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Coccidioidomycosis in Free.living California Sea Lions

(Zalophus californianus) in Central California

D. A. Fauquler,1 F. M. D. Gulland,’ J. G. Trupkiewlcz,2 T. R. Spraker,3 and L J. Lowenstlne,2 ‘The Marine
Mammal Center, Golden Gate National Recreation Area, Sausalito, California 94965, USA; 2Department of Pa-

thology, Microbiology and Immunology, University of California, Davis, California 95616, USA; 3Wildlife Pathology
International, 2905 Stanford Road, Fort Collins, Colorado 80521, USA

ABSTRACT: Coccidioidomycosms is described in
seven California sea lions (Ztzlophus cal(forni-

anus) admitted to The Marine Mammal Cen-

ter, Sausalito, California (USA), between Jan-

uary 1986 and December 1994. Diagnoses
were confirmed by histology in all seven cases,
culture in three cases, and serology in one case.
These are believed to be the first published
cases of coccidioidomycosis in free-ranging
California sea lions.

Key worthe Coccidioidomycosis, Coccidioi-

des immitis, fungal disease, California sea lion,
Ztilophus cal(fornianus, pinniped, California.

Coccidioides immitis is a free-living soil

dwelling fungus that survives in saline soil

and in sea water (Egeberg et al., 1964;

Dzawachiszwiui et a!., 1964). In the United

States, it is endemic to Arizona, California,

Nevada, New Mexico, Texas and Utah; it

is also found in Mexico and parts of South

America (Pappagianis, 1988).

Goccidioides immitis is infectious to

mammals and of major health concern to

humans (Kaplan, 1973). Coccidioidomy-

cosis commonly is contracted by inhaling

dust-borne spores (Pappagianis, 1988).

The disease typically is characterized by

granulornatous pneumonia, although in

1% of human cases (usually adult white

males), dissemination occurs ( Kaplan,

1973). There have been numerous reports

of C. immitis infections in domestic ani-

mals, including cattle, sheep, llamas (Lama

glama), and dogs (Pappagianis, 1988). In-

fections also have been reported in captive

wild animals including a mountain gorilla

(Gorilla gorilla beringei), Bengal tiger

(Pant he ra tigris), a giant red kangaroo

(Macropus rufus), and a tapir (Tapirus ter-

rest ris) (Pappagianis, 1988); and in free-

ranging wild animals, including a western

cougar (Felix concolor) (Clyde et a!., 1990),

desert bighorn sheep (Ovis canadensis nel-

soni) (Jessup et a!., 1989), and coyotes

(Canis latrans) (Pappagianis, 1988). The

only previously reported cases of C. im-

mitis in marine mammals occurred in a

captive California sea lion (Zalophus cali-

fornianus) at the Reid Park Zoo, Tucson,

Arizona (Reed et a!., 1976), a wild Cab-

fornia sea otter (Enhydra lutris) from

Morro Bay, California (Cornell et al.,

1979), and a wild California sea lion from

San Diego, California (K. G. Osborn, pers.

comm.).

Since 1986, seven cases of coccidioido-

mycosis in free-living California sea lions

have been diagnosed at The Marine Mam-

ma! Center, Sausalito, California. One case

per year occurred during 1986, 1988, and

1992. During 1993 and 1994, there were

two cases per year. All the animals strand-

ed live along the central California coast,

between 37#{176}42’N, 123#{176}05’W and 35#{176}59’N,

121#{176}30’W. One California sea lion strand-

ed in Santa Cruz County, three stranded

in Monterey County, and three stranded

in San Luis Obispo County. Sex and age

were recorded for each animal. Observa-

tions of external characteristics (size, tooth

development and wear, coat color, crest

development) were used to classify ani-

mals as sub-adult or adult (Mate, 1978).

Ages were determined for three of the an-

imals by counting annual growth layers of

dentin in sagittal sections of the decalcified

upper left canine tooth (Payne, 1978).

Six of the seven animals died naturally

within one to 11 days of stranding. One

animal was anesthetized with an intramus-

cular injection of 2.5 ml of 100 mg/rnl xy-

lazine hydrochloride (Anpro Pharmaceu-

tical, Arcadia, California) and euthanized

by intracardiac injection of 40 ml of 389
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FIGURE 1. Histological section of California sea

lion lung containing Coccidioides i,nmitis, Hematox-

ylin and eosin. Bar = 50 j.�rn.
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mg/ml sodium pentobarbital (Mobay Cor-

portaion, Shawnee, Kansas, USA). Follow-

ing routine post-mortem examination

within 24 hr of death, representative tissue

samples from the seven animals were fixed

by immersion in 10% neutral buffered for-

malin. Tissues collected included brain,

thyroid, lung, heart, aorta, liver, pancreas,

spleen, stomach, intestine, colon, kidney,

adrenal, gonad and reproductive tract,

ureter, urinary bladder, urethra, multiple

lymph nodes, and omentum. Fixed tissues

were embedded in TissuePrep (Fischer

Scientific, Fairlawn, New Jersey, USA),

sectioned at 5 lim, and stained with he-

matoxylin and eosin (Luna, 1968). Samples

of lung, liver, and lymph node (from four

animals), were cultured on tryptic soy agar

with 5% sheep blood and on MacConkey

agar (PML Microbiologicals, Tualatin, Or-

egon, USA), incubated at 35 C, and cx-

amined after 24 hr (Carter, 1973). Micro-

biological identification of C. iinmitis was

confirmed at the University of California,

Davis, School of Veterinary Medicine, Dc-

partment of Clinical Microbiology at the

Veterinary Medical Teaching Hospital ac-

cording to the method of Walsh and

Mitchell (1991). Blood was collected from

the caudal gluteal vein of one animal using

a 21-gauge, 3-cm vacutainer needle,

placed into a serum separation gel and clot

activator tube (Vacutainer, Becton Dick-

inson, Rutherford, New Jersey) and cen-

trifuged at 3,000 X G for 15 mm to sep-

arate serum. Serum was frozen at -40 C.

A quantitative immunodiffusion test was

used to detect serum antibodies to C. im-

mitis (Pappagianis and Zimmer, 1990).

This test was performed at the University

of California, Davis, School of Medicine,

Coccidioidomycosis Serology Laboratory.

Of the seven animals, five were male

and two were female. The three animals

of determinate age were 4 yr. 3 yr and 2

yr. The four animals aged by external char-

acteristics included two adults and two

sub-adults. On post-mortem examination,

two of the animals had purulent fluid with-

in the pleural cavity and yellow

nodules, 1 to 5 mm in diameter, through-

out the lungs. One animal had a mass of

solid tissue, 14 cm in diameter, that incor-

porated the submandibular and retro-pha-

ryngeal lymph node, displacing the trachea

from the midline. Four other animals had

clear fluid in the peritoneal cavity and sol-

id yellow masses, ranging from 7 to 27 cm

in diameter, that incorporated the pancre-

as, pancreaticoduodenal lymph node, and

omentum. These animals also had nodules,

1 to 10 mm in diameter, scattered

throughout the mesentery and liver and,

in three of the four cases, in the lungs.

On histological examination of tissues,

pyogranulomatous infiltrates in the affect-

ed organs were observed in all seven cases.

Round organisms, 10 to 70 p�m in diameter

(Fig. 1), with double contoured walls con-

taining endospores, 2 to 5 p.m in diameter,

were observed and diagnosed histological-

ly as C. irnmitis in all seven cases. Cocci-

dioides irninitis was isolated from three of

the four animals from which tissues were

cultured. The organism grew on blood

agar plates and consisted of an aerial mold

of whitish color. Serum from the one ani-
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ma! tested for antibodies to C. immitis had

a titer of 1:256, which is evidence for dis-

seminated coccidioidomycosis in humans

and other animals (Pappagianis and Zim-

mer, 1990). To determine whether such

antibodies were present in free-ranging

sea lions, serum samples from 20 animals

that stranded in central California suffer-

ing from pathological conditions other

than coccidioidomycosis, such as trauma,

neoplasia, and interstitial nephritis (Gage

et al., 1993), were tested. No antibodies

were detected using quantitative immu-

nodiffusion.

Based on these seven cases C. immitis

is capable of infecting free-ranging Cali-

fornia sea lions and may be more common

in California sea lions than previously sus-

pected. The source and route of infection,

however, are unknown. California sea lions

breed along the eastern Pacific coast from

islands in the Gulf of California to the

Channel Islands off southern California

(Peterson and Bartholomew, 1967). Dur-

ing the non-breeding season, California

sea lions can migrate north from Mexico

to British Columbia, Canada (Peterson

and Bartholomew, 1967). They could

therefore become infected anywhere along

this migratory route. However, C. immitis

only has been documented as endemic in

areas in the central and southern part of

the range, including the coastal counties of

Monterey, San Luis Obispo, Ventura, Los

Angeles, and San Diego, California as well

as Baja California, Mexico (Pappagianis,

1988). Interestingly, coccidioidomycosis

has been observed in California sea otters

that stranded in San Luis Obsipo County

(Cornell et a!., 1979; N. Thomas and L.

Creekmore, pers. comm.). Coccidioides

immitis can survive in sea water in the lab-

oratory for up to 6 wk (Dzawachiszwili et

al., 1964). It is unknown whether C. im-

mitis can survive in ocean water.

There is no known health risk to animal

care workers treating a Calfornia sea lion

infected with C. immitis or while perform-

ing a necropsy (Pappagianis, 1988). How-

ever, cultures for microbiological identifi-

cation of C. immitis from tissue require a

Biosafety Level 2 practice and facility

(Richmond and McKinney, 1993). Fur-

thermore, the remains of the animal

should be disposed of quickly and with

care due to the fungus sporulating once

exposed to air (Pappagianis, 1988).
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commenting on this manuscript; Spencer

Jang and Sherry Nolan for conducting the

microbiological tests; Dr. Hilary Feldman,

Dr. Tom Niesen and Michelle Lander for

commenting on this manuscript; and Dr.

Kimberlee Beckmen, Jan Roletto, and

Krista Hanni for performing post mortem

examinations. Personnel at the University

of California, Berkeley, Museum of Ver-

tebrate Zoology, assisted with tooth ex-
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