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ABSTRACT: Past studies of free-ranging green turtles Chelonia mydas with fibropapillomatosis (FP)
in Hawaii have shown that animals become immunosuppressed with increasing severity of this dis-
ease. Additionally, preliminary clinical examination of moribund turtles with FP revealed that some
animals were also bacteraemic. We tested the hypothesis that bacteraemia in sea turtles is associated
with the severity of FP. We captured free-ranging green turtles from areas in Hawaii where FP is
absent, and areas where FP has been endemic since the late 1950s. Each turtle was given an FP
severity score ranging from 0 (no tumours) to 3 (severely affected). A fifth category included turtles
that were stranded ashore and moribund with FP. We found that the percentage of turtles with bac-
teraemia increased with the severity of FP, and that the majority of bacteria cultured were Vibrio spp.
Turtles with severe FP were more susceptible to bactaeremia, probably in part due to immuno-
suppression. The pattern of bacteraemia in relation to severity of disease strengthens the hypothesis
that immunosuppression is a sequel to FP.
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INTRODUCTION

Fibropapillomatosis (FP) is a globally distributed
neoplastic disease of marine turtles. The disease
causes external and internal tumours and debilitation
that mainly affects immature animals (Herbst 1994).
Although factors such as contaminants (Aguirre et al.
1994a), parasites (Dailey & Morris 1995, Aguirre et al.
1998), and marine toxins (Landsberg et al. 1999) have
been suspected of contributing to FP, herpesviruses
appear to be a common denominator (Herbst et al.
1998, Quackenbush et al. 1998, Lackovich et al. 1999,
Lu et al. 2000). However, attempts to culture this virus
in the laboratory have been unsuccessful, and Koch's
postulates have not been fulfilled.

In Hawaii, prevalence of FP in immature green tur-
tles Chelonia mydas fluctuates between 40 and 60 %
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depending on where and how animals are sampled.
The disease is present in turtles from all the main
Hawaiian islands except the Kona/Kohala (west) coast
of the island of Hawaii, where FP has historically been
rare (Balazs 1991, Murakawa et al. 1999, Balazs et al.
2000).

The pathophysiology of FP in green turtles remains
elusive. Debilitation from tumour loads involving the
eyes and mouth (Balazs et al. 1997) certainly explains
why animals with severe FP strand or become emaci-
ated. However, severe debilitation also occurs in tur-
tles with few external or internal tumours. Aguirre et
al. (1995) concluded that turtles with severe FP were
stressed and immunosuppressed based on haematol-
ogy and blood cortisol levels. Work & Balazs (1999) and
Work et al. (2001) showed, through immune function
tests and haematology, that immunosuppression in
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free-ranging turtles was most likely a sequel and not a
pre-requisite to FP. Turtles that strand with FP can also
be severely infested with vascular flukes (Dailey &
Morris 1995, Aguirre et al. 1998). The role of herpesvi-
ral infection in debilitation is unclear.

Preliminary clinical studies of moribund stranded
turtles with FP revealed that some animals were bac-
teraemic. We wanted to see whether bacteraemia in
free-ranging green turtles from Hawaii was associated
with severity of FP.

MATERIALS AND METHODS

Non-stranded turtles were sampled from Oahu
(Kaneohe and Kailua Bay) and the west coast of
Hawaii (Kona/Kohala). Stranded turtles moribund with
FP were salvaged from Oahu, Maui, and east Hawaii
(Hilo) where FP is endemic (Fig. 1). Turtles in west
Hawaii were sampled to represent an area historically
free of FP. West Hawalii has an open coastline, and dif-
fers from the other sampling sites that consisted of
sheltered embayments.

Non-stranded free-swimming turtles were captured
by hand using a combination of scoop nets from the
water surface, and snorkeling or SCUBA diving. For
each turtle, we recorded weight (kg) and straight cara-
pace length. Turtles were evaluated for gross evidence
of tumours and classified as to severity of disease by
assigning a tumour score (Work & Balazs 1999). Briefly,
size of tumours on animals was estimated (cm) and
placed into 4 categories (<1, 1 to 4, >4 to 10, and >10
cm diameter). Based on the number and size of
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Fig. 1. Main Hawaiian islands and sampling sites for bacteri-
ology study on green turtles Chelonia mydas: (1) Kailua/
Kaneohe Bay; (2) Kahului, Maui; (3) Hilo; (4) Kona/Kohala

tumours, animals were then assigned a score ranging
from 0 (no tumours) to 3 (heavily affected). Moribund
turtles with FP found stranded on the shore were sal-
vaged and classified as stranded.

Prior to taking a blood sample, the skin overlying the
dorsal neck was cleaned with soap and water,
scrubbed for 10 minutes with betadine scrub solution,
rinsed with 70% ethanol, and allowed to dry. The
scrubbed skin was swabbed using a sterile Dacron
swab that was immediately placed in sterile Columbia
broth (BBL Septi-Check, Becton Dickinson). A blood
sample was then taken using a sterile 12 cc syringe
and 20 gauge 3.8 cm needle (Owen & Ruiz 1980). A
new needle was placed on the syringe prior to dispens-
ing 8 ml of whole blood into 70 ml of sterile Columbia
broth. The swab and blood broth mixture were cul-
tured on sheep blood agar (Becton Dickinson) with and
without marine salts (National Wildlife Health Center)
at 37°C for approximately 24 h. Colonies were isolated
and identified using Biolog GN2 MicroPlates (Biolog)
or the appropriate API or Vitek system (bioMerieux).
Vibrio spp. were further identified using 16S rDNA
sequencing via the MicroSeq™ system (Accugenix).
Separate aliquots of blood were placed in heparinized
tubes and analyzed for routine haematology including
total white blood cell (WBC) count, differential, packed
cell volume (%) and estimated total solids (Work et al.
1998).

The following data were summarized (means,
median, and SD) for animals in each of 5 categories
(tumour score 0, 1, 2, 3, and stranded): Percentage of
animals bacteraemic, heterophil:lymphocyte ratio,
monocyte:eosinophil ratio, packed cell volume, esti-
mated total solids, and straight carapace length. Ana-
lytes were compared using ANOVA, and non-para-
metric Kruskal-Wallis ANOVA was used for data that
violated assumptions of normality or equal variance.
Alpha was adjusted for number of analytes (7) (Rice
1989), and, for significant differences in ANOVA, post-
hoc pairwise comparisons were done using Student-
Newman-Keuls test. Chi-square (Daniel 1987) was
used to test for the association between positive-status
skin bacteria and positive-status blood culture. Logistic
regression (Hosmer & Lemeshow 1989) was used to
test the relationship between tumour score and blood
culture status.

RESULTS

We sampled 85 turtles (63 from Oahu, 19 from west
Hawaii, 2 from east Hawaii, and 1 from Maui). The
percentage of animals that were bacteraemic gener-
ally increased with severity of disease (Table 1), and
there was a significant relationship between blood cul-



Work et al.: Bacteraemia in free-ranging Hawaiian green turtles 43

Table 1. Number of bacteraemic turtles (Blood+) partitioned

by fibropapillomatosis (FP) status. TS: tumour score (0, no

tumours, to 3, severely affected); Total: number of turtles at
each tumour score; %: percentage of turtles affected

Status Blood+ Total % No. bacteria
species per turtle

TS O 0 33 0 0

TS 1 0 15 0 0

TS 2 7 14 50 1

TS 3 4 9 44 1

Stranded 12 14 86 1-4

ture status and tumour score (likelihood ratio = 47.9,
p < 0.001). For each unit-increase in tumour score, tur-
tles were 4.6 (95% CI = 2.4 to 8.5) times more likely to
be blood culture positive. Significantly more species of
bacteria (t = 2.7, df = 11, p < 0.01) were cultured from
the blood of stranded turtles with FP than from free-
ranging captured turtles with a tumour score of 2 or 3
(Table 1).

There was no association between positive-status
skin bacteria and positive-status blood bacteria (X% =
0.61,df =1, p=0.44). In bacteraemic turtles, Vibrio was
the most prevalent genus of bacteria with V. harveyi
most commonly encountered. Bacillus sp. was the most
frequently cultured bacteria from scrubbed skin
(Table 2). In no turtle did we see the same species of
bacterium cultured from scrubbed skin as was found in
the blood. Estimated total solids and packed cell
volume were significantly lower (p < 0.001) for animals
with tumour scores =2 and for stranded turtles.
Stranded turtles, all with FP, had a significantly lower
WBC count (p < 0.002) and a significantly higher het-
erophil:lymphocyte ratio and monocyte: eosinophil
ratio (p < 0.001) than the other 4 groups. Straight
carapace length was significantly greater for tumour
score 3 and stranded turtles (p < 0.001) than other
groups (Table 3).

Table 2. Species of bacteria cultured from green turtle
(Chelonia mydas) blood and scrubbed skin and number (n) of
turtles with positive cultures

Blood n Scrubbed skin n
Vibrio harveyi 13 Bacillus sp. 12
Vibrio alginolyticus 3 Acinetobacter sp. 2
Vibrio campbellii 2 Gram-negative rod 2
Vibrio tubiashii 2 Aeromonas hydrophila 1
Aeromonas hydrophila 2 Comomonas acidovorans 1
Aeromonas sobria 1 Enterobacter cloacae 1
Burkholderia capacia 1 Flavobacterium sp. 1
Gram-negative rod 1 Pseudomonas aeruginosa 1
Shewanella putre- 1 Pseudomonas sp. 1

fasciens Shewanella putrefasciens 1
Aeromonas caviae 1 Staphylococcus sp. 1
Aeromonas popoffii 1 Xanthomonas maltophila 1
Pseudomonas sp. 1
Staphylococcus sciuri 1
Vibrio aestuarianus 1

DISCUSSION

Free-ranging green turtles have an increasing likeli-
hood of being bacteraemic as severity of FP increases.
The increasing number of different species of bacteria
cultured from stranded turtles with FP also indicates
that turtles with FP are most vulnerable to infection
with bacteria when they are clinically most severely
affected. Work et al. (2001) showed that immunosup-
pression is most likely a sequel to FP, with suppression
of cellular and humoral immune status being most
severe in turtles with tumour scores 2 and 3. The pat-
tern of bacteraemia in free-ranging turtles closely fol-
lows that of immunosuppression (Work et al. 2001),
suggesting that defenses against foreign agents col-
lapse with severe FP.

Bacteraemia in turtles with severe FP would also
explain debilitation. In reptiles, bacteraemia can cause
anorexia and lethargy (Novak & Seigel 1986), both
clinical signs that are seen in stranded turtles with

Table 3. Mean (+SD) values for packed cell volume (PCV in %), estimated total solids (ETS in g dI"!), heterophil:lymphocyte (H:L)

ratio, monocyte:eosinophil (M:E) ratio, total white blood cell (WBC) count (x10% ul!), and straight carapace length (SCL in cm)

partitioned by tumour score for Hawaiian green turtles. TS: tumour score (0, no tumours, to 3, severely affected); sample size (n)

for TS1, TS3 and stranded were 15, 9, and 9, respectively. Sample sizes (n) for TS0 and TS2 are included; *: values significantly
different (p < 0.007) across a row

TS0 n TS1 TS2 n TS3 Stranded
PCV 32 (5) 33 31 (5) 26 (7)* 14 20 (7)* 17 (7)*
ETS 4.7 (1) 33 4.6 (0.9) 2.9 (1.1 14 2.7 (.8)* 2.3 (1.1
H:L 0.12 (0.06) 31 0.15 (0.07 0.12 (0.08) 13 0.27 (0.15) 0.94 (0.51)*
M:E 0.41 (0.36) 31 0.42 (0.38 0.5 (0.43) 13 1.37 (1.34) 4.73 (6.98)*
WBC 25 (9) 31 24 (9) 24 (10) 13 18 (5) 13 (7)*
SCL 54 (7) 33 54 (7) 58 (10) 14 65 (12)* 61 (8)*
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severe FP. Bacteraemia in animals also results in meta-
bolic changes such as altered electrolyte balance,
hypoglycaemia, altered clotting profiles, and toxaemia
(Dow 1995). Indeed, in the more severely affected
turtles in our previous study, heterophils appeared
toxaemic with basophilic vacuolated cytoplasm and
clumped granules (Campbell 1996). Likewise, the
haematological changes observed in severely affected
animals (heterophilia, monocytosis, leukopenia, anae-
mia, hypoproteinaemia) are compatible with bacter-
aemia.

Species of the genus Vibrio were the most commonly
isolated bacteria, with V. harveyi predominated in
blood from FP affected turtles (tumour scores 2 and 3).
V. harveyi has been documented as a significant
pathogen of crustaceans (Jiravanichpaisal et al. 1994,
Diggles et al. 2000), seahorses (Alcaide et al. 2001),
and finfish (Zhang & Austin 2000). However, this is the
first documentation of infection with this bacterium in
sea turtles. Other Vibrio spp. (V. alginolyticus, V. tubi-
ashii, V. campbellii) cultured from turtles in this study
are known pathogens of molluscs (Hada et al. 1984,
Zheng et al. 1991), crustaceans (Lee et al. 1996, Sahul
Hameed et al. 1996), and fish (Austin et al. 1993). Vib-
rio spp. have been documented to cause endocarditis
in a free-ranging leatherback turtle Dermochelys cori-
acea (Obendorf et al. 1987), skin disease in captive log-
gerhead turtles Caretta caretta (Wiles & Rand 1987)
and green turtles (Glazebrook & Campbell 1990a,b),
and rhinitis, pneumonia, stomatitis and septicaemia in
captive green turtles (Glazebrook & Campbell
1990a,b). However, Vibrio spp. are also apparently
common commensals in cloacal flora of green turtles
from Hawaii with and without FP (Aguirre et al.
1994Db). The role of Vibrio spp. in debilitation of free-
ranging green turtles remains to be shown, and the
toxicity of Vibrio spp. involved in bacteraemia is not
well understood.

A variety of other bacteria were infrequently cul-
tured from the blood of green turtles in this study.
Aeromonas hydrophila and Pseudomonas sp. have
been documented to cause dermatitis, stomatitis, rhini-
tis, pneumonia, osteomyelitis, and septicaemia in cap-
tive green turtles (Glazebrook & Campbell 1990a,b)
while Aeromonas sp. has caused skin disease in cap-
tive loggerhead turtles (Sinderman 1977) and captive
Kemp's ridley turtles Lepidochelys kempi (Clary &
Leong 1984).

Except for 4 species of bacteria (Aeromonas hydro-
phila, Shewanella putrefasciens, Pseudomonas sp.,
and an unidentifiable gram-negative rod), bacteria
from cultured scrubbed skin were different from those
cultured from blood. The lack of significant association
between positive-status blood bacteria and positive-
status skin bacteria, and the difference in bacteria

species cultured, would argue against collection tech-
nique being responsible for the results seen here.

The source of bacterial infection in these turtles is
unknown. However, we suspect dermal, cloacal or oral
routes as potential avenues of bacterial entry into the
blood stream of sea turtles. Some turtles with FP have
necrosis of the epithelium covering the fibropapillo-
mas, and this may provide a ready portal of infection.
In fact, bacteraemia in fresh-water turtles often begins
with skin infections (Jacobson 1992). Alternatively,
many of the bacteria cultured from the blood are ubiqg-
uitous in marine environments. Possible routes of
infection could be oral, either through abrasion of the
oral cavity during grazing, or through depressed gas-
trointestinal immune response, or could be through
heavy exposure to faecal coliforms (Balazs et al. 1993)
from turtle faeces that may serve as a source of bacter-
ial skin infections. Indeed, Vibrio spp. were cultured
from the mucosal surface of the oral cavity in 18 out of
19 apparently healthy turtles from west Hawaii
(R.Morris unpubl. data), suggesting that exposure of
turtles to this bacterium is common.

This is the first documentation of bacteraemia associ-
ated with FP in free-ranging green turtles from
Hawaii. Bacteraemia (Citrobacter sp., Salmonella sp.,
Moraxella sp. and Escherichia coli) in free-ranging
green turtles from Western Australia has been docu-
mented in association with vascular flukes (Raidal et
al. 1998). Given that many Hawaiian green turtles with
FP (including those stranded and necropsied in this
study) have concomitant vascular-fluke infestations
(Dailey & Morris 1995, Aguirre et al. 1998), it is entirely
possible that infestation with flukes may provide a por-
tal of infection with bacteria. Glazebrook & Campbell
(1990b) documented septicaemia in 2 out of 22 wild
green turtles but did not indicate the species of bacte-
ria involved. The similar pattern of bacteraemia with
increasing tumour score in this study to that of
immunosuppression (Work et al. 2001) would suggest
that bacteraemia may be a good indicator of immuno-
suppression in green turtles. Future studies might
focus on the pathophysiological changes associated
with bacteraemia.
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