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INTRODUCTION

The pinnipeds consist of 33 species of mammals inhabiting 
marine/terrestrial interfaces around the globe. They are the 
Otariidae (fur seals and sea lions), Phocidae (true seals), and 
Odobenidae (walrus) families. Common and scientific names 
of species described in this chapter are presented in Supple-
mental Table e1. Much of the knowledge on pathologic 
conditions of pinnipeds comes from necropsies of stranded 
animals and those housed in captivity. As such, disease 
knowledge is biased toward species frequently housed in 
zoos and aquaria, those that strand more commonly, or those 
in which free-ranging populations are more easily accessible.

UNIQUE FEATURES

Pinnipeds generally demonstrate sexual dimorphism with 
males being larger, possessing a large sagital crest or tusks 
depending on species. Their organ systems broadly resemble 
those of the terrestrial carnivores from which they evolved, 
with modifications for their aquatic lifestyle. The most pro-
nounced differences are in the lungs, skin, and vasculature, 
with minor modifications in the spleen and liver. Many 
adaptations are associated with the physiological demands 
of prolonged diving, including an increased requirement for 
oxygen stores, protection from pressure effects, and insu-
lation/thermoregulation at low temperatures. The main dif-
ferences between terrestrial carnivores and pinnipeds are 
described below; specific differences between phocids and 
otariids are listed in Supplemental Table e2.

Pinnipeds have proportionally larger livers and kidneys 
than terrestrial species, and the small intestine is proportion-
ally longer. The lungs and liver are lobated, with variation in 
the extent of lobation between species, and the kidneys are 
reniculate. The heart is broad and flat. Vascular adaptions, 
particularly pronounced in deep diving species, include an 
enlarged hepatic sinus, caudal vena cava, proximal aorta 

(aortic bulb) and spleen. The hepatic sinus in species, such 
as elephant seals is very expansive and should not be con-
fused with an aneurysmal dilation. A muscular sphincter 
cranial to the hepatic sinus and the thick splenic muscular 
capsule and trabeculae enhance blood storage. Thermo-
regulatory adaptations include arterio-venous anastomo-
ses in the skin and reproductive organs (Ponganis, 2008). 
The lungs have prominent fibrous interlobular septae, and 
smaller airways are reinforced by either cartilage (otariids), 
smooth muscle (phocids), or a combination of the two (odo-
benids) (Denison and Kooyman, 1973). The reniculate kid-
neys have a thick capsule and prominent outer cortical veins 
(Stewardson et al., 1999). Pinniped epidermis is thick with 
no arrector pili muscles, increased numbers of sebaceous 
glands, and a thick adipose rich hypodermis (Ling, 1970). 
Brown discoloration of teeth occurs with age. Walrus upper 
canines develop into large, ventrally directed tusks.

Large nerve ganglia can be seen histologically near the adre-
nal gland capsule of some species and should not be confused 
with neoplasia. Vacuolation of cells within the adrenal zona glo-
merulosa is a common finding in California sea lions (CSLs).

Pinnipeds have a zonary, endotheliochorial placenta. Hor-
mone induced morphologic changes are noted in the reproduc-
tive tract during different periods of the reproductive cycle and 
have been reviewed in CSLs by Colegrove et al. (2009c). Accu-
mulations of hemosiderin laden macrophages are found in 
regions of the uterus associated with previous placental attach-
ment. These “placental scars” can be noted up to 12 months 
following pregnancy. Hyperplasia of subsurface epithelial 
structures within the ovary can be noted in aged female CSLs.

NON-INFECTIOUS DISEASES

Nutritional

Malnutrition is commonly observed in young pinnipeds 
entering rehabilitation settings. Increased numbers of 
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 malnourished animals can strand when oceanic conditions, 
such as El Niño events affect prey availability for both pups 
and dams (Colegrove et al., 2005a). In addition to a thin-
ning and loss of blubber, lesions can include hepatocel-
lular, muscle and gastric mucosal atrophy, and pancreatic 
zymogen depletion. Bile stasis and hepatic lipidosis can 
also be noted. Secondary bacterial infections are common. 
Poor juvenile survival related to emaciation and low prey 
availability threatens recovery of the endangered Hawaiian 
monk seal.

Toxic Toxins

Domoic acid (DA) is an amino acid excitatory neuro-
toxin produced by diatom species, especially in the genus 
Pseudo-nitzschia. DA has a high affinity for the α-amino-
5-hydroxy-3-methyl-4-isoxazole propionic acid (AMPA) 
and kainite subclasses of glutamate ionotropic receptors. 
Receptor binding of DA causes neuronal depolarization, 
endogenous glutamate release, and activation of voltage 
gated calcium channels resulting in cell dysfunction and 
death (Jeffery et al., 2004). Toxicity due to DA exposure 
was first identified in CSLs in 1998, following a bloom of 
Pseudo-nitzschia australis in central California (Scholin 
et al., 2000). Since then there has been an increasing inci-
dence of DA-producing diatoms along the California coast 
and increased frequency of strandings of CSLs with neu-
rologic signs and lesions associated with exposure to DA 
(Goldstein et al., 2008; Gulland et al., 2012). Though CSLs 
are by far the most common species affected by DA, toxico-
sis has also been diagnosed in harbor seals and northern fur 
seals (Lefebvre et al., 2010; McHuron et al., 2013). Neuro-
logic abnormalities with acute DA toxicosis may be continu-
ous and include ataxia, head weaving, abnormal scratching, 
seizures, and coma. Acute cases often strand in clusters tem-
porally associated with blooms of toxin-producing diatoms 
(Scholin et al., 2000; Goldstein et al., 2008). Animals with 
chronic toxicosis have more intermittent seizures, unusual 
behavior, vomiting, and apparent blindness and they may be 
clinically normal between neurologic events. Chronic cases 
often strand individually and may not be temporally asso-
ciated with specific blooms. Eosinophilia and low serum 
cortisol can be noted in CSLs with both acute and chronic 
toxicosis (Gulland et al., 2012). Sea lions with chronic DA 
toxicosis may have abnormalities detected on electroen-
cephalogram and hippocampal atrophy can be detected by 
magnetic resonance imaging.

Brain lesions associated with DA exposure are centered 
on the hippocampus and parahippocampal gyrus and can be 
unilateral or bilateral; therefore, adequate histologic sections 
of both sides of the ventral mid-hippocampus are essential 
for diagnosis. In acute DA toxicosis there is acute neuro-
nal necrosis affecting the granular cells of the dentate gyrus, 
pyramidal neurons of the hippocampus and neurons in the 

amygdala and piriform lobe (Fig. 23.1). Within the hippo-
campus, pyramidal cells in cornu ammonis (CA) sectors 
CA1, CA3, and CA4 are affected often with apparent spar-
ing of CA2 cells. Occasionally in animals dying very acutely 
following exposure, lesions are minimal with only rare neu-
ronal necrosis or central hippocampal neuropil vacuolation. 
Neuropil vacuolation should be interpreted with caution 
as autolysis and specimen handling can cause artifactual 
vacuolation along the edges of the hippocampus. In chronic 
cases, grossly evident hippocampal atrophy may be seen 
unilaterally or bilaterally (Fig. 23.2). Histologically, there is 
parenchymal atrophy in the hippocampal formation, mild to 
severe loss of granular cells in the dentate gyrus and hippo-
campal neurons, astrocytosis, oligodendrogliosis, and mild 
lymphocytic perivascular cuffing (Figs. 23.3 and 23.4). Scat-
tered acute neuronal necrosis may be noted. In severe acute 
and chronic cases there may be malacia in the adjacent piri-
form lobe associated with neuronal necrosis, loss, and glio-
sis. Occasional perivascular cuffing in the piriform lobe and 

FIGURE 23.1 Acute domoic acid toxicosis in the brain of a  California 
sea lion. There is neuronal necrosis and neuropil vacuolation.

FIGURE 23.2 Domoic acid toxicosis in a California sea lion. Unilat-
eral hippocampal atrophy due to chronic domoic acid toxicosis (formalin 
fixed).
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scattered meningeal aggregates of lymphocytes and plasma 
cells can be seen in chronic disease (Goldstein et al., 2008; 
Silvangi et al., 2005). In more recent years, occasional cases 
have been noted with gliosis and neuronal necrosis in the 
amygdala and only relatively mild or no lesions in the hip-
pocampus, though the cause of these lesions is unknown. 
Also, some CSLs with DA-associated hippocampal lesions 
may have multifocal lymphohistiocytic encephalitis, though 
whether this is due to a concurrent infectious process or to 
DA exposure has not been elucidated.

Cardiac lesions associated with DA toxicosis can mani-
fest grossly as regions of myocardial pallor or streaks along 
the epicardial surface, pericardial effusion, or a globally flac-
cid heart. Histologically, lesions affect the interventricular 
septum and left ventricle with the earliest lesions appearing 
at the base of the septum. Acute lesions include interstitial 

edema, rowing of cardiomyocyte nuclei,  cardiomyocyte 
 vacuolation, and, less frequently, necrosis. In subacute to 
chronic lesions, there is myocyte loss and replacement by 
adipocytes or loose fibrous connective tissue and areas can 
contain occasional macrophages with cytoplasmic lipofuscin 
(Fig. 23.5). Lesions are suspected to be primarily due to direct 
toxin reaction with cardiac glutamate receptors causing myo-
cyte apoptosis (Silvangi et al., 2005; Zabka et al., 2009.).

Domoic acid may also cause abortion and prema-
ture parturition in affected pinnipeds and the toxin can be 
detected within amniotic fluid, fetal stomach contents and 
urine. Cerebral edema is rarely identified in fetuses and pla-
cental abruption can occur in dams due to seizure activity 
( Goldstein et al., 2009). Abnormal behavior can be noted 
in pup and yearling CSLs thought to have been exposed to 
DA in utero, though brain lesions in these animals are often 
not identified. Domoic acid can be detected in feces, serum, 
urine, and gastric contents using tandem mass spectrometry 
coupled with liquid chromatographic separation. Due to the 
short half-life, especially in serum, it will only be present in 
animals very recently exposed to the toxin (Fire et al., 2011; 
Silvangi et al., 2005).

Additional diseases of vitamin deficiency and toxic con-
ditions are presented in Table 23.1.

Congenital/Genetic

Congenital abnormalities have most often been identified in 
harbor and northern elephant seals and northern fur seals, 
with sporadic case reports in other species (Colegrove, 2018; 
Spraker and Lander, 2010; St. Leger and  Nilson, 2014; 
Trupkiewicz et al., 1997). In harbor seals, the most com-
mon abnormalities identified are hernias, skeletal malfor-
mations, and proliferative conditions. In harbor seals there 

FIGURE 23.3 Normal hippocampus from a California sea lion. DG, 
dentate gyrus; CA1-4, cornu ammonis sectors 1-4.

FIGURE 23.4 Chronic lesions of domoic acid toxicosis in the hippo-
campus of a California sea lion. There is parenchymal collapse, neuronal 
loss throughout the dentate gyrus (DG) and cornu ammonis (CA) sectors 
1-4, and gliosis.

FIGURE 23.5 Domoic acid cardiomyopathy in a California sea lion. 
Note the loss of myocytes and replacement by loose fibrous connective 
tissue and adipocytes, with reactive cardiomyocyte nuclei surrounding le-
sions.
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may be functional patency of the foramen ovale and ductus 
arteriosus up to 6–7 weeks of age, therefore, these should 
not be considered congenital defects in very young pups 
without additional evidence of cardiac disease ( Dennison 
et al., 2011). In elephant seals, hydrocephalus and car-
diac abnormalities are most common. Low genetic diver-
sity likely plays a role in the high prevalence of congenital 
defects noted in elephant seals (Trupkiewicz et al., 1997).

Trauma

Trauma in pinnipeds can include anthropogenic factors, 
such as gunshot, vessel strike, and entanglement in 
marine debris and fishing gear (Goldstein et al., 1999; Moore 
et al., 2013). Entanglement in fishing gear, plastic, or metal 
rings can cause chronic infections and respiratory problems. 
Peracute underwater entrapment or by-catch is a major 
source of mortality. Lesions in affected animals include 
evidence of a struggle, net marks, or changes suggestive of 
hypoxia including pulmonary congestion, edema, or emphy-
sema. Gas-bubbles may also be detected in multiple tissues 
(Moore et al., 2009). Systematic detailed, postmortem eval-
uation is essential to diagnosing anthropogenic trauma and 
criteria have been reviewed by Moore et al. (2013).

Predation by sharks and killer whales is a recognized 
major cause of trauma. Spiral lacerations and wounds 
have been associated with gray seal predation with gray 
seals predating upon harbor seals, other gray seals, and 
harbor porpoise (Fig. 23.6) (Brownlow et al., 2016). 

Conspecific trauma can be associated with breeding and 
crowding on rookeries.

Inflammatory Non-infectious

Ocular disease affecting the lens and cornea is com-
mon in pinnipeds, especially those in captivity. In otariids, 
 progressive keratitis is characterized by corneal edema, kera-
titis, corneal ulceration, pigmentation, vascularization, and in 
severe cases, stromal thinning and secondary bacterial and 
fungal infections (Fig. 23.7). Exposure to low salinity water, 

TABLE 23.1  Miscellaneous Toxic and Nutritional Conditions of Pinnipeds

Cause Lesions Species Affected

Thiamine deficiencya Polioencephalomalcia es﻿pecially in the 
cerebellum

Harp and harbor s﻿eals﻿

Vitamin E deficiencyb myopathy, s﻿teatitis﻿ California s﻿ea lion

Scrombroid pois﻿oningb Nons﻿pecific res﻿piratory tract conges﻿tion and 
edema, mucus﻿ membrane irritation

Multiple

Lead toxicos﻿is﻿c Erythrophagocytos﻿is﻿ and hemos﻿ideros﻿is﻿ in 
lymph nodes﻿ and liver, myocardial necros﻿is﻿, 
cerebral, and intramyelinic edema

Harbor s﻿eal

Organochlorines﻿d,e Claw deformities﻿, uterine s﻿tenos﻿is﻿, s﻿till birth, 
thyroid abnormalities﻿, s﻿kull bone les﻿ions﻿, 
adrenal hyperplas﻿ia

Gray s﻿eals﻿, harbor s﻿eals﻿, ringed s﻿eals﻿

Oil/PAHs﻿d fouling of pelage, impaired thermoregula-
tion, epidermal acanthos﻿is﻿ and hyperkerato-
s﻿is﻿, intramyelinic edema, neuronal necros﻿is﻿, 
axonal s﻿welling, conjunctivitis﻿, keratitis﻿

Harbor s﻿eals﻿, fur s﻿eals﻿, ringed s﻿eals﻿

aWohlsein, P., Peters, M., Geburek, F., Seeliger, F., Böer, M., 2003. Polioencephalomalacia in captive harbour seals (Phoca vitulina). Transbound. Emerg. Dis. 
50(3), 145–150.
bWorthy, G.A., 2001. Nutrition and energetics. In: Dierauf, L and Gulland, F.M.D. (eds). CRC Handbook of Marine Mammal Medicine, 2nd Edition, CRC 
Press, Boca Raton, FL, pp. 791–817.
cZabka, T.S., Haulena, M., Puschner, B., Gulland, F.M., Conrad, P.A., Lowenstine, L.J., 2006. Acute lead toxicosis in a harbor seal (Phoca vitulina richardsi) 
consequent to ingestion of a lead fishing sinker. J. Wildl. Dis. 42(3), 651–657.
dO'Hara, T.M. Hart, L. 2018. Environmental Toxicology. In: Gulland, F.M.D., Dierauf, L.A., Whitman, K.L. (eds.). CRC Handbook of Marine Mammal Medicine, 
3rd Edition, CRC Press, Boca Raton, FL, pp. 285-306. 
eBergman, A., Olsson, M., 1985. Pathology of baltic grey seal and ringed seal females with special reference to adrenocortical hyperplasia: is environmental 
pollution the cause of a widely distributed disease syndrome. Finn. Game Res. 44, 47–62.

FIGURE 23.6 Conspecific predation lesions in a gray seal. Lesions in-
clude large spiral blubber defects, straight wound margins, and long strips 
of tissue remaining on the body. (Photo Courtesy of Institute for Terrestrial 
and Aquatic Wildlife Research)
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oxidants (ozone), and concurrent lens disease (lens induced 
keratitis), and exposure to ultraviolet radiation are also poten-
tial factors (Colitz et al., 2010a). Cataracts and lens luxation 
also occur frequently in pinnipeds in captivity (Fig. 23.8). 
Exposure to UV light, concurrent or previous keratitis and 
fighting are risk factors for lens disease (Colitz et al., 2010b).

Miscellaneous

Cutaneous microabsesses and ulcerations can occur due 
to sepsis and vasculitis. Folliculitis secondary to bacterial 
infection has been reported in captive walrus (Mulcahy 
and Fravel, 2018). A skin disease characterized by alopecia, 
ulceration, and hyperkeratosis was described in northern ele-
phant seals though diagnosis has been less frequent in more 
recent years (Beckmen et al., 1997). Alopecia or abnormal 
molts can be noted on occasion, most commonly in phocids. 
This may be related to environmental, endocrine, dietary, 
or stress mediated processes, however, the pathogenesis has 
not been elucidated.

Myocardial interstitial fibrosis is seen occasionally in 
aged CSLs, most often in males. This condition has been 
associated with acute death during anesthetic procedures in 
several animals. Age-related arteriosclerosis can be noted in 
pinnipeds. Myocardial necrosis can be secondary to hypoxia 
in pinnipeds that develop complications during anesthetic 
events. Valvular endocarditis due to bacterial infection has 
been reported in CSLs (Kim et al., 2002).

Acute death due to cerebral infarction has been 
reported occasionally in aged pinnipeds and may be related 
to age-associated arteriosclerosis. Few scattered menin-
geal lymphocytes may be seen incidentally in free-ranging 
CSLs. Cerebral edema and meningitis are common lesions 
identified in septic phocid pups.

Systemic AA amyloidosis has been reported in CSLs 
and likely develops secondary to chronic inflammatory 
conditions. The kidney, thyroid gland, and vessels are most 
 commonly affected. In the kidney, amyloid deposition 
occurs within the interstitium and glomeruli and often in a 
distinct band-like region along the corticomedullary junc-
tion (Colegrove et al. 2009a).

Urolithiasis is occasionally diagnosed in pinnipeds, 
though an underlying cause for urolith development is 
unknown (Colegrove, 2018 ; Dennison et al., 2007). Multifo-
cal papillary foci of urothelial hyperplasia are noted occasion-
ally within the urinary bladder of CSLs and are not related to 
sea lion UGC (Fig. 23.9). The cause is unknown and lesions 
are not typically associated with significant cystitis.

Spiral bacteria morphologically consistent with Heli-
cobacter sp. have been identified in the stomach of CSLs; 
however, often they are not associated with gastritis. Spiral 
to filamentous bacteria can be seen within colonic crypts of 
debilitated CSLs with dysbiosis. Protozoa morphologically 
compatible with trichomonads rarely can be found within 
gastric glands of free-ranging CSLs and also may be a form 
of dysbiosis.FIGURE 23.7 Active otariid keratopathy in a California sea lion. Le-

sions are characterized by corneal edema, fibrosis, stromal loss and ulcer-
ation, and vascular and pigment migration. (Photo Courtesy of C. Colitz)

FIGURE 23.8 Cataract, anterior lens luxation, and keratopathy in a 
California sea lion. (Photo Courtesy of C. Colitz)

FIGURE 23.9 Epithelial hyperplasia in the urinary bladder of a 
California sea lion. Lesions may be single or multifocal and  papillary.
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Acute perforating proximal duodenal/pyloric ulcer-
ation is a condition identified in free-ranging, often mal-
nourished pup and yearling CSLs. Lesions often lead to 
acute death. Histologically, there is inflammation and 
necrosis at the site of ulceration. Ulceration is not thought to 
be related to parasitism, bacterial infection, or any specific 
extra-gastrointestinal  disease. Instead ulcers may develop 
due to alterations in gastric emptying, abnormal gastroin-
testinal motility, or acid hypersecretion (Zabka et al., 2005).

Intestinal volvulus and intussusception have been 
reported in multiple species and may be related to bacterial 
enteritis (Siebert et al., 2007).

Hepatic hemosiderosois is seen frequently in several 
pinniped species including young northern elephant and 
harbor seals, Hawaiian monk seals, northern fur seals, and 
CSLs. Mild chronic cholecystitis and portal hepatitis are 
common findings in wild pinnipeds secondary to trematode 
infection and trematode-associated pigment accumulation 
can occur. Cystic hyperplasia of the gall bladder is a com-
mon finding in older sea lions. This change may or may not 
have associated inflammation or infection. Small, randomly 
distributed granulomas in hepatic parenchyma can be noted 
secondary to parasite migration.

Dental disease, abnormal tooth wear, gingivitis, second-
ary bacterial infections, and osteomyelitis have been reported 
in multiple pinniped species (Colegrove, 2018). Tusk pulp 
bacterial infections have been an occasional problem in wal-
ruses in captivity secondary to wear. These infections can 
extend into the overlying dorsal bone causing osteomyelitis 
and fistulous tracts into the nasal cavity. Preventative mea-
sures aimed at preventing worn tusks have helped to manage 
this condition (Mulcahy and Fravel, 2018).

Neoplastic

There have been a number of case reports describing 
neoplasia in pinnipeds and reviews detailing reported 
neoplasms have been previously published. Among the pin-
nipeds, neoplasms are most frequently diagnosed in free-
ranging and captive CSLs (Colegrove, 2018; Newman and 
Smith, 2006). In captive CSLs, mammary carcinoma, lym-
phoma, and laryngeal squamous cell carcinoma are among 
the most common. Neoplasia is less common in captive har-
bor and gray seals, though Flower et al. (2014) documented 
esophageal squamous cell carcinoma in six aged harbor 
seals possibly associated with regurgitation. Uterine leio-
myomas can be seen in aged pinnipeds.

Urogenital carcinoma (UGC) in CSLs is the most 
extensively studied neoplastic disease affecting pinnipeds 
over the past 2 decades and is considered an important 
wildlife model of carcinogenesis (Browning et al., 2015). 
A high prevalence of UGC occurs in adult CSLs strand-
ing along the west coast of North America, with 26% of 
adult deceased CSLs affected at one rehabilitation facility 

over a 15 year period. Occasional cases of UGC have been 
diagnosed in captive CSLs, most of which were wild-born. 
Carcinogenesis is considered multifactorial with infectious 
agents, genetic factors, and high levels of organochlorine 
contaminants all possibly playing a role in tumor develop-
ment. Otarine herpes virus-1 (OtHV-1), a gammaherpesvi-
rus that is sexually transmitted, has been associated with 
UGC (Buckles et al., 2007). Alterations in p53, the heparan-
ase 2 (HPSE2) gene, endogenous hormones, and contami-
nants that interact with steroid hormone receptor have all 
been postulated as other potential factors involved in UGC 
(Browning et al., 2015; Colegrove et al., 2009b).

Sea lions with UGC can have perineal edema, hind limb 
paresis, abdominal effusion, and penile prolapse with necro-
sis (Gulland et al., 1996a). Tumors originate in the cervix, 
vagina, penis, or prepuce and often there is widespread 
metastasis at the time of death. Subtly raised plaques, thick-
ening, roughing, or dulling of the mucosa, and/or tan firm 
masses can be noted within affected urogenital epithelium 
(Figs. 23.10 and 23.11). Metastatic tumors often are found 
in the inguinal and sublumbar lymph nodes as well as many 
other organs, such as liver, kidney, and lung. Hydronephro-
sis is a common sequela due to ureter compression by sub-
lumbar lymph node masses and can be used to diagnosis 
UGC antemortem via ultrasound.

Carcinoma in situ in the reproductive tract is often very 
difficult to discern grossly. The in situ lesions may be seen 
incidentally in CSLs that die from other causes without 
metastatic disease. As such, it is critically important to rou-
tinely perform gross and histologic examination of the entire 
reproductive tract of male and female CSLs to identify these 
tumors (Colegrove et al., 2009b; Gulland et al., 1996a). 
Histologically, intraepithelial lesions may be observed mul-
tifocally along cervical, vaginal, penile, or preputial epithe-
lium and often large regions of epithelium may be affected. 
Penile or prostatic urethral epithelium is rarely affected. 
Intraepithelial lesions may extend into the uterus along the 
endometrial surface; however, this is thought to be a form 
of intraepithelial metastasis and not primary transformation 
of uterine epithelium. Affected genital epithelium is often 
markedly thickened with dysplastic cells and disordered 
maturation involving up to the entire thickness of the epi-
thelium (Fig. 23.12). Increased numbers of mitotic figures 
can be seen. Direct infiltration of the underlying submu-
cosa is difficult to identify, even in animals with widely 
metastatic disease. Multiple distinct morphologic patterns 
including squamous, cribiform, comedone, or basaloid can 
be observed in metastases. Neoplastic cells are polygonal 
with large nuclei and there is often a high mitotic rare with 
bizarre mitotic figures or multinucleated neoplastic cells 
(Fig. 23.13). Central necrosis within masses is common 
and lymphoplasmacytic inflammation is adjacent to both 
intraepithelial lesions and surrounding metastases. Despite 
the association between UGC and OtHV-1, intranuclear 
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inclusions are noted infrequently. When present, they are 
most common in genital intraepithelial lesions in which 
there is superficial ballooning degeneration (Fig. 23.14). 
Inclusions are extremely rare in metastatic masses.

INFECTIOUS DISEASES

DNA Viruses

Phocine herpesvirus-1 (PhHV-1) is classified in the sub-
family Alphaherpesvirinae and has been isolated from 
harbor and gray seals in Europe and from both coasts of 
North America. Serosurveys have documented titers in 
free-ranging phocids in both the southern and northern 
hemispheres (Goldstein et al., 2003). PhHV-1 can be asso-
ciated with high morbidity and mortality and outbreaks 
have been documented in rehabilitation facilities (Gulland 
et al., 1997b). Clinical disease and fatal generalized 
infection are most common in neonates and young pups. 

 Horizontal  transmission via direct contact and aerosols is 
most common though vertical transmission has been identi-
fied (Goldstein et al. 2004).

In Pacific harbor seals, multifocal adrenocortical and 
hepatic necrosis are the most common lesions associated 
with infection. Within and adjacent to areas of necrosis, 
cells may have smudgy eosinophilic intranuclear inclusions 

FIGURE 23.10 Urogenital carcinoma in the penis of a California sea 
lion. There is multifocal to coalescing mucosal thickening.

FIGURE 23.11 Urogenital carcinoma in the cervix and vagina of a 
California sea lion (formalin fixed). There is thickening of the vaginal 
and cervical mucosa and a polypoid mass in the vagina.

FIGURE 23.12 In situ urogenital carcinoma in a California sea lion. 
Transition zone between normal cervical epithelium (left) and carcinoma in 
situ (right).
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(Fig. 23.15). Adrenal necrosis may be associated with min-
eralization (Fig. 23.16). Thymic atrophy is often noted in 
affected pups and lesions secondary to bacterial infection 
and septicemia, including omphalophlebitis, pneumonia, 
and meningoencephalitis, may be concurrently identified 
(Gulland et al., 1997b). Oral ulceration and small intesti-
nal crypt dilation and necrosis are rare lesions. In infected 
European seals, interstitial pneumonia and massive liver 
necrosis have been reported (Borst et al., 1986). Virus isola-
tion, PCR, IHC, and serology (ELISA) are used to diagnose 
infections.

Otarine herpesvirus-1 (OtHV-1) is in the subfamily 
Gammaherpesvirinae and genus Rhabinovirus. The virus 
has been amplified via PCR from CSLs with UGC (see 
Neoplasia section) and is considered a likely factor in tumor 
development. Viral DNA can be amplified from the urogen-

ital tract and, less frequently, the oral cavity of sea lions 
with no clinical evidence of UGC and prevalence of virus in 
the genital tract is higher in adults than in juveniles. Sexual 
transmission is thought to occur and females may trans-
mit the virus to pups during birth (Browning et al. 2015; 
 Buckles et al., 2007). The virus has also been associated 
with a single case of genital carcinoma in a South American 
fur seal and detected in a Steller sea lion without evidence 
of neoplasia (Dagleish et al., 2013).

Pox viruses have been identified in skin and mucosal 
lesions from numerous pinniped species including CSLs, 
South American sea lions, Stellar sea lions, northern fur 
seals, and harbor and gray seals. Pinniped poxviruses are 
in the genus Parapoxvirus and viruses from Atlantic and 
Pacific pinnipeds are phylogenetically distinct (Nollens 
et al., 2006c). There is widespread exposure of free-ranging 

FIGURE 23.15 Phocine herpesvirus-1 infection in the liver of a har-
bor seal. There is hepatic necrosis with intranuclear inclusions that often 
fill the nucleus.

FIGURE 23.16 Phocine herpesvirus-1 infection in the adrenal gland 
of a harbor seal. Note the cortical necrosis with intranuclear inclusions 
and prominent mineralization.

FIGURE 23.13 Metastatic urogenital carcinoma in the lung of a Califor-
nia sea lion. Note the marked anisocytosis and anisokaryosis.

FIGURE 23.14  Urogenital carcinoma in a California sea lion. 
 Numerous Otarine herpes virus-1 intranuclear inclusions in neoplastic 
genital epithelium.
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pinnipeds and transmission occurs through direct contact, 
such as from conspecific rubbing or biting behaviors. Out-
breaks have occurred in rehabilitation facilities, especially 
in young animals, and lesions may develop during times of 
stress or concurrent disease (Nollens et al., 2006a).

Poxvirus lesions appear as raised and firm, some-
times ulcerated nodules along the head, neck, and tho-
rax (Fig. 23.17). Nodular or plaque-like lesions may also 
occur along the tongue and oral commissure (Fig. 23.18). 
Histologically, there is marked epidermal and follicular 
hyperplasia with ballooning degeneration in the stratum 
spinosum. Moderately sized, round to chunky eosinophilic 
cytoplasmic inclusions are noted within epidermal and fol-
licular keratinocytes (Fig. 23.19). There is variable epider-
mal necrosis and ulceration and often moderate associated 
mixed inflammation. Dermal fibrosis is occasionally noted 
(Nollens et al., 2006b). Lesions will often spontaneously 
regress. Sealpox is a zoonotic disease that causes nodular 
cutaneous lesions in people and transmission likely occurs 
when virus enters broken skin (Waltzek et al. 2012).

Adenovirus infections have been reported sporadi-
cally in CSLs and recently been associated with an out-
break involving multiple otariids in managed care (Britt 
et al. 1979; Inoshima et al., 2013). Viral sequence analy-
sis has determined that California sea lion adenovirus-1 
(CSLAdV-1) is unique from canine adenovirus-1 (CAV-1) 
and represents a new member of the genus Mastadenovirus 
(Goldstein et al. 2011). Stellar sea lions have antibodies to 
CAV-1 and canine adenovirus-2 (CAV-2); however, canine 
adenoviral antibodies have not been detected in one infected 
CSL (Burek et al., 2005). Multifocal necrotizing hepati-
tis with hepatocellular intranuclear inclusions is the most 

common lesion reported in CSL infections (Fig. 23.20). 
In 1 case, endothelial infection was identified in the lung, 
lymph nodes, and eye in the absence of hepatic lesions. 
Ocular lesions included corneal edema, keratitis, and iri-
docyclitis. Several cases of necrotizing enteritis in CSLs 
have also been attributed to adenoviral infection; one CSL 
exhibited diarrhea prior to death (Fig. 23.21). CSLAdV1 
has been amplified via PCR from liver and feces in affected 
individuals and adenoviral particles have been identified via 

FIGURE 23.17 Poxviral skin lesions along the face and neck of a 
California sea lion. (Photo Courtesy of J. St. Leger, SeaWorld)

FIGURE 23.18 Poxviral glossal lesions in a harbor seal. (Photo Cour-
tesy of The Marine Mammal Center)

FIGURE 23.19 Poxviral infection in skin from a California sea lion. 
Note the epidermal and follicular hyperplasia, hyperkeratosis, and eosino-
philic intracytoplasmic inclusions.
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transmission electron microscopy (TEM) in several cases. 
The virus can also be amplified from feces of individuals 
without evidence of clinical disease, suggesting that some 
animals may be subclinical shedders of the virus.

RNA Viruses

Morbillivirus infection in pinnipeds was first observed 
in Baikal Seals in 1987. The infections were likely due to 
spread of a canine distemper virus (CDV) outbreak in ter-
restrial mammals (Grachev et al., 1989). In 1988, the first 
large-scale epizootic of phocine distemper virus (PDV) in 
harbor seals followed in European waters of the North and 
Baltic Seas causing 23,000 deaths, and in 2002 another out-
break occurred in the same region and affected 30,000 seals. 
Several stranding peaks in pinnipeds on the Atlantic coast 
of the United States have also been linked to PDV infec-
tions in harbor, harp, hooded, and gray seals but these have 
never caused significant die-offs as in European waters. 
Positive morbillivirus antibody titers are regularly found in 
Arctic seal species and provide evidence of widespread dis-
tribution of PDV in seal populations (Duignan et al., 2014; 
Härkönen et al., 2006).

Morbilliviruses are most commonly transmitted through 
respiratory, nasal, or ocular secretions. Clinical findings 
with PDV include oculonasal discharge, conjunctivitis, ker-
atitis, coughing, dyspnea, diarrhea, abortion, head tremors, 
convulsions, and increased buoyancy. Pathological findings 
include bronchointerstitial pneumonia, pulmonary atelecta-
sis, congestion, and edema as well as pulmonary, mediastinal 
and subcutaneous emphysema, nonsuppurative encephali-
tis, and lymphocyte depletion in different lymphoid tissues 
(Fig. 23.22). Intracytoplasmic and intranuclear eosinophilic 
inclusion bodies can be found in the respiratory epithelium, 
biliary and pancreatic ducts, renal pelvis, urinary bladder, 
gastrointestinal epithelium, neurons, and astrocytes (Duignan 
et al., 2014; Kennedy, 1998; Siebert et al., 2010). Due to 
viral-induced immunosuppression, PDV is often associated 
with secondary parasitic (pulmonary nematodiasis), bacte-
rial (e.g., Bordetella bronchiseptica) and concurrent viral 
infections (Herpesvirus, Influenza virus). The diagnosis of 
CDV or PDV is accomplished by immunohistochemistry 
using cross-reactive monoclonal antibodies for the morbil-
livirus nucleoprotein and by the detection of morbillivirus-
specific nucleic acid in tissues by RT-PCR. Antibody titers 
allow assessment of exposure and susceptibility to PDV 
(Duignan et al., 2014; Ludes-Wehrmeister et al., 2016).

Mortality events associated with Influenza A have 
occurred in harbor seals in the United States in 1979/1980 
(H7N7) and 1982/1983 (H4N5), when large numbers of 
seals were found dead in the northeast (Geraci et al., 1982; 
Hinshaw et al., 1984; Webster et al., 1981). In 1991/1992 
two additional isolates of influenza subtypes, H4N6 and 
H3N3, were obtained from harbor seals from the northeast 
United States (Callan et al., 1995). In Europe, harbor seal 
mortality due to influenza A (H10N7) infection occurred in 
2014/2015, starting in waters around Sweden and Denmark, 
and subsequently spreading to the Wadden Sea of Germany 
and the Netherlands resulting in large numbers of dead seals 

FIGURE 23.20 Adenovirus infection in the liver of a California sea 
lion. There is hepatic necrosis with large intranuclear inclusions.

FIGURE 23.21 Adenovirus infection in the intestine of a California 
sea lion. Infection is characterized by necrosis of intestinal crypt and mid 
mucosal epithelium, mild to moderate inflammation, and intranuclear in-
clusions.
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(Bodewes et al., 2015; Zohari et al., 2014). Avian influenza 
A (H3N8) was also associated with a 2011 harbor seal die-
off in the northeast United States (Anthony et al., 2012). 
Influenza B, believed to be an exclusively human pathogen, 
was only reported from a single case, a young seal from the 
Dutch Wadden Sea (Osterhaus et al., 2000).

Clinical findings of influenza are similar to PDV and 
include dyspnea, nasal discharge, lethargy, and emphy-
sema. Pathological findings include partially collapsed 
lungs, pulmonary congestion, necrotizing bronchitis and 
bronchiolitis, hemorrhagic alveolitis, bronchial gland ade-
nitis, and occasionally interstitial pneumonia (Fig. 23.23). 
Additional concurrent respiratory tract lesions caused by 
parasitic or bacterial infections are often present (Bodewes 
et al., 2015; Geraci et al., 1982; Hinshaw et al., 1984; 
Siebert et al., 2010). Diagnosis is accomplished by ELISA, 
immunohistochemistry using influenza A virus nucleopro-

tein-specific monoclonal antibody and RT-PCR in lung and 
throat swabs (Bodewes et al., 2015; de Boer et al., 1990; 
Vahlenkamp and Harder, 2006).

Marine caliciviruses are within the vesivirus genus 
and include over 40 serotypes including San Miguel San 
Lion viruses (SMSV-1-17) and Walrus calicivirus (WCV) 
(McClenahan et al., 2009). Isolates and serologic evidence 
of exposure is documented in multiple species and in both 
clinically affected and healthy individuals. An unusually 
wide variety of marine and terrestrial species including 
fish, birds, and other mammals may be infected, indicating 
that these viruses have an ability to infect many species of 
marine animals, some of which may act as reservoirs for oth-
ers. Opal eye perch are a likely natural host. These viruses 
are indistinguishable from caliciviruses causing swine 
vesicular exanthema, and feeding swine uncooked garbage 
containing marine mammals and fish was a likely route of 
introduction into the swine population. Caliciviruses are 
zoonotic, with rare cases of human vesicular dermatitis and 
flu-like illness after laboratory and field exposures (Smith 
et al. 1998; Waltzek et al., 2012).

Gross findings include vesicular dermatitis that pro-
gresses to ulceration primarily of the nonhaired surfaces of 
the flippers (Fig. 23.24). Occasionally, necrosis of under-
lying digits can occur. Ulcerative stomatitis and ulcerative 
and nodular dermatitis of the lips, nasal planum, and chin 
have also been reported in CSLs. Abortion and premature 
birth in CSLs have been attributed to calicivirus based on 
positive viral isolation and serologic evidence of expo-
sure, but causation has not been proven. Lesions begin as 
spongiosis of the stratum spinosum followed by subcorneal 
vesicle formation without formation of inclusion bodies FIGURE 23.22 Phocine distemper virus infection in the brain of a 

harbor seal. Encephalitis is characterized by mild perivascular lympho-
histiocytic inflammation (arrowheads) and neuronal necrosis (arrow). 
(Photo Courtesy of P. Wohlsein, Department of Pathology, University of 
Veterinary Medicine Hannover, Germany)

FIGURE 23.23 Influenza A H10N7 infection in the lung of a harbor 
seal characterized by acute necrotizing bronchitis (arrowheads). (Photo 
Courtesy of P. Wohlsein, Department of Pathology, University of Veterinary 
Medicine Hannover, Germany) FIGURE 23.24 Calicivirus infection in the skin of a Stellar sea lion. 

Infection causes vesicles that may rupture and ulcerate.
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(Moeller, 2003). The vesicles are very transient and ulcers 
with secondary bacterial infections are common. Diagnosis 
is by culture or RT-PCR (Moeller, 2003; Smith et al., 1998). 
Because of the importance in differentiating these viruses 
from foreign animal diseases, a real-time reverse transcrip-
tion PCR has recently been developed that can identify most 
serotypes and differentiate them from reportable vesicular 
diseases (McClenahan et al., 2009).

Miscellaneous viral diseases are reported on Supple-
mental Table e3.

Bacteria

Infection with Leptospira sp. is most commonly reported 
in free-ranging pinnipeds including CSLs, harbor, and 
 northern elephant seals along the Pacific coast of North 
America (Colegrove et al., 2005b; Gulland et al., 1996b). 
Sporadic infections and outbreaks have been reported in 
captive animals and exposure has been documented sero-
logically in other geographic regions (Kik et al. 2006; 
Mackereth et al. 2005). Leptospira interrogens serovar 
Pomona has been implicated in disease in CSLs. Based 
on the long-term serosurveys utilizing the microscopic 
agglutination test leptospirosis is thought to be enzootic in 
the CSL population. Periodic epizootics occur every 3–5 
years and result in large numbers of CSLs stranding with 
clinical leptospirosis (Gulland et al., 1996b; Lloyd-Smith 
et al., 2007). An asymptomatic, chronic carrier state may 
provide a mechanism for persistence of the bacterium in 
the population (Prager et al., 2013). Though cases in free-
ranging CSLs can occur throughout the year they are most 
commonly noted between July and December (Gulland 
et al., 1996b). Little is known about the epidemiology of 
leptospirosis in other pinniped species, where infections 
occur more sporadically or as small outbreaks in rehabilita-
tion situations (Colegrove et al., 2005b). Leptospirosis may 
also cause abortion (Gulland et al., 1996b).

Pinnipeds with leptospirosis have clinical signs and 
serum biochemistry values consistent with renal fail-
ure including polydipsia and elevated BUN, creatinine, 
and phosphorus. Grossly, kidneys are swollen, pale tan, 
and exhibit lack of renule and corticomedullary differen-
tiation (Fig. 23.25). Histologically, there is subacute to 
chronic lymphoplasmacytic tubulointerstitial nephritis, 
typically with a plasma cell heavy inflammatory infiltrate 
(Fig. 23.26). Leptospira-related liver lesions are not noted. 
In some phocids with infection, significant tubular necrosis 
is more severe than inflammation suggesting that the ani-
mals die in the more acute stage of infection. Infection can 
be confirmed histologically by demonstrating spirochetes 
with silver stains or IHC. IHC is particularly useful in ani-
mals with chronic infections or those treated with antibi-
otics since the spirochetes may be difficult to visualize; 
labeled antigen will be present in renal tubular epithelial 

cells and interstitial macrophages (Colegrove et al., 2005b; 
Gulland et al., 1996b). PCR can also be used for diagnosis. 
Given the zoonotic potential of the bacterium, appropriate 
personal protective measures should be undertaken when 
necropsying affected animals (Waltzek et al., 2012)

Mycobacteriosis was first described in a group of cap-
tive pinnipeds at a marine park in Australia (Forshaw and 
Phelps, 1991), and later classified as caused by a previously 
undescribed member of the Mycobacterium tuberculosis 

FIGURE 23.26 Leptospiral nephritis in a California sea lion. Lym-
phoplasmacytic inflammation multifocally infiltrates the interstitial paren-
chyma.

FIGURE 23.25 Leptospira interrogens serovar Pomona infection in 
the kidney of a California sea lion. Note the swollen renules and pale 
cortices. (Photo Courtesy of The Marine Mammal Center)
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complex, M. pinnipedii (Cousins et al., 2003). Since then 
the disease has been reported in a number of captive otariid 
species worldwide, most frequently affecting Southern sea 
lions (Kriz et al., 2011). Infection in free ranging pinnipeds 
is confined to the southern hemisphere and transmission 
between species is thought to be by sub-Antarctic fur seals 
whose range overlaps with eight other otariid species (Bastida 
et al., 1999). To date, mycobacteriosis due to M. pinnipe-
dii has not been reported for any phocid species; however, 
the potential host range is broad and transmission from 
infected fur seals and sea lions has been described for zoo 
species, domestic cattle, and humans (Cousins et al., 2003; 
Kiers et al., 2008; Loeffler et al., 2014; Moser et al., 2008; 
Thompson et al., 1993; Thorel et al., 1998). The most likely 
route of infection is aspiration of aerosolized bacteria shed 
in respiratory secretions of infected pinnipeds.

Pinnipeds with mycobacteriosis typically present in poor 
body condition. The majority of clinical infections involve 
the thoracic organs, supporting inhalation as the dominant 
route of infection, with two main gross presentations. The 
first involves granulomatous to pyogranulomatous pleu-
ropneumonia, thoracic lymphadenitis and mediastinitis 
with pronounced fibrinous or serosanguinous effusion 
(Fig. 23.27). In the second type of presentation, there are 
multifocal caseating granulomas within the lungs and tho-
racic lymph nodes. Several cases of respiratory mycobac-
teriosis have included concurrent granulomatous lesions in 
the mesenteric lymph nodes, possibly reflecting spread into 
the abdominal cavity through swallowing infected respira-
tory secretions (de Amorim et al., 2014; Kriz et al., 2011). 
Meningeal, hepatic, and disseminated granulomas have also 
been reported (Forshaw and Phelps, 1991). Histologically, 
lesions are dominated by aggregates of epithelioid macro-
phages containing few to many intracytoplasmic acid-fast 
bacilli admixed with variable numbers of lymphocytes, 
plasma cells and neutrophils. Caseous necrosis of the cen-
ters of these granulomas is common; mineralization is gen-
erally minimal and multinucleated giant cells are rare. A 

presumptive diagnosis of mycobacteriosis can be made dur-
ing post mortem examination based on the presence of acid-
fast positive bacteria within granulomas. Confirmation of 
M. pinnipedii as the causative agent requires either culture 
and biochemical assays, which can be slow and laborious, 
or PCR. Population monitoring is best accomplished by 
necropsy of all dead pinnipeds and monitoring of live ani-
mals including lymph node cytology, thoracic radiographs, 
and bronchoalveolar lavage.

Klebsiella pneumoniae are Gram-negative bacteria in 
the Enterobacteriaceae family. They are ubiquitous in the 
environment and are common inhabitants of the gastrointes-
tinal or respiratory tract of healthy mammals. Historically, 
most reports of K. pneumoniae in marine mammals were 
of sporadic respiratory infections or isolation from tissues 
of healthy individuals. However, in 2002 a mass mortality 
event caused by K. pneumoniae occurred in New Zealand 
sea lion pups in the sub-Antarctic (Castinel et al., 2007). 
The causal isolate was later identified as a hypermucovis-
cous phenotype (Roe et al., 2015), but appears not to be of 
human origin (Castinel et al., 2007). A similar isolate has 
also been reported in CSLs (Jang et al., 2010; Seguel et al., 
2017a). The clinical presentation of hypermucoviscous K. 
 pneumoniae varies somewhat between host species. Affected 
New Zealand sea lion pups have bacteremia and fibrinosup-
purative to histiocytic inflammation of the meninges, joints, 
lymph nodes, respiratory tract, peritoneum, and subcutane-
ous tissues (Fig. 23.28) (Roe et al., 2015). Disease has not 
been reported in juveniles or adults. Pleuritis, pyothorax, 
pneumonia, and abscesses are the most frequent lesions in 
CSLs and appear to occur in all ages (Jang et al., 2010; Seguel 
et al., 2017a), and septicemia and meningoencephalitis have 
recently been identified. Additionally, Spraker et al. (2007) 
describe a syndrome in CSLs on San Miguel Island, 

FIGURE 23.27 Mycobacterium pinnipedii infection in the lung of a 
New Zealand sea lion. Coalescing granulomas with central caseous ne-
crosis replace the majority of the pulmonary parenchyma. (Photo Courtesy 
of S. Hunter)

FIGURE 23.28 Meningitis due to hypermucoviscous Klebsiella pneu-
moniae infection in a New Zealand sea lion pup. Note the petechial 
haemorrhage over the gyri and meningeal opacity with fibrinosuppurative 
exudate in the subarachnoid space. (Photo Courtesy of S. Michael)
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California, where K. pneumoniae bacteria are transferred 
into the abdominal cavity on the cuticle of hookworms that 
penetrate the intestinal tract, resulting in septic peritonitis. 
This has not been reported at other locations.

Several different Mycoplasma spp. have been isolated 
from phocids and ottarids. These include M. phocicerebrale, 
M. phocirhinis, M. phocidea, and M. zalophi. Mycoplasma 
spp. are thought to be part of normal pinniped oral flora and 
infection is associated with skin wounds, abscesses, poly-
arthritis, and lymphadenitis, and necrotizing pneumonia 
in CSLs and skin wounds in gray and harbor seals (Ayling 
et al., 2011; Haulena et al., 2006; Lynch et al., 2011). In 
utero infection with M. phocicerebrale is associated with 
myocarditis and pneumonia and has caused abortion in 
Australian fur seal fetuses (Lynch et al., 2011). A Myco-
plasma sp. was isolated from the respiratory tracts of harbor 
seals during an influenza outbreak, though the role of the 
bacteria in respiratory tract disease was undetermined (Ger-
aci et al., 1982). Infection is diagnosed via culture or PCR. 
Mycoplasma sp. is the cause of “seal finger” in humans, an 
important zoonotic disease most often associated with the 
bite of a pinniped to the extremities or contact with broken 
skin (Waltzek et al., 2012).

Several new species in the genus Brucella have been 
recently described in marine mammals. Brucella pinni-
pedialis is the organism isolated from pinnipeds ( Foster 
et al., 2007). Serological studies show worldwide distri-
bution in pinnipeds with a wide variation in prevalence 
between geographical locations and species, although a lack 
of consistency in serological assays used makes valid com-
parisons difficult (Hueffer et al., 2013; Nymo et al., 2011). 
The route of infection for marine mammals has not been 
elucidated but a fish or invertebrate vector is possible. 
Brucella-infected lungworms can be found in the lungs of 
pinnipeds though whether the parasites serve as a primary 
route of transmission or are incidentally infected is unknown 
(Garner et al., 1997). While zoonotic transmission is a con-
cern for humans who consume seal or whale meat as part 
of a traditional diet, none of the reported human cases had 
direct exposure to marine mammals (Waltzek et al., 2012).

The majority of B. pinnipedialis infections in pinnipeds 
are subclinical. However, suppurative and necrotizing pla-
centitis in a northern fur seal was confirmed to be due to 
Brucella spp infection by immunohistochemistry and PCR 
(Duncan et al., 2014).

Nocardiosis is most commonly reported in juvenile 
stranded hooded seals; multiple different Nocardia spp. 
are associated with infection. Affected seals stranded along 
the east coast of the United States and Canada and have 
typically been found outside of their normal range. Under-
lying immunosuppression, environmental stressors, and 
decreased prey availability secondary to extralimital ranging 
may increase susceptibility to infection. Lesions in affected 
seals include pyothorax and abscesses or pyogranulomas in 

the lungs and thoracic lymph nodes. Infection is often sys-
temic at death and pyogranulomatous inflammation in the 
skin, brain, or other tissues can occasionally be observed. 
Infection is diagnosed via culture or PCR, and organ-
isms can be demonstrated using GMS and acid fast stains  
(St. Leger et al., 2009).

Pseudomonas sp., most commonly P. aeruginosa, can 
cause severe systemic infections in pinnipeds, most fre-
quently in young animals in rehabilitation centers. Pneu-
monia is most common; however, meningoencephalitis, 
hepatitis, and splenitis can be seen with septicemia. Lesions 
are characterized by fibrinosuppurative inflammation with 
necrosis, interlobular edema, and fibrin accumulation in 
affected lungs. Histologically, the bacterium causes vascu-
litis with characteristic “swarms” of Gram-negative bacilli 
(Gaffney et al., 2008). P. aeruginosa infection has also 
been associated with hemorrhagic pneumonia in a clus-
ter of deaths in adult free-ranging harbor seals (Nollens 
et al., 2010).

Additional bacterial diseases are presented in Supple-
mental Table e4.

Fungi

Fungal disease represents a relatively small proportion 
of infectious diseases in pinnipeds. Systemic infections 
with opportunistic fungi have been reported sporadically 
and have been reviewed by Reidarson et al. (2018). Expo-
sure most often is respiratory exposure but can be due to 
implantation. Distribution of lesions is widely variable but 
often involves pulmonary tissues with subsequent systemic 
spread. Cytology and histopathology can be used to iden-
tify characteristic fungal morphology; however, culture 
and/or PCR are often needed to differentiate the type and 
species of fungus. Burek (2001) reviewed epidemiology, 
gross and histopathologic features, and diagnosis of each 
fungal group.

Coccidioides immitis, an important human pathogen, is 
endemic in California and has been reported in CSLs and 
rarely in harbor and northern elephant seals. It is typically 
associated with disturbance of dry soil where it occurs in the 
mycelial phase and produces highly infectious arthroconidia. 
Transmission is generally through inhalation. In most animals 
C. immitis causes only mild respiratory disease, but can prog-
ress to disseminated fatal systemic infection. Animals with 
coccidioidomycosis are often emaciated and have pyogranu-
lomatous pneumonia, pleuritis, peritonitis, and thoracic and 
abdominal lymphadenitis (Fig. 23.29). With systemic spread 
multiple miliary to large pyogranulomas, sometimes with 
indented necrotic centers, can be seen throughout the body. 
Histologically, there is intense pyogranulomatous inflamma-
tion centered on few to many, double contoured, 5–30 µm 
diameter immature spherules that mature into 30–200 µm 
diameter spherules containing a myriad of endospores. 
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Mycelia with production of arthroconidia are rare in tissue. 
Because of the danger of exposure of necropsy personnel 
and laboratory workers to fungal spores, affected carcasses 
should be incinerated. Cytology, histology, and PCR are the 
preferred diagnostic methods (Huckabone et al. 2015). In 
CSLs fungal pyogranulomas may be grossly difficult to dis-
tinguish from UGC masses, though heavy involvement of the 
lungs and granulomatous inflammation on impression smear 
cytology can aid in differentiation.

Fungal dermatitis has been reported sporadically both 
in captive and free-ranging pinnipeds due to a wide variety 
of yeasts, non-dermatophylic hyaline molds, and derma-
tophytes. In addition to previously described predisposing 
factors, mechanical disruption of the skin and water quality 
issues (low salinity, high temperatures) can predispose to 
infection. Alopecia, acanthosis, and hyperkeratosis can be 
associated with Candida albicans, Fusarium spp. Micros-
porum sp. and Trichophyton sp. infections. Commonly 
affected areas include mucocutaneous junctions, nail beds, 
and the axillae (Pollock et al., 2000; Reidarson et al., 2018). 
In Stellar sea lions in Alaska, “fungal patches” due to 
Trichophyton sp. distributed across the body are very com-
monly seen and can be present for extended periods of time. 
Affected skin is thickened with a corrugated, often alope-
cic, appearance, sometimes in a target pattern with either 
healed or raw skin in the center (Fig. 23.30). Histologically, 
dermal skin infections cause chronic dermatitis, epidermal 
hyperplasia, hyperkeratosis, folliculitis, and in cases of der-
matophyte infection, there may be intrafollicular or super-
ficial epithelial fungal hyphae. Special stains, such as PAS 
or silver stains can aid in identification and characteriza-
tion of the organisms. Ulceration and suppurative dermatitis 

is generally related to self-trauma and secondary bacterial 
infection. Diagnosis can be made by skin scraping, fungal 
cultures, PCR; PCR is often needed to differentiate to spe-
cies (Burek, 2001).

Metazoa

There are two general categories of lungworms that infect 
pinnipeds, small lungworms, the Parafilaroides species that 
includes decorus, gymnus, hispida, normani, measuresae, 
hydrurgae, and gullandae and the large lungworms Oto-
strongylus circumlitus.  They are metastrongyloid nema-
todes of the Filaroididae and Crenosomatidae families, 
respectively. Life cycles of marine mammal lungworms 
are not well understood, though fish species have been 
shown to be intermediate hosts (Measures, 2001, 2018).

Parafilaroides spp. infect otariids and phocid hosts in 
both the northern and southern hemisphere and subclini-
cal infections are very common. Adult parasites reside in 
the pulmonary parenchyma, have a thin, ridged cuticle, 
coelomyarian polymyarian musculature, and shed embry-
onated eggs into the small airways where they develop 
into L1 larvae. L1 are coughed up, swallowed and shed 
in the feces. Parafilaroides spp. infect all age-classes at 
different intensities in different species, though infections 
are often more intense in younger animals. In uncom-
plicated infections there are small raised nodules along 
the pleural surface and in the parenchyma adjacent to 
bronchioles (Fig. 23.31). Parasites are fine and difficult 
to detect grossly; however, scraping the cut surface of 
lesions with a knife may enable visualization. Histologi-
cally, there are cross sections of small nematodes within 
alveolar spaces and bronchioles. Infection in most ani-
mals results in minimal lymphocytic interstitial and peri-
bronchiolar inflammation and occasional granulomas 
may develop around degenerating parasites or larvae 
(Fig. 23.32). Heavy infections and secondary bacterial 
pneumonia can result in more significant inflammation, 

FIGURE 23.29 Coccidioides immitis infection in the lung of a Cali-
fornia sea lion. Numerous fungal granulomas are scattered throughout 
the lungs and epicardial surface (Photo Courtesy of The Marine Mammal 
Center)

FIGURE 23.30 Trichophyton dermatitis in a Stellar sea lion. Target 
shaped areas of alopecia with ulceration associated with infection.



584    Pathology of Wildlife and Zoo Animals﻿

especially in young or debilitated animals. Mild bronchi-
ole epithelial hyperplasia and lymphocytic tracheitis are 
also common (Measures, 2001).

Otostrongylus circumlitus is distributed in a circumpo-
lar region and affects a variety of species. The primary hosts 
are ringed and harbor seals; infections have been reported in 
other phocids including gray, elephant, ribbon, and hooded 
seals (Measures, 2001, 2018). After ingestion, larvae migrate 
to the right ventricle, through the wall of the pulmonary artery 
and into the lungs. Significant infection generally occurs 
only in young animals. Heavy infections may impact diving 
performance, health and recruitment. Adult parasites reside 
in the bronchi and bronchioles (Fig. 23.33). The head of a 
worm is embedded in the parenchyma and the tail extends 
into the lumen. L1 larvae are released into airways. Infection 
induces variable amounts of mucus plugging of airways, 
mucosal cell hyperplasia, moderate lymphoplasmacytic and 
eosinophilic peribronchitis and mild chronic arteritis with 
tunica intima hyperplasia (Measures, 2001). In northern 

elephant seals reaction to larval parasites during migration 
in the pulmonary arteries can cause severe disease and death 
in the prepatent period. Clinical signs include harsh lung 
sounds, depression, neutrophilia, and disseminated intra-
vascular coagulation (DIC). Grossly, nematodes are found 
in the right ventricle and pulmonary arteries; they are often 
associated with extensive hemorrhage in lung parenchyma. 
Histologically, nematodes are present within the vasculature 
and there is severe neutrophilic and lymphocytic arteritis, 
thrombosis, and interstitial pneumonia that can be compli-
cated by secondary bacterial infection (Fig. 23.34) (Gulland 
et al., 1997a). The severe reaction in this species suggests a 
poorly adapted host (Measures 2001).

Hookworm infections caused by members of the genus 
Uncinaria have been described in a number of otariid and 
phocid species. Both Northern and Southern fur seals expe-
rience significant pup mortality associated with  infections. 

FIGURE 23.34 Otostrongylus circumlitus infection in a northern 
 elephant seal. Inflammation is characterized by vasculitis and interstitial 
pneumonia.

FIGURE 23.31 Parafilaroides decorus infection in a California sea 
lion. Nodular areas of pneumonia are associated with thread-like meta-
strongyles (arrow). (Photo Courtesy of The Marine Mammal Center)

FIGURE 23.32 Parafilaroides decorus pneumonia in a California sea 
lion. Granulomatous pneumonia with intralesional larvae and necrotic adult 
parasites.

FIGURE 23.33 Otostrongylus circumlitus in tracheitis in a ringed 
seal. Note the mucous in the airways. Hemorrhage and congestion in the 
lung parenchyma are due to gunshot trauma.
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In a recent study, 94% of pups examined had infections 
and infections were identified as the cause of death in 35% 
of pups (Seguel et al., 2017b). While only two distinct 
hookworm species, U. lucasi and U. hamiltoni, have been 
confirmed to infect pinnipeds, recent studies suggest that 
there is considerably more species diversity than currently 
recognized (Nadler et al., 2013). The pinniped hookworm 
life cycle was largely characterized in northern fur seals 
in the 1960s and appears to be similar for other pinniped 
host species. Briefly, pups are infected via the transmam-
mary route, with ingestion of L3 larvae in the milk when a 
pup first suckles. Larvae mature within the pup’s intestine 
and eggs are shed in pup feces. Larvae develop in the envi-
ronment and L3 larvae penetrate the skin of a susceptible 
pinniped host or are transmitted via ingestion. Larva then 
migrates from the intestines or subcutaneous tissues to the 
host ventral blubber where they lie dormant until, in preg-
nant females, they migrate into the milk during late preg-
nancy. Adult hookworms survive in the intestinal tract of 
infected pups from around 6 weeks (Lyons et al., 2011) to 
8 months (Hernandez-Orts et al., 2013; Katz et al., 2012; 
Lyons et al., 2000) depending on host species. During this 
time, they attach to the small intestinal mucosa and feed on 
blood. Clinical signs are generally only seen in pups and are 
associated with blood loss into the intestine from parasite-
induced damage. Severely affected pups have a reduced 
growth rate with severe fibrinohemorrhagic enteritis, ane-
mia, and death. Typical gross lesions include pale tissues, 
nematodes admixed with hemorrhage in the small intestine, 
and numerous 2–4 mm diameter red foci on the serosal 
surface of the intestine that correspond to hemorrhagic and 
inflamed feeding sites (Fig. 23.35). Penetration of the wall 
of the intestine with subsequent peritonitis and bacteremia 
also occurs (Seguel et al., 2017b).

Gastric and intestinal roundworm infection is extremely 
common in free-ranging pinnipeds, with Anisakis sp. and 
Contracaecum sp. most commonly reported. Within the 
stomach, infection results in large, “volcanic” ulcers due 
to embedded parasites in the mucosa and adjacent mucosal 
hyperplasia and submucosal fibrosis. Infection is typically 
considered subclinical even in cases with very large parasite 
loads and multiple gastric ulcers (Measures, 2018).

Heartworm, Dirofiliaria immitis, and Acanthocheilo-
nema spirocauda, has been observed in multiple seal and 
sea lion species. Infection mirrors the condition in domestic 
dogs with congested, edematous and hemorrhagic lungs, 
pulmonary emphysema, interstitial and exudative pneu-
monia, right ventricular hypertrophy pulmonary catarrhal 
bronchitis, and hepatic congestion. Intimal proliferation of 
arteries and arterioles is observed microscopically. Worms 
can be found in the right ventricle, pericardial sac, pulmo-
nary artery, and/or lung. Identification of microfilaria helps 
to differentiate between the two parasites; microfilaria of 
D. immitis are generally larger. Not all blood  microfilaria 

signal pathogenic heartworm infection. A. odendhali 
microfilaria is similar in size to A. spirocauda. A. odend-
hali infection is generally incidental with adults located 
in subcutaneous, intramuscular, and cavity spaces without 
associated cardiovascular disease. Captive seals and some 
sea lions in endemic regions are routinely screened for and 
placed on heartworm preventative to protect from this infec-
tion (Measures, 2018).

Protozoa

Toxoplasma gondii is an intracellular apicomplexan para-
site that infects many warm-blooded species, including peo-
ple worldwide. Serologic evidence of exposure to T. gondii 
has been reported in a number of free-ranging and captive 
pinnipeds including artic and subartic seals and walrus with 
low exposure to felid definitive hosts. Parasite-associated 
disease is most commonly identified in free-ranging CSLs 
and monk and harbor seals (Miller, 2008). In CSLs with 
T. gondii infection, the most common lesions are necrotiz-
ing and lymphohistiocytic meningoencephalitis, myocar-
ditis, and myositis with associated intralesional protozoa 
(Fig. 23.36). Neurologic signs including ataxia, seizures, 
and abnormal mentation have been observed with infec-
tion and concurrent DA toxicosis has been noted, illustrat-
ing the difficulty distinguishing protozoal disease from 
DA exposure on clinical signs alone. Infection has also 

FIGURE 23.35 Hookworm infection in the small intestine of a New 
Zealand sea lion pup. Moderate numbers of hookworms are within the 
small intestine admixed with hemorrhage.
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been identified in aborted CSL pups, confirming vertical 
transmission of the parasite. Incidental tissue cysts can 
be occasionally seen within skeletal or cardiac myocytes 
(Carlson-Bremer et al., 2015). In harbor seals, widespread 
meningoencephalitis is the most common lesion of toxo-
plasmosis and coinfection with Sarcocystis neurona have 
been identified in a number of seals. In one investigation in 
the Pacific Northwest of the United States, T. gondii infec-
tions were most commonly caused by Type I genotypes 
(Gibson et al., 2011). In Hawaiian monk seals, infection is 
typically disseminated and very large numbers of organisms 
are associated with lesions. Adipose tissue is often severely 
affected (Barbieri et al., 2016).

PCR and IHC can confirm infection. Occasionally, 
organisms are not observed with IHC in areas of proto-
zoal-compatible inflammation, though T. gondii DNA can 
be amplified by PCR. Most commercially available IHC 
assays employ polyclonal antibodies to T. gondii, therefore, 
cross reaction with other protozoa is possible (Colegrove 
et al., 2011). Though serologic assays may be used to docu-
ment exposure and rising titers have been associated with 
active infection, lack of pinniped specific antibodies often 
makes defining positive titer ranges difficult.

Mortality due to Sarcocystis neurona, an intracellu-
lar apicomplexan parasite, is most commonly identified 
in free-ranging pinnipeds from the Pacific coast of North 
America, and antibody titers reflecting exposure have been 
documented in harbor seals and CSLs (Carlson-Bremer 
et al., 2012; Greig et al., 2014; Miller, 2008). Several cases 
have also been identified in captive animals (Lapointe 
et al., 1998). Harbor seals are the most commonly reported 
species to develop severe fatal disease with infection, and 
in California subadults and adults are primarily affected 
(Barbosa et al., 2015; Miller, 2008). Lesions include 
 nonsuppurative meningoencephalitis which is often most 

severe in the cerebellum and can be associated with numer-
ous organisms (Lapointe et al. 1998) (Fig. 23.37). Rosette-
form schizonts with occasionally visible residual bodies can 
be used to differentiate organisms from T. gondii. Barbosa 
et al. (2015) reported a novel genotype, Type XIII, asso-
ciated with increased severity of encephalitis in multiple 
marine mammal species.

While incidental sarcocysts can occasionally be noted 
in skeletal or cardiac myocytes in multiple species, infected 
CSLs can develop a severe polyphasic myositis. Multiple 
muscle regions are affected including the esophagus and 
diaphragm. Grossly, affected muscle may be atrophied and/
or have pale gray to tan streaks (Fig. 23.38). Histologi-
cally there is multifocal lymphohistiocytic myositis with 

FIGURE 23.37 Sarcocystis neurona infection in the cerebellum of 
a harbor seal. Rosette-form mature and immature schizonts characterize 
infection.

FIGURE 23.38 Sarcocystis neurona-associated myositis in the dia-
phragm in a California sea lion. (Photo Courtesy of The Marine Mam-
mal Center)

FIGURE 23.36 Toxoplasma gondii infection in the heart of a Califor-
nia sea lion. Infection is characterized by lymphohistiocytic myocarditis 
with intralesional tachyzoites.
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 myonecrosis, and evidence of regeneration (Fig. 23.39). 
Rare sarcocysts can be noted in myocytes, but often are 
not directly associated with lesions, suggesting a pos-
sible immune-mediated pathogenesis (Carlson-Bremer 
et al., 2012). Some may also develop secondary aspiration 
pneumonia and/or myoglobinuric nephrosis.

A novel Sarocystis spp. closely related to S. canis 
and tentatively called S. pinnipedi has been reported to 
cause necrotizing hepatitis sporadically in several spe-
cies including CSLs, Stellar sea lions, monk, and gray 
seals. Ringed seals have been identified with S. canis-like 
muscle cysts but no apparent hepatic lesions. In affected 
 animals schizonts and merozoites are seen in hepato-
cytes and Kupffer cells (Haman et al., 2006; Miller, 2008; 
Welsh et al., 2014).

Eimeria phoca infection in young harbor seals results 
in enteritis ranging from mild self-limiting inflammation to 
severe fatal necrotizing enteritis (Van Bolhuis et al., 2007). 
Several novel apicomplexan parasites with closest homol-
ogy to Neospora sp. and evidence of sexual replication in 
enterocytes have been identified within the intestinal tracts 
of CSLs. Though infection in CSLs causes only mild enteri-
tis, one of these novel coccidian species was linked to fatal 
infection in a neonatal harbor seal, suggesting CSLs may be 
a definitive host for a protozoan pathogenic to other species 
(Colegrove et al., 2011). Enteric coccidia have also been 

noted in elephant seals and South American fur seals. Both 
serologic evidence of exposure to Neospora sp. and infec-
tion diagnosed via PCR have been reported in several spe-
cies (Miller, 2008; Gibson et al. 2011). A more extensive 
review of pinniped parasitic concerns is available in Supple-
mental Table e5.

FIGURE 23.39 Polyphasic myositis associated with Sarcocystis neu-
rona infection in a California sea lion. There is myonecrosis, mononu-
clear inflammation, and regenerating myocytes with pale basophilic cyto-
plasm and rowed nuclei.
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E-SLIDES

23.e1 Acute domoic acid toxicosis, California sea lion, hippocampus. Acute neuronal necrosis and neuropil vacu-
olation within the hippocampus due to domoic acid toxicity. Neurons have the classic shrunken “red” necrotic 
appearance. In acute DA toxicosis, neuronal necrosis is most common in the pyramidal cells of the hippocam-
pus, commonly most severe in sectors CA1, CA3 and CA4, the dentate gyrus, and neurons in the amygdala and 
pyriform lobe. (see Figs. 23.1–23.3). eSlide: VM04969

23.e2 Domoic acid cardiomyopathy, California sea lion, heart. Multifocal vacuolation of cardiac myocytes, rare 
necrotic myocytes and myocyte loss associated with domoic acid toxicosis. The interstitium is edematous. In 
chronic lesions, With myocyte loss there is replacement by fibrosis and adipocytes. Lesions occur primarily 
within the interventricular septum and left ventricle. (see Fig. 23.5). eSlide: VM04970

23.e3 Chronic domoic acid toxicosis, California sea lion, hippocampus. In chronic domoic acid toxicosis, there 
is parenchymal collapse, neuronal loss throughout the dentate gyrus and cornu ammonis (CA) sectors 1-4, and 
gliosis. Hippocampal atrophy can be grossly evident. There is also mild lymphocytic perivascular cuffing and 
meningeal lymphoplasmacytic infiltrates. (see Fig. 23.6). eSlide: VM04972

23.e4 Pneumonia due to Parafilaroides decorus and bacterial infection, California sea lion, lung. Pneumonia due 
to Parafilaroides decorus with secondary bacterial infection. Adult and larval nematodes are present within the 
airways. Inflammation is generally mild in uncomplicated cases but can be more severe with secondary bacterial  
infections as in this case. (see Figs. 23.31, 23.32). eSlide: VM04974

23.e5 Vasculitis and pneumonia due to Otostrongylus infection, northern elephant seal, lung. Vasculitis with 
thrombosis and interstitial pneumonia due to Otostrongylus circumlitus infection in a northern elephant seal. 
There are no parasites within these sections of lung and they are often found in the right ventricle and pulmo-
nary artery. (see Fig. 23.34). eSlide: VM04975

23.e6 Gastric ulceration due to ascarid infection, California sea lion, stomach. Volcanic ulcer in the stomach 
of a California sea lion with embedded ascarids, most frequently Anisakis or Contracaecum sp. Inflammation 
and fibrosis is present within the submucosa and muscularis. Infections are commonly considered incidental. 
Also present is a section of trachea with lymph node and lung infected with Parafilaroides (see also SS23.04). 
eSlide: VM04980
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E-ONLY CONTENTS

TABLE e1  Scientific Names of Pinnipeds

Common Name Scientific Name

Phocidae

Harbor s﻿eal Phocavitulina

Northern elephant s﻿eal Mirounga angustirostris

Gray s﻿eal Halichoerus grypus

Hawaiian monk s﻿eal Neomonachus schauinslandi

Baikal s﻿eal Pusasibirica

Ringed s﻿eal Pusahispida

Harp s﻿eal Pagophilus groenlandicus

Hooded s﻿eal Cystophora cristata

Ribbon s﻿eal Histriophoca fasciata

Otariidae

Northern fur s﻿eal Callorhinus ursinus

California s﻿ea lion Zalophus californianus

South American fur s﻿eal Arctocephalus australis

Aus﻿tralian fur s﻿eal Arctocephalus pusillu

Stellar s﻿ea lion Eumetopias jubatus

South American/Southern s﻿ea lion Otaria flavescens

New Zealand s﻿ea lion Phocarcto shookeri

Odobenidae

Walrus﻿ Odobenus rosmarus

TABLE e2  Comparative Anatomy of Phocids and Otariids

Organ System Phocids Otariids

Res﻿piratorya,b,c Small airways﻿ reinforced by s﻿mooth mus﻿cle Small airways﻿ reinforced by cartilage

Fewer lung lobes﻿ Similar to canidlobation (2 left lobes﻿, 3 right)

Predominantly s﻿erous﻿ glands﻿ in large airway mucos﻿a Predominantly mucous﻿ glands﻿ in large airway 
mucos﻿a

Single layer of capillaries﻿ in alveolar walls﻿ Double layer of capillaries﻿ in s﻿ome s﻿pecies﻿

Tracheal bifurcation at hilus﻿ Tracheal bifurcation at thoracic inlet

Renalc Fibrous﻿ s﻿eptae between renicules﻿ in s﻿ome s﻿pecies﻿ No fibrous﻿ s﻿eparation between renicules﻿

Cutaneous﻿b,b,e Compound hair follicles﻿ have few or no s﻿econdary hairs﻿ 
except for ice-dwelling s﻿pecies﻿

Us﻿ually one or more s﻿econdary hairs﻿ with abundant 
intermediate and underfur hairs﻿

Sebaceous﻿ glands﻿ prominent Apocrine s﻿weat glands﻿ prominent

“Catas﻿trophic molt” in s﻿ome s﻿pecies﻿, with dis﻿tinct s﻿eas﻿onal 
bas﻿ilar mitos﻿is﻿, development of granular cell layer and 
s﻿loughing of s﻿urface epithelium over days﻿ to weeks﻿

Prolonged cyclical molt, with permanent well-
developed s﻿tratum granulos﻿um

Cutaneous﻿ arteriovenous﻿ anas﻿tamos﻿es﻿ diffus﻿ely over body Cutaneous﻿ arteriovenous﻿ anas﻿tamos﻿es﻿ predomi-
nantly in flippers﻿

Teethf Dental formula: i 2-3/1-2, c 1/1, pm 4/4, m 0-2/0-2 X 2 Dental formula: i 3/2, c 1/1, pm 4/4, m 1-2/1 X2

aDenis﻿on, D.M., Kooyman, G.L., 1973. Structure and function of s﻿mall airways﻿ in pinniped and s﻿ea other lungs﻿. Res﻿p. Phys﻿iol. 17, 1–10.
bRommel S.A., Lowens﻿tine, L.J., 2001. Gros﻿s﻿ and micros﻿copic anatomy, In: Dierauf, L.A., Gulland, F. M.D. (Eds﻿.), CRC Handbook of Marine Mammal 
Medicine, 2nd Edition, CRC Pres﻿s﻿, Boca Raton, Florida, pp. 129–158.
cGray, R., Canfield, P., Rogers﻿, T., 2006. His﻿tology of s﻿elected tis﻿s﻿ues﻿ of the leopard s﻿eal and implications﻿ for functional adaptations﻿ to an aquatic lifes﻿tyle. J. 
Anat. 209(2), 179–199.
dLing, J.K., 1970. Pelage and molting in wild mammals﻿ with s﻿pecial reference to aquatic forms﻿. Q. Rev. Biol. 45, 16–54.
ePonganis﻿, P.J., Kreutzer, U., Stockard, T.K., Lin, P.C., Sailas﻿uta, N., Tran, T.K., Hurd, R., Jue, T., 2008. Blood flow and metabolic regulation in s﻿eal mus﻿cle 
during apnea. J. Exp. Biol. 211(20), 3323–3332.
fNowak, R.M., 1999. Walker’s﻿ mammals﻿ of the world (Vol. 1). JHU Pres﻿s﻿.



TABLE e3 Miscellaneous Viral Diseases of Pinnipeds

Etiology Virus Family Lesions Species Affected Diagnosis

Wes﻿t Nile Virus﻿a Flavvivirus﻿ Polioencephalomyelitis﻿ Harbor s﻿eal His﻿topathology, PCR, IHC

B19-like Parvovirus﻿b Parvoviridae Meningoencephalitis﻿ Harbor s﻿eal His﻿topathology, PCR, 
viral culture

Coronavirus﻿c,d Coronaviridae Hemorrhagic and necrotizing 
pneumonia with concurrent Ps﻿eu-
domonas﻿ s﻿p. infection

Harbor s﻿eals﻿ His﻿topathology, PCR

Polyomavirus﻿e,f Polyomaviridae Glos﻿s﻿al fibropapilloma; placental 
inclus﻿ions﻿

California s﻿ea lions﻿; 
Northern fur s﻿eal

His﻿topathology, PCR

Papillomavirus﻿g Papillomaviridae Axilllary and inguinal papillomas﻿ California s﻿ea lions﻿ His﻿topathology, PCR

Herpes﻿virus﻿h,i Gammaherpesvirinae Tongue, oral ulcers﻿; inclus﻿ions﻿ in 
tons﻿il epithelium

Elephant s﻿eals﻿ His﻿topathology, PCR

Herpes﻿virus﻿j Gammaherpesvirinae None Monk s﻿eals﻿ His﻿topathology, PCR

Herpes﻿virus﻿k Unknown Inclus﻿ions﻿ in s﻿tomach, es﻿ophagus﻿, 
and oral epithelium

California s﻿ea lions﻿ His﻿topathology, PCR

adelPiero, F.D., Stremme, D.W., Habecker, P.L., Cantile, C., 2006. Wes﻿t Nile flavivirus﻿ polioencephalomyelitis﻿ in a harbor s﻿eal (Phocavitulina). Vet. Pathol. 43(1), 58–61.
bBodewes﻿, R., García, A.R., Wiers﻿ma, L.C., Getu, S., Beukers﻿, M., Schapendonk, C.M., van Run, P.R., van de Bildt, M.W., Poen, M.J., Os﻿inga, N., Contreras﻿, G.J.S., 
2013. Novel B19-like parvovirus﻿ in the brain of a harbor s﻿eal. PLoS One 8(11) e79259.
cNollens﻿, H.H., Wellehan, J.F., Archer, L., Lowens﻿tine, L.J., Gulland, F.M., 2010. Detection of a res﻿piratory coronavirus﻿ from tis﻿s﻿ues﻿ archived during a pneumonia 
epizootic in free-ranging Pacific harbor s﻿eals﻿ Phoca vitulina richardsii. Dis﻿. Aquat. Organ. 90(2) 113–120.
dGaffney, P., Colegrove, K., Gulland, F., Byrne, B., Jang, S., Edgar, K., Lowens﻿tine, L.J., 2008. Pathologic, microbiologic and epidemiologic characterization of 
Ps﻿eudomonas﻿ s﻿p. In: California s﻿ea lions﻿ (Zalophus californianus) and Pacific harbor s﻿eals﻿ (Phocavitulina). In: Proceedings﻿ of the 39th Annual Conference of the 
International As﻿s﻿ociation for Aquatic Animal Medicine, pp. 10–14.
eColegrove, K.M., Wellehan Jr., J.F., Rivera, R., Moore, P.F., Gulland, F.M., Lowens﻿tine, L.J., Nordhaus﻿en, R.W., Nollens﻿, H.H., 2010. Polyomavirus﻿ infection in a 
free-ranging California s﻿ea lion (Zalophus californianus) with intes﻿tinal T-cell lymphoma. J. Vet. Diagn. Inves﻿t. 22(4), 628–632.
fDuncan, C., Golds﻿tein, T., Hearne, C., Gelatt, T., Spraker, T., 2013.Novel polyomaviral infection in the placenta of a northern fur s﻿eal (Callorhinus﻿urs﻿inus﻿) on the 
Pribilof Is﻿lands﻿, Alas﻿ka, USA. J. Wildl. Dis﻿. 49(1), 163–167.
gRivera, R., Robles﻿-Sikis﻿aka, R., Hoffman, E.M., Stacy, B.A., Jens﻿en, E.D., Nollens﻿, H.H., Wellehan, J.F., 2012.Characterization of a novel papillomavirus﻿ s﻿pecies﻿ 
(ZcPV1) from two California s﻿ea lions﻿ (Zalophus californianus). Vet. Microbiol. 155(2), 257–266.
hManes﻿s﻿, H.T., Nollens﻿, H.H., Jens﻿en, E.D., Golds﻿tein, T., LaMere, S., Childres﻿s﻿, A., Sykes﻿, J., Leger, J.S., Lacave, G., Lats﻿on, F.E., Wellehan, J.F., 2011.Phylogenetic 
analys﻿is﻿ of marine mammal herpes﻿virus﻿es﻿. Vet. Microbiol. 149(1), 23–29.
iGolds﻿tein, T., Lowens﻿tine, L.J., Lips﻿comb, T.P., Mazet, J.A., Novak, J., Stott, J.L., Gulland, F.M., 2006. Infection with a novel gammaherpes﻿virus﻿ in northern elephant 
s﻿eals﻿ (Mirounga angustirostris). J. Wildl. Dis﻿. 42(4), 830–835.
jGolds﻿tein, T., Gulland, F.M., Braun, R.C., Antonelis﻿, G.A., Kas﻿hins﻿ky, L., Rowles﻿, T.K., Mazet, J.A., Dalton, L.M., Aldridge, B.M., Stott, J.L., 2006. Molecular 
identification of a novel gamma herpes﻿virus﻿ in the endangered Hawaiian monk s﻿eal (Monachus schauinslandi). Mar. Mammal Sci. 22(2), 465.
kColegrove, unpublis﻿hed data

TABLE e4 Miscellaneous Bacterial Diseases of Pinnipeds

Bacteria Lesions Species Affected

Coxiella burnetiia,b,c Placental necros﻿is﻿ Harbor s﻿eals﻿, Steller s﻿ea lions﻿, northern fur 
s﻿eals﻿

Clostridium difficiled Necrohemorrhagic enteritis﻿ Harbor s﻿eals﻿

Bordetella bronchisepticae,f Pneumonia; often s﻿econdary to PDV Harbor s﻿eals﻿

Streptococcus phocae; β hemolytic 
Streptococcus﻿g,h

Pneumonia; s﻿epticemia Multiple s﻿pecies﻿

Escherichia colig,i Pneumonia; abs﻿ces﻿s﻿es﻿; s﻿epticemia; endocarditis﻿ Multiple s﻿pecies﻿

aLapointe, J.M., Gulland, F.M., Haines﻿, D.M., Barr, B.C., Duignan, P.J., 1999. Placentitis﻿ due to Coxiella burnetii in a Pacific harbor s﻿eal (Phoca vitulina richardsi). 
J. Vet. Diagn. Inves﻿t. 11(6), 541–543.
bKers﻿h, G.J., Lambourn, D.M., Raverty, S.A., Fitzpatrick, K.A., Self, J.S., Akmajian, A.M., Jeffries﻿, S.J., Huggins﻿, J., Drew, C.P., Zaki, S.R., Mas﻿s﻿ung, R.F., 2012. 
Coxiella burnetii infection of marine mammals﻿ in the Pacific Northwes﻿t, 1997–2010. J. Wildl. Dis﻿. 48(1), 201–206.
cMinor, C., Kers﻿h, G.J., Gelatt, T., Kondas﻿, A.V., Pabilonia, K.L., Weller, C.B., Dickers﻿on, B.R., Duncan, C.G., 2013. Coxiella burnetii in northern fur s﻿eals﻿ and 
s﻿teller s﻿ea lions﻿ of Alas﻿ka. J. Wildl. Dis﻿. 49(2), 441–446.
dAnders﻿on, C.E., Haulena, M., Zabek, E., Habing, G., Raverty, S., 2015. Clinical and epidemiologic cons﻿iderations﻿ of Clostridium difficile in harbor s﻿eals﻿ (Phoca 
vitulina) at a marine mammal rehabilitation center. J. Zoo Wildl. Med. 46(2), 191–197.
eSiebert, U., Gulland, F., Harder, T., Janiaux, T., Seibel, H., Wohls﻿ein, P., Baumgartner, W., 2010.Epizootics﻿ in harbour s﻿eals﻿ (Phoca vitulina): clinical as﻿pects﻿. 
NAMMCO Sci. Pub. 8, 265–274.
fDuignan, P.J., Van Bres﻿s﻿em, M.F., Baker, J.D., Barbieri, M., Colegrove, K.M., De Guis﻿e, S., de Swart, R.L., Di Guardo, G., Dobs﻿on, A., Duprex, W.P., Early, G., 
2014. Phocine dis﻿temper virus﻿: current knowledge and future directions﻿. Virus﻿es﻿ 6(12), 5093–5134.
gThornton, S.M., Nolan, S., Gulland, F.M., 1998. Bacterial is﻿olates﻿ from California s﻿ea lions﻿ (Zalophus californianus), harbor s﻿eals﻿ (Phoca vitulina), and northern 
elephant s﻿eals﻿ (Mirounga angustirostris) admitted to a rehabilitation center along the central California coas﻿t, 1994–1995. J. Zoo Wildl. Med. 29(2), 171–176.
hVos﻿s﻿en, A., Abdulmawjood, A., Lämmler, C., Weiß, R., Siebert, U., 2004. Identification and molecular characterization of beta-hemolytic s﻿treptococci is﻿olated 
from harbor s﻿eals﻿ (Phoca vitulina) and grey s﻿eals﻿ (Halichoerus﻿ grypus﻿) of the German North and Baltic s﻿eas﻿. J. Clin. Microbiol. 42(1), 469–473.
iKim, J.H., Lee, J.K., Yoo, H.S., Shin, N.R., Shin, N.S., Lee, K.H., Kim, D.Y., 2002. Endocarditis﻿ as﻿s﻿ociated with Escherichia coli in a s﻿ea lion (Zalophus 
californianus). J. Vet. Diagn. Inves﻿t. 14(3), 260–262.
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TABLE e5  Parasitic Diseases of Pinnipeds

Type of Parasite
Name (Genus Spe-
cies) Location in Host Associated Disease (if any) Region Found Species Affected

Metazoan

Nematode (Filarid)a Acanthocheilonema 
spirocauda

Right ventricle and 
pulmonary arteries﻿

endarteritis﻿ of the pulmonary artery; 
pulmonary infarction and thrombo-
s﻿is﻿; granulomatous﻿ pneumonia; pos﻿-
s﻿ible right s﻿ided heart failure les﻿ions﻿

Northern hemis﻿phere Multiple phocids﻿

Nematode (Filarid)b Acanthocheilonema 
odendhali (previous﻿ly 
Dipetalonema)

Blubber, fur, s﻿kin, 
intermus﻿cular fas﻿cia

Nonpathogenic; filaremia Northern hemis﻿phere Northern Fur s﻿eals﻿ and California s﻿ea 
lion

Nematode 
(Metas﻿trongyle)c,d,e

Parafilaroides﻿ (Filaroi-
des﻿) gymnurus﻿

Alveoli Minor pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Northern hemis﻿phere Atlantic harbor s﻿eal, grey, bearded s﻿eal

Nematode 
(Metas﻿trongyle)c

P. (F.) decorus﻿ Alveoli Minor pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Northern hemis﻿phere Steller s﻿ea lion, California s﻿ea lion

Nematode 
(Metas﻿trongyle)c,f

P. (F.) his﻿pidus﻿ Alveoli Mild pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Northern hemis﻿phere Ringed s﻿eal, gray s﻿eal

Nematode 
(Metas﻿trongyle)c,g

P. (F.) meas﻿ures﻿ae Alveoli Mild pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Northern hemis﻿phere Northern Elephant s﻿eal

Nematode 
(Metas﻿trongyle)C,G

P. (F.) gullandae Alveoli Mild pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Northern hemis﻿phere Pacific harbor s﻿eal

Nematode 
(Metas﻿trongyle)C

P. (F.) hydrurgae Alveoli Mild pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Southern hemis﻿phere—Antarctica Leopard s﻿eal

Nematode 
(Metas﻿trongyle)c

P. (F.) normani Alveoli Mild pneumonia unles﻿s﻿ s﻿econdary 
bacterial infections﻿

Southern hemis﻿phere—New 
Zealand

New Zealand fur s﻿eal, Aus﻿tralian fur 
s﻿eal, and s﻿ub-Antarctic fur s﻿eal

Nematode 
(Metas﻿trongyle)d,h,e,i

Otostrongylus cir-
cumlitus

Right ventricle, 
pulmonary arteries﻿, 
bronchi

Mild catarrhal bronchitis﻿, mild arte-
ritis﻿, mild pneumonia; DIC, s﻿evere 
arteritis﻿, thrombos﻿is﻿, and inters﻿titial 
pneumonia in northern elephant 
s﻿eals﻿

Circumpolar Harbor, ringed, gray, northern el-
ephant s﻿eals﻿

Nematode 
(Hookworm)j,k

Uncinaria lucasi, U. 
hamiltoni

Small intes﻿tine Anemia, hemorrhagic enteritis﻿ Northern and s﻿outhern hemi-
s﻿pheres﻿

Multiple ottarids﻿, ringed s﻿eal, elephant 
s﻿eal.
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Type of Parasite
Name (Genus Spe-
cies) Location in Host Associated Disease (if any) Region Found Species Affected

Nematode 
(Roundworm)i, l

Anis﻿akis﻿ s﻿p., 
Contracaecum s﻿p., 
Ps﻿eudoterranova s﻿p., 
Phocoas﻿caris﻿ s﻿p.

Stomach, s﻿mall 
intes﻿tine

Us﻿ually s﻿ubclinical; gas﻿tric ulcer-
ation

Northern and s﻿outhern hemi-
s﻿pheres﻿

Multiple s﻿pecies﻿

Nematodem Trichinella nativa Mus﻿cle cys﻿ts﻿ Nonpathogenic; zoonotic potential Circumpolar Walrus﻿, bearded s﻿eal, grays﻿ s﻿eal, 
ringed s﻿eal

Trematodei Multile genera; 
Pricetrema s﻿p. mos﻿t 
common

Small and large 
intes﻿tine

Nonpathogenic Northern and s﻿outhern hemi-
s﻿pheres﻿

Multiple s﻿pecies﻿

Trematodei,n Multiple genera; 
Zalophotrema hepati-
cum mos﻿t common

Bile ducts﻿, gall blad-
der

Mild biliary tract inflammation, por-
tal fibros﻿is﻿, bile duct and gall blad-
der hyperplas﻿ia; aberrant cerebral 
migration reported in CSLs﻿

Northern hemis﻿phere California s﻿ea lion, harbor s﻿eal, north-
ern elephant s﻿eal

Ces﻿todei,l Diphyllobothriidae 
and Tetrabothriidae 
(many s﻿pecies﻿)

Small and large 
intes﻿tine

Obs﻿truction and malabos﻿orption 
with large paras﻿ite loads﻿

Northern and s﻿outhern hemi-
s﻿pheres﻿

Multiple s﻿pecies﻿

Ces﻿todei Phyllobothrium 
delphini

Subcutis﻿ Encys﻿ted larvae Southern hemis﻿phere Sea lion, fur s﻿eal, leopard s﻿eal

Acanthocephalani Corynos﻿oma s﻿p. Small intes﻿tine Ulcerative enteritis﻿ with occas﻿ional 
penetration through intes﻿tine wall

Northern and s﻿outhern hemi-
s﻿pheres﻿

Multiple s﻿pecies﻿

Protozoan

Flagellatei,o,p Giardia s﻿p. Intes﻿tine, feces﻿ Unknown Northern hemis﻿phere Multiple s﻿pecies﻿

Apicomplexiao,p,q,r Cryptos﻿poridium Intes﻿tine, feces﻿ Unknown Northern and Southern hemi-
s﻿pheres﻿

Multiple s﻿pecies﻿

Ectoparas﻿ite

Sucking Lices﻿ Antarctophthirius﻿ s﻿p. Skin With heavy infes﻿tations﻿, anemia Multiple s﻿pecies﻿

Sucking Licea Echinophthirius hor-
ridus

Skin With heavy infes﻿tations﻿, anemia and 
weakened animals﻿ more s﻿us﻿ceptible 
to other infections﻿; Focal alopecia; 
may trans﻿mit heartworm Acantho-
cheilonema spirocauda

Northern phocid s﻿eals﻿

Mitei Demodex s﻿pp. Skin hyperkeratos﻿is﻿, alopecia, pruitus﻿ California s﻿ea lions﻿, northern fur s﻿eals﻿

Mitet Halarachne miroun-
gae

Nas﻿al pas﻿s﻿ages﻿, nas﻿o-
pharynx

Mild nas﻿al dis﻿charge, mild chronic 
inflammation at attachment s﻿ites﻿

Gray s﻿eals﻿

Miteu Orthohalarchne at-
tenuata

Nas﻿al pas﻿s﻿ages﻿, nas﻿o-
pharynx

Mild nas﻿al dis﻿charge, mild chronic 
inflammation at attachment s﻿ites﻿

Multiple ottarids﻿ and walrus﻿
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Type of Parasite
Name (Genus Spe-
cies) Location in Host Associated Disease (if any) Region Found Species Affected

Mitei,u Orthohalarchne dim-
munata

Trachea, bronchi Mild chronic inflammation at attach-
ment s﻿ites﻿

Multiple ottarids﻿

Miteu Halarchne halichoeri Nas﻿al pas﻿s﻿ages﻿, nas﻿o-
pharynx

Mild nas﻿al dis﻿charge, mild chronic 
inflammation at attachment s﻿ites﻿

Harbor and s﻿potted s﻿eals﻿

aLeidenberger, S., Harding, K., Härkönen, T., 2007. Phocid s﻿eals﻿, s﻿eal lice and heartworms﻿: a terres﻿trial hos﻿t–paras﻿ite s﻿ys﻿tem conveyed to the marine environment. Dis﻿. Aquat. Organ. 77, 235–253.
bKuzmina, T.A., Kuzmin, Y.I., Tkach, V.V., Spraker, T.R., Lyons﻿, E.T., 2013. Ecological, morphological, and molecular s﻿tudies﻿ of Acanthocheilonema odendhali (Nematoda: Filarioidea) in northern fur s﻿eals﻿ 
(Callorhinus ursinus) on St. Paul Is﻿land, Alas﻿ka. Paras﻿itol. Res﻿. 112(9), 3091–3100.
cDailey, M.D., 2009. A new s﻿pecies﻿ of Parafilaroides﻿ (Nematoda: Filaroididae) in three s﻿pecies﻿ of fur s﻿eals﻿ (carnivore: Otariidae) from the s﻿outhern hemis﻿phere. J. Paras﻿itol. 95, 156–159.
dGos﻿s﻿elin, J.-F., Meas﻿ures﻿, L.N., Huot, J., 1998. Lungworm (Nematoda: Metas﻿trongyloidea) infections﻿ in Canadian Phocids﻿. Can. J. Fis﻿h. Aquat. Sci. 55, 825–834.
eMeas﻿ures﻿, L.N., 2001. Lungworms﻿ of marine mammals﻿. In: Samuel, W.M., Pybus﻿, M.J., Kocan, A.A. (Eds﻿.). Paras﻿itic Dis﻿eas﻿es﻿ of Wild Mammals﻿, Iowa State Univers﻿ity Pres﻿s﻿/Ames﻿, pp. 279–300.
fKennedy, M.J., 1986. Filaroides﻿ (Parafilaroides﻿) his﻿pidus﻿ n. s﻿p. (Nematoda: Metas﻿trongyloidea) from the lungs﻿ of the ringed s﻿eal, Phocahis﻿pida (Phocidae), from the Beaufort Sea, Canada. Can. J. Zoo. 64, 
864–1868.
gDailey, M.D., 2006. Res﻿toration of parafilaroides﻿ (Dougherty, 1946) (Nematoda: Metas﻿trongyloidea) with des﻿cription of two new s﻿pecies﻿ form pinnipeds﻿ of eas﻿tern central Pacific. J. Paras﻿itol. 92, 589–594.
hGulland, F.M.D., Beckmen, K., Burek, K., Lowens﻿tine, L., Werner, L., Spraker, T., Dailey, M., Harris﻿, E., 1997. Nematode (Otostrongylus circumlitus) infes﻿tation of northern elephant s﻿eals﻿ (Mirounga angustirostris) 
s﻿tranded along the central California coas﻿t. Mar. Mammal Sci. 13, 446–458.
iDailey, M.D., 2001. Paras﻿itic dis﻿eas﻿es﻿. In: Gulland, F.M.D, Dierauf, L.A. (Eds﻿.), CRC Handbook of Marine Mammal Medicine, s﻿econd ed. CRC Pres﻿s﻿, Boca Raton, pp. 357–379.
jLyons﻿, E.T., Spraker, T.R., De Long, R.L., Ionita, M., Melin, S.R., Nadler, S.A., Tolliver, S.C., 2011. Review of res﻿earch on hookworms﻿ (Uncinarialucas﻿i Stiles﻿, 1901) in northern fur s﻿eals﻿ (Callorhinus ursinus Linnaeus﻿, 
1758). Paras﻿itol. Res﻿. 109, 257–265.
kLyons﻿, E.T., DeLong, R.L., Gulland, F.M., Melin, S.R., Tolliver, S.C., Spraker, T.R., 2000. Comparative biology of Uncinaria s﻿pp. in the California s﻿ea lion (Zalophus californianus) and the northern fur s﻿eal 
(Callorhinus﻿ urs﻿inus﻿) in California. J. Paras﻿itol. 86, 1348–1352.
lLauckner, G., 1985. Dis﻿eas﻿es﻿ of Mammalia: Pinnipeda. In: Kinne, O. (Ed.). Dis﻿eas﻿es﻿ of Marine Animals﻿, Vol 4, Pt. 2, Biologis﻿che, Ans﻿talt, Helgoland, Hamburg, pp. 683–793.
mForbes﻿, L.B., 2000. The occurrence and ecology of Trichinella in marine mammals﻿. Vet. Paras﻿itol. 93, 321–334.
nFauquier, D., Gulland, F., Haulena, M., Dailey, M., Riecheck, R.L, Lips﻿comb, T.P., 2004. Meningoencephalitis﻿ in two s﻿tranded California s﻿ea lions﻿ (Zalophus californianus) caus﻿ed by aberrant trematode migration. 
J. Wildl. Dis﻿. 40, 816–819.
oAppelbee, A.J., Thomps﻿on, R.C., Meas﻿ures﻿, L.M., Ols﻿on, M.E., 2010. Giardia and cryptos﻿poridium in harb and hooded s﻿eals﻿ from the Gulf of St. Lawrence, Canada. Vet. Paras﻿itol. 173, 19–23.
pDeng, M.A., Peters﻿on, R.P., Cliver, D.O., 2000. Firs﻿t findings﻿ of Cryptosporidium and Giardia in California s﻿ea lions﻿ (Zalophus californianus). J. Paras﻿itol. 86, 490–494.
qRengifo-Herrera, C., Ortega-Mora, L.M., Gómez-Bautis﻿ta, M., García-Peña, F.J., García-Párraga, D., Pedraza-Díaz, S. Detection of a novel genotype of Cryptosporidium in Antarctic pinnipeds﻿. Vet. Paras﻿itol. 19, 
112–118.
rGreig, D.J., Gulland, F.M.D., Smith, W.A., Conrad, P.A., Field, C.L., Fleetwood, M., Harvey, J.T., Ip, H.S., Jang, S., Packham, A., Wheeler, E., Hall, A.J. 2014. Surveillance for zoonotic and s﻿elected pathogens﻿ in 
harbor s﻿eals﻿ Phoca vitulina from central California. Dis﻿. Aquat. Organ. 111, 93–106.
s﻿Durden, L.A., 2001. Ectoparas﻿ites﻿: Lice (Phthiraptera). In: Samuel, W.M., Pybus﻿, M.J., Kocan, A.A. (Eds﻿.), Paras﻿itic Dis﻿eas﻿es﻿ of Wild Mammals﻿, Iowa State Univers﻿ity Pres﻿s﻿/Ames﻿, pp. 3–17.
tAlons﻿o-Farré, J.M., D’Silva, J.I., Ges﻿tal, C., 2012. Nas﻿o-pharyngeal mites﻿ Halarachne halichoeri (Allman, 1847) in grey s﻿eals﻿ s﻿tranded on the NW Spanis﻿h Atlantic coas﻿t. Vet. Paras﻿itol. 183, 317–322.
uFay, F.H., Furman, D.P., 1982. Nas﻿al mites﻿ (Acari: Halarachnidae) in the s﻿potted s﻿eal, Phoca largha Pallas﻿, and other pinnipeds﻿ of Alas﻿kan waters﻿. J. Wildl. Dis﻿. 18, 63–68.

TABLE e5  Parasitic Diseases of Pinnipeds (Cont.)
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