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INTRODUCTION

Inhabiting the same inshore ecosystems used by
humans, marine mammals, as long-lived, top-tier
consumers, are sentinel species for both human and
ocean health (Bossart et al. 2011). Knowledge of the
diversity and distribution of marine mammal patho-
gens is expanding rapidly (Maness et al. 2011, Rivera
et al. 2012). Recent studies have underscored the
importance of domesticated and feral animal pop -
ulations in both the emergence of novel, and the
re-emergence of existing, human pathogens (Wool-
house & Gowtage-Sequeria 2005). Streptococcus

iniae was first isolated in 1976 from skin lesions of
Amazon freshwater dolphins Inia geoffrensis in the
USA (Pier & Madin 1976), and is considered a major
aquatic animal pathogen in many regions of the
world. Since then, many outbreaks of S. iniae infec-
tion with high mortality rates in aquaculture farms
have been reported, with numerous fish species be -
ing found to be susceptible to infection (Adams &
Thompson 2006), including a variety of ornamental
fish (Hartman et al. 2006). These bacteria are also
zoonotic with infections in humans associated with
the handling and preparation of infected fish. Based
on the data from the Centers for Disease Control and
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ABSTRACT: A captive 8 yr old male bottlenose dolphin Tursiops truncatus succumbed to septi -
cemia with multisystemic inflammation including suppurative enteritis, encephalitis, and pneu-
monia with chronic pancreatitis. A pure culture of beta-hemolytic, catalase- and oxidase-negative,
Gram-positive cocci was isolated from the hilar lymph nodes and pancreas. The isolate was iden-
tified by 16S rDNA sequencing as Streptococcus iniae. Histological examination of the digestive
system revealed a mixed infection of both bacteria and fungus. Recognized as a pathogen in fish,
dolphins, and humans, this is the first report of S. iniae in a dolphin in mainland China. As the
number of managed animals in oceanariums is increasing, so is the frequency of contact with fish
used as food for marine mammals and humans, highlighting the importance of education and
appropriate personal protective protocols to minimize the risk of transmission. An understanding
of marine mammal infectious disease organisms is essential to ensuring the health of marine
 mammals and humans coming into contact with such animals and their food. This study illustrates
a systematic clinical, microbiological, and pathological investigation into a septicemic bottlenose
dolphin infected with S. iniae. Our findings provide useful information for those involved in the
diagnosis and control of infectious diseases in marine mammals and offer insight into an important
zoonotic pathogen.
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Prevention Microbiology Laboratory, the bacterium
was first recognized to cause human infection in 1991
in North America (Centers for Disease Control 1996). 

S. iniae tends to cause different disease states de -
pending on the type of host it infects. In dolphins, this
bacterium was only associated with dermatitis and
cellulitis and caused multifocal subcutaneous ab -
scesses in 3 I. geoffrensis (Pier & Madin 1976, Pier et
al. 1978, Bonar & Wagner 2003). In fish, infection
with S. iniae generally results in meningitis and
panophthalmitis, and consequently, high levels of
morbidity and mortality (Bromage & Owens 2002).
Humans tend to develop a septic cellulitis, with oc -
casional endocarditis, meningitis, arthritis, sepsis,
pneumonia, osteomyelitis, and toxic shock (Wein-
stein et al. 1997, Facklam et al. 2005). Sun et al.
(2007) described a case report of an invasive S. iniae
infection in a 51 yr old woman with diabetes mellitus
and hepatitis C-related liver cirrhosis in Taiwan in
2007. In dolphins, few cases were associated with S.
iniae infection (Bonar & Wagner 2003). However, S.
iniae has not received much attention or been re -
ported previously in mainland China. While there
are vaccines available for fish and antibiotics that can
successfully treat this bacterium, the risk of transmis-
sion is of significant concern for individuals handling
fish or marine mammal carcasses, since an untreated
infection could lead to permanent tissue damage or
death. Moreover, there are no effective bacterins for
use in dolphins. Here, we report a systematic clinical,
microbiological, and pathological investigation of S.
iniae infection in a deceased 8 yr old male bottlenose
dolphin Tursiops truncatus. This Tursiops case shows
the first report of S. iniae being related to a dissemi-
nated suppurative inflammatory process. Our find-
ings highlight the need for clinicians to be vigilant for
cases of S. iniae infection and for microbiology labo-
ratory staff to pay particular attention to specimens
from patients with a history of fish handling.

MATERIALS AND METHODS

Clinical history and therapeutic measures

A 100 kg, 225 cm, 8 yr old male Tursiops truncatus
originally from Japan died on 2 April 2015 following
an extended illness and was necropsied within 24 h.
The animal had been housed at Beijing aquarium
since 15 September 2010, when it was 3 yr old. The
clinical history indicated occasional traumatic skin
lesions as a result of fighting with another male dol-
phin housed in the same pool from April to October

2013. The dolphin recovered from a caudal vertebral
muscle abscess with secondary vestibular sac pro-
lapse and spondylarthritis after the administration of
long-term antibiotic treatment from December 2013
to May 2014, using mainly clindamycine and cefdi -
nir. No bacteriology was undertaken on initial
 clinical presentation. Following this treatment, the
dolphin had been in good health. However, ap -
proximately 11 mo later, slow, weak swimming was
noted on 5 March 2015. Increased white blood cell
count (15 × 103 mm−3) and a marked left shift of neu-
trophils in the blood indicated infection. Alkaline
phosphatase (60 IU l−1) was markedly decreased, and
alanine aminotransferase (85 IU l−1) was moderately
increased. Creatine kinase values, creatinine, biliru-
bin, aspartate aminotransferase, other enzymes, and
electrolytes were within reference ranges (Zappulli
et al. 2005).The clinical manifestations that followed
and the therapeutic measures taken are presented in
Table 1.

Necropsy and histopathology

A full necropsy was performed with tissue samples
taken from all organs and fixed in 10% formalin for
histologic evaluation using hematoxylin and eosin
(H&E) staining. Aerobic bacterial cultures were ob -
tained from the lung, hilar lymph nodes, liver, pan-
creas, and digestive tract. A gram-positive coccus
was isolated from the hilar lymph nodes and pan-
creas on blood agar and trypticase soy agar incu-
bated at 25°C for 24 h. The genus of the bacterium
was identified using a conventional rapid identifica-
tion system (API 20 Strep), and the species was veri-
fied using 16S rRNA gene partial sequencing (Zhang
et al. 2000, El Aamri et al. 2010) with BLAST analysis.

RESULTS

Gross and histopathological assessment

Gross necropsy findings included mild to moder-
ate enlargement and hyperemia of the hilar lymph
nodes. A pale yellow thick exudate composed princi-
pally of neutrophils admixed with cellular debris,
edema fluid, and fibrin was present in the subarach-
noid space on the dorsal surface of the brain and also
in sulci. The gyri were flattened, indicating brain
swelling and secondary compression. The liver and
pancreas had moderate to severe swelling. On the
surface of the lungs were multifocal yellow and white
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nodules ranging in the size from 1 to 1.5 cm in dia -
meter. The lung parenchyma was variably inflated,
consolidated, and mottled dark red to mahogany.
The lung cut surface and major bronchus contained
an exudate. The bronchial lymph node was moder-
ately enlarged and diffusely hyperemic. Numerous
petechiae were present on the right ventricular myo -
cardium. In addition, there were multiple congestion
gastric erosions and diffuse hyperemia of the intes-
tinal mucosa.

Histopathology revealed multisystemic suppura-
tive inflammation characterized by a predominant
neutrophilic infiltration with acute bacterial sepsis,
fungal infection, and chronic inflammation. The pre-
dominant lesions in the brain included suppurative
encephalitis (Fig. 1) and hemorrhagic meningitis,
along with abscess formation characterized by the
infiltration of inflammatory cells, multifocal infiltra-
tion of macrophages and necrotic cellular debris, and
mononuclear cell perivascular cuffing. Neuronal de -
generation, microgliosis, satellitosis, neuronophagia,
and occasional presence of multinucleate syncytia
were observed, with these changes mostly affecting
the cortical and subcortical gray matter. The lungs
showed acute suppurative bronchopneumonia
(Fig. 2A,B) with hyperemia, abundant neutrophils,
macrophages, and cellular debris within the lumen of
bronchi, bronchioles, and alveoli. Bile duct prolifera-

tion was present in the liver accompanied by focal
inflammation (Fig. 2C,D) while the pancreas exhib-
ited chronic inflammation histologically (Fig. 3). The
intestinal tract showed suppurative gastritis (mainly
the second gastric chamber) and enteritis (Fig. 4A).
Numerous multifocal to coalescing basophilic fungal
organisms were pigmented on HE-stained sections in
the digestive tract. Tight clusters of fungal hyphae
were diffusely arranged, with a radial or coralloid
appearance (Fig. 4C). Large amorphous aggregates
were characterized by necrotic cell debris containing
hyphae with regularly septate parallel basophilic
walls, and dichotomous acute angle branching
(Fig. 4D), surrounded by Langhans multinucleated
giant cells and variable numbers of neutrophils, lym-
phocytes, epithelioid macrophages, and fibroblasts
(Fig. 4B−D). The cause of death for this dolphin was
multifactorial associated with bacterial and fungal
pathogens.

Phenotypic characterization and PCR results

A catalase and oxidase negative β-hemolytic Gram-
positive coccus was isolated from the hilar lymph
nodes and pancreas. The API 20 Strep test (Zhou et
al. 2008, El Aamri et al. 2010) result was unable to
identify the Streptococcus species (Table 2). Molecu-
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Duration of treatment Clinical manifestations Therapeutic measures

5−12 March Anepithymia, slow weak swimming, Clindamycin: 10 mg kg−1, p.o., b.i.d.
leukocytosis neutrophilia with left shift

13−19 March Depression, anepithymia, occasional sinking, Levofloxacin hydrochloride: 5 mg kg−1, p.o., b.i.d.
slight high temperature, leukocytosis Metronidazole: 7 mg kg−1, p.o., b.i.d.
neutrophilia with left shift

20−23 March Depression, occasional anepithymia, Ceftriaxone sodium: 20 mg kg−1, 2 g each time, 
high temperature, leukocytosis neutrophilia i.m., s.i.d.
with left shift Sucralfate: 1 g each time, p.o., t.i.d.

24−27 March Vomiting, high temperature, slow and weak Cefdinir capsules: 6 mg kg−1, p.o., b.i.d.
swimming, sometimes just floating Ivermectin tablets: 0.2 mg kg−1, p.o., s.i.d.

28 March − 1 April Vomiting, slow and weak swimming, Ceftriaxone sodium: 20 mg kg−1, 2 g each time, 
sometimes erratic behavior, increased i.m., s.i.d.
floating time, left lateral tilt observed Imipenem and cilastatin sodium: 10 mg kg−1, i.v., 

b.i.d.
Praziquantel: 3 mg kg−1, p.o., s.i.d.

2 April Respiratory frequency increased, abnormal All rescue measures proved ineffectual and 
breathing patterns, loss of orientation, death occurred
displayed swimming disorders compatible 
with neurological syndromes, died at 02:46 h

Table 1. Clinical manifestations observed and the therapeutic measures instituted during the illness of a captive bottlenose
dolphin Tursiops truncatus in 2015; p.o.: by mouth; b.i.d.: twice d−1; s.i.d.: once d−1; t.i.d.: 3 times d−1; i.m.: intramuscular in-

jection; i.v.: intravenous injection



Dis Aquat Org 122: 195–203, 2017

lar identification based on sequencing of the 16S rRNA
gene was performed to confirm the bio chemical
identification. A polymerase chain reaction-ampli-
fied product of the 16S rRNA gene was sequenced,
and the sequence obtained was subjected to BLAST
analysis against the National Center for Biotechno -
logy Information (NCBI) database. The 1011 bp
 fragment showed 100% similarity with sequence
AF335572 (type strain NR 025148; El Aamri et al.
2010), identifying the isolated strain as S. iniae.

DISCUSSION

Streptococcosis is classically associated with acute
and chronic mortality in many aquaculture species,
with Streptococcus iniae causing meningoencephali-
tis, systemic septicemia, and subsequent mortality in
fish. At least 27 species of fish have been documen -
ted to be infected by S. iniae worldwide (Agnew &
Barnes 2007), with the exception of mainland China.
The risk of zoonotic transmission of S. iniae from
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Fig. 1. Histopathological analysis of the brain of a diseased Tursiops truncatus (H&E stain). (A) Suppurative encephalitis. In the
cortex and sub-cortex areas, multifoci are evident, with abscesses that vary in size (black arrows). Perivascular inflammatory
cell infiltration is also indicated (red arrowheads). (B) Hemorrhagic meningitis. Hemorrhaging and edema are evident under
the meninges (black arrowheads), along with diffuse inflammatory cells. (C) Perivascular cuffing. Monocytes (red arrow-
heads) in the perivascular space have been recruited from the vasculature and form several layers of cuffing. Higher magnifi-
cation of a small abscess (black asterisk) that contains neutrophils, other mononuclear inflammatory cells, and cellular debris.
(D) Satellitosis and neuronophagia. This necrotic neuron cell body is surrounded by macrophages or microglia that will phago-

cytose the cell debris (blue arrowheads). Scale bars = (A,B) 100 µm, (C,D) 20 µm
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cetaceans to humans is unknown; however, it is
known to be a zoonotic pathogen leading to disease
in those directly handling infected fish. For example,
fresh whole fish are often purchased from retail wet
markets followed by scaling, cutting, and removal of
fins and internal organs with bare hands. Many pre-
disposing or environmental factors have been identi-
fied that enhance the virulence associated with this
infection (Lau et al. 2007).

In the case of the deceased dolphin described in
this report, the cause of death was complex with a

number of potential contributing factors. The gross
necropsy, histopathology results, and the microbio -
logy evaluation indicated the cause of death to be
associated with a systemic S. iniae infection. The
involvement of the fungi in the intestinal tract sug-
gested further immune compromise with this individ-
ual prior to death.

The clinical and medication history of this dolphin
cannot be ruled out as predisposing cofactors for
septi cemia and antibiotic resistance. The long-term
use of antibiotics may have suppressed the immunity
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Fig. 2. Histopathological analysis of the lung and liver of a diseased Tursiops truncatus (H&E stain). (A) Chronic suppurative
pneumonia. The trachea (black dotted line) and alveoli (green dotted line) contain numerous neutrophils and macrophages.
Alveoli are edematous and contain similar inflammatory cells. (B) Higher magnification of pulmonary alveoli. Alveolar septa
are widened by inflammation. Some of the neutrophils along with edema fluid and fibrinous exudate appear to be migrating
from the capillaries of the lamina propria of the bronchiole into the alveoli. (C) Chronic active fibrosing cholangiohepatitis with
biliary hyperplasia. Proliferation of biliary ducts (black arrows) within the portal areas and periportal regions. (D) Higher mag-
nification of biliary hyperplasia. The hypertrophied and hyperplastic bile ducts are surrounded by apparently randomly
arranged bands of fibrous connective tissue and focal inflammatory cells (black asterisk). Scale bars = (A,C) 100 µm, (B,D) 20 µm
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of this animal, as well as increasing the risk of bac -
terial drug resistance during therapy and altered
microflora, with increased susceptibility to infection.
Streptococci are normally highly sensitive to peni-
cillin, which was not selected for therapy in this case.
The infection spread hematogenously and crossed
the blood−brain barrier. The suppurative encephali-
tis observed suggested infection with a more virulent
strain that was able to evade intracellular killing, and
this warrants further investigation. Pseudohyphae
and multinuclear giant cells were observed in the
digestive system, indicative of a long-term pseudo-

hyphal and yeast infection; however, antifungal
drugs were not used during the course of treatment
and the species of fungus was not determined. Yeast
infection with pseudohyphae cannot be conclusively
excluded as a contributor in the disease course and in
the ultimate demise of the animal.

Mycotic diseases in delphinoids have been seen un-
der a number of circumstances, and pathogenic fungal
species have been isolated from their exhalation (Buck
et al. 2006). Some of these species are environmental
contaminants, whereas others such as Candida albicans
and other Candida spp. are part of the normal micro -
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Fig. 3. Histopathological analysis of the pancreas of a diseased Tursiops truncatus (H&E stain). (A,B) Chronic active pancreati-
tis with varying degrees of interlobular and dissecting intralobar fibrosis with parenchymal atrophy. Note the severe widened
interstitial fibrosis and edema of the pancreas (double-headed arrow). Scale bars = 100 µm. (C,D) Higher magnification of
chronic pancreatitis. The remaining exocrine pancreatic cells appear separated into small lobules (black arrows) by abundant
fibrous connective tissue. Note the infiltration of plentiful neutrophils (black asterisk) around the residual pancreatic acini and 

the necrotic cell debris (red asterisk). Scale bars = 20 µm
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flora of mucous membranes (Buck et al. 2006, Taka-
hashi et al. 2010). Additionally, a correlation between the
occur rence of lobomycosis and the immune status of
free-ranging dolphins was reported in bottlenose dol-
phins in Florida, USA (Murdoch et al. 2008, Durden et
al. 2009, Reif et al. 2009). Human pathogenic yeast spe-
cies were isolated from more than 70% of captive dol-
phins and environmental water samples, which were
higher rates than in wild dolphins (Buck 1980). Admin-
istration of antibiotics and steroids among captive dol-
phins might be a contributing factor with environmental
and social stress for this observation (Bagg et al. 2003,

Melo et al. 2004). However, further studies are needed
to investigate correlations be tween stress and immuno-
suppression, host defense mechanisms and infection
rates, and drug meta bolism in these animals.

This dolphin was likely in a long-term weakened
state (chronically ill) compounded by a chronic my -
cotic infection, and succumbed to an acute strepto-
coccosis septicemia. Metabolic disorders associated
with pancreatic destruction coupled with suppressed
immunity were therefore considered confounding
factors in the causes of death. High-risk factors for
S. iniae infection in humans also include compro-
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Fig. 4. Histopathological analysis of the digestive tract of a diseased Tursiops truncatus (H&E stain). (A) Suppurative gastritis
(the second gastric chamber). Multifocal inflammatory cells containing neutrophils, other mononuclear inflammatory cells,
and cellular debris in the muscular layer of the stomach (black arrows). (B) Granulomatous enteritis. Mononuclear inflamma-
tory cells (macrophages, lymphocytes) and multinucleated giant cells (red arrows) are present in the lamina propria and sub
mucosa. (C) Pseudohyphae. The epithelia of the intestine appear markedly compressed by pseudohyphae and necrotic cell de-
bris, resulting in their exfoliation and loss (black asterisk). (D) Higher magnification of the pseudohyphae (blue arrows). Scale 

bars = (A−C) 20 µm, (D) 10 µm
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mised immunity, underlying medical conditions, old
age, and Asian ethnicity (Koh et al. 2004, Lau et al.
2007, Sun et al. 2007). With the number of animals
managed in oceanariums, rehabilitation facilities,
and research facilities, the contact between marine
mammals and humans is increasing. Furthermore, as
coastal communities expand, opportunities for en -
counters with marine wildlife increase the potential
for zoonotic disease transmission. Marine mammal
researchers, rehabilitators, trainers, veterinarians, vo -
lunteers, and subsistence hunters have an in creased
risk of injury and exposure to zoonotic diseases
through extended occupational exposure. Informa-
tion on marine mammal pathology is scarce in the
published literature; the information presented here
will therefore be useful for public health profession-
als, pathologists, veterinarians, and wildlife biolo-
gists involved in handling cetaceans.

As the clinical manifestations of a chronic illness
or an acutely ill animal may not be outwardly
apparent, appropriate personal protective precau-
tions should be taken until the absence of zoonotic
agents is confirmed in any suspected case. We
hope that the information on animal disease
encountered in managed and wild cetaceans will
be used by public health  professionals, veterinari-
ans, wildlife biologists, and pathologists to better
understand, diagnose, and prevent marine mammal
zoonoses and to improve the welfare of animals in
China and the rest of the world.
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