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INTRODUCTION

The chytrid fungus Batrachochytrium dendroba-
tidis (Bd), the causative agent of chytridiomycosis,
has been implicated in the widespread decline of
amphibian populations and is currently the greatest
pathogenic threat to amphibian biodiversity (Berger
et al. 1998, Daszak et al. 1999, Lips et al. 2006, Sker-
ratt et al. 2007, Young et al. 2007). From a conserva-
tion standpoint, many international organizations,
such as the International Union for Conservation of
Nature (IUCN), consider Bd to be an important
emerging pathogen of wild amphibians. Conse-

quently, these organizations are promoting the
Amphibian Ark project (ex situ conservation), which
aims to protect rare amphibians facing threats such
as Bd that cannot currently be mitigated in the wild
(Amphibian Ark 2011). For ex situ conservation, it is
important to establish safe and effective methods for
the detection and eradication of Bd.

Japan, which is located in the mid-latitudes and
has a temperate climate, has long been geologically
isolated from mainland Asia. This isolation has
resulted in a high diversity of amphibians, including
23 species in the order Urodela and 35 species in the
order Anura that are native to Japan. Of these spe-
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ABSTRACT: The purpose of this study was to establish a method for eradicating a chytrid fungus
(Batrachochytrium dendrobatidis; Bd) from the Japanese giant salamander Andrias japonicus.
The emerging agent (Bd) has a high rate of detection in this endangered amphibian species,
which is designated as a special natural monument in Japan. Four Japanese giant salamanders
with Bd confirmed by PCR assay were bathed in 0.01% itraconazole for 5 min d−1 over 10 succes-
sive days. PCR assays were conducted prior to treatment, on Days 5 and 10 of treatment, and on
Days 7 and 14 post-treatment. By treatment Day 5, all individuals tested negative for Bd and
remained negative until the end of the experiment. No side effects associated with itraconazole
were observed. The present method appears to be a safe and effective approach for Bd eradication
and may contribute to reducing the threat and spread of Bd among endangered amphibians.
Notably, this study represents the first reported Bd eradication experiment involving Japanese
giant salamanders.
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cies, 49 (84%) are endemic and 36 (62%) are listed as
threatened by the Japanese Ministry of the Environ-
ment (Ota 2000). In 2006, chytridiomycosis was con-
firmed for the first time in Asia when it was impli-
cated in the death of captive amphibians in Japan
(Une et al. 2008). A Bd survey among wild amphib-
ians conducted soon after this initial detection
revealed a high rate of infection among Japanese
giant salamanders Andrias japonicus (Goka et al.
2009), which have been designated as a special nat-
ural monument and are completely protected in
Japan, as are a number of their known habitats. A.
japonicus is also listed as a CITES Appendix I species
(Kaneko & Matsui 2004). The present study aimed to
establish a safe and effective method for eradicating
Bd in the Japanese giant salamander.

Although a number of methods for eradicating Bd
have been reported to date (Parker et al. 2002,
Woodhams et al. 2003, Forzán et al. 2008, Bishop et
al. 2009, Garner et al. 2009, Nichols & Lamirande
2009, Berger et al. 2010, Martel et al. 2011), most of
these reports have focused on anuran taxa. How-
ever, several groups have recently reported meth-
ods for treating chytridiomycosis in urodeles.
Among them is heat treatment for groups of hell-
benders (Wanner 2008, J. Briggler pers comm).
Here, we conducted Bd eradication experiments
following the method used in our successful treat-
ment of chytridiomycosis in the urodele Ambystoma
tigrinum (Tamukai et al. 2011).

MATERIALS AND METHODS

Four Japanese giant salamanders (average body
mass = 1318 g) that were naturally infected with Bd
were used in this study (Table 1). The salamanders,
which appeared to be in good health, were housed
individually in tanks containing freshwater in rooms
maintained at 15°C. Prior to treating the Bd infection,
swabs were collected from the ends of the animals’

toe tips and PCR assays for the detection of Bd were
performed in duplicate, as described below. As a pre-
liminary experiment, the following 7 areas on the
body of the giant salamanders were swabbed to
obtain the DNA samples for the nested PCR analysis:
(1) eye and mouth, (2) abdomen, (3) cloaca and tail,
and (4) tips of each of the 4 toes. Because the toe tips
showed the highest rates of Bd infection, this area
was selected for subsequent sampling in the main
experiment. Bd infection was treated using an aque-
ous solution of itraconazole prepared by diluting a
1% itraconazole oral solution (Janssen Pharmaceuti-
cal K.K.) with water from the tanks used to house the
salamanders, to a final concentration of 0.01%. Ani-
mals were placed into 700 × 800 mm plastic bags and
1000 ml of the drug solution was poured into each
bag, which was then gently agitated. The animals
were kept in the bags for 5 min to ensure that the
drug solution reached all parts of the body. One cor-
ner of the plastic bags was then cut to drain the drug
solution from the bag, before a larger cut was made
and the animals were gently returned to their tanks.
The Bd eradication protocol consisted of treatment
by immersion in the drug solution for 5 min once a
day for a total of 10 d. Fresh itraconazole solution was
made up for each individual animal on each day and
the solution was disposed of after use to reduce the
probability of spreading the infection. In addition,
the drug have been diluted, or altered.

Changes in clinical signs, including appetite, reac-
tion to irritation and skin pigmentation, were moni-
tored during the course of the itraconazole treatment,
and nested PCR assays were conducted to measure
the effectiveness of itraconazole treatment. Nested
PCR assays for Bd were performed using samples
isolated by swabbing the toe tips of salamanders with
cotton swabs and using a primer for the Bd internal
transcribed spacer (ITS) gene region, as described by
Goka et al. (2009). The nested PCR assays were per-
formed at 5 time points: pre-treatment, Days 5 and 10
during treatment, and Days 7 and 14 post-treatment.
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Animal no. Forefeet Hindfeet Pre-experiment (8 Jul) Post-experiment (15 Aug)
Right Left Right Left Length (cm) Body mass (g) Length (cm) Body mass (g)

1 ++ ++ ++ ++ 62 1450 64.3 1780
2 ++ ++ ++ ++ 56 1070 58.5 1500
3 − − ++ ++ 60 1450 60 1820
4 ++ ++ + ++ 59 1300 59.8 1420

Table 1. PCR test results (pre- and post-experiment) for the presence of Batrachochytrium dendrobatidis in the Japanese giant
salamander Andrias japonicus. Forefeet and hindfeet samples were taken from the toe tips. ++: Strong positive; +: positive;

−: negative
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RESULTS

The results of the PCR assay and the profiles of the
4 animals are shown in Table 1. All 4 of the animals
tested positive for Bd in the pre-treatment PCR tests,
and Bd was observed in samples of sloughed skin
collected from the toe tips before the beginning of
the fungus eradication experiment (Fig. 1). After the
fifth bath in the 0.01% aqueous itraconazole solution,
all of the samples (n = 16) tested negative for Bd and
remained negative until the final PCR assay was per-
formed at Day 14 post-treatment. The animals exhib-
ited normal vitality and appetite throughout the
treatment period, and all had gained mass by the end
of the experiment (Table 1). Importantly, no changes
in body color or accelerated sloughing of skin were
observed over the course of the experiment.

DISCUSSION

Bd is the causative agent of chytridiomycosis and is
one of the most pathogenic microorganisms affecting
amphibians in both captivity and in nature (Berger et
al. 1998, Parker et al. 2002). The establishment of sta-
ble, Bd-free, captive populations is one of the emer-
gency conservation measures currently being con-
sidered to save threatened amphibian species from
extinction (Amphibian Ark 2011). The effective and
safe eradication of Bd is necessary in order to prevent
mortality in captive colonies, reduce the risk of the
disease spreading, and better manage the disease in

threatened wild populations (Berger et al. 2010). The
present study was therefore conducted with the
objective of establishing a simple, effective and safe
Bd eradication program for the Japanese giant sala-
mander, which is a rare and protected species in
Japan.

A number of Bd eradication initiatives have been
proposed (Parker et al. 2002, Woodhams et al. 2003,
Forzán et al. 2008, Bishop et al. 2009, Garner et al.
2009, Berger et al. 2010, Martel et al. 2011). One
method exploits the low heat resistance of Bd (Wood-
hams et al. 2003), whereas others using formalin and
malachite green have also been reported (Hohreiter
& Rigg 2001, Parker et al. 2002). Although a variety of
antifungal agents have been shown to be effective
for Bd eradication in several amphibian species
(Forzán et al. 2008, Garner et al. 2009, Nichols &
Lamirande 2009, Berger et al. 2010, Martel et al.
2011), Briggler reported that itraconazole is not par-
ticularly well suited to treating Bd infection as it
rarely killed Bd after long-term exposure, but heat
treatment was more effective on an aquatic salaman-
der (J. Briggler pers. comm.). However, the use of
heat cannot be readily applied for amphibians, par-
ticularly urodeles such as the Japanese giant sala-
mander, which has a low tolerance to elevated tem-
peratures. As the effects of drugs are likely to vary
during different developmental stages, the effective-
ness and side effects of antifungal agents have gen-
erally been evaluated using tadpoles, which are rela-
tively more sensitive to changes in water chemistry
(Garner et al. 2009, Berger et al. 2010, Martel et al.
2011). However, with the exception of a study by
Tamukai et al. (2011) which evaluated the efficacy of
itraconazole for the treatment of chytridiomycosis, no
known studies have shown that antifungal agents are
effective for treating urodeles.

The physiology and structural characteristics of
urodele skin differ from that of anurans (Warburg et
al. 1994), and it is unknown whether the methods
that are typically used to administer drugs used in
anurans are appropriate for use with urodeles. The
present study therefore followed the methodology of
Tamukai et al. (2011), using baths consisting of a
0.01% aqueous solution of itraconazole, which was
considered to be both safe and effective. Moreover,
to reduce the stress associated with the bath treat-
ment and decrease the potentially adverse effects of
the drug on the animals, we devised a treatment reg-
imen consisting of short immersion periods per-
formed relatively more frequently. In addition,
although some studies have used histopathological
methods to determine the effectiveness of treatment
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Fig. 1. Batrachochytrium dendrobatidis on skin sloughed
from a Japanese giant salamander Andrias japonicus. The
specimen is unstained. Photo credit: Dr. Shigeki Inaba 

(National Institute of Technology and Evaluation)
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(Forzán et al. 2008, Nichols & Lamirande 2009), we
adopted the more sensitive assay of nested PCR to
assess eradication effectiveness. The findings of this
study revealed that Bd was no longer detected in the
4 salamanders studied by Day 5 of the treatment.

As has been observed in tadpoles of the Mallorcan
midwife toad Alytes muletensis, a potential side
effect of itraconazole in amphibians is the loss of skin
coloration, suggesting liver toxicity (Garner et al.
2009). In addition, corneal ulcers, kidney disease and
death have also been reported in some species (Con-
servation Breeding Specialist Group 2010). Flucona-
zole appears to be safe for use in tadpoles, but its effi-
cacy is considered to be low (Berger et al. 2010). In
this study, none of the animals displayed any
changes in body color and the body mass of all indi-
viduals increased by 110 to 140% by the end of the
study. Taken together, these findings imply that itra-
conazole has no obvious side effects in the Japanese
giant salamander.

Itraconazole, which is a member of the triazole
family, is lipid-soluble and is therefore believed to
have low solubility in water (Martin 1999). Here, we
facilitated the administration of itraconazole by using
a preparation of the drug intended for oral adminis-
tration. In addition, the use of plastic bags for im mer -
sing the salamanders in the drug solution avoided
injury to the animals. Using this method, we were
able to eradicate Bd from animals weighing as much
as 1000 g or more using only 1000 ml of drug solu-
tion. We therefore conclude that the technique de -
scribed in this study is a simple, inexpensive treat-
ment method that is both safe and effective.

To evaluate the efficacy of itraconazole treatment
more thoroughly, it would have been preferable to
extend the monitoring phase of this experiment to at
least 30 d. However, because of the limited time
available for this experiment, monitoring could only
be performed for 14 d after treatment. For this rea-
son, we cannot be absolutely certain that the chytrid-
iomycosis infection was completely eradicated. How-
ever, as information on the eradication of this disease
in urodele amphibians is currently limited, the results
of this study are considered to be an important contri-
bution towards the eradication and treatment of
chytridiomycosis in urodeles (Tamukai et al. 2011).
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