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In the short time since the discovery and description
of Batrachochytrium dendrobatidis as an agent of
amphibian decline, significant research has focused on
the improvement of diagnostic techniques for the
detection of chytrid infection in amphibians (Berger et
al. 2002, Annis et al. 2004, Olsen et al. 2004, Hyatt et al.
2007, this issue). Although histological preparation and
microscopic examination is still the most widely used
method of detecting cutaneous chytridiomycosis in
amphibians (Kriger et al. 2006a and citations within),
there is justifiable concern that the sensitivity of
histopathology is unacceptably low, resulting in some
proportion of false negatives in chytrid surveys (e.g.
Boyle et al. 2004, Olsen et al. 2004).
The search for more sensitive assays for Batrachochytrium dendrobatidis has resulted in the development of molecular techniques capable of detecting the equivalent of 10 zoospores of B. dendrobatidis
(Annis et al. 2004), a resolution potentially fine enough
to detect a single chytrid sporangium. The sensitivity
envelope has been pushed even further, however, and
real-time quantitative PCR (qPCR) techniques are now
capable of detecting the equivalent of a single
zoospore (Boyle et al. 2004). Recent analyses suggest
that qPCR is more sensitive, more specific, and in
some ways more convenient than histopathology
(Kriger et al. 2006a). This result, combined with the
quantitative nature of qPCR, has led Kriger et al.
(2006a,b) to recommend that amphibian disease biologists make swab-qPCR the primary method of detection of B. dendrobatidis.
There is no reasonable argument to be made against
using qPCR for chytrid detection if identifying very

small numbers of zoospores is of primary concern. I
agree with Kriger et al. (2006a) that qPCR outperforms
all other known techniques in detecting zoospores of
Batrachochytrium dendrobatidis and in not falsely reporting the presence of chytrid zoospores. That is,
qPCR has high sensitivity and high specificity, a valuable combination in a single diagnostic test. However,
in this comment I suggest that recommending the widespread adoption of swab-qPCR as the primary method
of detecting B. dendrobatidis is premature and ignores
potentially important differences in the goals and scope
of amphibian disease monitoring programs. I also propose that additional research is needed before we can
confidently conclude that qPCR quantifies the severity
of chytrid infections in a meaningful way.
My primary concern with the widespread adoption
of qPCR as the primary chytrid diagnostic is that it is,
somewhat paradoxically, too sensitive for the reliable
diagnosis of chytridiomycosis. qPCR does not actually
detect chytridiomycosis sensu stricto (cf. Kriger et al.
2006a,b), but detects chytrid zoospores. This is not
simply a semantic issue. There is no rigorous definition of
how many zoospores are representative of chytrid infection, or how few should be considered to be artifactual
and not representative of infection. In many cases, for example when large numbers of zoospores are detected by
qPCR, zoospore presence and chytridiomycosis are almost certainly functionally equivalent, and it is silly to argue otherwise. However, if the high sensitivity of qPCR
for detecting zoospores is combined with researchers
equating the detection of a few zoospores with the presence of chytridiomycosis, then the result is effectively a
latent reduction of the specificity of the diagnostic test.
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Consider, for example, a situation in which researchers are interested in determining the prevalence
of chytridiomycosis within a population. Because such a
study is conducted at an ecologically small scale of resolution (i.e. the unit of measure is disease status of individuals), it may seem as though the most sensitive diagnostic technique, qPCR, is called for. But this is not
necessarily so, and this can be illustrated by considering the data in Table 1 of Kriger et al. (2006a). This table
shows that there are several cases where the presence
of a very small number of zoospores results in categorizing individuals as ‘chytrid positive’ (6 individuals
with fewer than 10 zoospore equivalents detected). In
the hypothetical case in which the researchers are asking about disease prevalence, however, they are not actually interested in the presence of a few zoospores, but
in the presence of the disease caused by Batrachochytrium dendrobatidis, chytridiomycosis. Do 0.4
zoospore equivalents indicate an infected individual, or
simply an individual that has come into contact with a
few (perhaps viable, perhaps inviable) zoospores? Is
the presence of 4 zoospore equivalents representative
of an infection? How about 18 zoospores? Twenty-four
zoospores? Whatever the answer may be, it is essential
to recognize that qPCR does not detect the disease
chytridiomycosis, but instead detects chytrid zoospores.
The presence of low numbers of zoospores may result
in or from chytridiomycosis, but this is not necessarily
so. In other words, if qPCR is uncritically adopted as the
primary diagnostic method for identifying chytridiomycosis, then the use of this technique could result in frequent commission errors, errors in which uninfected individuals are incorrectly classified as infected. This is
the latent reduction in specificity to which I previously
referred. When used at its highest level of sensitivity for
the detection of a small number of zoospores, qPCR
loses its biological relevance and in some ways becomes a molecular party trick.
Admittedly, it is a luxury to quibble that a diagnostic
technique is too sensitive and I agree with Kriger et al.
(2006b) that a large number of applications will benefit
from the use of qPCR. For example, some researchers
will, in fact, be interested in detecting the absolute
presence of Batrachochytrium dendrobatidis regardless
of the number of zoospores detected, making qPCR not
only an acceptable, but the preferred diagnostic technique. This would be the case in amphibian breeding
facilities and zoos and in the search for chytrid presence
in areas of high amphibian endemism such as Madagascar. In other cases, however, researchers instead
will be interested in the presence of a biologically significant amount of B. dendrobatidis and may correctly
conclude that a few zoospores do not necessarily indicate chytridiomycosis. A problem with qPCR is that we
do not know what to consider a biologically significant

amount of chytrid zoospores. One solution is to define
‘chytridiomycosis’ based on a minimum zoospore count,
but until we have empirical data that define the relationship between zoospore counts and chytrid infection, such a determination would be arbitrary.
In contrast to qPCR, histology is a far less sensitive
technique, but it has the benefit of only detecting biologically significant chytrid levels, since it is dependent on the presence of clusters of zoosporangia. Such
clusters are the hallmark of a chytrid infection, so a
positive histological result is a robust confirmation of
chytridiomycosis. If detection of chytridiomycosis is the
goal of a study, histological examination is more specific than qPCR. However, as qPCR is not always
appropriate, neither is histology, so it is only individual
researchers who can decide on the most appropriate
chytrid detection technique based on the designs and
goals of their studies. I suggest for this reason that the
recommendation of widespread adoption of any single
method of chytrid detection is premature.
My second concern is with Kriger et al.’s (2006a)
recommended use of qPCR as a method for the quantification of chytrid infection in amphibians. One of the
perceived strengths of qPCR is that it can provide a count
of the amount of Batrachochytrium dendrobatidis detected in zoospore equivalents, providing researchers
with a quantitative measure of chytrid presence. If reliable, quantification of chytridiomycosis represents a significant advance in chytrid research, which almost certainly has been restricted by the low resolution of the
binary presence/absence data provided by histology. As
Kriger et al. (2006a) point out, 2 amphibian populations
with a similar prevalence of chytrid infection may have
significantly different average infection intensities. Accurate quantification of chytrid load in amphibian populations may help answer one of the most vexing questions about the role of B. dendrobatidis in amphibian
declines: Why does chytrid cause mortality, extirpations,
and extinctions in some species (or populations, or localities, or months) but not others? Any advance toward the
quantification of chytridiomycosis in amphibians is
therefore important, and the development of qPCR for
this purpose is a valuable step.
However, before we adopt qPCR counts of zoospore
equivalents as a measure of severity of chytridiomycosis, a number of important questions must be
answered about the biology of Batrachochytrium dendrobatidis. Most importantly, the strength of the relationship between zoospore count and infection severity
is not known. Indeed, we do not yet have confirmation
that such a relationship exists. We also do not know if
zoospore production by B. dendrobatidis is constant
relative to severity of infection. In other words, we do
not know if a heavy chytrid load always produces a
representatively large number of zoospores.
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Evidence from field and laboratory studies suggests that the relationship between zoospore count
and infection severity is neither simple nor constant.
It is well known that the chytrid life cycle is temperature-dependent and growth and zoospore production rates vary with environmental temperature
(Piotrowski et al. 2004). It follows that zoospore production and/or infection severity may vary with season, a view that is supported by the observed
seasonality of chytrid-associated mortality events
(Berger et al. 1998, 2004, Bosch et al. 2001), although
seasonal changes in other stressors may be responsible for these patterns, as well. Ultimately, we must
identify and consider factors such as these and determine the signal-to-noise ratio of qPCR zoospore
counts before we can reliably consider them to be
a quantitative measure of chytrid infection levels.
Quantitative PCR is ideal for such studies, and by
combining qPCR with thoughtfully designed laboratory experiments and field studies it should not be
difficult to validate qPCR as a quantitative measure
of chytridiomycosis. It may be profitable to combine
the use of qPCR with new microscopic quantification
methods (e.g. Weldon & du Preez 2006) to validate
qPCR for quantification of chytridiomycosis. This
would reverse the recent pattern of using PCR to
validate histology, but such a reversal may be
warranted.
In summary, I agree with Kriger at al. (2006a,b)
that swab-qPCR is a highly sensitive and useful
technique for the study of Batrachochytrium dendrobatidis and it has the potential to result in new
discoveries about the role played by this pathogen
in amphibian declines. However, as with any tool, the
use of qPCR is appropriate in some situations and less
so in others. Rarely is there one universally superior
tool. All amphibian disease biologists should carefully
consider the full range of techniques available to them
for the study of amphibian chytrid before adopting
one for use. It is critical that researchers make these
decisions in an informed way and not simply because
of superlatives of performance that are not always
biologically relevant.
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