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ABSTRACT: Chytridiomycosis, caused by the fungus Batrachochytrium dendrobatidis (Bd), has
resulted in the decline or extinction of approximately 200 frog species worldwide. It has been
reported throughout much of North America, but its presence on Prince Edward Island (PEI), on the
eastern coast of Canada, was unknown. To determine the presence and prevalence of Bd on PEI, skin
swabs were collected from 115 frogs from 18 separate sites across the province during the summer of
2009. The swabs were tested through single round end-point PCR for the presence of Bd DNA.
Thirty-one frogs were positive, including 25/93 (27 %) green frogs Lithobates (Rana) clamitans, 5/20
(25 %) northern leopard frogs L. (R.) pipiens, and 1/2 (50 %) wood frogs L. sylvaticus (formerly R. syl-
vatica); 12 of the 18 (67 %) sites had at least 1 positive frog. The overall prevalence of Bd infection was
estimated at 26.9% (7.2-46.7%, 95% CI). Prevalence amongst green frogs and leopard frogs was
similar, but green frogs had a stronger PCR signal when compared to leopard frogs, regardless of age
(p < 0.001) and body length (p = 0.476). Amongst green frogs, juveniles were more frequently posi-
tive than adults (p = 0.001). Green frogs may be the most reliable species to sample when looking for
Bdin eastern North America. The 1 wood frog positive for Bd was found dead from chytridiomycosis;
none of the other frogs that were positive for Bd by PCR showed any obvious signs of illness. Further
monitoring will be required to determine what effect Bd infection has on amphibian population
health on PEIL

KEY WORDS: Batrachochytrium dendrobatidis - Prince Edward Island -
Canada - Frogs - Skin swabs - PCR

Chytrid - Prevalence -

Resale or republication not permitted without written consent of the publisher

Published September 2

INTRODUCTION

Amphibian chytridiomycosis, an infectious skin dis-
ease caused by the chytrid fungus Batrachochytrium
dendrobatidis (Bd), is considered the cause of the de-
cline or extinction of up to 200 species of frogs through-
out Europe, Australia, the Americas and Africa (Skerratt
et al. 2007). Chytridiomycosis is a reportable disease to
the World Organisation for Animal Health (OIE 2008). In
Canada, an outbreak was reported in captive frogs in
British Columbia (Raverty & Reynolds 2001). However,
there is a paucity of reported mortalities in wild amphib-
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ians, despite retrospective studies that confirm the
presence of Bd in northeastern North America since at
least 1961 (Ouellet et al. 2005), and a recent survey that
found Bdin the Northwest Territories of Canada (Schock
et al. 2009). Before the present study, there were no
reports of Bd in captive or wild frog populations on
Prince Edward Island (PEI), although the fungus has
been identified in specimens from the neighboring
Canadian provinces of New Brunswick and Nova Sco-
tia (Ouellet et al. 2005, Canadian Cooperative Wildlife
Health Centre [CCWHC] unpubl. data) and the nearby
state of Maine, USA (Longcore et al. 2007).
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The main objective of the present study was to deter-
mine through PCR on skin swabs (Hyatt et al. 2007)
whether Bd is infecting frogs on PEI and whether
infection rates differ among sites, species, life stage,
and sex.

MATERIALS AND METHODS

Frog collection. Green frogs Lithobates (Rana)
clamitans and northern leopard frogs L. (R.) pipiens
were targeted, as they are the most abundant on PEI
(Silva et al. 2003), are the easiest to find and capture,
and spend a lot of time in the water, including during
hibernation, which makes them more susceptible to Bd
infection (Longcore et al. 2007). Two wood frogs L. syl-
vaticus (formerly R. sylvatica) were collected fortu-
itously and were included in the study. The other 3
anuran species present on PEI, spring peeper Pseu-
dacris crucifer, pickerel frog L. (R.) palustris, and
American toad Bufo americanus, were not sampled.
Sampling was conducted between 5 June and 25 July
2009 at 18 sites across PEI (Fig. 1). Sites were chosen
based on recent studies examining amphibian abun-
dance and/or health (Gallant & Teather 2001, Silva et
al. 2003) and information from amphibian enthusiasts
regarding breeding sites. Adults, metamorphs (i.e.
individuals with forelimbs emerged and sometimes a
tail) and occasional tadpoles were captured using dip

Fig. 1. Prince Edward Island. Sampled sites are labeled A to
R. Pie charts represent prevalence; size is proportional to
sample size, and black (white) segments show positive
(negative) results

nets during timed visual searches along the emergent
vegetation of the pond. Frogs were placed in individ-
ual solid plastic containers with breathing holes, filled
with little pond water, and kept in a shady area until all
frogs were captured (or until 60 min of searching had
elapsed) and swabbing could begin. All equipment
was disinfected between captures following estab-
lished recommendations of The Australian Treatment
Abatement Plan (TAP 2006). Briefly, each individual
was collected using clean, decontaminated or new dis-
posable gloves; the net and gloves were sprayed with a
1% sodium hypochlorite disinfecting solution and then
rinsed in the pond after each capture. Chest waders,
boots, plastic containers and other sampling equip-
ment (e.g. nets, buckets) were similarly disinfected
after sampling was completed for a site and, if a second
site was sampled on the same day, rinsed in the follow-
ing pond prior to sampling. Whenever possible, equip-
ment was fully washed in soapy water and disinfected
at the laboratory and left to dry overnight.

Swabbing and individual data collection. In total, 115
individuals were sampled: 114 were captured live,
swabbed, and released, and 1 (a wood frog) was found
dead and tested through histopathology and confirma-
tory PCR. The swab technique was based on previously
established methods (Kriger et al. 2006) and recommen-
dations from the laboratory that conducted the PCR test
(Pisces Molecular). Briefly, the frog was restrained with
one hand while the other gently ran the cotton swab
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5 times over the ventral surface, the right and left flank,
the inner thigh area, and the plantar/palmar surfaces of
the feet webbing. Tadpoles were swabbed in the mouth
parts only. The same individual performed the swabbing
of all frogs and tadpoles, changing gloves between each
individual; the collecting tubes containing 70 % ethanol
were handled only by a clean person. Individual infor-
mation including frog species, developmental stage
(adult, metamorph, tadpole), and sex (only for green
frogs where external characteristics allowed it) was re-
corded. Frogs were released immediately after swab-
bing. Re-sampling of the same individual was avoided
by only commencing swabbing once all frogs that were
to be captured at the site were in plastic containers, and
by sampling each site only once. Swabs were trans-
ported to the lab and kept at —4°C until shipped to Pisces
Molecular for PCR analysis.

PCR test. The liquid in each of the skin swab samples
was mixed by repeated pipetting; transference of the
total liquid volume into an individual clean microfuge
tube followed. Tubes were spun in a microcentrifuge at
~16 000 x g (3 min); the supernatant was drawn off and
discarded. Total DNA was extracted using a spin-
column DNA purification procedure (Qiagen DNeasy
Blood and Tissue Kkit).

DNA prepared samples were assayed for the pres-
ence of Bd ribosomal RNA Intervening Transcribed
Sequence (ITS) region by 45 cycle single-round PCR
amplification using a published protocol (Annis et al.
2004) modified for greater sensitivity and specificity
(J. Wood unpubl.).

PCR reactions were electrophoresed on 2% agarose
gels, post-stained with ethidium bromide, visualized
on a 254 nm ultraviolet light box, and photographed
with Polaroid type 667 film.

PCR reactions were scored for the presence or
absence of an amplified band of the size expected for
the location of the primers in the Bd ribosomal RNA
ITS region (294 bp), and the intensity of the amplified
band qualitatively scored as very strong positive (+++),
strong positive (++), positive (+), weak positive (w+), or
no signal/below limit of detection (-). Band intensities
for all reactions were independently scored by multi-
ple, trained observers and showed very close corre-
spondence (>95% identical scores). Band intensities
for this Bd PCR assay correlate very tightly with inde-
pendent measurements of zoospore equivalent target
sequence DNA copies with a qPCR assay, including
equal detection sensitivity (J. Wood unpubl.). The sig-
nal from the positive control was used as the standard
for a (+++) signal.

Statistical analysis. All p-values were calculated
using Fisher's exact test, unless otherwise stated. For
statistical purposes, individuals were classified as
either adult (n = 79) or juvenile (n = 36). The juvenile

classification included metamorphs (n = 33) and tad-
poles (n = 3). Clustering effects of frogs within ponds
were analytically adjusted when determining preva-
lence estimates in StatalO (Stata 2008) using SURVEY
procedures. A linear regression was used to evaluate
the effect of size (snout to vent length, SVL) on PCR
signal strength.

RESULTS

In total, 115 frogs from 18 separate sites were
swabbed for Bd; 31 frogs were positive, specifically
25/93 (27 %) green frogs, 5/20 (25 %) northern leopard
frogs, and 1/2 (50%) wood frogs (Table 1). Twelve of
the 18 sites had at least 1 positive frog. The overall
prevalence of Bd infection in frogs on PEI was esti-
mated as 26.9% (7.2-46.7 %, 95 % CI).

Prevalence per site was determined by analyzing
only those sites where 25 frogs were swabbed (n = 12
sites), to reduce inaccuracy due to small sample size.
Of these, 2 sites had no positive frogs (average pre-
valence = 0%), the remaining 10 sites showed a di-
chotomy in prevalence. Seven sites had an average
prevalence of 14.5% (range: 10-20 %) while the other
3 sites had an average prevalence of 73.6 % (range:
50-91 %; Fig. 2).

Juvenile green frogs were more frequently positive
than adults (observed prevalence of 48.5% versus
15%, p = 0.001). When accounting for clustering, how-
ever, the 95% CI of the 2 prevalences overlapped
(2.7-27.3 versus 4.3-92.7 %), indicating a very strong
pond influence (see Ponds J and L in Table 1). There
was no significant difference between the prevalence
in green frogs (all age and sex groups) and leopard
frogs (p = 0.863), or between prevalence in adult green
frogs and adult leopard frogs (p = 0.407). There was no
difference in prevalence between male and female
green frogs (p = 0.265).

There was a significant difference in the strength of
the PCR signal amongst species: leopard frogs usually
had a positive (+) signal while green frogs had a very
strong positive (+++) signal (p < 0.001). Signal strength
was not associated with size of the frog, as evaluated
by comparing average SVL (p = 0.476).

DISCUSSION

A distinction between infection with Bd (frog carry-
ing the fungus with no ill effects) and actual disease
that can cause death (chytridiomycosis) is recognized
(Kriger et al. 2007a). In this study, only a single wood
frog was diagnosed as having died of chytridiomycosis;
it was found dead in a pond, had severe histopatholog-
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Table 1. Lithobates clamitans, L. pipiens and L. sylvaticus. Number of frogs that tested positive for Batrachochytrium dendro-
batidis/number of frogs sampled on Prince Edward Island in summer of 2009, by species, developmental stage (adult vs. juvenile
[juv.]) and sex. Empty cell = none sampled

Site Green frog Leopard frog———  Wood frog  Total
Juv. Adult Total Juv. Adult Total Adult
Male Female Total
A 1/4 0/4 1/8 1/8
B 1/1 0/0 1/1 1/1
C 0/1 0/1 0/1
D 1/6 1/6 1/6
E 0/2 0/2 0/2
F 1/1 2/4 3/5 0/1 3/6
G 0/2 0/0 0/2 0/2
H 0/2 0/2 0/5 0/7 0/9
I 0/2 0/9 0/2 0/11 0/13 0/13
J 5/5 3/4 0/1 3/5 8/10 8/10
K 2/7 0/3 2/10 2/10 2/10
L 10/11 10/11 10/11
M 0/3 1/1 0/4 1/5 1/8
N 0/3 0/5 1/2 1/7 1/10
O 1/7 0/2 0/1 0/3 1/10
P 0/1 0/0 0/1 1/4 1/4 1/5
Q 0/2 0/2 0/2
R 1/1 1/1
Total 16/33 8/38 1/22 9/60 25/93 1/3 4/17 5/20 1/2 31/115
19 = = Of the total 115 frogs tested, 31 were positive for Bd
infection: 25/93 (25 %) green frogs, 5/20 (25 %) north-
081 o ern leopard frogs, and 1/2 (560 %) wood frogs, with an
’ overall prevalence on PEI of 26.9%. Green frogs were
most frequently captured and swabbed (93/115 frogs)
0.61 ( due to their behavior in summer, i.e. the reluctance of
. adults to leave the ponds long after other frogs have
0.4+ . gone back to the grass or woods.
. Amongst green frogs, juveniles were more fre-
0.2 . " quently infected than adults. Adults may be protected
| by acquired immunity (Richmond et al. 2009) and thus
Olm w & *l oxl may clear or prevent infections more efficiently than
CEGQHINOAMDPKTFUJLBR juveniles that are naive to Bd. Alternatively, and by

Site

Fig. 2. Prevalence of Batrachochytrium dendrobatidis infec-

tion by pond in increasing order with 95 % CI, except for those

with 1-sided 97.5% CI (*). Ponds C, E, G, Q, H, and I had 0%

prevalence. Circles denote the dichotomy between positive

ponds with 5 or more samples: N, O, A, M, D, P, and K ranged

between 10 and 20% prevalence, while Ponds F, J, and L
ranged between 50 and 91 % prevalence

ical lesions due to the infection with Bd, no evidence of
any other disease, and tested positive for Bd through
PCR. As no other dead frogs were found and none of
the sampled frogs had obvious signs of disease, frogs
that were positive for Bd by PCR are considered as
infected only, and the prevalence estimated and
henceforth discussed is for infection with Bd, not for
chytridiomycosis.

chance alone, it may be that the ponds where the
most juveniles were collected had a true high pre-
valence of Bd.

There was a distinct dichotomy in the prevalence at
specific sites on PEI: either very low (14.5%) or very
high (73.6 %; Fig. 2). The difference in prevalence at
individual sites in this study could be due to micro-
climatic variables (e.g. temperature, pH, substrate)
influencing the survival of Bd (Piotrowski et al. 2004,
Kriger et al. 2007b, Muths et al. 2008) or to geographic
characteristics (e.g. land use, vegetation, proximity to
roads) that may influence the ability of the host to man-
age the infection (Rédder et al. 2008). Alternatively,
high prevalence at some sites may simply have been
due to the presence of high numbers of juvenile green
frogs, as this group had a higher observed prevalence
of infection than the adults did. Our relatively small
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sample size prohibited more advanced analyses to
evaluate the influence of these potential factors and to
differentiate between a site effect and an age effect.

Prevalence in green frogs was not significantly dif-
ferent from that of leopard frogs, but there was a sig-
nificant difference in the strength of the PCR signal.
Green frogs usually had a very strong positive (+++)
signal, while leopard frogs mostly had a positive signal
(+). Signal strength was not associated with the size of
the frog (SVL), but seemed to be associated with the
species.

Sampling green frogs may be the most time-effi-
cient way of determining the infection status of a site
on PEI and the rest of eastern North America, given
their ease of capture and usually high prevalence of
infection, confirmed in this study, which is due in part
to their hibernating in aquatic environments (Long-
core et al. 2007). Determination of the infection status
of a site could use OIE recommendations for a ‘suit-
able design prevalence value' when determining
freedom from disease for contagious infections (OIE
2006). A Bd-positive site would thus be expected to
have a prevalence of at least 5%. If 55 adult green
frogs at a specific site were sampled and all were
negative for Bd, indicating a prevalence of <5 %, with
95% confidence, the site could be deemed ‘free from
infection’ (OIE 2006).

The significance of Bd infection for the frog popula-
tions on PEI is uncertain. The 3 published amphibian
species abundance surveys for PEI span 4 decades
(Cook 1967, Morton et al. 2005, Silva et al. 2003). The
last survey, conducted in 2000 (Silva et al. 2003), found
no evidence of amphibian decline in the preceding
30 yr. However, it was not a comprehensive survey of
PEI. Furthermore, Bd may not have been present on
PEI at the time of the 2000 study, so the absence of a
recorded population decline then does not infer that
infection is innocuous. Prevalence of infection with Bd
in wild frogs in Maine, USA (21.7-26.4 %), was strik-
ingly similar to that found in this study (26.9 %), and
also lacked any recorded population declines (Long-
core et al. 2007). In contrast, a 26 % prevalence in east-
ern Australia (Kriger et al. 2007b) has been accompa-
nied by severe mortality events. Longcore et al. (2007)
speculated that perhaps declines have occurred but
have gone undetected, that the infection is now
endemic and frogs are resistant, or that climatic factors
in eastern North America preclude Bd from being
lethal. Assuming that mortality events in PEI have not
simply gone unnoticed or unreported, climatic condi-
tions in this region may prevent the lethal effects of Bd,
either by influencing its growth (Kriger et al. 2007b,
Muths et al. 2008) or by enhancing the immune
response of the anuran host (Rédder et al. 2008). Per-
haps anurans in eastern North America are more resis-

tant to the effects of Bd through the production of
antimicrobial peptides in dermal glands, as are other
frog species (Woodhams et al. 2006), or maybe the vir-
ulence of Bd in North America, which depends on the
isolate present (Berger et al. 2005, Retallick & Miera
2007), is low. Alternatively, declines went unnoticed
and infection with Bd progressed to a now stable and
endemic condition (Retallick et al. 2004). Whether Bd
infection of frogs on PEI has an effect on survival will
require further studies.
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