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Figure 1. Specificity of mAb 5C4 as determined by surface 
washings containing water-soluble antigens of related and unrelated 
fungi and oomycetes. (A) ELISA 450 nm absorbance values at first 
seem to indicate that mAb 5C4 cross reacts with some Trichosporon 
species, however, (B) this is only at high concentrations (250 ug ml-1) 
and is eliminated at 200 ng ml-1. Bd remains reactive at 
concentrations as low as 0.05 ng ml-1. 
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Figure 2. Characterisation of the 5C4 antigen as determined by (A) 
western immunoblot and (B) ELISA. (A) MAb 5C4 binds to a high 
molecular weight antigen (lane 1). Binding is significantly reduced 
when the antigen is exposed periodate treatment (lane 2), indicating 
carbohydrate moieties. (B) ELISA 450 nm absorbance values of 5C4 
antigen levels present liquid Bd cultures. Antigen levels increased 
across a 7 day time period, indicating the antigen is shed into the 
external environment. 

A

B

0 2 4 6 8

0.2

0.6

1.0

1.4

Time (Days)

O
D 45

0n
m

Figure 3. Cellular distribution of 5C4 antigen as determined by 
(A,B) immunofluorescent and (B,C) electron microscopy. (A) Brightfield 
image of sporangium and rhizoids probed with mAb 5C4, followed by a 
FITC conjugate. (B) Same field of view but examined under 
epifluorescence. (C) Longitudinal sections of Bd cells incubated with 
mAb 5C4, followed by a 20 nm gold particle conjugate. Taken together, 
images show that high quantities of the antigen can be found in the cell 
wall, cytoplasm, and in the extracellular material surrounding the cell.
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CONCLUSIONS
•There is currently no good way to diagnose chytridiomycosis on-
site. Current methods (PCR) are expensive and time consuming.

•We have developed a lateral-flow assay that can easily detect Bd 
and Bsal pathogens on-site, in 15 minutes or less.

•This test does not cross-react with a wide range of related fungi 
and oomycetes likely to be present in amphibian habitats.

•This test detects a carbohydrate antigen that is found in high 
quantities along the fungal cell wall,  in the cytoplasm, and in the 
excreted extracellular material surrounding the cell.

•Initial trials indicate the test can successfully detect Bd and Bsal 
antigen present in skin, foot, and pelvic samples from artificially 
and naturally infected animals. 
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Figure 5. Immunodetection of 5C4 antigen in frozen tissue 
samples. (A) Western immunoblot of soluble antigens in swabs of 
frozen amphibian tissue (foot, pelvic, or skin fragments) naturally 
infected with Bd and Bsal. MAb 5C4 was able to distinguish between 
Bd and Bsal, giving two distinct binding patterns. (B) Corresponding 
positive LFA results. The LFA was able to correctly identify all infected 
tissue samples. Only sample 23 (strong) and sample 7 (weak) are 
shown. Sample 33 shows a negative test result from a non-infected 
tissue sample.
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Figure 4. LFA versus qPCR detection of Bd antigen and DNA in 
artificially infected animals. Juvenile Common midwife toads 
(Alytes obstetricans) were exposed to Bd zoospores and the 
presence of pathogen antigen or DNA was determined by LFA or 
qPCR after 23 days. Dorsal (upper) and ventral (lower) images of the 
LFA and qPCR animal are shown to the right.
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ABSTRACT
The fungus Batrachochytrium dendrobatidis (Bd) causes 
chytridiomycosis, a lethal epizootic disease of amphibians. Rapid 
identification of the pathogen and biosecurity is essential to prevent 
its spread, but current laboratory-based tests are time consuming 
and require specialist equipment. Here, we describe the generation 
of an IgM monoclonal antibody (mAb), 5C4, specific to Bd as well as 
the related salamander and newt pathogen Batrachochytrium 
salamandrivorans (Bsal). The mAb, which binds to a glycoprotein 
antigen present on the surface of zoospores, sporangia and 
zoosporangia, was used to develop a lateral-flow assay (LFA) for 
rapid (15 min) detection of the pathogens. The LFA detects known 
lineages of Bd and also Bsal, as well as the closely related fungus 
Homolaphlyctis polyrhiza, but does not detect a wide range of related 
and unrelated fungi and oomycetes likely to be present in amphibian 
habitats. When combined with a simple swabbing procedure, the LFA 
was 100% accurate in detecting the water-soluble 5C4 antigen 
present in skin, foot and pelvic samples from frogs, newts and 
salamanders naturally infected with Bd or Bsal. Our results 
demonstrate the potential of the portable LFA as a rapid qualitative 
assay for tracking these amphibian pathogens and as an adjunct test 
to nucleic acid-based detection methods.

INTRODUCTION
Batrachochytrium dendrobatidis (Bd) and Batrachochytrium 

salamandrivorans (Bsal) are emerging infectious agents that has 
been implicated in the extinction of over 200 amphibian species 
worldwide. Infection causes chytridiomycosis, a panzootic disease 
that leads to morbidity and mortality by disrupting the skin’s 
osmoregulatory function and electrolyte balance. Infected populations 
can crash in just a few short months, and in remote locales, decline 
often goes unnoticed until it is too late.  

The spread of a hyper-virulent Bd lineage (now found on all 
continents) has been linked to the international amphibian trade. As 
such, the World Organisation for Animal Health (OIE) has listed Bd as 
a notifiable disease that must be monitored and controlled so to limit 
its spread and prevent additional extinction events. Despite this, there 
is still no easy way to diagnose chytridiomycosis in real-time. The 
current diagnostic gold standard is a skin swab combined with PCR. 
Whilst highly sensitive, PCR cannot be done on-site and requires 
skilled scientists working with expensive equipment. This method is 
highly technical, costly, and has limited uses in containing the spread 
of disease. 

Lateral-flow antigen capture assays (LFA) present an opportunity 
for a more rapid and inexpensive diagnostic by capitalising on the 
high specificity and sensitivity of monoclonal antibodies (mAbs). LFAs 
function in a similar manner to enzyme immunoassays, where an 
antigen is captured between two antibodies: one immobilised and 
one conjugated to a particulate label. These assays are simple to 
perform and are often done by individuals with no prior experience 
(e.g. home pregnancy kit). They can be completed on-site and results 
can be had in as little as 15-minutes. LFAs have been developed for 
several fungal diseases of humans, including cryptococcal meningitis 
and invasive aspergillosis. The goal of the present study is to adapt 
this technology for chytrid-infected amphibians for the rapid, on-site 
diagnosis of chytridiomycosis. This will allow for more efficient 
reporting and better containment of the disease.
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