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DOMICIANO, Isabela Guarnier. Fibropapilomatose em tartarugas-verde (Chelonia mydas,
Linnaeus, 1758) no sudoeste do oceano Atlantico: epidemiologia e parametros clinicos
laboratoriais. 2016. 93f. Tese (Doutorado em Ciéncia Animal) — Universidade Estadual de
Londrina, Londrina, 2016.

RESUMO

A tartaruga-verde, Chelonia mydas, é a espécie de maior ocorréncia no Brasil e habita areas
mais proximas a costa, onde estdo suscetiveis a ameagas naturais, como doencas, ou decorrentes
de atividades antropogénicas. A fibropapilomatose ¢ uma doenca cronica caracterizada por
tumores externos € internos, principalmente em tartarugas-verde juvenis, que podem dificultar
atividades como alimentagdo e nata¢ao ou levar a morte. O artigo A teve como objetivo revisar
a epidemiologia da fibropapilomatose no Brasil e avaliar informagdes inéditas sobre a doenga
em trés estados (Rio de Janeiro-RJ, Parana-PR e Santa Catarina-SC). Foram levantadas
informagdes na literatura sobre a prevaléncia, comprimento curvilineo da carapaga (CCC),
metodologia utilizada (encalhe, captura incidental ou intencional em rede de pesca ou desova) e
gravidade da doenca em tartarugas-verde ao longo da costa (Latitudes 02°52°S a 26°02°S), de
2000 a 2014. Além desses parametros, foram avaliadas nos trés estados, a condi¢ao corporea do
animal, a histologia e a presenca de Chelonid Herpesvirus-5 (ChHVS) em tumores de animais
amostrados de 20072009 a 2014. Os dados disponiveis em 12 dos 17 (70,6%) estados da costa
brasileira foram comparados entre dois periodos (2000 a 2006 e 2007 a 2014) e prevaléncias
demonstraram diferencgas significativas de acordo com (i) a metodologia utilizada, (ii) o periodo
e (iii) a latitude. Houve diminui¢do da doenca no Ceara, Rio Grande do Norte, Espirito Santo e
Sao Paulo; manutencao na Paraiba e RJ; aumento na Bahia e SC e auséncia nas ilhas oceanicas.
As prevaléncias da doenga foram 13,6% (12/88), 14,5% (17/117) e 9,6% (38/395) no RJ, SC e
PR, respectivamente, em animais encalhados e 23% (10/43) em animais intencionalmente
capturados no PR. A analise total dos casos em toda a costa indicou a manutencao da doenga de
2000 a 2014 [14% (1090/7804) de 2000 a 2006 e 13,8% (1106/8035) de 2007 a 2014]. A
patogenia e prevaléncia da doenca podem estar associados ao CCC e poluigdo ambiental.
Achados histopatolégicos dos tumores sugerem infeccdo viral, porém, apenas uma lesdo
apresentou corpusculos de inclusdo (1/121). A analise molecular das amostras detectou cinco
variantes de ChHVS, semelhantes ao grupo de variantes do Atlantico e Atlantico oeste/leste do
Caribe. No artigo B, o objetivo foi avaliar parametros hematoldgicos e bioquimicos de
tartarugas-verde capturadas intencionalmente em duas ilhas na zona estuarina do litoral do PR.
Os animais foram capturados por sete dias em 2014 e amostras de sangue foram colhidas para
andlise de 36 parametros. No total, 43 juvenis foram capturados e 10 apresentavam
fibropapilomatose (23,2%), sendo que a maioria apresentava bom estado nutricional (42/43;
97,7%). O CCC e massa corporea (MC) de animais com tumores (CCC=43,51+4,42cm;
MC=10,42+2,81kg) foram semelhantes aos animais sem tumores (CCC=41,06+4,66cm;
MC=8,58+2,97kg). Niveis menores de colesterol (57,10+£9,24mg/dl) e ureia (7,80+0,99mg/dl) e
maiores concentragdes de eosinofilos (3,10+1,09 103/ul) foram observados em animais com
tumores em relacdo aos sem tumores (colesterol=85,66+6,74mg/dl; ureia=37,85+8,59mg/dl e
eosin6filo=0,88+0,26 103/ul). A despeito da doenga, o CCC foi relacionado positivamente aos
niveis de proteina total, albumina/globulina e hematdcrito e negativamente ao cloreto. O estado
de saude das tartarugas-verde pode refletir a saude e impactos no ambiente marinho, que devem
ser continuamente monitorados para efetiva conservacao dessa espécie ameacada de extingao.

Palavras-chave: Tartaruga marinha. Doenga. Bioquimica. Hematologia. Conservagao. Brasil.
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ABSTRACT

The green tutle, Chelonia mydas, is the most commom species that inhabit coastal areas off
Brazil, and are susceptible to natural hazards (including diseases) and anthropogenic
activities. Fibropapillomatosis is a chronic disease characterized by skin and internal tumours
that can affect vital activities as feeding and swimming or can lead to death. The objective of
article A was to review the epidemiology of fibropapillomatosis in Brazil and also evaluate
new data from three states (Rio de Janeiro—RJ, Santa Catarina—SC and Parand—PR). Local and
international peer-reviewed studies summarizing prevalence, curved carapace length (CCL)
sampling method (stranded, bycaught, intentionally captured or nesting), and severity of
disease were searched for green turtles throughout the Brazilian coast (Latitude 02°52°S to
26°02°S) from 2000 to 2014. The body condition, histology and detection of Chelonid
Herpesvirus-5 (ChHVS5) were also evaluated of afflicted animals sampled from 20072009 to
2014 in RJ, PR and SC. Data from 12 of 17 (70.6%) states of Brazilian coast were compared
between two periods (from 2000 to 2006 and from 2007 to 2014). Prevalences varied
according to (i) sampling methods, (ii) period evaluated and (iii) latitude degrees. Prevalence
decrease was observed in Ceard, Rio Grande do Norte, Espirito Santo and Sdo Paulo,
maintenance in Paraiba and RJ; increase in Bahia and SC and were absent in oceanic islands.
The prevalences were 13.6% (12/88), 14.5% (17/117) and 9.6% (38/395), in stranded animals
off RJ, SC and PR; and 23% (10/43) in animals intentionally captured off PR. Considering all
data from Brazilian coast, prevalence of fibropapillomatosis was similar from 2000 to 2014
[14% (1090/7804) from 2000 to 2006 and 13.8% (1106/8035) from 2007 to 2014]. The
pathogenisis and consequent prevalence values can be associated with CCL and
environmental pollution levels. Microscopical findings suggested viral infection, but
eosinophilic inclusion bodies were observed in only one tumor (1/121). Molecular methods
detected five variants of ChHVS5 that were clustered with Atlantic groups, excepting one that
clustered with western Atlantic/ eastern Caribean group. In article B, the objetive was to
evaluate hematological and biochemistry samples of green turtles intentionally captured in
two islands off Parand coast. The animals were caught in gillnets for seven days in 2014 and
36 parameters of blood samples were evaluated. A total of 43 juvenile green turtles were
caught, of which 10 had fibropapillomatosis (23.2%). The majority was classified in good
nutritional status (42/43, 97.7%). The CCC and body mass (BM) of fibropapillomatosis
afflicted animals (CCL = 43.51 + 4.42 cm; BM = 10.42 + 2.81 kg) were similar to green
turtles without tumours (CCL = 41.06 + 4.66 cm; BM = 8.58 + 2.97 kg). Significant lower
levels of cholesterol (57.10 = 9.24 mg dl-1) and urea (7.80 + 0.99 mg dl-1), but greater
absolute numbers of eosinophils (3.1 + 1.1 103 pl-1) were observed in turtles with tumours
compared to turtles without tumours (cholesterol = 85.66+6.74 mg dl-1, urea = 37.85 + 8.59
mg dl-1, eosinophils=0.9 + 0.3 103 pl-1). Irrespective of disease, CCL was positively
associated with total protein, albumin, albumin-to-globulin and hematocrit and negatively
associated with chloride. The green turtles health may reflect hazards and the health status of
marine environment. Therefore, monitoring is important to green turtle conservation.

Keywords: Sea turtles. Diseases. Biochemistry, Hematology. Conservation. Brazil.
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1 INTRODUCAO

As tartarugas marinhas apresentam complexo ciclodde caracteristico de
animais que realizam deslocamentos, muitas vepego$ entre as areas de nascimento,
alimentagédo e reproducdo (BOWEN e KARL, 2007). Be$srma, s&do consideradas
sentinelas ambientais e indicadores da saude d®amlzosteiro e marinho, tanto em escala
local como mundial, refletindo impactos duranteoogo periodo de vida (AGUIRRE e
LUTZ, 2004).

Existem sete espécies no mundo e, entre elas, s#@oencontradas no
Brasil: Chelonia mydagtartaruga-verde)Caretta caretta(tartaruga-cabecudd)epidochelys
olivacea (tartaruga-oliva), Eretmochelys imbricata(tartaruga-de-pente) éermochelys
coriacea(tartaruga-de-couro) (SANTO& al, 2011).Lepidochelys kemp{Kemp’s Ridley)
ocorre apenas no Atlantico Norte e Golfo do Méxddatator depressu@-latback turtle), no
oceano indico e Pacifico (IUCN, 1996a e 1996b).dBoestdo inclusas nas listas de espécies
ameacadas de extincdo, principalmente devido acdtopaausados por atividades humanas
(IUCN, 2016; ICMBIo, 2014).

A tartaruga-verde possui distribuicdo cosmopolitasde os tropicos até
zonas temperadas e apresenta habitos mais cos&itoselacdo as outras espécies de
tartarugas marinhas, utilizando inclusive estudsotagos (ALMEIDA et al, 2011). No
Brasil, as areas de desova da espécie localizamasdlhas oceanicas Trindade (Espirito
Santo), Atol das Rocas (Rio Grande do Norte) edreta de Noronha (Pernambuco), mas ha
casos de desovas no norte do litoral da Bahia dstalos do Espirito Santo, Sergipe e Rio
Grande do Norte (ALMEIDAet al, 2011). As tartarugas-verde juvenis Sao as NM@AIIOS
na regido costeira do mar continental do Brasitleose alimentam, e representam o maior
namero de ocorréncias de encalhes, avistagenswasem rede de pesca (SANTEal,
2011).

A fase juvenil das tartarugas-verde € um period@eenocorrem mudancgas
de habitat, morfolégicas e de dieta (NISHIZAWA al, 2010, GAMA et al, 2016). Os
animais migram de zonas oceanicas para areasmenédicdo neriticas (proximas a costa),
etapa conhecida como recrutamento, quando passamygiancas morfologicas graduais no
cranio e de uma dieta onivora para predominantemebivora (CARDONZAet al, 2010,
NISHIZAWA et al, 2010, GAMAet al, 2016). Mesmo apds o recrutamento para zonas

neriticas, espécimes ainda se deslocam entre paf@gicas oceanicas e neriticas em busca
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de alimento, em um periodo de transicdo de ingedtdibens de origem animal e vegetal
(GONZALEZ-CARMAN et al,, 2012).

Essas alteracdes sdo peculiares a espécie e astadgpsenvolvimento e, em
conjunto com outros fatores (ex. sazonalidade godibilidade de alimentos), podem refletir
em mudangas na homeostase do animal e conseq@set®genho corpoéreo para atividades
vitais (AMOROCHO e REINA, 2008; WILLIARD, 2013). QGentendimento sobre os
parametros fisiolégicos e sobre os limites aceitay®gmra uma condicdo saudavel dos
individuos/populacdes sédo importantes e servem cbase também na avaliacdo de
potenciais impactos naturais ou causados por atheslhumanas (WILLIARD, 2013).

Alguns dos impactos naturais incluem ataques déadaes, doencas como
a fibropapilomatose, mudanca abrupta de tempegrtdie agua (“cold stunning”) e
deficiéncias nutricionais, porém o0s mais impact&ngnvolvem atividades humanas
(GEORGE, 1997; FLINTet al, 2009; ANDERSONet al, 2011). A captura incidental em
pescarias, tais como emalhe e arrasto, ingesté@sitbuos solidos, principalmente o plastico,
e a exposicao aguda ou crbnica a poluentes quirtaotsém interferem no estado de saude
desses animais (SCHUYLERt al, 2014; KELLER, 2013; LEWISONet al, 2014). Na
natureza, esses fatores atuam de forma simultjneesno que ndo levem diretamente a
morte, influenciam no nivel de estresse que estacaslo a queda da imunidade e aumento
da suscetibilidade das tartarugas marinhas a paiége desenvolvimento de doencas
(MILTON e LUTZ, 2003).

A fibropapilomatose, por exemplo, destaca-se paltilsiicio mundial e
por afetar principalmente tartarugas-verde juvédBNESet al, 2016). Existem, porém,
diferentes lacunas no entendimento sobre a grawjdagrogressdo da doenca & morte, a
patogenia e sobre as diferentes prevaléncias dacacentre regides, mesmo em pequena
escala geografica (WORKt al, 2004; VAN HOUTANet al, 2010; GUIMARAESet al,
2013). Dessa forma, a avaliagdo da enfermidadelecia da salde dos animais afetados pela
fibropapilomatose, considerando a interagcdo ensefatores ambientais (ex. impactos,
caracteristicas fisicas e quimicas), o agentedgimmd e o hospedeiro (ex. mudancas na fase
juvenil), trazem uma resposta mais holistica e esercomo base para monitoramento e

conservagao desses animas considerados sentinetasskistema marinho.
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Resumo

A tartaruga-verdeChelonia mydaspossui ampla distribuicdo geografica, reprodugédia e
complexo ciclo de vida que englobam habitats nosiemtes costeiros e marinhos. Devido a
essas caracteristicas, os animais ficam expostdfeeentes tipos de ameacas para a
conservagdo e podem sinalizar sobre variagbes \edgde desses impactos ao longo do
tempo, sendo considerada sentinela ambiental.tiéstalho teve por objetivo discorrer sobre
relatos de atividades antropicas impactantes ecdsdanfecciosas e parasitarias Emmydas
com énfase nas ocorréncias no litoral brasileir@aptura acidental em petrechos de pesca é
uma das principais ameacas a conservagao dessgERrassim como a ingestdo de residuos
sélidos, colisdo com embarcacfes e dragas e biedagio de contaminantes quimicos, 0s
quais podem atuar diretamente ou indiretamente aréerdos animais. Dessa forma, quando
nao matam o animal, podem servir como porta de@atpara agentes patolégicos e agirem
como imunossupressores que influenciam no deseémaito de doencas secundarias. Os
agentes patolégicos associados a lesdes inclueus, iactérias, fungos, protozoarios e
helmintos. A fibropapilomatose, por exemplo, é chmazada por tumores cutaneos e
viscerais que afetai@. mydaguvenis no mundo todo, e 0 provavel agente é @étirus
Chelonid-5. As bactérias do génevibrio, Aeromonas Pseudomonasao frequentemente
encontradas no ambiente aquatico, como também émaigncom lesfes em diferentes

orgaos. Os adultos e ovos de trematddeos da faBpiliachiidae também séo frequentemente
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relatados em afeccdes cardiovasculares sistéminaS.emydas O impacto causado por
atividades antropicas e o desenvolvimento de dselg¢ainérgico e afetam a saude e
conservacao desses animais. A identificacdo decdsem a causa da morte €n mydas
ainda sao esporadicas em diversas regides do masdimy como no Brasil. A avaliacao
continua, sistematica, por meio de exames macrmas)phistopatoldgicos e auxilio de
andlises moleculares para identificagdo de aggragxénicos é necessaria para avaliar o
estado de saude e subsidiar decisdes de gestd@raosie pesquisa e para desenvolver
medidas de mitigacédo apropriadas para a conserdagomydas

Palavras-chave: captura acidental, ingestao deuasiagentes patogénicos, morbidade,

conservagao, tartaruga marinha

Abstract

The green turtleChelonia mydashas a wide distribution, slow maturing and a clexpife
cycle that encompass oceanic and coastal envirdsimEne species are exposed to different
threats and are considered environmental sentthelssinalize variations and severity of
hazards to marine ecosystem. This study aimed smritbe anthropogenic impacts and
infectious and parasitic diseases@n mydas— including cases off Brazilian coast — and
implications to conservation. The bycatch is onehef main threats to species conservation,
following by debris ingestion, boat and dredgeisah and enrivormental contamination. All
those impacts may cause direct death or indiregligations to death, as facilitating
pathological agents contact and imunossupressi@gedondary diseases. The pathological
agents associated to lesiong<dnmydadnclued virus, bacteria, fungi, protozoa and habsi
The fibropapillomatosis is an example of a diseads®acterized by cutaneous and visceral
tumours that affect mostly juvenil€s mydasworldwide and is associated with Herpesvirus
Chelonid-5. The bacteriasvibrio, Aeromonas Pseudomonasare found in aquatic
environment, as in animals with lesions in diffésenrgans. Trematode adults and eggs of
family Spirorchiidae are also frequent observedsistemic cardiovascular diseasesGn
mydas The impact of anthropogenic activities and dissaare synergic and may affect the
health and species conservation. Therefore, thetarmy and systematic diagnosis of cause
of death — including necropsy, histopathology araletular exams — are necessary to assess
populations health, to make appropriate decisiohsaastal management and to target
research topics to rea€h mydasonservation.

Key-words: byctach, debris ingestion, pathologagnts, morbidity, conservation, sea turtle.
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2.1BIOLOGIA E ECOLOGIA DE CHELONIA MYDAS

As tartarugas marinhas compreendem apenas seteiesspg se distribuem
mundialmente em quase todos os oceanos (WALLAC&.eR010). As caracteristicas das
populacdes desses animais, como reproducdo, mgidpldamanho e tendéncias de
crescimento populacional variam geograficament@masomo o grau de ameacas e impactos
associados as atividades humanas (WALLACE et@l1R

A tartaruga-verde,Chelonia mydas possui distribuicdo cosmopolita, desde os
tropicos até zonas temperadas e apresenta habgteros em relacdo as outras espécies de
tartarugas marinhas, utilizando inclusive estuaeidagos (ALMEIDA et al., 2011) (Figura
1).

Figura 1. Tartaruga-verde;helonia mydasencalhada no litoral do estado do Parana.

Fonte: Laboratério de Ecologia e Conservacao/UFPR.

O estagio de desenvolvimento, assim como taxasedeimento desses animais sdo
estimadas pelo comprimento curvilineo da carap&@@C() ou comprimento linear da
carapaca e a idade, pelas linhas de crescimentdnio (BJORNDAL et al.,, 2013;
ANDRADE et al., 2016). No Brasil, por exemplo, daraminimo e maximo de CCC de.
mydasfémeas desovando em Atol das Rocas variou entre 982 cm (BELLINI et al.,
2013), e a idade estimada para maturacéo sextia,2he 40 anos (ALMEIDA et al., 2011).

O dimorfismo sexual é verificado apenas no estadidto, quando a cauda e garras
do macho apresentam tamanhos maiores em relaéfoea {\WYNEKEN, 2001). No estagio

juvenil, as caracteristicas externas sdo semekgmbetanto, a diferenciagdo sexual pode ser



20

observada apés analise de niveis hormonais, lajias ou histologia das gbénadas
(DUARTE et al., 2011, FORATTINI, 2011).

O ciclo de vida deC. mydas em geral, envolve diferentes habitats: (i) o
desenvolvimento de embrides e nascimento dos d¢h@m regides costeiras ou ilhas
oceanicas, (i) seguido pelo desenvolvimento ddfsotks até a fase juvenil em areas
oceanicas e (iii) posterior recrutamento as areateitas, onde permanecem e compartilham
o habitat com tartarugas de outras regifes (estoppjeulacionais) nas areas de alimentacao
(BOWEN; KARL, 2007). Animais adultos retornam novarte as areas oceanicas durante a
migracdo para areas de reproducdo (BOWEN; KARL,7260JTMAN; NARO-MACIEL,
2013). O CCC d€. mydaguvenis recrutadas para zonas costeiras varia @8te 40 cm e
entre um e 10 anos, de acordo com a regido (SEMMNDERI., 2015).

No Brasil, as areas de desova incluem as ilhasna@siem Ilha da Trindade
(Espirito Santo), Atol das Rocas (Rio Grande do t&ore Fernando de Noronha
(Pernambuco), mas ha casos de desovas no noiterdbda Bahia e nos Estados do Espirito
Santo, Sergipe e Rio Grande do Norte (ALMEIDA et a011). Os sitios de alimentacéo,
porém, estdo distribuidos ao longo da costa bhnasile sdo habitados principalmente por
individuos no estagio juvenil, que apresentam wrstugenética e padrbes de residéncia
variados nesses locais (BOWEN; KARL, 2007; ALMEIRAal., 2011).

Os juvenis que chegam as zonas costeiras apreskatitos alimentares onivoros e,
em geral, mudam gradativamente para herbivoria E®MSEMINOFF, 2013), sendo os itens
de origem animal amostrados principalmente em @sp&coceanicas ou recém recrutados,
menores que 45 cm, em diferentes regides geo@4IGNES; SEMINOFF, 2013, GAMA et
al., 2016; VELEZ-RUBIO et al., 2016). A frequéndi®s itens consumidos pode variar
também de acordo com a disponibilidade dos mesmosliferentes habitats ao longo do
tempo (AMAROCHO; REINA, 2007; SANTOS et al., 20158)o estado do Parana, por
exemplo, a€. mydasncalhadas apresentaram maior consumo de gram@henaa estagao
chuvosa e algas na estacao seca (GAMA et al., 2016)

Alteracbes na morfometria geomeétrica corporea tambéorrem nessa fase juvenil
inicial até o estagio adulto (NISHIZAWA et al., ZD1Chelonia mydagntre dois a cinco
anos possuem tamanhos de cranio semelhantes,velfaodos seis anos, CCC médio de 46
cm, ocorre 0 aumento na estrutura corpOrea, induwsd cranio, possivelmente relacionada a
adaptacdo de disponibilidade de alimento, mudamcaieta e uso de habitat (COELHO,
2015). Além da mudanca associada ao tamanho, @logig craniana d€. mydasambém

varia de acordo com a genética, diferindo, por glenentre os estoques populacionais de
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Ascencédo (Atlantico Sul) e Suriname (Ameérica cén@aostrados no litoral sul do Brasil,
ressaltando as diferencas que podem ser obsereatamimais provenientes de diversas
regides e que utilizam a mesma area de alimen{&@g&LHO, 2015).

As tartarugas-verde que habitam as areas de ahg#@mtna costa brasileira sao
procedentes principalmente da Ilha de Ascensaalitacla no Oceano Atlantico Sul
(LUSCHI et al., 1998), mas também por animais d&Aca Central, llha da Trindade e Atol
das Rocas e possivelmente e do continente afri@RFCHARD, 1976; LIMA; TROENG,
2001; NARO-MACIEL et al., 2012; COELHO, 2015). Asthncia da llha de Ascenséao até a
costa brasileira é cerca de 2300 km, mas os anchaigam a percorrer 5000 km a partir da
Costa Rica e 5300 km da Nicardgua (LUSCHI et @981 LIMA et al.,, 1999; LIMA;
TROENG, 2001).

2.2MORBIDADE E MORTALIDADE DE CHELONIA MYDASASSOCIADA A IMPACTOS ANTROPICOS

Devido ao grande deslocamento e diversidade ddalshitilizados ao longo do
ciclo de vida das tartarugas marinhas, esses aifitam expostos a diferentes tipos de
ameacas, decorrentes de atividades antropogénicaatorais, de consequéncias agudas ou
cronicas (GEORGE, 1997; FLINT, 2013).

Entre as atividades humanas que afetam direta diceiamente a morbidade e
mortalidade dé&C. mydasdestaca-se a interacdo com petrechos utilizadi@td a pesca ou
aqueles descartados no ambiente; colisdo com eagd&s; contaminacdo quimica e
transporte de agentes patogénicos derivados denedki agricola, industrial e doméstico;
ingestdo de residuos solidos e destruicdo de habitan consequente alteracdo de areas de
desova e diminuicdo de itens alimentares (HARVELRle 1999; FLINT, 2013; GAMA et
al., 2016; SCHUYLER et al., 2014a, 2014b).

A captura incidental de tartarugas marinhas emegeatis de pesca € um dos
principais impactos causados por atividades humanagial aumenta em locais de maior
sobreposicdo de uso de habitat pelos animais ecesfeesqueiro, como em areas de
alimentacéo, corredores migratérios e proximoseasade reproducdo, envolvendo, portanto,
a captura de diferentes niveis de ramificacdo téges de desenvolvimento da populagéo
(WALLACE et al., 2011; LEWISON et al., 2013). Estiivas em diferentes areas indicam
que o numero de animais retirados é maiogde a populacdo suporta (WALLACE et al.,
2013; CASALE; HEPPELL, 2016), e isso pode se inf@m@ uma vez que 0S animais
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possuem grande distribuicdo geogréfica, sem lingesgraficos e oceéanicos, onde ficam
sujeitos a diferentes escalas de esfor¢o pesqWwih LACE et al., 2013).

As consequéncias da captura podem ser diretasideaamorte, ou causar traumas e
infeccdes cutaneas, reducdo da natacdo, dificuldedelimentacdo e inanicdo quando
petrechos permanecem presos aos animais ou quagdados, pois podem provocar
perfuracdo das estruturas bucais e do es6fagor@2a), além de alteragbes ao longo do
trato gastrointestinal, como intussuscepcéo e ¢afedacteriana secundaria (OROS et al.,
2005; WORK et al., 2015a; NELMS et al., 2016). Easas de afogamento associados a rede
de pesca as alteragOes descritas foram edema mrlrfigura 2B), atelectasia e enfisema
pulmonar, marcas profundas na pele (Figura 2Cypseanuscular e hemorragia na cavidade
celomatica (WORK; BALAZS, 2010; PHILLIPIS et al.025). No Havai, uma das principais
causas de morte d& mydadoi associada a captura incidental em redes dmapssndo que a
andlise externa nem sempre revelou sinais de ¢&#eraom redes ou linhas de pesca,
ressaltando a importancia do exame interno do dmjoznto a presenca de outros indicios da
interacdo (WORK et al., 2015a).

Ainda, existem registros de doenca descompressivtagaruga-cabecud&dretta
carettg capturadas incidentalmente, as quais quand@dasrrapidamente vivas de redes a
profundidades entre 10 a 75 m, apresentavam simaisol6gicos progressivos, coma ou
morte (GARCIA-PARRAGA et al., 2014). Os achados roscopicos e microscopicos
incluiam congestdo, hemorragia e edema pulmonBi@sentanto, o principal achado foi a
presenca de bolhas gasosas intravasculares no @uiigédo, rim, baco, mesentério, além
dos grandes vasos e no coracgéo (Figura 2D) (GARTARRAGA et al., 2014). Esse tipo de
enfermidade ainda é pouco estudadad®mmydas

No Brasil, a captura incidental € considerada acpal ameaca pa@. mydascom
registros em toda a costa e também nas zonas cas@d@ALLO et al., 2006; PUPO; SOTO;
HANAZAKI, 2006; SALES et al., 2008; SANTOS et ak011; FIEDLER et al.,, 2012;
LOPEZ-BARRERA; LONGO; MONTEIRO-FILHO, 2012; MONTER et al., 2016). Em
Santa Catarina, por exemplo, analises etnobiolégievelaram captura nos sitios de
alimentacédo d€. mydassendo o local, a profundidade e o tamanho daarddhrede fatores
que influenciam quantitativamente a captura (PUBPQTO; HANAZAKI, 2006). No Parang,

a maior incidéncia de captura incidental @e mydasem pescarias artesanais ocorre no
periodo de estacdo seca (outubro a dezembro) easst&iada a localizacdo (areas de

alimentacé&o do animal), espessura do fio, tamaahoalha (entre nés 12-16 cm) e tempo de
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permanéncia da rede na agua (24h) (LC-BARRERA; LONGO; MONTEIRC-FILHO,
2012).

Figura 2. Achados macroscopicos eChelonia mydasndicativos de interacdo com pes
A. Ingestao de fio de nylon. B. Edema pulmonarTuma linear e exsudato caseoso
regido axilar esquerda pelo contato com petrechpedea. D. Presenca de pequenas b
em éatrio direito (AD), e saindo de gran vasos (seta, detalhe)ndicativas de emboli

gasosa.Fonte: Laboratorio de Ecologia e Conservagéo/U

Na colisdo com embarcac¢des ou impactos com hélpmek-se observar trauma e
hemorragia na carapaca, plastrdo e cabeca, con@tammputacio de mbros (OROS et
al., 2005). Quando nao matam imediatamente o espéacolisbes com embarcacdo poc
levar a desorientacdo e debilidade, além de cdesaes que servem como porta de ent
para infecgbes secundarias, principalmente no pulm&im, anatmicamente aderidos
carapaca e a coluna vertebral, locais onde os &rsugéio frequentes (OROS et al., 20
Lesdes semelhantes a colisdo com embarcacdo ocnogmasos de impacto de tartaru
marinhas com dragas em areas de alimentacdo elvgpm GOLDBERG et al., 2015). A
dragagens ocorrem para retirada de sedimento éuageonento dos canais, adequanc
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passagem do calado de navios que se deslocam empimgudarias (TORRES et al., 2009).
Nesses casos, as tartarugas colidem ou sdo sugadasao sedimento e podem ser
dilaceradas, como nos casos observados principtgnoem C. mydasno Rio de Janeiro,
sudeste do Brasil, préximas a areas de dragagédsiBERG et al., 2015).

Outro impacto causado também pelas atividadesatgdem é a disponibilizacdo de
contaminantes ambientais, como os inorganicos iar¢8s), chumbo (Pb), zinco (Zn) e os
organicos hidrocarbonetos policiclicos aromadosA$JPque estdo presentes no sedimento e
sdo novamente biodisponibilizados para a cadeimeatar (TORRES et al., 2009).
Adicionado a contaminacdo ambiental por efluentgécalas, industriais e domésticos no
ambiente costeiro, os contaminantes podem causaosfigudos ou crénicos na saude da
fauna marinha (ISLAM; TANAKA, 2004). Os contaminastpodem ser bioacumulados em
C. mydassendo que as concentracdes variam de acordo €aaracteristicas do principio
ativo, a regido geogréfica do espécime amostraigba,dcomprimento corporeo e tecidos
analisados (GAUS et al., 2012; KELLER, 2013). Angnjavenis que se alimentam de itens
de origem animal, por exemplo, tendem a apresentaores niveis de elementos traco
comparados aos adultos que se alimentam principénue itens de origem vegetal (SILVA
et al., 2016), assim como animais residentes ers&em maior aporte de contaminantes
organicos apresentam maiores niveis em relaca@as dnenos impactadas (LABRADA-
MARTAGON et al., 2011).

As concentracdes de contaminantes nos tecidds deydaguvenis amostradas em
areas de alimentacdo proximas a zonas industriaibanas na Bahia, e também em areas
menos impactadas no Ceard, estados no nordesteasi Bidicam altos niveis de elementos
como o mercurio total, cadmio, niquel, chumbo ecajnsemelhantes a outras regides
impactadas na China, Australia e Japdo (BEZERRA 2015, MACEDO et al., 2015).

A acdo e as doses associadafeitos adversos dos contaminantes quimicos ainda
sao pouco conhecidas em tartarugas marinhas (GABIS 2012). Geralmente, os elementos
traco ou contaminantes organicos séo detectadogegmrenas concentracdes €nmydas
(GAUS et al., 2012), porém admite-se que sejamcieufies para causar alteracbes nos
parametros clinicos sanguineos e induzir estregdativo, contribuindo possivelmente com
a formacdo de tumores nesses anim@OMOROSKE et al 2011; LABRADA-
MARTAGON et al., 2011; SILVA et al., 2016).

A contaminacéo por ingestdo de residuos solidos flésticos rigidos ou moles,
linhas de nylon, isopor) ou liquido (ex. petroldambém afeta as tartarugas marinhas

(SCHUYLER et al., 2014a). A ingestado pode ocorrerfarma passiva, quando os itens sao
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consumidos junt@ dieta, ou ativamente, devido a semelhanca visuimlos itens normais da
dieta e, possivelmente, devido a percepcédo olfaigmstativa, pela formacéo de biofilmes
microbianos nos residuos (SCHUYLER et al., 2014&ELMS et al., 2016). Os itens
ingeridos podem permanecer desde alguns dias atéoqueses no trato digestorio (LUTZ,
1990) e os efeitos podem ser letais ou subletacdlindo abrasbes na mucosa, obstrucao e
ruptura do trato digestério, absor¢édo de contandsacomo bisfenol A e ftalato presentes nos
plasticos, reducdo da alimentacdo e da absorcdondwgentes, inani¢cdo, ocasionando
menores taxas de crescimento e vulnerabilidadedapéo (BJORNDAL, 1997; NELMS et
al., 2016)

A frequéncia de animais que apresentam residugabtm gastrointestinal varia de
acordo com a regido amostrada e o estagio de d#ginento do animal (SCHUYLER et
al., 2014b), variando ei@. mydaguvenis entre 73% (Uruguai e no estuario do Ri®da)

a 90% (Argentina e Uruguai) (GONZALEZ-CARMAN et ,a2014; TERYDA, 2015), area
considerada junto ao Brasil como corredor migratdds animais no Atlantico Sul Ocidental.
No Brasil, as frequéncias de residuos no trata@aststinal enC. mydaguvenis relatadas
foram de ~60% a 100% no Rio Grande do Sul (BUGONdlg 2001; TOURINHO et al.,
2010), 70% no Parana (GUEBERT-BARTHOLO et al., 206AMA et al., 2016), 45% a
70% em Sao PaulBEZERRA, 2014; MENDES et al., 2015), ~60% entre Be Janeiro e
Espirito Santo (DIBENEDITTO; AWABDI, 2014; SANTOS al., 2015b) e 70% no Sergipe
(SANTOS et al., 2015b). A frequéncia de relatosrsad gravidade e os tipos de lesbes
observadas como obstrucéo, ruptura do trato geestinal e consequente morte, entretanto, é
baixa. Nos casos em que essas analises foramadsadiza frequéncia de morte dos animais
variou entre 0 a 29%, nos estados do sul e sudesBrasil, sendo que 0,5g de residuo no
trato sdo considerados suficientes para obstrug@mngequente inanicdo (BUGONI et al.,
2001; TOURINHO et al., 2010; SANTOS et al., 2015b).

As interacbes negativas com residuos solidos noiemteb também envolvem
dificuldade de desova em praias com alta concdidrage lixo, como também no
desenvolvimento de filhotes devido a modificacamiéa do sedimento e obstaculos durante
o deslocamento dos filhotes em direcdo ao maratalo-os mais suscetiveis a predadores e

soterramento na areia (NELMS et al., 2016).
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2.3 MORBIDADE E MORTALIDADE DE CHELONIA MYDASASSOCIADA A DOENGASINFECCIOSAS E

PARASITARIAS

Os registros de doencas infecciosas e parasig@mdsrtarugas marinhas de vida livre
e em cativeiro envolvem ampla variedade de agertEgiénicos, muitas vezes, oportunistas,
presentes na dieta e no meio abidtico marinho (LANER, 1985; GLAZEBROOK;
CAMPBELL, 1990a; OROS et al., 2005; FLINT et alQ1D, WORK et al., 2015a). A
avaliacdo da gravidade da doenca e sua relacd@ @amsa da morte, entretanto, € complexa
em animais silvestres, uma vez que a simples pasale agentes infecciosos e
principalmente parasitarios pode ser consideradaachado compativetom a saude do
animal e ndo causar alteracbes detectaveis (WOBESIRB7). Dessa forma, foram
levantados na literatura relatos de agentes e deemgsociadas assim como achados
secundarios er@. mydasde acordo com 0s sistemas afetados.

A fibropapilomatose, por exemplo, € uma doencactaraada por tumores cutaneos
ou viscerais observada em tartarugas marinhagipaimente enC. mydaguvenis em zonas
costeiras tropicais de todo o mundo (AGUIRRE; LUPAQ4; GREENBLATT et al., 2005;
BAPTISTOTTE, 2007). Esta neoplasia é benigna, tanite, de acordo com a quantidade e
tamanho dos tumores, podem dificultar a visdo,gdata alimentacdo, quando ocorrem nas
palpebras, regides axilar e inguinal, nadadeirapaelho bucal (HERBST, 1994) (Figura
3A).

Existem registros de regressdo espontadnea dos dsntutaneos, possivelmente
associados com a resposta imunologica dos animemtefa doenca (FOLEY et al., 2005;
SANTOS et al., 2010; GUIMARAES et al., 2013) ount#®m, com a resposta do agente
patogénico a fatores ambientais como temperatargpe@sicao a raios ultravioleta que podem
agir na replicacdo do virus (HERBST, 1994). As saga regressao, entretanto, ainda sé@o
subestimadas uma vez que existem poucos estudosssantipo de andlise.

Os tumores viscerais sao observados em diferergé@scomo pulmao, rim, coracao,
musculo esquelético, trato gastrointestinal e bagjindo entre 0,1 a 20 cm de diametro, e
sao classificados como fibromas, mixofiboromas obroBarcomas de baixo grau de
malignidade (HERBST, 1994; WORK et al., 200@ydem prejudicar as funcdes dos 6rgdos e
predispor os animais a infeccbes secundarias, moxas debilitados ou levar a 6bito
(WORK et al., 2004; FLINT et al., 2009). No Brasik registros de tumores viscerais €m
mydasincluem fibromas no rim, pulméo e coracdo (BAPTIHTE, 2007; DUTRA et al.,



27

2012). A frequéncia desses tumores no Brasil &iypalmente, menor em relacdo a outras
regides, como no Havai em que ocorreu em 39% desscWORK et al., 2004;
BAPTISTOTTE, 2007; DUTRA et al., 2012).

O agente etiolégico e a forma de transmissdo dangdoeainda nédo foram
determinados, mas a etiologia viral € a mais aceitacipalmente devido a deteccdo do
herpesvirus Chelonid Herpesvirus 5 (ChHV5) e a ges de lesdes histopatologicas
sugestivas de infeccao viral (DOMICIANO et al., 30WORK et al., 2015b, JONES et al.,
2016). O desenvolvimento da doenca esta assoctadosarecrutamento de. mydagovens
para o ambiente costeiro, uma vez que animais rmeate oceanico sao livres da doenca
(ENE et al., 2005, JONES et al., 2016). Alguns riegoambientais estariam associados a
patogenia, como a exposi¢cao a niveis elevadosmammacao quimica e da temperatura da
agua, assim como a diferentes concentracdes eesstiirais (HERBST et al., 1994;
SANTOS et al., 2010; RODENBUSCH et al., 2014).

Além da fibropapilomatose, relatos de doencas eatenC. mydasncluem lesbes
claras e pequenas, nas quais foram observadaglagiarde epiderme e inclusdes virais no
exame microscopico, associadasCelonia mydagapilomavirus (CmPV) (MANIRE et al.,
2008). Dermatites lacerativas e papulares causpdaserpesvirus seguidas por infeccao
bacteriana secundaria foram relatadas em animais catéeveiro (GLAZEBROOK;
CAMPBELL, 1990a). Além de lesdes associadas a ¥owesn descritas em animais de vida
livre e de cativeiro dermatites ulcerativas asstagaa fiboroseem locais parasitados por
sanguessugas ou cracas (SANTORO; MORALES; RODRIGORZZ, 2007; FLINT et
al., 2009) e dermatitadcerativas decorrentes de trauma (LAUCKNER, 1985).

As infec¢cbes no sistema respiratorio incluem relatwos quais 0s animais
apresentaram sinais clinicos como secrecdo naskténcia, torpor, crepitacdo pulmonar e
dificuldade de manter o controle da flutuabilidHAUCKNER, 1985; OROS et al., 2005).
Em C. mydagle cativeiro foranobservadas no trato superior rinite obstrutivagueite e, no
trato inferior, broncopneumonia, frequentemente®@ada a casos de estomatite ulcerativa,
de onde foram isoladas bactérias dos généitoso, AeromonasPseudomonas Cytophaga-
Flavobacterium Pneumonia granulomatosa associada a infeccadpoobacteriumspp. e
fungica (Figura 3B), como BPaecilomycespp. também foi relatada em animais de cativeiro
(BROCK et al., 1976; GLAZEBROOK e CAMPBELL, 1990&)utros relatos em cativeiro
incluem deteccdo de herpesvirus também relacionadoaqueite, pneumonia acentuada e
conjuntivite (JACOBSON et gl1986). EmC. mydade vida livre foram observados casos de

traqueite causada pelos fungos oportunist@sonaea botryosa Cladosporium spp.,
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Ochroconisspp. eCochliobolusspp. (DONNELLY et al., 2015) e pneumonia causadia p
Mycobacteriunmspp. (FLINT et al., 2010).

Os relatos no Brasil incluem um espécimeCdenydasoriundo de Santa Catarina que
apresentava pneumonia granulomatosa cronica adenasgsociada a infestacdo por ovos de
Spirochiidae induzindo a debilidade e 6bito (GOLDEE et al., 2013). O pulméo e o baco
foram os 6rgdos mais afetados por ovos dessestparasiC. mydasncalhadas no litoral do
Espirito Santo. Nesse caso as lesdes nao foramiads® a morte dos animais (BINOTI et
al., 2016), sugerindo que ha diferentes niveisuseedibilidade e cargas parasitarias nessas
infeccoes.

No sistema cardiovascular as lesbes sdo assoqgmospalmente a presenca de
trematddeos adultos da familia Spirorchiidae nag@o e grandes vasos (STACY et al.,
2010). Na macroscopia apresentam-se aderidos #isigeu livres nas camaras cardiacas e
nos grandes vasos sanguineos causando endocacitdizante, infarto, aneurisma, arterite,
trombose e hemorragia (GORDON et al., 1998; SANTORIORALES; RODRIGUEZ-
ORTIZz, 2007; FLINT et al., 2009). Esses trematoéde®seproduzem e disseminam 0S ovos
pela corrente sanguinea para diferentes 6rgdosp &@ro, tireoide, trato gastrointestinal,
pulmao, rim e cérebro, onde também causam lesddifedentes intensidades, principalmente
formacdo de émbolos parasitarios, reacfes grantdsamm e proliferativas, envolvendo
espessamento de tecido conjuntivo e de vasos (GOR&QI., 1998; WORK et al., 2005;
SANTORO; MORALES; RODRIGUEZ-ORTIiZ, 2007; STACY ek,a2010). Os ovos s&o
identificados como tipo 1 — fusiformes, com proossafilados nas bordas — caracteristicos,
por exemplo, dos génerbgaredius Monticelliuse Hapalotrema tipo 2, ovais com uma das
bordas afiladas €arettacolae Haemoxenicone do tipo 3 — redondos a ovais — de espécies
do génerdNeospirorchigWOLKE et al., 1982).

A condicao corporea boa ou 6tima bem como os ashdelmecropsia indicaram que
C. mydagparasitadas e resgatadas na Florida, Costa Rieavan tiveram a morte associada
a outras causas, sendo as lesGes associadas amoOtteos da familia Spirorchiidae
consideradas incidentais (SANTORO; MORALES; RODREZJORTIZ, 2007; STACY et
al., 2010; CHEN et al., 2012). O mesmo parecerecora maioria dos casos observados no
Brasil (BINOTI et al., 2016), porém, casos dessrito Havai e Australia, indicaram que os
parasitas causam lesfes acentuadas que levararaisudmmorte e que a carga parasitaria
pode ser maior quando os animais apresentam piorekcdes corporeas (GORDON et al.,
1998; WORK et al., 2005). Dessa forma, um maior eramramostral abrangendo diferentes

regibes geogréficas e identificacdo das espéciepadasitas pode melhorar a andlise de
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patologias associadas e mydas de acordo com diferentes classes etarias e sstado
nutricionais (GORDON et al.,, 1998; STACY et al.,12). Além de lesdes associadas a
trematodeos, fibromas cardiacos também foram r@gpastenC. mydasno sudeste do Brasil
(DUTRA et al., 2012).

Os relatos de alteracbes no trato gastrintestineluem esofagite causada por
Rameshwarotrema uterocresce(idigenea: Pronocephalidae) el mydas(SANTORO;
MORALES; RODRIGUEZ-ORTIZ, 2007), e casos de ingesi® anzois com consequente
estomatite caseosa e esofagite fibrinonecroticadded perfuracdo esofagica, associadas a
presenca de bactérias comibrio alginolyticus Aeromonashydrophilag Pseudomonaspp.,
Escherichia coli Staphylococcuspp. (OROS et al., 2004). Lesdes caseosas asasciad
bactérias gram positivas e trematdédeos (familiandtephalidae, Microscaphididae,
Cladorchiidae e Rhytidodidae) também foram observat es6fago d€. mydasno litoral
do Espirito Santo, levando a obstrucdo total deelimsofagico em 24,3% (9/37) dos casos
(CALAIS JR, 2015).

No estdbmago, trematdodedSharaxicephaloidesspp. e Charaxicephalus robustus
(Digenea: Pronocephalidae) foram relacionados erpi@sia da mucosa, petéquias e necrose
da mucosa gastrica e@. mydas(SANTORO; MORALES; RODRIGUEZ-ORTIZ, 2007).
NematodeosSulcascaris sulcatéoram relatados ocasionalmente @nmydasinclusive em
espécime no Brasil (FREITAS; LENT, 1946), ocorrendm areas em que moluscos
apresentavam-se parasitados (LICHTENFELS; BIER; NM&D, 1978). Podem provocar
Ulceras gastricas, gastrite fibrino-purulenta oédnma (LAUCKNER, 1985). Ulceras
hemorrégicas, gastrite e cistos em serosa tambeé&m fielacionados a nematdédeos da familia
Anisakidae,Anisakis simplexou A. typica em animais de cativeiro (BURKE; RODGERS,
1982; GLAZEBROOK; CAMPBELL, 1990a) e um espécime vdeda livre no Brasil
(XAVIER, 2011). A transmissdo nesses casos ocopessivelmente, por dieta de peixe
contaminado e como as tartarugas marinhas sao despe paraténicos, as larvas néao
completam o ciclo reprodutivo e permanecem nos @sinpodendo migrar para a cavidade
celomatica provocando granulomas e fibrose na &mipropria e submucosa
(GLAZEBROOK; CAMPBELL, 1990a).

No intestino saalescritas intussuscepc¢ao, ruptura e obstrucaoppesenca de corpo
estranho, enterite catarral, fibrinosa e necrotegaabscessos e granulomas, assim como
serosite fibrinosa associada a presenca de bact&siaoBacillus spp., Escherichia coli
Pasteurellaspp.,Proteusspp.,Serratia marcescen$taphylococcuspp.,Streptococcuspp.

e Vibrio alginolyticus(OROS et al., 2005; FLINT et al., 2009, WORK et aD15a). Diversos
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parasitas foram descritos no intestino, porém,mE@s relatos de lesdes descrevem enterite
exsudativa difusa acentuada associada ao protozGdwaryospora cheloniaeem surtos
envolvendoC. mydasde cativeiro e vida livre (GORDON; KELLY; LESTER993; FLINT

et al., 2009; CHAPMAN et al., 2016). Ainda, ha tetade espessamento da parede intestinal
com areas enegrecidas ou esbranquicadas multifacaexame macroscopico (Figura 3C)
acompanhado de edema, enterite e vasculite graatdsmassociados a ovos de trematddeos
da familia Spirorchiidae e bactérias, assim comosgte fibrino-hemorragica associada a
bacilos gram negativos (RAIDAL et al., 1998; SANTORMORALES; RODRIGUEZ-
ORTIz, 2007; FLINT et al., 2010; WORK et al., 20)5a

Em estudos realizados no estado do Rio de Jaseideste do Brasifwabscolhidos
das regides oral, cloacal e de ferimento€denydadndicaram a presenca 8ébrio spp. em
aproximadamente 88,2% dos caso®eromonasspp. em 52,9%, demonstrando elevada
incidéncia nesses espécimes e possivel ameacada dad tartarugas e do ecossistema
marinho, como também para o consumo humano dessemis (REIS et al., 2010;
ZAVALA-NORZAGARAY et al., 2015).

As lesdes hepaticas podem ser de origem nutrigicoaio a lipidose, observada em
animais caquéticos ou por disfuncdo metabdlicadé@ima (FLINT et al., 2009). Lesdes de
origem infecciosa englobam processos granuloma®segsrotizantes, como os causados por
ovos de trematdédeos da familia Spirorchiidae, fango bactérias (RAIDAL et al., 1998;
FLINT et al., 2009, STACY et al., 2010, WERNECKatt, 2015, WORK et al., 2015a). Os
melanomacréfagos sdo encontrados normalmente adofige tartarugas marinhas, assim
como de outros répteis, anfibios e peixes e possukmcao de fagocitar hemécias velhas e
agentes infecciosos e parasitarios (JOHNSON et ¥)99). Em estudoin vitro,
melanomacréfagos de tartarugas apresentaram niaimtade fagocitaria frente ao alue.
coli em baixas temperaturas (2-7°C) quando comparadosa@ofagos de mamiferos,
resultado esperado para animais pecilotérmicos NEBN et al., 1999). A avaliacdo da
hipertrofia e hiperplasia de melanomacréfagos psele associada a gravidade de lesdes
inespecificas, por exemplo, em resposta a estesalamacdes cronicas (FLINT et al.,
2009).

Na vesicula biliar observou-se hiperplasia e egpessto da mucosa, infiltrado
linfocitario, dilatacdo de vasos capilares e liiefésd emC. mydas associados a presenca do
trematddeo Rhytidodoides similis(SMITH et al., 1941; SANTORO; MORALES;
RODRIGUEZ-ORTIZ, 2007). A bile apresenta normalneecbloracédo verde escura, no
entanto pode estar alterada com aspecto cristalirespesso na presencga de parasitas (FLINT
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et al., 2009). Hepatite granulomatosa discreteesgnca do trematod& similisna vesicula
biliar foram relatadas enC. mydasencontrada no estado do Espirito Santo, Brasil
(WERNECK et al., 2015).

As alteracdes de origem infecciosa no sistema@amniiario envolvem degeneracéo e
necrose tubular, nefrite granulomatosa (Figura 8gfrite intersticial crbnica associadas a
protozoariosC. cheloniaee ovos de trematddeos (LAUCKNER, 1985; STACY et 2008;
FLINT et al., 2010). Fibromas renais em animaisaafes pela fibropapilomatose e alteracdes
como degeneracdo e necrose tubular, granulomasasdi renal decorrentes de deposicéo
discreta, multifocal, de cristais de oxalato deicalambém foram observados €@nmydas
porém, no ultimo caso, a origem e metabolismo dggbatancia sdo desconhecidos (WORK
et al., 2004; STACY et al., 2008). Outros achadmsiatema genitourinario incluem edema e
hiperplasia da mucosa, serosite e granulomas ngabexgdnada causados por trematdodeos
(LAUCKNER, 1985; FLINT et al., 2009 e 2010).

No sistema nervoso central de. mydasforam observados meningoencefalites
granulomatosas e abscessos associadas a bacramasmepativasCorynebacteriumspp.,
formas adultas e ovos de trematdodeos e ao protoz@archeloniae(GEORGE, 1997;
RAIDAL et al.,, 1998; FLINT et al., 2009No globo ocular foranobservados enoftalmia
(associada a desidratacdo), ceratoconjuntivitefardile associadas a infeccao bacteriana pos-
trauma em animais de cativeiro. Outras alteragdeglabo ocular incluem ceratite fibrinosa,
fibropapilomas e infestacdo de sanguessugas nalpal~LINT et al., 2009).

Traumas na pele e mucosas, assim como as vias daspiracdo de agua do mar) sado
as portas de entrada para bactérias e fungos patogée oportunistas que infectam as
tartarugas marinhas, podendo levar a septicemidOREEE, 1997; WORK et al., 2003).
Casos de septicemia foram observadosCemrmydascom multiplos abscessos em visceras e
presenca de bactérias gram negativas em centrodtinoes (WORK et al., 2015a). Em
animais com bacteremia foram identificadadrobacter freundii Burkholderia capacia,
Shewanella putrefasciens, Staphylococcus sciutm@&=ella spp., Moraxella spp., Bacillus
spp., Escherichia coli, Aeromonasspp.,Pseudomonaspp. eVibrio spp. Essas espécies de
bactérias foram identificadas tanto em animaisis@mo mortos de vida livre e de cativeiro
(GLAZEBROOK e CAMPBELL, 1990a,b; RAIDAL et al., 189WORK et al., 2003).
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Figura 3. Doencas de origem infecciosa e parasitaria eChelonia myde. A.
Fibropapilomatosecaracterizada poumores cutaneos em regido de axilar e inguinahgi
B. Pneumonia granulomatosa com hifas intralesior{aeta; Grocott) C. Granulom
parasitarios, arredondas e esbranquicados no intestino delgado. D. tdejranulomatos
parasitaria, com areas de necrose amareladasdglmitados por linha tracejac. Fonte:

Laboratoriode Ecologia e Conservagao/UF, Laboratério de Patologia Animal/UEL

A septicemia também pode ocorrer secundariamepigras doencas eC. mydas
como a fibropapilomatose moderada e acentuadaasifma (RAIDAL et al., 1998; WORK
et al., 2003). A presenca de Ulceras nos fibropagis e as lesbes vasculares caus
durante o deslocamento de ovos de parasitas nos sorgéigam possiveis vias pi
disseminagdo de bactérias na circulacdo sangujneagncontrariam um ambiente favoré
devido a doencga priméria, com possivel imunossaficesu colapso do sistema imune

estabelecer resposta a agentes infecciosos (RABRAL, 1998; WORK et al., 200:

2.4CONCLUSAO

A suscetibilidade a diferentes impactos antropea®encas e as consequéncias

as populacdes dé. myda resultaram na classificacdo de espécie cada de extingédo pela
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“International Union for Conservation of Nature'UCN). Essas ameacas sao sinérgicas,
portanto, podem atuar simultaneamente no mesmeiesp@ populacdo, sendo necessarias
acOes em diferentes frentes para reverter o quatral, como melhoria no controle e
fiscalizacdo dessas atividades antropicas e n&dqdal sanitaria do ecossistema marinho.

Nas ultimas décadas tem crescido o numero de negide interagdo negativa com
atividades humanas e doengas em animais marintebssive o surgimento de enfermidades
em tartarugas marinhas, ainda sem identificaca@gestes patogénicos. No Brasil, pouco se
sabe sobre as doencas que acometenC.amydas mesmo as mais relatadas como a
fibropapilomatose e as parasitoses, e 0s impaaosdgs nas populacbes desses animais.
Portanto, a avaliagdo e monitoramento do estadmdée, doencas e causas de morte devem
ser realizados continuamente, de forma sistematjzasbm exames macroscopicos,
histopatoldgicos e auxilio de analises moleculpaga identificacdo de agentes patogénicos.
Essas informagbes podem subsidiar decisdes deogeststeira, de pesquisa e para
desenvolver medidas de mitigagao apropriadas peoaservacao dé. mydas

2.5REFERENCIASBIBLIOGRAFICAS

AGUIRRE, AA.; LUTZ, P.L. Marine Turtles as Sentiseof Ecosystem Health: is
fibropapillomatosis na indicatorZcoHealth New York, v.1, n. 3, p. 24283, 2004.

ALMEIDA, A.P.; SANTOS, A.J.B.; THOME, J.C.A.; BELIN C.; BAPTISTOTTE, C.;
MARCOVALDI, M.A.; SANTOS, A.S.dos; LOPEZ, M. Avaligio do estado de conservacéo
da tartaruga marinh@helonia mydagLinnaeus, 1758) no BrasiBiodiversidade Brasileira
v.1, p. 1825. 2011.

AMOROCHO, D.F.; REINA, R.D. Feeding ecology of tlimast Pacific green sea turtle
Chelonia mydas agassiziat Gorgona National Park, Colombi&ndangered Species
ResearchOldendorf, v.3, n. 1, p.431. 2007.

ANDRADE, M.F; DOMIT, C.; BROADHURST, M. K.; TOLHURS,D.J.; SILVA-SOUZA,
A.T. Appropriate morphometrics for the first assesat of juvenile green turtleCpelonia
myda$ age and growth in the south-western AtlantMarine Biology Berlin, v. 163, n. 12,
p. 254.

BAPSTISTOTTE, C. Caracterizacdo espacial e temporal da fibropapilbose em
tartarugas marinhas da costa brasileir&®3f. Tese (Doutorado em Ecologia Aplicada),
Universidade de Sao Paulo, Piracicaba, 2007.

BELLINI, C.; SANTOS, J.B.; GROSSMAN, A.; MARCOMADI, M.A.; BARATA,
P.C.R. Green turtleGhelonia mydasnesting on Atol das Rocas, northeastern Bra2i90
2008.Journal of Marine Biological Association of the ltbd Kingdom Kristineberg, v. 93,
n. 4, p.1117-1132. 2013.



34

BEZERRA, D.P Ingestédo de residuos solidos por tartarugas-ver(leéhelonia mydas) em
areas de alimentacdo dentro de um mosaico de uagldd conservacao no sul do estado de
Sao Paulo, Brasil49f. Dissertacdo (Mestrado em Ciéncia Biolégicbsjiversidade Federal
do Parana, Curitiba, 2014.

BEZERRA, M.F.; LACERDA, L.D.; REZENDE, C.E.; FRANCOM.A.L.; ALMEIDA,
M.G.; MACEDO, G.R.; PIRES, T.T.; ROSTAN, G.; LOPE®,G. Food preferences and Hg
distribution inChelonia mydasssessed by stable isotopgesvironmental PollutionLondon,

v. 206, p. 236246, 2015.

BINOTI, K.; GOMES, M.C.; CALAIS JR,A.; WERNECK, NR.; MARTINS, LV.F;
BOELONI, J.N. Helminth fauna dhelonia mydagLinnaeus, 1758) in the south of Espirito
Santo state in BraziHelminthologia Bratislava, v. 53, n. 2, p. 19599, 2016.

BJORNDAL, K. A. Foraging ecology and nutrition of sea turtles LUTZ, P.
L.; MUSICK, J. (Ed).The Biology of Sea Turtles-volumd3bca Raton: CRC Presk997,
p. 397409.

BJORNDAL, K.A.; PARSONS, J.; MUSTIN, W.; BOLTEN, B. Threshold to maturity in a
long-lived reptile: interactions of age, size amdvgh. Marine Biology Berlin, v. 160, n. 3, p.
607-616. 2013.

BOWEN, B.W.; KARL, S.A. Population genetics and [bgeography of sea turtles.
MolecularEcology Oxford, v.16, n. 23, p. 4888907, 2007.

BROCK, J.A.; NAKAMURA, R.M.; MIYAHARA, A.Y. Tubercuosis in Pacific green sea
turtle, Chelonia mydasTransactions of the American Fisheries SociBgthesda, v.105, n. 4,
p. 564566, 1976.

BUGONI, L.; KRAUSE, L.; PETRY, M.V. Marine debrisnd human impacts on sea turtles
in southern BrazilMarine Pollution Bulletin Oxford, v. 42, n. 12, p. 1330334, 2001.

BURKE, J.B.; RODGES, L.J. Gastric ulceration asated with larval nematodes (Anisakis
sp. type 1) in pen reared green turtiéb€lonia mydasfrom Torres straitJournal of Wildlife
DiseasesAmes, v.18, n. 1, p. 446, 1982.

CALAIS Jr, A. Caracterizacédo histomorfologica e histoquimicaed®fagos de tartarugas-
verdes (Chelonia mydas) com e sem alteragfes oralliddo Espirito Santo73f. Dissertacdo
(Mestrado em Ciéncias Veterinarias). Universidaglédral do Espirito Santo, 2015.

CASALE, P.; HEPPELL, S.S. How much sea turtle bglsat too much? A stationary age
distribution model for simulating population abunda and potential biological removal in
the MediterranearEndangered Species ResearGidendorf, v. 29, n. 3, p. 23954, 2016.

CHAPMAN, P.A.; OWEN, H.; FLINT, M.; TRAUB, R.J.; CBB, T.H.; MILLS, P.C.
Molecular characterization of coccidia associatétth &wn epizootic in green turtle€ljelonia
myda$ in south east Queensland, AustraPd.oS ONE San Francisco, v.11, n.2, plll,
2016.



35

CHEN, H.R-J; KUO, R.-J.; CHANG, T.-C; HUS, C.-K.RA\Y, R.A.; CHENG, I.-J. Fluke
(Spirorchiidae) infections in sea turtles stranded Taiwan: prevalence and pathology.
Journal of ParasitologylLawrence, v. 98, n. 2, p. 43439, 2012.

COELHO, V.F. O que a morfologia craniana pode dizer sobre a eg@b e o
comportamento das tartarugas-verde juvenis?: umearfieenta para a conservagao das
tartarugas marinhas no sudoeste do oceano Atlantisf. Dissertacdo (Mestrado em
Sistemas Costeiros e Oceanicos), Universidade &edieiParana, Pontal do Sul, 2015.

DIBENEDITTO, A.P.M.; AWABDI, D.R. How marine debrisngestion differs among
megafauna species in a tropical afdarine Pollution Bulletin Oxford, v. 88, n.22, p. 86-
90, 2014.

DOMICIANO, I.G.; DOMIT, C.; ROSA, L. MARCASSO, R.ABRACARENSE, A.P.F.R.
Avaliacdo histopatolégica de fibropapilomas ematargas marinhas no litoral do estado do
Parana. InXVI Encontro Nacional de Patologia Veteringriauritiba, 2013, p.-4.

DONNELLY, K.; WALTZEK, T.B.;, WELLEHAN Jr, J.F.X.; ®TTON, D.A;
WIEDERHOLD, N.P.; STACY, B.A. Phaeohyphomycosis ulag in an obstructive
tracheitis in three green sea turtféiselonia mydastranded along the Florida cod3iseases
of Aquatic Organismldendorf, v. 113, n. 3, p. 25262, 2015.

DUARTE, D.L.V.; MONTEIRO, D.S.; JARDIM, R.D.; SOARE, J.C.M.; VARELA JR,
A.S. Determinagdo sexual e maturacdo gonadal dea€nda tartaruga-verd€lelonia
myda$ e tartaruga-cabecud&dretta carettq no extremo sul do BrasiActa Biologica
ParanaenseCuritiba, v.40, n.1, p. 87-103. 2011.

DUTRA, G.H.P.; NASCIMENTO, C.L.; FUTEMA, F. Fibromsaviscerais associados ao
fibropapiloma cutaneo ei@helonia mydagm reabilitacdoNatural ResourcesCoulterville,
V.2, n. 2, p. 5662, 2012,

ENE, A.; SU, M.; LEMAIRE, S.; ROSE, C.; SCHAFF, SMORETTI, R.; LENZ, J,;
HERBEST, L.H. Distribution of chelonid fibropapiliwatosis-associated herpesvirus variants
in Florida: molecular genetic evidence for infentiof turtles following recruitment to neritic
developmental habitatdournal of Wildlife Disease®\mes, v. 41, n.3, p. 48897, 2005.

FIEDLER, F.N.; SALES, G.; GIFFONI, B.B.; MONTEIROHEHO, E.L.A.; SECHI, E.R;
BUGONI, L. Drifnet fishery threats sea turtle inethAtlantic Ocean.Biodiversity
ConservationMadrid, v. 21, n. 4, p. 91831, 2012.

FLINT, M.; PETTERSON-KANE, J.C.; LIMPUS, C.J.; WORK.M.; BLAIR, D.; MILLS,
P.C. Postmortem diagnostic investigation of diséadeee-ranging marine turtle populations:
a review of common pathologic findings and protscdburnal of Veterinary Diagnostic
Investigation Columbia, v. 21, n.6, p. 73359, 2009.

FLINT, M.; PETTERSON-KANE, J.C.; LIMPUS, C.J.; MILY, P.C. Health surveillance of
stranded green turtles in southern Queensland,r#lizst(2006-2009): an epidemiological
analysis of causes of diseases and mortdlibpHealth New York, v.7, n.1, p. 13845,
2010.



36

FLINT, M. Free-ranging sea turtle health. In: WYNEK, J.; LOHMANNK.J.; MUSICK,
J.A. (Ed).Biology of Sea Turtle — volume IBoca Raton: CRC Press, 2013, p-339B.

FOLEY, A.M., SCHROEDER, B.A., REDLOW, A.E.; FICK-AHD, K.; TEAS, W.G.
Fibropapillomatosis in stranded green turtiébd€lonia mydasfrom the eastern United States
(1980-98): trends and association with environmefatetors. Journal of Wildlife Diseases,
Ames, v.41, n.1, p. 241, 2005.

FORATTINI, J.C.ConcentracOes de testosterona plasmatica em umalggio juvenil de
Chelonia mydas, no efluente industrial de uma carh@asiderurgica — Vitoria, Espirito
Santo.47f. Dissertacdo (Mestrado em Ciéncia Animal), teebniversitario de Vilha Velha,
Vila Velha, 2011.

FREITAS, J.F.T; LENT, H. Porrocaecum sulcatum(Rudolphi, 1819) (Nematoda,
Ascaroidea)Revista Brasileira de Biologi&io de Janeiro, v. 6, n. 2, p. 2238, 1946.

GALLO, B.M.G.; MACEDO, S.; GIFFONI, B.B.; BECKER,.H.; BARATA, P.C.R. Sea
turtle conservation in Ubatuba, Southeastern Brazikeding area with incidental capture in
coastal fisherieChelonian Conservation and Biolagyawrence, v. 5, n. 1, p. 9801, 2006.

GAMA, L.R.; DOMIT, C.; BROADHURST, M.K.; FUENTES, MM.P.B.; MILLAR, R.B.
Green turtle Chelonia mydasforaging ecology at 25° in the western Atlanewidence to
support a feeding model driven by intrinsic andriesic variability. Marine Ecology
Progress SeriesAmelinghausen, v. 542, p. 2a219, 2016.

GARCIA-PARRAGA, D.; CRESPO-PICAZO, J.L., QUIROZ, B. CERVERA, V.

MARTI-BONMATI, L.; DIAZ-DELGADO, J.; ARBELO, M.; MOORE, M.J.; JEPSON,
P.D.; FERNANDEZ, A. Decompression sickness (‘theds) in sea turtlesDiseases of
Aquatic OrganismsOldendorf, v. 111, n. 3, p. 19205, 2014.

GAUS, C.; GRANT, S.; JIN, N.L.; GOOT, K.; CHEN, LVILLA, A.; NEUGEBAUER, F.;
Ql, L.; LIMPUS, C.Investigation of contaminant levels in Green twgtleom Gladstone:
final report. Brisbane: National Research Centre for Environ@defibxicology (Entox),
2012, 160 p.

GEORGE, R.H. Health problems and diseases of sdastuln: LUTZ, L.; MUSICK, J.A.
(Ed). The Biology of Sea Turtles- volumdbca Raton: CRC Press, 1997, p. 363—-386.

GLAZEBROOK, J.S.; CAMPBELL, R.S.F. A survey of tlitseases of marine turtles in
northern Australia. I. Farmed turtld3iseases of Aquatic Organisj@ldendorf, v.9, n.2, p.
83-95, 1990a.

GLAZEBROOK, J.S.; CAMPBELL. A survey of the diseasof marine turtles in northern
Australia. 1l. Oceanarium- reared and wild turtlesseases of Aquatic Organisn@ldendorf,
v. 9, p. 97-104, 1990b.

GOLDBERG, D.W.; STAHELIN, G.D.; CEGONI, C.T.; WANCELINDE, J.LIMA, E.P.;
MEDINA, R.M.; RIBEIRO, R.B.; SILVA, M.A.; CARVALHO, E.C.Q. Case report: lung
spirorchidiasis in a Green turtleClfelonia mydas in southern Brazil.Marine Turtle
NewsletterLa Jollo, n.139, p-A14, 2013.



37

GOLDBERG, D.W.; ALMEIDA, D.T.; TOGNIN, F.; LOPEZ, &.; PIZETTA, G,T-D,;
LEITE Jr, N.O.; SFORZA,R. Hopper dredging impaatssea turtles on the northern coast of
Rio de Janeiro State, BraZillarine Turtle NewsletterLa Jollo, n. 147, p.12&20, 2015.

GONZALEZ-CARMAN, V.; ACHA, E.M.; MAXWELL, S.M.; ALBAREDA, D
CAMPAGNA, C.; MIANZAN, H. Young green turtlehelonia mydasexposed to plastic in
a frontal area of the SW AtantiMarine Pollution Bulletin Oxford, v.78, n. 42, p. 5662,
2014.

GORDON, A.N.; KELLY, W.R.; LESTER, R.J.G. Epizootmortality of free-living green
turtles,Chelonia mydasdue to coccidiosislournal of Wildlife Disease®mes, v. 29, n. 3, p.
490494, 1993.

GORDON, A.N.; KELLY, W.R.; CRIBB, T.H. Lesions caed by cardiovascular flukes
(Digenea: Spirorchidae) in stranded green turti@se{onia mydas Veterinary Pathology
Washington, v. 35, n.1, p. 230, 1998.

GREENBLATT, R.J.;WORK, T.M.; DUTTON, P.; SUTTON, &; SPRAKER, T.R;
CASEY, R.N.; DIEZ, C.E.; PARKER, D.; St LEGER, BALAZS, G.H.; CASEY, J.W.
Geographic variation in marine turtle fibrobapillatasis. Journal of Zoo and Wildlife
Medicine Lawrence, v. 36, n. 3, p. 527-530, 2005.

GUEBERT-BARTHOLO, F.M.; BARLETTA, M.; COSTA, M.F.,MONTEIRO-FILHO,
E.L.A. Using gut contents to assess foraging padtesf juvenile Green turtles Chelonia
mydas in the Paranagua estuary, Br&ildangered Species Researoidendorf, v. 13, n. 2,
p. 131143, 2011.

GUIMARAES, S.M.; GITIRANA, H.M.; WANDERLEY, A.V.. MONTEIRO-NETO, C.;
LOBO-HAJDU, G. Evidence of regressionof fibropapiatosis in juvenile Green turtles
Chelonia mydascaught in Niter6i, southeast BraziDiseases of Aquatic Organisms
Oldendorf, v. 102, n. 3, p. 24347, 2013.

HARVELL, C. D.; KIM, K.; BURKHOLDER, J. M.; COLWELL R. R.; EPSTEIN, P. R;
GRIMES, D. J.; HOFMANN, E. E.; LIPP, E. K.; OSTERHS, A. D. M. E;
OVERSTREET, R. M.; PORTER, J. W.; SMITH, G. W.; 8AA, G. R. Emerging marine
diseases-climate links and anthropogenic fac®ecgence’'s Compas$Vashington, v. 285, n.
5433, p. 15051510, 1999.

HERBST, L.H. Fibropapillomatosis of marine turtlednnual Review of Fish Diseases,
Danvers, v. 4, n. 6, p. 389825, 1994.

INTERNATIONAL UNION FOR CONSERVATION OF NATURE - IGN. Consulta de
dados sobre o status de conservacdo de tartarugashas, 2016. Disponivel em:
<http://www.iucnredlist.org/search> Acesso em: &0. 2016

ISLAM, S.; TANAKA, M. Impacts of pollution on coast and marine ecosystems including
coastal and marine fisheries and approach for neanagt: a review and syntheshMarine
Pollution Bulletin,Oxford, v. 48, n. #8, p. 624649, 2004.



38

JACOBSON, E.R.; GASKIN, J.M.; ROELKE, M.; GREIMERE.C.; ALLEN, J.
Conjunctivitis, tracheitis, and pneumonia assodiaté&h herpesvirus infection in green sea
turtles. Journal of American Veterinary Medical Associatidvew York, v. 189, n. 9, p.
1020-1023, 1986.

JOHNSON, J.C.; SCHWIESON, T.; EKWALL, AK.; CHRISANSEN, J.L. Reptilian
melanomacrophages function under conditions of thgrmia: observations on phagocytic
behavior.Pigment Cell Researcloxford, v. 12, n. 6, p. 34382, 1999.

JONES, T.T.; SEMINOFF, J.A. Feeding biology: adwsdrom field-based observations,
physiological studies, and molecular techniques. Wi\YNEKEN, J.; LOHMANN, K.J.;
MUSICK, J.A. (Ed) The Biology of Sea turtles - Volume Boca Raton: CRC Press, 2013.
p. 211:2013.

JONES, K.; ARIEL, E.; BURGESS, G.; READ, M. A rewef fibropapillomatosis in green
turtles Chelonia mydgs The Veterinary Journalondon, v. 212, p. 4&7, 2016.

KELLER, J.M. Exposure to and effects of persisterganic pollutants. In: WYNEKEN, J.;
LOHMANN, K.J.; MUSICK, J.A (Ed).The Biology of Sea Turltes - volume Bloca Raton:
CRC Press, 2013, p. 28528.

KOMOROSKE, L.M.; LEWISON, R.L.; SEMINOFF, J.A.; DHE¥YN, D.D.; DUTTON, P.H.
Pollutants and the health of green sea turtlesleasito an urbanized estuary in San Diego,
CA. ChemosphereOxford, v. 84, n. 5, p. 54852, 2011.

LABRADA-MARTAGON, V.; RODRIGUEZ, P.A.T., MENDEZ-RORIGUEZ, L.C.;
ZENTENO-SAVIN, T. Oxidative stress indicators arftemical contaminants in East Pacific
green turtlesChelonia mydasinhabiting two foraging coastal lagoons in thgaB@alifornia
peninsulaComparative Biochemistry and Physiology, PartNew York, v. 154, n. 2, p. 65
75, 2011.

LAUCKNER, G. Diseases of Reptilia. In: KINNE, O. dEDiseases of Marine Animals:
introduction, Reptilia, Aves, Mammalia. IV, Part 2. Biologische Anstalt Helgoland, £98
p. 553626

LEWISON, R.; WALLACE, B.; ALFARO-SHIGUETO, J.;MANGE, J.C.; MAXWELL,
S.M.; HAZEN, E.L. Fisheries Bycatch of Marine Tedl lessons lerned from decades of
research and conservation. In: WYNEKEN, J.; LOHMANNJ.; MUSICK, J.A. (Ed)The
Biology of Sea Turtles - voluni¢. Boca Raton: CRC Press, 2013, p.-331.

LICHTENFELS, J.R.; BIER, J.W.; MADDEN, P.A. Larvahisakid (Sulcascaris) nematodes
from Atlantic molluscs with marine turtles as défire hosts.Transactions of the American
Microscopical SocietylLawrence, v. 97, n. 2, p. 19807, 1978.

LIMA, E.H.S.M.; LAGUEUX, C.J.; CASTRO, W.; MARCOVADI, M.A. From one feeding
ground to another: green turtle migration from Hrez NicaraguaMarine Turtle Newslleter
La Jollo, n. 85, p.410, 1999.

LIMA, E.H.S.M.; TROENG, S. Link between green teglforaging in Brazil and nesting in
Costa Rica?Marine Turtle Newsletter_a Jollo, n. 94, p.-9, 2001.



39

LOPEZ-BARRERA, E.A.; LONGO, G.0. MONTEIRO-FILHO, EA. Incidental capture of
green turtle Chelonia mydasin gilinets of small-scale fisheries in Parana@ay, southern
Brazil. Ocean & Costal Managememmsterdam, v.60, p.+18, 2012.

LUSCHI, P.; HAYS, G.C.; DelSAPPIA, C.; MARSH, R.API, F. The navigational feats of
green sea turtles migratin from Ascencion Islandestigated by satellite telemetry.
Proceedings of the Royal Society of London. S&;ié®ndon, v. 265, n. 1412, p. 2272284,
1998.

LUTZ, P.L. Studies on ingestion of plastic and Xatey sea turtles. In: International
Conference on Marine Debri€d. SHOMURA, R. S, GODFREY, M. L US Department of
Commerce NOM Tech Memd990.Honolulu. p 2-7.

MACEDO, G.R.; TARANTINO, T.B.; BARBOSA, |.S.; PIREST.T.; ROSTAN, G
GOLDBERG, D.W.; PINTO, L.F.B.; KORN, M.G.A.; FRANKEC.R. Trace elements
distribution in hawksbill turtle Eretmochelys imbricajaand green turtlesChelonia mydas
tissues on the northern coast of Bahia, Bra#drine Pollution Bulletin Oxford, v.94, n.42,
p. 284-289, 2015.

MANIRE, C.A.; STACY, B.A.; KINSEL, M.J.; DANIEL, HT.;, ANDERSON, E.T;
WELLEHAN, Jr, J.F.X. Proliferative dermatitis inlaggerhead turtleCaretta carettaand a
green turtleChelonia mydasassociated with novel papillomaviriéeterinary Microbiology
Amsterdam, v. 130, n—&, p. 22#237, 2008.

MENDES, S.S.; CARVALHO, R.H.; FARIA, A.F.; SOUSA,.B. Marine debris ingestion
by Chelonia mydas(Testudines: Cheloniidae) on the Brazilian codgarine Pollution
Bulletin, Oxford, v. 92, n.22, p. 810, 2015.

MONTEIRO, D.; ESTIMA, S.C.; GANDRA, T.B.R.; SILVA/A.P.; BUGONI, L.
SWIMMER, Y.; SEMINOFF, J.A.; SECCHI, E. Long-terrpatial and temporal patterns of
sea turtle strandings in southern Braliarine Biology Berlin, v. 163, n.12, p.-19, 2016.

NARO-MACIEL, E.; BONDIOLI, A. C.V.; MARTIN, M.; ALMEIDA, A.P;
BAPTISTOTTE, C.; BELLINI, C.; MARCOVALDI, M. A.; SANTOS, A. J. B.; AMATO, G.
The interplay of homing and dispersal of greenlésrta focus on the southwestern Atlantic.
Journal of HeredityCary, v.103, n. 6, p. 79805, 2012.

NELMS, S.E.; DUNCAN, E.M.; BRODERICK, A.C.; GALLOWX, T.S.; GODFREY,
M.H.; HAMANN, M.; LINDEQUE, P.K.; GODLEY, B.J. Plag and marine turtles: a review
and call for researchCES Journal of Marine Scienc®xford, v. 73, n. 2, p. 16481, 2016.

NISHIZAWA, H.; ASAHARA, M.; KAMEZAKI, N.; ARAI, N. Differences in the skull
morphology between juvenile and adult green turtiegplications for the ontogenetic diet
shift. Current herpethologyKyoto, v. 29, n.2, p. 97-101. 2010.

OROS, J.; CALABUIG, P.; DENIZ, S. Digestive pathgjoof sea turtles stranded in the
Canary islands between 1993 and 200dterinary RecordLondon, v. 155, n. 6, p. 16974,
2004.



40

OROS, J.; TORRENT, A.; CALABUIG, P.; DENIZ, S. Dases and causes of mortality
among sea turtles stranded in the Cabary Islanpsin§19982001). Diseases of Aquatic
Organisms Oldendorf, v.63, n.1, p. £24, 2005.

PHILLIPIS, B.E.; CANNIZZO, S.A.; GODFREY, M.H.; ST@Y, B.A.; HARMA, C.A.
Exertional myopathy in a juvenile green sea tui@belonia mydasentangled in large mesh
gillnet. Cases Reports in Veterinary Mediciddew York, v. 2015, p.-36, 2015.

PRITCHARD, P.C.H. Post-nesting movements of maringtles (Cheloniidae and
Dermochelyidagtagged in the Guianafopeig Lawrence, n. 4, p. 749-754, 1976.

PUPO, M.M.; SOTO, J.M.R.; HANAZAKI, N. Captura im@ntal de tartarugas marinhas na
pesca artesanal da llha de Santa CatarinaB®@mas Floriandpolis, v. 19, n. 4, p. 63-72,
2006.

PUTMAN, N.F.; NARO-MACIEL, E. Finding the ‘lost-yes’ in green turtles: insights from
ocean circulation models and genetic analy&ieceedings of the Royal Societyl®Bndon, v.
280, n. 1768, 20131468. 2013.

RAIDAL, SR; OHARA, M.; HOBBS, R.P.; PRINCE, R. Granegative bacterial infections
and cardiovascular parasitism in green sea tu(@é®lonia mydas Australian Veterinary
Journal Brunswick, v.76, n. 6, p. 415-417, 1998.

REIS, E.C.; PEREIRA, C.S.; RODRUIGUES, D.P.; SECELX.C.; LIMA, L.M.; RENNO,

B.; SICILIANO, S. Condicdo de saude das tartarug@sinhas do litoral centro-norte do
Estado do Rio de Janeiro, Brasil: avaliacdo sobrpresenca de agents bacterianos,
fibropapilomatose e interacdo com residues ant@pugs. Oecologia Australis Rio de
Janeiro, v. 14, n. 3, p. 756-765, 2010.

RODENBUSCH, C.R.; BAPTISTOTTE, C.; WERNECK, M.R,IRES, T.T.; MELO,
M.T.D.; ATAIDE, M.W.; REIS, K.D.H.L.; TESTA, P.; AIEVE, M.M.; CANAL, C.W.
Fibropapillomatosis in green turtl€helonia mydasn Brazil: characteristics of tumours and
virus. Disease of Aquatic OrganisntS|dendorf, v.111, n. 3, p. 207-217, 2014.

SALES, G.; GIFFONI, B.B.; BARATA, P.C.R. Incidentehtch of sea turtles by the Brazilian
pelagic longline fisheryJournal of Marine Biological Association of the thd Kingdom,
Kristineberg, v. 88, n. 4, p. 853-864, 2008.

SANTORO, M.; MORALES, J.A.; RODRIGUEZ-ORTIZ, B. Sprchiidiosis (Digenea:
Spirorchiidae) and lesions associated with pamdite Caribbean green turtle€Helonia
mydag. The Veterinary Record,ondon, v. 161, n. 14, p. 482-486, 2007.

SANTOS, A.S.; ALMEIDA, A.P.; SANTOS, A.J.B.; GALLO,B.; GIFFONI, B,
BAPTISTOTTE, C.; COELHO, E.; LIMA, E.H.S.M.; SALESG.; LOPEZ, G.G,;
STAHELIN, G.; BECKER, H.; CASTILHOS, J.C.; THOME,Q.A.; WANDERLINDE, J.;
MARCOVALDI, M.A.A.G.; MENDILAHARSU, M.M.L.; DAMASCENO, M.T.; BARATA,

P.C.R.; SFORZA, RPlano de acéo nacional para conservacdo das tagasumarinhas.
Brasilia: Instituto Chico Mendes de ConservacaBiddiversidade, ICBio, 2011, p. 120.



41

SANTOS, R.G.; MARTINS, A.S.; TOREZANI, E.; BAPTISTAQE, C.; FARIAS, J.N.;
HORTA, P.A.; WORK, T.M.; BALAZS, G.H. Relationshipetween fibropapillomatosis and
environmental quality: a case study witthelonia mydasff Brazil. Diseases of Aquatic
Organisms Oldendorf, v. 89, n.1, p. 87-95, 2010.

SANTOS, R.G.; MARTINS, A.S.; BATISTA, M. B.; HORTAP.A. Regional and local
factors determining green turi@helonia mydasoraging relationships with the environment.
Marine Ecology Progress Serie8melinghausen, v. 529, n.1-16, p. 265-277. 2015a.

SANTOS, R.G.; ANDRADES, R.; BOLDRINI, M.A.; MARTINSA.S. Debris ingestion by
juvenile marine turtles: an understimated probléfarine Pollution Bulletin Oxford, v. 93,
n. 1-2, p. 37-43, 2015b.

SCHUYLER, Q.A.; HARDESTY, B.D.; WILCOX, C.; TOWNSHD K. Global analysis of
anthropogenic debris ingestion by sea turtl€snservation BiologyBoston, v. 28, n.1,
p.129-139, 2014a.

SCHUYLER, Q.A.; WILCOX, C.; TOWNSEND, K.; HARDESTYB.D.; MARSHALL, NJ.
Mistaken identity? Visual similarities of marinehitis to natural prey items of sea turtles.
BioMed Central EcologyLondon, v. 14, n. 14, p. 2-7, 2014b.

SEMINOFF, J.A.; ALLEN, C.D.; BALAZS, G.H.; DUTTONP.H.; EGUCHI, T.; HAAS,
H.L.;, HARGROVE, S.A.; JENSEN, M.P.; KLEMM, D.L.; LBRITSEN, A.M,;
MacPHERSON, S.L.; OPAY, P.; POSSARDT, E.E.; PULTZL.; SENEY, E.E.; Van
HOUTAN, K.S.; WAPLES, R.S. Status review of theguedurtle Chelonia mydasunder the
U.S Endangered Species ARIOAA Technical MemorandymiOAA-SWFESC-539. 2015.

SILVA, C.C.; KLEIN, R..D.; BARCAROLLI, I.F.; BIANCHNI, A. Metal contamination as
a possible etiology of fibropapillomatosis in juilenfemale green turtle€helonia mydas
from the southern Atlantic Oceafdquatic ToxicologyAmsterdam, v.170, p. 42-51, 2016.

SMITH, G.M.; COATES, C.W.; NIGRELLI, R.F.A. A papdmatous disease of the
gallbladder associated with infection of flukesgaeing in the marine turtl€;helonia mydas
(Linnaeus)Zoologig New York, v. 26, p. 13-15, 1941.

STACY, B.A.; SANTORO, M.; MORALES, J.A.; HUZELLA, IM.; KALASINSKY, V.F.;
FOLEY, A.; METTEE, N.; JACOBSON, E.R. Renal oxa®sn free-ranging green turtles
Chelonia mydadiseases of Aquatic Organisp@ldendorf, v. 80, n. 1, p. 45-49, 2008.

STACY, B.A.; FOLEY, AM.; GREINER, E.; HERBST, L.HBOLTEN, A.; KLEIN, P.;
MANIRE, C.A.; JACOBSON, E.R. Spirorchiidiasis inrshded loggerhead Caretta caretta
and green turtle€helonia mydasn Florida: host pathology and significand@iseases of
Aquatic OrganismsOldendorf, v.89, n. 3, p. 237-259, 2010.

TERYDA, N.S. Evaluacion de la ingestion de residuos antropices ld tortuga verde
(Chelonia mydas) en Uruguay2f. Trabalho de Conclusdo de Curso (Licenciatema
Ciéncias Bioldgicas), Universidade Nacional de BligrPlata, Argentina, 2015.

TORRES, R.J.; ABESSA, D.M.S.; SANTOS, F.C.; MARANHODA.; DAVANSO, M.B,;
NASCIMENTO, M.R.L.; MOZETO, A.A. Effects of dredgin operations on sediment



42

quality: contaminant mobilization in dredged seditsefrom the Port of Santos, SP, Brazil.
Journal of Soils and SedimenBegnmark, v. 9, n. 5, p. 420-432, 2009.

TOURINHO, P.; do SUL, J.A.l.; FILLMANN, G. Is marendebris ingestion still a problem
for the coastal marine biota of southern BrazWarine Pollution Bulletin Oxford, v. 60, n.
3, p. 396-401, 2010.

VELEZ-RUBIO, G. M.; CARDONA, L.; LOPEZ-MENDILAHARSU M.; SOUZA, G.M.;
CARRANZA, A.; GONZALES-PAREDES, D.; TOMAS, J. Ontegetic dietary changes of
green turtles Chelonia mydasin the temperate southwestern AtlantMarine Biology
Berlin, v. 163, n. 3, p. 1-16. 2016.

XAVIER, R.A. Analise da fauna parasitolégica gastrointestinal ¢helonia mydas
(Linnaeus, 1758) no litoral norte e médio do Ricafe do Sul, Brasi4lf. Trabalho de
Conclusédo de Curso (Graduacdo em Ciéncias Biolggidaniversidade Federal do Rio
Grande do Sul, Imbé. 2011.

WALLACE, B.P.; DIMATTEO, A.D.; HURLEY, B.J.; FINKBENER, E.M.; BOLTEN,
A.B.; CHALOUPKA, M.Y.; HUTCHINSON, B.J.; ABREU-GROBIS F.A.; AMOROCHO,
D.; BJORNDAL, K.A.; BOURJEA,J.; BOWEN, B.W.; BRISEN D.R.; CASALE, P,
CHOUDHURY, B.C.; COSTA, A,; DUTTON, P.H.; FALLABRIN, A., GIRARD, A,
GIRONDOT, M., GODFREY, M.H.; HAMANN, M, LOPEZ-MENDIAHARSU, M.;
MARCOVALDI, M.A.; MORTIMER, J.A.; MUSICK, J.A,; NEL R, PILCHER,N.J,;
SEMINOFF, J.A.; TROENG, S.; WITHERINGTON, B.; MASR.B. Regional management
units for marine turtles: a novel framework forquiiizing conservation and research across
multiple scalesPloS ONE San Francisco, v. 5, n. 12, 15465, 2010.

WALLACE, B.P.; DIMATTEO, A.D.; BOLTEN, A.B.,, CHALOWKA, M.Y,;

HUTCHINSON, B.J.; ABREU-GROBOIS, F.A.; MORTIMER, Al; SEMINOFF, J.A;
AMOROCHO, D.; BJORNDAL, K.A.; BOURJEA, J.; BOWEN, .®.; DUENAS, R.B;
CASALE, P.; CHOUDHURY, B.C.; COSTA, A.; DUTTON, P.H FALLABRINO,

F.FINKBEINER, E.M.; GIRARD, A.; GIRONDOT, M.; HAMAMN, M.;HURLEY, B.J.;

LOPEZ-MENDILAHARSU, M.; MARCOVALDI, M.A.; MUSICK, JA.; NEL,

R.;PILCHER, N.J.; TROENG, S.; WITHERINGTON, B.; MASR.B. Global conservation
priorities for marine turtle?loS ONE San Francisco, v. 6, n. 9, e24510, 2011.

WALLACE, B.P.; KOT, C.Y.; DIMATTEO, A.D.; LEE, T..CROWDER, L.B.; LEWISON,
R.L. Impacts of fisheries bycatch on marine turp@pulations worldwide: toward
conservation and research prioritiEsosphereWashington, v. 4, n. 3, p. 1-49, 2013.

WERNECK, M.R.; BINOTI, E.; MARTINS, LLV.F.; CALAISJR, A.; GOMES, M.C,
BOELONI, J.N.; TRAZZI, A.; BERGER, B. Occurrence Rhytidodoides simili®rice, 1939
(Digenea, Rhytidodidae) and lesions due to Sgmi@ceggs in a green turtl€ghelonia
mydasLinnaeus, 1758 (Testudines, Cheloniidae), from Brazomparative Parasitology
Lawrence, v. 82, n. 2, p. 291-295, 2015.

WOBESER, G.A.Diseases in wild animals: investigation and manageimVerlag Berlin
Heidelberg: Springer, 2007, p 393.



43

WOLKE, R.E.; BOOKS, D.R.; GEORGE, A. Spirorchidimsin loggerhead sea turtles
(Caretta carettqx pathology.Journal of Wildlife DiseasesAmes, v. 18, n. 2, p. 175-185,
1982.

WORK, T.M.; BALAZS, G.H.; WOLCOTT, M.; MORRIS, R. &teraemia in free-ranging
Hawaiian green turtleChelonia mydaswith fibropapillomatosis.Diseases of Aquatic
OrganismsOldendorf, v. 53, n.1, p. 41-43, 2003.

WORK, T.M.; BALAZS, G.H.; RAMEYER, R.A.; MORRIS, RA. Retrospective pathology
survey of green turtle€helonia mydaswith fibropapillomatosis in the Hawaiian islands,
1993-2003Diseases of Aquatic Organisn@ldendorf, v. 62, n.1-2, p. 163-176, 2004.

WORK, T.M.; BALAZS, G.H.;, SCHUMACHER, J.L.; MARIE,A. Epizootiology of
Spirorchiid infection in green turtle€helonia mydasin Hawaii. Journal of Parasitology
Lawrence, v. 91, n. 4, p. 871-876, 2005.

WORK, T.M.; BALAZS, G.H. Pathology and distributiaf sea turtles landed as bycatch in
the Hawaii-based North Pacific pelagic longlinenéisy. Journal of Wildlife DiseasesAmes,
v. 46, n. 2, p. 422-432, 2010.

WORK, T.M.; BALAZS, G.H.; SUMMERS, T.M.; HAPDEI, R.; TAGARINO, A.P. Causes
of mortality in green turtles from Hawaii and theasular Pacific exclusive of
fibropapillomatosis.Diseases of Aquatic Organism®Ildendorf, v. 115, n. 2, p.103-110,
2015a.

WORK, T.M.; DAGENAIS, J.; BALAZS, G.H.; SCHETTLE, N ACKERMANN, M.
Dynamics of virus shedding ama situ confirmation of Chelonid Herpesvirus 5 in Hawaiian
green turtles with fibropapillomatosi¥eterinary Pathology Washington, v. 52, n. 6, p.
1195-1201, 2015b.

WYNEKEN, J. Anatomy of sea turtleUS Department of commerce NOAA Technical
Memmorandum NMFS-SEFSC-470. p. 1-170. 2001.

ZAVALA-NORZAGARAY, AA.; AGUIRRE, A.A.; VELAZQUEZ-ROMAN, J.; FLORES-
VILLASENOR, H. LEON-SICAIROS, N.: LEY-QUINONEZ, C.P HERNANDEZ-DIAS,
L.J.; CANIZALEZ-ROMAN, A. Isolation, characterizath , and antibiotic resistence of
Vibrio spp. in sea turtles from Northwestern MexiEoontiers in Microbiology Lausanne, v.
6, p. 1-10, 2015.



44

3 OBJETIVOS

3.1OBJETIVO GERAL

* Avaliar a epidemiologia da fibropapilomatose natadsasileira e parametros clinicos
laboratoriais associados a doenca em tartarugds-vegistradas no litoral Parana, sul

do Brasil.

3.2 OBJETIVOSESPECIFICOS

« Comparar as prevaléncias da fibropapilomatose deredies periodos e estados
(latitude) na costa do Brasil;

» Avaliar dados inéditos de prevaléncia da fibropapdtose em tartarugas-verde nos
estados do Parana (PR), Santa Catarina (SC) eeRlargtiro (RJ);

» Identificar possiveis co-fatores associados a dliigais de prevaléncias nos estados
(latitude) e periodos avaliados;

» Auvaliar alteracdes histologicas dos tumores dartagas-verde resgatadas no PR, SC
e RJ;

* Investigar a ocorréncia de herpesvirus presentetesdes de fibropapilomatose de
tartarugas-verde resgatadas no PR, SC e RJ;

* Avaliar parametros bioquimicos e hematologicos ddatugas-verde capturadas

intencionalmente no litoral do Parana.
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Abstract

The green turtleGhelonia mydasis an endangered migratory species and diffarepacts
during all life stages lead to species vulnerabilEibropapillomatosis (FP) is a pandemic
chronic disease that afflicts mainly juvenile gretmtles and a marked difference in
prevalence has been noticed in small to large gpatnporal scale. The aim of this study was
to review the epidemiology of fibropapillomatosisBrazil and also evaluate new data from
three states (Santa Catarina-SC, Parana-PR andeRianeiro-RJ). Local and international
peer-reviewed studies summarizing prevalence, dumcerapace length (CCL), sampling
method (stranded, bycaught, intentionally captwedesting), and severity of disease were
searched for green turtles throughout the Brazitiaast (Latitudes 02° 52°S to 26° 02°S)
from 2000 to 2014. The body condition, histologyl atetection of Chelonid Herpesvirus-5
(ChHV5) were also evaluated of afflicted animalspked from 2002009 to 2014 in SC, PR
and RJ. Data from 12 of 17 (70.6%) states of Biazitoast were compared between two
periods (from 2000 to 2006 and from 2007 to 20R¥evalences varied according to (i)
sampling methods, (ii) latitude degrees, and (ahronologically. Prevalence decrease
between periods in Ceara, Rio Grande do Norte riisdanto and Sao Paulo, maintenaice in
RJ and Paraiba, increase in SC and Bahia and weentain oceanic islands. Prevalences
were 14.5% (17/117), 9.6% (38/395) and 13.6% (12888SC, PR and RJ; and 23% (10/43)
in animals intentionally captured off PR. Considgrall data, fibropapillomatosis mainteined
similar from 2000 to 2014 [14% (1090/7804) from QA6 2006 and 13.8% (1106/8035) from
2007 to 2014]. Afficted animals were larger (>CCbpn turtles without FP, and similar
findings were observed in different areas worldwitlee results suggest that green turtles get
infected after recruitment, when they shift slodgm omnivorous into an herbivorous diet
and are exposed to different environmental faciaduding virus infection that culminate in
severity/death or regression of disease. The sgwdrdisease was mainly mild in SC and PR,
and moderate and severe in RJ. The severe casesedd to difficult in feeding, diving and
affect vision. Microscopical findings suggestedaViinfection, but eosinophilic inclusion
bodies were observed in only one tumor (1/121)e Mariants were detected and clustered
with Chelonid Herpesvirus 5 and no papillomavirutNAD was amplified. Therefore,
continuous monitoring of disease and other featthias affect host and infectious agent in

global scale are also necessary for a better utasheliang of FP and green turtle conservation.

Keywords: Sea turtles, Tumorous disease, Epidemiology, Hemes South Atlantic
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4.1INTRODUCTION

The green turtlesQhelonia mydasare highly migratory species and use a
variety of habitats during their life cycle, encamsping nest beaches where eggs are
incubated, ocean areas where hatchlings grow far years, and neritic (nearshore)
developmental areas where early juveniles recndt@ntinue maturing at different foraging
grounds (Bolten, 2003). Despite their wide disttitw, the vulnerability to threats during all
life stages, including egg and nesting females exy@oitation, fisheries bycatch, coastal
development, pollution and pathogens concentraiespciated with their slow maturing and
population recovery, qualify green turtles for emglered status (IUCN, 2016).

In an effort to guide future researches and effecsiea turtle conservation
in the 2% century, Hamanret al (2010), including 13 nations working with biologyd
conservation of sea turtles, assembled a list mfripr of global research questions about
reproductive biology, biogeography, population eggl threats and conservation strategies.
One of these important questions request informatibthe etiology and epidemiology of
fibropapillomatosis (FP) and how this disease acambnaged (Hamaret al,, 2010).

Fibropapillomatosis is a pandemic chronic disedseacterized by single to
multiple tumours ranging from 0.1 cm to greatemtl® cm in skin, plastron and carapace,
although visceral tumours diagnosed as fibromasgofityromas and fibrosarcomas occur
frequently in some populations (Woek al, 2004). According to size, location and number of
tumours, the disease contributes to progressivditdébn; impair swimming, feeding and
breathing and can correlate to physiological comditand death (Enet al, 2005). This
disease was reported in loggerhead turBarétta caretty olive ridley (epidochelys
olivaceg, hawksbill turtle [epidochelys imbricaja leatherback turtle Oermochelys
coriaceg and flatback turtle Natator depressys(Herbst, 1994, Huertat al, 2000), but
occurs primarily in juveniles and, to a lesser pktan adult green turtles (Herbst, 1994).

Investigations relative to the etiological agent=6f have demonstrated that
the disease is transmissible experimentally, becawsours are induced by inoculation of
cell-free tumour extracts; and strong evidence texaf its association with a Chelonid
herpesvirus 5 (ChHV5) (Herbst al, 1995; Quackenbustt al, 2001, Patriciet al, 2012,
Rodenbustlet al, 2014). Although the efforts to cultivate theudrusingin vitro methods
remained ineffective until now, ChHV5 was deteateflbropapillomas by Polymerase Chain
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Reaction (PCR), histological and immunohistocheiassaygHerbstet al, 1999, Worket
al., 2009, Worket al, 2015).

Furthermore, environmental factors must play a mleisease expression
because posthatchling green turtles that live maoi habitat are free of FP and juveniles
express the disease only after recruiting to mehéibitats (Enet al, 2005). Cofactors such
as seasonal elevation on temperature, presencessfbfe mechanical vectors (e.g. marine
leeches) and geographic localization are suspeotedfect host susceptibility, transmission
and the relative frequency of the virus that magyv@nsiderably across locations (Haines
and Kleese, 1977, Greenblattal, 2004, Foleet al, 2005, Rodenbusctt al, 2014).

In Brazil, FP is considered one of the most impuri@diseases threatening
sea turtles (Baptistotte, 2007, Sanébsal, 2015) but information are sparse. Therefore, the
aim of the present study was to highlight the epidéogical data of FP in green turtles
throughout the Brazilian coast, including reviewadd new data, comparisons to other
worldwide regions and analysis of factors involvgrgen turtle biology, ecology and ChHV5

detection.

4.2MATERIAL AND METHODS

The study was separated into two components. if$teirivolved a review
of the available literature from 2000 to 2014, detg the percentage occurrence (prevalence)
of FP among green turtles along the Brazilian c@aatitudes 02° 52’S to 26° 38'S). The
second component comprised more detailed analySetheo disease among individual
specimens sampled from 2007/2009 to 2014 in thtatess (encompassing 22° 24' to 26°
02'S).

4.2.1. Fibropapillomatosis occurance in greeneardff Brazil

Local and international peer-reviewed studies surizng epidemiological
data describing FP in green turtles off Brazil weearched using major online databases.
Attention was also directed towards the histonrakceedings of the International Symposium
of Sea Turtles (http://www.seaturtlesociety.comdeexdings.html) and the Symposium of
Research and Conservation of Sea Turtles in the thSoWest Atlantic
(http://cicmar.org/archives/2532). From these pap@eneral information was collected

describing when, where and how (e.g. nesting, degdnon beaches, or incidentally or
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intentionally caught for research) the specimensewabtained, the number of animals
sampled, their morphological data (minimum and mmaxn or mean + SD curved carapace
length—CCL), the prevalence and severity of FFs Important to note that ‘stranded’ green
turtles can actually have died as an ‘incidentadlyght’, disentangled and washed ashore.

The prevalence of FP was compared chronologicatwéen two periods,
according to effort of disease monitoring off Bieai coast: from 2000 to 2006 and from
2007 to 2014. The same areas were considered imdpervaluation, except Santa Catarina
(192 km of distance between areas). Spatially ed@in— comparisons between states — was
conducted using only data from 2007 to 2014. FBrn&tion were available in multiple
studies in some regions (e.g. Serra in Espiritd&ataipu in Rio de Janeiro, Cananéia in S&o
Paulo and Arvoredo in Santa Catarina), then studidading systematic monitoring, longer
effort and most complete data were preferred. @ostsially, prevalence analyzes of
afflicted green turtles from regions in Rio GrarmieSul (RS) were precluded owing to small
sample size (e.x. 4/19) (Rodriguetsal, 2012). All information is available in Figureahd
detailed in Supplementary Material (Table S1).

4.2.2 Fibropapillomatosis occurrence and epidergipl@mong green turtles off

southeastern and southern Brazil (new data)

Between 2007/2009 and 2014, stranded or bycaugtgngturtles were
collected during beach monitoring, or provided [shérs from three states: Santa Catarina
(26° 02' S and 48° 50' W; n=117 animals), Parabd 2®' S and 48° 20' W; n=395 animals)
and Rio de Janeiro (22° 54' S and 43°10' W; n=8as). An additional 43 green turtles
were intentionally caught in Cobras (25°28' S a8tl 26’ W) and Mel (25° 29" S and 48° 20'
W) islands off Parana during seven consecutive gep®ril/May 2014 as part of an ancillary
study.

All specimens were measured for curved carapacgtie(CCL to the
nearest 0.1 cm), with thoge96 cm CCL classified as adults (following Bellgti al, 2013).
General body condition was estimated by visualaotpn and classified based on Torezani
et al, (2010) adapted from Walsh (1999). Briefly, gleuwith FP was classified as ‘good’ if
the plastron was convex, eyes were normal, the nee&s had fat tissues and axillary and
inguinal areas were protuberant; ‘fair’ if the pgtas was less convex and fat was not

protuberant as in ‘good’ condition; and ‘emaciatédhe plastron was concave, eyes were



50

sunken, muscles of the neck area were obviouslittithor no surrounding fatty tissues, and
inguinal and axillary areas were very thin.

Skin tumours were evaluated for size (£ 0.1 cm) gnouped into four
categories (1: <1.0 cm; 2: 1.0-4.0 cm; 3: 4.0-1Q and 4: >10 cm). Where present, the
number of FP was counted to establish a severdyescanging from non-afflicted (FPS-0),
mild (FPS-1), moderate (FPS-2) to heavily tumouflegS-3), following Work and Balazs
(1999).

4.2.3 Microscopic and molecular evalution of greertle tumours off southeastern

and southern Brazil

Tumour samples were excised from afflicted turtfesed in 10% buffered
formalin solution, routinely processed, embeddeganaffin, and stained with Hematoxylin
and Eosin for histopathological analysis. Histatad criteria were evaluated according to
Herbstet al, (1999) and included: epithelial hyperplasia (dlbasis and ortokerathosis),
epithelial integrity (ulceration, spindle and basall degeneration and dermal-epidermal
cleft), inflammatory infiltrate (perivascular inflamatory cell infiltrate and foreign body
granulomas), conjunctive tissue proliferation aradhpgens (intranuclear inclusion bodies,
bacteria in superficial skin and Spirorchiid ova)issue-egg burdens were microscopically
examined and the average of eggs was obtained lopting three fields at 200x
magnification.

Tumour were also sampled and stored at -80°C fbsesyuent molecular
analyses. DNA was extracted using the commercalbilable ‘Qiagen DNeasy blood and
tissue kit’ (Qiagen Sample and Assay Technolodi@glen, Germany) in accordance with the
manufacturer’'s instructions. A set of primers weatesigned to amplify ~450 bp of
polymerase gene of herpesvirus, ChMyHV1 (FW: 5- ARAAGGGTTACCAAGGG-3’)
and ChMyHV2 (RV: 5’- CGGTGTCCCCGTAAATGACA-3’) andhather two set of primers

FAPS59 (5- TAACWGTIGGICAYCCWTATT-3) and FAP64 (5-
CCWATATCWVHCATITCICCATC-3’) to amplify ~480 bp L1 @®F and AR-E1F2 (5
ATGGTNCAGTGGGCNTATGA-3) and AR-E1R9 5

CATTWGTDGTDAYMAGSAKRGGVGGGCA-3) that target a fragment of E1 ORF of
papillomavirus (Forsluncet al, 1999; Robles-Sikisakat al, 2012). Polymerase Chain
Reaction assay was performed using 5 pl of theaeted DNA and 45 ul of PCR-mix
consisting of 1 ul (20 pmol) from each primer; 200/ of each dNTP (Invitrogen, Life
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Technologies, Carlsbad, USA); 2.5 units of Platintiag DNA polymerase (Invitrogen, Life
Technologies, BR); 1 x PCR buffer (20 mMTris—HCI gHt and 50 mM KCI); 1.5 mM of
MgCly; 2.5% DMSO and ultrapure sterile water to a fw@ume of 50 pl. Amplification was
performed in a thermal cycler (Swift MaxPro, Esceallhcare, USA) with the following
cycling profile: an initial step of 5 min at 93, followed by 35 cycles of 1 min/9@, 1
min/52C, 1 min/72C, and a final extension step of 7 mirflZZor herpesvirus amplification.
The cycling profile was similar to papillomavirusxcept fot the annealing temperature at
50°C (FAP59/FAP64) and 47°C (AR-E1F2/E1R9). Alitpiof 5 pl from the PCR products
were analyzed by electrophoresis in 2% agarosengeBE buffer pH 8.4 (89 mM Tris; 89
mM boric acid; 2 mM EDTA) at constant voltage (90 fér approximately 45 min, stained
with ethidium bromide (0.5 mg/ml), and visualizetder UV light.

In order to ensure the primers specificity, the dois of PCR were
submitted to sequence analyses. The PCR prodecespurified using a PCR DNA and Gel
Band Purification kit (Invitrogen, Life TechnologieBR), and quantified using Quant-i*f
dsDNA BR Assay kit (Invitrogen, Molecular Probesygéne, OR, USA) in the Qublft!
Fluorometer (Invitrogen, Molecular Probes, EugedR, USA). The direct sequencing was
performed by using the BigDye Terminator v.3.1 @y8kquencing kit (Applied Biosystems,
Carlsbad, USA) with the forward and reverse comwagmg primers, in the 3500 Genetic
Analyzer (Applied Biosystems, Carlsbad, USA), adaog to the manufacturer’s instructions.
The obtained sequences were examined with the PHREDftware
(http://asparagin.cenargen.embrapa.br/phph) fotitguanalysis of chromatogram readings.
The sequences were accepted if base quality waa éguor higher than 20. Consensus
sequences were determined by CAP3 software (lspatagin.cenargen.embrapa.br/cgi-
bin/phph/cap3.pl) and the sequence identity wagiegrwith all sequences deposited in the
GenBank using the BLAST software (http://blast.nalon.nih.gov/Blast.cgi).

A multiple alignment was performed in CLUSTAL W (g8®n 1.4) using
MEGA package version 5.1 software and sequencdiiganatrix using BioEdit software
version 7.0.8.0. Phylogenetic trees were obtamethe Maximume-likelihood method with
two parameter distance estimate (Takanmairal, 2011), using MEGA package version 5.1
software. Statistical analyses of phylogenetiedrerere determined by bootstrap method on
1000 replicatesThe similarity among sequences, were obtained WBIOEDIT version 7.0.9
software (Hall, 1999).



52

4.2.4 Statistical analyses

Statistical analyses included reviewed and new ddtéParana, Santa
Catarina and Rio de Janeiro states for spatio-temhomparisons of FP prevalence. Other
parameters (e.g. CCL, tumour score, histologicatuies) were evaluated using new data
only.

Parametric and non-parametric statistical testsewesed depending on
whether or not the data adhered to assumptionsowhality and equal variance. Fisher’'s
exact test and Chi-Square test were used to confrarprevalence according to sampling
method (stranded/bycatelersusintentionally captured), between periods (from @@® 2006
and from 2007 to 2014) and also used to compareprieRalence between states along
Brazilian coast in the second period (from 2002@&4). The Mann-Whitney test was used to
compare CCL of turtles with and without FP. The AXOand Tukey’s test were used to
compare CCL of turtles and tumour-score categqf€S-1 to FPS-3). The Kruskal-Wallis
test was used to compare CCL and trematode eggemsirédbserved microscopically
according to states, followed by parwisest-hocmultiple comparisons. Fisher’'s exact and
Chi-Square tests were also used to compare histalofgatures according to states and
association within degenerative lesions (spindlik @egeneration, basal degeneration and
cleft). A standard alpha level of p<0.05 was ufmdall statistical tests using Assistat 7.7
beta (pt).

All sampling procedures were in accordance withtqools for wildlife
conservation and authorized by the Brazilian lostitfor Biodiversity and Conservation —
Instituto Chico Mendes (ICMBio) through SISBIO pétsn(SISBIO/ICMBIO n° 43.4431).

4.3RESULTS ANDDISCUSSION

4.3.1 Fibropapillomatosis occurance in green tsirtié Brazil

Green turtles inhabit foraging grounds along Braamilcoast and islands,
from Amapa (AP) to Rio Grande do Sul (RS), whilestimey areas are concentrated mainly
offshore, in Rocas Athol (RA/RN), Fernando de Ndrm@mirchipelago (FN/PE) and Trindade
Island (TI/ES) (Santost al, 2011). Data of FP prevalence were availableastrof thegreen

turtle distribution areas including 12 of 17 (70)8tates oBrazilian coast, and monitoring
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effort of stranding and bycatch or intentional ceips varied from one week to eight years in
these studies (see Supplementary material for oheteals).

The first record of FP in a green turtle on theZBran coast was in 1986
and initial monitoring of thalisease was incidentally documented in strandeblyoaught
turtles by Projeto TAMAR-IBAMA (1986-1999) in spéici nesting and feeding areas
(Baptistotteet al, 2001). Positive cases were observed in norteeaand southeastern along
Brazilian coast. However, in nesting areas, only éases of FP were recorded in Trindade
Island and the disease was absent in the Fernaméitmnha Archipelago and Rocas Athol
(Baptistotteet al, 2001). After this period (1986-1999), systematicnitoring was gradually
performed and it was possible to evaluate the gjpathporal epidemiological data, based on
literature and complemented with new data ofttiree states analyzed here: Santa Catarina
(SC), Parana (PR) and Rio de Janeiro (RJ).

Overall, prevalence along Brazilian coast from 200®014 ranged from
0% in offshore nesting islands to 61.7% in a fanggground arean SP coast. The same
range (0-61.7%) was observed from 2000 to 2006 Gdin offshore nesting islands to
58.3% in a foraging ground ar@a ES coast from 2007 to 2014 (Figure 1, Suppleargnt
Table 1). The FP prevalence of the three statdsiaea here was 14.5% (17/117) in SC and
9.6% (38/395) in PR from 2007 to 2014 and 13.6%488Rin RJ, from 2009 to 2014, of
stranded/bycaught green turtles. Furthermore, 2320643) of green turtles intentionally
captured in 2014 were FP-afflicted in PR.

According to sampling methods used in reviewed isgydive and dead
stranded animals and also few incidentally bycawugises reported by fishers were sampled,
but no distinction of FP prevalence was made fatheaampling method (stranded
bycaught). Therefore, these cases were considerdieamethodology ‘stranded/bycaught
animals’ for further comparisons (Figure 1).

Fibropapillomatosis prevalence of stranded/bycaaginals (SlcCyersus
intentionally captured animals (InC) in ES, PR, & SC were analyzed (Figure 1).
Prevalence was different in ES in the first pel(8tcC: 21.2%x InC: 34.4%, p=0.000) and in
the second period (SIcC: 12.7%4nC: 58.3%, p=0.000) (Torezaet al, 2010, Santost al,
2010, Rodenbuscét al, 2014); in PR (SIcC: 9.6% InC: 23.2%, p=0.017) (This study) and
RJ (SlcC: 13.6% InC: 43.1%, p=0.000) (This study, Tagliolatto, 2pa&ut not in SC (SlcC:
3.4%x InC: 9.7%, p=0.195) (Proietét al, 2007, Baptistotte, 2007). These results suggests
greater FP prevalence imtentionally captured animals thatranded animals in some areas.

It is possible that population density of greerilés; including afflicted animals, was higher



54

Figure 1. Prevalence of fibropapillomatosis in green turtdfsBrazilian coast, (A) from 2000 to 2006 and {B)m 2007 to 2014, and
sampling methods utilized in studies.

Sampling methods are differentiated by colors:+etkranded/bycaugth; purple - intentionally capdusnd yellow - nesting areas/no cases of FP.
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in areas where intentional capture was performethat afflicted turtles could spend more
time feeding in these areabhan non-afflicted animals. Although these are timgp
hypotheses, further studies are necessary to atsesssue.

Given the situation stated in previous sentencajspemporal comparisons
between prevalence rates were adjusted accordisgnpling methods. In a large scale, FP
prevalence of stranded/bycaught green turtles aBragilian coast was 14% (1090/7804) in
the first period (based mostly in Baptistotte, 200d 13.8% (1106/8035) in the second
period based on reviewed and new data. These valass statistically similar (p=0.712),
suggesting thatlisease is maintained despite time along Brazitieast. The prevalence
observed in Brazil are lower than FP prevalence stianded turtles from Hawaiian
Archipelago (28%), and bycatch turtles from Indeadg21.5%), but higher than prevalence
on turtles from Australia (0:3.1%) (Adnyana, Ladds and Blair, 1997, Limpisal, 2005,
Chaloupkeet al, 2008, Flintet al, 2010a). Overall, these values gives a spat@driew of
the disease but details about epidemiology in dlspatial scale are also necessary because
substantial differences trough time may be foundraelatively short distances linked to
environmental features (Foley al, 2005, Van Houtaet al,, 2010).

The comparisons of FP prevalence between periloag &8razilian coast
indicated increase during tima Santa Catarina (Floriandpolis Babitonga baySC)
(p=0.036) and Bahia (NortherBA) (p=0.000), maintenance in Rio de Janeiro (NemthRJ)
(p=1.000), and Paraiba (Jodo PesB®) (p=0.751), decrease in Ceagi@mofala-CE)
(p=0.046), Rio Grande do Norte (SouthdéRiN) (p=0.000), ES (Northern and Southern)
(p=0.000), Séao Paul@batubaSP) (p=0.000) and was abs@émnesting islands Rocas Athol
and Fernando de Noronha Archipelago (Figure 1)s&hesults suggests significant decrease
in the highests prevalence along Brazilian stateduated, CE (36.9% to 31.4%) and SP
(61.7% to 4.5%) and a warning in BA (15.8% to 24&td SC (3.4% to 14.5%). It is
important to note, however, that comparisons weeelpded in nine states (52.9%), owing to
lack of available information.

Spatially, comparison between states along Brawiki@ast during the
second period, demonstrated a significant trendgrefater prevalence from Pl to BA
(northeastern Brazil) compared to ES to SC (sosteea and southern Brazil). Exceptions
are RN (northeastern Brazil) that presented sinpitavalence to that observed from ES to SC
and for Cananéia and Ubatuba (SP, southeasternl)Bret demonstrated lower prevalence

compared to all states evaluated (Supplementarieab
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In main Hawaiian Islands, FP prevalence varied fraimsence to almost
100% in regional scale, and elevated disease wEtetered in watersheds with highst
nitrogen input and land use (Van Houtenal, 2010). In Brazil, spatial difference of the
disease has also been related to poor environmguadity in a FP-endemic area in Espirito
Santo compared to a FP-free area classified as goafity habitat in the Fernando de
Noronha Archipelago, located 344Km from the coast{iSantogt al, 2010).

Pollution affects the biochemical quality of watgrathogen input and
toxicity to biota that can lead to physiologicalammunological effects (Sindermann, 2006).
Chemical contaminants have been reported in greeles along Brazilian coast (Barbieri,
2009, Silvaet al, 2014, Bezerrat al, 2015, Macédet al, 2015), including high levels of
total mercury (T-Hg), cadmium (Cd), nickel (Ni),a (Pb) and zinc (Zn) in turtles from
industrialized foraging ground in BA, with levelsmang the highest ever reported in juvenile
green turtles (Bezerrat al, 2015, Macédet al, 2015). Lower, but representative levels of
T-Hg were reported in a pristine feeding area in (BEzerraet al, 2015). These states are
among the highest FP prevalence on Brazilian q@st31.4% and BA=23.9%), and when
compared to lower FP prevalence rates in Cana®&aq%) (Barbieret al., 2009), levels of
some trace elements in tfeemer states are higher.

The contamination by trace elements (e.g. copper iaon) has been
associated with oxidative stress and enzyme ad@mti action that can result in toxic
products, cell damage and tumor induction, exemeplifn green turtles fibropapillomatosis-
affected (Silvaet al, 2016). Nevertheless, organic contaminants haiebeen linked as a
direct factor for the onset of FP in green turtlest they could contribute to the progression
of disease in severely emaciated cases owing tadliradlon of contaminants from adipose

tissue into the blood leading to immunosuppressiaioxic effects (Kelleet al, 2014).

4.3.2 Biological characteristics of green turtles &ibropapillomatosis

The host, pathogen features and environment imtgrfglthe disease
triangle’) are also important to understand infeesi diseases and how epidemics might be
predicted, limited and controlled (Scholthof, 200@)yeen turtle CCL has been considered a
risk factor of FP (Van Houtaet al, 2010; Lépez-Mendilaharset al, 2016), because the
diseasas not randomly represented in populations bubistl primarily among turtles in the
40-85 cm size range (Limpust al., 2005). The meantSD CCL of turtles with FP were
47.2+7.0 cm (stranded/bycaught) and 43.5+4.4 crerftionally captured) in PR, 46+7.8 cm
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in SC (stranded/bycaught) and 52.9+8.3 cm in Rar{ded/bycaught) (Supplementary table
1). These values were similar, for example, iniBD46.3 cm), Australia (peak at 45-50 and
80 cm), Hawaii (Straight Carapace Length-SCL=35e88), Uruguay (50.3£6.7 cm), in
previous study along Brazilian coast (47.9 cm), &aumtles intentionally captured from SP
(44.5 cm), RJ (44.8 cm) and ES (peak at 45-50 dvhirdkawaet al, 2000, Folleyet al,
2005, Limpuset al, 2005, Baptistotte, 2007, Santes al, 2010, Guimaraest al, 2013,
Zwarget al, 2014, Lopez-Mendilaharst al, 2016)

Furthermore, comparisons of CCL demonstrated tffattad turtles are
generally larger than turtles without FP (AguirnedaBalazs, 2000, Follegt al, 2005,
Baptistotte, 2007, Torezast al, 2010, Zwarget al, 2014, Lépez-Mendilaharsat al, 2016)
and it was also observed with turtles strandedRn@CL of non-afflicted animals=38.6+5.1
cm; Mann-Whitney, £966.81, n=357), SC (CCL of non-afflicted animals=4¥.4 cm;
Mann-Whitney, 4 ¢6=2.98, n=76) and RJ (CCL of non-afflicted animal3:549.2 cm; Mann-
Whitney, 4 ¢6=3.42, n=80), but not with turtles intentionallyptared in PR (CCL of non-
afflicted animals= 41.1+4.7cm; p=0.149, n=33).sltinteresting to note that size distribution
of green turtles is not uniform along Brazilian sband amplitude, increasing from southern
to northeastern regions (Barathal, 2011). It was also observed here, once tuntid®Ji are
larger than turtles from PR and SC (Kruskal-Wakliges=32.17, n=601), including afflicted
turtles (Tukey’gest, k3 16=3.30, p=0.041, n=61).

Green turtles settle in neritic areas (recruittheetween 19 cm and 40 cm
of CCL worldwide (Seminofiet al, 2015), and spend the majority of their livescoastal
foraging grounds, where they might get infectedpgcific ChHV variants (Enet al, 2005).
Therefore, CCL range of afflicted turtles along Blian coast indicates that most of green
turtles get infected after recruitment, when thégwdy/ shift from omnivorous into an
herbivorous diet (Cardonet al, 2010) and are exposed to different environmeifatztiors,
includinganthropogenic impacts, that increase likelihoodméll immature turtles to become
unhealthy (Flintet al, 2010b). Controversially, FP are rare in largexeg turtles (>80 cm
CCL) (Foleyet al, 2005), as observed inpaevious study performed along Brazilian coast
(Baptistotte, 2007). The rarity of disease in thegést size is associated to mortality of
animals before they reach a larger size, incregssstance and consequent tumour regression
or a combination of both (Folest al, 2005).

The severity of disease vary according to mlbenber and size of tumours
and is scoredas mild (FPS-1), moderate (FPS-2) and severe (FPSAR)YK and Balazs,

1999). The score is useditalicate the prognosis of the disease, diagnosasRRecause of
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death and indicate trends of mortality in a popata{Work and Balazs, 1999, Wogk al,
2004, Chaloupkat al, 2008). In PR (FPS-1=14, FPS-2=5 and FPS-3=5)SD{FPS-1=9,
FPS-2=3 and FPS-3=3), turtles presented mostly &FBcore, indicating a mild severity
disease(58.3% and 60%, respectively), whereas moderatesandre cases (87.5%) were
observed in RJ (FPS-1=1, FPS-2=2 and FPS-3=5)oAdfh sample size of tumour score was
small here, it represents 64.9% (24/37) of afficsimals in PR, 88.2% (15/17) in SC and
66.7% (8/12) in RJ.

The tumour scores FPS-2 and FPS-3 were observe®B.BPo (23/26)
stranded afflicted turtles in BA, 77.8% (28/36)3® and in 94.2% (82/87) of intentionally
capturedin ES (Supplementary table 1), suggesting thatitee$igher (e.g. BA and ES) or
lower (e.g. SP) prevalence, the severity is alsoimaportant feature of the disease. In
Hawaiian Islands, FP severity was associated witihnunossuppression and poor body
condition (Worket al, 2001 and 2004, Chaloupka and Balazs, 2005). veppist, severe
cases can cause reduction in ability to dive arfelcaivision that can lead to difficulty in
feeding and negatively affect health in those cédawk et al, 2001, Torezaret al, 2010).

The mean CCL of the individuals in the three stateslyzedwas similar
despite the score (FPS-1=48.3+6.8 cm, FPS-2=45.7+tth and FPS-3=49.7+6.9 cm)
(p=0.511). Therefore, an expected increase of skssaverity in turtles with greater CCL,
presumably older and with greater chances to gevsed to the possible causative agent or
co-factors was not observed. However, this assoniatas observed in ES, Brazil, where
individuals with FPS-2 and FPS-3 demonstrated greasizes and smaller growth rates,
compared to FPS-1 and non tumoured turtles (Torezaat, 2010).

4.3.3 Histology and molecular characterizarion

The microscopical analyses of skin tumours werdopaed in 23 green
turtles stranded and intentionally captured off @Rean=2.9 tumours per turtle; 1 to 13
tumours), six green turtles off RJ (mean=6.5 turacuer turtle; 1 to 15 tumours) and six
green turtles off SC (mean=3.7 tumours per tulép 7 tumours), despite tumour size or
body localization. One hundred and twenty-one lesiwere classified as fibropapillomas,
with both epidermal and dermal hyperplasia; thileemas, with relatively normal epidermis
and dermal hyperplasia, and four were not claskifteie to lack of epidermis. The main

histological findings are shown in Table 1.
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Table 1 Relative frequency of main histological featuireskin tumours of green turtles
sampled from 2007 to 2014 off Parana (PR), Santarida (SC) and from 2009 to 2014

off Rio de Janeiro (RJ) states, south and soutbeaBrazil.

Relative Frequency (%)
Characteristic

Histological Features PR s¢ RJ
(67 sections) (22 sections) (39 sections)

Conjunctive tissue proliferation100° 100° 100
Acanthosis 9038 100° 92.F
Orthokeratosis 984 971° 100
Basal cell degeneration 68.5 100 82
Dermal-epidermal cleft 723 971° 84.6
Spindle celldegeneration 794 100 89.5*
Erosion or ulceration 26°5 22.7 25.6
Inflamatory infiltrate 52.% 76.7 46.7
Foreign body granuloma 48.6 54.5 7.7
Pathogens
Virus (intranuclear inclusions) 1.7 0 0
Spirorchiid ova 552 77.3 23.T
Bacteria in superficial skin ~ 17.9 9.1* 2.6

Different letters in the same line indicate frequesof lesion were statistically different (chi-agel
test, p<0.05)

Proliferation of fibroblasts was observed in alintburs. In fibropapillomas,
it was also observed varying amounts of epidermalifpration, including acanthosis and/or
orthokeratosis, from five to 15 layers along epid@itissue. In several cases, orthokeratosis
lead to production ancetention of cornified inclusion cysts (18.2-60.8%tumours). Spindle
cell degeneration, vacuolation and necrosis in Ibasd cytoplasm were also common
features in the epidermis of fibropapillomas.

Similar to tumours analyzed in Floridian and Haamigreen turtles (Herbst
et al, 1999), basal cell vacuolation was associatel algeft formation between dermis and
epidermis (p=0.000), but, controversially, we atdzserved association between basal cell
vacuolation and spindle calegeneration (p=0.0001), and between spindle egjéderation
and cleft formatior{(p=0.006) in tumours of green turtles from the ¢hséates evaluated here.

These results suggest that tumour developnesitide various degrees of epithelial cell
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degeneration, one of the hallmarks of herpesvimrsndtitis, that could lead to secondary
focal to locally extensive cutaneous erosions cengtions (Herbst al, 1999).

Foreign body granulomas and a few scattered lymyhsovere observed
with Spirorchiid egg emboli or embedded in conjivetissue, but most eggs demonstrated
to be innocuous. The medianedgs in tissues was one in PR and RJ (min=1, magg9),
statistically different of three eggs in SC (min=max=23 eggs) (Kruskall-Wallis,
Hs95=18.74). Bacteria were observed opportunisticatlysuperficial epidermal layer of
tumours, in FPS-1 and FPS-2 (3/6, 50% each), hawése scattered cases were associated
with inflammatory reaction. Spirorchiid eggs (p=89) and bacteria (p=0.328) presence were
not associated with tumour score in this study.il@ny to Hawaii, splenic egg burden was
not associated with FP severity, but with incregsiize and poor body condition (Woek
al., 2005), while bacteria in tissue and bacterenmeeevassociated with score FPS-2 and FPS-
3 of captured and stranded green turtles (Waidrkl, 2003). Therefore, low infestation and
infection of these agents in tumours, and the dmmty condition observed in PR, SC and RJ
suggests incidental findings without potential teamplications, but further analyses of
different organs and parameters are needed foiter ederstanding.

Fibropapillomatosis is associated with a non-calile alphaherpesvirus,
Chelonid herpesvirus 5 (ChHV5) (Workt al, 2009). Extensively studies evidenced
intranuclear inclusions with viral particles, mgstissociated with ballooning degeneration in
epidermal layers (Herbst al, 1999, Rodenbusadidt al, 2014, Worket al, 2015), but foci of
ballooning degeneration were not common indheluated samples. This change Wasd
only in tumours of turtles from PR (21%) and eogpimbtc intranuclear inclusion was rare,
observed in one tumour of an animal from PR (Fi@)re

The distribution frequency of eosinophilic intratear inclusion here
(1/121, 1%) was similar to Floridian green turtiesours (2/119, 1.7%), but lower compared
to afflicted Hawaiian green turtles tumours (27/3811%) and green turtle tumours from
other four states on Brazilian coast (5/43, 11.@Mgrbstet al, 1999, Rodenbuscét al,
2014, Worket al, 2015). Low frequency distribution of eosinophilntranuclear inclusion
and sporadic virus shedding is likely a trend & tlisease (Workt al, 2015). Few tumours
and infectious individuals in a population conttdudisproportionately to secondary
infections, suggesting that transmission of ChHV&yrdepend on superspreaders (Werk
al., 2015).
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Figure 2. Eosinophilic inclusion bodies in ballooning egeiilal cells (arrows) of skin
fibropapilloma of green turtle stranded in Paratades

The ChHV has been associated with sea turtles iiions of years (Herbst
et al, 2004) and four phylogeographic ChHV5 groups hbgen described from tumours
found in green turtles: Atlantic (samples from tBalf of Guinea and Porto Rico), western
Atlantic/eastern Caribbean (samples from Floridal @arbados), mid-western Pacific
(samples from Australian and Hawaiian) and ead®atific (samples from San Diego, Costa
Rica and Mexico) (Patriciet al, 2012). In Brazil, variants in green turtle tumosampled in
southeastern coast were closest to Atlantic grobpewhose from northeastern coast were
more similar to the western/Atlantic eastern Cagdob (Rodenbuschkt al, 2014). In this
study, 19/28 (67.8%) afflicted animals containeddf ChHV5 and nine cases had no DNA
of ChHV5 amplified (32.2%). Five genetic variantsGhHV5 were found, and the sequence
analyzes demonstrated that herpesvirus strainslasest to Atlantic cluster, excepting one
that is closest to western Atlantic/eastern Cambbeuster(Figure 3). The strains sequences
were deposited in GenBank as ChMyHerpesvirus_UHlLR1l 5, with the respectively
number KU048039 to KU048043he similarity among sequences are demonstratddbie
2. To the best of author's knowledge it is the fiisteé thatChHV5 was detected in turtles
from Parana, Santa Catarina and Rio de Janeiro.

Additionally, the primers AR-E1F2 and AR-E1R9 alledvthe papillomavirus
DNA amplification of approximately 580 bp in onansple, which was negative in
herpesvirus identification. However, the low qualidf the sequencing product failed to
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identify the PV type. The degenerate primers FAPB®/64 did not allowed amplification of
the samples. The results reinforce the herpeswass®ciation with fibropapillomatosis in
green turtles, and the participation of papillomnasiinfection was not excluded. The ChHV-5
variant is possibly widespread on southern Brakif more studies are necessary to
understand the dissemination of Wieal strain between population stocks on the Biazi
coast, and the role of PV infection in fibropapitia pathogenesis.

Figure 3. Phylogenetic tree obtained by the maximum-likedtitomethod based on the

nucleotide sequences of a 453 bp fragment withitynperase gene o€helonia mydas
Herpesvirus

JN580283 Puerto Rico

JN938584 Sao Paulo Brazil
JN580282 Puerto Rico
Il KU048042 ChMyHerpesvirus UEL 4

61

65 | Il KU048039 ChMyHerpesvirus UEL 1

JN938585 Sao Paulo Brazil

JN938586 Espirito Santo Brazil
JN938587 Sao Paulo Brazil

89 Il KU048040 ChMyHerpesvirus UEL 2

HM348897 Sao Tome and Principe

Il KU048041 ChMyHerpesvirus UEL 3

99 AY646893 Hawaii USA

AF299107 Australia

JN938588 Bahia Brazil

AY646894 Florida USA

61 AY646892 Florida USA

JN938589 Ceara Brazil

45
AY646888 Florida USA

AF299110 Barbados

AF299109 Mexico

Il KU048043 ChMyHerpesvirus UEL 5
56

AY646890 Florida USA

0.005

Bootstrap values are indicated when 40% as a pagentas obtained from 1,000 replications. The fsipes strains
ChMyHerpesvirus_UEL 1 to 5 are marked as square. setgience names are labelled as follows: GenBardgssion
number and geographic location. The scale bar septe a genetic distance of 0.005 substitutionsifeer
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Table 2. The highest similarity percentage of herpesviypes$ with ChMyHerpesvirus_UEL-
1to5

Sample HV strain Closest related type Similarity

1 ChMyHerpesvirus_UEL 1 JN938585 Sao_ Paulo_Brazil %400

JN580282_Puerto_Rico,
2 ChMyHerpesvirus_UEL 2 JN938586_Espirito_Santo_Brazil, 100%
JN938587 Sao Paulo Brazil

3 ChMyHerpesvirus_UEL 3 ChMyHerpesvirus_UEL 2 100%
. JN580282 Puerto_Rico and 0

4 ChMyHerpesvirus_UEL 4 ChMyHerpesvirus_UEL 2 and 3 99.5%

5 ChMyHerpesvirus_UEL 5 JN938589 Ceara_Brazil 95.8%

4.4CONCLUSIONS

This is the first study that analyzed spatio-terapdfP prevalence and
associatedactors along Brazilian coast. Data suggests (intaaance of disease from 2000
to 2014 with variation according to state (latityd@) prevalence data can vary according to
sampling methods; (iii) CCL range of afflicted teg was similar in different regions, but
differs of non-afflicted animals and (iv) histologli findings and molecular evalution
reinforces viral infection. These findings exemplithe role of environmental and host
features in disease, and the understanding is leecba specially considering a hazard and
complex migratory host as green turtles. Therefooatinuous monitoring is necessary for a

better understanding of FP trends and consequoesecvation of these animals.
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Supplementary Table 1.Biological parameters and prevalence of fibropapifitosis in green turtleClelonia mydgsalong and within
Brazilian states.

Prevalence Prevalence CCL (cm) CCL (cm) Stage of Sampling
Region State Local (%) (%) affected affected and development Score method Effort Reference
(2000-2006) (2007-2014) non affected
North Amapa NA NA NA NA NA NA NA NA NA -
Para NA NA NA NA NA NA NA NA NA -
Maranhao NA NA NA NA NA NA NA NA NA -
Adults and jan-ag 2011
Piaui Delta do Parnaiba 27 49 (25-114)  juveniles NA S, IcC (7 months) 7
1 (30.35%), 2
(39.3%) 3
Ceara Almofala 31.38 33-76* Juveniles (30.35%) S, IcC 2009-2010 12
Aduls and
Almofala 36.9 47.9 juveniles NA S, IcC 2000-2005 1
Aduls and
Tibau do Sul 31.4 47%9 juveniles NA S, IcC 2000-2005 1
Rio Grande do Areia Branca to
Norte Caicara do Norte 114 NA NA NA NA S, IcC 2011-2012 14
Aduls and S, IcC,
Northeast Rocas Athol 0 4779 juveniles NR Nesting 2000-2005 1
Joao Pessoa and Adults and
Cabedelo 27 34.9-106 juveniles NA S, IsC 2002-2006 3
Paraiba Ag 2009-
Joao Pessoa and 54.0 (37.9- mostly juveniles Julho 2010
Cabedelo 28.5 76.4) (90.3%) NA S, IcC (11 month) 4
Pernambuco EN 52.2 (15.5- Aduls_and S, Ic_C,
0 NR 88) juveniles NR Nesting 2000-2005 1
Alagoas NA NA NA NA NA NA NA NA NA -
Aduls and
Sergipe North and South 18.5 47.9 juveniles NA S, IcC 2000-2005 1
Aduls and
Bahia North 15.8 479 juveniles NA S, IcC 2000-2005 1
1(11.5%), 2
North 23.98 33-76* Juveniles  (30.8%), 3 (57.7%) S, IcC 2009-2010 12
Southeast Espirito Santo  Serra 34.4 40.3 (25.2- Juveniles 1 (35.2%), 2 InC  012P006 15
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77.5) (52.5%), 3 (12.3%)
North to South 21.2 42.4 mostly juveniles NA S, IcC 2001-2006 15
peak 45-50 1(5.7%), 2 March 2007-
Vitéria 58.3 (30-60) immature (35.6%), 3 (58.6%) InC April 2008 2
1 (51.4%), 2
North to South 12.69 33-76* Juveniles  (17.1%), 3 (31.4%) S, InC, IcC  2009-2010 12
Trindade Island 0 NR 97-130 Adults NR Nesting 2011 12
Aduls and
North 6 47.9 juveniles NA S 2000-2005 1
Jan a Dez
. . 2009 (11
Rio de Janeiro center and North 5.9 NA NA NA NA S meses) 5
Niteroi 43.09 60.2 Juveniles NA InC 2008-2014 13
1(12.5%), 2
Center 13.6 52.9 (37-66) Juveniles (25%), 3 (62.5%) S, IcC 2009-2014 This study
Aduls and
Ubatuba 10.7 47%9 juveniles NA S, IcC 2000-2005 1
Mostly Ubatuba
(Northen SP) 61.7 445 Juveniles NA S, IcC 20067200 6
S&0 Paulo 1(22.2%), 2
Ubatuba 454 33-76* Juveniles (25%), 3 (52.8%) S, IcC 2009-2010 12
Baixada santista mostly juveniles
and South 14.3 NA NA (95.3%) NA S, IcC 2004-2011 8
Cananéia 9 38.4 (31-49) Juveniles NA S, IcC 2003320 10
1 (58.3%), 2
Parana CEP 8.5 47.8 (33-62) Juveniles (20.8%), 3 (20.8% S, IcC 2007-2014 This study
Cobras Island in 42.8 (35.4- 2014 (one
CEP 23 51.5) Juveniles NA InC weak) This study
46.0 (31.9- 1 (60%), 2 (20%),
Babitonga and SF. 14.5 63.2) juveniles 3 (20%) S, IcC 2007-2014 This study
juveniles and
. Arvoredo 9.7 54.5-67 adults NA InC 2004-2006 9
Santa Catarina . . )
Floriandpolis 3.4 4779 Juveniles NA S, IcC 2003-2005 1
Ararangua a Passo
de Torres, Penha a
Itapema 5.8 NA NA Juveniles NA S, IcC 2000-2004 11

NA: not analysed
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Score: 1 (mild), 2 (moderate) and 3 (severe)

S: stranded, IcC: incidentally caught in fishirgags, InC: intentionally captured for research
#Mean CCL of green turtles from different statesleated (Baptistotte, 2007)

*CCL range of green turtles evaluated in threeedéht states (Rodenbusch et al., 2014)
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Supplementary Table 2 Spatial differences of FP prevalence in greetiesistranded/incidentalty caught among and wisitétes on Brazilian
coast (2007-2014).

SC PR SP (Baix) SP(Can) SP(Ubat) RJ(Guan) RIJ(Quis) ES BA PB RN CE PI
SC No Yes Yes No No No Yes Yes No Yes Yes
PR No No Yes Yes No No No Yes Yes No Yes Yes
SP (Baix) |No No Yes Yes No No No Yes Yes No Yes Yes
SP (Can) |Yes Yes Yes No Yes No Yes Yes Yes Yes Yes Yes
SP (Ubat) |Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
RJ (Guan) | No No No Yes Yes No
RJ (Quis) |No No No No No No
ES No Yes No Yes Yes No
BA Yes Yes Yes Yes Yes Yes
PB Yes Yes Yes Yes Yes Yes
RN No No No Yes Yes No
CE Yes Yes Yes Yes Yes Yes
Pl Yes Yes Yes Yes Yes Yes

Yes significat different; prevalence was greater atuen compared to line. Yes: significat differentigagrevalence was lower in colum compared to line o significant .
p<0.05
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Abstract. Considered panzootic amo@fpelonia mydasfibropapillomatosis manifests

during their neritic recruitment; a period involgiextrinsic and intrinsic stressors associated
with habitat and dietary shifts. This study soughtontribute towards understanding
fibropapillomatosis implications faZ. mydagpopulations through prevalence comparisons
and haematological and biochemical analyses ohjla®off southern Brazil. Forty-three
juvenileC. mydagq31.9-51.5 cm curved carapace length—CCL) werghtaand had their
body condition index (BCI) determined, while 42 sipgens had blood profiles (36
parameters) evaluated. Tumours were observedhasptrimens (~23%) (mean CCL and
mass + SD and BCI = SE; 43.51 £ 4.42 cm, 10.428% Rg and 1.24 + 0.03) while 33 had
none (41.06 £ 4.66 cm, 8.58 + 2.97 kg and 1.2102)0. Significantly lower levels of
cholesterol and urea, but greater numbers of epkilsp were observed in tumour-afflicted
animals. These observations were attributed teiplesdigestive and metabolism efficiency
and/or differences in diet associated with tempogafuitment bias and disease development,
and greater nonspecific immune stimulation. Whlest animals had adequate body
condition independent of disease, longer-term studre required to elucidate any protracted
population effects including direct mortalitiesdatihe extent to which negative

anthropogenic activities influence disease sevarity indirect mortalities.

Additional keywords: blood, coastal area, sea turtles, South Amercaotrs.
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5.1 Introduction

Seven species of marine turtles exist; all withyway global distributions, but a common
ecological importance in maintaining oceanic ectesys (Spotila 2004). Owing to

pollution, habitat degradation, climate change fstidng mortality, most species have
population statuses collectively listed as eitharherable’, ‘Endangered’ or ‘Critically
Endangered’ (IUCN 2015). Of particular concerthis cosmopolitan green turti€helonia
mydas(Linnaeus 1758), which mostly frequents neritioe® following oceanic recruitment
and transition from an omnivorous to predominah#ybivorous diet (Gamet al 2016).

Their near-shore proximity renders @ll mydassusceptible to anthropogenic threats—which

are exacerbated off industrialised coasts.

One such area of concern in Brazil is the Paradagtuarine complex—PEC (25°20’ to
25°35’S, 48°17’ to 48°42'W), which is an importdataging ground for juvenil€. mydas
(Gamaet al 2016). Although a World Heritage site (UNESCtg PEC is heavily
impacted by artisanal fisheries, harbours, urbd@imzand pollution. These factors have
been demonstrated to affect the morbidity and rityraf various marine sentinels, as stated
previously for small cetaceans in the same area{Bianoet al 2016). Potential
consequences f@. mydagange from mortality to less obvious acute anawitrsublethal

impacts encompassing various diseases, includimgfapillomatosis—FP (Jonetal 2016).

Fibropapillomatosis is a panzootic disease asttiaith a viral aetiological agent
(Chelonid herpesvirus 5), and is characteriseddtgreal and internal tumours that
potentially can impair swimming, feeding, reprodostand internal-organ function (Jorets
al. 2016). The few studies assessing live FP-adflict. mydagvia blood profiles) off

Hawaii and in the South Atlantic Ocean imply val&alonmunosuppression, anaemia,
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uraemia, low cholesterol, lymphocytopenia, and Ipypteinaemia (Aguirret al. 1995;
Aguirre and Balazs 2000; Santetsal. 2015). Such physiological variation possiblyeefs
extrinsic variables, including spatio-temporal éifinces in diet and environmental
conditions and/or intrinsic features like gendertrional and life stages, and concomitant

disease (Aguirre and Balazs 2000).

Uncertainty concerning the key extrinsic or indsidimechanisms supports the wide-scale
monitoring of divergent populations 6f mydagAguirre and Balazs 2000). More
specifically, broad assessments of inflicpegbulations might facilitate a clearer
understanding of the implications of FP am@gnydasand progress hypotheses concerning

likely causal factors, and therefore mitigation.

Considering the above, our primary aim was toadteeprevalence of FP and compare
the blood profiles o€. mydaswith and without FP tumours at the unassesseitheourange
of their Brazilian distribution in the PEC. Usitlgs information, our secondary aim was to
propose strategies for future research and mongdhe broader effects of FP amdg
mydaspopulations as a precursor to examining direchairect causal relationships with

environmental factors.

5.2 Materials and methods

Chelonia mydasvere targeted during seven days in April 2014 usisgrface-set gillnet
(300-mm mesh) diurnally deployed in the PEC (Fig. EachC. mydasvas disentangled and
manually restrained onboard while blood (2—-3 miIywathdrawn from the occipital sinus,
using a heparinised 20-gauge needle and 3.0-nmiggymvithin <60 min of capture. Glucose

(mg dLY) was immediately measured in the whole blood saraping the One Touch®
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Ultra® 2 glucometer, before the remainder was glant two :-ml tubes, containingither

lithium heparin antcoagulant or gel and stored on ice prior to lalmysaprocessing.
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Fig. 1. Map of the Paranagué estuarine complex, Brawmilvgig theareas wherChelonia

mydas(n = 43) were intentionally caught in April 20

All specimens were measured for curved carapacgHdCCL to the nearest 0.1 cm) ¢

weighed (body mass; BM to the nearest 0.1 kg). d@imm was estimated and classified

‘good’, ‘fair’ or “poor’ (based on the plastronyes, muscular mass and fieposits)

following Torezaniet al. (2010). Additionally, the body condition indeB{I) was derivec

(Labrada-Martagoet al. 2010). Any skin FP tumours were noted, biologszanples wer:

collected and specimens accordingly designatedlas eliseaseor not. Individuals wer

flippertagged (National Band and Tag Co., USA, style @81 release
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Heparinised blood samples were analysed for estghrocyte (He-19uL™) and
leukocyte (WBC-18uL™) counts within 10 h using Natt-Herrick’s diluerfis200) and a
Neubauer hemocytometer. Packed cell volume (PCWaés)determined by centrifuging
heparinised blood in microhematocrit tubes (14,8@0for 5 min, model H-240 DIG;
Centribio). Plasma proteins (g dLwere detected using a refractometer (Vet 360 €&m
Reichert Analytical Instruments). Blood smearsenmiexed and stained with Diff-Quick
(Laborclin®) and the differential white blood-cethunt was determined via optical

microscope lens. Thrombocytes were counted byldiikbcytes.

Serum-gel tubes with whole blood were centrifu@e800 x g for 10 min, model 80-2B;
Centribio) and the serum frozen (-20°C) for threenths. Serum parameters were measured
with commercial kits (Siemens) and processed usiadimension® Clinical Chemistry
System for: alanine aminotranferase (ALT) (J)Laspartate aminotransferase (AST) (U L
Y, creatine kinase (CK) (U1), gamma glutamyl transpeptidase (GGT) (£),lalkaline
phosphatase (ALP) (U'1), albumin (g dr), urea (mg dL), creatinine (mg dt), uric acid
(mg dLY), lactate (mmol [}, cholesterol (mg dt), triglycerides (mg dL), magnesium (mg
dL™), calcium (mg dr}), and phosphorus (mg d). Electrolytes were measured by the
electrode ion selective method, using a Cobas®lbgh® analyser, including: sodium (mmol

LY, potassium (mmol 1), chloride (mmol [}), and ionized calcium (iCa; mg d).

All physiological variables and CCL, BM and BCleke separately analysed using linear
mixed models (LMM) that included ‘sampling day’ rmdom and ‘FP tumours’
(present/absent) as fixed (CCL was a covariatd phgsiological models). Absolute data
were checked for normality ( Q-Q plots) and logif@rmed as required, while percentage

data were arcsine square-root transformed. Thnfisignce of blood parameters between
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turtles with or without tumours was determined gsaWaldF. All LMMs were fitted using

ASReml in R.

5.3 Results

Forty-threeC. mydaswere caught: ten (~23 %, mean CCL and BM £ s.d.3051 + 4.42 cm
and 10.42 + 2.81 kg) had mostly small (<1.5 cmemdl tumours; and 33 (41.06 £ 4.66 cm
CCL and 8.56 + 2.97 kg) had no visible FP. Neit@@&L nor BM significantly varied
between groups (LMMR > 0.05). All except one (which had no tumours amd ‘fair’),

were in good body condition, and BCI remained saamliletween individuals without (mean £

s.e. 1.21 £ 0.02) or with tumours (1.24 £ 0.03) (UIVP > 0.05; Table 1).

Blood samples were collected from all except Gnenydagtumour free) (Table 1).
Compared to tumour-free individuals, those with dwns had significantly lower cholesterol
(mean + SE; 85.66 + 6.74 vs 57.10 + 9.24 mg)dind urea (37.85 + 8.59 vs 7.80 + 0.99 mg
dL™), but greater absolute numbers and percentagassafophils (0.88 + 0.26 vs 3.10 + 1.1
% and 1.73 £ 0.45vs 5.80 + 1.76 %) (LMWI< 0.05; Table 1). Irrespective of tumours,
CCL also was significantly and positively assodalangth total protein, albumin, albumin-to-
globulin, and PCV, and negatively associated witlorcde (LMM, P < 0.05)—possibly

reflecting items consumed 16, mydaswith different sizes or ages .
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Table 1L Summaries of Waldstatistics from linear mixed models assessingriportance of the fixed effect

of ‘fibropapillomatosis (FP) tumours’ i@helonia mydasfor explaining variability among blood-physiology

parameters, and the observed means (£SE) in tlemed$n=32 for blood chemistry, but 33 for bodyditian

index) or presence (n = 10) of tumours. Some dat@'log- or?arcsine square-root transformed prior to

analyses.*P < 0.05;**P < 0.01.

FP not present FP present
Variable WaldF Mean (SE) Range Mean (SE) Range
Body condition index (BCI) 0.05 1.21 (0.02) 0.934. 1.24 (0.03) 1.13-1.39
Cholesterol (mg dt) 6.16* 85.66 (6.74)  19.00-175.00 57.10 (9.24) 24.00-105.00
Triglyceride (mg dr%) 0.07 51.47 (5.67) 0.00-124.00 55.90 (16.65) 4106-00
Ured (mg dL?) 9.72**  37.85(8.59) 0.20-208.00  7.80 (0.99) 2.0P:00
Creatininé (mg dL*) 4.07 0.30 (0.02) 0.10-0.60 0.25 (0.05) 0.10-0.60
Uric acid' (mg dL™%) 0.34 0.98 (0.65) 0.10-21.00 0.32 (0.05) 0.20-0.70
Total protein (mg dL%) 1.42 2.68 (0.15) 1.00-3.90 2.42 (0.34) 1.20-4.60
Albumin (g dL%) 0.74 0.35 (0.03) 0.10-0.80 0.30 (0.06) 0.10-0.70
Globulin (g dL%) 1.38 2.33(0.12) 0.90-3.40 2.12 (0.28) 1.10-3.90
Albumin:Globulin 0.20 0.14 (0.01) 0.04-0.26 0.13 (0.02) 0.06-0.21
Alanine aminotranferase (ALTJU L% 0.24 2.88 (0.53) 1.00-18.00 2.00 (0.21) 1.00-3.00
Aspartate aminotransferase (AS{U L™ 1.13 70.13 (8.64) 19.00-238.00 48.50 (5.28) 19.00-74.00
Alkaline phosphatase (ALPJU L™ 0.94 24.16 (2.58) 7.00-84.00 19.80 (2.85) 7.0034
Creatinokinase (CKYU L™ 2.16  451.16 (121.99) 0.00-3,151.0( 144.90 (44.80) 5.00-414.00
Na' (mmol L) 0.80 156.36 (1.87) 123.70-197.7(159.40 (2.76)  149.50-178.80
K (mmol L™ 0.60 3.95 (0.07) 3.19-5.08 4.03 (0.16) 3.25-4.83
CI* (mmol L) 0.03 114.72 (1.66)  87.70-149.00115.00 (2.01)  104.30-127.70
lonized calcium (iCa) (mg db) 3.56 1.87 (0.07) 1.22-2.72 2.19 (0.20) 1.30-3.13
Ca (mg dr 0.71 6.26 (0.17) 4.36-8.22 6.59 (0.22) 5.69-7.87
Phosphorus (mg df) 3.05 5.85 (0.37) 2.20-8.90 4.73 (0.67) 2.20-9.40
CaP 3.55 1.25 (0.10) 0.53-2.83 1.62 (0.21) 0.84-2.91
Mg (mg dL?) 2.78 11.32 (0.74) 4.52-20.75 9.37 (0.75) 6.3713.
Gamma glutamyl transpeptidase (GGT) ()L 0.27 6.28 (0.36) 2.00-13.00 5.90 (0.59) 1.00-7.00
Lactaté (mmol LY 0.29 7.14 (0.72) 1.20-17.10 8.30 (1.82) 2.00-19.4
Glucose (mg dLb) 0.60 50.19 (2.34) 24.00-88.00  45.89 (1.49) 4H6Mm0
He! (1P uL™) 0.11 0.15 (0.03) 0.01-0.94 0.13 (0.02) 0.03-0.27
PCV (%) 2.22 26.22 (1.48) 8.00-38.00  22.60 (2.40) 10.007.
Leucocytes (1buL™) 0.82 43.7 (3.10) 17.5-80.5 50.2 (5.6) 22.2-86.2
Heterophils® (%) 0.22 71.70 (2.51) 42.00-93.00 70.80 (3.6) @638.00
Eosinophils® (%) 5.90* 1.73 (0.45) 0.00-10.00 5.80 (1.76) 01000
Lymphocyte$ (%) 0.68 24.43 (2.41) 5.00-55.00 20.70 (2.62) 632000
Thrombocytes (%) 0.80 161.26 (23.04) 17.00-502.0@47.71 (60.52)  35.00-494.00
Monocytes (%) 0.04 1.93 (0.46) 0.00-8.00 2.70 (1.24) 0.0009.
Heterophils (1&uL™)* 0.95 31.25 (2.57) 13.42-67.42  34.86 (3.50) 17. 1005
Eosinophils (1&pL™) 6.89* 0.88 (0.26) 0.00-6.18 3.10 (1.09) 0.00-%0.3
Lymphocytes (1®uL™)* 0.26 11.18 (1.56) 1.50-37.61 10.82 (1.93) 2.22124,
Monocytes(16pL™) 1.29 0.97 (0.23) 0.00-5.08 1.44 (0.68) 0.00-5.34
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5.4 Discussion

The results from this study contribute towards ust@ading the health implications of FP
among juvenileC. mydasn the southwestern Atlantic Ocean, including sahtne
distinguishing physiological features. Monitoritigs cohort is a valuable conservation tool
because post-recruits have been reported at gresteaf disease than their larger, immature
conspecifics; possibly owing to stress associatéd their habitat and diet shift (from open-
ocean to near shore) and disparate environmeméadtth(Flintet al. 2010). The observations
can be discussed with previous assessments acgaodoossible intrinsic and extrinsic

variability, and ultimately used to direct futuremk.

The FP prevalence (~23%) here was lower thanatinaing individuals caught off the
more northern Rio de Janeiro (~43 %; n = 246; Téafio 2015) and Espirito Santo (~34 %;
n = 640 and 58 %; n = 163; Torezanial 2010; Santost al 2010), but greater than to the
south, off Santa Catarina (~10 %; n = 82; Proadtal 2007). These differences might imply
a latitudinal environmental gradient, although poeg studies have shown FP prevalence can
vary substantially in time and space, even amongediately adjacent regions—the reasons

for which are not fully understood (Jorstsal 2016).

Greater consistency was observed among the geesantation of tumours here and
throughout previous regional studies. Supportimg $tatement, most FP-affected animals
had apparent good health, and like Saetad. (2010) and Worlet al. (2004) we failed to
observe a significant difference in BCl among néfhieted and afflictedC. mydas—

although the utility of BCI for such assessmentsyisio means definitive (Wort al 2004).
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In terms of evaluated parameters, the signifigdoter urea and cholesterol, but elevated
eosinophils among FP-afflicted individuals, botimitict and support previous assessments.
Specifically, Santost al (2015) attributed elevated blood urea nitrogedBin severely
FP-afflictedC. mydado greater protein catabolism or dehydration. K¥fvaii, elevated
BUN, but lower cholesterol among diseasednydaswvere observed concomitant with

poorer body condition and starvation (Aguieteal 1995; Aguirre and Balazs 2000).

Considering the homogenous body condition anm@ngnydashere, any differences in
urea and cholesterol might simply reflect divergaetabolic, digestion and absorption of
protein and cholesterol in diseased animals (SaadyBoylan 2014). An alternative
hypothesis involves temporal bias in neritic reftngint and spatial dietary segregation.
Specifically, during recruitment, juvenil&mnsition from an omnivorous (oceanic) to
herbivorous diet with concomitantly lower urea ahalesterol (Whitinget al 2007).
Possibly, the FP-afflicted individuals here simplgre earlier neritic recruits (longer exposed
to the etiological agent and/or environmental fes)tthan more recently arrived non-afflicted

conspecifics (from disease-free oceanic watersg @Eal 2005).

Unlike cholesterol or urea, increased eosinophitsmouredC. mydads more easily
attributed to disease. Eosinophils are phagocglis particularly involved in destroying
parasites (Worlet al. 1998) and so their elevation might imply ancyldiseases. However,
high eosinophils concentrations also occur witbugsrepair, cancer, and allergic and
antitumor activity in mammals (Carretezbal 2015). No relationships between tumours
and immune reaction via eosinophils have been tigaged for sea turtles, but these

potentially warrant investigation in future resédarc
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Notwithstanding thapparent consistent health among FP-afflicted amdafflicted
individuals, the observed variation above suppontping assessments to provide prognostic
information about the protracted fate of diseasethals and strategies for minimising
impacts globally. One example of the utility othuan approach occurred off Hawaii where
C. mydasstrandings were monitored for 26 years (from 1388%) with a population decline
primarily attributed to FP (28% of specimens). Ta of infection stabilised during the mid
1990s, possibly due to: (i) partial herd immunity the aetiological agent); and/or (ii)
mitigation strategies, involving removing batlseased animals and a tumour-inducing

environmental insult involved in the pathogene€ikdloupkeet al 2008; 2009).

Beyond altered levels of blood parameters, keyxeors amon@. mydaswith advanced
FP are lesions in the eyes, mouth, cloaca andnaggand axillar areas which could affect
foraging, reproduction and migration (Aguirre anald&s 2000; Worlet al. 2004). Other
potentially more direct consequences might inclgidater mortalities owing tissheries
interactions. Specifically, although few data available (Foleyet al 2005; Chaloupkat
al. 2008), the morphological discontinuities of tumr®aould increase the possibility of
entanglement in gillnets and trawls (both of whaeh intensely used off South America)
and/or the removal time and therefore handlingngitering commercial fishing is a major
source of mortality among marine turtles globadlyen marginal increases would have
considerable negative impacts on populations. 1Qdss obvious consequences of FP
include sublethal effects associated with lipid mnétion of bioacumulated contaminants,
which could exacerbate the immunosuppression obdenvseverely tumoured, emaciated

animals (Kelleret al. 2014).
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The implications of the various impacts above suppP being considered a threat r
mydasconservation in the southwestern Atlantic Ocedrere the prevalence can reach
>50% of individuals in some populations (Sargbal 2010; Zwarget al 2014). Ongoing
studies are required to facilitate a more holistierview of the variousitra- and inter-
population effects of the disease am@hgnydasalong with any correlations between
environmental factors and anthropogenic activitibsing so should help define priorities

not only for regional, but also global disease gaition.
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6. CONCLUSAO

* A prevaléncia de fibropapilomatose foi semelhamtdoago do periodo avaliado no
litoral do Brasil, porém, os valores variaram digativamente entre estados
(latitude), possivelmente devido a co-fatores anthis;

* Os estados do Rio de Janeiro, Parana e Santar@atgmiesentaram prevaléncias da
doenca semelhantes, porém, menores em relacaordeste do Brasil, indicando
grandes grupos e objeto de estudo a serem expforadoanto as
diferencas/semelhancas para melhor entendimerftordpapilomatose;

* A avaliacdo da doenca sob o ponto de vista da miaepidemiolégica demonstrou
ser importante para o entendimento da fibropapitosga Dessa forma, fatores
ambientais, como variacdes latitudinais, como tamibéolégicos como o tamanho
corpéreo da tartaruga-verde, a caracterizacdouosres e a relacdo com as estirpes
virais, sdo relevantes para avaliacdo epidemicdbgic

» Os tumores apresentaram alterac6es compativeidibmpapilomas e os diferentes
graus de degeneracdo nas camadas da epidermamne@mgtiologia viral, assim como
a deteccdo de variantes de ChHV5 e raras inclusiias, compativeis com a
descricéo de “superspreaders”;

* As variantes de ChHV5 e agrupamentos geografic@s ndesmas demonstram a
complexidade para o entendimento da infeccdo eciguie migratoria da tartaruga-
verde;

» Os parametros clinicos laboratoriais sao difereategopulacdes de tartarugas-verde
geograficamente distintas, portanto, além de inltices do estado de saude e resposta
a doencas (ex. fibropapilomatose), sdo possivdisadores de mudancas de habitat e
dieta dos animais.
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7. PERSPECTIVAS

7

A avaliacdo da fibropapilomatose ainda € escassatagtarugas-verde
resgatadas mortas ou capturadas vivas no BraskaD®rma, sdo necessarias informacgoes
para o melhor entendimento da fibropapilomatoseesob

» Valores de prevaléncia;

* Gravidade da doenga;

» Andlises moleculares e histoldgicas dos tumores;
* Forma de transmissao;

* Genética dos animais afetados;

» Taxa de regresséo e mortalidade da doenca.



