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ABSTRACT 

 

Boids are large, constrictor snakes that feed mostly on mammals, reptiles, and birds. These animals are 

commonly raised as pets, and their improper handling can favor the emergence of fungal infections, 

which can lead to dermatological diseases that are undiagnosed in nature. Here, we isolate and identify 

the filamentous fungi that compose the mycobiota of the scales of boid snakes kept in captivity at the 

Biological Museum of the Butantan Institute. Thirty individuals of four species were evaluated: four 

Eunectes murinus, twelve Boa constrictor constrictor, seven Corallus hortulanus, and seven Epicrates 

crassus. Microbiological samples were collected by rubbing small square carpets on the snake scales. We 

isolated five genera of fungi: Penicillium sp. (30%), Aspergillus sp. (25%), Mucor sp. (25%), 

Acremonium sp. (10%), and Scopulariopsis sp. (10%). Approximately half of the snakes evaluated had 

filamentous fungi on the scales, but only 12% of the individuals were colonized by more than one fungal 

genus. We found no dermatophytes in the evaluated species. Our results provide an overview of the 

fungal mycobiota of the population of boids kept in the Biological Museum, allowing the identification of 

possible pathogens. 
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RESUMO 

 

Boidae são serpentes grandes e constritoras, que comem normalmente mamíferos, répteis e aves. São 

comumente criadas como animais de estimação, e seu manuseio inadequado pode favorecer infecções 

fúngicas emergentes, as quais podem causar doenças dermatológicas que não são diagnosticadas na 

natureza. Foram isolados e identificados os fungos filamentosos da microbiota das escamas das 

serpentes Boidae mantidas em cativeiro no Museu Biológico do Instituto Butantan. Trinta indivíduos de 

quatro espécies foram avaliados: quatro Eunectes murinus, 12 Boa constrictor constrictor, sete Corallus 

hortulanus e sete Epicrates crassus. As amostras microbiológicas foram coletadas por fricção, em 

pequenos quadrados de carpete das escamas das serpentes. Isolaram-se cinco gêneros de fungos: 

Penicillium sp. (30%), Aspergillus sp. (25%), Mucor sp. (25%), Acremonium sp. (10%) e Scopulariopsis 

sp. (10%). Aproximadamente metade das serpentes avaliadas tinham fungos filamentosos nas escamas e 

apenas 12% dos indivíduos foram colonizados por mais de um gênero. Não foram encontrados 

dermatófitos nas espécies avaliadas. Os resultados mostraram uma visão geral da microbiota fúngica da 

população de boídeos mantidos no Museu Biológico, o que permitiu a identificação de possíveis 

patógenos. 
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INTRODUCTION 

 

Boids (family Boidae) are non-venomous, 

constrictor snakes that feed mostly on mammals, 

reptiles, and birds. Four genera of boids occur in 

Brazil: Eunectes, Boa, Epicrates, and Corallus. 

The green anaconda (Eunectes murinus) has 

semi-aquatic habits and occurs near banks of 

rivers and lagoons throughout Brazil. Green 

anacondas feed mostly on small to medium-sized 

mammals but may occasionally prey on larger 

mammals such as deer (Kolesnikovas et al., 

2007; Puorto and França, 2009). Because of their 

large size (up to 10m snout-vent-length [SVL]), 

green anacondas can pose dangers to humans 

(Rivas, 1998). Boa constrictor constrictor is 

commonly found in dry and mesic habits in 

Brazil. Females can reach up to 4m and males 

2.5m SVL. They exhibit semiarboreal habits and 

feed on mammals and birds (Amaral, 1973; 

Gomes et al., 1989). The species is viviparous, 

and females give birth to up to 50 young after a 

gestation period ranging from four to eight 

months (Wagner, 2006). The rainbow boa 

(Epicrates crassus) is also common in Brazil, 

except in the south of the country (Puorto and 

França, 2009). They are mostly found in areas 

with moist shaded soils but can also be seen on 

trees sheltering from floods or foraging for food. 

Rainbow boas are slow and aggressive (Amaral, 

1973). The tree boa (Corallus hortulanus) is 

widely distributed in South America, inhabiting 

mainly forest areas, but it can also be found in 

small urban centers. It is a nocturnal and arboreal 

species averaging 1.5m SVL (Henderson, 1992). 

 

Keeping these boid species in captivity is a 

complex task, as it requires experienced workers 

(to handle such large animals) and suitable 

temperature, humidity, and ventilation. Constant 

temperatures combined with high humidity 

levels contribute to the proliferation of several 

fungal species, and thus an increased risk of 

opportunistic infections (Campagner, 2011). 

 

Fungi are ubiquitous and can be parasitic, 

saprobic, or mutualistic. Most of them are 

saprophytes that cause opportunistic diseases in 

specific situations in various animal species, 

including reptiles (Schumacher, 2003). The fungi 

present in the mycobiota may become potentially 

pathogenic in debilitated hosts (Sá and Solari, 

2001). Nevertheless, snake mycobiota is poorly 

known, which makes diagnosis and treatment 

difficult especially under captive conditions 

(Pessoa, 2009). 

 

Fungal diseases occur throughout the world and 

have been reported in all reptilian groups, except 

in tuatara (Mader, 2006). Fungal infections can 

cause respiratory infections in snakes and lizards, 

leading to pneumonia and death (Schumacher, 

2003). Suitable husbandry makes domestic 

reptiles less susceptible to fungal diseases 

(Mader, 2006; Pessoa, 2009). The main factors 

responsible for the appearance of fungal 

infections include low temperature, deficient 

nutrition, high relative humidity, and 

immunological diseases (Frye, 1991). 

Opportunistic infections by filamentous and 

yeast fungi can also occur in cutaneous mycoses 

and systemic infections in reptiles (Mader, 

2006). The fungi most commonly identified in 

reptiles include Fusarium spp., Candida sp., 

Trichosporon sp., Mucor sp., Tricoderma sp., 

Geotrichum sp., Aspergillus sp., and Penicilium 

sp. (Hoppmann and Barron, 2007). Here, we 

identify the filamentous fungi that compose the 

mycobiota of the scales of boid snakes kept in 

captivity. 

 

MATERIAL AND METHODS 

 

The experiment was conducted at the Biological 

Museum of the Butantan Institute, São Paulo, 

Brazil, under the approval of the institute’s 

Animal Ethics Committee (approval number 

1348/14). 

 

We assessed 30 individual snakes from the 

collection of the Biological Museum of the 

Butantan Institute, São Paulo, Brazil. Snakes 

were kept in two different captive conditions. 

One group was kept for public display in terraria 

containing soil, plants, trunks, heaters, and 

lamps. This group consisted of four E. murinus, 

three B. constrictor, four C. hortulanus, and one 

E. crassus. Snakes of the second group were 

housed in plastic cages (40 × 30 × 28cm), with 

corrugated cardboard, water bowls, burrows, and 

trunks (only for C. hortulanus), in air-

conditioned rooms. These group consisted of 

nine B. c. constrictor, three C. hortulanus, and 

six E. crassus. The individual snakes assessed 

were either collected in nature or were born in 

captivity, quarantined, and healthy. The snake 

enclosures were cleaned twice a week. Cleaning 

of the terraria kept for public display involved 
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the removal of feces from the soil and 

disinfection with iodophor. The plastic boxes 

were washed with soap and water, disinfected 

with iodophor, and the cardboards were changed. 

 

Snakes were restrained with a snake hook and 

handled manually. Then a square of wool carpet 

of approximately 5 × 5cm (Mariat and Adam-

Campos, 1967) was rubbed on the entire back of 

the animal. The carpets were properly washed 

and autoclaved (120
o
C for 20min) before use to 

reduce the risk of contamination. After 

collection, the carpets were placed in styrofoam 

boxes containing recyclable ice and transported 

to the Laboratory of Preventive Veterinary 

Medicine of the Veterinary Complex of the 

Cruzeiro do Sul University (São Paulo).  

 

Once in the laboratory, samples were pressed 

against the surface of Petri dishes containing 

Sabouraud dextrose agar and Mycosel agar 

media and incubated in an oven at 25ºC for 21 

days. Petri dishes were inspected every three 

days. Once isolated, colonies were identified 

based on their macroscopic and microscopic 

morphological characteristics, as suggested by 

Riddell (1950) and Larone (1995). For this, we 

used the slide culture technique proposed by 

Porto et al. (1981), which consists of growing the 

pure isolate on a microscope glass slide with agar 

and a drop of methylene blue. Next, cardboards 

were coverslipped and examined under a light 

microscope. 

 

RESULTS 

 

We found filamentous fungi in 48.8% of the 

individual snakes evaluated. All species showed 

filamentous fungal infection. Eunectes murinus 

showed the highest fungal diversity followed by 

B. c. constrictor, C. hortulanus, and E. crassus 

(Table 1). We identified five different genera of 

filamentous fungi (Table 1; Figure 1, 2 and 3). 

All of the infected individuals had more than one 

filamentous fungus. We found no dermatophytes 

in the evaluated species. 

 

Table 1. Filamentous fungi identified in the scales of boid snakes kept in captivity 

Filamentous 

Fungi 

Snake species 

Total Eunectes 

murinus 

Boa constrictor 

constrictor 

Corallus 

hortulanus 

Epicrates 

crassus 

Penicillium sp. 3 2 1 0 6 

Aspergillus sp. 1 0 3 1 5 

Mucor sp. 2 3 0 0 5 

Acremonium sp. 1 1 0 0 2 

Scopulariopsis sp. 1 0 0 1 2 

Total 8 6 4 2 20 

 

 
Figure 1. Frequency of filamentous fungi found in boid snakes kept in captivity. 

 

0 

5 

10 

15 

20 

25 

30 

35 

Penicillium  Aspergillus  Mucor  Acremonium  Scopulariopsis  

Fungal genus 

F
re

q
u
en

cy
  



Freire et al. 

1096  Arq. Bras. Med. Vet. Zootec., v.71, n.4, p.1093-1099, 2019 

 
Figure 2. Cultures of filamentous fungi isolated from scales of boid snakes (Eunectes murinus) kept in 

captivity: A) Acremonium sp.; B) Aspergillus sp.; C) Mucor sp.; D) Penicillium sp.; and E) 

Scopulariopsis sp.  
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Figure 3. Microscopic morphology of conidias, the filamentous fungi isolated from the scales of boid 

snakes (Eunectes murinus) kept in captivity. A) Acremonium sp. (200× magnification); B) Aspergillus sp. 

(200× magnification); C) Penicillium sp. (400× magnification); and D) Scopulariopsis sp. (200× 

magnification). 

 

DISCUSSION 

 

Filamentous fungi were isolated from the scales 

of approximately half of the individuals 

evaluated, and they had more than one 

filamentous fungus. E. murinus and Boa c. 

constrictor had higher number and diversity of 

fungi in the scales likely because they were 

housed in terraria with direct contact with soil. 

Although more than half of the individuals of C. 

hortulanus were also housed in terraria with soil, 

these snakes spent most of their time on tree 

trunks, thus minimizing contact with the soil. 

Most of the individuals of E. crassus were 

housed in plastic boxes without soil and with a 

higher frequency of cleaning and substrate 

change, which likely explains the lower infection 

rate in this species. 

 

The filamentous fungi we identified are 

saprophytes and usually found in soil, animal 

feces, decomposing organic matter, and plants 

(Lacaz et al., 1991). These fungi have been 

reported as etiological agents of various diseases 

in humans and domestic animals (Fowler and 

Miller, 1999; Lacaz et al., 2002). Moreover, 

these fungi can cause disease in 

immunocompromised individuals and be lethal 

under unfavorable conditions (Lacaz et al., 

1991). Penicillium and Aspergillus are 

commonly found in the environment and 

associated with respiratory tract infections in 

birds and reptiles (Frye, 2007; Poester et al., 

2015). These fungi are often responsible for 

major economic losses and increasing threat to 

endangered or non-endangered animals (Hoog, 

2000; Lacaz et al., 2002). Mucor spp. are often 

implicated as the agent of zygomycosis or 

mucormycosis. These infections are commonly 

associated with hematologic diseases, diabetic 

ketoacidosis, and organ transplantation (Lacaz et 

al., 1991). The most frequent clinical 
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presentation is rhinocerebral mucormycosis, with 

or without pulmonary involvement. Pulmonary 

zygomycosis usually occurs in 

immunocompromised patients (Severo et al., 

2010). In reptiles, Mucor spp. have been found in 

cases of pneumonia (Frye, 2007) and considered 

pathogenic when found in histopathological 

examination of the skin (Mader, 2006). Our 

finding of Acremonium sp. in B. c. constrictor 

and E. murinus may be related to the presence of 

this fungus in the air of the city of São Paulo 

(Gambale et al., 1983). This fungus is widely 

distributed in nature, but no colonization or 

infection has been found in snakes. Similarly, 

Scopulariopsis sp. can also infect humans and 

many animals with compromised immune 

systems, but there are no reports of infection in 

snakes (Lacaz et al., 1991). 

 

CONCLUSIONS 

 

Filamentous fungi have low virulence but are 

opportunistic as they can lead captive snakes to 

contract life-threatening systemic infections. The 

prophylactic measures and lower contact with the 

soil in snakes kept in plastic boxes contributed 

significantly to the low frequency of fungal 

isolation in the individuals evaluated. Thus, we 

propose that prophylactic measures, such as 

systematic cleaning of the snake enclosures, are 

highly necessary to avoid fungal contamination 

in captivity.  
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