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Short Note
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Staphylococcus are widespread bacteria that
cause superficial and invasive infections in sev-
eral species. The species Staphylococcus delphini
is a Gram-positive bacterium belonging to the
Staphylococcus intermedius group, being a mucosa
colonizer and an opportunistic pathogen in some
animals, including delphinids (Canver et al., 2019;
Vrbovska et al., 2020). The first isolation was from
two aquarium dolphins suffering from multifocal
purulent skin lesions (Varaldo et al., 1988). S. del-
phini has subsequently been isolated from other
mammals (e.g., cows, horses, donkeys, camels,
mustelids) and avian species (e.g., Adélie pen-
guins, pigeons, cinereous vultures, red kites, ducks)
(Sasaki et al.,2007; Guardabassi et al.,2012; Mama
et al.,2019; Ruiz-Ripa et al., 2019; Vrbovskd et al.,
2020). Recently, the zoonotic potential of S. del-
phini has been recognized (Magleby et al., 2019).
Herein, we present the diagnosis and successful
treatment of S. delphini-caused cutaneous lesions
on a common bottlenose dolphin (Tursiops trunca-
tus) under human care.

This 49-y-old female common bottlenose dol-
phin displayed a moderate, acute, focal, vesicular
dermatitis in the blowhole (dorsum and peduncle)
that recurrently ulcerated despite routine wound
management. Swabs from the external area of the
blowhole near the ulcerative lesions (Figure 1a)
were subjected to bacteriological and fungal
investigations. The sample for bacteriological
studies was cultured on agar plates in aerobic or
anaerobic conditions. The isolates were subjected
to a protein—peptide extraction protocol based

on formic acid-acetonitrile (Bruker Daltonik,
Bremen, Germany) to obtain matrix-assisted laser
desorption ionization—time-of-flight mass spec-
trometry (MALDI-TOF MS) profiles. A complete
antiobiogram (amoxicillin—clavulanic acid, ampi-
cillin, ceftiofur, doxycycline, enrofloxacin, gen-
tamicin, penicillin G, tetracycline, tiamulin) was
performed on obtained isolates.

The isolate was identified to the species level
as S. delphini (MALDI-TOF MS-based identifi-
cation log [score] value, > 2.00). The antiobio-
gram performed on isolates revealed penicillin G
resistance. No fungal growth was observed in the
swabs.

Sloughing ulcerated skin was opportunistically
collected for virological (e.g., cetacean herpesvirus,
papillomavirus, poxvirus) studies using specific
PCR protocols (VanDevanter et al., 1996; Bracht
et al., 2006; Mengual-Chulia et al., 2012) and for
histological and immunohistochemical studies. The
skin sample collected for histology was fixed in
formalin for 48 h and routinely processed.

The skin sample was negative for cetacean
herpesvirus, papillomavirus, and poxvirus. Histo-
logical examination showed a moderate, suppura-
tive dermatitis characterized by a multifocal infil-
tration of the basal layers of the stratum spinosum
of the epidermal papillae and the external areas of
the dermal papillae by neutrophils (Figure 1c). For
the immunohistochemical study, deparaffinized
and rehydrated samples were incubated in horse
serum followed by the primary antibody (rabbit
polyclonal anti-Staphylococcus spp., 1:100 dilution,
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incubation 2 h at 37°C). Commercial reagents were
used for the secondary antibody (ImmPRESS®-VR
Horse Anti-Rabbit IgG Polymer Kit; Vector
Laboratories LTD, Peterborough, UK) and chromo-
gen (ImmPACT®NovaRED™ Peroxidase Substrate;
Vector Laboratories LTD). Archive tissue samples
from a domestic pig experimentally infected with
S. aureus was used as the positive control. For nega-
tive controls, the primary antibody was replaced by
a commercial universal negative control reagent.
Immunohistochemical assessment revealed a
multifocal cytoplasmic granular immunoreaction
for Staphylococcus spp. in neutrophils infiltrat-
ing the basal layers of the stratum spinosum and
less often in those located in epidermal papillae
(Figure 1d). Based on these results, a topic anti-
microbial treatment using gentamicin (ophthal-
mologic formula) twice daily for 1 mo was imple-
mented, which showed a progressive resolution of
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the lesions and no recurrence 1 y after the end of
the treatment (Figure 1b).

Free-range dolphins and those under human
care are increasingly being diagnosed with staph-
ylococci infections, most of which are zoonotic.
While S. delphini was first identified in cutane-
ous lesions of managed dolphins (Varaldo et al.,
1988), there have been no further reports in this
group, although it is seen in other species, includ-
ing humans. Furthermore, the pathology of S. del-
phini in dolphins remains to be described. The
characterization of gross and histological lesions
induced by S. delphini may be highly valuable for
diagnostic purposes in managed cetaceans as well
as contributing to the understanding of S. delphini
pathogenesis in these species.

Although incisional biopsy may be the ideal
procedure for obtaining samples for histopatho-
logical studies, less invasive techniques should be

Figure 1. Staphylococcus delphini cutaneous lesions in a bottlenose dolphin (Tursiops truncatus) under human care: (a) the
initial vesicles tend to rupture leading to a moderate subacute focal ulcerative dermatitis of the blowhole. Recurrence explains
local fibrosis; (b) dermal ulcers are resolved after topic antimicrobial treatment, and there is no fibrosis and recurrence of
lesions 1y after treatment; (c) moderate acute multifocal suppurative dermatitis in the basal layers of the stratum spinosum
of the epidermis (haematoxylin-eosin; scale bar = 100 pm); and (d) multifocal cytoplasmic brown granular immunoreaction
in the neutrophils infiltrating the basal layers of the stratum spinosum and less often in the epidermal papillae (arrows) (rabbit
polyclonal anti-Staphylococcus spp. antibody; scale bar = 50 pum).
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considered —especially in aged cetaceans under
human care. In this study, we took advantage of
a sample from the ulcerated skin for virological
and histopathological studies, thereby avoiding
stress, anaesthesia, and secondary infections of
the surgery site. The sample proved diagnostic
for histopathology, showing the usefulness of the
opportunistic collection of the detached skin as a
first step in those cases in which incisional biopsy
may not be recommended.

The pathogenesis of S. delphini dermatitis in
small odontocetes is unknown. The histopatho-
logical examination discussed herein showed a
suppurative dermatitis associated with intraepi-
thelial cleft formation. S. delphini is known to
produce exfoliative toxin, trypsin-like serine pro-
tease cluster, and enterotoxin C (Vrbovska et al.,
2020). This mechanism explains the degradation
of intercellular junctions in the epidermis trigger-
ing vesicle formation and ulceration.

Immunohistochemical detection of staphylo-
cocci has not been employed before in the diag-
nosis of dermal bacterial infections in dolphins.
We localized staphylococci intracellularly in
neutrophils and epithelial cells. The intracellular
location of Staphylococcus observed herein is
explained by the surface protein Y which facili-
tates S. delphini to internalize into phagocytic
cells (Maali et al., 2020). Immunohistochemistry
brings together the bacteriological and histopath-
ological results and may be used as an ancillary
tool in suspected cases of cutaneous bacterial
infections in managed cetaceans.

The resolution of full-thickness cutaneous
ulcers in a common bottlenose dolphin caused
by S. delphini, described in this short note, was
achieved using topic antimicrobial treatment. This
treatment promoted lesion healing as observed in
the skin that displayed fibrosis 1 y after treatment.
Furthermore, we showed the importance of per-
forming an adequate diagnostic workflow based
on bacterial culture and identification for success-
ful long-time management.

MALDI-TOF MS seems to be an accurate tool
to identify S. delphini infections in biological
samples from dolphins. Concordantly, MALDI-
TOF MS has been suggested as the best option
for distinguishing members of the S. interme-
dius group (Canver et al., 2019). Our results
also highlight the need to monitor antimicrobial
resistance to successfully manage dermal inva-
sive infections in cetaceans under human care.
Further studies should establish risk factors pre-
disposing managed aquatic mammals to staphy-
lococcal dermatitis.

Acknowledgments

Agustin Rebollada-Merino is a recipient of a
Spanish Government-funded Ph.D. contract for
Research Staff Training (FPI) granted by the
Spanish Ministry of Science and Innovation and
the Spanish Ministry of Universities (RTI2018-
098658-B-C22; PRE2019-087439). We thank
Gabriela Torre (VISAVET Health Surveillance
Centre) for her technical support, and the dolphin
department staff at Mundomar for their commit-
ment to the care of the managed collection.

Literature Cited

Bracht, A. J., Brudek, R. L., Ewing, R. Y., Manire, C. A.,
Burek, K. A., Rosa, C., Beckmen, K. B., Maruniak,
J. E., & Romero, C. H. (2006). Genetic identification of
novel poxviruses of cetaceans and pinnipeds. Archives
of Virology, 151(3), 423-438. https://doi.org/10.1007/
s00705-005-0679-6

Canver, M. C., Tekle, T., Compton, S. T., Callan, K.,
Burd, E. M., Zimmer, B. L., Bemis, D. A., Carroll,
K. C., & Westblade, L. F. (2019). Performance of
five commercial identification platforms for iden-
tification of Staphylococcus delphini. Journal of
Clinical Microbiology, 57(11), e00721-19. https://doi.
org/10.1128/JCM.00721-19

Guardabassi, L., Schmidt, K. R., Petersen, T. S., Espinosa-
Gongora, C., Moodley, A., Agerso, Y., & Olsen, J. E.
(2012). Mustelidae are natural hosts of Staphylococcus
delphini group A. Veterinary Microbiology, 159(3-4),
351-353. https://doi.org/10.1016/j.vetmic.2012.04.004

Maali, Y., Diot, A., Martins-Simdes, P., Bes, M., Bouvard, D.,
Vandenesch, F., Verhoeven, P. O., Laurent, F., & Trouillet-
Assant, S. (2020). Identification and characterization of
Staphylococcus delphini internalization pathway in non-
professional phagocytic cells. Infection and Immunity,
88(5), €00002-20. https://doi.org/10.1128/IA1.00002-20

Magleby, R., Bemis, D. A., Kim, D., Carroll, K. C.,
Castanheira, M., Kania, S. A., Jenkins, S. G., &
Westblade, L. F. (2019). First reported human isolation
of Staphylococcus delphini. Diagnostic Microbiology
and Infectious Disease, 94(3), 274-276. https://doi.
org/10.1016/j.diagmicrobio.2019.01.014

Mama, O. M., Gémez, P., Ruiz-Ripa, L., Gémez-Sanz, E.,
Zarazaga, M., & Torres, C. (2019). Antimicrobial resis-
tance, virulence, and genetic lineages of Staphylococci
from horses destined for human consumption: High
detection of S. aureus isolates of lineage ST1640 and
those carrying the lukPQ gene. Animals (Basel), 9(11),
900. https://doi.org/10.3390/ani9 110900

Mengual-Chulid, B., Garcia-Pérez, R., Gottschling, M.,
Nindl, I., & Bravo, I. G. (2012). Novel animal papil-
lomavirus sequences and accurate phylogenetic place-
ment. Molecular Phylogenetics and Evolution, 65(3),
883-891. https://doi.org/10.1016/j.ympev.2012.08.011



120 Romani-Cremaschi et al.

Ruiz-Ripa, L., Gémez, P., Alonso, C. A., Camacho, M. C.,
de la Puente, J., Fernandez-Fernandez, R., Ramiro, Y.,
Quevedo, M. A., Blanco, J. M., Zarazaga, M., Hofle,
U., & Torres, C. (2019). Detection of MRSA of lineages
CC130-mecC and CC398-mecA and Staphylococcus
delphini-lnu(A) in magpies and cinereous vultures in
Spain. Microbial Ecology, 78(2), 409-415. https://doi.
org/10.1007/s00248-019-01328-4

Sasaki, T., Kikuchi, K., Tanaka, Y., Takahashi, N., Kamata,
S., & Hiramatsu, K. (2007). Reclassification of pheno-
typically identified Staphylococcus intermedius strains.
Journal of Clinical Microbiology, 45(9), 2770-2778.
https://doi.org/10.1128/JCM.00360-07

VanDevanter, D. R., Warrener, P., Bennett, L., Schultz,
E. R., Coulter, S., Garber, R. L., & Rose, T. M.
(1996). Detection and analysis of diverse herpes-
viral species by consensus primer PCR. Journal of
Clinical Microbiology, 34(7), 1666-1671. https://doi.
org/10.1128/jcm.34.7.1666-1671.1996

Varaldo, P. E., Kilpperbalz, R., Biavasco, F., Satta, G.,
& Schleifer, K. H. (1988). Staphylococcus delphini
sp. nov., a coagulase-positive species isolated from
dolphins. [International Journal of Systematic and
Evolutionary Bacteriology, 38(4), 436-439. https://doi.
org/10.1099/00207713-38-4-436

Vrbovska, V., Sedlacek, 1., Zeman, M., évec, P., Kovarovic,
V., Sedo, 0., Laichmanové, M., Doskaf, J., & Panticek, R.
(2020). Characterization of Staphylococcus intermedius
group isolates associated with animals from Antarctica
and emended description of Staphylococcus delphini.
Microorganisms, 8(2),204. https://doi.org/10.3390/micro-

organisms8020204



