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Brief Communication

Fungal skin infections, or dermatomycoses, have been 
implicated as significant causes of morbidity and mortality 
in wildlife. Global amphibian declines have been associ-
ated with Batrachochytrium dendrobatidis, the causative 
agent of chytridiomycosis,19,21 and a novel chytrid fungus, 
Batrachochytrium salamandrivorans, has caused similar 
lethal disease in European species of salamanders.12 White-
nose syndrome of bats, caused by Pseudogymnoascus 
destructans, has killed at least 5 million North American 
bats and continues to spread throughout the United States 
and in 1 Canadian province.5,10,13,23

Since 2006, increasing numbers of snakes with fungal 
skin infections have been reported from the eastern United 
States. Clinical signs in these snakes include facial swelling, 
cloudy eyes, improperly shed skin, roughened or thickened 
scales, dermal or subcutaneous granulomas, and destruction 
of the venom glands in pit viper species.1,4 This syndrome 
has been referred to as snake fungal disease (SFD). The fun-
gus Ophidiomyces (formerly Chrysosporium) ophiodiicola 
has been consistently associated with SFD, although a num-
ber of other fungi and bacteria have also been isolated from 
similar cases.3,4 Although experimental infection establish-
ing O. ophiodiicola as the causative agent of this disease has 
been demonstrated in captive populations, many questions 
remain about the manifestation of SFD in free-ranging indi-
viduals and various snake species.1,9

A free-ranging, female, 260 g, subadult mud snake (Far-
ancia abacura) with a swollen head and improperly shed 
skin was found in May 2014, in Bulloch County, Georgia. 
The snake was brought to the Orianne Society (Athens, 
Georgia) where it was observed in captivity for several days. 
The snake was emaciated and appeared weak. No improve-
ment was noted while in captivity so the snake was trans-
ferred to the Southeastern Cooperative Wildlife Disease 
Study (SCWDS; University of Georgia, Athens, Georgia) for 
euthanasia and autopsy.

On presentation, the snake was lethargic and had a large 
facial swelling as well as ulceration of scales around the 
mouth. The snake was anesthetized in an air-tight con-
tainer with a cotton ball saturated with isoflurane,a and 
euthanized with an intracardiac injection of pentobarbital 
sodium and phenytoin sodium followed by decapitation 
and pithing.b
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Abstract. Snake fungal disease is an emerging infectious disease caused by the fungus Ophidiomyces ophiodiicola leading 
to severe dermatitis and facial disfiguration in numerous free-ranging and captive snakes. A free-ranging mud snake (Farancia 
abacura) from Bulloch County, Georgia, was presented for autopsy because of facial swelling and emaciation. Extensive 
ulceration of the skin, which was especially severe on the head, and retained shed were noted on external examination. 
Microscopic examination revealed severe heterophilic dermatitis with intralesional fungal hyphae and arthroconidia consistent 
with O. ophiodiicola. A skin sample incubated on Sabouraud dextrose agar yielded a white-to-tan powdery fungal culture 
that was confirmed to be O. ophiodiicola by polymerase chain reaction and sequence analysis. Heavy infestation with adult 
tapeworms (Ophiotaenia faranciae) was present within the intestine. Various bacterial and fungal species, interpreted to 
either be secondary invaders or postmortem contaminants, were associated with oral lesions. Although the role of these other 
organisms in the overall health of this individual is not known, factors such as concurrent infections or immunosuppression 
should be considered in order to better understand the overall manifestation of snake fungal disease, which remains poorly 
characterized in its host range and geographic distribution.
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The snake was in poor nutritional condition with moder-
ate epaxial muscle wasting. Dark gray, caseous material 
covered the left side of the oral cavity. The cornea of the left 
eye was diffusely cloudy and ulcerated on the lateral aspect. 
The skin surrounding the left labial commissure was ery-
thematous and extensively ulcerated (Fig. 1A). Multiple 
areas of skin were roughened, thickened, and pale (Fig. 1B). 
An 11-cm-long section of retained shed skin was adhered to 
the skin of the dorsum, adjacent to a focus of white, thick-
ened scales. Approximately ten 5–10 cm Ophiotaenia faran-
ciae cestodes were in the jejunum; 4 of these cestodes 
adhered to the mucosa of the intestines and protruded trans-
murally to the serosal surface. A single 5-cm Ophidascaris 

sp. nematode was in the stomach. Parasites were identified 
by morphologic characteristics and published keys.11,17,22

Representative tissues were collected and fixed in 10% 
neutral-buffered formalin. The head was placed in 10% neu-
tral-buffered formalin and demineralized with acid. Sections 
of tissues were embedded in paraffin, sectioned at 4–5 µm, 
stained with hematoxylin and eosin, and examined by light 
microscopy. Additional sections of skin and head were 
stained with periodic acid–Schiff (PAS) reaction, Grocott–
Gomori methenamine silver (GMS), and Gram stains.

In the oral cavity, necrosis and inflammation extended 
deeply into underlying tissue and myofibers (Fig. 1C). The 
surface epithelium often was ulcerated and covered by a 

Figure 1.  Mud snake (Farancia abacura). A. Head of snake with a cloudy left eye, thickened, ulcerated skin surrounding the left labial 
commissure, and caseous material lining the oral cavity. B. Skin along the dorsum with extended area of thickened, roughened scales, and 
improperly shed skin. C. Section of oral cavity demonstrating cellulitis and myositis. Arrows indicate bacteria. Asterisk indicates necrotic 
myocyte. H&E. Bar = 100 µm. D. Skin with ulcerative dermatitis, intralesional fungal hyphae, and arthrospores. H&E. Bar = 100 µm. E. 
Pale-staining septate fungal hyphae and arthrospores. H&E. Bar = 20 µm. F. Fungal hyphae and cylindrical to clavate arthrospores consistent 
in morphology with Ophidiomyces ophiodiicola. Periodic acid–Schiff reaction. Bar = 20 µm.
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serocellular crust with intralesional secondary bacterial colo-
nies (Fig. 1C). The skin from the dorsum was moderately 
hyperplastic and covered with a serocellular crust composed 
of fragmented keratin, fibrin, heterophils, and cellular debris. 
The dermis and underlying subcutis were expanded by 
fibrous connective tissue and infiltrates of lymphocytes, 
plasma cells, and macrophages (Fig. 1D). Multiple, ~4–6 
µm, undulate, basophilic, pale-staining, septate, fungal 
hyphae, which occasionally branched at acute angles, and 
occasional cylindrical to clavate 2 × 4 µm arthroconidia were 
present in the necrotic debris (Fig. 1E). Fungal hyphae and 
arthroconidia stained with PAS (Fig. 1F) and GMS. Arthro-
conidia were most numerous within the hinge between the 
scales and were also associated with large numbers of mixed 
coccobacilli. Fungal hyphae occasionally invaded the under-
lying dermis and were often associated with aggregates of 
heterophils, lymphocytes, plasma cells, and occasional mela-
nomacrophages. Skin from the ventrum was evaluated histo-
logically, and microscopic changes included infiltration of a 
smaller number of fungal hyphae that were morphologically 
similar to those described above, rare arthroconidia, hetero-
phils, and rare superficial colonies of gram-positive coccoba-
cilli. The skin of the head also contained multifocal, thick, 
serocellular crusts with intralesional fungal hyphae and 
arthroconidia consistent with those seen on the dorsum, and 
abundant hyphal invasion of the dermis. Occasional fungal 
hyphae and large numbers of gram-negative coccobacilli 
were present along the surface of the spectacle.

The lumens of nearly all examined sections of small intes-
tine were filled with cross-sections of cestodes that occasion-
ally penetrated the tunica muscularis and bulged from the 
serosa. The cestodes often were encompassed by fibrous 
connective tissue that was infiltrated by heterophils, lympho-
cytes, plasma cells, and macrophages. The lamina propria of 
the intestine was infiltrated by small numbers of lympho-
cytes and plasma cells.

Multiple samples of skin were plated on fungal culture 
biplates containing Sabouraud dextrose agar (SDA) and 
dermatophyte test medium and incubated at 22°C.c After 
14 days, a white-to-tan powdery fungal colony was pres-
ent on the SDA section of a plate containing a sample of 
dorsal skin. The colony was observed for an additional 14 
days. Innumerable rectangular arthroconidia, moderate 
numbers of parallel aleuroconidia, and undulate hyphae 
consistent with O. ophiodiicola, were present on cytologic 
examination of the colony. DNA was extracted from a 
sample of the cultured fungus using a commercial tissue 
extraction kit according to the manufacturer’s directions.d 
A portion of the internal transcribed spacer (ITS) 1 region 
between the 18S and 5.8S rRNA genes was amplified by 
polymerase chain reaction (PCR) using primers Chrys-
oITS-F (5′-TGATCCGAGGTCAACCGGAAGAAA-3′) 
and ChrysoITS-R (5′-TGGAACCGTGAACGAACTCT 
GTGA-3′) as described with the following modifications: 
only 1 µL of DNA template was added to the reaction, and 

GoTaqe was used as the Taq.2 The amplified PCR product 
was electrophoresed in 2% agarose, purified with a com-
mercial gel extraction kit, and submitted to the Georgia 
Genomics Facility (Athens, GA) for bidirectional 
sequencing.f The consensus sequence (383 bp) was identi-
cal to several strains of O. ophiodiicola (e.g., KF477227, 
KF477231, KF477233, KF477235). DNA also was 
extracted from multiple samples of skin and tested by 
PCR as described above; no O. ophiodiicola was detected.

Samples of skin and oral necrotic tissue also were submit-
ted to the Athens Veterinary Diagnostic Laboratory (AVDL; 
Athens, GA) for additional fungal isolation. Fungal plates 
were incubated at 37°C. Heavy mixed fungal growths of a 
nonpigmented, filamentous fungus and an unidentifiable 
sterile mycelium were obtained from the skin. Very light 
growths of Penicillium and an unidentifiable sterile myce-
lium were isolated from the oral tissue. Samples of skin, oral 
tissue, liver, and intestines were submitted to the AVDL for 
aerobic and anaerobic bacterial culture. Heavy mixed bacterial 
growth of Myroides odoratus, Aeromonas spp., and Stenotro-
phomonas maltophila was cultured from the oral tissue. 
Light-to-moderate growth of common environmental con-
taminants was isolated from the liver and intestine with no 
detection of Salmonella spp. A sample of intestinal content 
was sent to the AVDL for electron microscopy negative 
staining to look for viral particles, and none was detected.

The gross anatomic and microscopic lesions in this snake 
were highly suggestive of SFD. This diagnosis was con-
firmed by fungal culture and genetic identification of the iso-
lated fungus as O. ophiodiicola. Although O. ophiodiicola 
was isolated from fungal culture performed at SCWDS, it 
was not detected from samples submitted to the AVDL. The 
latter plates were incubated at 37°C, suggesting that temper-
ature may be an important factor for the isolation of O. ophi-
odiicola, as isolation was only successful in samples 
incubated at 22°C at SCWDS. Pathogens adapted for a rep-
tilian host may exhibit inhibited growth at higher tempera-
tures, and diagnostic laboratories should alter their protocols 
to optimize their chances of isolating such organisms. Addi-
tionally, PCR results on DNA directly extracted from tissue 
samples of the affected lesions were not positive for O. ophi-
odiicola. Direct testing of tissues has been successful in other 
instances, and the reasons for the lack of detection in this 
case are unknown, but it may be a result of the limited sensi-
tivity of the current assay.2 At the time of diagnosis, a combi-
nation of assays (i.e., histopathology, fungal culture, and 
PCR) was pursued in order to provide maximum diagnostic 
information because a case definition has not yet been pub-
lished. Although highly sensitive PCR assays have been pub-
lished recently, potentially minimizing the need for fungal 
cultures, histopathology is necessary to differentiate true dis-
ease from exposure in suspected cases of SFD.2,6 The role of 
the serositis caused by a heavy load O. faranciae infection in 
this individual is unclear, although it could indicate an over-
all state of poor health.
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O. ophiodiicola was first described in 2009 after being 
isolated from a granuloma on a captive black rat snake (Ela-
phe obsoleta obsoleta) from Georgia.16 Frequently associ-
ated with cases of SFD, the fungus has been shown to induce 
lesions consistent with SFD in experimental infections of 
captive and wild-caught snakes.1,9 The fungus has also been 
detected in tissue samples going back to 1985 from captive 
snakes in the United States, Europe, and Australia, which 
previously had been diagnosed with dermatomycoses caused 
by other fungal species.20 Many had been diagnosed with 
Chrysosporium anamorph Nannizziopsis vriesii (CANV), a 
related fungal pathogen that has been an emerging cause of 
dermatomycoses in captive reptiles.14,15 A 2013 publication 
described analyses of morphologic and molecular character-
ization of CANV isolates and revealed that these species 
belong to 3 related lineages, of which only Ophidiomyces has 
been documented in snakes.20 Fungal species often are consid-
ered to be opportunistic pathogens, but CANV has been docu-
mented as an obligate pathogen of reptiles, with Koch 
postulates fulfilled in at least one experimental trial.9 The 
fungi responsible for chytridiomycosis and white-nose syn-
drome show evidence of adaptation as obligate pathogens of 
vertebrate hosts and reduced saprophytic activity as compared 
to their taxonomic relatives.18,19 Nevertheless, disease caused 
by CANV in captive reptile populations is associated most 
often with stress or poor husbandry.14 Although these factors 
also may be implicated in incidents of SFD in captive snakes, 
factors including limited genetic variability and cold or wet 
environmental conditions have been proposed as factors 
potentially associated with the development of SFD in free-
ranging snakes.4,7 Lesions in experimentally infected snakes 
were relatively mild, with many snakes surviving to the exper-
iments’ endpoints, but conditions experienced by wild snakes 
may allow for the manifestation of more severe disease.1,9

Snake fungal disease has been diagnosed primarily in 
individual snakes, but population-level effects have been 
proposed for isolated, vulnerable populations, including 
large declines in a population of New England timber rattle-
snakes (Crotalus horridus) and endangered eastern massa-
sauga rattlesnakes (Sistrurus catenatus).1,3,7 Geographic and 
species variability in disease susceptibility have yet to be 
explored. To our knowledge, our report represents the south-
ernmost detection of SFD in a wild snake at the time of the 
diagnosis.

Additional unexplored biological factors such as coinfec-
tions and immunosuppression may be relevant in the devel-
opment of SFD. Generally, adult cestodes are not considered 
pathogenic for their hosts, but in the snake described herein, 
a heavy parasitic load was associated with serositis. This 
finding merits attention and supports the need for a more 
comprehensive investigation of SFD, including the role of 
any comorbidity. Although no viral particles were detected 
from electron microscopic examination of feces, other con-
current viral infections or other potential causes of immuno-
suppression could not be ruled out.

Mud snakes are nonvenomous, highly aquatic snakes 
found throughout wetlands of the southeastern United States, 
ranging as far north as the Mississippi River basin of south-
ern Illinois. Although believed to be relatively common 
throughout their habitat, they are secretive and rarely seen. 
Mud snakes are not a protected species, but may be vulnera-
ble to wetland degradation.8 SFD has not been documented 
previously in this species and further surveillance, as well as 
population monitoring, is necessary to determine its signifi-
cance to this species. Further studies are warranted to inves-
tigate the geographic and species range of SFD as well as the 
pathophysiology of the disease and the potential significance 
to free-ranging snake populations.
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