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ABSTRACT: Toxoplasma gondii is a significant threat to endangered Hawaiian wildlife including
birds and marine mammals. To estimate the prevalence of T. gondii in stranded cetaceans from
1997 to 2021 in Hawai‘i, we tested tissues from 37 stranded spinner dolphins Stenella longirostris
and 51 stranded individuals that represented 18 other cetacean species. DNA from cetacean tissue
extracts were screened using a nested polymerase chain reaction (PCR) assay targeting the Toxoplasmatinae internal transcribed spacer 1 of the nuclear ribosomal DNA. A positive result was
obtained in 9 tissues examined for each of 2 spinner dolphins out of 525 tissue samples analyzed
by PCR. The PCR-positive spinner dolphins had disseminated acute toxoplasmosis with necrosis,
inflammation, and intralesional protozoal cysts and tachyzoites in multiple organs. Discrete positive immunostaining for T. gondii was observed in all tissues tested including the adrenal gland,
brain, liver, and lung. Both positive spinner dolphins were negative for cetacean morbillivirus.
The T. gondii genotyping was performed by restriction fragment length polymorphism (PCRRFLP) based on 10 genetic markers. The PCR-RFLP analysis revealed the T. gondii belonged to
PCR-RFLP-ToxoDB genotype #24, previously detected in wild pig Sus scrofa in O‘ahu, bobcats
Lynx rufus from Mississippi, USA, and chickens Gallus gallus from Costa Rica and Brazil. These
cases represent the first report of this genotype in aquatic mammals and the second and third
reports of fatal disseminated T. gondii infection in stranded spinner dolphins from Hawai‘i. Nearshore species, like spinner dolphins, may be at increased risk of mortality from this parasite in
marine coastal waterways via sewage systems, storm water drainage, and freshwater runoff.
KEY WORDS: Disseminated toxoplasmosis · Spinner dolphin · Stenella · Wildlife · Hawai‘i ·
Genotype · PCR-RFLP

1. INTRODUCTION
Toxoplasma gondii is an obligate coccidian parasite within the family Sarcocystidae that infects a
range of warm-blooded animals including domesticated species (e.g. cats, cattle, sheep, pigs), wildlife
*Corresponding author: kristiw@hawaii.edu

(e.g. birds, rodents, marine mammals), and humans.
Toxoplasma is transmitted by 3 routes: ingestion of
oocysts shed by cats, ingestion of tissue cysts by
carnivory, and vertical transmission from infected
mothers to offspring (Dubey 2021). Given there are
no pathognomonic clinical signs associated with T.
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gondii infections, a diagnosis is typically based on
histopathology, bioassays, and molecular methods,
with serological tests also used to determine prior
exposure to the parasite (reviewed in Liu et al. 2015).
Determination of T. gondii genetic lineage has been
accomplished by microsatellite analysis, random
amplification of polymorphic DNA (PCR-RADP),
restriction fragment length polymorphism (PCRRFLP), high-resolution melting PCR, and multilocus
sequence typing (MLST) (Liu et al. 2015).
Marine mammal species inhabiting coastal marine
ecosystems serve as sentinels for both aquatic ecosystem health and public health. Disease resulting
from T. gondii infection has been reported in a wide
range of marine mammals worldwide including sirenians, pinnipeds, southern sea otters Enhydra lutris,
and cetaceans (Dubey et al. 2020a). The first
reported case of disseminated toxoplasmosis in a
Hawaiian marine mammal was in a stranded male
spinner dolphin Stenella longirostris with histological lesions observed in the liver, brain, and adrenal
glands (Migaki et al. 1990). Lesions included multifocal coagulative necrosis in the adrenal gland, diffuse
encephalitis with gliosis and protozoal cysts, and
necrosis in the liver with intracellular tachyzoites
and bradyzoites (Migaki et al. 1990). Disseminated
toxoplasmosis has also been detected in beluga
whales Delphinapterus leucas from Canada, Hector’s
dolphins Cephalorhynchus hectori from New Zealand, and a Guiana dolphin Sotalia guianensis and
a Bryde’s whale Balaenoptera brydei from Brazil
(Mikaelian et al. 2000, Dubey et al. 2020a). Cerebral
toxoplasmosis was described in striped dolphins
Stenella coeruleoalba found stranded off Italy (Di
Guardo et al. 2010).
In most cases, T. gondii in stranded and managed
marine mammals have been genetically characterized as genotype II or variant Type II, including cases
involving striped dolphin, bottlenose dolphin Tursiops truncatus, Hector’s dolphin, walrus Odobenus
rosmarus, belugas, Steller sea lion Eumetopias jubatus, and New Zealand fur seal Arctocephalus forsteri,
by PCR-RFLP analysis of loci including SAG1, SAG2,
SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1, NTS2,
B1, and Apico (Dubey et al. 2007a, 2008, 2009, Roe et
al. 2013, Donahoe et al. 2014, Iqbal et al. 2018). In
other studies, genetic typing of marine mammal T.
gondii isolates has shown Type I (e.g. harbor porpoise Phocoena phocoena, northern elephant seal
Mirounga angustirostris), Type III (e.g. Hawaiian
monk seal Monachus schauinslandi), Type 12 (e.g.
sea otters), or atypical/mixed genotypes (e.g. harbor
seal Phoca vitulina, Guadalupe fur seal Arcto-

cephalus townsendi) (Miller et al. 2004, Honnold et
al. 2005, Gibson et al. 2011, Khan et al. 2011). A novel
non-archetypal genotype of T. gondii, PCR-RFLPToxoDB genotype #300, was identified in a Bryde’s
whale by Diaz-Delgado et al. (2020).
T. gondii is emerging as a significant threat to
endangered Hawaiian wildlife including native birds
and marine mammals. Cases of fatal disseminated
toxoplasmosis in Hawaiian marine mammals, in
addition to the stranded spinner dolphin in 1987
where genotype was not determined, include reports
in Hawaiian monk seals, a critically endangered species (Migaki et al. 1990, Honnold et al. 2005, Barbieri
et al. 2016). Using a PCR-RFLP approach targeting
the SAG2 locus, Honnold et al. (2005) determined
that the T. gondii genotype of 1 Hawaiian monk seal
was a Type III allele. The Hawaiian Islands have the
highest per capita number of endangered birds in the
USA (Dobson et al. 1997), with fatal disseminated
toxoplasmosis described from the ’Alalā Corvus
hawaiiensis, nēnē Branta sandvicensis, red-footed
booby Sula sula, and Erckel’s francolin Francolinus
erckelii (Work et al. 2000, 2022). Multi-locus PCRRFLP analysis of tissues from 4 nēnē revealed 2 novel
genotypes, PCR-RFLP-ToxoDB #261 and #262 (Work
et al. 2016).
A sylvatic infectious cycle of T. gondii has recently
been described in the Hawaiian Islands (Dubey et al.
2020b) but the transmission to marine animals
remains poorly understood. Due to the occurrence of
T. gondii in populations of native birds and Hawaiian
marine mammals, we performed nested PCR to
obtain an estimate of the prevalence of T. gondii from
1997 to 2021 in stranded Hawaiian cetaceans. We
also conducted genotyping from positive spinner dolphin cases to investigate the relatedness to genotypes described from other Hawaiian species.

2. MATERIALS AND METHODS
2.1. Tissue samples from Hawaiian
stranded cetaceans
Tissue samples collected from Hawaiian stranded
cetaceans and curated as part of the University of
Hawai‘i Health and Stranding Laboratory tissue
archive were selected for this retrospective study,
independent of potential infectious disease findings,
in an effort to obtain an unbiased estimate of the
prevalence of Toxoplasma gondii. Carcass recovery
information and necropsy reports were available for
all individuals. Carcass condition was determined
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based on a Code 1 to 5 scale, as described by Geraci
& Lounsbury (2005). Samples from 37 spinner dolphins stranded between 1997 and 2021 were
included (34 individuals were Codes 2 and 3 and 3
individuals were Code 4). Additionally, tissues from
51 individuals categorized as Codes 2 and 3, representing a total of 18 cetacean species that stranded
between 2000 and 2021, were included: pygmy killer
whale Feresa attenuata, short-finned pilot whale
Globicephala macrorhynchus, Risso’s dolphin Grampus griseus, Longman’s beaked whale Indopacetus
pacificus, pygmy sperm whale Kogia breviceps,
dwarf sperm whale K. sima, Fraser’s dolphin Lagenodelphis hosei, humpback whale Megaptera novaeangliae, Blainville’s beaked whale Mesoplodon densirostris, killer whale Orcinus orca, melon-headed
whale Peponocephala electra, sperm whale Physeter
macrocephalus, false killer whale Pseudorca crassidens, spotted dolphin Stenella attenuata, striped
dolphin, rough-toothed dolphin Steno bredanensis,
bottlenose dolphin, and Cuvier’s beaked whale
Ziphius cavirostris (see Table S1 in the Supplement
at www.int-res.com/articles/suppl/d152p027_supp.
pdf). A suite of up to 12 frozen tissue types per individual were selected for the detection of T. gondii by
nested PCR. The tissues screened by nested PCR
were brain (cerebrum, cerebellum), heart, left or
right lung, lymph nodes (anal, aortic, bronchial,
colonic, diaphragmatic, gastric, hilar, unidentified
lung-associated, marginal, mediastinal, mesenteric,
orbital, pre-scapular, pulmonary, scapular, sub-lumbar, sub-mandibular, or tracheobronchial), spleen,
liver, left or right adrenal gland, left or right kidney,
pancreas, tongue, spinal cord, muscle, and blubber
(Table S1).

2.2. Nested PCR screening for T. gondii and
cetacean morbillivirus
DNA was extracted from frozen tissue samples
(0.20 mg) using a DNeasy Kit (Qiagen) according to
the manufacturer’s instructions. DNA was eluted in
30 μl and each individual was processed on separate
days to reduce the risk of cross-contamination. The
samples were screened for T. gondii using a nested
PCR with external (JS4/CT2b) and internal (CT1/
CT2) primer pairs as previously described (Silva et
al. 2009). The PCR targets are specific to Toxoplasmatinae internal transcribed spacer 1 of the rDNA.
The thermocycling conditions for the nested PCR included 1 cycle of 94°C for 5 min for denaturation;
followed by 40 amplification cycles of 94°C for 1 min,
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annealing step at 60°C (round 1: JS4/CT2b) or 55°C
(round 2: CT1/CT2) for 1 min, and an elongation step
at 72°C for 1 min; and a final elongation step at 72°C
for 7 min. The PCR products from the second round
were then subjected to electrophoresis in 1%
agarose gel stained with ethidium bromide. Amplicons of the expected size were purified using a
QIAquick Gel Extraction Kit (Qiagen) and were
sequenced in both directions using an ABI 3130 DNA
sequencer (Life Technologies).
Any cases positive for T. gondii were also screened
by reverse transcription polymerase chain reaction
(RT-PCR) for cetacean morbillivirus (CeMV) in a
suite of tissues. The cerebrum, cerebellum, left lung,
right lung, left kidney, liver, spleen, muscle, right
adrenal gland, left marginal lymph node, mesenteric
lymph node, and left pre-scapular lymph node of
spinner dolphin SL-4200, and the cerebrum, cerebellum, spinal cord, left lung, right lung, left kidney,
liver, spleen, muscle, aortic lymph node, left hilar
lymph node, and right hilar lymph node of spinner
dolphin SL-9678 were all tested for CeMV. RNA was
extracted from the tissues using the RNeasy Plus
Mini Kit (Qiagen) using the manufacturer’s instructions. RT-PCR for each tissue extract was run using
the OneSTEP RT-PCR Kit (Qiagen), with the primers
and thermocycler settings described by West et al.
(2021).

2.3. Histopathology and immunohistochemistry
PCR-positive tissue samples previously fixed in
10% neutral-buffered formalin were embedded in
paraffin, sectioned at 5 μm, and stained with hematoxylin and eosin (H&E) for histological evaluation.
Formalin-fixed paraffin-embedded tissue sections of
the brain, liver, lung, adrenal gland, unidentified
lymph node, and heart were processed for immunohistochemistry (IHC) alongside appropriate positive
and negative controls at the California Animal
Health and Food Safety Laboratory Systems (Davis,
CA) and at the University of Georgia (Athens, GA).
IHC using a rabbit primary polyclonal antiserum
against T. gondii and Neospora caninum was performed as previously reported (Miller et al. 2001).

2.4. PCR-RFLP markers
Tissue samples collected from individuals SL-4200
(liver, adrenal gland, brain, spleen, and lung) and
SL-9678 (brain) were subjected to T. gondii genotyp-
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ing using the PCR-RFLP genetic markers SAG1, 5’-3’
SAG2, alt-SAG2, SAG3, BTUB, GRA6, C22-8, C29-2,
L358, PK1, and Apico in a multiplex PCR assay, as
previously described (Dubey et al. 2006a, 2007b).
The PCR products were treated with restriction enzymes and then subjected to electrophoresis in
agarose gel to show the RFLP patterns of the isolate.
Allele types for all samples were determined based
on the RFLP patterns of 8 reference strains including
RH88, PTG, CTG, COUGAR, MAS, TgCatBr5, TgCat
Br64, and TgRsCr1 (Su et al. 2006).

3. RESULTS
3.1. Nested PCR screening for Toxoplasma gondii
and CeMV
Eighteen out of 212 spinner dolphin tissue samples
tested positive for Toxoplasma gondii by nested PCR
assay. All positive tissue samples were from 2 individuals, SL-4200 and SL-9678, with the other spinner
dolphins testing negative for T. gondii. All tissue
samples collected from the other 18 Hawaiian
cetacean species tested negative (0/313). Following
the removal of primer sequences, the round 1 and
2 reactions resulted in 514 and 392 bp consensus sequences, respectively. BLASTN searches of
the resulting spinner dolphin T. gondii sequences
(392 bp) against the NCBI non-redundant database
revealed 25 T. gondii sequences with 100% coverage
and 100% sequence identity. All tissues screened
from the T. gondii-positive spinner dolphins were
negative for CeMV.

3.2. Carcass recovery, necropsy reports,
histopathology, and immunohistochemistry
3.2.1. Spinner dolphin SL-4200. A Code 2 adult
male spinner dolphin carcass was recovered from
Waimea, Hawai‘i on October 19, 2015, and transported by air cargo to the Health and Stranding Laboratory located at Marine Corps Base Hawai‘i on
O‘ahu for necropsy. The animal was thin with no food
remains in the stomach or fecal material in the colon.
External lesions included multiple cookie cutter
shark bite wounds with necrotic centers and irregular healing patterns, and a 6 × 5 cm healed scar and
fresh bruising below the left eye. Mild bruising was
noted on the right mandible and along the hard
palate of the oral cavity. The left lung was consolidated, and lymph nodes associated with the left lung

and sub-lumbar region were prominent. The liver
was small and firm and displayed an abnormal
bluish-silver appearance on the serosal surface. The
spleen was irregular with protruding masses (0.5 mm
to 2 cm diameter). A 2 × 1 cm area of mucosal hemorrhage was noted in the urinary bladder.
Histological examination revealed necrosis, inflammation, and intralesional T. gondii in multiple
tissues. In the cerebrum and cerebellum, patchy infiltrates of macrophages, neutrophils, and reactive
microglial cells as well occasional astrocytic aggregates (astrocytic scars) obscured normal parenchyma. Extensive cortical necrosis with associated
hemorrhage, macrophages, neutrophils, and fibrin
was observed in the adrenal gland. Free tachyzoites
and intracellular protozoal cysts were present at the
edge of the inflammatory cell infiltrate (Fig. 1A). Discrete areas of positive immunostaining for T. gondii
were observed in all 6 tissues tested (brain, liver,
lung, adrenal gland, lung-associated lymph node,
and heart), with more prominent immunoreactivity in the brain, liver, and adrenal gland (Fig. 1B).
Neospora caninum immunoreactivity was not detected. Negative controls did not bind antibodies.
Tissue sections of lymphoid tissue, heart, and liver
were characterized by necrosis, hemorrhage, fibrinous inflammation, and intralesional protozoa at the
edge of the inflammatory and necrotic foci. The lung
exhibited histiocytic and lymphoplasmacytic bronchointerstitial pneumonia. Few vessels contained
tachyzoites within endothelial cells. The spleen
had capsular expansion by basophilic mineral and
hemosiderophages, and intravascular fibrin thrombi.
Histology of the bladder lesion showed urothelial epithelium loss, sub-mucosal hemorrhage, and
inflammation.
3.2.2. Spinner dolphin SL-9678. A Code 2 female
spinner dolphin calf carcass was recovered from
Poka‘i Bay, Wai‘anae, O‘ahu on April 3, 2019, and
necropsied at the University of Hawai‘i Health and
Stranding Laboratory on the same day. The calf
measured 118.8 cm and weighted 15.2 kg. External
lesions included 4 fresh and 1 healed cookie cutter
shark bite on the abdomen and bruising on the right
side near the midline. The overall body condition
was poor. Red-tinged, cloudy fluid was recovered
from the abdominal cavity that congealed quickly,
suggestive of a high fibrin content. The stomach contained about 15 ml of red-tinged fluid. One adult
tapeworm (>1 m long) was recovered from the upper
small intestine. An enlarged colonic lymph node
measured 2.5 cm in diameter. Histological examination revealed inflammatory changes and necrosis in
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Fig. 1. Microscopic examination of internal organs of spinner dolphins infected with Toxoplasma gondii. Scale bars = 500 μm.
(A) Case SL-4200: H&E stain. Necrosis and hemorrhage of the adrenal gland. Intracellular T. gondii (arrowhead and insert).
(B) Case SL-4200: Immunohistochemistry of the adrenal gland, anti-T. gondii (dark brown). (C) Case SL-9678: H&E stain.
Inflammatory infiltrate, brain. T. gondii cyst (arrowhead and insert). (D) Case SL-9678: H&E stain. Interstitial pneumonia,
intralesional T. gondii cyst (arrowhead)

lymph nodes, spleen, liver, lung, adrenal glands, and
brain. Non-suppurative meningoencephalitis with
multifocal necrosis and protozoal cysts were observed in the brain (Fig. 1C). Positive immunostaining of cysts and neuroglia confirmed T. gondii in the
brain of SL-9678. In the lung, interstitial septa were
distended by inflammatory infiltrates and rare protozoal cysts (Fig. 1D). Alveoli contained sloughed
pneumocytes, necrotic debris, and fibrin. The myocardium had multifocal mild myocyte loss and focal
fibroplasia with small numbers of lymphocytes,
plasma cells, and macrophages.

3.3. PCR-RFLP markers
Genotyping of the 5 tissue (liver, adrenal gland,
brain, spleen, and lung) samples from spinner dolphin SL-4200 revealed 1 genotype (#24; Table 1). No

data was available for the Apico locus in the liver
sample or for the C29-2 and Apico loci in the spleen
sample. Genotype #24 (Table 1) was identified by
PCR-RFLP in brain tissue from SL-9678 with results
for the markers SAG1, 5’-3’ SAG2, alt-SAG2, BTUB,
GRA6, C22-8, C29-2, and L358.

4. DISCUSSION
The results of our molecular assays, gross and
histopathologic evaluation, and immunohistochemistry identified disseminated toxoplasmosis in 5.4%
(2/37 animals) of spinner dolphins stranded between
1997 and 2021. This represents the second and third
confirmed reports of disseminated toxoplasmosis in
stranded Hawaiian spinner dolphins. Monk seals are
the only other marine mammal species in Hawai‘i in
which Toxoplasma gondii has been confirmed, and it
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Table 1. PCR-RFLP genotyping of Toxoplasma gondii detected in stranded spinner dolphins (SL-4200, SL-9678) and reference
strains (Su et al. 2006). −: No data
Isolate ID
SAG1 5’-3’ SAG2

Genetic markers
Toxo DB
alt-SAG2 SAG3 BTUB GRA6 C22-8 C29-2 L358 PK1 Apico genotype

Present study
SL-4200-liver
SL-4200-adrenal
SL-4200-brain
SL-4200-spleen
SL-4200-lung
SL-9678-brain

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

III
III
III
III
III
III

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
−
I
I

I
I
I
I
I
I

I
I
I
I
I
−

−
III
III
−
III
−

#24
#24
#24
#24
#24
#24

Reference strains
GT1
PTG
CTG
TgCaCg1
MAS
TgCatBr5
TgCatBr64
TgRsCr1
TgCkCr2

I
II/III
II/III
I
u-1
I
I
u-1
I

I
II
III
II
I
III
I
I
I

I
II
III
II
II
III
u-1
II
I

I
II
III
III
III
III
III
III
I

I
II
III
II
III
III
III
I
III

I
II
III
II
III
III
III
III
I

I
II
III
II
u-1
I
u-1
u-2
I

I
II
III
u-1
I
I
I
I
I

I
II
III
I
I
I
III
I
I

I
II
III
u-2
III
u-1
III
III
I

I
II
III
I
I
I
I
I
III

#10
#1
#2
#66
#17
#19
#111
#52
#24

presents the most significant disease threat to this
endangered population (Honnold et al. 2005, Barbieri et al. 2016). Our results from 18 other species of
cetaceans tested for T. gondii by PCR were negative.
However, only a small number of individuals from
each species were screened (Table S1) and findings
from other regions suggest that the parasite is not
limited to nearshore cetaceans (Forman et al. 2009,
Diaz-Delgado et al. 2020).
The source(s) of T. gondii infection in Hawaiian
mammals and birds is unknown. Work et al. (2000,
2002, 2015) suggested ingestion of oocysts from cat
feces or through a transport host (e.g. birds ingesting
insects harboring oocysts after feeding on contaminated cat feces). Land-based water runoff and
sewage dispersal contaminated with cat feces can be
important sources of infection in the marine environment. Pinnipeds, such as monk seals, have an amphibious lifestyle in which they have more opportunities to acquire T. gondii through contact with
infected intermediate hosts and felines when compared to cetaceans that live an entirely aquatic
lifestyle. The spinner dolphin populations in Hawai‘i
have a marked difference in the use of their marine
environment. As opposed to most other Hawaiian
cetaceans that inhabit primarily offshore waters, they
commonly use inshore habitat for daytime rest and
social interactions, while at night they spend their
time foraging in deep waters (Baird 2016). Migaki et
al. (1990) postulated that although the route of infection in the first spinner dolphin was unknown, it is

possible it became infected with T. gondii after eating garbage containing feline fecal material or eating
dead or crippled birds infected with the parasite. It is
also possible that contaminated seawater is ingested
when spinner dolphins forage or engage in play and
resting behavior nearshore. Toxoplasmosis in California sea otters has been linked to bioaccumulation
of Toxoplasma oocysts in marine mussels near river
estuaries after rainstorms (Miller et al. 2008). Squid
and fish species that prey on invertebrates could
serve as passive carriers of Toxoplasma oocytes between the environment and spinner dolphins.
T. gondii genotypes in Hawaiian wildlife have
been determined by PCR-RFLP analysis using between 1 and 10 genetic markers including: SAG1,
SAG2 (5’-3’ SAG2 and alt-SAG2), SAG3, BTUB,
GRA6, c22-8, c29-2, L358, PK1, and Apico (Honnold
et al. 2005, Dubey et al. 2011, Verma et al. 2015,
Work et al. 2016). Honnold et al. (2005) used the
SAG2 RFLP profile to determine that the disseminated toxoplasmosis in an adult monk seal was
caused by a Type III (i.e. lineage 3) T. gondii. Work et
al. (2016) characterized 2 new T. gondii genotypes
(PCR-RFLP-ToxoDB #261 and #262) from 4 nēnē carcasses. Finally, Verma et al. (2015) characterized a
Type III (i.e. lineage 3) and a new T. gondii genotype
(PCR-RFLP-ToxoDB #249) from 2 Hawaiian mouflon
sheep Ovis ammoni. The disseminated toxoplasmosis
case involving the first stranded spinner dolphin
reported was not genetically characterized (Migaki
et al. 1990). Genotyping information is not yet avail-
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able for more recent monk seal cases (Barbieri et al.
2016).
Our genotyping of 6 spinner dolphin tissue samples from 2 different individuals stranded 4 yr apart
on geographically separated Hawaiian islands demonstrated genotype PCR-RFLP-ToxoDB #24 T.
gondii. This genotype was isolated from feral swine
in O‘ahu and found to be mildly pathogenic in a
mouse bioassay (Dubey et al. 2020b). This T. gondii
genotype has also been reported in 2 isolates from
bobcats from Mississippi, USA, and free-range
chickens from Costa Rica and Brazil (Dubey et al.
2006b, Verma et al. 2017, Ferreira et al. 2018), suggesting that it is widespread. The spinner dolphin tissue samples possessed Type I alleles at SAG1, 5’-3’
SAG2, alt-SAG2, SAG3, GRA6, C22-8, C29-2 (no
data from SL-4200 spleen sample), L358, and PK1
loci. In addition, Type III alleles were determined at
the BTUB and Apico loci (no data on SL-4200 liver
and spleen samples). In contrast, a Hawaiian monk
seal believed to have stranded because of disseminated toxoplasmosis was found to be infected with a
Type III T. gondii as determined by PCR-RFLP assay
of the SAG2 locus (Honnold et al. 2005). The different Toxoplasma strains detected in monk seals and
spinner dolphins may indicate independent infectious cycles of the parasites. Isolation of Toxoplasma
strain PCR-RFLP-ToxoDB #24 from 14 out of 17 samples from feral swine suggests a sylvatic transmission
cycle that may involve feral swine, feral cats, and
mongoose, all invasive and common species on the
islands of O‘ahu and Hawai‘i. Toxoplasma has been
isolated from the small Indian mongoose Herpestes
aurounctatus in the West Indies and antibodies have
been detected in blood sera of the same species of
wild mongoose in Japan (Choudhary et al. 2013, Ito
et al. 2020).
Fresh water streams may carry cat feces, and cat
and swine carcasses with T. gondii oocysts and tissue
cysts into estuaries and nearshore waters where
spinner dolphins feed. Spinner dolphins may be
infected by ingestion of free oocysts in the water
column, invertebrate prey that has accumulated
oocysts, fish that fed on invertebrates containing
oocysts, or by consumption of infected pig or cat carcasses. The most recent case, the spinner dolphin calf
stranded in 2019, likely involved a nursing calf and
infection may have been vertical or an early postnatal infection. Jardine & Dubey (2002) reported congenital toxoplasmosis in an aborted fetus of a captive
Indo-Pacific bottlenose dolphin Tursiops aduncus.
Lesions in the fetus included necrotizing myocarditis
and encephalitis with intralesional tachyzoites and

33

tissue cysts, which may indicate infection of several
weeks. Spatial and temporal in vivo studies in mice
have shown that tissue cysts develop in the brain 21
to 28 d post oral infection (Di Cristina et al. 2008).
Pattern of infection may vary by T. gondii type,
strain, and host characteristics. Fatal disseminated
toxoplasmosis with transplacental fetal infection was
documented in a Risso’s dolphin stranded on the
Spanish Mediterranean coast (Resendes et al. 2002).
Our studies did not show the presence of T. gondii
DNA by PCR in tissues of 35 spinner dolphins and 51
additional cetaceans of other species tested; however, this does not rule out low grade infections that
may lead to vertical transmission.
Native and introduced Hawaiian bird species are
another group negatively impacted by T. gondii in
the Hawaiian Islands. The highly endangered ’Alalā
appears highly sensitive to T. gondii, and it has been
argued that this is a significant threat to reintroduction programs in Hawai‘i (Work et al. 2000). In contrast, when considering the nēnē, Work et al. (2016)
interpret the high rate of exposure (based on serosurveys) and the low rate of mortality (4%) as suggestive of T. gondii not having severe population impacts. We observed a similar low prevalence rate of
T. gondii-induced clinical disease in wild spinner
dolphins (5.4%) to that in the nēnē; however, the
seroprevalence and any indirect effects of exposure
in wild spinner dolphin populations remain unknown.
The lethality of T. gondii for spinner dolphins
is poorly understood. Bioassay findings for ToxoDB
#24 in infected mice indicated mild pathogenicity
(Dubey et al. 2020b). The 2 positive spinner dolphins
provide evidence both for and against a high fatality
rate among infected spinner dolphins. Both positive
animals had an active infection in multiple organ
systems, which could indicate a highly virulent
pathogen or may have been the result of immunosuppression. Causes of immunosuppression were not
readily evident but SL-9678 had a tapeworm in the
intestine that exceeded 1 m in length, which is
unusual among necropsied cetaceans in Hawai‘i. Coinfection of morbillivirus and T. gondii has been
described in cetaceans (Mazzariol et al. 2012). However, SL-9678 was negative for CeMV based on PCR
testing of 12 tissues, although this does not rule out
immunosuppression by other pathogens or factors.
The T. gondii PCR screening effort of 37 individual
animals only detected T. gondii in the 2 acute cases
that were fatally disseminated and had PCR-positive
results for every tissue tested (Table 2). In the other
35 animals screened, no positive samples were iden-
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Table 2. Laboratory test results for the 3 Toxoplasma gondii-positive cases identified in Hawaiian spinner dolphins stranded
between 1997 and 2021. In the case of SL-9678, both the left and right lung and the left and right hilar lymph nodes were
positive. IHC: immunohistochemistry; −: not tested
Tissue type
Histology
Brain:
Cerebrum
Cerebellum
Liver
Adrenal gland
Lung
Lymph tissue:
Mesenteric
Pre-scapular
Marginal
Aortic
Hilar
Spleen
Heart

SL-9678
IHC

PCR

Histology

SL-4200
IHC

PCR

NMFS-SL-87-15-SA
Histology
IHC
PCR

Positive
−
Positive
Positive
−

Positive
−
−
−
−

Positive
Positive
Positive
−
Positive

Positive
−
Positive
Positive
Positive

Positive
−
Positive
Positive
Positive

Positive
−
Positive
Positive
Positive

Positive
−
−
−
Positive

−
−
−
−
−

−
−
−
−
−

−
−
−
−
−
−
−

−
−
−
−
−
−
−

−
−
−
−
Positive
Positive
Positive

−
−
−
Positive
Positive
−
Positive

−
−
−
−
−
−
Positive

Positive
Positive
Positive
−
−
Positive
Positive

−
−
−
−
−
−
−

−
−
−
−
−
−
−

−
−
−
−
−
−
−

tified among any of the suite of tissue samples tested.
This suggests that while the infection rate among
spinner dolphins may be low, if infected, spinner dolphins die quickly from toxoplasmosis. However, the
fatally disseminated toxoplasmosis case in a spinner
dolphin calf (SL-9678) could be a case of vertical
transmission in utero, or post-natal infection through
milk or by prey ingestion. The calf was estimated at
8.5 mo of age based on a length of 118 cm and the
application of growth curves from eastern spinner
dolphins (Perrin et al. 1977). If this case involved an
infected mother, she was able to both successfully
carry a pregnancy to term and nurse the calf.
Serological testing provides an important means to
better understand infection and fatality rates in
cetacean populations. Studies of Toxoplasma antibody prevalence have been conducted in cetaceans
from other regions of the world where this parasite
represents a significant health risk to better understand exposure. Serology-based studies indicate that
T. gondii infection is frequent in at least 3 dolphin
species (striped dolphins, bottlenose dolphins, and
common dolphins Delphinus delphis) in the Mediterranean Sea (Cabezón et al. 2004, Di Guardo et al.
2011, Bigal et al. 2018). In Russian beluga whales,
11.5% were positive for Toxoplasma antibodies
(Alekseev et al. 2017). Forman et al. (2009) presented
the first documented case of T. gondii antibodies in a
humpback whale and found relatively high seropositivity (28.6%) in short-beaked common dolphins from
British waters. Additionally, positive antibody titers
were evident among several stranded cetaceans in
the Philippines, including Fraser’s dolphin, spotted

dolphin, rough-toothed dolphin, Bryde’s whale, and
the pygmy killer whale (Obusan et al. 2019).
Antibody testing of archived stranded specimen tissues in Hawai‘i would provide a means to determine
the prevalence of Toxoplasma exposure in spinner
dolphins and would allow for an investigation of exposure among other Hawaiian cetacean species.
Over the last 2 decades, there appears to have
been a rise in T. gondii infections in Hawaiian
wildlife. The increase in infection reports may be due
to increased surveillance efforts focused on Hawaiian wildlife, improved diagnostic approaches, or an
actual increase in disease prevalence. Cause of
death investigations of cetaceans are limited by low
carcass recovery rates. Understanding the impacts of
disease on cetacean populations relies on postmortem diagnosis of disease with examination of
only a small number of dying animals. Recovery rates
of dead cetaceans vary between 2 and 25%, depending on species and location. California bottlenose
dolphin recovery rates of 25% are the highest; however, rates for offshore dolphins are assumed to be
much lower (Williams et al. 2011, Carretta et al.
2016). Recovery rates for Hawaiian spinner dolphin
carcasses are estimated to be near 5% based on the
population size and mortality rates reported by Tyne
et al. (2014). Assuming a 5% recovery rate in
Hawai‘i, the number of spinner dolphin deaths due to
disseminated toxoplasmosis may represent 60 animals over the last 30 yr. Increased public reporting of
strandings and detailed examinations of all stranded
cetacean carcasses provides critical information
about the threat of disease in the Pacific region.

Landrau-Giovannetti et al.: Toxoplasma gondii in Hawaiian cetaceans

We report fatal, disseminated toxoplasmosis in 2
spinner dolphins stranded on the islands of Hawai‘i
and O‘ahu in 2015 and 2019. Genotypic characterization revealed the dolphins to be infected with T.
gondii strain ToxoDB #24, a strain recently isolated
from feral pigs in O‘ahu. Future research is needed to
understand the transmission dynamics of T. gondii
from terrestrial to marine environments in the
Hawaiian Islands and the impact (including indirect
effects) this zoonotic parasite has on marine
mammals.
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