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Skin fungi are among the most dangerous drivers of glob-
al amphibian declines, and few mitigation strategies are
known. For Batrachochytrium salamandrivorans (Chy-
tridiomycota), available treatments rely on temperature,
partially combined with antifungal drugs. We report the
clearance of B. salamandrivorans in 2 urodelan species
using a solely drug-based approach.

Various emerging infectious diseases have been
invoked in global amphibian declines and ex-
tinctions, bringing the class Amphibia as a whole to
the brink of extinction (1). The skin-invading chytrid
fungi Batrachochytrium dendrobatidis and B. salamand-
rivorans, both originating from Asia, are among the
most noteworthy pathogens in the amphibian crisis
(1-3). The few strategies that have proven to be ef-
fective in mitigating those fungi usually involve ex
situ conservation breeding, which requires success-
ful treatment protocols. Several treatments against
B. dendrobatidis exist (4), based either on the patho-
gen’s susceptibility to high temperatures or anti-
fungal drugs. However, antifungal drugs have been
considered ineffective in mitigating the effects of B.
salamandrivorans on its salamander hosts. Therefore,
temperature-based strategies (5) or combinations of
drug-based and temperature-based approaches seem
to be the only treatment protocols for clearing B. sala-
mandrivorans (6). Because many salamanders from
temperate zones prefer low temperatures, successful
treatment might be impeded by their upper thermal
limit in some taxa (7). Moreover, those protocols re-
quire laboratory settings, which some ex situ facilities
and private keepers might not have available. In ad-
dition, heat treatments are not always successful and
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can require repeated and prolonged application (8).
Therefore, drug-mediated treatments can be critical
in certain hosts. Furthermore, drug-based treatment
protocols have been applied as viable mitigation
strategies in wild amphibian populations (9,10).

We report the successful clearance of B. salaman-
drivorans in 2 salamander species by using the anti-
fungal drug itraconazole, commonly used in amphib-
ian medicine (4,11,12). However, we stress that the
potential application of our protocol requires further
testing with a robust experimental setting far beyond
this case.

The Study

In early 2022, we collected 7 specimens (6 fire sala-
manders [Salamandra salamandra], specimens FS1-
FS6; and 1 Alpine newt [Ichthyosaura alpestris], speci-
men AN, in terrestrial phase) demonstrating clinical
symptoms of B. salamandrivorans-induced chytridio-
myecosis (circular skin lesions) at a formerly unknown
outbreak site in Densborn, Eifel Mountains, Germany.
Specimens were transported under strict biosecurity
standards to the facilities of Trier University for sub-
sequent B. salamandrivorans testing and treatment. We
confirmed the presence of B. salamandrivorans through
skin swab specimens and subsequent DNA extraction
using the QIAGEN Blood and Tissue kit (QIAGEN,
https:/ /www.qiagen.com) and quantitative PCR on
a StepOnePlus (ThermoFisher Scientific, https://
www.thermofisher.com) following previously de-
scribed protocols (8,13). Individual infection loads are
expressed as DNA copies (internal transcribed spacer
1 region). We ran all samples in duplicate and set the
limit of detection to 100 DNA copies (8). Because con-
trolled thermal treatment could not be performed,
we applied an adaptation of a previously described
protocol (4), which has proven to be effective against
B. dendrobatidis at our facilities. We bathed specimens
in a 0.01% solution of itraconazole (Sempera Liquid
10mg/mL diluted in distilled water 1:100 to a final

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 2, February 2023 411



DISPATCHES

concentration of 100 pg/mL) for 10 minutes daily for
>11 consecutive days. Individual treatment ended
when the specimen tested negative. During treat-
ment, specimens were housed individually in 20 cm
x 35 cm plastic containers on moist paper towels in
a climate chamber at a constant temperature of 15°C
and 80% humidity; they were transferred daily after
treatment to containers disinfected with Virkon S
at 5g/L (https://virkon.us) and thoroughly rinsed.
Animals were handled with nitrile gloves and fed
crickets ad libitum. We collected skin swab specimens
daily before bathing and on individual schemes for
>8 weeks after treatment to check for reinfection with
or regrowth of B. salamandrivorans (Appendix Table,
https:/ /wwwnc.cdc.gov/EID/article/29/2/22-
1162-Appl.pdf).

In total, 4 specimens (AN, FS2, FS5, and FS6)
demonstrated initial infection loads of 10,000-1 mil-
lion DNA copies; 1 (FS4) had loads of >1 million and
2 (FS1, FS3) had loads of <100,000 (Figure 1; Appen-
dix Table). After an initial decrease in infection loads,
FS4 died on treatment day 6. We preserved FS4 in
4% buffered formalin and conducted a complete nec-
ropsy and histologic examination of skin and internal

organs with regard to potential effects of treatment
and severity of B. salamandrivorans infection and to
exclude comorbidities (Appendix). In all other speci-
mens except FS6, the infection load decreased over
time. In FS6, the number of DNA copies increased
over 4 days (23,972 DNA copies) and decreased
thereafter (Figure 1, Appendix Table). However,
we did not observe any visible progression of clini-
cal symptoms (i.e., skin lesions) (Figure 2). After day
11, all animals except FS2 tested negative through
the end of the treatment; FS2 only tested negative
on day 23 (Figure 1, Appendix Table). In FS2, the
infection load varied throughout treatment, ranging
from 0 to 1,411,911 DNA copies (Figure 1, Appendix
Table). Infection loads remained high for the first 9
days of treatment in this specimen but then steadily
decreased. Initial infection loads and severe macro-
scopic lesions in FS2 resembled those reported in dy-
ing salamanders (8), suggesting an advanced stage of
infection (Figure 1; Appendix Table). We observed
intense skin shedding and complete healing of skin
lesions throughout treatment in all specimens (Figure
2). Histopathologic examination of FS4 revealed mul-
tifocal extensive necrotic and ulcerative lesions with
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Figure 2. Clearing of skin lesions during the treatment of Batrachochytrium salamandrivorans in 2 fire salamanders (Salamandra
salamandra) specimens, FS6 (A—C) and FS2 (D-F), on day 1 (A, D), day 16 (B, E) and day 87 (C, F).

intralesional chytrid thalli (Appendix Figure, panel
A). Furthermore, we identified multifocal second-
ary epidermal invasion with other unidentified fun-
gal hyphae and bacteria (Appendix Figure, panels B,
C). Neither in the epidermis nor the liver (Appendix
Figure, panel D) or other organs (not shown) were
lesions present that clearly indicate toxic effects of
the treatment.

Conclusions

Blooi et al. (5) demonstrated a lower MIC of itracon-
azole for B. salamandrivorans than for B. dendrobati-
dis. However, they were unsuccessful in clearing B.
salamandrivorans infections with itraconazole. Their
protocol differed from ours in concentration (0.6 pg/
mL), mode of application (spraying), duration (appli-
cation 2x/d for 10 d) and husbandry conditions (no
daily transfer to disinfected cages). Itraconazole has
also been used for in situ mitigation of B. dendrobati-
dis, which increased population survival in the mid-
term (9,10,12). The exceptionally high levels of DNA
copies we detected in some specimens along with
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severe skin lesions during the first days of treatment
demonstrate that itraconazole is capable of effectively
clearing even high infection loads of chytridiomy-
cosis caused by B. salamandrivorans in S. salamandra
salamanders (2, 8) (Figures 1, 2). The high variation in
infection intensity over consecutive days might be be-
cause of excessive skin shedding, a common response
of amphibians to chytrid fungi (14). Moreover, we
cannot rule out the possibility that handling speci-
mens with nitrile gloves affected our results, because
their runoff impairs the viability of B. salamandriv-
orans zoospores (15). However, whether nitrile glove
runoff contributes to B. salamandrivorans clearance on
live specimens is unknown. Furthermore, our applied
husbandry conditions could have positively affected
the rapid clearance of the salamander fungus. In other
studies (4-6,8), only moist tissues were changed, pos-
sibly leaving zoospores in the enclosure that could
promote reinfection. During and after treatment, we
observed no negative side effects such as those dis-
cussed in other studies using itraconazole in amphib-
ians (4,11). The death of specimen FS4 was most likely
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caused by the severity of multifocal necroulcerative
skin lesions with intralesional B. salamandrivorans and
secondary fungal and bacterial infection and not as a
direct result of itraconazole toxicity (Appendix Fig-
ure, panels A-C). The successful healing of multiple
and severe skin lesions in the other specimens is con-
sistent with the findings and observations of Schulz
et al. (8), suggesting itraconazole could be an effec-
tive future addition to currently available treatments.
However, our treatment primarily intended on-hand
curation of infected urodelans and therefore lacks a
thorough experimental design, such as negative and
positive controls. Therefore, this study must be seen
as a case report, strictly requiring additional investi-
gation before applying our protocol as a regular treat-
ment option. Nevertheless, our preliminary findings
contribute to mitigating the salamander plague and
promote future studies with more robust experimen-
tal settings and in other species.
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