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Systemic Infection with a Yeast-like Organism in
Captive Banded Rock Rattlesnakes

(Crotalus lepidus klauberi)

G. L. Reddacliff,’” M. Cunningham, and W. J. Hartley, Taronga Zoo, P.O. Box 20, Mosman, New South Wales
2088, Australia. ' Present address: Elizabeth Macarthur Agricultural Institute, PMB 8, Camden, New South Wales 2570,

Australia.

ABSTRACT: Three captive banded rock rattle-
snakes (Crotalus lepidus klauberi) died at Ta-
ronga Zoo, Sydney, Australia, between 1984 and
1987 with similar lesions in each case. Grossly,
the liver and kidneys had multiple grey, fleshy
nodules replacing much of the parenchyma.
Histologically, these lesions were massive ac-
cumulations of yeast-like organisms, located
mainly within macrophages in capillaries and
sinusoids. There was little other inflammatory
reaction. Organisms also were seen in the muscle
and adventitial coats of the intestine, in the
spleen, pancreas, brain, lungs, ovary, and fat
body. Apparent budding was observed in fresh
smears, and the organisms stained Gram-posi-
tive and periodic acid-Schiff positive but failed
to grow on routine fungal media. Based on trans-
mission electron microscopy, the organisms were
typical yeast cells with thick, apparently single-
layered cell walls showing evidence of entero-
blastic proliferation. Two of the snakes had con-
current bacterial infections.

Key words: Polymicrobial infection, sys-
temic mycosis, yeast-like organism, banded rock
rattlesnake, Crotalus lepidus klauberi, mortal-
ity, case reports.

Many fungi, including several genera
associated with the phycomycoses and the
genera Paecilomyces, Aspergillus, Beau-
veria, Cephalosporium, Metarhizium,
Candida, Geotrichum, and Chrysospori-
um, cause systemic infections of the re-
spiratory and alimentary tracts in reptiles
(Austwick and Keymer, 1981; Migaki et
al., 1984). Lesions characteristically are
granulomata surrounding growing fungal
colonies. Systemic mycoses featuring in-
tracellular infections such as histoplas-
mosis, blastomycosis and coccidioidomy-
cosis have not been recorded, except for a
single case of coccidioidomycosis in a go-
pher snake (Timm et al., 1988). We de-
scribe unusual pathology associated with
yeast-like organisms in three female band-
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ed rock rattlesnakes (Crotalus lepidus
klauberi).

Two snakes were obtained from San Di-
ego Zoo, San Diego, California (USA) in
1970 and third from Gladys Porter Zoo,
Brownsville, Texas (USA) in 1980. They
were kept together at Taronga Zoo, Syd-
ney, New South Wales, Australia in a small
indoor vivarium and were not individually
identified. Each weighed about 500 grams.
The animals were fed laboratory-reared
mice and the enclosure was cleaned reg-
ularly of feces and urates. No other reptiles
were kept in the same vivarium, but rep-
tiles of many other species were kept in
the same building.

Case 1 was presented in April 1984 with
a diffuse firm swelling about 10 cm cranial
to the cloaca and an inability to pass feces.
Under halothane anesthesia, a tumor mass
adjacent to, and involving the distal part
of, the left kidney was removed surgically;
the remaining part of the left kidney ap-
peared grossly unaffected. The snake was
given three doses of 1 mg gentamycin
(Gentam®, Ilium, Smithfield, New South
Wales) intramuscularly at 72 hr intervals,
and supportive care. Two mo later the
snake was fully healed, had resumed eat-
ing and was passing normal feces and
urates.

Grossly the mass removed at surgery was
pale yellow and grey, and without obvious
internal structure. It was not highly vas-
cularized. Histologically, most of the mass
was composed of oval to pyriform organ-
isms 5 to 10 um in length, located appar-
ently within large macrophage-like cells.
The organisms stained well with Giemsa,
periodic acid-Schiff reaction and Gomori
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methamine-silver, and were strongly
Gram-positive. Apparent budding was ob-
served in some cells. There was a sparse
fibrous and vascular supporting stroma; in-
tracellular clumps of similar organisms
were observed within the lumina of some
blood vessels. No necrosis was seen and the
only inflammatory response was a light
scattering of granulocytes throughout the
tissue.

The snake remained apparently normal
for 7 mo and then died without observed
illness. At necropsy the snake was fat. The
fat bodies were congested and had mul-
tiple chalky plaques, the liver had multiple
pale irregular foci and the kidneys had
apparent urate streaking. The lung con-
tained frothy fluid and had multiple pale
nodules in the wall. The surgical site was
fully healed with no obvious lesion. Fat,
liver and lung were cultured aerobically
and anaerobically on sheep blood agar and
MacConkey agar (Oxoid Australia, Hurst-
ville, New South Wales, Australia), at 37
C and 23 C. This yielded a heavy mixed
growth of Salmonella arizonae and Pseu-
domonas aeruginosa. There were large
numbers of apparently budding, mainly
intracellular, yeast-like organisms in un-
stained wet squashes of the tissues. Mate-
rial was cultured for fungi on Mycophil
and Mycosel agar (BBL, Becton Dickinson
Microbiology Systems, Cockeysville,
Maryland, USA) at 28 C. No growth was
obtained after 4 wk.

Histologically, the liver had multiple fo-
cal areas of recent non-inflammatory ne-
crosis associated with bacterial colonies and
occasional caseated chronic bacterial ab-
scesses. The whole liver also had a diffuse
intrasinusoidal infiltration with yeast-like
organisms. The lung had focal bacterial
emboli, with associated necrosis, and dif-
fuse infiltration of lung capillaries with
yeast-like organisms (Fig. 1). The fat body
was diffusely infiltrated with similar or-
ganisms and had focal areas of inflam-
matory necrosis. Smaller numbers of these
organisms were seen in clumps in the lam-
ina propria, submucosa and adventitial
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coats of the intestine. Clumps of yeast-like
organisms also were observed in the kid-
ney, mainly in interstitial blood vessels and
occasionally in the glomeruli. In all tissues,
as in the surgically removed mass, the or-
ganisms were mainly intracellular, within
macrophages or endothelial cells, and there
was little other inflammatory response.

We concluded that this snake died from
an overwhelming bacterial septicemia,
possibly originating from longstanding he-
patic abscesses, and associated with wide-
spread organ invasion by a yeast-like or-
ganism.

The second snake (Case 2) died in June
1987 after refusing to eat for 5 weeks. It
was found 3 wk before death with a pebble
lodged in its mouth. At gross necropsy we
observed only a swollen, mottled, pale liver
and multiple, pale foci in the kidneys.
Yeast-like organisms also were seen in un-
stained wet squashes from these tissues. No
bacterial isolation was attempted, but fun-
gal cultures from the kidney were made
as for Case 1. A single colony of a yeast-
like organism was obtained. This was sub-
mitted to the Australian National Mycol-
ogy Reference Laboratory (Royal North
Shore Hospital, St Leonards, New South
Wales, Australia) where it was identified
as Trichosporon beigelii (Emmons et al.,
1970).

Histologically, there was a widespread
and severe accumulation of yeast-like or-
ganisms in liver sinusoids, apparently
within macrophages, and forming intra-
sinusoidal granulomata (Fig. 2). There also
were foci of recent hepatocellular necrosis
with some granulocytic infiltration. There
was no evidence for bacterial involvement.
Lung and kidney had masses of the same
organism within the capillaries but no oth-
er pathology, while much of the splenic
parenchyma was replaced by yeast-laden
macrophages, and focal clumps of the same
organism were present in the pancreas. A
single focus of caseating inflammatory ne-
crosis with marked surrounding gliosis was
present in the ventral pontine region of
the brain. There were masses of the yeast-



FIGURE 1:  Lung from Case 1. Diffuse infiltration
of capillaries with large numbers of yeast-like organ-
isms (arrows). Normal pulmonary smooth muscle
bundle (M). Periodic acid-Schiff reaction. Bar = 20
pm.

like organisms within surrounding blood
vessels. No lesions were observed in sec-
tions examined of muscle, skin or stomach.

We ascribed the death of this snake to
the massive multisystem invasion by the
veast-like organism.

Case 3 was presented in July 1987 with
a history of several weeks’ inappetence and
a firm immobile swelling 5 cm anterior to
the cloaca. On direct microscopic exami-
nation of cloacal swabs we observed a
mixed bacterial flora and large numbers
of trichomonad-like protozoa. We also ex-
amined the aspirate obtained with a 21
gauge needle inserted percutaneously into
the palpable mass, and observed yeast-like
organisms as in Cases 1 and 2. The snake
was treated for possible protozoal colitis
with 20 mg dimetridazole (Emtryl Solu-
ble,® May & Baker Aust., West Footscray,
Victoria, Australia) given orally by stom-
ach tube and repeated once after one week.
No fungal growth was obtained on My-
cophil and Mycosel agar.

The snake did not improve and was
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FIGURE 2: Liver from Case 2. Sinusoidal infiltra-
tion by macrophages (arrows) which contain yeast-
like organisms. H&E stain. Bar = 20 um.

killed by intracardiac injection with 100
mg pentobarbitone (Lethabarb,® Arnolds
of Reading, Boronia, Victoria, Australia)
in August 1987. On gross necropsy the
snake had moderate fat reserves. The liver
was markedly enlarged and mottled, with
grey, fleshy, and yellow caseous areas, while
the kidneys were almost totally replaced
with grey, fleshy lesions. Yeast-like organ-
isms were evident in wet smears from the
grey, fleshy lesions in these tissues. Lungs
were congested and the colon wall was
grossly thickened. Fresh liver and kidney
were submitted to the Mycology Refer-
ence Laboratory. There the tissues were
cultured on Sabouraud’s dextrose agar and
Sabouraud’s agar with gentamycin, Brain
heart infusion agar and Czapek agar (Ox-
oid Australia, Hurstville, New South Wales,
Australia) and incubated at 28 C and 37
C. No fungi were isolated after a 4 week
incubation. Salmonella arizonae was iso-
lated from the liver and kidney. On his-
topathological examination, the kidney was
replaced almost entirely with masses of
intracellular yeast-like organisms. There
was similar infiltration of the ovary, of the
abdominal fat body, and of the muscle and
adventitial coats of the intestine. Occa-
sional foci of walled-off caseous necrosis
containing bacterial colonies were present
in the intestinal wall. The liver had a gen-
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FIGURE 3: Transmission electron micrograph of
kidney (surgical biopsy material) from Case 1, show-
ing typical yeast-like morphology with evidence of
enteroblastic proliferation (arrow). Bar = 1 um.

eralized sinusoidal infiltration by intracel-
lular yeast-like organisms plus foci of bac-
teria-associated necrosis with granulocytic
reaction. In the lungs there was a mild
infiltration of yeast-like organisms, plus foci
of bacterial embolic necrosis. There was a
moderate infiltration of the epi- and peri-
cardium with macrophages, some of which
contained yeast-like organisms. No lesions
were seen in the sections examined of ven-
om gland, eye, brain, muscle or thyroid.

The clinical condition of this snake was
ascribed to chronic, widespread multisys-
tem infiltration by yeast-like organisms,
along with subacute bacterial enterohe-
patic infection.

In transmission electron micrographs
made from sections of formalin-fixed bi-
opsy material from Case 1, we observed
typical fungal cells with lipid droplets, cy-
toplasmic organelles and nuclei with an
electron-dense nucleolus. The cell wall ap-
peared to be single-layered and had evi-
dence of enteroblastic proliferation, as
commonly seen in yeast-like fungi (Fig.
3). The intracellular location of the organ-
isms was confirmed and an apparent broad
unstained capsule was present; however
artifactual separation from the surround-
ing cellular material could not be ruled
out.

The significance of the single isolate of
T. beigelii from Case 2 is worthy of dis-
cussion in the light of recent reports of
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systemic infection by this organism in im-
munocompromised human patients (Hoy
etal., 1986). Trichosporon beigelii is wide-
ly distributed and commonly found in soil,
water and animal excreta, and is the cause
of white piedra, a common and innocuous
hair infection of humans in tropical and
subtropical regions (Hoy et al., 1986). It
grows easily on routine fungal culture. Lit-
erally thousands of yeast-like organisms
were observed in wet squashes of organs
from all three snakes. Yet only a single
colony of T. beigelii was obtained from
many attempted cultures. Either the yeast-
like organism observed was not T. beigelii,
or it was a strain of T. beigelii not ame-
nable to culture.

Because of the failure to grow and un-
equivocally identify the organism it is dif-
ficult to speculate on the source of the in-
fection. It is possible that all three snakes
originally were collected from the wild in
the same geographic area, and possibly all
could have been subclinically infected with
an enzootic yeast-like organism. Age, as
well as bacterial and protozoal infections,
might then have weakened the animals
sufficiently to allow recrudescence of
chronic infection. However, the apparent
rarity of this infection and its occurrence
in all three snakes of this species at one
zoo strongly suggests infection in the cap-
tive environment.

We thank D. Ellis for his comments on
the electron micrographs. Representative
sections and paraffin blocks are held in the
Registry of Non-domestic Animal Pathol-
ogy at Taronga Zoo; accession numbers:
0016, 0023, 0073, 0081.
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