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Abstract: Pseudogymnoascus destructans (Pd) causes the fungal disease white-nose
syndrome (WNS), which has led to high mortality in some hibernating bat species in
eastern North America. The ability to detect viable Pd in hibernacula is important for
understanding the role the environment plays as a reservoir for infectious Pd. Previous studies
have generally used the high-sugar medium Sabouraud-dextrose (SAB) and have had low
yields of viable Pd from environmental samples of Pd-positive hibernacula. While culture-
independent methods (i.e., molecular genetics) have previously shown much better success in
detecting Pd, these methods cannot determine viability. In 2012 and 2015, we swabbed walls
in four hibernacula with WNS-positive bats in New Brunswick, Canada, and cultured the
samples using dextrose-peptone-yeast extract agar (DPYA), SAB, and Malt extract (MEA)
media. Samples cultured on DPYA produced viable Pd 43.7 to 50.0 % more frequently than
SAB, with a maximum overall return for DPYA among sites of 62.5 % Pd-positive samples
over both years. During the initial outbreak of WNS in our study region, Pd-positive swabs
were produced from 40.0 to 83.3 % of samples on DPYA, whereas SAB produced a
maximum of 40.0 %. At one site we detected Pd from 83.3% of swabs cultured on DPYA and
0 % on SAB. MEA produced no viable Pd. Our figures for Pd detection are as high as or
higher than previously published culture-independent methods, while also confirming the
viability of the Pd present. We found that the yield of viable Pd from hibernacula walls
decreased from 2012 to 2015 as the hibernating bat population decreased due to WNS
mortality, but patterns varied amongst hibernacula, and overall, were not statistically
different. It is possible that environmental growth of Pd contributes to its persistence within
hibernacula. We suggest that future studies on the environmental persistence of viable Pd
discontinue the use of high-sugar media that lack inhibitory fungal growth ingredients, such
as SAB and MEA, as they favor fast-growing fungal species that overgrow and mask slower-

growing fungi such as Pd.

INTRODUCTION

White-nose syndrome (WNS) is a fungal disease of
hibernating bats that has rapidly spread through the eastern
United States and Canada, killing more than 6.7 million bats
since it was first reported in 2006 in Albany, New York
(USFWS, 2012a). WNS is caused by the fungus Pseudogym-
noascus destructans (Blehert & Gargas) Minnis & D.L.
Lindner, thought to be an invasive species from Europe (Lorch
et al., 2011). The ability to detect Pd within a hibernaculum is
an important part of disease surveillance. Detection often
relies on the observation of visible fungal growth and
behavioral changes in hibernating bats, but Pd can arrive
before such changes are noticeable (Janicki et al., 2015). Pd
surveillance is often conducted with culture-independent
methods of molecular genetics, but such approaches cannot
discriminate between viable and nonviable fungus. Viable
cultures of Pd are required by researchers for physiological
testing and other studies. Additionally, the ability to detect
viable Pd in hibernacula is important for understanding the
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role the environment plays as a reservoir for infectious Pd.
DNA from various organisms is able to persist long term in
the environment, as shown by its recovery from paleontolog-
ical remains, but the limit of persistence of non-viable Pd
DNA in bat hibernacula is unknown. Viable Pd is known to
persist in hibernacula soil in the absence of bats (Lorch et al.,
2013), and it may be able to propagate as a saprobe
(Raudabaugh and Miller, 2013). Reynolds et al. (2015)
successfully grew Pd on a variety of sterilized sediments
from caves in the laboratory. However, the ability of Pd to
grow in cave sediments in the presence of native microor-
ganisms has not yet been demonstrated. The relative
importance of spores shed from bats in maintaining an
environmental reservoir of Pd compared to possible environ-
mental growth is unknown. Langwig et al. (2015) found
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higher concentrations of Pd DNA on cave walls close to
roosting bats compared to locations more than 2 m away,
suggesting that bats shed Pd spores into their immediate
environment. The long-term persistence of these shed spores
is unknown. Modelling has shown that Pd persists in
hibernacula for only three years beyond the loss of bats in
the absence of environmental growth, while it persists for
decades when environmental growth is possible (Reynolds et
al.,, 2015).

Previous studies have produced low yields of viable Pd
from Pd-positive hibernacula, with only 13 to 33 % positive
samples using culture-dependent methods (Lorch et al., 2013;
Martinkova et al., 2010; Zhang et al., 2014), as compared to
44 to 91 % with culture-independent methods (Zhang et al.,
2014; Langwig et al., 2015). Lorch et al. (2013) found that the
probability of detecting Pd in a Pd-positive hibernaculum was
56 % for each sample using real-time PCR, compared to 14%
using culture-dependent methods.

WNS was first observed in New Brunswick, Canada, in
2011 (McAlpine et al., 2011) and had spread to all known
hibernacula in the province by 2013 (Vanderwolf et al. 2015).
The study reported here had two objectives: to compare the
yield of viable Pd from hibernacula walls using a variety of
culture-media types and to determine if the yield of viable Pd
from hibernacula walls decreased over time as the hibernating
bat population declined due to WNS-associated mortality.

METHODS

Swabs were collected from hibernacula where bats (Myotis
lucifugus, Perimyotis subflavus and M. septentrionalis with
visible Pd growth were observed in southern New Brunswick,
Canada. Data on physical characteristics of study sites,
including location and temperatures, can be found in
Vanderwolf et al. (2012). The mean winter (Nov. 1—Apr. 30)
temperature in the dark zone of New Brunswick hibernacula is
5.1 °C = 1.1SD (Vanderwolf et al., 2012). We followed the
protocol of the United States Fish and Wildlife Service (2012b)
for minimizing the spread of WNS during all visits to caves.
Walls were swabbed in three hibernacula, Dorchester Mine,
Berryton Cave, and Glebe Mine, both in April 2012 and April
2015. An additional site, White Cave, was sampled in April
2015 because hibernating bats were still roosting there, unlike
the other sites. The number of hibernating bats present during
swabbing is listed in Table 1, as well as the date of first
detection of Pd in each site. Pd was initially detected at sites by
assessing live hibernating bats for the presence of characteristic
Pd fungal growth. However, lack of visible Pd growth does not
equate to its absence (Janicki et al. 2015), so visual assessments
of Pd presence on bats may underestimate arrival date.

Swabs were collected about 2 m above the cave floor deep
in hibernacula in areas where bats were known to routinely
roost, but always more than 1 m from the nearest roosting bat.
Samples were collected from the same areas within hibernac-
ula in 2012 and 2015. At each hibernaculum areas of
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approximately 20 by 20 cm on the wall were swabbed during
each visit, with one applicator used for each area. Swabs were
taken with a sterile, dry, cotton-tipped applicator and
immediately streaked on the culture medium surface in a petri
plate. Diluting streaks were completed within hibernacula
within 1 h of the initial streak, after which plates were sealed in
situ with Parafilm. A new applicator was used for each swab.
Plates were shuffled in the field to ensure media types were not
inoculated consecutively. In 2012, dextrose-peptone-yeast
extract agar (DPYA; Papavizas and Davey, 1959) and
Sabouraud-dextrose agar (SAB) were used, with five plates
of each media type for Dorchester Mine and Glebe Mine and
six of each for Berryton Cave. In 2015, DPYA, SAB, malt
extract (MEA), and modified DPYA were used, with five
plates of each media type for each of the four hibernacula. The
antibiotics chlortetracycline (30mg/L) and streptomycin
(30mg/L) were added to all media. Modified DPYA differed
from DPYA in that the agar was autoclaved separately from
the other ingredients. Tanaka et al. (2014) found that
autoclaving ingredients separately increased the number of
bacterial species that could be cultured. MEA consisted of 20 g
Malt extract, 1 g peptone, 20 g dextrose, and 20 g agar per
liter. DPYA consisted of 5 g dextrose, 1 g peptone, 2 g yeast
extract, 1 g NH4NO;s, 1 g K,HPO,, 0.5 g MgS0O,4-7H,0, 0.01 g
FeCl;-6H,0, 5 g oxgall, 1 g sodium propionate, and 20 g agar
per liter (Papavizas and Davey, 1959).

Plates were incubated inverted in the dark at 7 °C, a
temperature that approximates that found in our study sites
(Vanderwolf et al., 2012), and monitored over four months, in
the manner of Vanderwolf et al. (2013). Initial morphological
identifications of Pd (using Gargas et al., 2009) were
confirmed by sequencing as part of other studies (2012
samples: Khankhet et al., 2014; 2012 and 2015 samples: pers.
comm. J. Foster and K. Drees, University of New Hampshire).
Permanent dried cultures are housed in the New Brunswick
Museum (NBM# F-05262-05282, 05339, 05345, 05404,
05457, 05480).

Since the data were not normally distributed, a Friedman
test was used to test the effect of media type and site on the
number of Pd-positive swabs in 2015. After testing for
normality, a general linear model was used to test the effect of
media type, site, and year on the number of Pd-positive swabs
using data from media types and sites sampled in both 2012
and 2015. All tests were performed using Minitab.

RESULTS

Pd was cultured from 40.6 % of wall swabs (n = 32) in
2012, and 31.3 % of swabs (n = 80) in 2015 (Table 2). When
restricting 2015 data to the same hibernacula and media types
used in 2012, 26.7 % of swabs (n =30) yielded viable Pd, with
Dorchester Mine and Berryton Cave decreasing to 10 % and
20 % positive samples from 2012 to 2015, and Glebe Mine
increasing to 50 %. These trends were not significantly
different between years (F 11 = 1.26, p =0.299) or sites (F,1;
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Table 1. The number of hibernating bats (Myotis lucifugus, M.
septentrionalis, and Perimyotis subflavus) present during
sampling. Sampling was not conducted in White Cave in
2012. The first detection of Pd was determined by the
observation of visible fungal growth on hibernating bats.

Site Name 2012 2015 First Pd Detection
Berryton Cave 5 0 March 2011
Dorchester Mine 1 1 December 2011
Glebe Mine 174 0 March 2012
White Cave 115 5 December 2011

=0.15, p = 0.863), but overall yield was significantly higher
on DPYA compared to SAB (£ ;; =8.51, p=0.022). Samples
cultured on DPYA produced viable Pd 43.7 to 50.0 % more
frequently than SAB, with a maximum overall return for
DPYA among sites of 62.5 % Pd-positive samples over both
years. During the initial outbreak of WNS in our study region,
Pd-positive swabs were produced from 40.0 to 83.3 % of
samples on DPYA, whereas SAB produced a maximum of
40.0 %. The date of first Pd detection in each site did not
appear to affect Pd yield. However, the date of Pd arrival in
Dorchester Mine is uncertain, since we observed visible
fungal growth on hibernating bats (n = 140 bats) on our initial
visit to the site in December 2011, while the other sites had
been monitored since 2009.

In 2015, Pd yield was not significantly different between
sites (53,15 = 4.78, p = 0.189, adjusted for ties), but was
significantly different among media types (53,15 = 9.65, p =
0.022; adjusted for ties). Pd yield was higher on DPYA (60 %)
compared to SAB (10 %; Table 2). The modification to DPYA
(autoclaving the agar separately from the other ingredients)
did not increase Pd yield compared to unmodified DPYA (11
vs. 12 positive swabs in 2015). Malt medium tended to be
quickly overgrown with Mucor spp. and Mortierella spp., and
no Pd was obtained.

DiscussioN

Pd is known to persist in hibernacula soil/sediments in the
absence of bats, but healthy bats only occasionally come into

contact with the ground (Lorch et al., 2013; Rysgaard, 1942),
and Pd is not thought to be transmitted aerially (Lorch et al.,
2011). Our study shows that viable Pd persists on walls of
hibernacula that bats regularly come into contact with years
after bat populations have declined at these sites or
disappeared entirely. Hibernacula walls may act as a source
of infection when bats return to hibernate or during swarming
activity (Langwig et al., 2015). The number of Pd-positive
samples did decrease in two hibernacula (Berryton Cave and
Dorchester Mine) after the hibernating-bat population de-
clined or disappeared, but increased at the third site (Glebe
Mine), although these trends were not significant and low
sample sizes complicate interpretation. In Glebe Mine, no
more than one bat has been seen since winter 2013 during
annual surveys, although the site previously supported
hundreds of hibernating bats (Vanderwolf et al., 2012). No
more than three bats each have been observed in Berryton
Cave and Dorchester Mine during annual winter surveys
2012-2015, although the sites previously had thousands and
hundreds of hibernating bats, respectively (Vanderwolf et al.,
2012). The reasons for the increase in Pd yield in Glebe Mine
are unknown. It is interesting to note that the Pd yield in Glebe
Mine was higher than that from White Cave, where low
numbers of bats with visible Pd-growth still persist and
presumably continue to shed Pd spores into the environment.
It is possible that environmental growth explains the patterns.
Reynolds et al. (2015) found that the greatest growth of Pd in
the laboratory occurred on cave sediments with high levels of
organic matter. The levels of organic matter in our study sites
have not been quantified, although our mine sites have old
wooden support pillars with mushroom growth that are absent
in the caves, and Glebe Mine and White Cave have
accumulations of porcupine (Erethizon dorsatum) dung. The
ability of Pd to grow on non-bat substrates in the field and the
mechanism for spore dispersal within hibernacula in the
absence of bats requires further study.

Verant (2016) found that the prevalence of Pd on
hibernacula walls increased over time after the first detection
of WNS in hibernating bats at sites, although at a slower and
lower rate than in sediment samples. Verant (2016) did not
detect Pd on hibernacula walls until one year after WNS was
first detected on bats at the sites. Prevalence was initially low

Table 2. Number and percentage of Pd-positive wall swabs taken in four New Brunswick hibernacula April 2012 and 2015 on
different media types with the total number of swabs in brackets. DPYA = dextrose-peptone-yeast extract agar. SAB =
Sabouraud-dextrose agar. MEA= Malt extract agar. ND = no data.

2012 2015
Site Name DPYA SAB Overall Positive DPYA SAB Mod DPYA MEA  Overall Positive
Berryton Cave  5(6) 83.3% 0(6) 0% 41.7% (12) 2(5) 40% 0(5) 0% 1(5) 20%  0(5) 0% 15.0% (20)
Dorchester Mine 3(5) 60% 2(5) 40% 50.0% (10) 1(5) 20% 0(5) 0% 4(5) 80%  0(5) 0% 25.0% (20)
Glebe Mine 2(5) 40% 1(5) 20% 30.0% (10) 4(5) 80% 1(5) 20%  5(5) 100% 0(5) 0% 50.0% (20)
White Cave ND ND ND 5(5) 100% 1(5) 20%  1(5) 20%  0(5) 0% 35.0% (20)
Overall positive 62.5% (16) 18.8% (16) 40.6% (32) 60.0% (20) 10.0% (20) 55.0% (20) 0% (20) 31.3% (80)
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(8 % Pd-positive samples from walls and 30 % from sediment
using culture-independent methods), but increased to 17 to 75
% from walls and up to 90 % from sediment two years after
the first detection of WNS in hibernating bats at each site
(Verant 2016). We did not find a lag in Pd-detection from
hibernacula walls, as prevalence of Pd in Dorchester Mine and
Glebe Mine was 30.0 % and 41.7 % one month and four
months after the first detection of WNS in bats at the sites,
respectively. We also did not find such large increases in Pd-
prevalence more than two years after the first detection of
WNS in bats at our study sites. These inconsistencies may
reflect differences in the detection of Pd DNA using culture-
independent approaches compared to culture-dependent meth-
ods, which reveal only viable spores, or possibly site
differences.

Lorch et al. (2013) and Zhang et al. (2014) found that the
probability of detecting Pd was higher using molecular
methods compared to culture techniques. Viable Pd was
cultured from only 13.8 % (n = 195) of soil samples in Pd-
positive hibernacula using SAB (Lorch et al., 2013). Zhang et
al. (2014) obtained viable Pd from 18 % of sediment samples
from Pd-positive hibernacula in New York using SAB and
Rose Bengal medium. In Estonia, 100 % of wall swabs (n =4)
on SAB yielded Pd, but these swabs were taken within a few
centimeters of where one bat with visible white fungal growth
had been roosting a few days earlier (Puechmaille et al.,
2011). Langwig et al. (2015) found that the percentage of Pd-
positive samples from cave walls using culture-independent
techniques varied with the distance from roosting bats. Swabs
taken just under roosting bats were 91 % positive, 66 % were
positive 1020 cm away from bats, and 44 % were positive
more than 2 m from bats (Langwig et al., 2015). We swabbed
cave walls more than 1 m from roosting bats, if any were
present, and obtained results with DPYA that generally match
or exceed those obtained with culture-independent methods,
while also allowing us to confirm the viability of Pd. Our yield
of Pd from wall swabs using SAB is similar to Lorch et al.
(2013) and Zhang et al. (2014).

Discrepancy in Pd yield between SAB and DPYA media
was less marked when we directly swabbed bats (Vanderwolf
et al., 2015), presumably because bats have greater numbers of
spores than cave walls. However, Martinkova et al. (2010)
cultured Pd on SAB from only 33.3 % (n =48) of swabs taken
directly from European bats with visible white fungal growth.
This may reflect decreased growth of Pd on European bats
compared to infected bats in North America, or possibly the
observed growth on some bats was of a different fungal
species than Pd (such as Trichophyton spp., Lorch et al.,
2015).

As pointed out by Cooke (1968), culture media high in
soluble sugars, such as MEA and SAB, tend to accumulate
extracellular biproducts, leading to premature staling of the
medium. We recommend against the use of these media in
studies on the environmental persistence of viable Pd. We also
recommend the use of fungal-growth-inhibiting ingredients,
such as sodium propionate and oxgall, as additives to any
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medium used for this purpose. High-glucose media such as
MEA and SAB favor fast-growing species, such as Mortier-
ella spp. and Mucor spp., which overgrow and mask slower
growing fungal species such as Pd. Other media types, such as
those that mimic the more complex nutrient contents of bats,
may produce even higher yields of viable Pd from
environmental samples collected in hibernacula.
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