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Morbilliviral Disease in Atlantic Bottlenose Dolphins

(Tursiops truncatus) from the 1987-1988 Epizootic
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Veterinary Pathology, Armed Forces Institute of Pathology, Washington, DC 20306, USA; 2 Department of Agriculture

for Northern Ireland, Veterinary Sciences Division, Stormont, Belfast, BT4 35D, Northern Ireland

ABSTRACT: Lungs and lymph nodes of 79 At-

lantic bottlenose dolphins (Tursiops truncatus)
that died from 6 August 1987 to 16 April 1988

along the Atlantic coasts of New Jersey, Virgin-

ia, and Florida (USA) were examined histolog-

ically and were tested for the presence of mom-

billivirus antigen by an immunoperoxidase

technique. Lung lesions included areas of in-
terstitial pneumonia characterized by varying

combinations of type II pneumocyte hyperpla-
sia, interstitial fibroplasia and leukocytes, syn-

cytia, and intranuclear and intracytoplasmic in-
clusion bodies. Fungal, bacterial, and mixed

bacterial and fungal pneumonias were common.
Lymphoid depletion, lymphocytolysis, syncytia,

and intranuc!ear and intracytoplasmic inclusion
bodies were present in lymph nodes. Morbilli-
virus antigen was detected in 42 (53%) of 79

dolphins examined. Based on histopathologic and
immunocytochemical findings, we diagnosed
morbillivirus-induced disease. This is the first
report of disease caused by morbillivirus in hot-
tlenose dolphins and in any cetacean species

outside Europe.

Key words: Atlantic bottlenose dolphin,
Tursiops truncatus, morbillivirus, survey, im-

munohistochemistry.

From June of 1987 through May of 1988,

an approximately ten-fold increase in mor-

tality of Atlantic bottlenose dolphins (Tur-

siops truncatus) occurred along the Atlan-

tic coast of the United States (Federal

Register, 1993). The increased incidence

of dolphin stranding spread south from

New Jersey (USA), eventually reaching

Florida (USA). At the end of the epizootic,

742 dolphins were confirmed dead. Over

50% of the inshore population of bottlenose

dolphins in the affected area was estimated

to have died (Federal Register, 1993). Af-

ter a scientific investigation, Geraci (1989)

concluded that the most likely cause of the

mortality was brevetoxin, a “red tide” tox-

in produced by the marine dinoflagellate

Ptychodiscus brevis.

At the direction of the U.S. National

Marine Fisheries Service, formalin-fixed

paraffin-embedded tissues from 80 bottle-

nose dolphins collected during this inves-

tigation were transferred to the Armed

Forces Institute of Pathology (AFIP),

Washington, D.C. (USA) for independent

studies and to be permanently stored. Sim-

ilar specimens from 15 other bottlenose

dolphins that died during the epizootic and

that were not examined as part of the ini-

tial investigation also were submitted to

the AFIP.

As part of a retrospective study of the

1987 to 1988 bottlenose dolphin epizootic,

we performed histologic examinations of

all lung and lymph nodes from the sub-

mitted cases. Lung or lymph node samples

were available in 79 of the 95 cases. These

dolphins stranded from 6 August 1987 to

16 April 1988 along the Atlantic coast of

the United States between 39#{176}50’N,

74#{176}20’W and 28#{176}24’N, 80#{176}37’W. Of these,

12 washed ashore in New Jersey, 42 in

Virginia (USA), and 23 in Florida; the sites

of stranding of two dolphins were not doc-

umented. Paraffin-embedded tissues were

sectioned at 5 �tm and stained with he-

matoxylin and eosin for examination by

light microscopy. Selected sections were

stained with Brown-Hopps Gram stain,

Brown and Brenn Gram stain, or by Gro-

cott’s methenamine silver nitrate method

(Arrington, 1992).

We also examined sections of these tis-

sues stained for morbilliviral antigen by an

immunoperoxidase technique (Kennedy et

a!., 1991). A monoclonal antibody to he-

magglutinin protein of phocine distemper

virus (Kennedy et al., 1988) was used as

the primary antibody. This antibody also

reacts with striped dolphin (Stenella coe-
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ruleoalba) morbillivirus, harbor porpoise

(Phocoena phocoena) morbillivirus, ca-

nine distemper virus, and measles virus

(Domingo et a!., 1990; Trudgett et a!.,

1991). Unless otherwise stated, the re-

agents used for immunostaining were part

of a commercially available avidin-biotin-

peroxidase technique kit (Vectastain Elite

ABC Kit, Vector Laboratories Inc., Bur-

lingame, California, USA). All steps, unless

otherwise indicated, were performed at

temperatures between 15 and 23 C in a

dark humidified chamber. Fresh Tris-sa-

line buffer at pH 7.6 (TBS) was used for

each washing step. Briefly, sections were

cut at 5 �sm and placed on glass slides coat-

ed with a solution of casein glue (Elmer’s

Glue-All, Borden, Inc., Columbus, Ohio,

USA), deparaffinized and placed in alco-

hol. Sections were incubated in a freshly

prepared solution of 0.5% hydrogen per-

oxide in methanol for 20 mm. After rinsing

in tap water, sections were washed in TBS

for 10 mm. They were then placed in a

solution of 0.1% pronase (Protease XIV,

Sigma Chemical Co., St. Louis, Missouri,

USA) in TBS for 5 mm at 20 C. Sections

were washed twice in buffer for 10 mm

and then incubated in diluted (1:50) nor-

mal horse serum for 20 mm to remove

background staining. Diluted (1:10) pri-

mary antibody was applied overnight to

sections. Sections were rinsed in tap water

and washed twice in TBS for 20 mm. Di-

luted (1:200) biotinylated horse anti-mouse

immunoglobulin G solution was placed on

the sections for 30 mm at 20 C. Sections

were washed for 20 mm and incubated

with avidin-biotin-peroxidase complex re-

agent for 30 mm. After washing in TBS

for 20 mm, sections were incubated in dia-

minobenzidine tetrahydrochloride (Sigma

Chemical Co.)-hydrogen peroxide staining

solution for 10 mm and counterstained

lightly with Mayer’s hematoxylin (Drury

et al., 1967). Lung and lymph node sec-

tions from morbillivirus-infected striped

dolphins were used as positive controls. Test

sections incubated with a monoclonal an-

tibody to chicken anemia virus prepared

by the methods of McNulty et al. (1990),

or test sections from which first layer an-

tibody was omitted served as negative con-

trols.

Significant lung lesions often were pres-

ent. Areas of interstitial pneumonia char-

acterized by varying combinations of type

II pneumocyte hyperplasia, interstitial fi-

broplasia and leukocyte infiltration, Oc-

casional syncytia, and rare eosmnophilic in-

tranuclear and mntracytoplasmic inclusion

bodies were seen. These lesions frequently

were subtle. Acute or subacute suppurative

and often hemorrhagic pneumonias that

contained fungal hyphae or Gram-nega-

tive bacteria, or a combination of the two,

were prevalent. Gram-negative bacillary

emboli indicated septicemia in some cases.

Generalized lymphoid depletion, selective

depletion of lymphoid follicles, lympho-

cytolysis, syncytia, and infrequent eosin-

ophilic intranuclear and mntracytoplasmic

inclusion bodies were found in lymph

nodes. Suppurative lymphadenitis associ-

ated with bacterial colonies occasionally

was encountered.

In lung tissue, there was specific intra-

cytoplasmic and intranuclear staining of

morbilliviral antigen in bronchiolar and

alveolar epithelial cells, syncytia (Fig. 1),

macrophages, and interstitial mononucle-

ar cells. Similar staining was present in

lymphocytes (Fig. 2) and syncytia in lymph

nodes. Staining of morbilliviral antigen was

frequently highly focal in distribution in

these tissues.

Morbilliviral antigen was detected in 42

(53%) of 79 dolphins tested. Among anti-

gen-positive dolphins, 40 (95%) had syn-

cytia or inclusion bodies in lung or lymph

node. Based on histopathology, 22 (52%)

antigen-positive dolphins had evidence of

fungal pneumonia, bacterial pneumonia,

mixed fungal and bacterial pneumonia,

septicemia, or bacterial lymphadenitis. Of

antigen-negative dolphins, 12 (32%) had

syncytia or inclusion bodies and 16 (43%)

had fungal or bacterial pneumonia, or sep-

ticemia; none had bacterial lymphadenitis.

It is likely that postmortem autolysis and
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FIGURE 1. Immunoperoxidase staining of mom-

billivirus antigen in cytoplasm and nuclei (arrows) of
syncytia in pulmonary alveolus of a bottlenose dol-

phin. Bar = 20 �tm.

focal distribution of antigen prevented de-

tection of antigen in many of these dol-

phins. Morbilliviral antigen was demon-

strated in three dolphins from New Jersey,

20 from Virginia, 17 from Florida, and

two for which the stranding site was not

recorded. Dates of stranding of antigen-

positive dolphins ranged from 8 August

1987 to 17 February 1988.

Our histopathologic and im m unoperox-

idase findings were similar to those re-

ported for morbillivirus-infected harbor

porpoises (Kennedy et al., 1991, 1992),

harbor seals (Phoca vitulina) (Kennedy et

al., 1988, 1989), and striped dolphins (Do-

mingo et a!., 1990). Syncytial cells and eo-

sinophilic intranuclear and intracyto-

plasmic inclusion bodies are highly

characteristic of morbillivirus-ind uced

disease in several species (Barker et a!.,

1993; Dungworth, 1993). Morbi!!iviral in-

fections, such as canine distemper virus

infection of dogs, cause immunosuppres-

sion that commonly results in opportunis-

tic infections (Dungworth, 1993). The fre-

quent occurrence of fungal and bacteria!

infections in dolphins that also were in-

fected by morbillivirus was consistent with

morbillivirus-induced imm unosuppres-

sion resulting in secondary infections.

The hypothesis that brevetoxin was the

FIGURE 2. Immunoperoxidase staining of mom-

billivirus antigen in cytoplasm (arrowheads) and nu-

clei (arrows) of lymphocytes in lymph node of a bot-
tlenose dolphin. Bar 20 �

cause of the epizootic has been criticized

(U.S. Congress, 1989). Although a red tide

was identified off Cape Hatteras, North

Carolina (USA) in October 1987, none was

apparent when the increased mortality in

New Jersey began in June of that year

(Geraci, 1989). Red tides often kill fish,

shellfish, and birds (O’Shea et a!., 1991),

but, except for the immediate vicinity of

Cape Hatteras, significant mortality of

these species did not coincide temporally

or geographically with dolphin mortality.

Furthermore, brevetoxin is not known to

produce the lesions found in the dolphins,

which were predominantly those of op-

portunistic bacterial and fungal infections

(Geraci, 1989); also, the assay used to iden-

tify brevetoxin in the dolphin tissues re-

cently was reported to be unreliable (Han-

sen, 1991).

High levels of anthropogenic contami-
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nants, including polychlormnated biphe-

nyls which are known to be immunosup-

pressive in other species (Vos, 1972), were

detected in some dolphins from the die-

off (Geraci, 1989); however, these levels

generally were similar to those found in

captive bottlenose dolphins (Geraci, 1989).

While contaminants may have played a

contributory role in causing the epizootic,

evidence supportive of a primary role has

not been presented.

During the initial investigation, serum

antibody titers to canine distemper virus

were detected in six of 13 live-caught dol-

phins (Geraci, 1989), evidence of a pre-

vious exposure to a morbillivirus. How-

ever, no evidence of morbilliviral infection

was recognized in stranded dolphins and

attempts to culture morbilliviruses failed

(Geraci, 1989). Details of the viral culture

methods were not described. No viruses

were detected with an ultrastructural ex-

amination of tissues (Geraci, 1989). Mor-

billivirus and other infectious agents were

discounted as likely causes of the epizootic

(Geraci, 1989).

This is the first report of disease caused

by morbilliviral infection in bottlenose

dolphins and in any cetacean species out-

side Europe. Morbilliviruses have caused

major epizootics affecting striped dolphins

(Domingo et al., 1990), harbor seals (Ken-

nedy et a!., 1988), and Baikal seals (Phoca

sibirica) (Grachev et al., 1989) justifying

their designation as the most potent agents

of mass mortality in both pmnnipeds and

odontocete cetaceans worldwide (Duignan

et a!., 1994). We have demonstrated that

morbillivirus-induced disease was preva-

lent in dolphins that died throughout much

of the geographic and temporal span of

the 1987 to 1988 epizootic. The frequent

presence of morbilliviral antigen in tissues

of dolphins with bacterial and fungal in-

fections is consistent with morbillivirus-

mediated immunosuppression as occurs in

other species. Our findings provide strong

evidence that morbilliviral infection was

the primary cause of this epizootic and

establish it as the first of four morbillivira!

epizootics among aquatic mammals in re-

cent years.
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