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Abstract: Besides other pathogens, the chytrid fungus Batrachochytrium dendrobatidis has been considered the main 

etiologic agent that causes chytridiomycosis and associated with amphibian die-offs. Chytrid fungus was first described in 

a living specimen of a Physalaemus signifer population (Anura, Leiuperidae), a common frog in natural environment in 

Rio de Janeiro, Brazil. The P. signifier integument is formed by a poorly keratinized epidermis supported by a dermis, 

which is subdivided into a spongious and compact layers. The granular and mucous glands are located in the spongy 

dermis. Although P. signifer showed no macroscopic lesions, microscopic analysis revealed hyperkeratosis (epidermal 

disruptions associated with thickening of horny layer), and some oval to spherical sporangia in the horny layer. The 

occurrence of chytrid fungus indicates that this pathogen is still active in Brazilian anurans and can be spreading. 

Considering the few sporangia in the epidermis and the strong epidermal disruption, the results suggest that the 

integument lesion occurs before the colonization by the chytrid fungus. Thus, the chytrid may be an opportunist fungus 

and not the main cause of amphibian decline. 
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 In the past 25 years dramatic declines in amphibian popu-
lations have been reported all over the world [1-3]. Although 
natural population fluctuations (including amphibians) are 
not unusual, the general decline in amphibians – even in  
protected areas - is persistent and represents a real threat to 
biodiversity [3]. A number of factors, including destruction 
and modification of habitat, over-exploitation, and water-borne 
pollution, introduction of xenofauna, climate changes, and 
diseases are implicated as causes of amphibian decline [1, 2]. 

 Four important pathogens have been identified in 
amphibian populations that can infect the integument. The 
chytrid fungus, Batrachochytrium dendrobatidis, has been 
associated with recent amphibian die-offs [2, 4-8]. A second 
fungus, Basidiobolus ranarum, has been isolated from 
clinically ill individuals from declining populations of Bufo 
baxteri [9-13]. A third pathogen is an iridovirus, a lethal 
virus from the tiger salamander Ambystoma tigrinum 
stebbinsi [14, 15]. A fourth pathogen associated with 
amphibian declines is the “red leg” bacterium Aeromonas 
hydrophila isolated from wild-caught frogs and tadpoles of 
Rana pipiens [16]. 

 The chytridiomycosis has been characterized through 
cutaneous lesions, resulting in hyperkeratosis which together 
with the fungal plaques causes death by preventing cutane-
ous respiration [17, 18].  

 Chytridiomycosis in amphibians was diagnosed in Africa 
[19, 20], Australia [4], Europe [21], North America [22],  
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Central America [5, 23], and South America [18, 24].  
Although the chytrid fungus has been identified only in  
amphibian collections in Brazil [25], this fungus has not 
been demonstrated in living anurans. Thus, this work  
intended to identify the chytrid fungus in frogs living thewild. 

 Three adult males of Physalaemus signifer (Girard, 1853) 
with an average weight of 1.3g and average length of 2.8cm 
were collected next to Reserva Biológica do Tinguá (Nova 
Iguaçu, Rio de Janeiro State) (license no. 128/05 – 
IBAMA/RAN). For the light microscopic (LM) analysis, 
integument fragments of the body ventrolateral region near 
the inguinal glands were fixed with 10% buffered formalde-
hyde, processed according to standard histological tech-
niques for paraffin embedding, and 5 m thick serial slices 
were stained with haematoxylin-eosin (HE) and Gomori´s 
trichrome [26]. Periodic acid Schiff (PAS) staining was  
employed to diagnose of chytridiomycosis, as recommended 
by Berger et al. [27].  

 Histological observations of the integument showed a 
normal anuran morphology, i.e., the integument is formed by 
an epidermis and a dermis supported by a thin hypodermis. 
The epidermis is formed by four cellular layers (Fig. 1). The 
outmost layer, the horny layer, is composed by a thin layer 
of keratinized cells where nuclear profile is still visualized, 
and so, the epidermis is a parakeratinized stratified 
squamous epithelium. The dermis is subdivided into a 
spongious layer of loose connective tissue rich in blood  
vessels and a compact layer formed by collagenous fibers 
arranged compactly in a criss-crossed manner (Fig. 1).  
Pigmented cells and mucous and granular glands occupy 
almost the entire spongious dermis. Between the spongious 
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and compact layers a poorly developed basophilic layer 
(Eberth-Katschenko layer) is observed. As a result, the struc-
ture of the Physalaemus signifer integument is similar to 
other anurans as reported by other investigators [28-33]. 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Normal morphology of the integument. Note the epidermis 

(E) supported by the dermis. Note granular (G) and mucous (MG) 

glands in the spongious dermis. CD = compact dermis; V = blood 

vessel in the hypodermis. Bar = 0.05 m. Gomori´s trichrome  

staining. 

 

 Although the external surface of the P. signifer integu-
ment had no evidence of cutaneous lesions, light microscopy 
revealed significant epidermal disruptions are near the ingui-
nal glands. The epidermal morphology is completely  
destroyed, the number of epidermal cellular layers is  
increased, and the outmost layer is sloughed off. The epi-
dermal lesions exhibit marked thickening of horny layer  
(hyperkeratosis) (Fig. 2). Deeper epidermal changes are  

observed and consist of moderate morphological disruption 
of intermediary and basal layer. Few immature sporangia are 
visualized by HE-staining (Figs. 2, 3 and 5) in the outmost 
layer of the epidermis and exhibit PAS-positive reaction 
(Fig. 4). The occurrence of oval to spherical sporangia in the 
horny layer associated with hyperkeratosis provides the  
positive diagnosis of chytridiomycosis.  

 

 

 

 

 

 

 

 

 

Fig. (3). The epidermis morphology is destroyed. A single chytrid 

( ) appears on the horny layer, possible representing the initial 

infection stage. Bar = 0.02 m. HE staining. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). The immature sporangia exhibit PAS-positive reaction 

( ) in the outmost layer of the epidermis. Bar = 0.02 m. PAS 

staining. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Note sporangia in the epidermis (E). Bar = 0.02 m. HE 

staining. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Section of the integument with focal hyperkeratosis and 

the epidermis has heavily destroyed morphology. Note marked 

thickening of horny layer and a sporangium ( ). E = epidermis; 

SD = spongious dermis. Bar = 0.02 m. HE staining. 
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 This work provides the first record of the chytrid fungus 
in living frogs in Brazil. In these individuals, the degree of 
infection was not severe, and the animals did not exhibit 
external lesions characteristic of advanced disease. P. 
signifer were apparently healthy when they were captured. 
According to some authors, the frogs Taudactylus 
eugellensis [34] and Litoria wilcoxii [35] appear to be a 
vector and reservoir of the fungus, since they have fungus 
sporangia in the integument but do not exhibit severe 
cutaneous lesions. Furthermore, the authors commented that 
in the natural environment they appear to be living as healthy 
frogs.  

 In South America, this fungus has previously been found 
in Uruguay in captive bullfrogs (Lithobates catesbeianus) 
[7], and in Argentina in Leptodactylus ocellatus [18]. Brazil 
however, in, the chytrid fungus until now only has been 
identified in preserved anuran specimens from zoological 
collections: Colostethus olfersioides from Nova Iguaçu  
(Reserva Biológica do Tinguá, RJ), collected in 1981,  
Bokemannohyla gouvai from Itamonte (Parque Nacional de  
Itatiaia, Brejo da Lapa, MG), collected in 2005, Hypsiboas  
freicnecae from Jaqueira (Reserva Particular do Patrimônio  
Natural Frei Caneca, PE), collected in 2001, Crossodactylus  
caramaschii from Apiaí (SP), collected in 2003, Toropa  
miliaris from Peruíbe (Estação Ecológica Juréia-Itatins, SP),  
collected in 1998 [25]. However, no histological sections  
indicative of chytridiomycosis were shown. 

 Only few sporangia of the chytrid fungus in the epider-
mis of wild P. signifer were visualized in association to 
strong epithelial disruptions with characteristic of hyperkera-
tosis. This morphological evidence suggests that the integu-
ment lesion occurs before the chytrid fungus colonizes the 
epidermis.  

 Is well know that stratospheric ozone is Earth´s natural 
protection for all life forms, shielding our planet from 
harmful ultraviolet-B (UV-B) radiation, which causes skin 
cancer, cataracts and immune suppression both in wild 
animals and in humans [36-38].  

 The keratosis, as a pathological condition in which the 
natural immunity of the organism is depleted, is usually in-
duced by sun exposure [39] and, in humans, is characterized 
by dysplastic epidermal lesions that can involve the dermis. 
If an amphibian has a cutaneous lesion, probably caused UV 
radiation, an opportunist fungus (as chytrid fungus) can 
break the horny layer and replicate in the epithelial cells. 
Thus, infection may spread from integument to the entire 
body causing death.  

 While chytridiomycosis has been reported as the main 
cause of amphibian mass mortality associated with popula-
tion declines [2], the origin of this virulent pathogen is  
unknown. It is mentioned that the chytrid fungus colonizes 
keratinized epithelium of adult amphibians [5, 6]. According 
to Rollins-Smith and Conlon [40], the ability of this fungus 
to replicate in the outermost layer some distance away from 
the vascularized layers of the integument may protect the 
pathogen from the cells of the immune system (antigen  
presenting cells, B and T lymphocytes). 

 Thus, the chytrid fungus may be an opportunist pathogen 
that can parasitize the anuran integument. In addition, the 
presence of the chytrid fungus in P. signifer also suggests 

that this frog can survive a low level of the disease, and the 
fungus may be spreading throughout the environment. 

 Since P. signifier is a common frog in natural environ-
ment in Rio de Janeiro, Brazil, further studies are necessary 
in order to establish if this frog represents a natural reservoir 
and/or is a vector of the chytrid fungus. Research is also  
necessary to investigate the possible infection of other  
anuran species within the same local community. 

 Although the study points out that chytrid fungus is the 
pathogen that causes amphibian death, our results led us to 
consider the possibility that the chytrid fungus is not the 
main agent responsible for the amphibian death. Further-
more, due to the depleted immunity caused by keratosis, the 
chytrid fungus can infect the integument and cause the 
disruption of normal homeostasis. Thus, the amphibian 
declines can be caused by the hyperkeratosis that becomes 
the integument barrier less efficient. This integumentary 
disruption may be due to global changes caused by the UV-
ray increase, and only making and enforcing of laws by all 
Governments around the World can prevent people and 
animals from the UV-rays and other harmul environmental 
agents.  

 Since the first Global Environment Summit in 1992, 
national strategies are now generally in place to integrate 
plans for conservation management within and between 
industrial sectors and communities to meet appropriate 
environmental, economic and social objectives. The goal is 
to provide the principles and tools to soften the clash 
between Earth’s ability to sustain life and the effects of its 
human occupancy. This means developing methods for 
biological conservation management together with 
organization of softer technology for production (natural 
economy) as well as ‘green’ legislative actions. 
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