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INTRODUCTION

Marine mammals are recognized as useful sen-
tinels of the health status of the oceans (Bossart
2011). Due to their frequent interaction with humans,
cetaceans comprise some of the most suitable species
to monitor the human−marine mammal interface.
Zoonoses are of major concern to marine mammal
researchers, rehabilitators, trainers, veterinarians,

and volunteers, as they are at increased risk of
acquiring zoonotic diseases through occupational
exposure. Several pathogens from marine mammals
have been confirmed to infect humans, including
Ajellomyces (Blastomyces) dermatitidis, Bisgaardia
sp., Brucella sp., calicivirus, Erysipelothrix rhusio -
pathiae, influenza viruses, Lacazia (Loboa) loboi,
Leptospira sp., Mycobacterium sp., Mycoplasma sp.,
poxvirus, and Streptococcus sp. (Waltzek et al. 2012).
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ABSTRACT: We describe gross, histopathologic, ultrastructural, immunohistochemical, and micro-
biologic features of acute septicemia by Erysipelothrix rhusiopathiae in an Atlantic spotted dol-
phin Stenella frontalis and an Atlantic bottlenose dolphin Tursiops truncatus. Generalized lym-
phadenomegaly and widespread hemorrhages were the most consistent macroscopic findings.
Tricavitary effusion and icterus were noted in one individual. Histologically, all organs examined
showed numerous variably sized bacillary bacterial emboli (Gram-positive; Ziehl−Neelsen-nega-
tive), typically associated with systemic congestion, edema, hemorrhages, and fibrinocellular
thrombi. These bacteria were frequently intravascular, either extracellular or intramonocytic/
macrophagic, and to a lesser extent, free within the interstitium of parenchymal organs. In both
cases, microbiological analysis yielded E. rhusiopathiae. A primary anti-E. rhusiopathiae antibody
created in mice from one of the strains isolated allowed positive immunohistochemical detection.
Electron microscopy and dual immunohistochemistry with lysozyme and MAC387 antibodies con-
firmed the intramacrophagic location of the bacilli. E. rhusiopathiae, a known multispecies and
zoonotic agent, should be considered as a potential etiologic agent in septicemia cases in free-
ranging individuals of these dolphin species.
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Koch first isolated a member of the genus
Erysipelothrix in 1876 (Koch 1878) from mice that had
been inoculated with blood from putrefied meat, and
the first isolation from a pig was in 1882. The genus
currently contains 3 species: E. rhusiopathiae, E. ton-
sillarum, and E. inopinata (Stackebrandt et al. 2006).
Some investigations on the pathogenicity of E. tonsil-
larum have concluded that most serotypes are apath-
ogenic, e.g. in swine (Takahashi et al. 1987) and
chickens (Takahashi et al. 1994), yet certain serotypes
have been incriminated as primary pathogens, e.g. in
dogs (Takahasi et al. 2000) and swine (Bender et al.
2011). The pathogenicity of E. inopinata, first isolated
as a contaminant from sterile-filtered vegetable broth,
is largely unknown (Verbarg et al. 2004). E. rhusio -
pathiae has been found as a commensal or a pathogen
in myriads of vertebrate and invertebrate species
worldwide (Stackebrandt et al. 2006). Its major reser-
voir is believed to be domestic swine, but rodents and
birds are also frequently infected (Wang et al. 2010).

Since first reported in a cetacean species (Seibold
& Neal 1956), Erysipelothrix infection has been rec-
ognized in up to 10 different species, including cap-
tive and free-ranging individuals (Melero et al.
2011), with descriptions of the classic dermatologic
(Simpson et al. 1958) and acute septicemic forms
resembling those reported in swine (Seibold & Neal
1956, Dilbone 1965, Geraci et al. 1966, Kinsel et al.
1997). Although peracute-to-acute septicemia occurs
with little or no specific clinical signs (Seibold & Neal
1956), and diagnosis is generally made postmortem,
pathognomonic diamond-shaped skin lesions are
seen in the chronic form of the disease (Melero et al.
2011). For both presentations, the diagnosis relies on
clinical signs and culture with selective and enrich-
ment media, classic bacterial identification systems
e.g. API Coryne System 2.0 (bioMérieux), and molec-
ular identification. Serologic studies in cetacean pop-
ulations have been limited due to lack of commercial
kits available; however, use of indirect immunofluo-
rescence (IIF), agglutinating techniques, and ELISA
has allowed detection of positive anti-Erysipelothrix
titers in wild dolphins (Gilmartin et al. 1971, Suer et
al. 1988, Bernal-Guadarrama et al. 2014). Erysi -
pelothrix zoonotic potential, with emphasis on the
marine mammal−human interface, has been recog-
nized for personnel involved in whaling and sealing
activities with the classical ‘seal or whale-finger’
(Hillenbrand 1953) or necropsy operations on ce -
tacean carcasses (Chastel et al. 1975).

Erysipelothrix infection is considered the most seri-
ous infectious disease of captive cetaceans, with un -
vaccinated juveniles being most susceptible (Fraser

1986). Likely sources of infection include ingestion of
contaminated feedstuffs and opportunistic coloniza-
tion of wounds. Current prophylactic approaches
include antibiotic therapy (e.g. penicillin) and vacci-
nation with porcine erysipelas vaccines (Bernal-
Guadarrama et al. 2014), yet immu nogenicity has
been shown to vary between commercially available
products (Dunn et al. 2001). Vaccination with the
porcine erysipelas bacterin has resulted in adverse
clinical reactions and even death (Bernal-Guadar-
rama et al. 2014), resulting in re duced use worldwide
(Dunn et al. 2001).

The present study describes gross histopathologic,
ultrastructural, immunohistochemical (IHC), and mi -
crobiologic features of acute septicemia by E. rhu-
siopathiae in a free-ranging Atlantic spotted dolphin
Stenella frontalis and an Atlantic bottlenose dolphin
Tursiops truncatus. To the best of our knowledge,
even though this agent has been recorded in these
species, neither IHC nor electron microscopy has
been previously employed in cetacean Erysipelothrix
infection.

MATERIALS AND METHODS

A 228 cm long, adult female Atlantic bottlenose
dolphin (Animal 1) was submitted for necropsy
after being found stranded dead in Las Galletas,
Tenerife (28° 0’ 18’’ N, 16°39’ 21’’ W; Canary Islands)
in March 2010. A 42 kg (92.59 lb), 160 cm long,
subadult male Atlantic spotted dolphin (Animal 2)
was submitted for necropsy after being found
stranded dead in the same location in February
2012. Both individuals were necropsied having a
fresh decomposition code (grade 2) (Kuiken & Gar-
cía-Hartmann 1991) and a good body condition
(Arbelo et al. 2013). The required permission for
the management of stranded cetaceans anywhere
within the Canarian archipelago was issued by the
environmental department of the Canary Islands’
Government. No experiments were performed on
live animals because our work was based on dead
stranded cetaceans, and the field studies did not
involve endangered or protected species.

A complete and standardized necropsy (Kuiken &
García-Hartmann 1991) was performed on both indi-
viduals. Representative samples of skin, longissimus
dorsi and rectus abdominis muscles, peritoneum, dia -
phragm, brain, pterygoid sacs, tympanoperiotic com-
plexes, tongue, oral mucosa, pharyngeal and laryn-
geal tonsils, esophagus, stomach, intestine, liver,
pancreas, trachea, lungs, heart, aorta, kidneys, ure -
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ters, urinary bladder, lymph nodes, testicles, penis,
prepuce, ovaries, uterus, vagina, and vulva were col-
lected and fixed in 10% neutral buffered formalin. All
these tissues were processed routinely, and embedded
in paraffin, and 5 µm sections were stained with
hematoxylin and eosin (H&E). Selected sections were
also stained with Gram, Ziehl-Neelsen (ZN), and peri-
odic acid-Schiff (PAS).

Samples of liver, lung, and mesenteric lymph node
(Animals 1 and 2), and brain and kidney (Animal 2)
were surface-plated on Columbia blood agar (bio-
Mérieux) and incubated aerobically and under
anaerobic conditions for 48 h at 37°C. Isolates were
identified using the commercial API Coryne system.
Isolates were molecularly characterized by pulsed-
field gel electrophoresis (PFGE) according to the
specifications of Vela et al. (2000) with the CHEF-DR
III system (Bio-Rad Laboratories). The restriction en -
zyme Bsp 120I (MBI Fermentans) was used accord-
ing to the manufacturer’s recommendations.

Transmission electron microscopy (TEM) was per-
formed on liver sections of Animal 2. Formalin-fixed
samples were postfixed in suspension with 2.5% glu-
taraldehyde in 0.1 M phosphate buffer (pH 7.2), and
further with osmium tetroxide, stained with 1%
uranyl acetate, and embedded in epon (Epon 812,
Fluka Chemie). Ultra-thin sections were cut at 50 nm,
contrasted with lead citrate, and observed under a
Zeiss EM912 TEM.

For IHC, the antibodies (Ab) used were a mono-
clonal mouse anti-human myeloid/histiocyte antigen
clone MAC387 (1:100; Dako), a polyclonal rabbit
anti-human lysozyme (1:400; Dako) for macro-
phages, and a primary polyclonal Ab (1:100) created
in mice infected with the strain of Erysipelothrix rhu-
siopathiae isolated from Animal 1. Female BALB/c
mice were immunized every other week for 3 mo by
intraperitoneal injection with 5 × 108 total bacterial
count paraformaldehyde-fixed bacteria emulsified in
incomplete Freund’s adjuvant (SIGMA Aldrich). A
week after the last injection, the serum Ab titer was
determined by indirect ELISA.

RESULTS

Major gross findings in Animal 1 included diffuse
subcutaneous and visceral icterus and tricavitary ef-
fusion (ascites, 700 ml, Fig. 1A; hydrothorax, 250 ml;
hydropericardium, 25 ml, Fig. 1B), dorsocervical sub-
cutaneous edema with multifocal congestive areas
and scattered hemorrhages, marked congestion of
epaxial musculature, generalized lymphadenome -

galy, hepatic lipidosis, pulmonary congestion and at-
electasis, adrenal hemorrhages, and congestion and
multifocal meningeal hemorrhages (Fig. 1C). Para-
sites included Syncyamus sp., Xenobalanus sp., and
adults of Crassicauda sp. in the margins of the blow-
hole, caudal margins of the dorsal fin, and subcutis
and thoracolumbar fascia, respectively. In Animal 2,
there were multifocal cutaneous tattoo-like lesions
(presumptive dolphin poxvirus; Geraci et al. 1979)
and hemorrhages, widespread pale tan-to-white ir-
regular myocardial areas interpreted as acute rhab-
domyolysis (Fig. 1D) with scattered hemorrhages,
 bilateral pulmonary emphysema, generalized lym-
phadenomegaly, and pancreatic hemorrhages. Para-
sites included merocercoids of Phyllobothrium del-
phini, adults of Crassicauda sp., Anisakis sp., Pholeter
sp., unidentified cestodes, and Stenurus sp. in the
 integument, thoracolumbar fascia, keratinized and
glandular stomach, intestine, and pterygoid sacs, re-
spectively.

Histologically, the most consistent finding in both
animals was numerous variably sized bacterial em -
boli throughout all tissues examined, typically associ-
ated with congestion, edema, and microhemorrha -
ges, and less frequently with fibrinocellular thrombi.
Slender, Gram-positive and ZN-negative bacilli were
within blood vessels or less frequently within the
interstitium of parenchymal organs. Often, intravas-
cular bacteria were within the cytoplasm of mono-
cytes/ macrophages. In Animal 1, additional histo-
logic findings were acute neutrophilic myo carditis
(Fig. 2A), acute embolic glomerulonephritis (Fig. 2B),
interstitial nephritis, embolic adrenalitis, moderate-
to-marked multicentric and splenic reactive lym-
phoid hyperplasia, lymphoplasmacytic bronchointer-
stitial pneumonia and alveolar nematode larvae,
pyogranulomatous mesenteric lymphadenitis, granu-
lomatous mastitis and galactophoritis with intrale-
sional adult Crassicauda sp. and eggs, chronic lym-
phoplasmacytic periportal hepatitis, and perivascular
cerebral, cerebellar, and spinal cord meningeal hem-
orrhages and edema. Animal 2 had acute cardiomy-
ocyte degeneration and necrosis with hemorrhages,
suppurative cortical adrenalitis with vascular fibri-
noid necrosis, lymphocytic and histiocytic bronchoin-
terstitial pneumonia and edema, and multicentric
reactive lymphoid hyperplasia with marked sinus
histiocytosis.

Gram-positive, catalase-negative, facultative anae -
robic bacilli were isolated in pure culture from all
samples. Isolates were identified as Erysipelothrix
rhusiopathiae (API Coryne numerical code 0000340).
Isolates of Animal 1 exhibited a unique PFGE profile
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that was different to that shown by the single PFGE
profile displayed by the isolates of Animal 2, demon-
strating that infections of each animal were caused
by a single strain, but different E. rhusiopathiae.

In sections examined (liver, kidney) of both ani-
mals, approximately 30−50% and 75% of the intra-
cellular and extracellular bacteria were labeled posi-
tive for anti-E. rhusiopathiae Ab, respectively (Fig. 2C).
About 50−75% of the bacteria-laden macrophages
showed granular cytoplasmic immunopositivity for
anti-MAC387 and anti-lysozyme Ab.

Ultrastructurally, monocytes/macrophages con-
tained small to large numbers of intracytoplasmic
2−4 × 0.3 µm, straight, replicating bacilli, typically
within phagosomes and phagolysosomes, or rarely

free (Fig. 2D), numerous mitochondria, and lyso-
somes. Bacteria had osmiophilic cell walls, thin cell
membranes, dense nuclear regions, and lipid storage
bodies.

DISCUSSION

The cause of death in both individuals was deter-
mined as acute septicemia by Erysipelothrix rhu-
siopathiae infection. These cases display similar
gross and microscopic findings to those reported pre-
viously in these species (Seibold & Neal 1956, Dil-
bone 1965, Geraci et al. 1966, Kinsel et al. 1997).
Although 2 major forms have historically been recog-
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Fig. 1. Macroscopic lesions found in (A−C) Tursiops truncatus and (D) Stenella frontalis stranded dead. (A) Abdomen contains
small amount of bright yellow, thin fluid (ascites, icterus) (asterisk). (B) Pericardial cavity has small amount of bright yellow,
thin fluid (hydropericardium, icterus) (asterisk). (C) Bilaterally, cerebral leptomeningeal vasculature is engorged (hyperemia,
congestion), more prominent in left cerebral hemisphere wherein multifocal areas of hemorrhage (asterisks) follow the vascu-
lar ramifications. Dura mater still attached at level of falx cerebri. (D) Multifocal, irregular and poorly demarcated pale areas
throughout myocardium of left ventricle (asterisks), atrium, and auricle, extending from pericardium to endocardium. Scale 

bars = (A) 2 cm, (B−D) 1 cm
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nized, acute septicemic and dermatologic, there
appears to be sufficient evidence to distinguish
between a peracute−acute form with absent or
unspecific clinical signs, e.g. anorexia, lethargy, and
initial leukocytosis shortly followed by a severe
leukopenia just prior to death, and subacute and
chronic forms, where there is development of charac-
teristic gray rhomboid dermal plaques secondary to
dermal vasculitis with cutaneous infarction coupled
with leukocytosis and anorexia (Thurman et al.
1983). In unvaccinated captive animals, individuals
might survive the acute phase if appropriate treat-
ment is instituted (Calle et al. 1993). Additionally,

progression from subacute or chronic stages to acute
forms have also been reported (Calle et al. 1993).
Although definitive and unbiased epidemiologic data
are missing, free-ranging individuals may succumb
to the acute phase and this would explain the most
common presentation in stranded animals. The fact
that subacute or chronic forms are rarely reported in
free-ranging individuals (Melero et al. 2011) may
indicate that these animals are able to overcome the
disease.

From 483 cetaceans stranded and subjected to
necropsy examination between October 2000 and
March 2015 along the coasts of the Canary Islands,
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Fig. 2. (A−C) Microscopic findings in Tursiops truncatus and (D) ultrastructural findings in Stenella frontalis, both stranded
dead. (A) Multifocally, bacteria-laden monocytes and macrophages (asterisks), intravascular and interstitial extracellular (ar-
rows) bacilli within myocardium. Mild vascular exocytosis and infiltration of neutrophils and mildly increased clear space be-
tween cardiomyocytes (edema). H&E stain. (B) Multifocally, glomerular capillaries are dilated and filled with dense emboli of
basophilic bacteria (asterisks). Rare monocytes/macrophages with engulfed bacteria (arrows). Mild increase of fibrous con-
nective tissue around glomerular capsule and adjacent interstitium (arrowheads). H&E stain. (C) Intramonocytic/macrophagic
and extracellular bacteria labeled variably positive with anti-Erysipelothrix rhusiopathiae antibodies (asterisks). Non-com-
mercial anti-E. rhusiopathiae antibody with antigen-specific staining with AEC substrate chromogen (red immunolabelling)
and counterstained with Mayer’s hematoxylin. (D) Activated macrophage with large number of intracytoplasmic bacilli 

typically within phagolysosomes (asterisks) or rarely free (arrows). Scale bars = (A−C) 100 µm, (D) 2 µm
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only in the present 2 cases has Erysipelothrix infec-
tion been suspected and confirmed. A potential cor-
relation between orographic conditions, fishery
activities, or aquiculture in the stranding area and
these 2 yr elapsed episodes of acute erysipelas in
these 2 dolphin species is not apparent. Other possi-
bilities would include transmission between the
regional terrestrial to the local aquatic ecosystem, as
has been suggested for other cetacean pathogens,
e.g. Toxoplasma gondii (Bowater et al. 2003), and the
recirculation of E. rhusiopathiae strains among these
species inhabiting the area.

The pathogenesis of Erysipelothrix infection in dol-
phins and other species is poorly understood. Partic-
ularly in free-ranging cetaceans, information about
the immunopathological features of natural disease is
essentially lacking. Moreover, only a few reports
have addressed in vitro immune aspects under
immunization settings (Sitt et al. 2010). E. rhusio -
pathiae strains are known to vary considerably in vir-
ulence (Wang et al. 2010). Generally, absent specific
antibodies, the organism evades phagocytosis, and
even if phagocytized, it is able to replicate intracellu-
larly. Major virulence factors investigated to date for
this bacterium include hyaluronidase (a spreading
factor that facilitates dissemination into tissues), neu-
raminidase (plays a significant role in bacterial
attachment and invasion into host cells), adhesive
surface proteins (e.g. RspA, RspB), and more impor-
tantly, its capsule containing the capsular polysac-
charide antigen, which confers resistance to phago-
cytosis (Wang et al. 2010). The mechanisms mediating
intracellular survival of this bacterium are unknown;
superoxide dismutase production and use of certain
host receptor(s) or complement receptors have been
proposed (Shimoji 2000). Experimental infections in
mice, pigeons, and swine have shown that phagocy-
tosis of the bacteria was carried out primarily by
macrophages, not polymorphonuclear cells (Wang et
al. 2010). The prominent and widespread bacterial
phagocytosis shown by monocytes and macrophages
throughout all tissues examined coupled with evi-
dences of intracellular bacterial replication support
the assumption that macrophagic cells might play a
major role in the pathogenesis of this bacterium in
these species. Future studies will focus on the viru-
lence determinates of strains isolated from captive
and free-ranging dolphins and other immuno -
pathological aspects of the infection.

Despite not being commonly used, lysozyme and
MAC387 immunomarkers have been successfully
employed in paraffin wax-embedded tissues of dif-
ferent cetacean species (Kumar & Cowan 1994, Jaber

et al. 2003). Likewise, ultrastructural analysis has
proven to be an accurate complementary laboratorial
technique allowing for the demonstration of changes
at the cellular and subcellular level in disease by
pathogenic prokaryotes (Brodgen 2009). In the pres-
ent case, TEM afforded the observation, for the first
time in a cetacean species, the consistent phagosomic
and phagolysosomic location of the bacteria with
minimal debris, suggesting that the bacteria largely
overcame the hosts’ digestive cellular apparatus.

Our results demonstrate the suitability of the com-
bined use of an anti-E. rhusiopathiae antibody cre-
ated in mice, lysozyme and MAC387 (commercially
available) immunomarkers, and TEM aiding in diag-
nosis of E. rhusiopathiae infection in dolphins. Fur-
ther analyses to ascertain the similarity of strains
between potential reported regional human and
domestic animal cases are warranted to better under-
stand the ecopathology of this bacterium. This patho-
gen must be considered as a differential diagnosis for
septicemia, stranding, and death in these species.
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