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Abstract
Morbilliviral infection was diagnosed in an adult male pygmy sperm whale (Kogia breviceps) from southwestern Taiwan on the

basis of pathological findings, immunohistochemical staining, and reverse transcription-polymerase chain reaction. The whale was

found alive stranded on the beach and died after 5 days of medical care. It was thin and had dozens of nematode in the first stomach.

The lungs were dark red and heavy. Histopathological examination revealed diffuse, moderate bronchointerstitial pneumonia.

Intranuclear and intracytoplasmic inclusions with occasional syncytial cell formation were noted in the lungs, lymph nodes, and

spleen. The RNA extracted from lung tissue was subjected to morbilliviral gene amplification. After priming with specific

oligonucleotides, the cDNA covering the phosphoprotein (P) gene was copied and then amplified by PCR. The gene fragment

amplified from the lung tissue was sequenced. Phylogenetic analysis of partial P gene revealed 97.6% sequence identity to the

dolphin morbillivirus and 90.2% similarity to the pilot whale morbillivirus. Morbilliviral antigens were detected in the lungs, lymph

nodes, and spleen by immunohistochemistry using polyclonal antibody against rinderpest virus. This is the first report of

morbilliviral infection with genetic evidence in a pygmy sperm whale from the Western Pacific Ocean around Taiwan.
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1. Introduction

Morbilliviral infections were reported to occur

epizootically in striped dolphins (Stenella coeru-

leoalba), Atlantic bottlenose dolphins (Tursiops

truncatus), and common dolphins (Delphinus delphis

ponticus) from different oceans of the world (Van

Bressem et al., 2001). Morbilliviruses have also

caused diseases in European harbor porpoises
.
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(Phocoena phocoena) (Kennedy et al., 1988), a Pacific

white-sided dolphin (Lagenorhynchus obliquidens)

(Uchida et al., 1999), pilot whales (Globicephala

melas and G. macrorhynchus) from the Western North

Atlantic (Duignan et al., 1995; Taubenberger et al.,

2000), and fin whales (Balaenoptera physalus) from

Belgium (Jauniaux et al., 2000).

Most dolphins with morbilliviral diseases beached

dead or stranded in a dying phase. Majority of the affect-

ed animals presented with serious secondary bacterial

and fungal infections due to the immuosuppressive

nature of the virus (Birkun et al., 1999). Characteristic

lesions included interstitial pneumonia, lymphoid

depletion, and formation of eosinophilic intranuclear

and intracytoplasmic inclusion bodies and syncytial

cells in some affected tissues (Schulman et al., 1997).

Several serological studies have suggested that the

viruses infecting several species of Delphinidae in the

Pacific Ocean were closely related, or identical, to the

cetacean morbillivirus presented in the North Atlantic

and the Mediterranean Sea (Van Bressem et al., 1998,

2001). To date, there has been only one report of

morbilliviral infection so far in a Pacific white-sided

dolphin (Lagenorhynchus obliquidens) in the Western

Pacific Ocean around Japan (Uchida et al., 1999). Here,

we report a case of serious morbilliviral infection in a

pygmy sperm whale (Kogia breviceps) from Taiwan.
2. Materials and methods

2.1. Necropsy and sampling

A thorough necropsy was carried out immediately

after the whale died. Samples of the lungs, trachea,

lung-associated lymph nodes, heart, prescapular

lymph node, liver, spleen, stomach, intestine, jejunal

lymph node, kidney, urinary bladder, and adrenal

gland were frozen at �70 8C or fixed in 10% neutral

buffered formalin until used. Sections at 5 mm from

formalin-fixed and paraffin-embedded various tissues

were stained with hematoxylin and eosin for light

microscopic examination.

2.2. Immunohistochemistry

Formalin-fixed and paraffin-embedded tissue sec-

tions at 5 mm were stained immunohistochemically
using the avidin–biotin complex immunoperoxidase

method (VECTASTAIN1 Universal Quick Kit,

Vector Labs, Burlingame, CA, USA). A rabbit

polyclonal antiserum to rinderpest virus (kindly

provided by Dr. T. Barrett, Institute for Animal

Health, UK) was used as the primary antibody. Briefly,

serial sections of each tissue block were incubated

with 1:4000 and 1:8000 dilutions of the rinderpest

antiserum and an additional serial section was

incubated with an irrelevant rabbit antiserum diluted

1:4000. Positive control sections from the brain of a

dog infected with canine distemper virus were tested

concurrently. Diaminobenzidine chromagen (DAB)

(Sigma Chemical Co., St. Louis, MO, USA) was

used as the substrate to produce a dark brown

precipitate. The sections were then counterstained

with hematoxylin.

2.3. Reverse transcription-polymerase chain

reaction (RT-PCR) and sequence analysis

Frozen samples of lung tissue were used for RNA

extraction and subsequent RT-PCR according to the

method described by Krafft et al. (1995) with

modifications. Briefly, 50–100 mg of lung tissue were

homogenized in TRIZOL Reagent (Invitrogen, Carls-

bad, CA, USA) followed by chloroform extraction.

The RNA in aqueous phase was precipitated. Primers

P1 (50-ATTGGGTTGCACCACTTGTC-30) and P2

(50-ATGTTTATGATCACAGCGGT-30) recognizing

the phosphoprotein (P) gene and yielding a 429 bp

product (Barrett et al., 1993) were used for first strand

cDNA synthesis and PCR amplification. The RNAwas

reversely transcribed with murine reverse transcrip-

tase (RT-PCR Core Kit, Perkin-Elmer, Applied

Biosystems, Foster City, CA, USA) and the resulting

cDNA served as a template for PCR following the

manufacturer’s protocol. A PCR reaction mixture,

containing 50 pmol primer pairs, 1.25 U PfuTurbo

DNA polymerase (Stratagene, La Jolla, CA, USA),

and 5 ml of 10-fold concentrated PCR buffer, was

added to each tube. Amplification was carried out in a

thermal cycler (DNA Thermal Cycler 480, Perkin-

Elmer) under the following conditions: 94 8C for

120 s; 40 cycles of 94 8C for 60 s, 55 8C for 60 s, and

72 8C for 30 s each; followed by a final extension of

72 8C for 420 s. The products were then analyzed by

gel electrophoresis on 2% agarose gels and visualized
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by ethidium bromide staining. b-Actin was used as the

internal control. Bands representing PCR products

within the expected size range were excised from the

gel extracted and purified using a commercialized

nucleic-acid-binding resin (Qiaex II Gel extraction kit;

QIAGEN, Valencia, CA, USA). The nucleotide

sequences of the extracts were determined by dideoxy

nucleotide methodology using an automated sequen-

cer (Model 373; Applied Biosystems). The nucleotide

sequences of the amplicons were compared to the

known morbilliviruses using the DNAStar software

program (DNASTAR Inc., Madison, WI, USA).
3. Results

3.1. Biological, clinical and pathological findings

A male pygmy sperm whale (KH9901), 325 cm

in length and 350 kg in weight, was found stranded

alive on the coast of Kaohsiung City in southwestern
Fig. 1. Pygmy sperm whale (K. breviceps): cetacean morbillvirus infec

characterized by thickening of the epithelium caused by edema (arrowhea

and fibrin deposition in the alveolar spaces. Hematoxylin–eosin (HE) stain

and intracytoplasmic (arrowhead) inclusions are observed in a macrophage

cell (arrowhead) is observed in the cortex of the lung-associated lymph n

(arrows) is observed in the alveolar epithelial cells and mononuclear in

antibody against rinderpest virus as primary antibody. Hematoxylin coun
Taiwan. The whale was very thin as shown by a

prominent neck, reduced blubber, and severe atrophy

of the dorsal muscles. There were several recent

cookie-cutter shark bites on the abdomen. Areas of

skin loss were noted at the leading edges of the fins,

flippers, and flukes. Core temperature was 39 8C. A

large amount of brown to dark red, foul, mucopurulent

discharge exuded from the blowhole. The whale was

transported to a nearby rescue pool in Chyi-Jihn

Aquarium. Blowhole culture performed on the second

day isolated Aeromonas hydrophila and A. caviae. The

whale died after 5 days of medical care which included

injecting antibiotics (amikacin and enrofloxacin) and

tube-feeding. Upon necropsy, it was found that the

lungs were dark red and heavy. A plastic rope, a plastic

bag, and dozens of nematodes were found in the first

stomach. Sexual maturity was confirmed from the

measurement of testis (43 cm � 10 cm � 10 cm in

dimensions). Histopathological examination revealed

diffuse, moderate bronchointerstitial pneumonia

(Fig. 1a). The alveolar septa were variably thickened
tion (lung and lymph node). (a) Moderate diffuse pneumonia is

ds), prominent mononuclear inflammatory cell infiltration (arrows),

. (b) Margination of chromatin and formation of intranuclear (arrow)

present in the edematous alveolar septum. HE stain. (c) A syncytial

ode. HE stain. (d) Intense immunostaining for morbilliviral antigen

flammatory cells.Immunoperoxidase technique with a polyclonal

terstain.
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by edema, fibrin deposition, infiltration of mono-

nuclear inflammatory cells, and hyperplasia of type II

pneumocytes. There were large numbers of mono-

nuclear inflammatory cells mixed with some fibrin and

cell debris in the bronchioli and alveolar spaces.

Occasionally, eosinophilic, intranuclear and/or intra-

cytoplasmic inclusions were seen in the alveolar

macrophages (Fig. 1b) and epithelial cells. Lymph
Fig. 2. Sequence alignment based on the phosphoprotein (P) gene of variou

sperm whale in this study (KH9901), dolphin morbillivirus (DMV), pilot w

(MV), canine distemper virus (CDV), and phocine distemper virus (PDV
nodes showed prominent macrophage infiltration,

mild lymphoid depletion, scattered syncytial cells

(Fig. 1c), and formation of similar intranuclear and/or

intracytoplasmic inclusion bodies in some macro-

phages. Immunohistochemical staining with a rabbit

anti-rinderpest virus hyperimmune serum revealed

positive cells in the lungs, lymph nodes, and spleen.

In the lungs, the positive signals were found in
s known morbilliviruses, including the morbillivirus from the pygmy

hale morbillivirus (PWMV), rinderpest virus (RPV), measles virus

), using Clustal method with weighted residue weight table.
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Fig. 2. (Continued ).
the alveolar epithelial cells and macrophages

(Fig. 1d). The positive signals were also seen in the

lymphocytes and macrophages in the lymph nodes and

spleen.

3.2. RT-PCR and sequence analysis

After amplification of the P gene, a 429 bp DNA

product was detected (data not shown). Partial P gene

nucleotide sequence of 403 bp (Genbank accession

no. AF333347) was determined and the sequence was

aligned with those published P gene sequences of

dolphin morbillivirus (DMV, Genbank accession no.

AJ608288), pilot whale morbillivirus (PWMV, Gen-

bank accession no. AF200817), measles virus (MV,
Genbank accession no. M10456), rinderpest virus

(RPV, Genbank accession no. AB021977), phocine

distemper virus (PDV, Genbank accession no.

X75960), and canine distemper virus (CDV, Genbank

accession no. AF181446) (Fig. 2). Computer analysis

using the DNASTAR program generated the sequence

pair distances and phylogenetic tree showing the

relationships among the various morbillivirus species

and our sequence is shown in Fig. 3. The sequence

from the present case (KH9901) is more closely

related to DMV and PWMV with 97.6 and 90.2%

sequence identity, respectively, and forms a quite

separate group within the morbilliviruses which is

closer to the RPV/MV group than to the CDV/PDV

group.

genbank:AF333347
genbank:AJ608288
genbank:AF200817
genbank:M10456
genbank:AB021977
genbank:X75960
genbank:AF181446
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Fig. 3. Phylogenetic tree based on the P gene region of various

known morbilliviruses, including the morbillivirus from the pygmy

sperm whale in this study (KH9901), dolphin morbillivirus (DMV),

pilot whale morbillivirus (PWMV), rinderpest virus (RPV), measles

virus (MV), canine distemper virus (CDV), and phocine distemper

virus (PDV), using Clustal method with weighted residue weight

table.
4. Discussion

The first report of morbilliviral infection in the

Western Pacific was from a Pacific white-sided

dolphin from Japan with non-purulent meningoence-

phalomyelitis and a number of CDV-nucleoprotein-

positive granular deposits in the cytoplasm and cell

processes of the degenerating or intact neurons

(Uchida et al., 1999). However, no molecular genetic

evidence was shown in that case. Van Bressem et al.

(2001) reported a bottlenose dolphin (T. aduncus),

caught from Taiwan in 1978 and kept in Hong Kong

Ocean Park since then, had high serum antibody titers

against DMV in 1994 and 1999, respectively. They

supposed that the dolphin may have been infected in

the wild before 1978 because there was no evidence

supporting captivity-acquired infection if morbilli-

viruses could induce long-lasting humoral immunity

as suggested (Black, 1991). In this study, we provide

pathological, immunohistochemical and molecular

genetic evidence of serious morbilliviral infection in a

pygmy sperm whale from Taiwanese waters. With all

of the above cases, we suppose that a morbillivirus has

circulated for decades among cetaceans inhabiting the

waters of Taiwan and neighboring area. However, it is

not clear whether the existence of morbillivirus in the

Northwestern Pacific Ocean affects noticeably the

health of cetaceans living in this region. Morbilli-

viruses generally cause heavy mortalities when

introduced in a naive population, as observed during

the morbillivirus epizootics in striped and bottlenose

dolphins in the Mediterranean Sea and Northwestern

Atlantic, respectively (Lipscomb et al., 1994, 1996;

Van Bressem et al., 1991). Comparatively speaking,

there was no unusual non-fishery related mortalities of
cetaceans along the Taiwan coasts in the period since

1991 (Chou et al., 2005) and only a few cases

mentioned above were reported, suggesting a mor-

billivirus is either enzootic or is being re-introduced

frequently in cetaceans in the Northwestern Pacific

Ocean. Nevertheless, a serological survey for ceta-

ceans inhabiting in this areas will be needed to reveal

the exact infection status.

Several studies indicated that trace metal and

polychlorinated biphenyls (PCB) exposure might

influence the health status of marine mammals and

thus contributed to the high mortality rates in the past

decade (Aguilar and Borrell, 1994; Das et al., 2004;

Jepson et al., 1999; Lahvis et al., 1995; Ross et al.,

1996; Troisi et al., 2001). The immune resistance of

the animals may be reduced by high levels of

organochlorine contaminants which likely contribute

to the severity of morbillivirus outbreaks (Aguilar and

Borrell, 1994; Ross et al., 1996). Comparing with the

studies mentioned above, cetaceans from Taiwanese

waters had a relatively low level of PCB concentration

(Chou et al., 2004) and the mercury level did not show

any significant elevation either (Chen et al., 2002),

suggesting that the health condition of cetaceans

living around Taiwan may be less affected by the

pollutants. On the basis of the evidence, we

hypothesize that morbilliviral infection in cetaceans

from Taiwan and adjacent area may cause low

mortality, as shown by a few reported cases. However,

the assessment of the health condition in cetaceans

from this area should be performed continuously for

early alert of epidemic outbreak.

Death of thousands of striped dolphins from DMV

infection in the Mediterranean Sea was reported (Van

Bressem et al., 1993). Unlike striped dolphins which

are highly gregarious and occasionally congregate in

hundreds (Valsecchi et al., 2004), pygmy sperm

whales are not considered sociable as they are usually

observed alone or in a small group of up to six (Reeves

et al., 2002a). Infectious diseases may spread slowly in

the pygmy sperm whale population and epizootics

unlikely happen in this species. Similar situation was

noted in the porpoise morbillivirus infection of

European harbor porpoises (Kennedy et al., 1991)

which are generally solitary and are seen alone or in

small groups of two to five individuals (Reeves et al.,

2002b). These two species are perceived to lose their

immunity relatively easily due to their nonsocial
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behavior and re-introduction of morbillivirus may

cause infrequent mortality of susceptible animals,

which should not impact on the population numbers.

In conclusion, no abnormal mass mortality related

to morbillvirus infection has been identified during

recent decade in Taiwan. The gross or pathological

abnormalities consistent with morbillivirus infection

in cetaceans have never been recorded in Taiwan

before this report. Our report provided the first

evidence of morbillivirus infection in a stranded

pygmy sperm whale from the Western Pacific Ocean.

A systematical research, including serological, patho-

logical, and epidemiological studies, of morbilliviral

diseases in cetaceans is needed to ascertain whether or

not morbillivirus circulates in the Northwestern

Pacific Ocean and subsequently assess the potential

impact on the cetacean populations.
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