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ABSTRACT: Thirty-two juvenile green turtles (Chelonia mydas) were captured alive in Kaneohe
Bay, Island of Oahu, Hawaii, during September 1991. Ten of the turtles sampled were afflicted
with green turtle fibropapillomatosis (GTFP) in varying degrees of severity. Virus isolation attempts
were negative in all individuals. Using nasopharyngeal and cloacal swabs, we isolated 28 Gram
negative bacteria, five Gram positive cocci, Bacillus spp., and diphtheroids. The most common
isolates included Pseudomonas fluorescens (68%), P. putrefaciens (66%), Vibrio alginolyticus
(50%), non-hemolytic Streptococcus (50%), V. damsela (47%), and V. fluvialis (47%). Chlamydial
antigen was detected in four of the turtles sampled. The primary lesions in animals with GTFP
were hyperplasia of squamous epithelial cells and mesodermal proliferation with a marked degree
of orthokeratotic hyperkeratosis. Mites, leeches, and other organisms were associated with the
surface of papilloma lesions. The etiologic agent of GTFP was not isolated.
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INTRODUCTION

Green turtle fibropapillomatosis (GTFP)
is a condition affecting the green turtle
(Chelonia mydas) in several parts of the
world including Florida (USA), Hawaii
(USA), Australia, Bahamas, Barbados, Be-
lize, Cayman Islands, Dominican Repub-
lic, Curagao, Colombia, Panama, Puerto
Rico, Venezuela, and Virgin Islands (Ja-
cobson et al., 1991; Balazs and Pooley,
1991). This condition was first described
in the Caribbean during the 1930’s (Smith
and Coates, 1939), but only in recent years
has its worldwide incidence increased to
epizootic proportions. A number of work-
ers have suggested etiology by papillo-
mavirus or herpesvirus (Balazs and Pooley,
1991; Jacobson et al., 1991). Other possible
etiologic agents include an immune re-
sponse to trematode ova, secretion of hiru-
din by marine leeches, excessive solar ra-
diation, chemical pollutants impairing the
immune system, stress, and a genetic pre-
disposition to neoplasia (Balazs and Pooley,
1991). '

Evidence of infection to potential
pathogens epidemiologically linked to the

etiologic agent of GTFP is necessary to
provide information on the health status
of a population in endemic areas affected
by GTFP (Aguirre, 1991). Our objective
was to identify potentially pathogenic bac-
teria and other disease agents among green
turtles both afflicted with, and free of,
GTFP on Oahu, Hawaii. Tumor biopsies
of turtles afflicted with GTFP also were
characterized.

MATERIALS AND METHODS

Kaneohe Bay (21°30'N, 157°50'W), Island of
Oahu, Hawaii, is the largest bay in the Hawaiian
islands comprising substantial foraging and rest-
ing habitat for green turtles. The earliest con-
firmed case of GTFP in Hawaii was reported
in Kaneohe Bay in 1958 (Balazs, 1991). Live-
captured turtles in this bay have had GTFP
prevalences of 49 to 92% since February 1989,
depending upon the study site sampled (Balazs,
1991).

Thirty-two green turtles were captured alive
and unharmed by hand while snorkeling, 20 to
26 September 1991. Turtles were trapped at
three sites in Kaneohe Bay: Ahu-O-Laka (n =
28), Mark Reef (n = 2) and Reef 42 (n = 2).
Turtles were transported a short distance by
boat to the research facilities provided by the
Hawaii Institute of Marine Biology on Coconut



AGUIRRE ET AL.—HAWAIIAN GREEN TURTLE AIBROPAPILLOMA 9

Island located in Kaneohe Bay. Upon arrival,
turtles were measured, tagged, and weighed fol-
lowing techniques described by Balazs et al.
(1987). Barnacles (Chelonibia testudinaria) on
the dorsal and ventral surfaces of the turtles
were counted. The size, number, and location
of the tumors were evaluated in turtles with
GTFP. Turtles were coded by degree of tumor
severity on a scale of 1 to 4, 4 being the most
severe case. This evaluation was based on the
size, number, and location of the tumors present
(Balazs, 1991).

A set of nasopharyngeal and cloacal swabs
was taken from all individuals and immediately
placed in labeled vials containing a virus iso-
lation diluent (VID) consisting of isotonic buf-
fered (0.85%) saline solution, 0.1% nutrient broth
(Bacto-Peptone®, Difco Laboratories, Detroit,
Michigan, USA), 0.008% gelatin (Bacto-Gela-
tine®, Difco Laboratories) and 50 pug/ml gen-
tamicin sulphate (Gentocin®, Schering Co.,
Kenilworth, New Jersey, USA). The vials were
frozen at —70 C prior to their submission to the
Hatfield Marine Science Center, Laboratory for
Fish Disease Research, Newport, Oregon (USA).

Two sets of nasopharyngeal and cloacal swabs
were taken for bacterial isolation and identifi-
cation. A set of swabs was immediately placed
in labeled vials containing Cary-Blair Transport
Medium (Difco Laboratories); the second set
was placed in Modified Stuart’s Bacterial Trans-
port Medium (Culturette®, Baxter Scientific
Products, McGraw Park, Illinois, USA). All spec-
imens were express-mailed to the Department
of Health Services Office of the County Veter-
inarian Laboratory, San Diego, California (USA),
for bacterial isolation and identification.

Cloacal swabs were collected from all 32 green
turtles and immediately placed in labeled vials
containing Bovarnick’s Buffer Transport Me-
dium with 10% fetal calf serum (Spencer and
Johnson, 1983). Sealed tubes were frozen at —70
C for the detection of Chlamydia spp. antigen.

Two biopsies of early growths were collected
from each of 10 green turtles with fibropapil-
lomas. One biopsy was fixed in 10% neutral buf-
fered formalin for histopathologic evaluation. A
second biopsy was fixed in Karnovsky’s solution
(phosphate buffered 4.0% formaldehyde and
1.0% glutaraldehyde) and held at 4 C until eval-
uated with both light and transmission electron
microscopy (McDowell, 1978).

Swabs transported in VID were defrosted and
diluted each with 1 ml of Eagle’s Minimum
Essential Medium containing 200 IU penicillin
and 200 ug streptomycin/ml, 10% fetal bovine
serum, and 200 mM HEPES buffer (all from
Sigma Chemical Company, St. Louis, Missouri,
USA). Dilutions were vigorously mixed with a
vortex mixer and inoculated onto four fish cell

lines commonly used in fish virology (American
Type Culture Collection (ATCC), Rockville,
Maryland, USA). These cell lines were origi-
nated from Oncorhynchus tshawytscha (CHSE-
214, ATCC CRL 1681), O. mykiss (RTG-2,
ATCC CCL 55), Pimephales promelas (FHM,
ATCC CCL 42), and Cyprinus carpio (EPC).
A sample of 0.05 ml of each preparation was
inoculated onto each of four wells of a 96-well
plate of each cell line. These cultures were in-
cubated at 18 C and observed. Culture fluid and
cell debris from wells displaying cytopathic ef-
fects were diluted at 1:100 then transferred to
fresh cell cultures and further incubated and
observed. Final subcultures were incubated for
28 days.

Material from nasopharyngeal and cloacal
swabs and tissue specimens were cultured on
blood agar (5% sheep blood), MacConkey agar,
trypticase soy agar, and seawater agar (Difco
Laboratories). To support organisms with an ob-
ligate salt requirement, all media contained 3%
sodium chloride (NaCl). Plates were incubated
at 25 C aerobically, then examined after 24 hr.
If there was little or no growth, plates were
incubated for an additional 24 hr. Each dis-
tinctive colony, based on color, texture, and
growth pattern, was treated as a separate or-
ganism and isolated on blood agar plates for
identification. Microorganisms were separated
based on Gram reaction and morphology. Gram-
negative bacteria were biochemically identified
by the API 20E System® (Sherwood Medical,
Plainview, New York, USA). Gram-positive or-
ganisms were identified based on colonial and
cellular morphology and staining characteristics
(Balows and Hausler, 1981).

A direct-binding monoclonal based enzyme
immunoassay, the KODAK SURECELL™
Chlamydia Test Kit (Eastman Kodak Company,
Clinical Products Division, Rochester, New
York), was used for the rapid detection of chla-
mydial antigen. The test was performed ac-
cording to the manufacturer’s directions, except
that centrifugation of the transport media con-
taining fecal material was omitted.

For histopathology, fixed fibropapilloma le-
sions were embedded in paraffin, sectioned 6-um
thick, and stained with hematoxylin and eosin.
Skin lesions later were prepared for transmission
electron microscopy. One to 2 um survey sec-
tions were cut from the blocks, stained with
methylene blue-azure II-basic fuchsin, and ex-
amined with a light microscope (Hayat, 1986).
Ultrathin sections from the tumor biopsies of
two turtles were placed on copper grids, stained
with uranyl acetate and lead citrate, and ex-
amined with a transmission electron microscope
by Dr. Robert E. Lee (Colorado State Univer-
sity, Department of Anatomy and Neurobiolo-
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gy, Fort Collins, Colorado, USA) using the meth-
ods of Hayat (1986).

Biologic and bacteriologic data obtained from
both, turtles afflicted with GTFP and turtles free
of the disease, were statistically analyzed by Stu-
dent’s t-test and chi-square test (Schlotzhauer
and Littell, 1991). Results were considered sig-
nificant if « < 0.05.

RESULTS

Ten (31%) of 32 green turtles, with a
mean (+SE) weight of 19 (£2.0) kg (range,
11.8 to 22.3 kg) and a mean (£SE) straight
carapace length (SCL) of 560 (+21) mm
(range, 445 to 683 mm), had cutaneous and
conjunctival fibropapillomas. The degree
of tumor severity in the turtles captured
varied from mild to very severe. The tu-
mor severity codes were 1 for one turtle,
2 for three turtles, 3 for five turtles, and 4
for one turtle. Eight (29%) of 28 turtles
obtained at the Ahu-O-Laka study site had
tumors. The two turtles taken at Reef 42
had tumors and the two from Mark Reef
were free of GTFP. Twenty-two (69%) of
32 turtles captured, with a mean (+SE)
weight of 12.2 (£1.0) kg (range, 7.7 t0 25.5
kg) and a mean (+SE) SCL of 440 (+11)
mm (range, 374 to 552 mm), were visibly
free of GTFP. Turtles afflicted with GTFP
were significantly (P < 0.05) larger and
heavier than turtles free of the disease.

Lobulated tumors were present on the
skin of the axillary and inguinal regions,
between the scales and scutes, and on the
conjunctiva and corner of the eyes. These
also were present in the mouth of two tur-
tles examined. Fibropapillomas were in
several growth stages ranging from 3 mm
in diameter in the conjunctiva to 28 cm in
diameter around the cloaca. Early growths
were small tumors pigmented brown to
dark grey with a rough surface. Larger
tumors had a “cauliflower” appearance or
a smooth surface. In three of 10 cases, tu-
mors were necrotic, bloody, and infested
with marine leeches.

Barnacles were found on the carapace
and plastron of nine of 10 turtles afflicted
with GTFP and on 15 of 22 green turtles
free of the disease. The mean (+SE) dorsal

barnacle count in the green turtles afflicted
by GTFP was 12.5 (+4.0) (range, O to 41)
and mean (*SE) ventral barnacle count
was 20.2 (+6.0) (range, 0 to 65). The group
free of GTFP had a mean (+SE) dorsal
barnacle count of 7.8 (£3.0) (range, 0 to
59) and ventral barnacle average count of
15.0 (£5.0) (range, 0 to 75). No differences
(P > 0.05) were observed between bar-
nacle counts when comparing both turtle
groups.

Five tumor biopsies and 30 sets of na-
sopharyngeal and cloacal swabs were in-
oculated into fish cell lines. None of the
culture fluids and cell debris yielded any
virus or produced cytopathic effects after
the 28-day incubation period. All early cell
death in several specimens was caused by
toxic materials in the original inoculum.

From the nasopharyngeal and cloacal
swabs taken from the turtles we isolated
28 Gram negative bacteria, five Gram pos-
itive cocci, Bacillus spp., and diphtheroids
Table 1). Pseudomonas fluorescens was
the most frequent bacterium isolated in
both groups (22 of 32 turtles), followed by
P. putrefaciens (21/32), Vibrio alginoly-
ticus (16/32), non-hemolytic Streptococ-
cus (16/32), V. damsela (15/32), and V.
fluvialis (15/32). No significant differ-
ences (P > 0.05) were identified in the
prevalence of bacterial species isolated be-
tween the two turtle groups. The differ-
ence in the number of bacterial species
isolated from each group was significant
(P > 0.05); 23 bacterial species were iso-
lated from turtles with GTFP and 32 from
turtles without GTFP.

The microorganisms isolated only from
sea turtles with GTFP were Hafnia alvei,
Klebsiella oxytoca, and Pseudomonas
stutzeri, and came from three different
individuals. Alpha-streptococci, Esche-
richia coli, and Citrobacter diversus were
isolated from a single specimen free of
GTFP. During the field studies, an appar-
ently healthy turtle presented sloughing of
the skin from the front flippers with no
other apparent lesions. Staphylococcus
epidermidis, Vibrio damsela, and V. flu-
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TABLE 1. Bacterial species isolated from two trans-
port media used to sample 32 green turtles (Chelonia
mydas) captured in Kaneohe Bay, Oahu Island, Ha-
waii, 1991, afflicted with or free of green turtle fi-
bropapillomas (GTFP).

Number positive

Turtles

Turtles without

with GTFP  GTFP

Bacteria (n =10) (n = 22)

Acinetobacter anitratus
A. lwoff:

Bacillus spp.
Citrobacter diversus**
C. freundii*
Diphtheroids
Enterobacter aerogenes*
E. agglomerans

E. cloacae

Escherichia coli*
Hafnia alvei*<
Klebsiella pneumoniae®
K. oxytoca*
Lactobacillus spp.
Micrococcus spp.
Morganella morganii*
Proteus mirabilis*

P. penneri*

P. vulgaris*®
Providencia alcalifaciens"
Pseudomonas aeruginosa
P. fluorescens

. maltophila

. putida

. putrefaciens

. stutzeric

. visicularis-
Staphylococcus aureus*
S. epidermidis?
Streptococcus alphat

S. non-hemolytic
Vibrio alginolyticus

V. damsela

V. fluvialis

Vibrio spp.>*

—
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* Isolated from cloacal swabs but not nasopharyngeal swabs.
" Isolated from Stuart’s transport medium but not Cary-Blair.
* Isolated from Cary-Blair transport medium but not Stuart’s.
* Isolated from nasopharyngeal swabs but not cloacal swabs.

vialis were isolated from swabs taken from
the dermis. Of the 32 cloacal swabs ex-
amined, two turtles free of GTFP had de-
tectable chlamydial antigen. No attempts
were made to further culture and isolate
the microorganism.

Tumor specimens from 10 turtles were

.ﬂ'—"."“._' ey L .' ".,‘;;"’.' ~tat
k .
FIGURE 1. Hyperplasia and papillary projections

of squamous epithelial cells, mesodermal prolifera-
tion, and hyperkeratosis of a green turtle fibropapil-
loma. H&E stain. Bar = 100 um.

examined for histopathology. The primary
lesions in these animals were characterized
by hyperplasia of squamous epithelial cells
and mesodermal proliferation with a
marked degree of orthokeratotic hyper-
keratosis. In many places the epithelial cells
formed outward papillary projections (Fig.
1). There was an extensive proliferation of
fibroplastic cells underneath the squamous
hyperplastic process. Necrotic foci were
observed in the squamous epithelial cells
of the epidermis in three of 10 turtle tu-
mors. In many areas the lesions were flat-
tened or plaque-like similar to a ballooning
degeneration, whereas in others there was
a papillary configuration with intercellular
bridges in the epithelial cells. In some ar-
eas, lesions progressed from epidermis to
dermis. Epithelial cells, especially in the
outer edges of the epidermis, were mark-
edly hypertrophic presenting large baso-
philic intranuclear bodies and extensive
intracytoplasmic vacuolization.

In eight of 10 cases, granulomas con-
taining a yellow nonstaining cuticle-like
material both within normal dermis and
within hyperplastic mesodermal areas were
observed. These structures were identified
histologically as spirorchid trematode eggs
of the genus Hapalotrema (Fig. 2). One
of the sections contained a specimen of the
piscicolid leech Ozobranchus branchiatus
attached to the surface of the tumor. At
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FIGURE 2. Spirorchid trematode egg within the

dermis of a green turtle fibropapilloma. H&E stain.
Bar = 500 um.

. -

least nine of 10 of the specimens contained
organisms compatible with yeast or algal
growth and two contained fungi. These
yeast, algae, and fungi were present on the
surface and between layers of keratin. Sev-
en of the specimens presented bacterial
organisms on the keratinized layer and
eight of 10 contained mites on the surface
of the tumors (Fig. 3).

The electron microscopic findings in two
tumor specimens included multiple epi-
dermal folds associated with dermal pro-
liferation, and the epidermis was thicker
than normal. Dermal papillae were pro-
jected towards the epidermis and the in-
tercellular spaces were enlarged. Increased
numbers of subcellular organelles, endo-
plasmic reticulum, and mitochondria and
hypertrophy and hyperplasia of the stra-
tum spinosum with pleomorphic cells also
were identified. In both cases, granules with
electron-dense bodies about 150 nm in di-
ameter and similar in shape to viral par-
ticles, were observed in the more super-
ficial cells of the epidermis.

DISCUSSION

The morphologic appearance of fibro-
papillomas in this study resembled that of
previous reports (Jacobson et al., 1989; Bal-

FIGURE 3. An unidentified mite (Acarina) and
associated bacterial organisms within the epidermis
keratinized layer of a green turtle fibropapilloma.
H&E stain. Bar = 500 um.

azs and Pooley, 1991). Although GTFP has
been reported in other organs such as kid-
neys (Norton et al., 1990), no specimens
were available for necropsy during this
study.

Our findings are consistent with Balazs
(1991) report of a relationship between
carapace length and the presence of fibro-
papillomas in green turtles. Furthermore,
tumor severity apparently increases as tur-
tles become larger (Balazs, 1991). This re-
lationship may be explained by two hy-
potheses. Either turtles develop tumors
after their recruitment to nearshore hab-
itats from the pelagic environment or the
incubation period of the disease agent is
sufficiently long to extend through the oce-
anic phase which we speculate may range
from 2 to 5 years, and then manifest itself
at an age when nearshore recruitment oc-
curs (Balazs, 1991).

Barnacles C. testudinaria are one of the
three frequently encountered epizoic as-
sociates of sea turtles and apparently have
little detrimental effect except in cases
where incrustations on the head interfere
with the action of eyelids (Lauckner, 1985).
Chelonibia testudinata and Platylepas
hexastylos, small barnacles of the soft skin
surfaces, and Stephanolepas muricata, a
burrowing barnacle of the plastron, cara-
pace, and leading edges of flippers, have
not been associated with pathologic signs
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in green turtles, and their role in the meta-
plastic process is unknown (Balazs and
Pooley, 1991).

Papillomaviruses cause fibropapillomas
in other species (Sundberg and O’Banion,
1989). The viral particles are extremely
difficult to observe by light or electron mi-
croscopy and have not been isolated in tis-
sue culture (Mansell et al., 1989).

Although the cellulolytic intestinal mi-
croflora of green turtles has been described
(Bjorndal, 1979; Fenchel et al., 1979), nor-
mal bacterial flora and their role and per-
sistence have not been characterized. A
wide range of bacteria, including Acine-
tobacter spp., Citrobacter spp., Entero-
bacter spp., Pseudomonas aeruginosa, P.
maltophila, Staphylococcus epidermidis,
Vibrio alginolyticus, and V. damsela, con-
sistently were isolated from both groups of
turtles. These potentially pathogenic bac-
teria could act as opportunistic invaders of
tissues damaged by trauma, and have been
associated in farmed sea turtles with ul-
cerative shell disease, traumatic ulcerative
dermatitis, necrotic dermatitis, ulcerative
stomatitis, obstructive rhinitis, keratocon-
junctivitis, septicemia, bronchopneumo-
nia, and osteomyelitis (Lauckner, 1985;
Glazebrook and Campbell, 1990a).

Citrobacter freundii causes septicemic
cutaneous ulcerative disease in other turtle
species (Cooper and Jackson, 1981), and
was isolated from 28% of the sea turtles
sampled in our study. Coliforms and En-
terobacter spp. have been incriminated in
local and generalized disease in terrestrial
reptiles (Hoff et al., 1984; Glazebrook and
Campbell, 1990a).

Valvular endocarditis and septicemia
were caused by Vibrio damsela in a strand-
ed adult leatherback turtle (Dermochelys
coriacea) (Obendorf et al., 1987). It is a
known pathogen of fish, sharks, and hu-
mans and has been isolated from ulcerative
skin lesions of damselfish (Chromis punc-
tinnis).

Klebsiella oxytoca, Pseudomonas stutz-
eri, and Hafnia alvei were isolated from
turtles afflicted with GTFP. These bacte-

rial species are distributed in aquatic en-
vironments and are commonly isolated
from the oral cavity of terrestrial reptiles
as saprophytes or commensals (Frye, 1991).
Hafnia alvei has been isolated from ani-
mal clinical specimens and the environ-
ment (Carter and Chengappa, 1991). Their
pathogenic significance is unknown.

Bacteria may act as secondary invaders
of skin lesions produced by a herpesvirus.
Gram-positive coccoids and Gram-nega-
tive rods were observed in the upper por-
tion of the keratin layer in skin areas of
green turtles affected with grey-patch dis-
ease (Lauckner, 1985). During our study,
three of 11 turtles had epithelial necrosis
associated with the presence of bacteria
and fungi in the keratin layer.

Saprophytic bacteria including Bacillus
spp., Micrococcus spp., and Proteus (Prov-
idencia) spp. are considered part of the
normal skin flora of sea turtles (Glazebrook
and Campbell, 1990a). Chlamydial infec-
tions in reptiles were unknown until re-
cently (Frye, 1991).

The histologic characterization of nor-
mal green turtle skin and the cutaneous
lesions identified as fibropapillomas have
been previously described by Jacobson et
al. (1989) and Jacobson (1991). The intra-
nuclear bodies observed in the epithelial
cells of several tumors appeared to be large
nucleoli, and were compatible with intra-
nuclear basophilic inclusion bodies de-
scribed for papillomavirus (Sundberg and
O’Banion, 1989; Jacobson, 1991). Viral
particles, however, could not be observed
under light or electron microscopy.

The electron microscopic findings of two
turtle specimens were similar to the mo-
lecular examination of fibropapillomas re-
ported by Jacobson et al. (1989). The most
relevant finding in the specimens exam-
ined was the appearance of virus-like
structures. These structures were found in
both normal and diseased skin from green
turtles and, although they had superficial
characteristics of a herpesvirus, were part
of the normal keratinization process of the
skin. Intranuclear inclusions compatible
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with a herpesvirus were reported in green
turtles from Florida (Jacobson et al., 1991).

Mites (Acarina) (Glazebrook and Camp-
bell, 1990a) and unidentified black “mites”
(Balazs, 1985) have been reported embed-
ded in the skin of green turtles. Eight of
ten tumor biopsies we collected contained
mites on the surface. The parasites iden-
tified in these turtles previously have been
reported in green and other species of sea
turtles, but most workers concentrated on
taxonomic description with little or no in-
formation on infestation levels and asso-
ciated clinical and pathologic signs
(Lauckner, 1985; Glazebrook and Camp-
bell, 1990b). Foreign organic materials
(leeches, barnacles, algae) and digenetic
trematodes also have been suggested as
possible etiologic agents of GTFP in green
turtles (Smith and Coates, 1939; Nigrelli
and Smith, 1943; Dailey, 1991).

The taxonomy, biology, and life cycles
of epizoic algae, barnacles, and ectopara-
sites and their role in GTFP need to be
elucidated. Histopathologic, bacteriologic,
virologic, parasitologic, and toxicologic
studies would provide temporal trends and
other epidemiologic features giving a bet-
ter understanding of the natural history
and etiology of GTFP.
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