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Copyright 1999 by American Association of Zoo Veterinarians 

FATAL MYCOTIC DERMATITIS IN CAPTIVE BROWN TREE 
SNAKES (BOIGA IRREGULARIS) 

Donald K. Nichols, D.V.M., Robbin S. Weyant, Ph.D., Elaine W. Lamirande, B.S., 

Lynne Sigler, M.Sc, and Robert T. Mason, Ph.D. 

Abstract: Cutaneous fungal infections occurred in four captive brown tree snakes (Boiga irregularis). The ventral 

scales were most commonly affected, and lesions began as areas of erythema and edema with vesicle formation, 
followed by development of caseous brown plaques. Lesions usually started where ventral scales overlapped and spread 

rapidly. All snakes died within 14 days after clinical signs were first noted. The deaths of three of the snakes were 

directly attributable to the cutaneous disease; the other snake died from renal failure and visceral gout, most likely 
induced by gentamicin therapy. Histologically, lesions consisted of epidermal hyperplasia and hyperkeratosis, with foci 

of epidermal necrosis, intraepidermal vesicle formation, and subacute inflammation of the underlying dermis. These 

lesions were associated with bacteria and numerous septate, branched fungal hyphae within the epidermis and overlying 
serocelluar crusts. Hyphae that penetrated through the superficial surface of the epidermis often formed terminal ar 

throconidia. The same species of fungus was isolated in pure culture from the skin of three snakes, but fungal cultures 

were not performed on samples from the fourth snake. The fungus has been identified as the Chrysosporium anamorph 
of Nannizziopsis vriesii based on its formation of solitary dermatophytelike aleurioconidia and alternate and fission 

arthroconidia. The source of the fungus in this outbreak was not determined; however, the warm, moist conditions 

under which the snakes were housed likely predisposed them to opportunistic cutaneous fungal infections. 

Key words: Brown tree snake, Boiga irregularis, dermatitis, fungus, Chrysosporium, Nannizziopsis vriesii. 

INTRODUCTION 

Superficial fungal infections of the skin have 
been reported in a wide variety of captive rep 

tiles.4 -na4,i8,2o,2i,24,26-28 Snakes appear to be especially 

susceptible, and in most cases, the infections are 

considered secondary to poor husbandry and/or de 

bilitation from other diseases.468101418 Several dif 

ferent fungi have been isolated from snakes with 

cutaneous mycoses, including species in the genera 

Aspergillus, Candida, Chrysonila (Monilia), Fusar 

ium, Geotrichum, Oospora, P?nicillium, Trichoder 

ma, Trichophyton, and Trichosporon.41SWMl8202124 

However, the significance of their isolation is often 

difficult to evaluate because several of these fungi 

(e.g., Fusarium) are rapidly growing organisms that 

are common in the environment and could colonize 

damaged skin or overgrow other fungi in primary 
isolation. 

Cutaneous infections caused by true dermato 

phytes are rare in snakes and other reptiles.4821 In 

one report, Tricophyton mentagrophytes was iden 

tified as the cause of dermal lesions in a ball py 

thon.8 Others have identified soil-associated species 

including T. terrestre from normal scales of a boa 

constrictor (Boa constrictor)4 and Chrysosporium 

species from nodular subcutaneous lesions in a corn 

snake (Elaphe gutatta gutatta).3413 The Chryso 

sporium anamorph of Nannizziopsis vriesii2 Curran 

was recently identified as the cause of cutaneous 

mycosis in three species of chameleons.21 Here, we 

describe an outbreak of fatal mycotic dermatitis in 

a colony of captive brown tree snakes (Boiga ir 

regularis) caused by this same fungal species. 

CASE REPORT 

In 1989, a colony of 12 (two male, 10 female) 
adult brown tree snakes was established at the Na 

tional Institutes of Health (NIH) as part of a re 

search project to study the cutaneous lipids of this 

species and their relation to brown tree snake re 

productive behavior. These snakes had been col 

lected from the wild on the island of Guam and 

transported to NIH. The snakes were housed singly 
or in pairs in specially designed Plexiglas cages.16 

The bottoms of the cages were lined with paper 

towels, which were changed weekly. Small tree 

branches collected from several species of trees 

growing around NIH were placed within the cages 

to afford climbing opportunities for the snakes. 

Glass water bowls and hiding boxes made from 
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plastic drawer liners (Rubbermaid, Wooster, Ohio 

44691, USA) were also provided. Water was 

changed in the water bowls every 2-3 days. Cages 

and all their contents were completely cleaned and 

disinfected every 4 wk using hot water and an io 

dinated cleanser (Betadine 10%, Purdue Frederick 

Co., Norwalk, Connecticut 06850, USA). 

Because brown tree snakes are a tropical species, 
room air flow was intentionally limited (<10 room 

air exchanges/hr) to help maintain conditions of rel 

atively high temperature and humidity. Room tem 

perature was maintained at 25-30?C and room hu 

midity was kept at 75-80%. The interior of each 

cage was also sprayed once or twice daily with a 

fine mist of water to further increase the relative 

humidity. 

Snakes were offered a meal of freshly killed lab 

oratory mice every 2 wk, and the snakes appeared 
to remain healthy for the first 11 mo in captivity. 

Once every 2-3 mo during this time, the snakes 

were anesthetized with methohexital (Brevital, Eli 

Lilly and Co., Indianapolis, Indiana 46285, USA; 
10 mg/kg s.c), and the outer layers of skin lipids 

from each snake were extracted into liquid hexane 

and later analyzed using gas chromatography/mass 

spectrometry to assay for the presence of cutaneous 

sex pheromones. Lipid extractions were performed 

using procedures as previously described.15172223 

The head and cloacal region of each snake were 

held out of the liquid, and the midbody was swirled 

through the hexane for approximately 10 sec; the 

snakes were then dried off with a paper towel and 

returned to their cages. 

Over an approximately 4-wk period in February 

March 1990, four brown tree snakes were affected 

with a rapidly progressing cutaneous mycosis. The 

first two affected snakes (1 and 2) were housed to 

gether. Snakes 3 and 4 were housed singly in cages 

that were not directly adjacent to each other or to 

that of snakes 1 and 2. The locations of the three 

cages in which the affected snakes were housed ap 

peared to be random within the snake colony room. 

Clinical signs in all snakes began with focal to 

multifocal erythema and edema of the ventral 

scales, often accompanied by the formation of cu 

taneous vesicles filled with clear to cloudy serous 

fluid. Vesicles ruptured and/or were replaced by 

raised brown caseous plaques. This caseous mate 

rial could be peeled from the skin with the super 

ficial layers of keratin; the underlying epidermis of 

ten was dry and necrotic. Scattered foci of dermal 

hemorrhage were also present. Lesions usually be 

gan where ventral scales overlapped and then 

spread rapidly, affecting up to 50% of a snake's 

ventral surface. Skin lesions in snake 2 were de 

tected 3 days after they were first noted in snake 1. 

Cutaneous lesions in snake 3 were initially seen 6 

days after snakes 1 and 2 had died. The lesions in 

snake 4 were detected the day after snake 3 was 

found dead. 

Lesions in snakes 1 and 2 were treated daily with 

topical applications of povidone-iodine ointment 

(Prodine Ointment, Phoenix Pharmaceutical, St. Jo 

seph, Missouri 64506, USA). Because the lesions 
were initially suspected to be caused by bacterial 

infections, these snakes also were given 2.5 mg/kg 
i.m. of gentamicin sulfate (Gentocin, Schering 

Plough Animal Health, Kenilworth, New Jersey 
07033, USA); the antibiotic treatment was repeated 
5 days later. Snake 3 was also treated daily with 

topical povidone-iodine ointment but was not given 

gentamicin. The fourth snake was not treated. 

All affected snakes died 3-14 days after the on 

set of clinical signs, and a complete necropsy was 

performed on each animal. Gross lesions in the skin 

of each snake consisted primarily of the previously 

described raised brown caseous plaques on and be 

tween the ventral scales (Fig. 1) with erythema, 

hemorrhage, and/or necrosis of the underlying tis 

sues. In some of these foci, fine white granular to 

powdery material was present along the surface of 

the plaques between scales (Fig. 1). Snake 1 also 

had swollen, pale tan kidneys and moderate 

amounts of chalky white material covering the epi 
cardium and internal surface of the pericardium; 
similar white material was present within the sub 

cutis and was scattered over the serosal surfaces of 

most coelomic organs. Several firm, yellow-brown, 

degenerate follicles were present in the ovaries of 

snake 2. Internal organs of snakes 3 and 4 were 

grossly unremarkable. 

Postmortem specimens of skin and other organs 

were collected for bacterial and/or fungal cultures. 

Representative samples of all major organs were 

fixed in 10% buffered formalin and processed rou 

tinely for histopathologic evaluation. 

Aerobic and anaerobic bacterial cultures of the 

lung, peritoneum, and stomach from snake 1, lung 

and ovary from snake 2, and heart blood from 

snake 3 were negative; cultures of liver from snake 

4 grew Pseudomonas aeruginosa. Bacterial cultures 

of the skin grew a Clostridium sp. and a Flavobac 

terium sp. from snake 1, Enterobacter cloacae, 

Escherichia coli, and an alpha-hemolytic species of 

Streptococcus from snake 3, and P. aeruginosa 

from snake 4. 

Samples of skin from snakes 1, 3, and 4 inocu 

lated onto inhibitory mold agar (Remel, Lenexa, 

Kansas 66215, USA) for routine fungal culture 

yielded pure cultures of the same filamentous mold 

This content downloaded from 129.128.216.34 on Wed, 4 Feb 2015 13:52:33 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


NICHOLS ET AL?MYCOTIC DERMATITIS IN BROWN TREE SNAKES 113 

Figure 1. Brown tree snake (Boiga irregularis) with 

cutaneous mycosis. Snake is in dorsal recumbency. Note 

dark plaques along ventral surface of the head and be 

tween ventral scales (arrows). Granular white material is 

also present between some scales (arrowheads). 

provisionally identified as a species of Trichospo 
ron or Geotrichum because of its development of 

arthroconidia. A subculture of one isolate was sub 

mitted to the University of Alberta Microfungus 
Collection and Herbarium (UAMH, deposited as 

UAMH 6642). Based on similar growth character 

istics and morphology, the snake isolate was rec 

ognized as belonging to a group of fungi previously 
isolated from skin lesions in lizards and other snake 

species for which the name Chrysosporium ana 

morph of N. vriesii has been used.21 The brown tree 

snake isolate was compared with other isolates by 

growing them on several different media under a 

variety of conditions commonly used for the iden 

tification of dermatophytes and similar fungi.1221 
Colonies of the isolate (Fig. 2) on Sabouraud glu 
cose agar (Difco Laboratories, Detroit, Michigan 

48232-7058, USA) and Mycosel agars containing 
cycloheximide at 400 u.g/ml (Becton Dickinson Mi 

crobiology Systems, Cockeysville, Maryland 

21030, USA) were moderately fast growing (3.5-4 

Figure 2. Colonies of Chrysosporium anamorph of 

Nannizziopsis vriesii (UAMH 6642) after 35 days at 25?C. 

Top: Sabouraud glucose agar; bottom: mycosel agar. 

cm in 5 wk at 25?C), yellowish white to pale yel 

low, velvety to powdery, and slightly zonate. In 

slide culture preparations,12 solitary conidia (aleu 

rioconidia) 4-6 u.m long and 2-3 u,m wide were 

produced on the sides of fertile hyphae or at the 

ends of short stalks (Fig. 3). Cylindrical arthroco 

nidia (Fig. 4) 3.5-13 (xm long and 2-3.5 u,m wide 

were formed in chains by the fragmentation of hy 

phae; occasionally arthroconidia were separated by 

empty cells (alternate arthroconidia). Although both 

conidial types were usually present, arthroconidia 

Figure 3. Slide culture preparation of fungus from a 

brown tree snake, showing pyriform or club-shaped co 

nidia formed on branched hyphae (UAMH 6642). X430. 
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Figure 4. Slide culture preparation of fungus from a 

brown tree snake, showing lateral branches fragmenting 
to form arthroconidia and undulate lateral branch (arrow) 

(UAMH 6642). X430. 

predominated under certain cultural conditions. An 

other characteristic feature was the presence of un 

dulate (wavy), sparsely septate lateral branches that 

fragmented to form arthroconidia (Fig. 4). The 

brown tree snake isolate was most similar in phys 

iological features to an isolate (UAMH 6218) from 
a captive corn snake. Both isolates differed from 

other isolates of the Chrysosporium anamorph of 

N. vriesii in demonstrating no urease activity and 

no clearing of milk solids on bromcresol-purple 
milk solids-glucose agar.1221 

Histologically, lesions in the skin of all four 
snakes consisted of multifocal epidermal hyperpla 
sia and hyperkeratosis of the ventral scales, often 

accompanied by epidermal degeneration, necrosis, 

and the formation of intraepidermal vesicles filled 

with protein-rich fluid. These changes were most 

severe at junctions between the ventral scales and 

on the underside of overlapping scales (Fig. 5). 

Crusts composed of serum and cellular debris usu 

ally covered these lesions (Figs. 5, 6). Aggregates 

of bacillary and coccoid bacteria and numerous 

fungal hyphae were located within serocellular 

crusts and hyperkeratotic layers of epidermis; fungi 

often extended deep into the epidermis (Fig. 7). 

Fungal hyphae were septate, irregularly branched, 

and 1.5-3.5 urn wide (Fig. 7). In some lesions, 

multiple rectangular to oval arthroconidia, 1.5-3.0 

|xm wide and 2.5-8.0 u.m long, were located at the 

ends of hyphae (Fig. 7); these areas of arthroconid 

ia were correlated with the white powdery areas 

seen grossly. Infiltrates of low to moderate numbers 

of lymphocytes, plasma cells, macrophages, and 

fewer heterophils were present in the dermis and 

multifocally extended into the overlying epidermis. 

Occasional fibrin thrombi were located within small 

blood vessels in the liver of snake 3, liver and kid 

ney of snake 4, and multiple organs in snake 1. 

Acute renal tubular necrosis was present in snake 

1, with precipitation of urate crystals surrounded by 

heterophils and macrophages in multiple organs, in 

cluding kidney, liver, spleen, pericardium, and sub 

cutis. No other significant lesions were noted in 

these snakes. 

DISCUSSION 

The cutaneous lesions present in these snakes 

consisted of exudative and proliferative epidermitis 

with hyperkeratosis, epidermal necrosis, and sub 

acute dermatitis and were associated with superfi 

cial fungal and bacterial infections. Several differ 

ent species of bacteria were isolated from the skins 

of these snakes, and the bacteria in histologie sec 

tions differed in morphology from lesion to lesion. 

However, the fungi present in the lesions had a uni 

form morphology, and the same fungus was isolat 

ed in pure culture from the skin of each animal 

cultured, suggesting that this fungus was a consis 

tent and important pathogen. 

Grossly, the lesions in these brown tree snakes 

resembled those reported in several other species of 

snakes with superficial fungal infections.478101118 

However, in most of the other reported cases of 

fungal dermatitis in snakes, the clinical course of 

the disease was more prolonged, and in several in 

stances infections were successfully treated through 
a combination of improved husbandry and topical 

application of antifungal creams.81024 Povidone-io 

dine ointment was applied topically to the lesions 

of three of the snakes, primarily to treat suspected 

bacterial infections, but did not have any apparent 

effects on the fungi. Likewise, systemic gentamicin 

administration did not appear to affect progression 
of the skin disease in snakes 1 or 2. 

The deaths of snakes 2, 3, and 4 were directly 

attributed to the exudative skin disease. Breakdown 

of the normal cutaneous barrier caused a combi 

nation of body fluid and electrolyte loss through the 

damaged skin; fungal and/or bacterial toxemia may 
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Figure 5. Ventral skin from a brown tree snake with mycotic dermatitis. The epidermis where scales overlap is 

covered by a thick aggregate of serum, keratin, and degenerate cells. H&E, X48. 

Figure 6. Ventral skin from a brown tree snake with mycotic dermatitis. Higher magnification of Figure 5. A tuft 

of fungal arthroconidia (arrow) is present superficially on this serocellular crust beneath the scale; these arthroconidia 

are the granular material noted grossly in Figure 1. H&E, X120. 
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Figure 7. Brown tree snake skin with numerous septate, irregularly branching fungal hyphae extending deep into 

the epidermis. Aggregates of arthroconidia are present along the surface (arrows). Grocott's methenamine silver, X240. 

have also been factors. Isolation of Pseudomonas 

aeruginosa from the skin and liver of snake 4 sug 

gests that terminal septicemia may have developed 
in this snake secondary to cutaneous infection, al 

though postmortem overgrowth of cultures by this 

ubiquitous bacterial species could not be ruled out. 

The cutaneous disease was also significant in snake 

1; however, renal tubular necrosis leading to acute 

kidney failure and visceral gout was the cause of 

death in this snake. The renal lesions were consis 

tent with those seen in snakes with gentamicin tox 

icity;19 fluid loss from the damaged skin probably 
exacerbated the toxic effects of the gentamicin ther 

apy. The presence of intravascular fibrin thrombi in 

the internal organs of snakes 1, 3, and 4 indicates 

that terminal disseminated intravascular coagula 
tion (DIC) also occurred. DIC may be elicited by 

many causes; extensive cutaneous tissue damage, 

hypovolemia, shock, toxemia, and/or septicemia 
could have been factors in development of DIC in 
these snakes. 

The rapid progression and histopathologic fea 

tures of the disease in these brown tree snakes re 

semble those previously reported in an outbreak of 

Geotrichum candidum infection in carpet snakes 

(Morelia spilotes variegata)}% Similar skin lesions 

in snakes and lizards have been attributed to G. 

candidum2027 or Oospora,w a genus name some 

times applied to a fungus forming arthroconidia.25 

The fungus isolated from the brown tree snakes was 

thought initially to be a species of either Geotri 

chum or Trichosporon because of its propensity to 

form arthroconidia but was later shown to be sim 

ilar to a group of isolates identified provisionally 
as N vriesii (L. Sigler, unpubl. data). This group 

includes three isolates cultured from cutaneous le 

sions in chameleons21 and isolates from cutaneous 

lesions in a royal python (Python regius; UAMH 

6688), a subcutaneous nodule in a corn snake 

(UAMH 6218), and a "Madagascar lizard" (lizard 

species and site of lesion not listed; UAMH 6610). 
The reptilian isolates were grown on several media 

at 30?C and under a variety of other conditions; 

however, no sexual reproduction could be induced, 

thereby hindering their definitive identification. 

Nannizziopsis vriesii is a sexually reproductive 

species (Ascomycotina, Onygenales) isolated orig 

inally from skin and lungs of a lizard (Ameiva 

sp.).2 
2I 

One isolate from soil is also known (UAMH 

3526). Nannizziopsis vriesii forms sexual fruiting 
bodies (ascocarps containing ascospores) on nutri 

ent-poor medium at 30?C. It also forms an asexual 

(mitotic) stage considered typical of Chrysospo 
rium, consisting of solitary conidia (aleurioconidia) 

and arthroconidia. 

Our findings and those of others21 suggest that N 

vriesii readily infects reptilian tissues and may be 

involved in deep mycosis.221 This fungus common 
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ly forms arthroconidia in addition to aleurioconidia. 

Because of this morphologic variability, this fungus 
could be confused with G. candidum or some spe 

cies of Chrysosporium or Trichophyton.21 Some of 

the cutaneous or subcutaneous infections of reptiles 

reported to be due to these fungi13581013182? may 

actually be due to N. vriesii, but attempts by one 

of us (LS) to obtain representative isolates for com 

parison have been unsuccessful. 

The source of the fungus in this outbreak is un 

known. Immediately following the death of snake 

4, all cages in the brown tree snake colony were 

completely cleaned and disinfected with Betadine 
and sodium hypochlorite bleach (Clorox, Clorox 

Co., Oakland, California 94612, USA), and the 

cage tree branches were discarded and replaced 
with new ones. The floor, walls, and ceiling of the 

room in which the snake colony was housed were 

also scrubbed with Betadine and bleach. Approxi 

mately 4 wk later, sterile cotton swabs were used 

to sample the ventral scales and cloacas of three 

surviving brown tree snakes, the cages of the dead 

snakes, and the colony room air vents; these swabs 

were inoculated onto fungal medium but failed to 

grow N. vriesii (R. Weyant and D. Nichols, unpubl. 

data). 

As with most cutaneous mycoses in snakes, the 

infections in the brown tree snakes appeared to be 

opportunistic. The warm, moist conditions under 

which the snakes were kept were ideal for fungal 

growth. Daily misting of the snake cages kept the 

cage floors damp for most of the time each day; 

prolonged contact of the snakes' ventral scales with 

wet paper towels likely caused softening of the out 

er keratinized layers of skin, which then led to de 

creased resistance to epidermal colonization by 
bacteria and fungi. Once the fungal infections be 

came established, they spread quickly on the af 

fected snake. Arthroconidium production by the 

fungi probably aided the rapid transmission of the 

organisms within a cage and perhaps between cag 
es. 

Three weeks prior to the onset of this outbreak, 

lipids were extracted from the outer layers of skin 

of these snakes. This process may have altered the 

composition of the cutaneous layers and further 

predisposed the snakes to mycotic invasion. Cuta 

neous lipid extraction into hexane is a well-estab 

lished procedure that has been performed on sev 

eral species of reptiles without any associated prob 
lems.15172223 Only surface lipids are removed, and 

there is no evidence that the hexane penetrates in 

ternal organs.2223 Since the outbreak described in 

this report, skin lipids have been extracted numer 

ous times from the surviving brown tree snakes and 

there has been no recurrence of the cutaneous my 

cosis (R. Mason, unpubl. data). 

As these cases illustrate, superficial fungal infec 

tions can have a significant impact on collections 

of captive snakes. Under conditions that promote 

fungal growth and/or increase a snake's suscepti 

bility to fungal colonization, these cutaneous infec 

tions can spread quickly and may be fatal. The fun 

gus involved in this outbreak, the Chrysosporium 

anamorph of Nannizziopsis vriesii, may be a more 

significant pathogen of reptiles than has been pre 

viously recognized. 
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