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tating, infectious disease characterized by single or

multiple tumors that may develop anywhere on an
afflicted turde’s body (Fig. 57.1). FP mainly affects green
turtles (Chelonia mydas) bur has been reported in all
marine turtle species.”” There is evidence that FP does not
negatively impact green turtle population recovery, survival
probability, or somatic growth; however, FP disease may
have severe negative effects on the health of an individually
afflicted cturtle.*!" FP tumors are histologically benign;
however—depending on their location, size, and degree
of invasiveness—they can be faral in some cases.' For
example, turtles with periocular or corneal rumors (Fig.
57.2) may have difficulty acquiring food and/or avoiding
boats; turtles with oropharyngeal masses may have difficulty
feeding and/or breathing; turtles with flipper tumors may
have reduced swimming ability and/or be more likely to
become entangled in fishing gear; and turtles wich internal

Fibropapillomatosis (EP) in marine turdles is a debili-

tumors may experience organ dysfunction and/or physi- .

ologic imbalances.'""” In free-ranging marine turtles, FP
is most frequently observed in juveniles, and the presence
of FP-afflicted turtles has been associated with shallow/
inshore waters, especially habitats affected by anthropogenic
impacts such as agricultural, urban, and industrial develop-
ment."'*"7 FP is a major concern for caretakets of captive or
rehabilitating turtles because extensive quarantine measures
are necessary for marine turtles with FP, and prognoses for
turtles with severe FP are complicated by poor nutritional
condition, poor general health on admission, and secondary
or opportunistic infections.’ '

Etiology

Most evidence points to a herpesviral etiology for FB, with
the majority of molecular data suggesting that chelonid
herpesvirus 5 (ChHV5) is the main causative agent of FP.
A series of transmission experiments demonstrated three
of the four Koch’s postulates, and in vitro replication of
the virus was demonstrated when de novo formation of
ChHVS5-positive intranuclear inclusions were observed in
three-dimensional cultures of green turtle skin cells."*"*
A consistently strong staristical association of ChHV5 with
FP tumors has been confirmed by many subsequent studies
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using molecular technologies such as polymerase chain reac-
tion (PCR) and in situ 1‘1ybridizﬂzl':it:n1'1.25"7‘6 The virus has been
visualized in tumors via transmission clectron microscopy
(TEM), and immunchistochemistry and reverse transcrip-
tase PCR. have further demonstrated that ChHVS is tran-
scriptionally active in epithelial cells of FP tumors.* ¢!
FP is a complex disease wherein multiple facrors likely play
a role in tumor development and progression, including
ChHVS infection as well as environmental, microbial, and/
or immune-related cofactors (see also Chapter 39).

Epidemiology

FP disease occurs worldwide but is mainly reported in
warmer waters in and around the tropics."** The prevalence
of FP disease has reached epizootic proportions in several
green turtle populations.”* FP seems to be primarily a
disease of juvenile green turtles following their migration
to near-shore habirats.” Although FP was once identified
as a major cause of green turtle strandings in Hawaii, more
recent studies show that prevalence of the disease in Hawai-
ian green turtles is now in decline."” Two plausible explana-
tions for this include the development of herd immunicy and
the removal of a tumor-promoting environmental insult in
the near-shore turtle foraging habitars.***”” FP prevalence
seems to be more stable in green turtles in the southeastern
United States, with very high prevalence in some areas of
Florida, where FP is considered a major cause of mortalicy."
In other locations, FP prevalence is increasing, and it has
recently been reported from numerous new localities in the
Atlantic and Pacific Oceans.'***° In many studies, ChHVS
DNA has been detected via molecular rechniques in tissue
samples collected from marine turtles with FP and from
wurtle populations in which FP prevalence is high.
ChHVS5 prevalence independent of FP tumor prevalence
has also been reported; for example, ChHVS has been
detected in normal skin biopsies from nontumored turtles
in populations where FP is common.™**

FP tumors are a proven source of infectious ChHVS
particles, and direct, horizontal transmission of ChHV'5 was
demonstrated in a series of infecrivity crials.”****** The
high prevalence of active ChHV5 infection in early tumors
suggests that virus production and shedding predominantly



« Figure 57.1 Severe muitifocal fibropapillomatosis of a juvenile green
turtle (Chelonia mydas) from the Florida Keys. Large verrucous tumors
arise from and infiltrate the skin of the axial regions, ventral neck, front
flippers, inguinal regions, cloaca, tail, and hind flippers as well as the
posterior portion of the plastron. (Photo credit The Turtle Hospital.)

« Figure 57.2 Fibropapilloma lesions on the left eye of a juvenile green
turtle (Chelonia mydas) from the Florida Keys. Muitiobulated verrucous
tumors cover the epithelial surfaces of the cenjunctiva, palpebrae,
sclera, and cornea, partially obscuring the turtle’s vision. Cutaneous
tumors may alsc be seen on the left and right front flippers. (Photo
credit The Turtle Hospital.)

occur early in the progression of FP disease.”** It has also
been postulated that ChHV5 transmission within a popula-
tion may largely depend on a few highly infectious indi-
viduals with small tumors (<20 cm? surface area) permissive
to viral production.” In arcas where FP is endemic, viral
shedding into the surrounding environment via sloughing
of virally infected epidermal cells from FP tumors represents
a key source of infecrion; in areas with high FP prevalence,
epizootic transmission cycles are likely perpetuated in this
way.”* ChHV5 transmission may be magnified by mechani-
cal vecrors such as marine leeches (Ozobranchus spp.).”
Tissues other than cutaneous tumors may also be involved
in ChHVS5 replication and transmission cycles, as suggested
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« Figure 57.3 Flat, plague-like cutaneous fibropapilloma lesion on
the shell-skin interface of a juvenile green turtle (Chefonia mydas) from
the Florida Keys. The tumor is smooth and sessile, with a broad base
(2.0 cm x 0.6 cm). (Photo credit The Turtle Hospital.)

by a high prevalence of ChHV5 antibodies detected in
areas of Florida with 0% FP prevalence. In several studies,
ChHVS DNA has been identified via PCR in epidermal
samples taken from nontumored turtles, suggesting that
some turtles withour gross evidence of FP disease are
ChHV5-infected and may serve as a potential source of
viral transmission.”™ To date, however, this assumption is
unsupported by demonstration of infectious viral particles
from apparently normal rissues. Because the full suite
of potcntia! FP transmission routes remains unknown,
biosecurity is of utmost importance when handling marine
turtles with FP. Thus measures of quarantine and prevention
of transmission via fomires or personnel should be strictly
implemented.””*

Clinical Signs

FP tumors are typically proliferative masses that can occur
anywhere on or within the turtle’s body (see Fig. 57.1)."*
Morphologically, FP tumors may have a wide variety of
gross appearances: flat plaques (Fig. 57.3), pedunculared,
sessile, verrucous, smooth, or polypoid nodules, or a
combination of multiple types. The number, color, and
size of FP masses may vary widely, depending on tumor
location and severity of disease. Secondary invaders such as
bacteria and/or fungi readily infect ulcerated FP lesions.”
The typical histologic description of cutaneous FP tumors
includes papillary epidermal hyperplasia supported by
broad fibrovascular stalks with a varying ratio of epidermal
to dermal proliferation."** Lymphocytes and macrophages
may be found at tumor margins and infiltrating tumors in
moderate to marked numbers. Histologic evidence of clini-
cal regression is observed in some tumors.'” Visceral tumors
are perceived as more chronic lesions that develop following
cutaneous tumor proliferation.”'*** Histologic descriprions
of visceral tumors include fibromas, myxofibromas, and
fibrosarcomas.!'##%4

Stranded and free-ranging sea turtles with FP are often
debilitated and/or cachectic. Severe FP has been associated




Amphibians and Reptiles

with various abnormalities in clinical pathology dara,
including anemia, leukopenia, lymphopenia, eosinopenia,
and heterophilia.”***** Hypoproteinemia, hypocalcemia,
hypoalbuminemia, and hyperglobulinemia may also be
observed in green rturtles with FR*45 Suggestive of
anemia of chronic discase and antigenic stimulation, these
changes are compatible with the clinical presentation of
FP. Turtles afflicted with severe FP often present with a
number of associated comorbidities, including bacterial,
fungal, and/or parasitic coinfections, ileus, buoyancy issues,
and boat-strike trauma.”

Diagnosis

Although cutaneous FP may easily be recognized on gross
examination, definitive diagnosis requires histopathol-
ogy findings compatible with FP. Follow-up diagnosis of
ChHV5 DNA using molecular techniques is also recom-
mended. If possible, all rehabilitating turtles with FP should
be imaged to rule out visceral tumors. Widely available
imaging techniques include radiography and ultrasonogra-
phy; however, small soft tissue masses may evade diagnosis
with these techniques. Observation of suspicious inter-
nal lesions on imaging may be followed by laparoscopy
and biopsy."” Endoscopic examination also has limitations,
however: dorsal lung and extraparenchymal lesions may be
missed, and endoscopic procedures are not recommended
in severely debilicated turtles.""” If available, compured
tomography (CT) or magnetic resonance imaging (MRI)
may be preferred, as these techniques do nor require anes-
thesia and tend to be more accurate in identifying small
internal tumors.”**

ChHVS infection may be inferred via identification of
viral DNA in biological swabs using molecular diagnos-
tic techniques. For example, ChHVS DNA has been dem-
onstrated in cloacal, oral, and ocular swabs taken from
turtles with cutaneous FP lesions, although these sample
types are not as sensitive for ChHV5 DNA as tumor and/
or skin biopsies.””*® Suspected cases of ChHV5 infection
must be confirmed via direct visualization of areas of her-
pesvirus morphogenesis using histopathology and/or TEM
in combinarion with molecular diagnostics such as PCR,
in situ hybridization, or immunohistochemistry. There are
several validated and published PCR assays targeting dif-
ferent ChHV5 genes, although assays offered by commer-
cial diagnostic laboratories may be less specific than those
used in research, ! 304457 Confirmatory sequenc-
ing of PCR amplicons is required for proper diagnosis
of ChHVS infection. A serologic immunoassay based on
recombinant anrigen has been validated for detecting anti-
bodies to ChHV5 glycoprotein H but is not currently com-
mercially available.®

Treatment

Supportive care is essential for the successful treatment of
FP, as the overall health of the turtle may strongly affece the

course of FP disease and host immunosuppression, stress,
and comorbid conditions can lead to viral reactivacion.®®
Supportive care of rurtles with FP should include water
of suitable quality and temperature, adequate and species-
appropriate nutrition, fluid therapy, pain management, and
treatment of secondary infections.”” Antiviral therapeutics
(e.g., L-lysine, acyclovir) may be used to supplement sup-
portive care; however, to date no conrrolled studies have
been performed on the efficacy of these trearments against
FP lesions.”

Although evidence suggests that some marine turtles with
less severe FP will undergo spontaneous FP lesion regression,
this should not be expected in most cases, ' 176061 Surgical
excision is currently the most effective way to treat cutane-
ous, oral, and ocular FP lesions. Local or general anesthesia
can be used, depending on the size, number, and degree of
invasiveness of the tumors. Multiple tumor excisions tend to
require general anesthesia. The rechnique of choice is carbon
dioxide (CO,) laser-mediated tumor removal; other options
include sharp excision, cryosurgery, radioscalpel, electroche-
motherapy, and electrocautery."*”** The CO, laser helps
minimize hemorrhage to the tumor removal site as it simul-
taneously cauterizes and seals the excision site or sites while
it cuts rissue.”* Laser power, pulse rate, and handpicce size
may be varied according to surface area extent and depth
of the tumor or tumors. Plaque-like or broad-based FP
lesions may be ablated using a lower power, whereas pedun-
culated or narrow-based tumors may be excised using a
higher-power technique. Extreme care should be exercised
in removing ocular lesions, including low power and low
pulse rare, avoiding corneal tissue by ablating ocular tumors
at an angle. Surures are usually not needed, and tumor exci-
sion sites may be left open to heal by secondary intention;
however, sutures may be required in the case of removal of
a very deep tumor. Perioperative analgesics and antibiot-
ics should be administered. Careful postoperative monitor-
ing should be implemented after cumor removal, including
dry-docking patients for up to 24-hours postsurgery. Cuta-
neous lesions may heal completely in as lictle as 12 weeks.
It is acceptable to perform multiple cumor removal surger-
ies, and this may be preferred in turdes with large tumor
burdens."” The number of tumor removal surgeries was not
significantly related to prognosis in one study.” A 4- to
G-week period of healing should be allowed berween surger-
ies.”” An important cavear of tumor removal surgery is the
possibility of tumor regrowth: one study found that 38.5%
of green turdles that underwent cumor removal surgery expe-
rienced FP regrowth within an average of 36 days postsur-
gcry.m Although regrown tumors can be surgically removed,
it is best to avoid repeated cycles of tumor removal and
regrowth. To help prevent tumor regrowth, a wide margin of
apparently normal tissue should be included in tumor exci-
sion whenever possible, as normal skin surrounding tumors
may serve as a source of ChHV5-infected cells.* The like-
lihood of tumor regrowth may also be reduced by lowering
tank water temperatures by 2°C-5°C after tumor removal
surgery to help prevent viral reactivation.”



Prognostic Indicators and
Release Considerations

Tumor number, anatomic distriburion, morphologic appear-
ance, and progression, as well as overall body condition and
severity of comorbid conditions should dictate triage cri-
teria for FP-afflicted marine turdles. If left untreated (and
in some cases regardless of trearment), cerrain tumor loca-
tions and morphologies are associated with poor case out-
comes; these include visceral or intraocular rumors, tumors
that have eroded thorough bony structures (e.g., carapace,
plastron), and aggressive recurrent tumors."*'? Turtles with
these lesions may be considered outright euthanasia can-
didates. Other tumor types are more easily treated and
should be considered on a case-by-case basis, taking into
account comorbid conditions, available resources and treat-
ment options, and quarantine capabilities. Although in one
study, green turtles with ocular tumors were significantly
less likely to survive rehabilitation than turtles with tumors
but withour ocular tumors, turtles with less severe ocular
tumors may be candidates for treatment if marerials and
trained personnel are available. In the same study, rurtles
with only flat, plaque-like FP lesions had a significantly
better prognosis, including spontaneous lesion regression
in more than 50% of cases, as compared with turtles with
more verrucous-types of FP lesions.'” In general, FP is con-
sidered more of an incidental finding in loggerhead rurtles
(Caretta caretta), and rehabilitation efforts focused on log-
gerheads with FP may have a more favorable outcome than
those focused on green turtles with FR* Based on clini-
cal findings, medical opinion, and permitting condirions,
the attending veterinarian should determine intake criteria,
cuthanasia candidacy, and release criteria for rurtles with FP

To be eligible for release, a turtle must be deemed capable
of survival in its current condition. As long as the rurtle
is clinically stable and the overall assessment of survival
following release is favorable, the presence of FP lesions
should not prevent the release of rehabilitated turtles. It
is recommended that green turtles be rehabilitated and
released as quickly as possible, because the stress of cap-
tivity may contribute to FP tumor development de novo
or exacerbate cycles of tumor removal and regrowth in
ChHV5-infected turtles."” Thus reduction of tumor burden
and rehabilication to a clinically stable condition, including
treatment of any comorbid conditions, are acceptable goals
in preparing a turtle for release. The risk of introducing
ChHYVS5 into naive wild turtle aggregations via clinical or
subclinical carriers may be reduced by releasing rehabili-
tated turtles within the same geographic area from which
they were recovered. Marine turtle rehabilitation programs
should take into account FP prevalence within local wild
marine turtle populations when evaluating resources and
developing rehabilitation goals.

References

1. Herbst LH: Fibropapillomatosis of marine turtles, Annu Rev Fish
Dis 4:389-425, 1994,

13.

14.

15;

16.

17.

18.

19

20.

CHAPTER 57 Fibropapillomatosis in Marine Turtles

. Aguirre AA, Spraker TR, Chaves A, et al: Pathology of fibropapil-

lomatosis in olive ridley turtles (Lepidoachelys olivacea) nesting in
Costa Rica, / Aquat Anint Health 11:283-289, 1999,

. Barragan AR, Sarti ML: A possible case of fibropapilloma in

Kemp's ridley twrdle (Lepidochelys kempii), Mar Turtle Newsl
67:27, 1994,

. D’Amato AF, Moraes-Neto M: First documentartion of fibropap-

illomas verified by histopathology in Erermochelys imbricata, Mar
Turtle Newsl 89:12-13, 2000.

. Harshbarger JC: Sea wurdle fibropapilloma cases in the registry of

tumors in lower animals, in Proceedings, Research Plan for Marine
Turtle Fibropapilloma. NOAA Tech Memo, 1991, 63-70.

. Huerea B, Pineda H, Aguirre A, et al: First confirmed case of

fibropapilloma in a leatherback turtle (Dermachelys coriacea), in
Proceedings, 20th Annual Symposium on Sea Turtle Biology and
Conservation, NOAA Tech Memo, 2002, p 193.

. Limpus CJ, Couper PJ, Couper KLI:: Crab Island revisited:

reassessment of the world’s largest flatback turtle rookery after
twelve years, Mem Queensi Mus 33:227-289, 1993,

- Chaloupka M, Balazs GH, Work TM: Rise and fall over 26 years

of a marine epizootic in Hawaiian green sea turtles, / Wild/ Dis
45:1138-1142, 2009.

. Patricio AR, Velez-Zuazo X, Diez CE, et al: Survival probabilicy

of immature green turtles in two foraging grounds at Culebra,
Puerto Rico, Mar Ecol Prog Ser 440:217-227, 2011,

. Patricio AR, Diez CE, van Dam RP: Spadal and temporal vari-

ability of immature green turtle abundance and somatic growth
in Puerto Rico, Endanger Species Res 23:49-60, 2014.

. Foley AM, Schroeder BA, Redlow AE, et al: Fibropapillomarosis

in stranded green wurtles (Chelonia niydas) from the eastern United
States (1980-98): trends and associations with environmental
factors, J Wildl Dis 41:29-41, 2005.

. Aguirre AA, Balazs GH, Spraker TR, et al: Pathology of oropha-

ryngeal fibropapillomatosis in green turtles (Chelonia mydas), |
Aquar Anim Health 14:298-304, 2002.

Mader DR: Medical care of sea turtles: medicine and surgery. In
Mader DR, editor: Reptile medicine and surgery, Philadelphia, PA,
2006, Saunders, pp 977-1000.

Herbst LH, Ene AR, Su M, et al: Tumor outbreaks in marine
turtles are not due to recent herpesvirus mutations, Curr Biol
14:R697-R699, 2004,

Aguirre AA, Balazs GH, Zimmerman B, et al: Evaluation of
Hawaiian green turtles (Chelonia mydas) for potential patho-
gens associated with fibropapillomas, / Wildl Dis 30:8-15,
1994.

Tristan T, Shaver DJ, Kimbro ], et al: Identification of fibrapapil-
lomatosis in green sea turtles (Chelonia mydas) on the Texas coast,
J Herp Med Surg 20:109-112, 2012.

Van Houtan KS, Hargrove SK, Balazs GH: Land use, macroal-
gae, and a rumor-forming disease in marine turtles, PLoS ONE
5:¢12900, 2010.

Work TM, Balazs GH, Rameyer RA, et al: Retrospecrive pathol-
ogy survey of green turtles (Chelonia mydas) with fibropapil-
lomatesis in the Hawaiian islands, 1993-2003, Dis Aquar Org
62:163-176, 2004,

Page-Karjian A, Norton TM, Krimer [, et al: Factors influenc-
ing survivorship in rehabilitating green sea wrdes (Chelonia
miydas) with fibropapillomarosis, [ Zoo Wild! Med 45:507-519,
2014,

Page-Karjian A, Norton TM, Harms C, et al: Case descriprions
of fibropapillomatosis in rehabilitating loggerhead sea rurtles
(Caretta caverta) in the southeastern United States, Dis Aquat
Organ 115:181-191, 2015,



402 SECTION T

2%,

22.

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

Amphibians and Reptiles

Herbst LH, Jacobson ER, Moretti R, et al: Experimental trans-
mission of green turtle fibropapillomatosis using cell-free tumor
extracts, Dis Aguat Organ 22:1-12, 1995,

Herbst LH, Moretti R, Brown T, et al: Sensitivity of the trans-
missible green turtle fibropapillomatosis agent to chloroform
and ultracentrifugation conditions, Dis Aquat Org 25:225-228,
1996.

Whitley R]: Herpesviruses. In Baron S, editor: Medical microbiol-
ogy, ed 4, Galveston, 1996, University of Texas Medical Branch
of Galveston.

Work TM, Dagenais ], Weatherby TM, et al: In vitro replica-
rion of chelonid herpesvirus 5 in organotypic skin cultures from
Hawaiian green rurtles (Chelonia mydas), [ Virol 91:404 417,
2017.

Page-Karjian A, Norton TM, Ritchie B, et al: Quantifying che-
lonid fibropapilloma-associated herpesvirus in sympromaric and
asymptomatic rehabilitating green sea turtes, Endanger Species
Res 28:135-146, 2015,

Work TM, Dagenais ], Balazs GH, er al: Dynamics of virus
shedding and in situ confirmation of chelonid herpesvirus 5
in Hawaiian green turtles with fibropapillomartosis, Vet Pathol
52:1195-1201, 2015.

Jacobsan ER, Buergelt C, Williams B, e al: Herpesvirus in cuta-
neous fibropapillomas of the green sea turde (Chelomia mydas),
Dis Agquat Organ 12:1-6, 1991.

Herbst LH, Jacobson ER, Klein PA, et al: Comparative pathol-
ogy and pathogenesis of spontancous and experimentally induced
fibropapillomas of green turtles (Chelonia mydas), Vet Pathol
36:551-564, 1999,

Lu 'Y, Wang Y, Yu Q, et al: Detection of herpesviral sequences in
tissues of green turtles with fibropapilloma by polymerase chain
reaction, Arch Virel 145:1885-1893, 2000.

Greenblate R], Work TM, Balazs GH, et al: The Ozobrasnchus
leech a candidate mechanical vector for the fibropapilloma-
associated turtle herpesvirus found latendy infecting skin tumors
on Hawaiian green turtles (Chelonia mydas), Viral 321:101-110,
2004.

Kang KI, Torres-Velez FJ, Zhang ], etal: Localization of
fibropapilloma-associated turtle herpesvirus in green turtles
(Chelonia mydas) by in-situ hybridization, [ Comp Pathel
139:218-225, 2008.

Adnyana W, Ladds PW, Blair D: Observations of fibropapil-
lomarosis in green turtles (Chelonia mydas) in Indonesia, Aust
Ver [ 10:737-742, 1997.

Williams EH, Bunkley-Willams L, Peters EC, et al: An epizooric
of cutaneous fibropapillomas in green turdes (Chelonia mydas)
of the Caribbean: part of a panzootic?, / Aguat Anim Health
6:70-78, 1994.

Ene A, Su M, Lemaire S, etal: Distribution of chelonid
fibropapillomatosis associated herpesvirus variants in Florida:
genetic evidence for infection of turdes following recruitment
to neritic developmental habitats, / Wildl Dis 41:489-497,
2005.

. Chaloupka M, Work TM, Balazs GH, et al: Cause-specific tem-

poral and spatial trends in green turtdle strandings in Hawaiian
Archipelago (1982-2003), Mar Biol 154:887-898, 2008.
Lloyd-Smith JO, Cross PC, Briggs CJ, et al: Should we expect
population thresholds for wildlife disease?, Trends Ecol Evel
(Amst) 20:511-519, 2005.

Herbst LH, Klein PA: Green turde fibropapillomarosis: chal-
lenges to assessing the role of environmental cofactors, Environ

Health Persp 103:27-30, 1995,

38.

39.

40.

41,

43.

45,

46.

47.

48.

49,

50.

53.

54.

dos Santos GR, Margins AS, Torezani E, et al: Relationship
between fibropapillomatosis and environmental quality: a case
study with Chelonia niydas off Brazil, Dis Aquar Org 89:87-95,
2010.

Rodenbusch CR, Almeida LL, Marks FS, etal: Derection
and characterization of fibropapilloma associated herpesvirus
of marine turtles in Rio Grande do Sul, Brazil, Pesg Ver Bras
32:1179-1183, 2012.

Duarre A, Faisca P, Loureiro NS, er al: Firse histological and
virological report of fibropapilloma associated with herpesvirus
in Chelonia mydas at Principe Island, West Africa, Arch Virol
157:1155-1159, 2012.

Lackovich JK, Brown DR, Homer BL, et al: Association of
herpesvirus with fibropapillomatosis of the green turtle (Chelonia
mydas) and the loggerhead turtle (Caretta carerta) in Florida, Dis
Agquat Org 37:89-97, 1999,

. Quackenbush SL, Casey RN, Murcek R], et al: Quantitative

amalysis of herpesvirus sequences from normal tissue and
fibropapillomas of marine turtles with real-time PCR, Vira/
287:105-111, 2001,

Page-Karjian A, Torres F, Zhang J, et al: Presence of chelonid
fibropapilloma-associated herpesvirus in tumored and non-
tumored green turtles, as detected by polymerase chain reac-
tion, in endemic and non-endemic aggregations, Puerto Rico,
Springerplus 1:35, 2012,

. Alfaro-Nunez A, Bertelsen MF, Bojesen AM, et al: Global distri-

bution of chelonid fibropapilloma-associated herpesvirus among
clinically healthy sea turtles, BMC Evol Biol 14:206-217, 2014,
Herbst LH, Sundberg JP, Shulz LD, et al: Tumeorigenicity of
green wrtle fibropapilloma-derived fibroblast lines in immuno-
deficient mice, Lab Anim Sci 48:162-167, 1998.

Herbst LH, Lemaire S, Ene AR, et al: Use of baculovirus-expressed
glycoprotein H in an enzyme-linked immunosorbent assay
developed to assess exposure to chelonid fibropapillomarosis-
associated herpesvirus and its reladonship to the prevalence
of fibropapillomatosis in sea turdes, Clin Vaecine Immunol
15:843-851, 2008.

Jones K, Ariel E, Gurgess G, et al: A review of fibropapillomarosis
in green turtles (Chelonia mydas), Vet | 212:48-57, 2016.

Work TM, Balazs GH: Relating tumor score to hematology in
green turtles with fibropapillomatosis, / Wild! Dis 35:804-807,
1999,

Norton TM, Jacobson ER, Sundberg JP: Cutancous fibropapil-
lomas and renal myxofibroma in a green turde (Chelonia mydas),
J Wild] Dis 26:265-270, 1990,

Aguirre AA, Balazs GH, Spraker TR, et al: Adrenal and hemaro-
logical responses to stress in juvenile green wrdles (Chelonia mydas)
with and without fibropapillomas, Physiol Zool 68:831-854,
1995.

. Aguirre AA, Balazs GH: Blood biochemistry values of green

turtles (Chelonia mydas) with and without fibropapillomatosis,
Comp Haemotol Int 10:132-137, 2000.

. Cray C, Varella R, Bossart GD, et al: Altered in vitro immune

response in green turtles (Chelonia mydas) with fibropapilloma-
tosis, [ Zoo Wildl Med 32:436-440, 2001,

Work TM, Raymeyer RA, Balazs GH, et al: Immune status of
free-ranging green turtles with fibropapillomatosis from Hawaii,
J Wild! Dis 37:574-581, 2001.

Croft LA, Gorham ]JB, Schaf SA, et al: Evaluation of magnetic
resonance imaging for detection of internal tumors in green
turtles with cutaneous fibropapillomatosis, / Am Vet Med Assoc
225:1428-1435, 2004,



55.

56.

57.

58.

Straub J, Jurina K: Magnetic resonance imaging in chelonians,
Semin Avian Exotic Pet Med 10:181-186, 2001,

Monezi TA, Mehnert DU, de Moura EMM, et al: Chelonid
herpesvirus 5 in secretions and tumor tissues of green turtles
(Chelonia mydas) from southeastern Brazil: a ten-year study, Ver
Microbiol 186:150-156, 2016.

Alfaro-Nunez A, Gilbert MT: Validation of a sensitive PCR
assay for the detection of chelonid fibropapilloma-assaciated
herpesvirus in latent trtle infections, J Virel Method: 206:38-41,
2014.

Origgi FC: Herpesvirus and tortoises. In Mader DR, editor;
Reptile medicine and surgery, Philadelphia, 2006, Saunders, pp
814-821.

59.

60.

Gl.

62.

CHAPTER 57 Fibropapillomatosis in Marine Turtles

Norton TM: Chelonian emergency critical care, Sem Av Exotic
Pet Med 14:106-130, 2005,

Guimaraes SM, Wanderley AV, Monteiro-Neto C, et al: Evi-
dence of regression of fibropapillomas in juvenile green turtles
(Chelonia mydas) caught in Niteroi, southeast Brazil, Dis Aguat
Org 102:243-247, 2013.

Hirama §, Ehrhart LM: Description, prevalence and severity of
green wrtle fibropapillomatosis in three developmental habitats
on the east coast of Florida, Flz Sei 70:435-448, 2007,
Brunner CH, Dutra G, Silva CB, et al: Electrochemotherapy for
the trearment of fibropapillomas in Chelonia mydas, | Zoo Wild/
Med 45:213-218, 2014.



