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TABLE I. Immunological response observed in black sea turtle (Chelonia mydas agassizii) tissues infected with spirorchiid trematode eggs. Values
represent the percentage of tissues examined that demonstrated the particular response (n 5 11 for liver, kidney, intestines, and muscle; n 5 4
for heart; n 5 5 for pancreas; and n 5 8 for duodenum).

Response Liver Kidney Muscle Intestine Heart Pancreas Duodenum

Giant cells
Hemosiderin
Lymphocyte infiltration
Polymorphonuclear leukocyte infiltration
Plasma cell infiltration
Autholises
Thrombis

18.2
54.5

0
0
0

18.2
0

36.4
0
0
0
9.1
9.1
9.1

27.3
0

27.3
9.1
0
9.1
0

9.1
0

63.6
9.1
0

18.2
9.1

0
0

25
0
0

25
0

20
0

20
0
0
0
0

38
0

38
0
0
0
0

ABSTRACT: Black turtle (Chelonia mydas agassizii) carcasses, recov-
ered as a result of incidental capture in Magdalena Bay, Mexico, re-
vealed invasion by spirorchiid trematode eggs in liver, kidney, intes-
tines, muscle, heart, pancreas, and duodenum. Seventy-five adult Lear-
edius learedi Price, 1934, were recovered from the heart of 1 turtle.
Most of the organs showed a mild or absent inflammatory response in
histological sections, with the exception of a pancreatic–duodenal sec-
tion that revealed severe lymphocyte and phagocyte infiltration associ-
ated with an infestation of more than 200 eggs. A linear formation of
35 eggs from the pancreas toward the intestinal lumen is described as
resembling migration. This is among the first reports of a parasitic in-
fection of L. learedi Price 1934, in C. m. agassizii in Mexico.

Spirorchiid trematode infections occur frequently in sea turtles
(Lauckner, 1985; Dyer et al., 1991), with reports of up to 85% of ex-
amined turtles infected by eggs or adult trematodes (Dailey et al., 1993).
The life cycle of marine spirorchiids is not well known; adult forms are
frequently located in heart chambers, whereas the eggs (with similar
form and size for different genera) can be located in the blood vessels
of any organ (Lauckner, 1985). Infection in herbivorous sea turtles has
been associated with incidental ingestion of invertebrates, such as small
gastropods, which potentially serve as intermediate hosts for the parasite
(Pérez Ponce de Leon et al., 1996; Raidal et al., 1998).

Infection by trematodes has been associated with several diseases and
is suspected to be the cause of death in stranded sea turtles (Rand and
Wiles, 1985; Gordon et al., 1998). Infected turtles revealed tissue con-
solidation and degeneration, nodules, aneurysms, papillary proliferation
in blood vessels, endocarditis, periarterial and multifocal edema, throm-
bosis, and infarcts caused by the eggs (Glazebrook et al., 1981; Aguirre
et al., 1998; Raidal et al., 1998). Microscopic lesions observed include
hemosiderosis with intracellular load of hemosiderin in hepatic cells,
pulmonary alveolar cells, epithelial cells, and red pulp cells in the
spleen (Rand and Wiles, 1985); vacuolization and endothelial edema in
the affected organs (Glazebrook et al., 1989); and a granulomatous re-
sponse showing parasite eggs surrounded by gigantic cells, lympho-
cytes, eosinophils, plasma cells, and fibroblasts (Dyer et al., 1991). In-
flammatory response has been associated with the number of eggs found
per microscopic field, ranging from mild to severe (Glazebrook et al.,
1981; Rand and Wiles, 1985).

Black turtles (Chelonia mydas agassizii, also known as Eastern Pa-
cific green turtles, a subspecies of C. mydas) occur along the western
coast of North and South America. In Mexico, this turtle has experi-
enced a drastic decline during the past 30 yr because of human-related

causes such as habitat modification, and incidental and direct fisheries
capture of eggs, juveniles, and adults (Cliffton et al., 1982; Gardner and
Nichols, 2001). As part of a larger project evaluating the health status
of black turtles along the Baja California Peninsula, a systematic study
was conducted to assess the presence of infective agents in this region.
The objective of the present study was to describe the prevalence of
parasitic infection in black turtles and the associated tissue lesions.

Tissues were collected from black turtles killed as a result of inci-
dental fisheries capture in Magadalena Bay, Baja California Sur. Mag-
dalena Bay is located (258439N–248209N) on the west coast of the Baja
California Peninsula, Mexico. The fishing activity in this region, to-
gether with the permanent occurrence of black turtles, results in a low,
but constant, mortality of turtles by incidental capture (Gardner and
Nichols, 2001). Samples of liver, kidney, intestines, and muscle were
collected from 11 turtles according to the procedures described by Work
(2000). In a subset of these turtles, heart (4), pancreas (5), and duode-
num (8) were also removed at necropsy. The samples were processed
by conventional histological techniques (Prophet, 1992) and stained
with hematoxylin–eosin before optical microscopy with image process-
ing (Image-pro plus, 4.1). Complete hearts were collected from an ad-
ditional 4 turtles and dissected using a stereomicroscope to identify and
quantify adult parasites. The recovered trematodes were fixed in 70%
alcohol and stained with Gomori trichrome. Identification was made
based on the structural characteristics of Learedius species reported by
Caballero et al. (1950).

All the black turtles examined were juveniles with an average weight
of 30 (610) kg. Trematode eggs, observed as brownish-green keratin
structures with a central cellular aggregation inside, were seen in his-
tological sections of every tissue type examined. Fusiform eggs con-
tained 2 polar prolongations, one with a hooked end and the other spher-
ical with a suckerlike appearance (Fig. 1). Egg density in the affected
tissues reached more than 50 eggs per microscopic field at 350. The
highest intensity was observed in a pancreatic–duodenal sample (up to
190 eggs counted in 1 section using a stereomicroscope) (Fig. 2a).

Adult parasites were found only in the heart chambers. In the 4 hearts
in which a complete dissection was conducted, the average parasite
density was 31 (0, 18, 31, and 75) adults per heart, with some possess-
ing eggs occasionally. The parasite structural characteristics were con-
sistent with descriptions of Learedius learedi Price, 1934, i.e., a lan-
ceolate and flat body; length, 3.4–5.1 mm; oral and ventral sucker pre-
sent; pharynx absent; esophagus at least one-third as long as body;
intestinal ceca long and not fused; testes numerous (20 or more), filling
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FIGURE 1. Spirorchiid trematode egg observed in tissues of black
sea turtles (Chelonia mydas agassizii) collected from Baja California
Sur, Mexico (3150).

FIGURE 2. a. Spirorchiid trematode egg infestation throughout the
pancreatic and duodenal tissues to the intestinal lumen (36). b. Eggs
associated in a linear formation united by polar prolongations (320). c.
Eggs appearing to emerge across the intestinal epithelium.

intercecal area; ovary posterior to testes; and a short uterus with few
eggs (see Inohuye-Rivera et al., 2004, for complete description).

The most common histological findings in the affected organs in-
cluded the presence of giant cells and hemosiderin and inflammatory
infiltration by lymphocytes, polymorphonuclear leukocytes, and plasma
cells (Table I). Only 1 sample, i.e., pancreatic–duodenal, presented se-
vere lymphocyte and phagocyte infiltration. In this same sample, 35
eggs were associated in a linear formation united by polar prolongations
(Fig. 2b), giving the appearance that the eggs were migrating or being
transported passively from the pancreas into the intestinal lumen (Fig.
2c).

The histological evaluation of organs and tissues from C. m. agassizii
revealed a similar distribution of the eggs and adult trematodes as re-
ported previously for other sea turtle species from different geographic
areas, i.e., Caballero et al. (1955) in Panama; Rand and Wiles (1985)
in Bermuda; Dyer et al. (1991, 1995) in Puerto Rico; Perez Ponce de
Leon et al. (1996) in Oaxaca, Mexico; and Gordon et al. (1998) in
Australia. In other studies adult parasites were found in the heart,
whereas eggs invaded various organs including brain, heart, liver, lung,
spleen, kidney, skin, stomach, intestines, and major vessels (Rand and
Wiles, 1985; Glazebrook et al., 1989; Aguirre et al., 1998). Similarly,
in the black turtles that we examined, adult spirorchiids occurred at
high density in the heart (up to 75 parasites per heart), whereas trem-
atode eggs were found in every tissue examined, e.g., liver, kidney,
muscle, intestines, and pancreas.

Previous reports of egg granuloma response against spirorchiids in
sea turtles indicate that the magnitude of the response was related to
the degree of infestation, ranging from light (in organs with 2–3 eggs)
to severe (with 20–50 eggs) (Rand and Wiles, 1985; Glazebrook et al.,
1989). In the black turtle tissues that we examined, only mild or absent
inflammatory response was observed, regardless of the level of infes-
tation; an exception occurred in the pancreatic–duodenal tissues of a
single turtle in which the largest number of eggs (200) were observed.
Gordon et al. (1998) reported a similar response in green turtles in
which inflammation was observed only with the highest parasite den-
sities (200 eggs). The reason for this low inflammatory response in these
turtles is not known. However, exterior factors such as molecular mi-
mesis of the parasite (Kretschmer et al., 2000), climate and diet (Bad-
illo, 1996; Aznar et al., 1998), and associated viral or bacterial patho-
gens (Gordon et al., 1998; Raidal et al., 1998) have been implicated by
studies of other species.

In Hawaii, reports that 94% of the sea turtles with clinical manifes-
tation of fibropapillomatosis contained trematode eggs raised the ques-
tion of whether there might be an association between spirorchiid in-
fection and this disease (Aguirre et al., 1998). However, the high prev-
alence of L. learedi infection in Mexican turtles, and the absence of
any clinical evidence of fibropapillomatosis in the black turtle popula-
tion in Mexico, argues against the hypothesis that such an association
exists. This finding agrees with that of others (Graczyk et al., 1995),



RESEARCH NOTES 647

who reported that 85% of the Hawaiian turtles with fibropapilloma were
negative for spirorchiids.

These results are among the first reports of parasitic infection by adult
forms of L. learedi in C. m. agassizii in Mexico or the Pacific coast of
North America. The orientation of the eggs observed in the duodenal–
pancreatic sample, which appeared to spin on their axes in a formation
resembling egg migration or passive transport from the organs through
the connective and parenchyma tissues to the intestinal lumen (Fig. 2b,
c), has not been reported previously. Although it is reasonable to assume
that the eggs observed belonged to the same species as the adults iden-
tified, invasion of eggs from 1, or more, spirorchiid trematode species
is frequently observed in sea turtles even in the assumed absence of
adults of that species (Lauckner, 1985; Dyer et al., 1991). This precludes
us from definitively concluding that the eggs observed in our samples
belong to L. learedi. Confirmation of the species of the eggs in these
turtles is currently being undertaken in our laboratory by using molec-
ular methods.
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