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ABSTRACT: The morbillivirus epizootic during
1990 to 1992 in Mediterranean striped dol-
phins (Stenella coeruleoalba) off the Mediter-
ranean coast of Spain diminished these popu-
lations directly through mortalities, and indi-
rectly through loss of normal fecundity. High
levels of polychlorinated biphenyls (PCB’s) also
were detected in stranded animals. In addition
to high numbers of abortions during the epi-
demic, unusual cystic structures were noted in
the ovaries of several morbillivirus-infected
dolphins with high PCB levels. These struc-
tures were identified as multiple luteinized
cysts from their gross and histomorphologic
characteristics. No morbillivirus antigens were
detected in the lesions by immunohistochem-
istry. Because luteinized cysts occur when ovu-
lation is impeded, either an effect of morbilli-
virus or PCB’s on hypothalamic/pituitary func-
tion or an effect of PCB’s on ovarian respon-
siveness are proposed as pathogenic
mechanisms. These cysts may impede popula-
tion recovery from the epidemic if similar cysts
occurred on surviving dolphins.

Key words:  Luteinized cyst, Mediterranean
striped dolphin, morbillivirus, ovary, polychlo-

rinated biphenyl, Stenella coeruleoalba.

The morbillivirus epidemic of 1990 to
1992 resulted in the stranding and death
of over 1,000 Mediterranean striped dol-
phins (Stenella coeruleoalba) off the Span-
ish Mediterranean coast (Aguilar and
Raga, 1993; Calzada et al., 1994). Most of
the stranded dolphins also had high tissue
concentrations of polychlorinated biphen-
yls (PCB), and the role of these environ-
mental contaminants on the health of the
dolphins remains unclear (Aguilar and
Borrell, 1994). The epidemic occurred
during the height of breeding season (Sep-
tember and October), and the impact on
reproductive functions has not been fully
assessed. During the epidemic, an abnor-
mally high percentage of females had
young corpora albicans and uterine disten-
tion suggestive of recent abortion, and un-

characteristically high numbers of dead fe-
tuses were found (Calzada et al., 1996).
Ovaries from several other females exam-
ined during necropsy had unusual cystic
structures not previously observed in the
ovaries of any healthy related Stenella spp.
The purpose of this study was to charac-
terize these ovarian structures and deter-
mine if these lesions were caused by mor-
billivirus infection of the ovary.

Ovaries of 56 sexually-mature female
striped dolphins were collected in summer
of 1990 and 1992. All dolphins in the study
group had stranded during the epidemic
and had high PCB levels (Aguilar and Bor-
rell, 1994). The ages of dolphins were de-
termined by counting growth layer groups
in the dentine of decalcified and longitu-
dinally-sectioned teeth. Each growth layer
group was assumed to represent 1 yr (Cal-
zada et al., 1994). Sexual maturity was de-
termined by identifying corpora lutea and
corpora albicans in serial sectioned fixed
ovaries. From the population of 56 sexu-
ally mature females, the ovaries of four fe-
males had unusual cystic structures that
were examined by histopathology. Dol-
phins with cysts were 14-, 14-, 18- and 19-
yr-old. They were confirmed to have mor-
billivirus infection (Domingo et al., 1992),
and were not pregnant. The stranding sites
of these four dolphins were Castelldefells
(41.17°N, 1.58'E), Salou (41.04°N,
1.08'E), Tarragona (41.07°N, 1.15'E) and
Cartagena (37.36°N, 0.59'W). The ovaries
of two healthy pregnant females also were
included as examples of normal pregnancy
corpora lutea.

For histopathology, formalin-fixed ova-
ries were deparaffinized in xylene, embed-
ded in paraffin, sectioned at 7 pm, and
stained with hematoxylin and eosin, Mas-
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FIGURE 1.

Ovary from a striped dolphin with two
luteinized cysts. Bar = 3 mm.

son’s trichrome, and periodic acid Schiff’s
reagent methods (Luna, 1992). The pres-
ence of morbillivirus antigen in tissues was
assessed by immunohistochemistry using a
previously published method (Kennedy et
al., 1991), and a mouse monoclonal anti-
body (clone 1.3) against glycosylated hem-
agglutinin protein of phocine distemper vi-
rus as the primary antibody (Trudgett et
al., 1991).

The unusual ovarian structures were
large thick-walled cysts that ranged from
16 to 23 mm in diameter (Fig. 1). The 23
mm diameter cyst had an 18 mm diameter
central cavity, in contrast to the corpora
lutea from normal pregnant dolphins that
were solid structures 24 to 26 mm in di-
ameter. One dolphin had a single 23 mm
diameter cyst, two dolphins had two cysts
and one dolphin had four cysts. The cysts
were located in the cortical parenchyma
and were covered by ovarian stroma with-
out an ovulation stigmata. The cyst lumina
were round, lined with mottled gray-yel-
low soft tissue, and filled with grey gelat-
inous material. Histologically, the cysts
were lined by a thick, disorganized, mul-
ticellular layer composed of elongate gran-
ulosa/theca cells with minimal luteiniza-
tion (Fig. 2). The luteinized cells were ar-
ranged haphazardly and were divided into
irregular lobules by dense fibrous septa
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FIGURE 2.

Histologic appearance of a luteinized
cyst in the ovary of a striped dolphin. The cvst is lined
by spindle-shaped granulosw/thecal cells with minimal
luteinization that are separated from the lumen (L)
by a mature fibrous band (arrow). Masson’s trichrome
stain. Bar = 30 pm.

with minimal vascularization. The cyst lu-
mina were filled with fibrillar proteina-
ceous fluid surrounded by a thick rim of
mature fibrous connective tissue. In com-
parison, corpora lutea of normal dolphins
had plump polygonal luteal cells with
prominent intercellular vascularization
surrounding a core of solid fibrous tissue.
Ovaries with the cysts also had developing
follicles, multiple corpora albica and no
normal corpora lutea. Morbillivirus anti-
gen was not detected in any ovary from the
females with cysts.

The multiple cystic structures on the
ovaries of the stranded dolphins were most
compatible with luteinized follicular cysts
(McEntee, 1990; Kennedy and Miller,
1993). The absence of an ovulation stig-
mata and presence of more than one struc-
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ture in three of four females from a spe-
cies that is monotocous (Marshall, 1984)
indicates that these structures were abnor-
mal. Morphologic characteristics that sug-
gest that they are luteinized cysts and not
cystic corpora lutea (CL) were the large
expansive central cavity with a thick ma-
ture fibrous lining and the small, angular
shape of the luteal cells. (Kennedy and
Miller, 1993). The lack of concordance be-
tween the immaturity of the spindle-
shaped luteal cells and maturity of the fi-
brous tissue lining of the central cavity in-
dicated that these structures were not de-
veloping CLs. These cysts did not have
features of cystic CLs which are charac-
terized by a larger overall size, an irregular
central cavity containing organizing loose
fibrous tissue, and plump luteal cells (Van
Lennep, 1950; Harrison and McBrearty,
1977; Kennedy and Miller, 1993). Al-
though the dolphin cysts were similar to
accessory corpora lutea (CL) that rarely
have been observed in the ovaries of preg-
nant Odontocetes (Brodie, 1972) and Del-
phinids (Harrison and McBrearty, 1977;
Marsh and Kasuya, 1984), none of the af-
fected dolphins were pregnant.

In monotocous cetacean species, a sin-
gle Graafian follicle ovulates resulting in a
corpus luteum that may have a central cav-
ity which usually becomes obliterated as it
matures (Harrison and McBrearty, 1977;
Harrison, 1981). In land mammals, if one
or more Graafian follicles fails to ovulate,
follicular cysts develop and luteinization of
granulosa or thecal cells can ensue. Ovu-
lation failure in land mammals is thought
to be due to inadequate levels of lutein-
izing hormone (LH) or inappropriate tim-
ing of LH secretion from the pituitary
(Youngquist, 1986).

The pathogenesis of the luteinized cysts
in the dolphins also may be due to inad-
equate or untimely release of LH or lack
of LH responsiveness in the follicle. LH
release may have been affected by mor-
billivirus infection of the central nervous
system, PCB toxicity, stranding stress, or
poor nutritional status. All dolphins with
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cysts were infected with morbillivirus, in-
cluding viral infection of the central ner-
vous system (Domingo et al., 1992; Duig-
nan et al., 1992). The absence of viral an-
tigens in the ovary of affected dolphins
does not exclude the possibility that mor-
billivirus indirectly affected ovulation
through infection of the hypothalamus or
pituitary, thereby impeding gonadotro-
phin-releasing hormone (GnRH) or LH
synthesis or release.

Another possible cause of the cysts in
these dolphins was high systemic PCB lev-
els (Aguilar and Borrell, 1994). Polychlo-
rinated biphenyls and related xenobiotics
act as estrogen agonists/antagonists (Go-
rospe and Reinhard, 1995) that could im-
pair follicular development and positive
feedback of estrogens on pituitary LH re-
lease (Mahony and Hodgen, 1995). Poly-
chlorinated biphenyls affect fecundity in
other species, including marine mammals
(Reijnders, 1980; Golub et al., 1991; Go-
rospe and Reinhard, 1995), and reduced
fertility has been proven experimentally in
monkeys (Arnold et al., 1995), rodents
(Marks et al., 1989; Golub et al., 1991),
and rabbits (Lindenau et al., 1994).
Unique isomers of PCB’s accumulate in
the follicular fluid of the ovary, resulting in
reduced ovulation in rabbits (Lindenau et
al.,, 1994). In teleosts fed PCB’, gonadal
hormone levels were reduced and pituitary
secretion was diminished (Thomas, 1990).
Polychlorinated biphenyls therefore could
contribute to the formation of luteinized
follicles by altering follicular responsive-
ness directly or reducing pituitary secre-
tion of LH. Polychlorinated biphenyls
have been linked with declining reproduc-
tive function in seals at 701 pg/g fat (range
87 to 1,447 ng/g fat) (Reijnders, 1980),
and mean levels (xSD) of PCB’s were
even greater in dolphins with luteinized
cysts (1,081.3 = 684.4 ng/g liver; 1,017.3
* 665.0 ug/g fat) than in the population
as a whole (median, 778 pg/g lipid basis)
(Aguilar and Borrell, 1994).

The poor nutritional status of the in-
fected dolphins also could potentially in-



terfere with normal pituitary LH release,
leading to luteinized cyst formation. Poor
nutritional status compromises normal hy-
pothalamic and pituitary function (Dubey
et al., 1986), and the morbillivirus-infected
dolphins had lipid reserves that were es-
timated at 60% below normal (Aguilar and
Raga, 1993). Stress from stranding also
may have contributed to abnormal repro-
ductive function, because experimentally-
induced stress results in increased endog-
enous corticosteroids and decreased LH
release in other species (Moberg, 1985).
Luteinized and unluteinized follicular
cysts have been reported on ovaries from
other stranded and captured delphinids
(Harrison and McBrearty, 1977; Harrison,
1981), supporting a possible role of stress.

The final outcome of the reproductive
disorders that occurred in the Mediterra-
nean dolphin population during the mor-
billivirus stranding has yet to be assessed.
While these ovarian cysts are of no life-
threatening consequence to individual dol-
phins, their significance to the population
may be more portentous. Mediterranean
striped dolphins are seasonal breeders
with most breeding occurring during Sep-
tember and October (Forcada et al.,
1994), precisely when the morbillivirus ep-
idemic occurred (Forcada et al., 1994; Cal-
zada et al., 1996). High numbers of abor-
tions also were suspected (Calzada et al.,
1996), and school size and structure which
determine reproductive behavior were
markedly altered (Forcada et al., 1994). If
luteal cysts also occurred in surviving fe-
males, these females would be unlikely to
produce offspring until the next breeding
season, augmenting losses in the popula-
tion. If morbillivirus caused these repro-
ductive changes, population recovery
might occur during the subsequent period
of population immunity (Appel, 1987) if
reproductive functions are restored. How-
ever, if PCB toxicity is the basis for the
reproductive disorders observed during
the Mediterranean dolphin strandings,
continued reproductive problems are like-
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ly, threatening long-term population re-
covery.
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