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ABSTRACT 

Amphibian populations are declining on a global scale. Many of these declines have been 

linked to the pathogenic fungus, Batrachochytrium dendrobatidis (Bd); the causative agent of 

chytridiomycosis. Chytridiomycosis, which infects the epidermis, spreads rapidly through 

amphibian populations in areas where it occurs. In this study, Western Toads (Anaxyrus boreas) 

from Morrell Lake, Nanaimo, BC were swabbed to test for the presence of Bd. DNA was 

extracted from the swabs and PCR methods were used to test for the presence of Bd. DNA was 

amplified using traditional PCR analysis, real-time PCR, and nested PCR methods to positively 

confirm the presence of Bd. The amplified DNA was sequenced to identify the haplotype(s) of 

Bd within the Morrell Lake toad population. A total of 5 out of 30 Western Toads were found to 

be infected with Bd (prevalence = 16.7%). Initially, real-time and nested PCR detected Bd in 

four toads that tested negative using traditional PCR; however, subsequent reanalysis using 

traditional PCR resulted in greater concordance between the three methods. The sequenced DNA 

was not pure enough to identify the specific haplotype(s) of Bd. This study provides evidence 

that Bd is present in Western Toad populations of Morrell Lake, but failed to determine the 

presence of multiple strains, which could indicate multiple infection events. These results 

support other studies suggesting that real-time and nested PCR methods can detect chytrid 

fungus zoospores at very low concentrations. Such high sensitivity will allow researchers to 

closely monitor populations for early signs (low levels) of chytridiomycosis infection in native 

amphibians. 
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INTRODUCTION 

Globally, amphibian populations are undergoing dramatic declines at a scale that may 

lead to wide-scale extinctions. Although numerous declines have been linked to habitat loss and 

climate change, many of the most rapid declines are occurring in areas that lack obvious 

environmental changes (Johnson, 2006; Kilpatrick et al., 2009). The emergence of infectious 

diseases in amphibian populations is now considered an important factor in the global decline of 

amphibian diversity and abundance (Dazsak et al., 2001; Stuart et al., 2004). In particular, the 

fungal disease chytridiomycosis, caused by the Batrachochytrium dendrobatidis (Bd) fungus, has 

been identified as a causative agent (Daszak et al., 2001; Lips et al., 2006; Kilpatrick et al., 

2009). The first concrete link between chytridiomycosis and amphibian death was from Berger et 

al. (1998) showing that the fungal infection caused mortality in populations of frogs in South 

America.  

The earliest known case of chytridiomycosis was in African clawed frogs (Xenopus 

laevis) in Africa in 1938 (Weldon et al., 2004). The fungus has been found on six continents 

since then. The pathogenesis of chytridiomycosis is still unclear; however, it is known to infect 

both adult and larval stages of amphibians (Daszak et al., 2001; Blaustein et al., 2005; Kilpatrick 

et al., 2009). In adults, Bd infects keratinized skin cells on the epidermis (Blaustein et al., 2005; 

Kilpatrick et al., 2009), which is thought to either interfere with the cutaneous respiration of 

amphibians by disrupting ion balance across the skin or interfere with osmoregulation (Kilpatrick 

et al., 2009). Infected amphibians may exhibit irregular cell loss, redness, lethargy, and excessive 

skin sloughing (Berger et al., 1998). In larval stages, Bd infects keratinized mouthparts such as 

tooth rows and jaw sheaths, but the skin, which is not keratinized, remains uninfected (Blaustein 

et al., 2005; Kilpatrick et al., 2009). Chytridiomycosis infection in the mouthparts of tadpoles 
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seems to reduce grazing efficiency, food intake, and survival (Blaustein et al., 2005; Kilpatrick et 

al., 2009). When the tadpole undergoes metamorphosis its skin becomes keratinized which 

allows the infection to spread (Berger et al., 1998).  

Chytrids are a ubiquitous fungi found in cool, wet habitats, where they degrade cellulose, 

chitin, and keratin (Daszak et al., 1999). Batrachochytrium dendrobatidis, a member of the 

phylum Chytridiomycota, is the only chytrid known to parasitize vertebrates (Daszak et al., 

1999). The life history of this fungus includes a free-living flagellated zoospore, which is motile, 

and a thallus that can be found in amphibian skin (Daszak et al., 1999; Kilpatrick et al., 2009). 

The thallus produces zoosporangia, which make zoospores via asexual reproduction. These 

zoospores infect keratinized epithelial cells. Chytridiomycosis may cause amphibian death by (1) 

epidermal hyperplasia impairing cutaneous respiration or osmoregulation; (2) releasing toxins 

into the host (Berger et al., 1998; Daszak et al.,1999), (3) interfering with water uptake, leading 

to death due to dehydration (Fisher et al., 2009); or a combination of these factors. A recent 

study done by Carver et al. (2010) demonstrated that Bd blocks osmoregulatory function of the 

skin of frogs (Litoria raniformis) showing clinical signs of chytridiomycosis.  

The population genetics of the Bd fungus suggest a recent transmission to most infected 

areas (Morehouse et al., 2003). Spread of Bd between continents is thought to have been caused 

by trade in the African clawed frogs used for human pregnancy tests (Weldon et al., 2004) and 

more recently, by introduction of American bullfrogs (Lithobates catesbeianus). Large-scale 

production of American bullfrogs, for human consumption, started in the early part of the 20
th

 

century. The bullfrog was chosen due to its rapid growth, high fecundity, and ability to adapt to a 

range of climatic regions with relative ease (Kilpatrick et al., 2009; Schloegel et al., 2010). 

These characteristics, which make bullfrogs ideal for farming, also make bullfrogs a highly 
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invasive species that has become widespread in distribution. Bullfrogs are asymptomatic carriers 

of Bd and are thought to help transmit Bd to new locales (Daszak et al., 2004; Kilpatrick et al., 

2009). In an experimental study by Daszak et al. (2004), bullfrogs inoculated with zoospores 

over four weeks showed no signs of chytridiomycosis, remained healthy and did not die even 

when inoculated with up to 10 million zoospores daily. This study demonstrated that bullfrogs 

are resistant to the disease, even though they are susceptible to Bd infection, and suggested that 

bullfrogs could act as a reservoir host (Daszak et al., 2004). The spread of Bd between ponds and 

wetlands is not well understood; it may occur through amphibian dispersal, flow downstream via 

water or moist soil (Johnson and Speare, 2005), or possibly by birds or humans (Johnson and 

Speare, 2005; Morgan, 2007). Bd may also have an environmentally resistant stage, allowing 

dispersal by wind or terrestrial animal dispersal (Kilpatrick et al., 2009).  

 Western Toads (Anaxyrus boreas) are listed as a species of Special Concern in 

Canada and are protected under the federal Species at Risk Act (Wind and Depuis, 2002) and are 

on the provincial yellow list in British Columbia. Western Toads are highly susceptible to 

chytrid fungus; animals experimentally infected with higher than 100 zoospores encountered a 

100% mortality rate (Blaustein et al., 2005; Kilpatrick et al., 2009). Western Toads breed in 

permanent bodies of water, which may increase the risk of infection by chytridiomycosis (Kriger 

and Hero, 2007). Furthermore, toads are highly communal during breeding, development, 

metamorphosis and dispersal compared to other native amphibian species and an outbreak of Bd 

could potentially affect an entire breeding cohort (Wind and Dupuis, 2002). Invasive American 

Bullfrogs, which may overlap in distribution with Western Toads, are thought to transmit Bd, 

making it possible that the disease could pass from American bullfrogs to Western toads.  
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Field studies to detect Bd in wild populations have used histological detection, usually 

paired with traditional PCR analysis (Annis et al., 2004; Boyle et al., 2004). A Taqman real-time 

PCR assay has recently been demonstrated to be more efficacious in detecting Bd spores at low 

levels compared to traditional PCR analysis (Boyle et al., 2004). Nested PCR assays have been 

shown to have higher sensitivity in detecting low levels of zoospores when compared to both 

traditional and real-time PCR assays (Goka et al., 2009). Goka et al. (2009) determined that 

traditional PCR can detect 0.1 pg of DNA, real-time PCR can detect 0.01 pg of DNA, and nested 

PCR can detect DNA levels as low as 0.001 pg. A diagnostic test with a higher degree of 

sensitivity will allow researchers to detect Bd infection in amphibian populations at lower 

concentrations, possibly helping to control the spread of Bd during the early stage of an 

outbreak. Current studies of chytridiomycosis in amphibians are focused on examining the 

genetic diversity and relationships of different fungal strains (Morehouse et al., 2003). The low 

genetic variability of Bd found by Morehouse et al. (2003) is consistent with the hypothesis that 

Bd is a recently emerged disease. Unique multilocus genotypes were found between geographic 

regions in the Pyrenees (Walker et al., 2010). In one infected Pyrenees amphibian population all 

isolates were of a single genotype, illustrating the recent introduction and spread of a single 

strain of Bd (Walker et al., 2010).   

The objective of this study was to test Western Toad populations at Morrell Lake in 

Nanaimo, B.C. for the presence of chytrid fungus (Bd) using standard PCR, real-time PCR, and 

nested PCR. Positive samples, when detected, were sequenced as a further confirmation that Bd 

occurs in Western Toads in Morrell Lake.   
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MATERIALS AND METHODS 

Collection:     

DNA samples were collected from breeding Western toads at Morrell Lake, Nanaimo, 

B.C. Canada (49° 9’13˝N, 123° 59’20˝ W elev. 175m) in April, 2011. An animal health care 

protocol dictated by the Ministry of Environment (2011-11R-1) was followed when collecting 

samples. Toads were caught by hand and flipped onto their backs for ease of handling. The 

ventral surface of the toad was swabbed with a sterile cotton-tipped applicator by firmly pressing 

the swab along the ventral surface of the body and the webbing of the feet. The swab tip was cut 

off and placed in a labelled 1.5ml Eppendorf tube. Toads were located at two distinct sites at 

Morrell Lake: one situated near the shore on the west side of the lake (Site 1), the other on an 

island at the Northeast side (Site 2) (Figure 1). Breeding at Site 2 occurred later than breeding at 

Site 1, which allowed for a longer sampling period. A total of 30 samples (representing 30 toad 

individuals) were collected from the 2 sites.   

DNA Extraction: 

A DNeasy
®

 Blood and Tissue Kit (QIAGEN
TM

) was used for DNA extraction. The DNA 

extraction procedure was modified from the manufacturer’s protocol by the Animal Health 

Centre (AHC) in Abbotsford and Klevin (2009). Briefly, 500µl of nuclease-free water was added 

to the swab tips and left overnight at 4°C. A 200µl aliquot of the ‘swab solution’, to be used in 

the extraction procedure, was placed in a sterile 1.5ml Eppendorf tube. A 20µl Proteinase K and 

200µl AL buffer were added to the swab solution, which was then incubated at 70°C for 30 

minutes and vortexed every five minutes. Samples were placed into a heat block, set at 95°C, for 

10 minutes. Samples were centrifuged for two minutes at 15 000 × g before 200µl of 100% 
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EtOH was added and the samples were centrifuged again for one minute at 15 000 × g. The 

samples were then transferred to new 1.5ml catch tubes. This eluate was washed with 500µl 

AW1 buffer and then with 500µl AW2 buffer, dried by spinning for one minute, and washed 

with 200µl AE buffer. The solution was centrifuged at 15 000 × g for 1 minute and transferred to 

a new catch tube after each wash.  

Traditional PCR Assay: 

A traditional PCR assay was conducted on all samples collected (n=30). Traditional PCR 

was carried out in accordance with a procedure developed by the Animal Health Center (AHC) 

in Abbotsford, BC based on work done by Annis et al. (2004). Each step was performed under a 

laminar flow cabinet to ensure a sterile environment. The PCR assay was done using PuReTaq 

TM
 Ready-to-go 

TM
 PCR beads. These pre-made beads contain a portion of the master mix (the 

dNTPs, Taq polymerase, and buffer) and ensure that the ratio of those components does not vary 

between assays. The B. dendrobatidis-specific primers Bd1a (5´-

CAGTGTGCCATATGTCACG-3´) and Bd2a (5´-CATGGTTCATATCTGTCCAG-3´) 

recognize the rDNA internal transcribed spacer (ITS) region and were developed by Annis et al. 

(2004) and produce an amplified band of approximately 300 bp. The master mix for each sample 

was made up of 21µl nuclease free water, 1µl of Bd1a primer, and 1µl Bd2a primer at a working 

concentration of 1µM. Then 23µl of the reaction mixture was added to the PuReTaq 
TM

 Ready-

to-go 
TM

 bead in each 0.2ml PCR tube and 2µl of template DNA was added to the tube (for the 

negative control, 2µl of nuclease-free water was added) for a total reaction volume of 25µl. For 

the positive control, 2 µl of a sample of chytrid fungus supplied by the AHC was added. This 

solution was thoroughly mixed and spun down by centrifugation at 10 000 × g to ensure the PCR 

bead was fully dissolved.  
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 To amplify the DNA, a TC-412 thermocycler from Techne
TM

 was used. The 

amplification protocol consisted of an initial denaturation at 95°C for 5 minutes followed by 50 

cycles of a 1 minute denaturation at 95°C, 1 minute annealing at 60°C, 1 minute extension at 

72°C. A final extension at 72°C for 7 minutes completed the amplification process. The 

thermocycler lid was heated to 105°C and the final hold temperature was 4°C to ensure the DNA 

would hold its integrity if left in the machine after the amplification process had been completed.  

The resulting PCR products were separated using
 
agarose gel electrophoresis. The gel 

was made with 0.5g agarose added to 50ml of 1X TRIS borate–EDTA buffer solution (TBE 

buffer) to make a 1% gel. The PCR amplified samples and the positive and negative controls 

were mixed with sucrose loading buffer (SLB), 8.5µl of sample with 3µl of SLB. A 2-log DNA 

ladder was used as a reference to determine the size of the product. Inclusion of 50µl of ethidium 

bromide in the gel allowed DNA to be visualized in the gel under ultraviolet light. Pictures were 

taken with a Canon Powershot A650 IS. Swab samples were considered positive if an 

amplification product of ~300bp was visible. In the absence of a 300bp band the sample was 

considered negative (Annis et al., 2004). 

Real-time PCR Assay: 

 Traditional PCR has been found to be less sensitive in detecting fungal zoospores than 

real-time PCR methods using a specific Taqman probe (Annis et al. 2004; Boyle et al. 2004). 

For this reason, real-time PCR was used to analyze the extracted DNA. The procedure used for 

this analysis was developed by Boyle et al. (2004) and modified by the Animal Health Centre. 

Real-time PCR analysis of the swab samples were processed using an Applied Biosystems 

7900HT Fast Detection System. Swab samples were prepped in duplicates. The forward primer, 
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ITS1-3 (5´-CCTTGATATAATACAGTGTGCCATATGTC-3´), reverse primer, 5.8S (5´-

AGCCAAGAGATCCGTTGTCAAA-3´), and probe, ChytrMGB2 (5´-

6FAM/CGAGTCGAACAAAAT/MGBNFQ-3´) were developed by Boyle et al. (2004). Forward 

and reverse primers were rehydrated to a working stock concentration of 20µM (Integrated DNA 

Technologies) the probe was diluted to a working concentration of 5µM (Applied Biosystems). 

For this assay Agpath-ID One Step RT-PCR Kit (Applied Biosystems) was used to prepare the 

samples. The reaction mix per reaction included 12.5µl of Agpath 2X Master Mix, 1.0µl of 25X 

Agpath Enzyme mix, 1.0µl of forward primer, 1.0µl of reverse primer, 1.0µl of the probe, 3.5µl 

of nuclease-free water and 5µl of template DNA. To amplify the DNA in the 7900HT (ABI), the 

cycling parameters consisted of an initial denaturation of 50°C for 2 minutes, 95°C for 10 

minutes, and 40 cycles of 95°C for 5 seconds, 60°C for 1 minute. A sample was considered 

positive if it resulted in a Ct value less than 29 (Applied Biosystems 2011).  

Nested PCR Assay: 

 Nested PCR analysis was employed in this study to confirm the accuracy of the results 

found in the traditional and real-time assays. This was done because nested PCR has been found 

to detect lower levels of zoospores when compared to traditional and real-time assays (Boyle et 

al. 2004). Nested PCR assays were conducted using the same procedure as traditional PCR. 

Working concentration of the primers was 0.5µM in a total reaction volume of 50µl.  Two pairs 

of PCR primers were used to detect the target DNA region. In the first amplification step of 

nested PCR, the forward primer, Bd18SF1 (5´ - TTTGTACACACCGCCCGTCGC - 3´), and 

reverse primer, Bd28SR1 (5´ - ATATGCTTAAGTTCAGCGGG - 3´), used were developed by 

Goka et al (2009).  
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The conditions for the first amplification consisted of an initial denaturation at 95°C for 9 

minutes, followed by 30 cycles of 30 seconds at 94°C, 30 seconds at 50°C and 2 minutes at 72°C 

and a final extension for 7 minutes at 72°C. 

A 2µl aliquot of the first-round PCR products were then re-amplified using Bd1a and 

Bd2a primers in the second amplification step of nested PCR. The second amplification 

conditions were an initial denaturation at 95°C for 9 minutes; 30 cycles of 30 seconds at 94°C, 

30 seconds at 65°C and 30 seconds at 72°C and a final extension for 7 minutes at 72°C. These 

products were then separated using agarose gel electrophoresis as described above. The gels 

were stained with 50µl of ethidium bromide in order to visual the DNA under ultraviolet light. 

Samples were considered positive if an amplification product of ~300bp was visible. In the 

absence of a 300bp band the sample was considered negative (Annis et al., 2004). The positive 

products from this assay underwent isolation and purification before being sent to be sequenced.  

Isolation and Purification of DNA from agarose gel: 

In preparation for sequencing, 300bp products of the nested-PCR amplification were 

isolated from the 1.5% agarose gel and purified using the UltraClean
TM

 Gelspin
TM

 DNA 

Purification Kit by MO BIO Laboratories, Inc. Isolation and purification procedures were done 

according to the manufacturer’s protocol. In brief, the desired DNA band was cut from the gel 

and placed in a 2.2ml spin filter tube with filter basket. The gel was incubated for 2 minutes in a 

heating block set at 55°C to make sure the gel was completely melted. Gel and salts were washed 

out of the solution using GelWash buffer and Elution buffer (10mM Tris) so only the DNA 

remained. GelBind, GelWash, and Elution buffers were added sequentially to the DNA solution 

in order to purify the isolated DNA.  
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Sequencing of amplified fragments:  

Gel purified products of the nested PCR amplification were sent to the Nucleic Acid 

Protein Service Unit (NAPS) at the Michael Smith Laboratories at the University of British 

Columbia to be sequenced. A 10µl sample of each template DNA at 15ng/µl was sent, along 

with 30µl of the Bd1a primer at 5pmol/µl. A NanoVue spectrophotometer was used to determine 

the concentration of the samples. To adjust the DNA concentrations, samples were precipitated 

by adding 95% EtOH and 3M sodium acetate. The solution was centrifuged on high for 15 

minutes, elute was discarded, and 200µl of 70% EtOH was added. This solution was centrifuged 

on high for five minutes, supernatant was discarded and DNA was dried using a Speed Vac 

SC110. DNA was rehydrated to the desired concentration using nuclease-free water.  

The sequences were analyzed using the Basic Local Alignment Search Tool (BLAST) at 

the National Center for Biotechnology Information web site (http://blast.ncbi.nlm.nih.gov/Blast. 

cgi).  

RESULTS 

 A total of 30 swab samples were taken from Anaxyrus boreas from 2 sites at Morrell 

Lake (Table 1).  Swab samples were taken from 21 male and 9 female breeding adults. Five 

toads from the Morrell Lake population tested positive for Batrachochytrium dendrobatidis: a 

16.7% prevalence for this study. The results from the PCR assays are summarized in Table 1. In 

each PCR assay, a positive PCR control and a negative PCR control were included.  

 In the traditional PCR assay a band for the positive PCR control showed up clearly at 

300bp and faint positive bands appeared at around 300bp for sample 5 and sample 10 (Figures 2 

http://blast.ncbi.nlm.nih.gov/Blast.%20cgi
http://blast.ncbi.nlm.nih.gov/Blast.%20cgi
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& 3). Samples 17 to 30 were all negative according to the traditional PCR assay (photograph of 

gels not shown).  

 In the real-time PCR analysis, DNA samples were amplified twice. The results are 

summarized in Table 2. The cycle threshold (Ct) value denotes the measure of concentration of 

target DNA in the PCR reaction (Applied Biosystems, 2011). A Ct value equal to or less than 29 

indicated a strong positive reaction, and values of 30-37 indicated weaker positive reactions with 

a moderate amount of target DNA in the sample (WVDL, 2011). Ct values are exponential, 

Boyle et al (2004) demonstrate that a Ct value of 25 is equivalent to 455 zoospores, and a value 

of 27.2 is equivalent to 100 zoospores. For this study, Ct values close to the positive control Ct 

values (25.13, 26.51) were taken to be positive and values greater than 35 were considered too 

weak to indicate the presence of Bd.  The results of this assay attested that six samples were 

positive: samples 11, 13, 20, 21, 28, and 29 (Table 2).  

 A traditional PCR assay was done to amplify the eight putative positive results from the 

traditional and real-time PCR assays (Figure 4). The resulting gel came out wavy and somewhat 

smeared (possibly caused by the 2-log marker having a different sucrose loading buffer). Sample 

20 showed a strong band at 300-bp. The gel showed weaker bands for samples 5, 10, 11, 21, and 

29 that were not quite 300-bp, but this could be due to the wavy look of the gel.  

  Nested PCR was conducted to confirm the positive samples detected by the traditional 

and real-time PCR assays. The eight putative positive samples were tested again and resolved on 

a 1.5% agarose gel (Figure 5). Four of the samples (sample 11, 20, 28, 29) were determined to be 

strong positives for the Bd fungus, and sample 21 was determined positive as well, though a 

weaker band developed (Figure 5).  
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 The five samples amplified by nested PCR and sequenced at the NAPS lab at UBC 

(Table 3) using BLAST revealed 100% identity between samples 20, 28 and 29 to several 

Batrachochytrium dendrobatidis haplotypes listed in the database. The sequence quality of 

sample 11 and sample 21 was too low for the BLAST program to find matches to their 

sequences.  

DISCUSSION 

    Using three different PCR methods, five Western Toads from Morrell Lake were found 

to be positive for Bd infection. These infected toads were large breeding adults. Since Western 

Toads do not reach sexual maturity until three years (males) or five years (females) of age, they 

have time to accumulate fungal loads (Wind and Dupuis, 2002). Previous findings of 

chytridiomycosis in Western Toads in British Columbia include a one toad from the Peace River 

district (Raverty and Reynolds, 2001), and nine Western Toads from a population near Squamish 

(Deguise and Richardsonm 2009). American bullfrogs infected with chytridiomycosis were 

found at two sites, Beaver Lake and Maltby Lake, located at the southern end of Vancouver 

Island in 2006 (Garner et al., 2006). More recently, in 2008 an American bullfrog metamorph 

from Buttertubs Marsh was confirmed to be positive for chytridiomycosis (Klevin, 2009) as well 

as one Western Toad from Morrell Lake (Hitomi Kimura, pers. comm.). According to the results 

of my study, Bd seems to have spread in Morrell Lake since the 2008 study.  

Using all three PCR methods, eight samples were considered putative positives. Of these 

eight samples, only four were confirmed positive by all three PCR methods (samples 11, 20, 21, 

and 29). Sample 28 may also have been positive since it was confirmed positive in the real-time 

and nested PCR assays, and sequence data. The discrepancy between the methods may be due to 
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several factors, the most likely being inadvertent cross-contamination of samples during the 

assay. Furthermore, samples with very low concentrations of Bd may not be reliably amplified 

by PCR from one experiment to the next. The DNA products that were sequenced confirmed that 

samples 20, 28, and 29 were Batrachochytrium dendrobatidis; however due to the quality of the 

sequence data the search tool used could not differentiate between haplotypes. Sequencing the 

DNA with both the forward and reverse primer would have allowed for discrepancies to be 

further resolved, which may have led to being able to determine the specific haplotype of the 

strains found at Morrell Lake. Since strains of Bd are highly related (Morehouse et al., 2003) it 

may well be the case that individual hosts may be infected with more than one strain of the 

fungus, in which case cloning of the amplified DNA would be necessary to differentiate between 

strains. 

Batrachochytrium dendrobatidis population genetics show that isolates are highly related 

and globally homogenous (Morehouse et al., 2003; Fisher et al., 2009). These related isolates 

have a low level of genetic variation which may allow amphibian populations to develop 

resistance and combat one strain of Bd. However, it has been demonstrated that Bd isolates vary 

in several important characteristics linked to virulence, and different isolates may be more 

aggressive (Fisher et al., 2009). Mallorcan and U.K. isolates of Bd were assayed in the common 

toad (Bufo bufo) and it was found that the Mallorcan strain of Bd manifested less than 50% of the 

virulence observed in the U.K. strain (Fisher et al., 2009). It may be beneficial for future studies 

to determine the specific strains found on Vancouver Island and their virulence in order to better 

understand the vulnerability or resistance of the native amphibians to Bd.  

American Bullfrogs have spread over the middle and Southeastern parts of Vancouver 

Island (Govindarajulu, 2005; Govindarajulu and Dodd, 2008). This species is a voracious 
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predator, possibly preying on the tadpoles and metamorphs of native amphibians such as the 

Western Toad. American Bullfrogs may be a reservoir for chytridiomycosis because they can 

harbour chytrid fungus without suffering clinical signs of the infection (Daszak et al., 2004). 

Therefore, introduced bullfrogs may affect native amphibian populations through predation, 

competition, and disease transmission (Garner et al., 2006). Although removing bullfrogs has 

proven difficult, removing Bd from the environment seems even more difficult, as Bd likely has 

the capacity to persist across a variety of environments (Garner et al., 2006). 

Further studies of Bd in metamorphs and tadpoles will give a better indication of the 

prevalence of Bd in populations. Few studies have determined larval infection, but it has been 

shown that prevalence of chytridiomycosis can be very high (Daszak et al., 2003). Fellers et al. 

(2001) showed a 67% prevalence of oral chytridiomycosis in populations of the declining 

mountain yellow-legged frog (Rana muscosa). Waldman et al. (2001) demonstrated that tadpoles 

can successfully carry and transmit the disease. Furthermore, infected larvae survive 

significantly longer than adults in ponds invaded with Bd, providing a delayed impact for 

outbreaks (Waldman et al., 2001). Most natural dispersal in amphibian populations occurs 

among juveniles (Waldman et al., 2001; Daszak et al., 2004). If Bd is more prevalent among 

tadpoles and metamorphs, the latter of which tend to disperse further than adults, this may have 

serious implications for the distribution of Bd fungus on Vancouver Island.  

Prevalence among the Western Toads differed slightly between males and females (see 

Table 1). This may reflect gender-related differences in infection, possibly due to differential 

behaviour of males and females. In host-parasite systems it has been shown that male toads 

spend more time in the water and are more mobile than females and these behaviours cause 

males to be more susceptible to infection (Tinsley, 1989). The difference did not seem to be 
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significant in this study; a larger sample size would be necessary to determine if there was any 

difference in prevalence between sexes.  

 Chytridiomycosis devastates amphibian populations because the ecological traits of 

amphibians and the biological traits of Bd combine to produce local extinctions in susceptible 

species (Daszak et al., 2003). More specifically, amphibians that breed in permanent water, have 

low fecundity and are habitat specialists, cannot effectively combat a disease that grows rapidly 

in cool temperatures, has high virulence, a wide host range and the potential to survive outside of 

the host in the wild (Daszak et al., 2003). Early detection of chytridiomycosis infection is 

important in conserving these species. Real-time and nested PCR assays have proven effective at 

detecting low levels of fungal loads in field samples (Annis et al., 2004; Boyle et al., 2004). The 

ability to detect low levels of fungal spores aids in confirming infections early on and is vital to 

help prevent the spread of B. dendrobatidis, particularly to areas that are not already infected.  
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TABLES AND FIGURES 

Table 1: Results of PCR assays for the Batrachochytrium dendrobatidis fungus on 30 

swab samples from Western Toads (Anaxyrus boreas) collected from Morrell Lake, 

Nanaimo, BC. The geographic locations of the sampling sites are shown in Figure 1. All 

individuals swabbed (M=male, F=female) were adults. The PCR assay results were either 

negative (-) or positive (+).  

Date  

Swab 

ID Sex SVL 
Traditional 

PCR Results 

 

Real Time 

PCR Results 

 

 Nested PCR 

Results 

 April, 3, 2011 1 M 90 - - n/a 

April 5, 2011 2 M 85 - - n/a 

April 8, 2011 3 F 105 - - n/a 

 

4 M 87 - - n/a 

 

5 M 95 + - - 

 

6 M 86 - - n/a 

 

7 M 100 - - n/a 

 

8 M 93 - - n/a 

 

9 M 97 - - n/a 

 

10 M 97 + - - 

April, 13, 2011 11 M 98 - + + 

April 15, 2011 12 F 103 - - n/a 

 

13 F 120 - + - 

April 16, 2011 14 F 110 - - n/a 

 

15 M 94 - - n/a 

April 17, 2011 16 M 85 - - n/a 

 

17 M 87 - - n/a 

 

18 M 94 - - n/a 

 

19 M 90 - - n/a 

 

20 F 119 + + + 

April 25, 2011 21 F 118 - + + 

 

22 M 100 - - n/a 

 

23 F 130 - - n/a 

 

24 M 110 - - n/a 

 

25 M 90 - - n/a 

 

26 F 110 - - n/a 

 

27 M 85 - - n/a 

 

28 M 87 - + + 

 

29 F 105 - + + 

 

30 M 88 - - n/a 
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Table 2. Results of real-time PCR assay processed using an Applied Biosystems 7900HT Fast 

detection system. A cycle threshold (Ct) value under 29 is indicative of a strong positive result.  

        Sample Name  Detector Name       Ct Value 

Negative Control 

Negative Control 

Positive Control 

Positive Control 

Sample 01 

Sample 01 

Sample 02 

Sample 02 

Sample 03 

Sample 03 

Sample 04 

Sample 04 

Sample 05 

Sample 05 

Sample 06 

Sample 06 

Sample 07 

Sample 07 

Sample 08 

Sample 08 

Sample 09 

Sample 09 

Sample 10 

Sample 10 

Sample 11 

Sample 11 

Sample 12 

Sample 12 

Sample 13 

Sample 13 

Sample 14 

Sample 14 

Sample 15 

Sample 15 

Sample 16 

Sample 16 

Sample 17 

Sample 17 

Sample 18 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

Undetermined 

Undetermined 

25.13586 

26.514132 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

35.363777 

34.65314 

37.250996 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

31.074156 

31.884445 

Undetermined 

Undetermined 

32.79169 

32.67603 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

37.848312 
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Sample 18 

Sample 19 

Sample 19 

Sample 20 

Sample 20 

Sample 21 

Sample 21 

Sample 22 

Sample 22 

Sample 23 

Sample 23 

Sample 24 

Sample 24 

Sample 25 

Sample 25 

Sample 26 

Sample 26 

Sample 27 

Sample 27 

Sample 28 

Sample 28 

Sample 29 

Sample 29 

Sample 30 

Sample 30 
 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 

ITS 
 

Undetermined 

Undetermined 

36.5832 

29.6016 

29.84293 

31.979603 

31.399147 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

34.078045 

32.8321 

32.00339 

31.877342 

Undetermined 

Undetermined 
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Table 3. Raw DNA Sequence data from purified DNA amplified by nested PCR. DNA was 

sequenced at the Nucleic Acid Protein Service Unit (NAPS) at the Michael Smith Laboratories at 

the University of British Columbia, Vancouver, BC. Each 10µl of sample was a concentration of 

15ng/µl. The forward primer (Bd1a) used to sequence was at a concentration of 5pmol/µl.   

Sample Sequence 
 

Positive 

NNNNNNNNNNNNNTTTCANNNTATTGGNATTGNTATTTAATTGAAAANTTGAAAATAATATTNNAANN

NTTTTGACACGGATCTCTTGGTCTCGCNNATNAANAACGCANNGAANGCGATACGTNTGTGAATTGCA

AACCTTTGTGAATCATTAAATCTTTGAACGCACATTGCACTCGTAAAAGAGTATACATGTTTGATAAT

TATAAAAATACATTGTCCGAATTGACTGGACAGATATGAAGATGA 

 

 

11 

NNNNNNANNNNTNNTNNTNCNANNNTTNNTGNNNNTTGAANNANTTAATTGAAATGATTGAATTGAAT

ATTATATNNNNNANTTGATTTNNCATCTCTTGGCTCGNGTCTCGATGAAAAACGNANCGAAANGNGAT

NNGTAATGTGAAGTGNANACCTTTGCGTATCATTAAATCTTTGCACGCANNTTGCATTGGAATCNGAG

TATANNGNTTGGTAATTATATNAATNCNNTGTCCTGTTTGAATGGACTGATCTGAACCATGACATGAG 

 

 

20 

NNNNNNNNNNNNNNNNNTTCNACNNTTAATTGGNNTTGAATAATTTAATTGAAAAAAATTTNAAATAA

ATATCAACAACNACTTTTGACTNCGGATCTCTTGGCTCTCGCAACGATGAAGAACGCATGGAATTGCG

ATAGGGAATGGGAATTGCTTGCCTTTGTGAATCTCTATGTCTTTGAACGGACCTTGCACTCGAAAAAG

AGTGTANGAGNTTGAGAATTATAAATTGACATTGTCGGATGTGACTGGACGAATCTGGACCATGA 

 

 

21 

NNNNNNGNNNNNNNNNNNNNNNCNNCATTTNTTGGAATNNGGTGATTGATTGAAAATTTGCAANAATA

TNNAAAGNNNNNNTGGTGTCGGACCTCTTGGAGNGCGAAATTAAGATCCCCGGGGAGGGATGCTGTGC

CGGTTGNNAGGGNCCGGCCTGGACTGATGATNGGGTCCAGGTCCCCACCTTGGANTCCTGGTCAAGTG

ANNNGTNN 

 

 

28 

NNNNNNNNNNNNNNNNCGCAATTATTGGAATTGNTATTTAATTGAAAAAAATATTAAAAACACTTTNG

ANTCGNATCTCTTGGTCTCGCGCGATGAAGAACGCAGCGAAATGCGATACATAATGTAATTGTGACCT

TTGTGACCNTTAAATCTTTGAACGCACATTGCACTCAAAAAGACATACATGATTGAGAANATAAAAAT

ACATTGTCCGAATTGACTGGACAGATATGAACCATGANAACCATGA 

 

 

29 

NNNNNNNNNNNNNNNNNNANANTTAATTGNNNNTGAATGATTTTAATTTAATTGAAAAAAATTGAAAA

TAAATATTAAAAACAACTTTTGACAACGGATCTCTTGGCTCTCGCAACGATGAAGAACGCAGCGAAAT

GCGATACGTAATGTGAATTGCAAACCTTTGTGAATCATTAAATCTTTGAACGCACATTGCACTCGTAA

AAGAGTATACATGTTTGAGAATTATAAAAATACATTGTCCGAATTGACTGGACAGATATGAACCATGA 
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Figure 1. Aerial photograph of Morrell Lake, showing the location of the two sites from which 

Western Toads (Anaxyrus boreas) were sampled. Site 1 is located near the shore on the west side 

and site  located on a northeast island. Image obtained from Google Earth
©

.  
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Figure 2. Results from first traditional PCR assay for the Bd fungus taken from swab samples of 

Western Toads. The lanes contain PCR amplification product of template DNA from samples 

from Morrell Lake. The toad sample number is indicated below the lane. The positive PCR 

control was a sample of chytrid fungus supplied by the Animal Health Centre. The negative PCR 

control had nuclease-free water in place of template DNA. The DNA was separated using a 1.0% 

agarose gel.   
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Figure 3. Results from first traditional PCR assay for the Bd fungus taken from swab samples of 

Western Toads. The lanes contain PCR amplification product of template DNA from samples 

from Morrell Lake. The toad sample number is indicated below the lane. The positive PCR 

control was a sample of chytrid fungus supplied by the Animal Health Centre. The negative PCR 

control had nuclease-free water in place of template DNA. The DNA was separated using a 1.0% 

agarose gel.   

  

 

 

 

 

 

 

 



31 
 

 

Figure 4. Results from second traditional PCR assay for the Bd fungus taken from swab samples 

of Western Toads. Possible positive samples were re-amplified. The lanes contain PCR 

amplification product of template DNA from samples from Morrell Lake. The toad sample 

number is indicated below the lane. The positive PCR control was a sample of chytrid fungus 

supplied by the Animal Health Centre. The negative PCR control had nuclease-free water in 

place of template DNA. The DNA was separated using a 1.0% agarose gel.   
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Figure 5. Results from nested PCR assay for chytrid fungus taken from swab samples of 

Western Toads. The lanes contain second round amplification products of nested PCR from 

template DNA from samples from Morrell Lake. The toad sample number is indicated below the 

lane. The positive PCR control was a sample of chytrid fungus supplied by the Animal Health 

Centre. The negative PCR control had nuclease-free water in place of template DNA. The DNA 

was separated using a 1.5% agarose gel.   

  


