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The PCR method described herein detected quan-
tities of G. destructans gDNA as low as 5 fg. The
lower limit of detection for conidia was 100 per 2 mg
of wing skin. Sensitivity of conidia detection on skin
may be influenced by resistance of the conidia to lysis,
loss of fungal DNA during the extraction process, or
partial inhibition of the PCR by substances in the
wing tissue. However, histology demonstrated that
the wings of bats infected with WNS were also
colonized by fungal hyphae, which may enhance the
ability to detect G. destructans in natural infections
compared with spiked samples that contained only
conidia.

Although PCR proved a more reliable method
than culture, it was not as sensitive at detecting WNS
as histology. The disparity may result from differ-
ences in the total coverage of wing area examined by
each method. Only a single 3 3 3-mm piece of wing
skin was used for PCR, which represented a
relatively small proportion of the wing. In contrast,
several sections cut from 1.5 3 3.0-cm rolls of wing
tissue were used for histologic examination of each
bat, which facilitated analysis of a greater proportion
of the wing. Infections with a limited number of
fungal foci are more likely to result in a false-
negative result by PCR because of the small
proportion of wing sampled. This could be addressed
by conducting PCR analyses by using multiple skin
samples from each animal. In addition, analyzing
several bats from a suspected WNS-infested hiber-
naculum increases the likelihood of detecting G.
destructans if it is present.

The diagnostic specificity of PCR was 100%

compared with histology. This strongly suggests that
detection of G. destructans on wing tissue by PCR is
synonymous with WNS infection. Polymerase chain
reaction analysis has great utility as a rapid screening
tool, and PCR followed by histology can be used to
identify G. destructans as the causative agent of a
fungal infection. If PCR alone is used as a surveil-
lance tool, then follow-up sequencing of amplicons
may be warranted.

For the current study, PCR primers were not tested
for specificity against fungal isolates other than G.
destructans. Although culture analyses demonstrated
a diversity of fungi on bat wing skin, the absence of
false-positive PCR results indicated that significant
nonspecific amplification did not occur under the
conditions used. Other studies underway in the
authors’ laboratory demonstrated that the primers
used for the identification of G. destructans in wing
skin did cross-react with other species of fungi found
in cave sediments that were closely related to, but
distinct from, G. destructans. Many of the bat
carcasses analyzed for the current study were
collected from cave floors where they were in direct
contact with cave sediments and presumably fungi
other than G. destructans, yet wing skin from these
specimens did not produce false-positive results. In
addition, sequencing analyses of the 624-nt amplifica-
tion products generated from skin samples identified
as PCR-positive were 100% identical to G. destructans
in all instances. Therefore, there is strong evidence
indicating that, although the primers may lack
specificity for detecting G. destructans in environ-
mental samples, they are highly specific for detection
of G. destructans on bat wing skin.

Figure 3. Detection limit of the polymerase chain reaction
assay by using (A) genomic DNA extracted from Geomyces
destructans type strain 20631-21 as template and (B) conidia-
spiked wing skin samples. A 624-nucleotide band indicates
detection of G. destructans. The amount of DNA template used
(A) or the number of conidia added to each skin sample before
extraction (B) is indicated above each lane. bp 5 base pair.
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Diagnosis of WNS in living bats is usually not
feasible by using histology and/or culture techniques
because of the relatively large amounts of tissue
required. However, PCR could be used as a nonlethal
technique to diagnose the disease by using wing-skin
biopsy punches.24 Such a technique would allow
researchers to collect large numbers of samples to
determine and track the prevalence of WNS over
time, to facilitate nonlethal disease monitoring among
endangered bat species, and to provide a means to
assess the efficacy of potential treatments for WNS.

The emergence of WNS in the United States has
caused great concern over the future of North
American bat populations. As researchers and field
biologists attempt to expand the knowledge base and
monitor the spread of WNS, there is a pressing need
for a rapid, economical, and accurate method to
diagnose the disease. Methods such as histology and
fungal culture have long turnaround times and
require large amounts of tissue and specialized
training to interpret; culture has low diagnostic
sensitivity. Polymerase chain reaction requires only
small amounts of tissue and offers a rapid, accurate,
and economical alternative for diagnosis of WNS.
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Sources and manufacturers

a. BD Diagnostic Systems, Sparks, MD.

b. GentraH PuregeneH Genomic DNA Purification Kit, Qiagen

Inc., Valencia, CA.

c. NanoDrop 2000, Thermo Fisher Scientific Inc., Waltham,

MA.

d. OmniPrepTM for Fungi Kit, G-Biosciences, Maryland Height,

MO.

e. Quant-iTTM High-Sensitivity DNA Assay Kit, Invitrogen,

Carlsbad, CA.

f. GoTaqH Flexi, Promega Corp., Madison, WI.

g. GelRedTM, Phenix Research Products, Candler, NC.

h. Sigma-Aldrich, St. Louis, MO.

i. BigDye TerminatorH v3.1, Applied Biosystems 3730xl DNA

Analyzer, Applied Biosystems, Foster City, CA.

j. Lasergene 5.0, DNASTAR, Madison, WI.

References

1. Alexandrakis G, Jalali S, Gloor P: 1998, Diagnosis of

Fusarium keratitis in an animal model using polymerase chain

reaction. Br J Ophthalmol 82:306–311.

2. Blehert DS, Hicks AC, Behr M, et al.: 2009, Bat white-

nose syndrome: an emerging fungal pathogen? Science 323:

227.

3. Bretagne S, Costa JM, Bart-Delabesse E, et al.: 1998,

Comparison of serum galactomannan antigen detection and

competitive polymerase chain reaction for diagnosing invasive

aspergillosis. Clin Infect Dis 26:1407–1412.

4. Daszak P, Cunningham AA, Hyatt AD: 2000, Emerging

infectious diseases of wildlife—threats to biodiversity and

human health. Science 287:443–449.

5. Gargas A, DePriest PT: 1996, A nomenclature for fungal PCR

primers with examples from intron-containing SSU rDNA.

Mycologia 88:745–748.

6. Gargas A, DePriest PT, Taylor JW: 1995, Positions of

multiple insertions in SSU rDNA of lichen-forming fungi.

Mol Biol Evol 12:208–218.

7. Gargas A, Trest MT, Christensen TJ, et al.: 2009, Geomyces

destructans sp. nov. associated with bat white-nose syndrome.

Mycotaxon 108:147–154.
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