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Abstract: White-nose syndrome (WNS) is a condition associated with an unprecedented bat
mortality event in the northeastern United States. Since the winter of 2006-2007 bat declines
exceeding 75% have been observed at surveyed hibernacula. Affected bats often present with
visually striking white fungal growth on their muzzles, ears, and/or wing membranes. Direct
microscopy and culture analyses demonstrated that the skin of WNS-affected bats is colonized
by a psychrophilic fungus that is phylogenetically related to Geomyces spp., but with a conidial
morphology distinct from characterized members of this genus. This report characterizes the
cutaneous fungal infection associated with WNS.

Materials and Methods: Finite annual population growth rates (R) were estimated for the two
caves that had at least three surveys since 2005, Hailes (R = 0.47) and Schoharie (R = 0.17).
These corresponded with two-year population declines of 78% and 97%, respectively. We
assumed the geometric population model Nt = N{R', where N is the population at time t, and R
is the finite annual growth rate. We estimated log(R) for each cave using the semilog regression
model log(Nwi) = log(N;) + log(R)i, and obtained the estimate of R as R = exp(log(R)). The
estimated two-year decline was obtained as 100(1-R?). Although we assumed a model of
constant change, the semilog plots suggest an accelerating decline (Fig. S4).

DNA was extracted from each fungal isolate using microLY SIS-PLUS reagent (The Gel
Company, San Francisco, California) following the manufacturer’s instructions. rRNA gene
internal transcribed spacer (ITS) region DNA (ITS1, 5.8S, and ITS2) was PCR amplified using
primers ITS4 and ITS5 (S1) and ExTaq proof-reading DNA polymerase (Takara Mirus Bio,
Madison, Wisconsin). Cycling parameters were an initial 2 min denaturation at 98°C followed
by 30 cycles of denaturation at 98°C for 10 s, annealing at 50°C for 30 s, and extension at 72°C
for 1 min, with a final extension at 72°C for 7 min. rRNA gene small subunit (SSU) DNA was
PCR amplified using primers nu-SSU-0021-5" (S2) and nu-SSU-1750-3" (S3) as above, except
the extension time was increased to 2 min. Sequencing primers were PCR primers with the
addition of nu-SSU-0402-5’ (S3), nu-SSU-1150-5" (S1), nu-SSU-0497-3’ (S3), and nu-SSU-
1184-3’ (S4) for the SSU. PCR products were submitted to the University of Wisconsin —
Madison Biotechnology Center DNA Sequencing Facility for direct, double-stranded sequence
determination using the BigDye Terminator v3.1 (Applied Biosystems, Foster City, California)
DNA sequencing system. Reaction products were analyzed using an Applied Biosystems 3730xI
automated DNA sequencing instrument. Complementary strand sequencing reaction results
were assembled and edited for accuracy using Lasergene 5.0 (DNAStar, Madison, Wisconsin).
rRNA gene ITS (EU854569-EU854572, EU884920-EU884924, and FJ170115) and SSU
(FJ231093-FJ231102) sequences are archived in GenBank. As the ITS and SSU sequences from
each of the ten WNS fungal isolates were identical to each other, they were represented in
phylogenetic analyses by single sequences (EU854571 for ITS and FJ231093 for SSU).
Although excluded from the sequences used in analysis of the ITS region, additional genetic
support comes from the presence of a putative group I intron of ca 415 nt, located at small
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subunit position 1506 (S4) of each isolate, with 97% sequence similarity to insertions in
Geomyces spp. AY 345348 and AY345347. ITS and SSU sequences for comparison were
selected from similar sequences archived in GenBank determined through BLAST search hits to
query WNS isolate sequences, including only taxa with near complete gene sequences.
Sequences were aligned visually using Se-AL (v2.0all) (S5). The ITS alignment of 537 nt for
20 taxa and the SSU alignment of 1725 nt for 18 taxa are archived in TreeBase SN3954-18967.
Parsimony phylograms were determined with PAUP* (4.0b10) (S6). Reliability of nodes was
assessed with Bayesian posterior probabilities calculated using MCMC (MrBayes 3.1.2) (S7, 882
using the GTR model and running four chains with 1,000,000 generations, sampling each 1,000"
tree and discarding as burn-in all pre-convergence trees; and bootstrap percentages based on
1,000 replicates in PAUP* (S4).

Supporting Text: Following the emergence of WNS during the winter of 2006-2007, the
number of reports of day-flying bats recorded by the New York State Department of Health
rabies laboratory for Schoharie County peaked in mid-March, 2007 at approximately 10 times
the previous 25-year record high. This trend continued throughout the winter of 2007-2008 for
Schoharie county and expanded to include Ulster County. All bats tested negative for rabies.
Additional bacteriological and virological analyses of internal organs from WNS-suspect bats
revealed no known pathogens. Disease-causing parasites were not found following examination
of intestinal tracts. No consistent, significant lesions were observed upon gross or microscopic
examination of internal organs from bats with the WNS-associated cutaneous fungal infection.
Post-mortem evaluations were also completed for five little brown myotis from an unaffected
mine in Wisconsin and eight little brown myotis from an unaffected cave in Kentucky, and no
lesions were seen in their skin or internal organs.



White
affected sites:
[1 2006

W 2007

3 ® 2008 kL
| Distance from epicenter k.

WSl 0-15km . 4

| | 15-130km
£

| |c=3130-210km
N T i

Fig. S1. Hibernacula locations, including the index site Howes Cave, confirmed by survey to be
positive for WNS. Fungal isolates from which ITS and SSU sequence data were generated were
cultured from bats collected at sites designated with plus signs.
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Fig. S2. One of 13 equally parsimonious trees for the ITS alignment (Length = 286, Cl = 0.734,
RI1 =0.805). GenBank accession numbers precede taxa names, and the WNS fungal isolate
sequence is indicated in bold with a bat image. Branch length is relative to the number of
substitutions per site. Posterior probability values are shown above each supported node, and

bootstrap percentages are shown below supported nodes.
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Fig. S3. One of 5 equally parsimonius trees for the SSU alignment (Length = 194, Cl = 0.825, RI
=0.807). GenBank accession numbers precede taxa names, and the WNS fungal isolate
sequence is indicated in bold with a bat image. Branch length is relative to the number of
substitutions per site. Posterior probability values are shown above each supported node, and

bootstrap percentages are shown below supported nodes.
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Fig. S4. Bat population trends for Hailes Cave and Schoharie Caverns.



Table S1. Summary of Geomyces spp. isolates.

Collection Collection GenBank Accessions
Bat Species Date Location State ITS SsuP
Myotis Litchfield
lucifugus 1 April, 2008 County Site CT EU884924  FJ231093
Myotis Berkshire
septentrionalis 21 March, 2008 County Site MA EU854570  FJ231094
Berkshire
M. septentrionalis 21 March, 2008 County Site MA EU854569  FJ231095
M. lucifugus 26 March, 2008 Chester Mine MA EU884923  FJ231096
M. lucifugus 29 January, 2008  Hailes Cave NY EU884920  FJ231097
Williams
M. lucifugus 2 February, 2008 Hotel NY EU884921  FJ231098
M. lucifugus 5 March, 2008 Martin Mine NY EU854571  FJ231099
Graphite
M. lucifugus 6 March, 2008 Mine NY EU854572  FJ231100
M. septentrionalis 18 March, 2008 Aeolus Cave VT FJ170115 FJ231101
M. lucifugus 18 March, 2008 Aeolus Cave VT EU884922  FJ231102

® rRNA gene internal transcribed spacer

® FRNA gene small subunit
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