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COMPUTED TOMOGRAPHY OF GRANULOMATOUS PNEUMONIA WITH OXALOSIS IN AN AMERICAN ALLIGATOR (ALLIGATOR
MISSISSIPPIENSIS) ASSOCIATED WITH METARHIZIUM ANISOPLIAE VAR ANISOPLIAE
Natalie H. Hall, D.V.M., Kenneth Conley, D.V.M., Clifford Berry, D.V.M., Dipl. A.C.V.R., Lisa Farina,
D.V.M., Dipl. A.C.V.P., Lynne Sigler, M.Sc., James F. X. Wellehan, Jr., D.V.M., Ph.D., Dipl.
A.C.Z.M., Dipl. A.C.V.M. (Virology, Bacteriology/Mycology), Michael H. A. Roehrl, M.D., Ph.D.,
and Darryl Heard, D.V.M., Ph.D., Dipl. A.C.Z.M.

Abstract: An 18-yr-old, male, albino, American alligator (Alligator mississippiensis) was evaluated for decreased
appetite and abnormal buoyancy. Computed tomography (CT) of the coelomic cavity showed multifocal mineral
and soft tissue attenuating pulmonary masses consistent with pulmonary fungal granulomas. Additionally,
multifocal areas of generalized, severe emphysema and pulmonary and pleural thickening were identified. The
alligator was euthanized and necropsy revealed severe fungal pneumonia associated with oxalosis. Metarhizium
anisopliae var. anisopliae was cultured from lung tissue and exhibited oxalate crystal formation in vitro. Crystals
were identified as calcium oxalate monohydrate by X-ray powder defractometry. Fungal identification was based
on morphology, including tissue sporulation, and DNA sequence analysis. This organism is typically thought of as
an entomopathogen. Clinical signs of fungal pneumonia in nonavian reptiles are often inapparent until the disease
is at an advanced stage, making antemortem diagnosis challenging. This case demonstrates the value of CT for
pulmonary assessment and diagnosis of fungal pneumonia in the American alligator. Fungal infection with
associated oxalosis should not be presumed to be aspergillosis.
Key words: Alligator, Alligator mississippiensis, computed tomography, fungal, Metarhizium, pneumonia,
oxalosis.

CASE REPORT
An 18-yr-old, 2.8-meter, 82-kg, intact male,
albino American alligator (Alligator mississippiensis) was evaluated at the University of Florida
Veterinary Hospitals (Gainesville, Florida, USA)
for anorexia and abnormal buoyancy. The alligator was housed alone in an outdoor, 4.3 m 3 4.3 m
3 1 m, spring-fed, outdoor pool with basking area,
which was maintained at a water temperature of
288C (air temperature range, 88C to 328C yearly).
The diet consisted of 30 to 40 pellets weekly of
Mazuri Crocodilian Large Diet (PMI Nutrition,
LLC, St. Louis, Missouri 63144, USA) supplemented with whole-prey items, but the alligator’s
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appetite had decreased over 1 yr to the point of
complete anorexia for 1 mo prior to presentation.
The animal floated with the left cranial coelom
above water level and could submerge only with
significant effort. Initial physical examination
revealed no additional abnormalities except mild
cutaneous abrasions obtained during initial restraint.
The alligator was anesthetized using i.v. propofol (Abbott Laboratories, Abbott Park, Illinois
60064, USA) induction at 1.5 mg/kg in the ventral
coccygeal vein, intubated, and then maintained
with 1–2% isoflurane (Minrad, Inc., Bethlehem,
Pennsylvania 18018, USA) in oxygen. An i.v.
catheter was placed in the ventral coccygeal vein
for supplemental propofol administration.39 Computed tomography (CT) of the coelomic cavity
was performed with a helical, eight-slice CT
scanner (Aquilion 8, Toshiba America Medical
Systems, Inc., Tustin, California 92780, USA).
Noncontrast volumetric data were acquired using
120 kV, 200 mA, and 0.5 sec/rotation with a pitch
of 1, and 5-mm contiguous images were reconstructed using bone and soft tissue algorithms. In
addition, 5-mm contiguous dorsal and sagittal
reformatted slices were reviewed. CT revealed
near complete loss of pulmonary architecture on
the right with multifocal areas of suspected
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Figure 1. Right lateral scout computed tomography image (upper left) and three dorsal-plane reconstructed
images of the thorax. The alligator’s head is to the left and dorsal is to the top of scout image. For each of the
dorsal-plane images, the right side of the alligator is the viewer’s left and the alligator’s head is at the top of the
image. A. Right lung lobe contains large cavitated masses and severe emphysematous changes from cranial to midzone region with a small focal pneumocoelom along the right lateral and caudal aspect of the thoracic coelom and
thickening of the adjacent portion of right lung lobe. A single, large, curvilinear septation is noted to divide these
severe changes from the caudal medial lung segment, where less severe emphysematous changes are present. B.
Lung image centered on the most severe right-sided pulmonary pathologic changes. Similar changes as seen in
Figure 1A are noted. C. Left lung has multifocal emphysematous changes (absence of visible lung septation), focal
pleural and pulmonary thickening, and mild thickening of the pulmonary septation. All images were reconstructed
from 5-mm transverse images and are 5 mm in thickness. A bone algorithm was used for reconstruction. In
addition, all images are presented for review with a window width (WW) ¼ 3,500 and a window level (WL) ¼350.

atelectasis and a contralateral mediastinal shift
toward the left. Free air was suspected in the right
lateral and caudal thoracic coelom, although a
thin mesothelial membrane may have been present making this air collection intraparenchymal.
Multifocal, linear, soft tissue attenuation was
identified within the cranial and caudal right lung.
Both lungs exhibited multifocal and cavitated

masses consistent with fungal granulomas, abscess formation, or neoplasia (Figs. 1–3). Bronchoscopic evaluation was unsuccessful owing to
the presence of obstructive debris in the mainstem
bronchi and the 100-cm length limitation of the
bronchoscope (Storz Veterinary Specialty Fiberscope 6003VB1, Karl Storz Veterinary Endoscopy
America, Goleta, California 93117, USA). Be-
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Figure 2. Dorsoventral scout computed tomography image (upper left) and three sagittal plane reconstructed
images of the thorax. The alligator’s head is at the top, and the alligator’s right side is to the viewer’s left as marked
with the RT (right) in the scout image. The alligator’s head is to the left, and dorsal is at the top for each of the
sagittal reconstructions. A. Right lung lobe with large cavitated mass, ventral plate-like areas of soft tissue
thickening of the cranial lung lobe, severe dorsal and cranial emphysema, and marked visceral pleural thickening.
B. Several right lung lobe cavitated masses with similar changes as seen in Figure 2A. C. Left lung with multifocal
emphysema (absence of visible lung septation) and focal pleural and pulmonary thickening. All images were
reconstructed from 5-mm transverse images and are 5 mm in thickness. A bone algorithm was used for
reconstruction. In addition, all images are presented for review with a WW ¼ 3,500 and a WL ¼ 350.

cause of poor prognosis, the animal was euthanized with Beuthanasia-D (Intervet/ScheringPlough Animal Health, 5830 AA Boxmeer, The
Netherlands) 0.5 ml/kg i.v. in the supravertebral
venous sinus and submitted for necropsy.
Significant gross necropsy findings included
bilateral pleural adhesion of the dorsocranial
lungs and numerous, variable-sized, multifocal
pulmonary granulomas. The left main bronchus
was 95% obstructed by green, friable material.
Approximately 75% of the right pulmonary lumen
was lined by a sheet of tan to green, granular,
sturdy, pliable material. Histopathologic examination of this material and the largest pulmonary

mass (6.5 cm 3 2.5 cm 3 1.3 cm) revealed acellular,
laminated, eosinophilic material lined by a single
layer of multinucleated giant cells and rare
heterophils. Numerous shards and aggregates of
yellow-tinged, centrally radiating crystals were
present within the eosinophilic material. When
viewed with polarized light, the crystalline material was birefringent, with a morphologic appearance consistent with calcium oxalate (Fig. 4).
Gomori methenamine silver and periodic acid
Schiff stains revealed septate, 2- to 5-lm diameter, fungal hyphae associated with the crystals.
Staining of other pulmonary masses revealed
interwoven septate hyphae of varying widths and
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Figure 3. Dorsoventral scout computed tomography image (upper left) and three transverse plane
reconstructed images of the thorax. For each of the transverse images shown, the alligator’s right is on the
viewer’s left as marked with the RT (right) in the scout image. A. Multifocal severe emphysema in dorsal right lung
and, to a lesser extent, in the left lung, and multifocal linear areas of soft tissue attenuation in both lungs. Right
lung has multifocal visceral pleural and ventral cavitated masses. B. Right lung with the largest fungal granuloma
as noted at necropsy. Similar changes as seen in Figure 3A. C. Multifocal emphysema (absence of visible lung
septation), focal pleural and pulmonary thickening, and a right-side cavitated lesion with a smaller area of focal,
round, soft tissue density, consistent with granuloma formation as was seen at necropsy. All images were obtained
as 5-mm transverse images. A bone algorithm was used for reconstruction. In addition, all images are presented
for review with a WW ¼ 3,500 and a WL ¼ 350.

palisades of cylindrical, pigmented, conidia (ca. 6
lm 3 2.5 lm) in chains. The presence of
characteristic conidia allowed for the presumptive
identification of the fungus as Metarhizium species. The intrapulmonary material also contained
acellular regions with mixed bacterial aggregates
as well as multifocal areas of crystal-associated
inflammation and inflammatory debris with few
fungal elements.

Fungal culture of pulmonary tissue produced an
olivaceous green, fast-growing fungus identified as
Metarhizium anisopliae based on morphology (cylindrical conidia produced in long, adherent,
basipetal chains from branched, subcylindrical
phialides). Identification was confirmed as Metarhizium anisopliae var. anisopliae by internal transcribed spacer (ITS)-2 polymerase chain reaction
(PCR) amplification and sequencing of infected
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Figure 4. Microscopic features of M. anisopliae. A. View of the right lung tissue showing adventitious
sporulation with characteristic chains of cylindrical conidia. Hematoxylin and eosin (H&E), 340. Inset is the same
tissue at 3100 magnification. B. View of the fungal mat within the right lung demonstrating oxalosis with
characteristic centrally radiating crystal structure. H&E, 3100. Inset is 3400 magnification of wet mount from
cultured isolate exhibiting crystal production and conidiation in vitro.

pulmonary tissue using primers ITS4 and ITS86.38
Sequence was submitted to GenBank under accession number HQ539658. The isolate was accessioned in the University of Alberta Microfungus
Collection and Herbarium as UAMH 11138. The
cultured fungal colonies exhibited crystal formation, implicating it as the source of crystals in vivo.
Aerobic bacterial culture of pulmonary tissue grew
a Pantoea species.
The chemical composition of the crystalline
deposits was analyzed by X-ray powder defractometry (XRD). The crystals were purified by first
clearing lung tissue with 7% (m/v) aqueous
sodium hypochlorite at 208C for 24 to 48 hr. After
filtration through a 0.45-lm vacuum-driven filter
unit (Merck Millipore, Billerica, Massachusetts
01821, USA), the crystalline residual was washed
extensively with water, transferred into a 1.5-ml
reaction tube, and dried at 378C. XRD of an airdried crystal smear on a glass slide was performed
with a Scintag XDS 2000 instrument (Scintag Inc.,
Cupertino, California 95014, USA) equipped with
a 2.2 kW copper Ka X-ray source and a vertical h-h

goniometer. The most intense d-spacing peaks (2h
angles in parentheses) were observed at 5.91 Å
(14.988), 5.76 Å (15.388), 3.64 Å (24.468), 2.96 Å
(30.168), 2.82 Å (31.748), 2.49 Å (36.028), 2.35 Å
(38.348), 1.99 Å (45.508), and 1.98 Å (45.888). The
corresponding d-spacing diffraction peaks of a
crystalline calcium oxalate monohydrate standard
(monoclinic P21/n space group), as listed in the
International Centre for Diffraction Data PDF
database (http://www.icdd.com; entry 00-0200231), are expected to appear at 5.93 Å, 5.79 Å,
3.65 Å, 2.97 Å, 2.84 Å, 2.49 Å, 2.36 Å, 2.00 Å, and
1.98 Å. Based on excellent agreement between the
experimentally determined d-spacing values and
the database entries, as well as the lack of peaks
suggestive of a component of calcium oxalate
dihydrate (weddellite) crystals, the crystalline
material was identified as calcium oxalate monohydrate (CaC2O4H2O, whewellite).

DISCUSSION
The chronic anorexia and abnormal buoyancy
in this alligator was caused by severe, chronic,
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emphysematous and granulomatous pneumonia
and pulmonary oxalosis associated with the
fungus Metarhizium anisopliae var. anisopliae. Although bacteria were seen histologically, the
distribution was limited to necrotic material
within the lung. Pantoea spp., which has been
reported in healthy reptiles, was isolated by
culture. These findings likely represent a secondary bacterial infection of compromised tissue.10,17,18
Respiratory mycosis in crocodilians is often
associated with opportunistic saprophytic fungi
and immunocompromise due to other primary
causes.31 Signs of respiratory mycosis may include
increased dyspnea, nasal discharge, and, in aquatic species, alterations in buoyancy.31 Since clinical
signs are often inapparent until advanced disease,
antemortem diagnosis of pulmonary mycosis is
challenging.31 Cytologic or histologic demonstration of fungal elements in lung washes, tissue
sections, or biopsies is necessary to confirm a
fungal etiology.15,31 Further diagnostics, such as
culture and PCR techniques, are then indicated
for fungal identification.15,31 Obtaining a sample of
diseased tissue is essential for diagnosis. Lung
washes are valuable but may potentially miss
areas of abnormal tissue.15 Similarly, bronchoscopic examination with biopsy, which has the
advantage of visualization of the lower respiratory
tract, should be guided towards pulmonary lesions to obtain optimal results.15,20 Therefore,
sample collection is best performed when guided
by pulmonary imaging to ensure the diseased area
of tissue is targeted and appropriately sampled.
Pulmonary imaging in reptiles has traditionally
been performed using radiography. Radiographic
examinations, however, are compromised by superimposed skeletal structures, soft tissues, and
scales.14 In addition, pulmonary radiographs of
crocodilians are compromised by osteoderms,
and often, large physical size. CT, an alternative
method for lung imaging, is an X-ray based
system that allows noninvasive cross-sectional
imaging.14 When compared with thoracic radiography, CT has superior density discrimination and
is not complicated by superimposition of overlapping thoracic structures.32 These advantages
have made CT generally accepted as the most
reliable imaging technique for detection of pulmonary lesions.32 CT has been shown to be
significantly more sensitive than thoracic radiology in detecting pulmonary soft-tissue nodules in
dogs.26 Reported applications of CT to nonavian
reptiles are limited, but include assessment of
chelonian skeletal injuries and postmortem as-
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sessment of bone density in American alligators.1,21 This case demonstrates that CT is an
effective technique for pulmonary imaging in the
American alligator and is useful for antemortem
diagnosis of an emphysematous, granulomatous,
cavitated pneumonia caused by a primary fungal
pathogen.
Fungal pneumonia is not extensively documented in crocodilians and much of the available
information consists of reviews and conference
proceedings.31 Reported infections in crocodilians
include Fusarium, Mucor, Candida, and Acremonium (formerly Cephalosporium) species.5,15,33,37 Fungal pneumonia due to infection with Aspergillus
fumigatus, Aspergillus ustus, and Fusarium verticillioides (formerly F. moniliforme), as well as with
Beauveria bassiana in a fatal case with pulmonary
fungal mat formation has been reported specifically in the American alligator.11,13,31 There is one
previously reported case in an alligator associating a pneumonia with fungi morphologically
consistent with M. anisopliae.3
Metarhizium anisopliae is rarely identified as a
cause of disease in vertebrate species. Few reports
exist in the human literature of M. anisopliae
infection, including sclerokeratitis, sinusitis in
immunocompetent humans, and disseminated
infection with cutaneous, pulmonary, and cerebral
lesions in an immunocompromised child.2,6,7,16,23,28
In the veterinary literature, spontaneous infection
with M. anisopliae includes one report of rhinitis
in a cat and the previously mentioned report of
fungal pneumonia in an alligator.3,24 Metarhizium
anisopliae is common in forest and cultivated soils,
grows optimally at 258C, and is considered an
entomopathogenic species.6,35 It infects and kills
the larvae of many insect species, including some
malaria-vector mosquitoes, and has been used for
biocontrol (as has Beauveria bassiana).6,29,35 The M.
anisopliae complex includes four varieties. The
varieties share high sequence homology, which
has provided support for their elevation to species
status.4 Recent work has shown that morphologicbased M. anisopliae identification to the subspecies level is not reliable, and sequence-based
techniques are preferable.9 Sequence data have
also shown that Metarhizium has sexual stages
(teleomorphs) in the recently described genus,
Metacordyceps, not Cordyceps as previously supposed.22,36
The present case exhibits two features not
previously reported with Metarhizium spp. infection that are uncommon in medical mycology. The
first is the presence of reproductive propagules
(conidia) in vivo, known as adventitious sporula-
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tion, which is valuable for preliminary identification of the organism in tissue. Adventitious
sporulation has been associated with Aspergillus,
Fusarium, Acremonium, and Paecilomyces species
and is thought to increase the likelihood of
systemic dissemination, improving the chance of
a positive blood culture.11,30 In this case, the
presence of conidia in the pulmonary lumen
augmented the marked dissemination of M.
anisopliae throughout the lung and allowed for
presumptive identification of the fungus before
completion of culture and molecular work. In a
live patient, the presence of adventitious sporulation in a surgical biopsy would permit earlier and
more specific medical intervention.
The second previously unreported feature of M.
anisopliae–associated disease is oxalosis in animal
tissues. The pulmonary oxalosis reflects the
growing conditions in which the M. anisopliae
was thriving and appears to have contributed to
the severity of the disease in this animal by
enhancing inflammation and necrosis. Metarhizium anisopliae and other fungi regulate genomic expression to ensure that cell products that
function extracellularly are synthesized only at
environmental pH levels at which they are effective.8,34 They may also modify environmental pH
by production of bases and acids, such as oxalic
acid.35 In host tissues, the oxalic acid combines
with calcium to produce calcium oxalate crystals,
which are deposited in adjacent tissues and in
debris between the fungal mycelium and the host
tissue.25 Pulmonary oxalosis contributes to severe
inflammatory responses, including tissue damage,
necrosis, and localized vascular thromboembolism.19 Pulmonary oxalosis has been well reported
in association with Aspergillus spp. in humans.19
Because Aspergillus species are by far the most
common fungi causing oxalosis in human mycoses, fungal oxalosis is often presumptively considered to be aspergillosis.27 In veterinary
literature, fungal oxalosis has been associated
with Aspergillus niger in a great horned owl (Bubo
virginianus) and in an alpaca (Lama pacos ).25,40
Similarly to this case of infection with the
entomopathogen M. anisopliae, the three reported
American alligators with fatal infection by the
entomopathogenic fungus Beauveria bassiana also
exhibited pulmonary oxalosis and adventitious
sporulation.12,13 Further investigation may reveal
these features to be unique to entomopathogens
in crocodilians and helpful in identifying fungal
species when additional diagnostic assays are
lacking.

CONCLUSION
In conclusion, this case demonstrates the value
of computed tomography in crocodilian species
for antemortem assessment of severe pulmonary
pathology including generalized emphysematous
changes and cavitated granuloma formation.
Providing high levels of tissue detail free of
artifact from superimposed tissues, this diagnostic modality is effective for pulmonary evaluation
even in large crocodilians. Using CT, fungal
pneumonia was suspected in this patient and
confirmed on necropsy. Necropsy findings indicated that M. anisopliae var. anisopliae can occur as
a primary source of infection and oxalosis in the
pulmonary tissue of the American alligator.
Mycoses in poikilotherms are often associated
with species uncommonly seen in mammals, and
fungal oxalosis should not be presumed to be
aspergillosis.
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