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EPIZOOTIOLOGY OF SPIRORCHMD INFECTION IN GREEN TURTLES (CHELONIA MYDAS) 
IN HAWAII 

Thierry M. Work, George H. Balazs*, Jody L. Schumacher, and Amarisa Mariet 
U.S. Geological Survey, National Wildlife Health Center, Hawaii Field Station, 300 Ala Moana Blvd., Room 5-231, Honolulu, Hawaii 96850. 
e-mail: thierry.work@usgs.gov 

abstract: We describe the epizootiology of spirorchiid trematode infections in Hawaiian green turtles {Chelonia mydas) by 
quantifying tissue egg burdens in turtles submitted for necropsy and by assessing antibody response to crude adult worm and 

egg antigens among a variety of age groups. Hapalotrema sp. and Laeredius sp. predominated in turtles infected with spirorchiids. 
Tissue egg burdens decreased with increasing size and increased with deteriorating body condition of turtles. No relationship 
was found between tissue egg burdens and sex or fibropapillomatosis status. Tissue egg burdens increased in turtles from southeast 
to northwest in the main Hawaiian Islands (Hawaii to Kauai). Hatchling and captive-reared turtles had significantly lower levels 

of antibodies against crude worm and egg antigens. Based on tissue egg burdens and antibody status, we hypothesize that 
immature turtles become infected with spirorchiids shortly after recruiting into coastal foraging pastures from the pelagic envi 

ronment, that infection levels decrease with age, and that spirorchiids detrimentally affect the body condition of sea turtles 

independent of tumor burden. The low intensity of infection in turtles with the endemic trematode Carettacola hawaiiensis 

suggests either that turtles are less susceptible to infection with this parasite or that the parasite is outcompeted by species of 

Hapalotrema and Laeredius. Given that the 2 latter species are found in the Pacific and other oceans, they are not likely endemic 
and were probably introduced into Hawaii through an undetermined route. 

The major health issue affecting green turtles {Chelonia my 

das) in Hawaii is fibropapillomatosis (FP), a neoplastic disease 
that is a significant cause of strandings (Murakawa et al., 1999; 

Work et al., 2004) and that presents complications such as im 

munosuppression (Work and Balazs, 1999; Work et al., 2001) 

and bacteremia (Work et al., 2003). A high percentage of turtles 

with FP in Hawaii (Dailey , 1992; Aguirre et al., 1998) and the 
Pacific (Gordon et al., 1998) are also infected with blood flukes. 

Blood flukes (spirorchiids) could play an etiologic role in FP 

(Dailey and Morris, 1995), but more recent evidence implicates 
an FP-associated turtle herpesvirus (FPTHV) as the most prob 
able cause of the disease in Hawaii (Quackenbush et al., 1998) 
and Florida (Lackovich et al., 1999). However, given that most 

turtles that strand with FP are infected with spirorchiids and 
that these parasites can cause significant pathology (Aguirre et 

al., 1998; Work et al., 2004), understanding their epizootiology 

may shed light on their role in the health of sea turtles, thereby 

aiding conservation efforts to recover the species. 
Four species of spirorchiids in 3 genera {Laeredius, Hapal 

otrema, and Carettacola) have been described from Hawaiian 

green turtles (Dailey et al., 1992, 1993). Adult worms infect 

the vessels of various organs, where they copulate and oviposit. 

Eggs migrate and lodge in tissues, where they elicit a granu 
lomatous response in multiple organs. Adult worms can cause 

severe vasculitis (Aguirre et al., 1998; Work et al., 2004). De 

tection of infection with spirorchiids in turtles usually is done 

at necropsy, when adult worms or eggs are observed either 

grossly or at microscopy. Antemortem detection of infection is 

more difficult and currently limited to serology. Graczyk et al. 

(1995) used enzyme-linked immunosorbent assays (ELISAs) to 
detect antibodies to adult worm antigens in Hawaiian green 
turtles and found 71% to be seropositive in Kaneohe, Oahu 

(where FP is enzootic), and 100% to be seropositive on the 

west coast (Kona) of the island of Hawaii, where FP rarely 

occurs. Those authors concluded that no association existed be 

tween seropositivity to spirorchiids and FP status. Herbst et al. 

(1998) used ELISA to examine green turtles from Florida for 

exposure to spirorchiids and immunohistochemistry to measure 

antibodies against FPTHV; they also found no association be 

tween seropositivity to spirorchiids and FP. 

Serology is useful to detect exposure of sea turtles to spiror 

chiids, but it does have limitations. Serology may not reflect 

the intensity of infection with spirorchiids, nor will it indicate 
the relative role of individual species of flukes infecting turtles 

(Herbst et al., 1998). Existing studies (Graczyk et al., 1995; 

Herbst et al., 1998) have examined serology against adult 

worms in immature turtles within foraging habitats. However, 
a more complete picture of the epizootiology of infection with 

spirorchiids in turtles might be gained by examining serology 

against both worms and eggs in other turtle life stages (hatch 

ling and adult). Finally, serological responses to spirorchiids 
can be confounded if animals have concomitant infections with 

other helminths (Alarcon de Noya et al., 1996). Our objectives 
in the present study were, first, to evaluate the serological re 

sponse of various age and health categories of sea turtles 

against spirorchiid worm and egg antigen and, second, to ex 

amine the relationship between the intensity of infection with 

spirorchiids in stranded turtles and serology, body condition, 
and FP burden. 

MATERIALS AND METHODS 
Free-ranging turtles were captured on a nesting beach or in coastal 

waters using tangle nets, SCUBA, or snorkeling. Turtles were bled from 
the cervical sinus (Owens and Ruiz, 1980) using 10-ml syringes and 

20-gauge, 2.57-cm needles. Blood was collected in heparin (7 IU/ml), 

centrifuged at 300 g for 10 min, plasma harvested, and stored frozen 

(?70 C). Immature turtles were sampled from Kaneohe Bay, Oahu, (an 
FP enzootic area) and the west (Kona-Kohala) coast of the island of 
Hawaii (an area where FP is rarely observed). Hatchlings and nesting 
adults were sampled from French Frigate Shoals (FFS) in the north 

western Hawaiian Islands (Balazs and Chaloupka, 2004). Captive-bred 
and-reared, immature green turtles of Hawaiian origin were sampled 
from Sea Life Park (SLP), Oahu. Some of these turtles were then trans 
located within 2 mo of hatching to coastal holding ponds at the Mauna 

Lani Bay Resort (MLBR) on the Kona-Kohala coast of the island of 
Hawaii. 

Stranded turtles that were moribund and judged to have poor prog 

Received 24 August 2004; revised 18 October 2004; accepted 21 Oc 
tober 2004. 

* 
NOAA, National Marine Fisheries Service, Pacific Islands Fisheries 
Science Center, 2570 Dole St., Honolulu, Hawaii 96822. 

t Current Address: Hawaii Institute of Marine Biology, University of 

Hawaii, P.O. Box 1346, Kaneohe, Hawaii 96744. 

871 



872 THE JOURNAL OF PARASITOLOGY, VOL. 91, NO. 4, AUGUST 2005 

X 

A ? B 
Figure 1. Type I (A) and type II (B) spirorchiid eggs recovered from spleens of green turtles from Hawaii. Bar = 30 p-m. 

nosis for survival based on severity of lesions were humanely killed by 
intracardiac administration of barbiturate solution (Beuthanasia D Spe 

cial, Scherling Plough Animal Health, Kenilworth, New Jersey) after a 

blood sample was taken. Turtles from KB and stranded turtles with FP 

were assigned a tumor score (TS) that quantified the severity of FP 

(Work and Balazs, 1999). Briefly, this score involved classifying each 

turtle into 4 categories, depending on whether FP was absent (TS-O) or 

severe (TS-3), based on the size and location of tumors. For all turtles, 

straight carapace length (SCL; 0.1 cm) was recorded with calipers. 
At necropsy, turtles were weighed (0.5 kg) with a spring scale. A 

body condition index (BCI) was calculated using weight and SCL 

(weight/SCL3) to assess body condition (Bjorndal et al., 2000). All tur 

tles underwent a systematic external and internal examination. Based 
on gross necropsy, turtles were categorized as to cause of stranding, 

including FP (those with external or internal tumors) or causes other 

than FP (trauma or undetermined). For turtles with FP, each external 

tumor was measured at its 2 widest cross-sectional dimensions with a 

ruler. Multilobulated external tumors on a single stalk were measured 
as a single unit. We estimated cross-sectional area (cm2) of each tumor 

using the formula for circle (irr2) or ellipse (it 0.5a 0.5b for the major 
[a] and minor [b] axis of an ellipse) depending on whether the cross 

section approximated a circle or an ellipse, respectively (Work et al., 

2004). 
At necropsy, adult trematodes were collected directly from the vas 

culature, bladder, or ventriculus and then washed extensively in phos 

phate-buffered saline (PBS), placed in cryovials, and stored frozen (-70 

C). Spirorchiid eggs were isolated from the spleen as described previ 

ously (Dailey and Morris, 1995) with the following modifications. 

Preweighed (g) portions of spleen were allowed to sit at 27 C for 24 

hr, diced, mixed with small amounts of PBS, and homogenized in a 

blender. Homogenates were then digested in 2% (w/v) pepsin dissolved 

in 1 % NaCl solution and 0.03% HC1 in a warm (37 C) water bath on 

a shaker for 24 hr. Eggs were recovered with a Flukefinder (Visual 

Difference, Moscow, Idaho), a sieve with coarse- and fine-mesh filters, 
washed extensively with PBS, and quantified as type I (eggs with bi 

polar spines) or type II (eggs with a unipolar spine) (Wolke et al., 1982) 

(Fig. 1 ). Total splenic egg burden for each turtle was expressed as eggs 

per gram spleen (eggs/GOS). 
Soluble worm antigen (SWA) was prepared as described previously 

(McLaren et al., 1978) with modifications. From 2 turtles, 198 Laere 

dius sp., 36 Hapalotrema sp., and 24 Carettacola hawaiiaensis were 

recovered and homogenized in 3 ml of PBS for 30 min using a Ten 

Broeck grinder and then centrifuged at 20,000 g at 4 C for 1 hr, and 

the supernatant was harvested, aliquoted, and frozen (-70 C). Bladder 

{Pyelosomum sp.) and ventricular (an unknown proportion of Polyan 

gium sp. and Angiodyctyum sp.) trematode antigens were prepared sim 

ilarly. Eggs for soluble egg antigen (SEA) were harvested from the lung 
and spleen of 5 turtles as described above. Eggs were cleaned of tissue 

debris by overlaying eggs in 3 ml of PBS on 10 ml of Ficoll 1119 and 

then centrifuging at 300 g for 10 min. Eggs were subsequently washed 

in PBS, and the Ficoll centrifugation and PBS washes were repeated 

twice. The eggs were then stored frozen (-70 C). For preparation of 

SEA, 900 |xl of eggs were homogenized in 3 ml of 8 M urea buffer 

(Tsang, 1981) for 30 min and then centrifuged at 20,000 g at 4 C for 

1 hr, and the supernatant was harvested and stored as described for 

SWA. Protein content (mg/ml) of all antigen preparations was assessed 

using bicinchoninic acid quantification according to manufacturer in 

structions (Pierce, Rockford, Illinois). 

Antibody response to SWA and SEA was measured by ELISA as 

described previously (Herbst et al., 1998; Work et al., 2000). Briefly, 

plates were coated with 1 |xg/well of either SWA or SEA, and duplicate 
wells were incubated with 50 |xl of turtle plasma diluted 1:25 in block 

ing buffer. Following primary staining with turtle sera, the plates were 

stained with rabbit antisera to green sea turtle immunoglobulins (rabbit 
anti-turtle 7S Ig Y heavy chain [RAT]) and counterstained with goat 
anti-rabbit IgG directly conjugated to horseradish peroxidase (GHRP; 

Alpha Diagnostics, San Antonio, Texas). Staining was detected by re 

action of horseradish peroxidase with 5-aminosalicylic acid (5-AS), and 

optical density (OD) was measured at 450 nm on a standard ELISA 

plate reader. The following negative controls in SWA- or SEA-coated 

wells were used: Substrate, substrate + GHRP, or substrate + 5-AS + 

GHRP + RAT. The OD readings of test samples were corrected for 

background by subtracting the highest negative-control OD. 

To correct for plate-to-plate variation, 3 wells on each plate were 

coated with 5 p-g/well of egg white lysozyme (EWL) and overlaid with 
a 1:200 dilution of plasma collected from a green turtle that had been 

inoculated with EWL 10 wk previously and had a strong antibody re 

sponse to EWL (Work et al., 2000). Test results for each sample were 

expressed as units of EWL-positive turtle plasma by dividing the mean 

OD for each test sample by the mean OD of EWL-positive plasma for 

each plate. 
To ensure that the SEA and SWA ELISAs were not detecting anti 

bodies that cross-reacted against bladder or ventricular trematodes, we 

evaluated the SEA and SWA ELISAs against crude antigens from these 

species. Plasma from turtles that were infected with spirorchiids and 

bladder trematodes only or with spirorchiids and stomach trematodes 

only were preincubated for 1 hr with SEA, SWA, soluble antigen from 

bladder trematodes, or soluble antigen from stomach trematodes at con 

centrations ranging from 0.02 to 200 |xg/ml. The plasma was then as 

sayed by indirect ELISA for SWA or SEA as described above, with the 

exception that results were expressed as OD. 

Data for splenic egg burden were log transformed to meet assump 
tions of normality and equal variance. Multiple linear regression was 

used to relate splenic egg counts in stranded turtles to units of activity 

against SWA and SEA, BCI, total surface area of tumors per turtle, and 

SCL. Student's /-test was used to compare splenic egg burdens between 

stranded turtles with and without FP and between males and females. 

For comparison of antibody titers, turtles were categorized into 10 

groups as follows: Hatchlings from FFS (FFS-hatchlings), adults from 

FFS (FFS-adults), Kona-Kohala, stranded; Kaneohe Bay (KB) tumor 

score 0 (KB0), 1 (KB1), 2 (KB2), and 3 (KB3), SLP, and MLBR. 

Analysis of variance was used to compare antibody titers against SWA 
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Figure 2. Frequency distribution of numbers of turtles with differ 
ent numbers of eggs/g of spleen (GOS) (bars, right axis) and mean 

percent of eggs in each category that were type II (diamonds and lines, 
left axis). 

and SEA between the 10 groups of turtles, splenic egg burdens between 

TS categories of stranded turtles, and splenic egg burdens between the 

various Hawaiian islands (Kauai, Oahu, Maui-Molokai-Lanai, and Ha 

waii). The a value for all comparisons was 0.05 (Daniel, 1987). 

RESULTS 

We digested the spleen from 99 turtles, of which 91 were 
stranded with FP and the lemainder were stranded from non 

FP causes (trauma or undetermined). Splenic egg burden could 

be described by a negative binomial distribution and ranged 
from 10 to 239,865 eggs/GOS. The majority of eggs were bi 

polar spine type I, and the percentage of unipolar spine type II 

eggs (range 0-67%) decreased rapidly to 1% or less with in 

creasing total splenic egg burden (Fig. 2). No significant dif 
ference was found in splenic egg burden between turtles with 

(n = 91) and without (n = 8) FP, between males (n = 49) and 
females (n 

= 
50), or between TS-1 (n 

= 
3), TS-2 (n 

= 
38), or 

TS-3 (n 
- 

50) categories. Splenic egg burden decreased sig 

nificantly with increasing SCL (P < 0.001) and increasing BCI 

(P < 0.05) (Fig. 3). No significant relationship was found be 
tween total tumor area per turtle and splenic egg burden, be 

tween BCI and SCL, or between BCI and total tumor area per 

turtle (data not shown). We did observe a trend of increasing 
mean number of eggs per GOS from southeast to northwest in 

the main Hawaiian islands (Table I). Of 2,170 blood flukes re 

m 
O 

Figure 3. Relationship between eggs per gram spleen and body 
condition index (black dots, solid line; right axis) and straight carapace 

length (SCL; white dots, dashed line; left axis). 

Table I. Natural log of eggs/spleen by island. 

Group name 

No. of 

turtles Mean SD 

Kauai 

Oahu 

Maui-Molokai-Lanai 

Hawaii 

2 

64 

23 

3 

8.557 

8.008 

7.815 

6.773 

0.986 

1.392 

1.572 

2.922 

covered from dead turtles, 53%, 34%, and 13% were Laeredius 

sp., Hapalotrema spp., and C. hawaiiensis, respectively. 
A total of 191 plasma samples were tested for SWA and 

SEA. These comprised 15 hatchlings and 20 adults from FFS, 
26 turtles from SLP, 10 turtles from MLBR, 20 turtles stranded 

with FP from various locations, 20 turtles from Kona, and 20 

turtles each from KB in TS categories 0, 1,2, and 3. Hatchlings 
from FFS, SLP, and MLBR turtles had significantly lower titers 

(F = 22.16, P < 0.001) against SWA compared to juvenile 
turtles from KB, Kona, stranded, or adults from FFS (Fig. 4A). 
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Figure 4. Mean units (SD) of activity against soluble spirorchiid 
worm (A) and egg (B) antigen for 10 groups of turtles. The number for 

each group is 20 unless otherwise indicated above the data point. Turtles 

originated from French Frigate Shoals (FFS), Sea Life Park (SLP), 
Mauna Lani Bay Resort (MLBR), Kaneohe Bay (KB), Kona, or were 

found stranded (FP Strand). Numbers after KB refer to tumor score 

categories. Data points with a star were significantly different {P < 

0.05). 
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Hatchlings from FFS and SLP turtles had significantly lower 

titers, and Kona and KBO turtles had significantly {F 
= 

28.36, 

P < 0.001) higher titers against SEA than adults from FFS, 
KB1, KB2, KB3, and stranded turtles (Fig. 4B). No significant 

relationship was found between units of activity of antibodies 

against SWA or SEA and splenic egg burden. No cross-reactiv 

ity existed in antibodies to SWA or SEA with bladder or ven 

tricular trematodes, but cross-reactivity did exist between anti 

bodies against SEA and SWA (data not shown). 

DISCUSSION 

The criteria used by Dailey and Morris (1995) to differentiate 

eggs of Hapalotrema spp. versus those of Laeredius sp. recov 

ered from turtle tissues were not explicit. We opted to be more 

conservative and categorize eggs recovered from the spleen as 

type I or type II (Wolke et al., 1982). Based on morphology, 

type I eggs with bipolar spines came from either Laeredius sp. 

(Dailey, 1992) or Hapalotrema spp. (Dailey, 1993), and type II 

eggs originated from C. hawaiiensis (Dailey et al., 1991). To 

assess severity of infection with spirorchiids, we opted to quan 

tify eggs in the spleen to ensure we were dealing only with 

eggs from spirorchiids. Tissue egg burdens probably are more 

reflective of chronic accumulation and infection and are not 

necessarily correlated with adult worm burdens. However, in 

the absence of methods to quantify adult worm burdens in tur 

tles both reliably and completely, splenic egg burden is a useful 

surrogate. 

From splenic egg counts, Laeredius sp. and Hapalotrema 

spp. were the most commonly encountered spirorchiids in 

stranded turtles regardless of FP status. Dailey and Morris 

(1995) also found these 2 species of spirorchiids to be dominant 
based on evaluation of tissue egg burdens in green turtles from 

Hawaii. In addition, predominance of these 2 species was re 

flected in our recovery of adult worms. Mean percentage of 

eggs from C. hawaiiaensis was low and averaged a maximum 

of 3%, rapidly decreasing to 1% or less as total egg burden in 
the spleen increased. Either green turtles are more susceptible 
to infection with Hapalotrema spp. and Laeredius sp. or these 

parasites outcompete C. hawaiiensis in either the definitive (tur 

tle) or the intermediate (unknown) host. To our knowledge, C. 

hawaiiensis has been described only from green turtles in Ha 

waii and is probably an endemic parasite (Dailey et al., 1991). 

In contrast, Laeredius sp. has been described from green turtles 

in the western Atlantic (Greiner et al., 1980) and Hapalotrema 

spp. from the western Atlantic (Greiner et al., 1980) and Aus 

tralia (Cribb and Gordon, 1998). This suggests that Hapalotre 
ma spp. and Laeredius sp. are not endemic to Hawaii but were 

introduced into the islands through an unknown route. Phylo 

genetic analyses for evaluating which of these trematode spe 

cies are truly endemic versus cryptogenic (Chapman and Carl 

ton, 1991) may shed light on this issue. 

Egg burden in stranded turtles decreased with increasing SCL 

and increasing BCI. As turtles age (increased SCL), density of 

eggs in tissues decreases either through fewer opportunities for 

new infection, increased immunity against parasites, or de 

creased fecundity of parasites. Cheever et al. (1977) found that 

tissue egg burdens in humans infected with Schistosoma man 

soni and Schistosoma haematobium also decreased with in 

creasing age of the host, suggesting that this phenomenon may 

occur in a wide range of vertebrates. Decrease in splenic egg 
burdens with increasing BCI indicated either that worms in tur 

tles with a better body condition produced fewer eggs, that tur 

tles with a better body condition have stronger immunity 

against worms and eggs in tissue, that worms in nutritionally 

compromised turtles produced more eggs, or that turtles in poor 

body condition are more susceptible to having larger numbers 

of adult worms. The role of nutrition in vascular fluke infection 

is unclear. Lawrence (1973) found that Schistosoma matthei in 

calves at a higher plane of nutrition produced fewer eggs than 

worms in calves at a lower plane of nutrition. Conversely, S. 

mansoni infecting mice on a low-protein diet had lower egg 

production compared with mice on a normal diet (de Meillon 

and Patterson, 1958). The significant association between poor 

body condition and splenic egg burdens and the lack of a re 

lationship between total tumor area per turtle and splenic egg 

burden suggests that spirorchiids are playing a detrimental role 

in turtles independent of FP status. 

We did not see a relationship between splenic egg burden 

and levels of antibodies against adult worms or eggs. In hu 

mans, antibody response to crude adult worm or egg antigens 
showed a relatively low correlation to fecal egg counts, but 

partially purified antigens showed better correlation (Mott and 

Dixon, 1982). Using SEA from a single species of Schistosoma, 

Mott and Dixon (1982) found a significant relationship between 

antibody response and fecal egg counts in humans. In the pre 

sent study, we used crude antigens composed of at least 3 spe 

cies of adult worms. This almost certainly lowered the speci 

ficity of our assay and may explain the lack of correlation be 

tween splenic egg burden and antibody response in turtles. The 

sera we used to evaluate the relationship of tissue egg burden 

to antibody response came from stranded turtles that were se 

verely debilitated, some of which may have been anergic. Fu 

ture investigations should focus on detecting parasite antigen in 

the circulation to better assess the degree of infection. For ex 

ample, the circulating microsomal antigen for S. mansoni was 

highly specific, sensitive, and indicative of parasite burden in 

humans (Tsang and Wilkins, 1997). Obtaining sufficient quan 

tities of such soluble antigen required using a large number of 

parasitic infections in guinea pigs (Tsang et al., 1983). Cur 

rently, however, this is unrealistic for spirorchiids from green 

turtles unless an experimental host for rearing large numbers of 

turtle spirorchiids is developed. 

Although the serology did not reflect worm burdens, this test 

may be useful in evaluating exposure on a temporal basis and 

in determining relationships between groups of turtles. Graczyk 
et al. (1995) used 2 standard deviations (SD) above negative 
controls to determine seropositivity against worm antigens, and 

Herbst et al. (1998) used 3 SD. Because of the uncertain spec 

ificity and sensitivity of this serological assay, we opted not to 

assign arbitrary cutoffs to assess whether turtles were seropos 

itive. Instead, we compared units of activity between groups 

(FP positive and negative) and arrived at similar conclusions 

regarding exposure to spirorchiids and FP status. 

The generally higher antibody activity against SEA versus 

that against SWA was similar to findings in humans, in whom 

crude SEA is reputed to be a more sensitive antigen (Mott and 

Dixon, 1982). As expected, captive turtles that are housed in 

tanks containing filtered seawater at SLP, presumably free of 

cercariae, had the lowest levels of antibodies to SWA. Antibody 
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levels in hatchlings on the nesting beaches at FFS were slightly 

higher, and this may be caused by transfer of maternal antibod 

ies through egg yolk from chronically infected adults. Free 

ranging adults and free-ranging immature turtles appeared 

equally exposed to adult worms. Turtles that were transferred 

from captivity into oceanside seawater ponds at the MLBR had 

higher levels of antibodies against SEA. We suspect that these 

turtles were undergoing recent infection with spirorchiids and 

that antibodies against cercariae may be cross-reactive to SEA. 

Confirming this would require monitoring serological response 

of turtles over time and a reliable way to assess tissue worm 

or egg burden in live turtles. 

The relatively low level of antibodies to both SEA and SWA 

in hatchlings suggests that green turtles become infected with 

spirorchiids shortly after entering foraging pastures from the 

pelagic environment. Tissue egg burdens indicate that the in 

tensity of infection wanes with age. The low antibody levels in 

hatchlings probably result from maternal transfer of antibody 

through yolk, because it is unlikely that hatchlings would be 

exposed to trematode cercariae before leaving the nesting beach 

for the open sea. Supporting this argument is the observation 

that 100% of necropsied nearshore turtles that died from various 

causes, including FP, were positive for spirorchiids at micro 

scopic examination of tissues (Work et al., 2004), whereas sev 

eral species of turtles, including greens, caught in pelagic long 

line fisheries had little or no evidence of infection with spiror 

chiids (Work and Balazs, 2002). In another geographic area 

(Costa Rica), we have also failed to detect evidence of spiror 

chiid infection in hatchling leatherback and olive ridley turtles 

on microscopic examination of tissues (T. Work, unpubl. obs.). 

We suspect that infection with spirorchiids does not occur in 

hatchling Hawaiian green turtles. 

The finding of increasing tissue egg burdens in turtles along 

the main Hawaiian Islands from the southeast to northwest was 

provocative. The island of Hawaii is the youngest island of the 

archipelago, and islands become geologically older from south 

east to northwest. Knowing the identity and range of the inter 

mediate hosts for spirorchiids and, hence, opportunities for in 

fection of turtles may help to explain higher tissue egg burdens 

in turtles from the more northwestern islands. Factors associ 

ated with the age of the islands, such as latitudinal or erosional 

gradients, also may play a role, along with the time available 

for intermediate hosts to colonize these islands. 

Turtles with severe FP are immunosuppressed (Work et al., 

2001). Although we saw no significant association between se 

verity of FP and splenic egg burdens, all stranded turtles af 

fected with FP are infected with blood flukes (Aguirre et al., 

1998; Work et al., 2004). A herpesvirus has been strongly as 

sociated with the presence of tumors (Quackenbush et al., 

1998), and recent evidence suggests that leeches, but not spi 

rorchiids, could serve as potential mechanical vectors for this 

virus (Greenblatt et al., 2004). In humans, schistosomiasis can 

cause immunosuppression and decrease cell-mediated immune 

response against certain viruses (Marshall et al., 2001). Inves 

tigating immune mediation of green turtles by spirorchiids in 

light of FPTHV infection and identifying the potential inter 
mediate hosts of these parasites are steps that would help to 

clarify the role of the environment in disease of sea turtles, 

thereby aiding management and recovery of the species. 

ACKNOWLEDGMENTS 

Thanks are due Sandie Patton, Danny Akaka, Jr., and Marty Wisner 

(Mauna Lani Bay Resort); Brian Joseph, Greg Le vine, Mike Osborn, 
and Jim Horton (Sea Life Park); Shawn Murakawa and Shandell Eames 

(National Marine Fisheries Service); Bob Rameyer (USGS); Robert 

Morris (Makai Animal Clinic); and Marc Rice (Hawaii Preparatory 

Academy) for facilitating various aspects of the present study. Michael 

Kliks, Judy St. Leger, George Antonelis, Yonat Swimmer, Bruce Mun 

dy, and anonymous reviewers kindly provided constructive comments 

on the manuscript. 

LITERATURE CITED 

Aguirre, A. A., T. R. Spraker, G. H. Balazs, and B. Zimmerman. 

1998. Spirorchiidiasis and fibropapillomatosis in green turtles from 

the Hawaiian islands. Journal of Wildlife Diseases 34: 91-98. 

Alarcon de Noya, B., C. Colmenares, S. Losada, Z. Ferm?n, G. Mas 

roua, L. Ruiz, L. Soto, and O. Noya. 1996. Do intestinal parasites 
interfere with the seroepidemiologic surveillance of Schistosoma 

mansoni infection? Epidemiology and Infection 116: 323-329. 

Balazs, G. H., and M. Chaloupka. 2004. Thirty-year recovery trend 

in the once depleted Hawaiian green turtle stock. Biological Con 

servation 117: 491-498. 

Bjorndal, K. A., A. B. Bolten, and M. Y. Chaloupka. 2000. Green 

turtle somatic growth model: Evidence for density dependence. 

Ecological Applications 10: 269-282. 

Chapman, J. W., and J. T. Carlton. 1991. A test of criteria for intro 

duced species: the global invasion by the isopod Synidotea laevi 

dorsalis (Miers, 1881). Journal of Crustacean Biology 11: 386 

400. 

Cheever, A. W., I. S. Kamel, A. M. Elwi, J. E. Mosimann, and R. 

Danner. 1977. Schistosoma mansoni and S. haematobium infec 

tions in Egypt. II. Quantitative parasitological findings at necropsy. 
American Journal of Tropical Medicine and Hygiene 26: 702-716. 

Cribb, T. H, and A. N. Gordon. 1998. Hapalotrema (Diginea: Spiror 
chiidae) in the green turtle {Chelonia mydas) in Australia. Journal 

of Parasitology 84: 375-378. 

Dailey, M. D. 1992. A survey of the trematoda (Platyhelminthes: Di 

ginea) parasitic in green turtles, Chelonia mydas (L.) from Hawaii. 

Bulletin of the Southern California Academy of Sciences 91: 84 

91. 
-. 1993. Hapalotrema dorsospora sp. n. (Trematoda: Spirorchi 

idae) from the heart of the green turtle {Chelonia mydas) with a 

redescription of Hapalotrema postorchis. Journal of the Helmin 

thological Society of Washington 60: 5-9. 

-, M. L. Fast, and G. H. Balazs. 1991. Carettacola hawaiiensis 

n. sp. (Trematoda: Spirorchiidae) from the green turtle, Chelonia 

mydas, in Hawaii. Journal of Parasitology 77: 906-909. 

-, and R. Morris. 1995. Relationship of parasites (Trematoda: 

Spirorchiidae) and their eggs to the occurrence of fibropapillomas 
in the green turtle {Chelonia mydas). Canadian Journal of Fisheries 

and Aquatic Science 52(Suppl. 1): 84-89. 

Daniel, W. W. 1987. Biostatistics: A foundation for analysis in the 

health sciences. 4th ed. John Wiley & Sons, New York, New York, 
734 p. 

de Meillon, B., and S. Paterson. 1958. Experimental bilharziasis in 

animals. VII. Effect of a low-protein diet on bilharziasis in white 

mice. South African Medical Journal 32: 1086-1088. 

Gordon A. N., W. R. Kelly, and T. H. Cribb. 1998. Lesions caused 

by cardiovascular flukes (Digenea: Spirorchidae) in stranded green 
turtles {Chelonia mydas). Veterinary Pathology 35: 21-30. 

Graczyk, T. K., A. A. Aguirre, and G. H. Balazs. 1995. Detection 

by ELISA of circulating anti-blood flukes {Carettacola, Hapalotre 
ma, and Laeradius) immunoglobulins in Hawaiian green turtles 

{Chelonia mydas). Journal of Parasitology 81: 416-421. 

Greenblatt, R. J., T. M. Work, G. H. Balazs, C. A. Sutton, R. N. 

Casey, and J. W. Casey. 2004. The Ozobranchus leech is a can 

didate mechanical vector for the fibropapilloma-associated turtle 

herpesvirus found latently infecting skin tumors on Hawaiian green 
turtles {Chelonia mydas). Virology 321: 101-110. 

Greiner, E. C, D. J. Forrester, and E. R. Jacobson. 1980. Helminths 

of mariculture-reared green turtles {Chelonia mydas) from Grand 



876 THE JOURNAL OF PARASITOLOGY, VOL. 91, NO. 4, AUGUST 2005 

Cayman, British West Indies. Proceedings of the Helminthological 

Society of Washington 47: 142-144. 

Herbst, L. H., E. C. Greiner, L. M. Ehrhart, D. A. Bagley, and P. 

A. Klein. 1998. Serological association between spirorchiidiasis, 

herpesvirus infection, and fibropapillomatosis in green turtles from 

Florida. Journal of Wildlife Diseases 34: 496-507. 

Lackovich, J. K., D. R. Brown, B. L. Homer, R. L. Garber, D. R. 

Mader, R. H. Moretti, A. D. Patterson, L. H. Herbst, J. Oros, 
E. R. Jacobson, S. S. Curry, and P. A. Klein. 1999. Association 

of herpesvirus with fibropapillomatosis of the green turtle Chelonia 

mydas and the loggerhead turtle Caretta caretta in Florida. Dis 

eases of Aquatic Organisms 37: 89-97. 

Lawrence, J. A. 1973. Schistosoma matthei in cattle: variation in par 
asite egg production. Research in Veterinary Science 14: 402-404. 

Marshall, M. A., D. Jankovic, V. E. Maher, A. Sher, and J. A. 

Berzofsky. 2001. Mice infected with Schistosoma mansoni devel 

op a novel non-T-lymphocyte suppressor population which inhibits 

virus-specific CTL induction via a soluble factor. Microbes and 

Infection 3: 1051-61. 

McLaren, M., C. C. Draper, J. M. Roberts, E. Minter-Goedbloed, 
G. S. Ligthart, C. H. Teesdale, M. A. Amin, A. H. S. Omer, A. 

Bartlett, and A. Voller. 1978. Studies on the enzyme-linked 
immunosorbent assay (ELISA) test for Schistosoma mansoni infec 

tions. Annals of Tropical Medicine and Parasitology 72: 243-253. 

Mott, K. E., and H. Dixon. 1982. Collaborative study on antigens for 

immunodiagnosis of schistosomiasis. Bulletin of the World Health 

Organization 60: 729-753. 

Murakawa, S. K. K., G. H. Balazs, D. M. Ellis, S. Hau, and S. M. 

Eames. 1999. Trends in fibropapillomatosis among green turtles 

stranded in the Hawaiian islands, 1982-98. In Proceedings of the 

19th Annual Symposium on Sea Turtle Biology and Conservation, 
March 2-5, 1999, South Padre Island, Texas, p. 239-241. 

Owens, D. W, and G. J. Ruiz. 1980. New methods of obtaining blood 

and cerebrospinal fluid from marine turtles. Herpetologica 36: 17 

20. 

Quackenbush, S. L., T. M. Work, G. H. Balazs, R. N. Casey, J. 

Rovnak, A. Chaves, L. DuToit, J. D. Baines, C. R. Parrish, P. 
R. Bowser, and J. W. Casey. 1998. Three closely related herpes 
viruses are associated with fibropapillomatosis in marine turtles. 

Virology 246: 392-399. 

Tsang, V. C. W. 1981. Systematic fractionation of Schistosoma mansoni 

urea-soluble egg antigens and their evaluation by the single-tube, 

kinetic-dependent, enzyme-linked, immunosorbent assay (K-Elisa). 
Journal of Parasitology 67: 340-350. 

-, K. Hancock, M. A. Kelley, B. C. Wilson, and S. E. Mad 

dison. 1983. Schistosoma mansoni adult microsomal antigens, a 

s?rologie reagent. Journal of Immunology 130: 1366-1370. 

-, and P. P. Wilkins. 1997. Immunodiagnosis of schistosomiasis. 

Immunological Investigations 26: 175-188. 

Wolke, R. E., D. R. Brooks, and A. George. 1982. Spirorchiidiasis 
in loggerhead sea turtles {Caretta caretta): Pathology. Journal of 

Wildlife Diseases 18: 175-185. 

Work, T. M., and G. H. Balazs. 1999. Relating tumor score to he 

matology in green turtles with fibropapillomatosis in Hawaii. Jour 

nal of Wildlife Diseases 35: 804-807. 

-, and-. 2002. Necropsy findings in sea turtles taken as 

by-catch in the north Pacific longline fishery. Fishery Bulletin 100: 

876-880. 

-, -, R. A. Rameyer, S. P. Chang, and J. Berestecky. 

2000. Assessing humoral and cell-mediated immune response in 

Hawaiian green turtles, Chelonia mydas. Veterinary Immunology 
and Immunopathology 74: 179-194. 

-,-, R. A. Rameyer, and R. M. Morris. 2004. Retrospec 
tive pathology survey of green turtles {Chelonia mydas) with fi 

bropapillomatosis from the Hawaiian Islands, 1993-2003. Diseases 

of Aquatic Organisms 62: 163-176. 

-, R. A. Rameyer, G. H. Balazs, C. Cray, and S. P. Chang. 

2001. Immune status of free-ranging green turtles with fibropapil 
lomatosis from Hawaii. Journal of Wildlife Diseases 37: 574-581. 

-,-, M. Wolcott, and R. M. Morris. 2003. Bacteremia 

in Hawaiian green turtles, Chelonia mydas, with fibropapilloma 
tosis. Diseases of Aquatic Organisms 53: 41-46. 


	Article Contents
	p. 871
	p. 872
	p. 873
	p. 874
	p. 875
	p. 876

	Issue Table of Contents
	Political Science Quarterly, Vol. 81, No. 1 (Mar., 1966), pp. i-xiii+1-170
	Front Matter
	Behavior
	The Behavioral Response of Amphipods Harboring Corynosoma constrictum (Acanthocephala) to Various Components of Light [pp. 731-736]

	Biochemistry-Physiology
	Host Glucose Metabolism Mediates T4 and Il-7 Action on Schistosoma mansoni Development [pp. 737-744]

	Development
	Uptake of Encephalitozoon Spp. and Vittaforma corneae (Microsporidia) by Different Cells [pp. 745-749]
	Further Observations on the Development of Gongylonema pulchrum in Rabbits [pp. 750-755]
	Ecto- and Exo-Protein Kinases in Schistosoma mansoni: Regulation of Surface Phosphorylation by Acetylcholine and Identification of the Alpha Subunit of CKII as a Major Secreted Protein Kinase [pp. 756-763]

	Ecology-Epidemiology
	Autogenic-Allogenic Status Affects Interpond Community Similarity and Species Area Relationship of Macroparasites in the Bluegill Sunfish, Lepomis macrochirus, from a Series of Freshwater Ponds in the Piedmont Area of North Carolina [pp. 764-767]
	High Lineage Diversity and Host Sharing of Malarial Parasites in a Local Avian Assemblage [pp. 768-774]
	The Component Helminth Community in Six Sympatric Species of Ardeidae [pp. 775-779]

	Ectoparasitology
	Migratory Songbirds Disperse Ticks across Canada, and First Isolation of the Lyme Disease Spirochete, Borrelia burgdorferi, from the Avian Tick, Ixodes auritulus [pp. 780-790]
	A New Species of Thaumatocotyle (Monogenea: Monocotylidae) from Dasyatis sabina (Myliobatiformes: Dasyatidae) off the Coast of South Carolina [pp. 791-793]
	A Revised Diagnosis of Thylacicleidus (Monogenea: Dactylogyridae) with a Redescription of the Type Species, Thylacicleidus serendipitus, and Descriptions of Two New Species from Southeast Asian Pufferfishes (Tetraodontiformes: Tetraodontidae) [pp. 794-807]
	Description of Pseudorhabdosynochus shenzhenensis n. sp. (Monogenea: Diplectanidae) and Redescription of P. serrani Yamaguti, 1953 from Epinephelus coioides off Dapeng Bay, Shenzhen, China [pp. 808-813]

	Functional Morphology
	Cellular Aspects of Early Development of Ornithodiplostomum ptychocheilus Metacercariae in the Brain of Fathead Minnows, Pimephales promelas [pp. 814-821]

	Immunology
	Profiling the Cellular Immune Response to Multiple Brugia pahangi Infections in a Susceptible Host [pp. 822-829]
	Humoral Immunity Is Not Critical for Protection against Experimental Infection with Sarcocystis neurona in B-Cell-Deficient Mice [pp. 830-837]

	Invertebrate-Parasite Relationships
	First Report of Intramolluscan Stages of a Gorgoderid Digenean from a Marine Bivalve [pp. 838-842]
	Comparative Susceptibility of Introduced Forest-Dwelling Mosquitoes in Hawai'i to Avian Malaria, Plasmodium relictum [pp. 843-849]

	Life Cycles-Survey
	Seasonal Dynamics and Distribution of the Digenean Phyllodistomum pawlovskii (Trematoda: Gorgoderidae) in the Bullhead Catfish, Pseudobagrus fulvidraco, in a Lake of China [pp. 850-853]
	Infectivity of Ornithodiplostomum ptychocheilus and Posthodiplostomum minimum (Trematoda: Diplostomidae) Cercariae following Exposure to Cadmium [pp. 854-856]
	Eimeria Species (Apicomplexa: Eimeriidae) from Arctic Ground Squirrels (Spermophilus parryii) and Red Squirrels (Tamiasciurus hudsonicus) in Alaska and in Siberia, Russia [pp. 857-862]
	Helminths in Sympatric Populations of Mountain Reedbuck (Redunca fulvorufula) and Gray Rhebok (Pelea capreolus) in South Africa [pp. 863-870]
	Epizootiology of Spirorchiid Infection in Green Turtles (Chelonia mydas) in Hawaii [pp. 871-876]

	Pathology
	An Outbreak of Besnoitiosis in Miniature Donkeys [pp. 877-881]

	Systematics-Phylogenetics
	New Genus, New Species of Cestoda (Anoplocephalidae), New Species of Nematoda (Cosmocercidae) and Other Helminths in Cyrtodactylus louisiadensis (Sauria: Gekkonidae) from Papua New Guinea [pp. 882-889]
	A New Oxyurida (Thelastomatidae) from Cyclocephala signaticollis Burmeister (Coleoptera: Scarabaeidae) from Argentina [pp. 890-892]
	Systematic Position of Some Nearctic Heligmosomoidea (Nematoda: Trichostrongylina) from the U.S. National Parasite Collection and Their Description [pp. 893-899]
	Galaxitaenia toloi n. gen., n. sp. (Eucestoda: Pseudophyllidea) from Galaxias platei (Pisces: Osmeriformes, Galaxiidae), in the Patagonian Region of Argentina [pp. 900-908]
	A New Species of Hysterothylacium (Nematoda: Anisakidae) Parasite of Ariopsis guatemalensis (Osteichthyes: Ariidae) from Tres Palos Lagoon, Mexico [pp. 909-914]
	Intraspecific Variation of Haematoloechus floedae Harwood, 1932 (Digenea: Plagiorchiidae), from Rana Spp. In North and Central America [pp. 915-921]
	A New Genus and Species of Cryptogonimid from Lutjanus Spp. (Pisces: Lutjanidae) on the Great Barrier Reef and New Caledonia [pp. 922-924]

	Book Review
	Review: untitled [p. 925-925]

	Systematics-Phylogenetics
	A New Species of Plasmodium from Malagasy Vangas [pp. 926-930]
	Redescription and Surface Ultrastructure of Pygidiopsis macrostomum (Digenea: Heterophyidae) [pp. 931-936]
	A New Pseudophyllidean from a Freshwater Fish, Gambusia affinis, in China [pp. 937-938]

	Therapeutics-Diagnostics
	Molecular Characterization of Trichomonads from Feces of Dogs with Diarrhea [pp. 939-943]
	Exacerbation of Plasmodium yoelii Malaria in Echinostoma caproni Infected Mice and Abatement through Anthelmintic Treatment [pp. 944-948]

	Research Notes
	Differential Infectivity of Transversotrema patialense for Naive Fish [pp. 949-950]
	Human Chagasic Serum Contains Antibodies Capable of Inhibiting Trypanosoma cruzi Egress from Tissue Culture Cells [pp. 950-953]
	Early Cysteine Protease Activity in Excretory Bladder Triggers Metacercaria Excystment of Paragonimus westermani [pp. 953-954]
	Isolation, Tissue Distribution, and Molecular Characterization of Toxoplasma gondii from Free-Range Chickens from Guatemala [pp. 955-957]
	Diphyllobothrium: Neolithic Parasite? [pp. 957-959]
	Neospora caninum Infection in a Free-Ranging Raccoon (Procyon lotor) with Concurrent Canine Distemper Virus Infection [pp. 960-961]
	Confirmation of Gnathostoma binucleatum Almeyda-Artigas, 1991, Advanced Third-Stage Larvae in Tres Palos Lagoon, Mexico, by Morphological and Molecular Data [pp. 962-965]
	Antibodies against Toxoplasma gondii in the Pacific Bottlenose Dolphin (Tursiops aduncus) from the Solomon Islands [pp. 965-967]
	Intestinal Coccidiosis in Bluegill, Lepomis macrohirus [pp. 967-970]
	Transplacental Transmission of a North American Isolate of Leishmania infantum in an Experimentally Infected Beagle [pp. 970-972]
	The Finding of Echinostoma (Trematoda: Digenea) and Hookworm Eggs in Coprolites Collected from a Brazilian Mummified Body Dated 600-1,200 Years before Present [pp. 972-975]
	Responses of Leishmania (Viannia) braziliensis Cutaneous Infection to N-Methylglucamine Antimoniate in the Rhesus Monkey (Macaca mulatta) Model [pp. 976-978]
	Kinetics of Antibodies and Antigens in Serum of Mice Experimentally Infected with Echinostoma caproni (Trematoda: Echinostomatidae) [pp. 978-980]
	Prevalence and Spatial Distribution of Intraerythrocytic Parasite(S) in Puget Sound Rockfish (Sebastes emphaeus) from the San Juan Archipelago, Washington (USA) [pp. 980-982]

	Back Matter



