, lamina and spinous process) is
characteristic of tuberculosis, with collapse producing an angular kyphosis (referred to
as gibbus formation, which occurs in 5% of bone-involvement) and considered
diagnostic (Fernandes 2014; Morse 1961; Resnick, 2002; Rothschild and Martin, 2006).
However, all these features are also common in brucellosis (Lifeso et al. 1985; Demirci
et al. 1989; Mutolo et al. 2012). Gibbus deformity is found in 1% of brucellosis and 5%
of tuberculosis (Erdem et al. 2015), so that it is not a definitive character in isolated
individuals. Paravertebral abscess, considered very common in TB, occurs in 10-20% of
brucellosis cases (Gotuzzo 2011).

Less definitive, although considered characteristic of tuberculosis-related damage, is
its primarily lytic/erosive character related to zones of resorption (Hershkovitz et al.
1998) with only limited periosteal reaction and dactylitis (spina ventosa). Dactylitis has
been documented in tubercular infections (Fernandes et al. 2014), but has not been
studied in brucellosis (Resnick 2002; Rothschild and Martin 2006).

The main differences between TB and brucellosis are that: 1. brucellosis primarily
involves endplates, with secondary involvement of the rest of the vertebral centra
(Madkour and Sharif 2001); 2. the Iytic lesions in brucellosis are sharply defined with
sclerotic margins (Madkour and Sharif 2001); and 3. proliferative bone changes are
more common in brucellosis than in TB (Samra et al. 1982).

The pathology described in V. bucklandi and in isolated vertebrae of E. laurillardi
are predominantly lytic, except for metacarpus V (MCL 4293/96), in which dactylitis is
present (see Fig. 1c). Undermining of articular surface has been documented as
pathognomonic for tuberculosis in Bovidae and Proboscidea, but has not been studied in

Xenarthra. However, the undermining in the current case is not limited to the zone
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immediately subjacent to the vertebral endplate, which may just imply partial resistance
of the endplate to the lytic process. Involvement of multiple vertebrae in V. bucklandi is
characteristic of both diseases (Resnick 2002). The vertebral endplate damage in E.
laurillardi (DGEO-UFPE 5966 and DGEO-UFPE 5973) allows recognizing the
presence of a granulomatous disease, but are not sufficient to diagnose brucellosis or
tuberculosis.

Among living vertebrates, tuberculosis has been recognized in snakes, turtles, lizards
(von Ippen 1962) and several mammals (e.g. Buchan and Griffin 1990; Fox 1939;
Lovell 1990). Brucella, in turn, has been isolated from cattle, pigs, goats, sheep, and a
grey weasel in Argentina (Lucero et al. 2007). However, both tuberculosis and
brucellosis have not been reported in contemporary sloths (Gilmore et al. 2001). Thus,
is not possible to perform comparative analysis of the skeletal findings with modern
representatives.

Diagnosis of pyogenic osteomyelitis — a type of infection caused by pus-generating
bacteria (Resnick 2002; Rothschild and Martin 2006), which also produces cloacae is
rejected due to the presence of undermining surfaces, absence of reactive bone
alterations and the presence of dactylitis (Fernandes 2014; Resnick 2002; Rothschild
and Martin 2006). Fungal osteomyelitis is also discarded as a possible cause because
this type of infection is characterized by fronts rather than resorption and by the
expansion of the involved areas in a spheroid manner (Hershkovitz et al. 1998).
Conversely, the presence of multifocal bone erosions, zones of resorption, articular
surface undermining, dactylitis, and a cloaca in the left metatarsus V (MCL 4293/96)
allows rejecting metastatic cancer as a possible cause.

Granulomatous disease (heretofore GR), recognized in the Xenarthrans described

herein, has a limited derivation: tuberculosis and brucellosis (Resnick 2002; Rothschild
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10

and Martin 2006). If tuberculosis is responsible for the GR, this would represent its first
documentation in a Xenarthran and additionally, its first recognition in the South
America zoological record. If brucellosis is responsible for the GR in the analyzed
material, it would be the first recognized occurrence in South America.

Whether caused by tuberculosis or brucellosis, this is the oldest documented
observation of granulomatous disease in the South American fossil record and the first

identification of either disease in Xenarthra.
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Figures

Fig. 1 Extra-vertebral lesions in Valgipes bucklandi. a the proximal + medial phalange
(MCL 4293/92). b ungueal phalange (MCL 4293/91) and detail of the erosive lesion on
proximal joint of ungueal phalange (MCL 4293/91). ¢ left metacarpus IV (MCL
4293/67). d right metacarpus IV (MCL 4293/66) not affected. e left metatarsus V (MCL
4293/96). f right metatarsus V (MCL 4293/97) not affected. White arrows indicate
erosive lesions, black arrow indicate the cloaca, detached areas indicate periosteal

reaction and dashed line indicates bone loss.

Fig. 2 Vertebral lesions in the caudal sequence of vertebrae of Valgipes bucklandi and
in two isolated caudal vertebrae of Eremotherium laurillardi. a second caudal vertebra

(MCL 4293/21) of V. bucklandi, in posterior view. b second caudal vertebra (MCL
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4293/21) of V. bucklandi in dorsal view. ¢ third caudal vertebra (MCL 4293/22) of V.
bucklandi in anterior view. d third caudal vertebra (MCL 4293/22) of V. bucklandi in
dorsal view. e octave caudal vertebra (MCL 4293/28) of V. bucklandi in posterior view.
f none caudal vertebra (MCL 4293/29) of V. bucklandi in posterior view. g hemal arch
(MCL 4293/37) of V. bucklandi in posterior view. h hemal arch (MCL 4293/37) of V.
bucklandi in dorsal view. i caudal vertebra of E. Jaurillardi (DGEO-UFPE 5966) in
anterior view. j caudal vertebra of E. laurillardi (DGEO-UFPE 5966) in anterior view.

k caudal vertebra of E. Jaurillardi (DGEO-UFPE 5973) in anterior view.
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