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ABSTRACT.	 In the western North Pacific, prominent granulomatous testes have been detected in 
many Brucella-infected common minke whales (Balaenoptera acutorostrata), but there have been 
no reports in toothed cetaceans. We found severe orchitis with granulomatous lesions in a rough-
toothed dolphin (Steno bredanensis) stranded on the Pacific coast of Japan in 2011. Histopathological 
examination revealed leukocyte infiltration of the lesions. DNA from the lesion was analyzed by 
PCR and it showed molecular biological similarities with those of Brucella-infected common minke 
whales and Brucella ceti of sequence-type 27 (ST27). These results suggest that the type of Brucella 
ceti that infected the dolphin was ST27, which may have caused severe orchitis. This study adds to 
our understanding of Brucella infections in marine mammals.
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Gram-negative intracellular bacteria, Brucella ceti, infect many cetacean species in the world’s oceans and cause cetacean brucellosis 
[5–7, 13]. Although associated pathological changes have been observed in various organs, they have been less severe and less 
frequently reported than in terrestrial animals infected with terrestrial Brucella species such as B. abortus or B. melitensis [5, 6]. 
Severe orchitis is a hallmark of brucellosis in terrestrial animals. However, it had not been reported in cetaceans until our research 
in the Pacific [17].

In the western North Pacific, many common minke whales (Balaenoptera acutorostrata) have been found to have orchitis with 
pronounced severe granulomatous lesions, suggesting possible Brucella infection [15, 17]. Pathologic and serologic studies have 
supported this hypothesis [15, 17]. Brucella-specific DNA sequences have been detected by PCR in DNA extracted from abnormal 
whale testes (DNA ID: JM13/00), although the bacteria have not been isolated [13, 16].

Anti-Brucella antibodies have been detected in serum samples from several species of toothed cetaceans in the region without 
gross pathologic changes [14, 18]. B. ceti was recently isolated for the first time from a bottlenose dolphin (Tursiops truncates) with 
osteomyelitis in the western North Pacific [20]. Therefore, B. ceti is thought to be widespread among toothed cetaceans in the region. 
However, no reproductive abnormalities have been reported in these animals. Here, we report a case of a rough-toothed dolphin 
(Steno bredanensis) stranded on the Pacific coast of Japan with a severely granulomatous testis and discuss B. ceti infection based 
on pathologic and molecular biological studies.

A male rough-toothed dolphin was stranded on the coast of Ichinomiya, Chiba Prefecture, Japan (35°20’09.6” N, 140°23’42.2” E) 
on May 12, 2011. The dolphin was thin and had some skin injuries from the cookie-cutter shark bites (Fig. 1a). It was determined to 
be mature based on its body length of 2.3 m. The body was transferred to National Museum of Nature and Science, Shinjuku, Tokyo, 
and stored at −20°C. After thawing, a postmortem examination was conducted on September 24, 2011.

The relevant organs were fixed in 10% neutral buffered formalin for histopathological examination. Thin tissue sections were 
prepared and stained with hematoxylin and eosin. Immunohistochemical analysis was also performed to identify inflammatory cells 
in the relevant lesions. The antibodies against ionized calcium-binding adaptor molecule 1 (lba1) for macrophages, B lymphocyte 
antigen 36 (BLA36) for B lymphocytes and CD3 for T lymphocytes, were used as primary antibodies (Supplementary Table 1). Color 
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development was performed using the standard horseradish peroxidase system.
Tissue samples were collected from three spots on each testis, two spots on the left epididymis, and the spleen for molecular 

biological analysis by PCR. These samples were stored in 70% ethanol until further use. DNA was extracted from these tissues using 
a commercially available DNA extraction kit (DNeasy Tissue Kit; Qiagen, Boston, MA, USA). Brucella-specific sequences were 
examined using two PCR methods, each with specific primers (Supplementary Table 2) [3, 16]. Using a commercial PCR kit (Ex Taq 
Kit; Takara, Kyoto, Japan), amplification was performed as follows: 96°C for 1 min; 30 cycles of 96°C for 20 sec, 57°C for 30 sec, and 
72°C for 1 min; followed by a final extension at 72°C for 10 min. Amplified DNA was confirmed by agarose gel electrophoresis. After 
purification of the amplified DNA fragments, nucleotide sequences were analyzed by the dye terminator method using a commercial 
kit (BigDye Terminator v3.1 Cycle sequencing kit: Thermo Scientific Inc., Waltham, MA, USA).

Gross observations at the necropsy showed that the left testis was markedly enlarged and swollen (Fig. 1b and 1c). It had severe 
granulomatous orchitis with caseation (Fig. 1d and 1e). In addition, the left epididymis was slightly enlarged, and dark in color 
(Fig. 1c). Other organs, including the brain, showed no significant changes, except that the left and right lungs showed chronic 
bronchopneumonia.

Histopathological examination showed that the parenchyma of the left testis was diffusely necrotic with granulomatous infection, 
consisting of many infiltrated macrophages, epithelioid cells, and some plasma cells, neutrophils and lymphocytes (Fig. 2a–d), although 
some postmortem changes were found. The right testis and other organs did not show any significant pathological changes related 
to brucellosis. These pathological observations were similar to the previously described granulomatous testis of minke whales [17]. 
Many large macrophages and epithelial cells were positive with the anti-lba1 antibody to detect macrophages (Fig. 2c) and some 
lymphocytes were positive with the anti-BLA36 antibody to detect B lymphocytes (Fig. 2d). However, no reactivity was observed 
with the anti-CD3 antibody to detect T lymphocytes, although this antibody has previously been shown to react with T lymphocytes 
from harbor porpoise (Phocoena phocoena), Dall’s porpoise (Phocoenoides dalli), and Hubbs’ beaked whale (Mesoplodon carlhubbsi) 
[12]. This discrepancy may be due to the epitope structure of rough-toothed dolphin CD3 being different from that of the three dolphin 
species. Alternatively, the epitope structure of the dolphin may be affected by postmortem changes.

There is a unique mobile genetic element in the Brucella genus, insertion sequence 711 (IS711), which has species-specific locations 
[9]. We first examined the insertion of the IS711 element downstream of bp26, a specific marine Brucella marker [2, 16]. DNA 
from the left testis (DNA ID: JRT1/11) showed a highly amplified DNA band of 1,080 bp (lanes 1–3), which was larger than that 
of terrestrial Brucella (B. abortus, 250 bp on lane 11) (Fig. 3a). This indicated that JRT1/11 contained marine Brucella DNA. DNA 
from the right testis (lanes 4–6) and left epididymis (lanes 7 and 8) showed weaker bands at the same positions, whereas DNA from 
the spleen did not produce any bands (Fig. 3a, lanes 9 and 10). Next, the DNA, JRT1/11, was subjected to the infrequent restriction 
site-PCR (IRS-PCR) method, consisting of four PCR sets (PCR-I, -II, -III, and -IV) with four PCR primer sets (Supplementary Table 
2) [3]. This method divides B. ceti into three groups based on amplification patterns; in the first group, a single amplicon is produced 
by PCR-I only (approximately 300 bp); in the second group, two amplicons are produced by PCR-II and -III (approximately 600 and 
400 bp, respectively), and in the third group, a single amplicon is produced by PCR-IV only (approximately 300 bp). None of these 
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Fig. 1.	 Gross pathology of the stranded rough-toothed dolphin. a. Side view of the body. Black bar: 1 m. b and c., Abnormal testes and 
epididymides were found during postmortem examination. Yellow arrow: left testis, blue arrow: right testis, yellow arrowhead: left 
epididymis, blue arrowhead: right epididymis. Black bar: 10 cm. d. Sequential cross sections of the left (lower) and right (upper) testes. 
Black bar: 10 cm. e. Close-up of a section of the left testis. Black bar: 5 cm.
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bands have been reported in terrestrial Brucella. From JRT1/11, a DNA band of approximately 300 bp was amplified by PCR-I only, 
indicating that the dolphin B. ceti belongs to the first group (Fig. 3b). The sequences determined in the present study were deposited 
in DDBJ (accession numbers: LC757032 and LC757033).

A recently developed multilocus sequence typing (MLST) scheme targeting 21 housekeeping genes, is useful for classifying whole 
Brucella strains. It classifies B. ceti into three sequence types (ST), ST23, ST26, and ST27 [21, 22]. Each ST shows a different IRS-PCR 
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Fig. 2.	 Histopathological examination of the left testis of the stranded rough-toothed dolphin. Tissue sections were stained with hematoxylin 
and eosin (a, b) or immunostained with primary antibodies against leukocytes (c, d). a and b. The parenchyma of the left testis was 
diffusely necrotic with granulomatous infections consisting of many macrophages, epitheloid cells, and some plasma cells, neutrophils 
and lymphocytes. Black bar: 100 μm (a), 20 μm (b). c. Many macrophages and epithelioid cells were positive with the lba1 polyclonal 
antibody. Black bar: 20 μm. d. Some lymphocytes were positive with the monoclonal antibody BLA36. Black bar: 10 μm.

Fig. 3.	 Amplified DNA bands by two PCR methods targeting marine Brucella-specific sequences. a. An insertion of IS711 downstream of 
bp26 was analyzed using extracted DNA from three spots of left testis (lanes 1–3) and right testis (lanes 4–6), two spots of left epididymis 
(lanes 7, 8) and spleen (lanes 9, 10), and B. abortus as a control (lane 11). Due to the IS711 insertion in B. ceti, larger size of amplicons 
(1,080 bp) were produced in dolphin DNAs rather than in B. abortus DNA (250 bp). b. The JRT1/11 DNA from the left testis was analyzed 
by infrequent restricted site-PCR (IRS-PCR). lane 1; PCR-I, lane 2; PCR-II, lane 3; PCR-III, lane 4; PCR-IV. The dolphin testis DNA 
produced a single amplicon (approximately 300 bp) by PCR-I only.



K OHISHI ET AL.

298J Vet Med Sci 86(3):

pattern; ST23, ST 26, and ST27 produce two amplicons by PCR-II and -III, a single amplicon by PCR-IV only, and a single amplicon 
by PCR-I only, respectively [22]. In Table 1, we have summarized the characteristics of JRT1/11, together with ST23, ST26 and ST27 
of B. ceti, B. melitensis, and JM13/00 [13, 16, 20, 22]. The JRT1/11 shows the same IRS-PCR amplification pattern as B. ceti of ST27 
and JM13/00. The pathologic and molecular biological examinations in the present study strongly suggested that B. ceti belonging to 
ST27 infected the rough-toothed dolphin and induced the severe granulomatous lesions in the testis, although the bacterial antigens 
were not examined histochemically. The MLST sequence type of JRT1/11 should be confirmed in the future.

The ST27 is reported to have unique characteristics. It is found primarily in Pacific waters. In addition to cetaceans, which are the 
primary hosts of ST27, it has also been detected in pinnipeds and humans. Importantly, it has been reported that ST27 strains are often 
associated with severe disease. Reproductive abnormalities, including abortion, have been reported in dolphins associated with ST27 
strains [1, 4, 8, 10, 22]. Strains possibly belonging to ST27 have also been detected in JRT1/11 and JM13/00 from cetaceans with 
severe orchitis [16]. In addition, an ST27 strain was recently isolated from a bottlenose dolphin with osteomyelitis in the sea around 
Japan [20]. Neurobrucellosis has also been reported in humans infected with ST27 strains, although there is no evidence of contact 
between the patients and marine mammals [11, 19].

The present study adds to our understanding that B. ceti, possibly the ST27 strain, causes a severe male reproductive disorder in 
toothed cetaceans, as well as in common minke whales, which are baleen cetaceans. This severe orchitis may affect reproduction or 
be involved in the sexual transmission of bacteria from males to females. Further studies using pathology and molecular biology are 
needed to understand the relationship between the ST and related diseases, as well as their impact on the overall health of cetaceans.
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