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Swabber Effect: Swabbing Technique Affects  
the Detectability of Batrachochytrium dendrobatidis

The chytrid fungus, Batrachochytrium dendrobatidis (Bd) 
has been implicated in amphibian declines in numerous 
amphibian populations around the world (Lötters et al. 2010). 
The pathogenic fungus infects the mouthparts of larval anurans, 
and the skin of adult amphibians, and this may lead to mortality 
of the host (Berger et al. 1998; Voyles et al. 2011). Quantitative 
PCR analysis is a widely used technique for estimating the 
prevalence of Bd infection in wild frog populations (Kriger et 
al. 2006a; 2006b; 2007; Hyatt et al. 2007). Numerous sampling 
methods, such as bathing (Hyatt et al. 2007), toe clipping (Boyle 
et al. 2004; Hyatt et al. 2007) and swabbing (Kriger et al. 2006a; 
Hyatt et al. 2007) have been used to obtain Bd samples from 
amphibians. The swabbing technique is preferred over other 
sampling techniques as it is highly sensitive, can easily be applied 
in the field, and meets ethical standards as it is a non-invasive 
technique (Kriger et al. 2006b; Hyatt et al. 2007). This technique 
has been used extensively for comparing Bd prevalence among 
populations (e.g., Kriger and Hero 2007a; Kriger et al. 2007; Van 
Sluys and Hero 2009).

To our knowledge, there have been no studies examining 
the influence of swabbing effort for estimating the prevalence 
of Bd infection in anuran populations. This is despite evidence 
from non-diseased related ecological field studies that show 
increased survey effort results in higher probability of detecting 
species (Field et al. 2002; de Solla et al. 2005). Similarly, the effect 
of observer can additionally influence outcomes of ecological 
surveys with results often differing between observers (Morin 
and Conant 1994; Thompson and Mapstone 1997; Cunningham 
et al. 1999; Diefenbach et al. 2003). Similar effects are seen in the 
microbial field, where studies have shown particular methods 
for detecting microbes (i.e., E. coli) may not work in particular 
climates or on particular microbes due to variation in detection 
methods (Scott et al. 2002). With numerous Bd studies being 
conducted worldwide, it is imperative to evaluate if there is 
an influence of different swabbers (individual humans) on 
estimates of Bd prevalence. 

Herein, we compare Bd prevalence estimates between two 
swabbers to evaluate whether bias is caused by individuals 
when comparing Bd prevalence. We also examine the influence 
of repeated swabbing on Bd prevalence estimates. A well-
studied site for the presence of Bd was chosen within Numinbah 
Valley, south-east Queensland, Australia (28.178° S, 153.228° 
E). We surveyed male Litoria wilcoxii (Anura: Hylidae) for the 
presence of Bd zoospores one night in early October, 2007, as it 
is known that prevalence of Bd is highest at this time of year for 
the study site (Kriger and Hero 2007b).

Two individuals (designated Swabber ‘A’ and Swabber 
‘B’) swabbed sixty-seven male frogs. Swabber A had several 
years of experience in Bd swabbing while Swabber B had only 
previously swabbed for Bd in one L. wilcoxii population. Each 
frog was swabbed ten times over the ventral surface of the 
posterior thighs, ten times over both lateral sides of the frog 
(from groin to armpit), ten times over the ventral surface and 
five outward strokes on the webbing of both feet (Kriger et al. 
2006a), totaling 60 strokes per frog per swabber (see Youtube 
video “How to swab a frog for chytrid fungus”: http://www.
youtube.com/watch?v=Ip-urLMLK9k). Sampling alternated 
between who swabbed first and who swabbed second. In total, 
33 Litoria wilcoxii were swabbed first by Swabber ‘A’, followed 
by Swabber ‘B’; and 34 frogs were swabbed first by Swabber ‘B’, 
then by Swabber ‘A’. All frogs were caught and handled with 250 
mm × 200 mm plastic bags which were discarded after a single 
use to avoid Bd transfer and sample contamination. To ensure 
the same frog was not sampled twice, frogs were not released 
until all swabbing had been completed. Swabs were stored on 
ice until return to the laboratory, where they were kept frozen 
to maintain Bd zoospore DNA from degradation (Van Sluys et 
al. 2008). 

Swabs were analyzed for Bd presence using quantitative 
(real-time) PCR techniques as described by Boyle et al. (2004) 
with the changes recommended by Kriger et al. (2006b). After 
successful singlicate runs, machine failure occurred and 
samples were lost during the triplicate analysis. Therefore, 
only the singlicate method was used to determine positive or 
negative samples. The use of the singlicate method is valid for 
Bd prevalence, with no significant loss of prevalence accuracy 
occurring between triplicate and singlicate methods (Kriger 
et al. 2006b). A Z-test was used to determine if there was a 
significant difference in Bd prevalence between swabbers and 
swabbing order. 

Overall, 17 of 67 (25.4%) frogs were Bd-positive (Table 1). 
There was a significant effect of swabber on Bd detection (Z = 
2.281; p = 0.023) with Swabber ‘A’ detecting Bd on 16 of 17 (94.1%) 
Bd-positive frogs and Swabber ‘B’ detecting Bd on 11 of 17 
(64.7%) Bd-positive frogs. Of the 67 total frogs sampled, Swabber 
A detected Bd on 23.9% and Swabber B detected Bd on 16.4%. 
Swabber ‘B’ detected Bd on one frog that Swabber ‘A’ failed to 
detect, despite Swabber ‘A’ detecting Bd on more frogs.

Ten of 17 (58.8%) Bd-positive frogs yielded positive results on 
both first and second swabbing events (Table 1). Of the 7 frogs 
on which Bd was detected by only one swabbing event, the first 
swabbing tended to detect Bd more often, on 5 frogs, while the 
second swabbing uniquely detected Bd on 2 frogs. There was no 
significant effect of repeated swabbing on Bd prevalence (Z = 
1.301; p = 0.193). 

Overall, researchers can be confident that a significant 
proportion of Bd-infected frogs will be detected during repeated 
swabbing events because we found that there was no significant 
difference in Bd prevalence between the first and second 
swabbing events. This may be important for monitoring changes 
in prevalence over short time periods. Additionally, this means 
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that there is a significant chance that Bd will be detected if a frog 
needs to be swabbed more than once (e.g., due to swabbing error 
on the first swabbing event). 

The significant difference between the researchers conducting 
the swabbing is important as the swabber can significantly 
influence the prevalence estimates for the population sampled. 
Several positive frogs were missed by Swabber ‘B’, resulting in 
false negatives. This may be critical when managing captive 
husbandry populations, especially where threatened species 
are housed. We recommend that frogs in captivity are swabbed/
sampled more than once, preferably by different swabbers, to 
improve confidence of Bd detection. It is also recommended 
that swabbers have ‘swabbing training’ prior to swabbing within 
captive populations.  

Why was there a significant difference in Bd detection 
between swabbers? Studies have shown that experienced 
researchers can obtain different results when compared with 
inexperienced researchers (Fitzpatrick et al. 2009). Therefore, 
different levels of swabbing experience between Swabber ‘A’ and 
Swabber ‘B’ may have contributed towards different Bd detection 
levels. The lack of experience by Swabber ‘B’ may have resulted 
in the swabbing technique being inadvertently modified (i.e., a 
slight change in swabbing locations) or a different application of 
the same methodology (i.e., a decrease in swabbing pressure), 
which may have resulted in lower Bd detection. Therefore, where 
different swabbers are involved, comparisons of Bd prevalence 
must be undertaken with caution. Further experimentation is 
required to elucidate these hypotheses.

There are currently numerous swabbing methodologies in 
use for sampling Bd (e.g., Boyle 2004; Kriger et al. 2006a; Hyatt 
et al. 2007; Schloegal et al. 2009; Hunter et al. 2010; Simpkins et 
al. 2010; Vredenburg et al. 2011). Most swabbing methods target 
specific areas of the frog’s body (i.e., ventral surface, thighs, feet) 
that are known to be highly susceptible to Bd infection (Berger 
and Speare 1998). Alternatively, some studies only target a 
limited area of the frogs body surface (e.g., Schloegal et al. 2009) 
potentially missing Bd infected areas that could produce false 
absences. Studies use a different number of strokes per frog (e.g., 
60 for Kriger et al. 2006a and 30 for Vredenburg et al. 2011) which 
may influence the likelihood of Bd detection through increased 
swabbing effort. While the effect of ‘swabber’ would be difficult 
to control, our results highlight the importance of having a 
consistent swabbing technique that could be followed by all 
researchers to maximize the chance of obtaining comparable 

data. Comparable Bd data could help 
determine the influence of various 
environmental variables on Bd from 
studies conducted by different researches 
worldwide (Lötters et al. 2010). 

It is logistically impossible to control 
for the effect of swabbing individuals 
when comparison of studies from different 
locations are being made. However, our 
study demonstrates the importance 
that individual swabbers can have on 
Bd detection and it is imperative that 
swabbing methodologies be standardized 
to allow for comparisons of results. 
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Detection of Batrachochytrium dendrobatidis in the Eastern 
Spadefoot, Scaphiopus holbrookii, at Cape Cod National 
Seashore, Barnstable County, Massachusetts, USA

The pathogenic fungus Batrachochytrium dendrobatidis (Bd) 
has contributed to the global decline of amphibians (Young et al. 
2007) and is widely known for its prevalence in certain anuran 
populations (Weinstein 2009). Although Bd is more commonly 
associated with permanent-pond-dwelling frogs (Kriger and 
Hero 2007), it has also been implicated in die-offs of terrestrial 
toads such as the Boreal Toad (Anaxyrus boreas; Muths et al. 2003; 
Deguise and Richardson 2009), Yosemite Toad (Anaxyrus canorus; 
Green and Sherman 2001), Common Toad (Bufo bufo; Garner et al. 
2005), and Midwife Toad (Alytes obstetricans; Garner et al. 2005). 
Recently, Bd was also documented at Cape Cod National Seashore 
(Barnstable County, Massachusetts, USA) in a road-killed 

specimen of another terrestrial species, the Eastern Spadefoot 
(Scaphiopus holbrookii; Tupper et al. 2011). Because S. holbrookii 
are uncommon and protected throughout southern New England 
(Klemens 1993; Cook 2005), additional data on Bd prevalence 
are important to the successful conservation of this species. 
Therefore, the goal of this project was to further quantify rates of 
Bd occurrence in S. holbrookii at Cape Cod National Seashore. 

Using Google Earth version 6 (www.googleearth.com), we 
divided the Provincelands (a region of the Cape Cod National 
Seashore where S. holbrookii are most common; Fig. 1; see 
Tupper et al. [2007] for a more detailed description of the site) 
into three sampling regions: an east, central and west region. We 
established separate sampling routes (based on established trails 
that meandered through dunes and cranberry bogs) within each 
sampling region to avoid oversampling within a given area of the 
Provincelands. Each route was sampled weekly. Sampling began 
within 60 min of sunset and ended by 0200 h. Samples were 
collected between 1 June and 8 August 2011 and 2013. To assay for 
Bd presence, S. holbrookii skin surfaces were thoroughly sampled 
(using methods described by Hyatt et al. [2007]) with sterile dry 
swabs (no. MW113, Medical Wire and Equipment Company, 
Durham, North Carolina, USA). To avoid repeatedly sampling 
the same individual, the webbing between the outermost toes of 
the hind right foot was marked with a visual implant elastomer 
dye (http://www.nmt.us/products/vie/vie.shtml) via 30 gauge 
BD Ultra-Fine™ insulin syringes (see Hoffmann et al. [2008] for 
marking procedures). S. holbrookii were then sexed, measured, 
weighed and released.  

We placed skin swabs in 1.5 mL microcentrifuge tubes 
and froze the tubes until molecular analyses were conducted. 
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