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ABSTRACT. On a coastline in Miyazaki Prefecture, Japan, a wild subadult female striped dolphin
was found dead. Necropsy revealed poor nutritional status and bilateral pneumonia, which was
histologically diagnosed as severe suppurative necrotizing bronchopneumonia. Special staining

J. Vet. Med. Sci. detected numerous intralesional filamentous, branching bacteria, which was identified as Nocardia
83(1): 146-150, 2021 cyriacigeorgica by sequencing of 16S ribosomal RNA and gyrB genes. Other main histological

) - findings included lymphoid depletion in the spleen and superficial cervical and pulmonary

doi: 10.1292/jvms.20-0234 lymph nodes. Suppurative nocardiosis without a granulomatous reaction is uncommon, and it is
assumed its pathogenesis was related to the host’s immune status. This paper discusses the variable
inflammatory response to nocardiosis and describes the first case of N. cyriacigeorgica infection in a
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Nocardia spp. are aerobic, nonmotile, Gram-positive to Gram-variable actinomycetes. They are widely distributed in aquatic and
terrestrial habitats, notably in soil, marine sediments, and wastewater systems. They form branching filaments that can fragment
into pleomorphic rods or cocci. Nocardia partially stains positive with acid-fast stains due to the presence of mycolic acids in its
cell wall [2, 9]. Nocardiosis is an uncommon disease and may occur in a wide range of terrestrial and aquatic animals, such as cats,
dogs, cattle, dolphins, and fishes [9, 14]. Pathologically, pyogranulomatous lesions are the best-known pathogenicity in human
and animal nocardioses [14]. Occasionally, clusters of epithelioid macrophages and multinucleated giant cells can be seen [20].
However, neutrophil infiltration remains the characteristic reaction [8]. Here, we report a case of pulmonary nocardiosis in a wild
dolphin represented by non-granulomatous suppurative inflammation. In addition, we focus on the development of inflammatory
lesions and discuss the pathogenesis along with a literature review. To our knowledge, this is the first report of Nocardia
cyriacigeorgica infection in a wild striped dolphin in Japan.

A subadult wild striped dolphin (Stenella coeruleoalba) (female, body length: 207.3 cm) was found dead on a coastline in Mimitsu,
Hyuga, Miyazaki, Japan (32°33°20” N, 131°61°7” E) in February 2015. Necropsy was performed at the Department of Veterinary
Pathology, University of Miyazaki, the next day. According to the code system established by Geraci and Lounsbury to evaluate
the carcass quality, the carcass of this case was assigned CODE 3- Fair based on the following gross findings: bloating, blubber
blood-tinged, soft and black muscle, and gut distended by gas [13]. According to the body condition scoring (BCS) system for all
dolphin species established by Joblon et al., the dolphin was assigned to BCS 2- Thin based on the following gross findings: mild
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concavity ventrolateral to dorsal fin and moderate depression
posterior to blowhole [12]. At necropsy, approximately
80% of both lungs were diffusely affected by hard, whitish
nodules, which were solid on cut surface (Fig. 1). Whitish
pus was found in the bronchus and trachea. The pulmonary
lymph nodes were enlarged. The thoracic cavity contained
a small amount of dark reddish fluid (<50 ml). Small white
cysts (approximately 5 mm in diameter) in the blubber
around the back and urogenital opening and a large white
cyst (approximately 40 mm in diameter) in the peritoneum
of the rectum, which were the larval stage of tapeworms,
were observed. Gastrointestinal contents were minimal and
milky fluid. A few nematodes were also found in the pyloric
stomach (length 50-90 mm). The abdominal cavity contained
dark reddish fluid (approximately 100 ml). The central
nervous system, including the brain and spinal cord, was
not examined. Specimens of the lungs, liver, heart, intestine,
spleen, kidneys, and superficial cervical and pulmonary Fig. 1. Diffuse, whitish nodules are observed on the cut surface of the
lymph nodes were collected, fixed in 10% neutral buffered lung. Demarcation of the nodules is clear. Bar=5 cm.

formalin, routinely processed, and embedded in paraffin wax.

Sections (2—4 pm) were stained with hematoxylin and eosin.

Selected tissue sections were also stained with Gram stain,

Ziehl-Neelsen (ZN) stain, Fite’s stain, and Grocott’s methenamine silver (GMS) stain. Immunohistochemistry (IHC) was performed
using primary antibodies listed in Table 1. Horseradish peroxidase (EnVision+ Dual Link System, Dako North America Inc.) was used
to detect the primary antibodies and developed with 3,3’-diaminobenzidine solution (Sigma-Aldrich, St. Louis, MO, USA). Positive
and negative control tissues were included in all staining procedures.

Parts of the excised lung lesion were submitted for microbiological analysis at the Department of Veterinary Microbiology,
University of Miyazaki. Brain heart infusion agar plates, tryptic soy agar (TSA) plates, and TSA with 5% sheep blood (blood agar)
plates were used for inoculation. Inoculated plates were incubated for 2—3 days at 37°C under aerobic and anaerobic conditions.
DNA was extracted from cultured colonies by the boiling method, and polymerase chain reaction (PCR) and sequencing were
performed. DNA was amplified by primers for the 16S ribosomal RNA gene, which amplifies a 661-bp fragment of 16S ribosomal
RNA, and primers for the DNA gyrase subunit B (gyrB) gene, which amplifies a 691-bp fragment of gyrB [11, 23]. Tissue
samples of the lung and spleen were also examined for morbillivirus nucleic acid by reverse transcription (RT)-PCR. A universal
morbillivirus primer set, which is based on highly conserved regions of the morbillivirus phosphoprotein (P) gene and amplifies a
429-bp DNA fragment, was applied [1]. RT-PCR cycling conditions were as described by Stone et al. (2011) [19]. RNA extracted
from canine distemper virus was used as a positive control, and nuclease-free water was used as a negative control.

Microscopic examination of the lung revealed severe necrosis with complete loss of the normal pulmonary structure and
diffuse infiltration of degenerated or necrotized neutrophils into the bronchus, bronchiole, and alveoli (Fig. 2). Neutrophils also
infiltrated into destructed bronchial cartilages (Fig. 2, inset). Fibrinous exudate was observed multifocally. Granulomatous lesions,
composed of epithelioid macrophages, multinucleated giant cells, or lymphocytes, were not seen. In the less affected area around
the lesions, slight infiltration of alveolar macrophages was observed (Fig. 3). The pulmonary lesions were histologically diagnosed
as severe suppurative necrotizing bronchopneumonia. GMS staining revealed numerous filamentous branched organisms, which
were distributed throughout the lesion including destructed bronchial cartilages (Fig. 4). They were positive for Gram staining,
negative for ZN staining, and focally positive for Fite’s staining. These organisms were not observed in alveolar macrophages.

IHC examination revealed that there were very few macrophages expressing Iba-1 in inflammatory regions. Alveolar macrophages
around the lesion were positive for Iba-1. T cells expressing CD3 were also rare, and B cells expressing CD20 were not seen. In the
spleen and superficial cervical and pulmonary lymph nodes, severe lymphoid depletion was confirmed by a comparison with those
in a normal cetacean (Feresa attenuata) (Fig. 5). Mild neutrophil infiltration was observed in the spleen and pulmonary lymph
nodes, and bacteria same as those in the lungs were detected in the expanded lymph sinus by GMS staining. No significant changes
were observed histologically in the other organs examined.

In microbiological analysis, white raised colonies were found on all inoculated plates. Gram-positive and weakly staining

Table 1. Primary antibodies used for immunohistochemistry in this study

Antibody Host Dilution  Antigen retrieval Catalog No. Source

CD3 Rabbit RU Heat, pH 6.0 IR503 Dako, Tokyo, Japan

CD20 Rabbit 1:400 None RB-9013-P1  Thermo Fisher Scientific, Waltham, MA, USA
Iba-1 Rabbit 1:250 Heat, pH 6.0 019-19741 Wako, Osaka, Japan

RU, ready to use.
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Fig. 2. Histological feature of lung. Lung is characterized by severe = Fig. 3. Histological feature of peripheral area of the pulmonary le-

and diffuse neutrophilic infiltration in the bronchus, bronchiole, and sions. This image shows infiltration of numerous neutrophils (left
alveoli. The normal structure is destroyed. Inset shows destructed side), and infiltration of alveolar macrophages and fibrinous exudate
bronchial cartilage. Hematoxylin and eosin staining. Bar=250 um. in alveolar space around the lesion (right side). Hematoxylin and

eosin staining. Bar=50 pm.

By

Fig. 4. Grocott’s methenamine silver staining reveals numerous fila-  Fig. 5. Histological feature of spleen. Severe lymphoid depletion with
mentous organisms (i.e., Nocardia cyriacigeorgica) in pulmonary ambiguous lymphoid follicles and an overall decrease in the num-
lesions. The organisms are radially distributed from the remained bers of lymphocytes are observed. Hematoxylin and eosin staining.
bronchial airways (space on the left). Grocott’s methenamine silver Bar=100 pm.

staining. Bar=50 um.

acid-fast bacteria were detected on smears. Most bacteria were rod-shaped, while few bacteria were filamentous. Genetic analysis
confirmed that colonies grown under aerobic conditions showed 99% nucleotide identity with N. cyriacigeorgica. In addition,
three other bacterial species were identified from colonies grown under anaerobic conditions (Table 2). The result of RT-PCR for
morbillivirus examination was negative.

Microbiological analysis supported histological findings of the lung. The filamentous bacteria within the lesions had
characteristics consistent with Nocardia spp. Pier et al. (1970) and St Leger et al. (2009) reported 13 cases (11 captive and 2 wild)
of nocardiosis in cetaceans [16, 18]. Of these cetacean cases, N. asteroides was isolated from 3 cases, N. farcinica from 2 cases, N.
brasiliensis from 2 cases, N. caviac from 1 case, N. levis from 1 case, and N. cyriacigeorgica from 1 case. In the other 3 cases, the
isolated bacteria are described only as Nocardia spp. Most cases had pulmonary involvement, and it was considered that inhalation
and aspiration are the major infection routes for cetaceans [18]. N. cyriacigeorgica was first isolated from bronchial secretions of a
human with chronic bronchitis in Germany in 2001 and forms an extensively branched substrate mycelium that fragments into rod-
shaped elements at a late stage of growth [9, 25]. This morphological variation was confirmed in this case; the organisms formed

J. Vet. Med. Sci. 83(1): 146-150, 2021 148



The Journal of

Veterinary

Medical

Science SUPPURATIVE NOCARDIOSIS IN A DOLPHIN

Table 2. Bacterial species identified from each cultural condition and culture medium

Cultural condition Culture medium Identified bacterial species
Aerobic BHIA Nocardia cyriacigeorgica
TSA
TSA with blood
Anaerobic BHIA Clostridium sp.
TSA Clostridium sordellii
TSA with blood Shewanella sp.

BHIA, brain heart infusion agar; TSA, tryptic soy agar.

filamentous shapes in tissue sections and rods in smears.

Nocardiosis is an opportunistic infection that usually occurs in immunocompromised hosts [8]. Previously, N. cyriacigeorgica
infection was reported in a neonate beluga whale [18]. This report and lymphoid depletion in the spleen and lymph nodes support
the possibility that immunosuppression participated in the onset of nocardiosis in our case. In general, nocardiosis pathologically
induces pyogranulomatous inflammation, which is a feature used to aid in its diagnosis. A recent report concluded that .
cyriacigeorgica should be considered a potential cause of systemic pyogranulomatous lesions in dogs [6]. Even in cetacean
nocardiosis, granulomatous reactions with suppuration are considered essential features [15]. The inflammatory pathogenesis in
nocardiosis has been studied experimentally, as described below [2, 7, 17]. After the organism enters a host, an early inflammatory
response with mobilization of neutrophils begins to inhibit growth of the organisms and limit the spread of infection. Subsequently,
cell-mediated immunity (CMI) is triggered by activated macrophages and T cells cause direct lymphocyte-mediated toxicity to
the organism. The host ultimately releases antibodies and/or lymphocyte signals, enabling phagocytic cells to kill the organism.
Pathologically, suppurative inflammation dominated by neutrophils is observed in the acute stage, and granulomatous inflammation
characterized by predominantly macrophage and T cell infiltration is observed in subacute and chronic stages. Because the CMI
response following neutrophil recruitment is rapidly induced, spontaneous cases of nocardiosis are usually encountered during the
subacute or chronic stage.

Pneumonia in the current case, however, was characterized by a lack of granulomatous reaction. IHC revealed that there were
only a few macrophages and lymphocytes in the lesion. This finding is particular to this case and is not seen in typical nocardiosis.
Although a few reports described nocardiosis in which neutrophil infiltration was prominent, rather than granulomatous
inflammation [4, 5, 10, 24], most of them did not mention or discuss its histogenesis. Interestingly, experimental studies of
nocardiosis demonstrate that, unless antimicrobial agents are given or CMI takes over, the infection progresses with predominantly
neutrophil infiltration, as seen in early lesions [2, 7, 17]. A study of experimental infections of mice with N. asteroides indicated
that, in CMI-deficient mice caused by administration of cyclosporin A or cortisone acetate, the early inflammatory response with
infiltration of neutrophils and few mononuclear cells was continuously maintained, and the numbers of viable bacteria remained
significantly greater than those in control mice [7]. CMI is important for effective eradication of Nocardia from the lungs,
especially after the first few days of infection. For hosts in which the CMI response is inadequate, the presence of neutrophils may
account for the characteristic indolent nature of nocardiosis [15].

In the present case, chronic histological changes such as fibrosis and angiogenesis were not observed. Thus, the pneumonia
seems to be in the acute or subacute stage histologically. In general, even in an immunocompromised state, CMI is triggered
to eliminate the organism in nocardiosis. However, in the present case, severe immunodeficiency characterized by lymphoid
depletion occurred and induction of CMI could be impaired. Considering the pathogenesis of nocardiosis mentioned above, severe
immunodeficiency with CMI suppression could participates in the presentation characterized by non-granulomatous suppurative
inflammation and the spread to most of the lung in the present case. Furthermore, it is assumed that the host could not eliminate
Nocardia due to inadequate CMI, resulting in exacerbation of pneumonia and death. An in vitro study has demonstrated that
activated macrophages kill substantial numbers of Nocardia, whereas resident (unstimulated) macrophages have little or no effect
[2]. This evidence supports the findings that phagocytosis for Nocardia by alveolar macrophages was not seen in our case. In
addition, other bacterial agents isolated in this case may be involved in this unique presentation as another potential cause. Both
Clostridium and Shewanella spp. cause pneumonia in dolphin [3, 22], and Shewanella spp. in particular are a common organism in
seawater [21]. Co-infection with these bacteria may affect the inflammatory response dominated by neutrophils in this case.

Morbillivirus infections and toxicants such as heavy metals and organochlorines are considered well-known underlying causes
of immunosuppression in marine mammals. Environmental stressors could be another possible cause of impaired immune function
[18]. In this case, infection of morbilliviruses was rejected by RT-PCR analysis.

CONFLICTS OF INTEREST. The authors declare that they have no conflicts of interest related to the subject materials discussed
in this article.

J. Vet. Med. Sci. 83(1): 146-150, 2021 149



The Journal of

Veterinary

Medical

Science S.ITO ET AL.

REFERENCES

1.

2.

10.
11.

12.

14.
15.
16.
17.

18.

20.

21.

22.

23.

24.

25.

Barrett, T., Visser, I. K., Mamaeyv, L., Goatley, L., van Bressem, M. F. and Osterhaust, A. D. 1993. Dolphin and porpoise morbilliviruses are
genetically distinct from phocine distemper virus. Virology 193: 1010-1012. [Medline] [CrossRef]

Beaman, B. L. and Beaman, L. 1994. Nocardia species: host-parasite relationships. Clin. Microbiol. Rev. 7: 213-264. [Medline] [CrossRef]

Danil, K., St Leger, J. A., Dennison, S., Bernaldo de Quirds, Y., Scadeng, M., Nilson, E. and Beaulieu, N. 2014. Clostridium perfringens septicemia
in a long-beaked common dolphin Delphinus capensis: an etiology of gas bubble accumulation in cetaceans. Dis. Aquat. Organ. 111: 183-190.
[Medline] [CrossRef]

Deem, D. A. and Harrington, D. D. 1980. Nocardia brasiliensis in a horse with pneumonia and pleuritis. Cornell Vet. 70: 321-328. [Medline]
Domenis, L., Pecoraro, P., Spedicato, R., Corvonato, M., Peletto, S., Zuccon, F. and Acutis, P. 2009. Nocardia otitidiscaviarum pneumonia in an
Alpine chamois (Rupicapra rupicapra rupicapra). J. Comp. Pathol. 141: 70-73. [Medline] [CrossRef]

Eroksuz, Y., Gursoy, N. C., Karapinar, T., Karabulut, B., Incili, C. A., Yerlikaya, Z., Toraman, Z. A., Timurkan, M. O. and Eroksuz, H. 2017.
Systemic nocardiosis in a dog caused by Nocardia cyriacigeorgica. BMC Vet. Res. 13: 30. [Medline] [CrossRef]

Filice, G. A. and Niewoehner, D. E. 1987. Contribution of neutrophils and cell-mediated immunity to control of Nocardia asteroides in murine
lungs. J. Infect. Dis. 156: 113—121. [Medline] [CrossRef]

Frey, A. B. and Procop, G. W. 2015. Nocardiosis and Infections by Related Species. pp. 265-272. In: Pathology of Infectious Diseases: A Volume in
the Series: Foundations in Diagnostic Pathology, 1st ed. (Procop, G. W. and Pritt, B. S. eds.), Saunders Company, Philadelphia.

Goodfellow, M. and Maldonado, L. A. 2012. Genus I. Nocardia. pp. 386, 403. In: Bergey’s Manual of Systematic Bacteriology Volume 5: The
Actinobacteria, Part A (Whitman, W., Goodfellow, M., Kampfer, P., Busse, H. J., Trujillo, M., Ludwig, W., Suzuki, K. I. and Parte, A. eds.),
Springer, New York.

Hironaga, M. and Watanabe, S. 1977. Acute lymphangitic nocardiosis. Japanese Journal of Medical Mycology 18: 29-39. [CrossRef]

Jarvinen, A. K., Laakso, S., Piiparinen, P., Aittakorpi, A., Lindfors, M., Huopaniemi, L., Piiparinen, H. and Maki, M. 2009. Rapid identification of
bacterial pathogens using a PCR- and microarray-based assay. BMC Microbiol. 9: 161. [Medline] [CrossRef]

Joblon, M. J., Pokras, M. A., Morse, B. J., Harry, C. T., Rose, K. S., Sharp, S. M., Niemeyer, M. E., Patchett, K., Sharp, W. B. and Moore, M. J.
2015. Body Condition Scoring System for Delphinids Based on Short-beaked Common Dolphins (Delphinus delphis). J. Mar. Anim. Ecol. T: 5-13.
Joseph, R. G. and Valerie, J. L. 2005. Evaluating a carcass. pp. 176—178. In: Marine Mammals Ashore: A Field Guide for Strandings (Joseph, R. G.
and Valerie, J. L. eds.), National Aquarium, Baltimore.

Linda, M. and Keith, A. H. 2013. Nocardiosis. p. 214. In: Muller and Kirk’s Small Animal Dermatology, 7th ed. (William, H. M., Craig, E. G.,
Karen, L. C. and George, H. M. eds.), Saunders Co., Philadelphia.

Phillip, I. L. 1996. State of the art clinical article, Nocardiosis. Clin. Infect. Dis. 22: 891-903.

Pier, A. C., Takayama, A. K. and Miyahara, A. Y. 1970. Cetacean nocardiosis. J. Wildl. Dis. 6: 112—118. [Medline] [CrossRef]

Sharmila, P. P., Nitin, J. N. and Nidhi, R. S. 2012. Nocardiosis: clinical and pathological aspects. Histopathology-Reviews and Recent Advances.
doi: 10.5772/52376, [accessed on March 9, 2020] [CrossRef]

St Leger, J. A., Begeman, L., Fleetwood, M., Frasca, S., Garner, M. M., Lair, S., Trembley, S., Linn, M. J. and Terio, K. A. 2009. Comparative
pathology of nocardiosis in marine mammals. Vet. Pathol. 46: 299-308. [Medline] [CrossRef]

Stone, B. M., Blyde, D. J., Saliki, J. T., Blas-Machado, U., Bingham, J., Hyatt, A., Wang, J., Payne, J. and Crameri, S. 2011. Fatal cetacean
morbillivirus infection in an Australian offshore bottlenose dolphin (Tursiops truncatus). Aust. Vet. J. 89: 452—457. [Medline] [CrossRef]

Sykes, J. E. 2012. Actinomycosis and Nocardiosis. p. 493. In: Infectious Diseases of the Dog and Cat, 4th ed. (Craig, G. ed.), Saunders Company,
St. Louis.

Venkateswaran, K., Moser, D. P., Dollhopf, M. E., Lies, D. P., Saffarini, D. A., MacGregor, B. J., Ringelberg, D. B., White, D. C., Nishijima, M.,
Sano, H., Burghardt, J., Stackebrandt, E. and Nealson, K. H. 1999. Polyphasic taxonomy of the genus Shewanella and description of Shewanella
oneidensis sp. nov. Int. J. Syst. Bacteriol. 49: 705-724. [Medline] [CrossRef]

Venn-Watson, S., Smith, C. R. and Jensen, E. D. 2008. Primary bacterial pathogens in bottlenose dolphins Tursiops truncatus: needles in haystacks
of commensal and environmental microbes. Dis. Aquat. Organ. 79: 87-93. [Medline] [CrossRef]

Weisburg, W. G., Barns, S. M., Pelletier, D. A. and Lane, D. J. 1991. 16S ribosomal DNA amplification for phylogenetic study. J. Bacteriol. 173:
697-703. [Medline] [CrossRef]

Woods, G. L. 1999. Infections of the respiratory tract. pp. 31-33. In: Infectious Disease Pathology: Clinical Cases (Woods, G. L., Schnadig, V. J.,
Walker, D. H. and Winn, Jr W. C. eds.), Butterworth-Heinemann, Oxford.

Yassin, A. F., Rainey, F. A. and Steiner, U. 2001. Nocardia cyriacigeorgici sp. nov. Int. J. Syst. Evol. Microbiol. 51: 1419-1423. [Medline]
[CrossRef]

J. Vet. Med. Sci. 83(1): 146-150, 2021 150


http://www.ncbi.nlm.nih.gov/pubmed/8460473?dopt=Abstract
http://dx.doi.org/10.1006/viro.1993.1217
http://www.ncbi.nlm.nih.gov/pubmed/8055469?dopt=Abstract
http://dx.doi.org/10.1128/CMR.7.2.213
http://www.ncbi.nlm.nih.gov/pubmed/25320031?dopt=Abstract
http://dx.doi.org/10.3354/dao02783
http://www.ncbi.nlm.nih.gov/pubmed/7460568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19361807?dopt=Abstract
http://dx.doi.org/10.1016/j.jcpa.2009.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28109291?dopt=Abstract
http://dx.doi.org/10.1186/s12917-017-0945-3
http://www.ncbi.nlm.nih.gov/pubmed/3298450?dopt=Abstract
http://dx.doi.org/10.1093/infdis/156.1.113
http://dx.doi.org/10.3314/jjmm1960.18.29
http://www.ncbi.nlm.nih.gov/pubmed/19664269?dopt=Abstract
http://dx.doi.org/10.1186/1471-2180-9-161
http://www.ncbi.nlm.nih.gov/pubmed/16512022?dopt=Abstract
http://dx.doi.org/10.7589/0090-3558-6.2.112
http://dx.doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/19261643?dopt=Abstract
http://dx.doi.org/10.1354/vp.46-2-299
http://www.ncbi.nlm.nih.gov/pubmed/22008125?dopt=Abstract
http://dx.doi.org/10.1111/j.1751-0813.2011.00849.x
http://www.ncbi.nlm.nih.gov/pubmed/10319494?dopt=Abstract
http://dx.doi.org/10.1099/00207713-49-2-705
http://www.ncbi.nlm.nih.gov/pubmed/18500025?dopt=Abstract
http://dx.doi.org/10.3354/dao01895
http://www.ncbi.nlm.nih.gov/pubmed/1987160?dopt=Abstract
http://dx.doi.org/10.1128/JB.173.2.697-703.1991
http://www.ncbi.nlm.nih.gov/pubmed/11491341?dopt=Abstract
http://dx.doi.org/10.1099/00207713-51-4-1419

