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INTRODUCTION

Diseases are significant contributing factors in the
global decline of amphibian populations (Gray et al.
2009, Schloegel et al. 2010, Lesbarrères et al. 2012). In
Florida, as elsewhere, amphibian pathogens, such as
frog virus 3 (FV3, the type species for the genus
Ranavirus), protozoan alveolate parasites (Cook 2008,
Rothermel et al. 2008, Landsberg et al. 2013) and
chytrid fungi (e.g. Batrachochytrium dendrobatidis
[Bd]; Rothermel et al. 2008, Rizkalla 2009, 2010) are
considered important mortality factors (Rothermel et
al. 2008, Landsberg et al. 2013).

During a 3 yr surveillance study of amphibian
 diseases, we incidentally observed a heavy meso -

mycetozoean-like infection reminiscent of piscine
Ichthyophonus in histologic sections of the central
nervous system (CNS, i.e. brain, spinal cord and eye)
of larval southern toad Anaxyrus terrestris (n = 5), a
species not frequently collected. Ichthyophonus spp.
are mesomycetozoean ichthyophonid parasites of
fish (Cavalier-Smith 1998, Mendoza et al. 2002, Adl
et al. 2012, Glockling et al. 2013) that have also been
reported but not definitively identified and char -
acterized in amphibians. In amphibians, ichthyo-
phonid-like infections (Herman 1984, Ware et al.
2008, Rowley et al. 2013) are typically found in the
skeletal muscle and connective tissue, where they
can cause granulomatous myositis (Green et al. 1995,
Mikaelian et al. 2000), with occasional debilitation
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and emaciation causing mortality and morbidity
(Green et al. 2002, Densmore & Green 2007).

Lacking molecular data for confirmation, we tenta-
tively assigned the parasites infecting southern toads
to the Mesomycetozoea, possibly in the Order Ich thy -
o phonida, based on comparable morphology of other
infections by these organisms in amphibians and fish.
Herein we report a case study of an ap parently un -
usual, nonpathogenic organotropism for these organ-
isms using descriptive terms for piscine Ichthyo pho -
nus stages as proposed by Kocan (2013), and attempt
to classify the cell stage types based upon size and
morphology.

MATERIALS AND METHODS

Sampling

When sampling in ponds at the Archbold Biological
Station (Venus, FL), we used 4.8 mm mesh (3/16 inch)
dip nets (Model HDD-2, Memphis Net and Twine) to
collect amphibian larvae (n = 5) for histopathology. At
each pond, live larval specimens were immediately
transferred into a Ziploc® bag or a plastic bucket of
pond water, sorted by species and processed onsite.
Dip nets, buckets, boots and other field gear were
sprayed with 3% chlorine bleach following recom-
mended disinfection procedures (Phillott et al. 2010).

Necropsy and histopathology

Live larvae were euthanized with 200 mg l−1 tri-
cane methanesulfonate (Tricane S, Western Chemi-
cal) buffered with 400 mg l−1 sodium bicarbonate
(NaHCO3, Fisher Scientific) in pond water. Following
anaesthesia, digital callipers were used to measure
specimens (snout-to-vent length [SVL]) to the near-
est 0.1 mm. Then, a midventral longitudinal incision
was made to allow the fixative to penetrate into the
abdominal cavity.

For histopathology, samples were fixed with 5%
paraformaldehyde for at least 48 h, then rinsed with

tap water and decalcified overnight with formic acid-
sodium citrate (Luna 1968). Samples were dehydrated
with an ascending-graded ethanol series to absolute
ethanol, then embedded in paraffin and longitudinally
sectioned at a thickness of 4 µm with a Leica rotary
microtome. From each specimen, 2 types of sections
were made: (1) deep midline (including the vertebral
column, spinal cord and brain) and (2) shallow ante-
rior, tangential cut (including the gill chamber and
eye). Sectioned tissue ribbons were placed onto a
glass slide and stained routinely with Mayer’s haema-
toxylin and eosin (H&E), periodic acid Schiff (PAS)
with metanil yellow counterstain, and thionin (Luna
1968). Light photomicrographs were captured with an
Olympus BX51 microscope and DP71 digital camera.
For each toad specimen, 10 organisms located in the
spinal cord and brain were measured (maximum and
minimum length diameters for both outer and inner
cell membranes) using an ocular micrometer and a
100× oil immersion objective lens, and were then
grouped by developmental stage.

RESULTS

Of 8 ponds surveyed at Archbold on 15 April 2011,
southern toads (n = 5, mean SVL 11.4 mm ± 0.6 SD,
range 10.5 to 12.0 mm) were collected and examined
from only 1 pond (27.12925° N, 81.37747° W). Water
and ground temperatures were 27.7 and 38.8°C,
respectively. No dead or moribund larvae were
observed. Other larval specimens collected from this
pond and examined by histopathology were the little
grass frog Pseudacris ocularis (n = 1, SVL = 3.0 mm)
and the southern leopard frog Lithobates spheno-
cephalus (n = 4, SVL = 11.9 mm ± 1.0 SD, range 10.8
to 13.1 mm). No apparent abnormal clinical signs
were noted, and no remarkable external lesions were
found in any larva of a live-captured species.

All southern toad larvae examined were infected
with mesomycetozoean-like organisms, while larvae
of all other species were negative. A high density of
the various stages of the organism (see results below)
was found in the brain (Fig. 1a) of all southern toad
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Fig. 1. Longitudinal histologic sections of a southern toad (Anaxyrus terrestris) larva infected with mesomycetozoean-like or-
ganisms. Sections are stained with Mayer’s haematoxylin and eosin (H&E) or (e) periodic acid Schiff (PAS). (a) Brain tissue
heavily infected with multiple life history stages; (b) spinal cord infected with various developmental stages without showing
any host inflammatory response; (c) eye retina with immature schizont stages; (d) free schizont (X) in the gill chamber; (e)
spinal cord infected with various developmental life history stages showing a range in PAS reactivity from negative to positive.
Type C schizonts exhibited a strong PAS-positive reaction; (f) Type A immature schizont with a few cell nuclei and thin cell
membrane; (g) Type B schizont with a thick cell membrane and strongly basophilic cell cytoplasm; (h) Type C mature schizont
with thick cell membrane and multiple nuclei located at the periphery of the inner cell; (i) various schizont stages. Type A (),
Type B () and Type D (X) which are endospore-like structures showing multiple nuclei located near the centres of the inner 

cells, and 1 example (c) with the centre of the cell remaining clear
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larvae and in the spinal cord (Fig. 1b) of 4 of the 5
specimens (the spinal cord of 1 specimen was not
found in section). Despite heavy infections, no host
inflammatory response, including exudates, was
observed. In the 3 specimens for which it was possi-
ble to take good sections of the retina, all were
infected with the organism, and stages tentatively
termed immature schizonts (following Kocan 2013)
were common (Fig. 1c; especially aggregated at the
inner and outer nuclear layers, as well as in the inner
plexiform layer). The optic nerve was infected in 4
specimens and the lens nucleus was vacuolated in
one. In 3 specimens, free mature schizont stages
were occasionally found in the gill chamber (Fig. 1d),
while they were more common in the dorsal roof
area.

Four presumptively different growth stages of the
organism (schizonts; Kocan 2013) were found in the
nervous tissues and were identified based on size
and morphology:

(1) The Type A schizont. These were the smallest
(equivalent to the immature spore stage of Mikaelian
et al. 2000) and were rare. The cytoplasm was lightly
basophilic to pale, PAS-negative and surrounded
by a thin, eosinophilic-stained, PAS-positive single
outer cell membrane (Fig. 1e,f,i). Type A schizonts
(n = 50 cells) had a mean length of 10.1 to 10.6 µm ±
1.8 to 2.1 µm SD (range 6 to 17 µm) with an average
of 4 (range 1 to 10) centrally located nuclei.

(2) The Type B schizont. These had multinucleate
cells and the outer cell membrane (eosinophilic, PAS-
positive) had begun to thicken. The cell membrane
was separated from the inner cell by a vacuolar space
(Fig. 1g,i). The shape of the outer cell membrane was
oval to spheroid, but the inner cell was usually sphe-
roid. The inner cell tended to be strongly basophilic,
PAS-negative to lightly PAS-positive, with multiple
centrally located nuclei. Type B schizonts were not
measured.

(3) The Type C schizont. This largest stage (equiv-
alent to the mature type of resting spores described
by Mikaelian et al. 2000) possessed a thick outer cell
membrane (an acellular, multilaminate membrane;
Kocan 2013) with a rough, wrinkled irregular surface
(a possible shrinkage artefact from slide processing).
The outer cell membrane was thicker than that of
Type B and eosinophilic. The outermost layer of the
multilaminate cell membrane was much more PAS-
positive than that of Types A and B. Inner multinucle-
ate cells were strongly PAS positive (Fig. 1e). These
had an average of 27 nuclei (range 14 to 45, n = 50
cells), which tended to be localised at the periphery
of the inner cell (Fig. 1h). Schizont cells (n = 50 cells)

had a mean length, including the outermost multil-
aminate cell membrane, of 33.0 to 35.3 µm ± 5.3 to
5.6 µm SD (range 24 to 48 µm) and a mean length of
the innermost cell membrane of 28.9 to 30.4 µm ± 4.0
to 4.1 µm SD (range 22 to 39 µm).

(4) The Type D schizont. This was a stage interme-
diate in cell size between that of immature (Type A)
and mature (Type C) schizonts. Type D schizonts
 possessed PAS-negative endospore-like structures
with multiple centrally located nuclei (Fig. 1i). In
some Type D schizonts, the centre of the cells re -
mained clear after H&E staining (Fig. 1i). A thin outer
cell membrane was eosinophilic and PAS-positive,
and staining properties resembled those of Type A
 schizonts. Type D schizonts were not measured.

No infection by the putative mesomycetozoean-
like organisms was found in the other organs exam-
ined. Notable pathological changes were found only
in the liver and oesophageal epithelium. Hepatocytes
were vacuolated and swollen in all specimens, and 1
liver exhibited focal necrosis. In another specimen, a
large, unidentified metazoan parasite (75 × 85 µm;
possibly a digenean) had encysted in the liver par -
enchyma and was associated with granulocytic infil-
trations. The oesophageal epithelium exhibited a
cystic appearance in 2 specimens. Nothing remark-
able was found in the kidney, heart, alimentary tract,
exocrine pancreas or skeletal muscle tissue.

DISCUSSION

Although ichthyophonid-like infections have been
reported in ranids (Mikaelian et al. 2000), to our
knowledge infections by putatively similar organ-
isms have not been reported in toads. Jay & Poh -
ley (1981) reported that the closely related meso -
mycetozoean dermocystid Amphibiothecum penneri
(= Dermosporidium penneri, Feldman et al. 2005)
in American toads Anaxyrus americanus was a
subcutaneous skin parasite producing 10 to 12 µm
spores with inclusion bodies in cysts different from
those re ported here. In addition, A. penneri has
been re ported in the skin, urostyle and meso -
nephros of Yosemite toads Bufo canorus (Green &
Sherman 2001).

Heavy infections by the mesomycetozoean-like
organism were found primarily in the CNS in south-
ern toad larvae, without any signs of a host inflam-
matory response. Free mature schizonts were occa-
sionally found in the gill chamber, suggesting that
these stages or subsequent infective stages are
released outside the host. This observation of organ-
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otropism for primarily CNS tissue is new. For
ichthyophonids, we found only 1 reference in the lit-
erature to CNS infections by Ichthyophonus, namely
those of I. hoferi in the brain of Pacific herring Clupea
pallasi, but in that case, other tissues were even more
heavily affected (Marty et al. 1998).

Putative ichthyophonid infections in amphibians
are usually found in the skeletal muscle and con -
nective tissue in a variety of species and cause
 granulomatous myositis. For example, in Quebec,
ichthyophonid-like infections were associated with
granulomatous myositis in adult, juvenile and larval
stages of the green frog Lithobates clamitans, wood
frog L. sylvaticus, bullfrog L. catesbeianus, spring
peeper Pseudacris crucifer and pickerel frog L.
palustris (Mikaelian et al. 2000). Ichthyophonid-like
infections have also been reported for the caudate
red spotted newt Notophthalmus viridescens and
spotted salamander Ambystoma maculatum (Her-
man 1984, Green et al. 1995, Raffel et al. 2006, Ware
et al. 2008, Sherman et al. 2009, Glenney et al. 2010).
In the USA, 2 presumptive ichthyophonid cases lead-
ing to the death of adult bullfrogs and wood frogs
were reported in a review article by Green et al.
(2002).

Apart from fish, Ichthyophonus reportedly has a
wide host range, including marine and freshwater
crustaceans, reptiles and piscivorous birds
(McVicar 1999), but molecular characterisation of
the nonpiscine species is needed to determine
specificity and classification. In fish, Ichthyophonus
sp. and I. hoferi (McVicar 1999) have been well
studied in salmonids (Lauckner 1984), and the life
cycle involves an infective motile plasmodium
stage (Kocan et al. 2013; amoeboid stage, Mendoza
et al. 2002), distinguishing this order (Ichthyo-
phonida) from the Dermocystida (Mendoza et al.
2002). One of the presumptive diagnostic tests for
Ichthyo phonus requires that schizonts show a PAS-
positive reaction in histology (Kocan et al. 2013),
but confirmatory speciation requires a polymerase
chain reaction with Ichthyophonus-specific primers
(White et al. 2013, AFS-FHS 2014). The early sch-
izont stages of the mesomycetozoean-like organism
found in southern toads did not exhibit a strong
PAS-positive reaction, suggesting that these organ-
isms are not Ichthyo phonus. Clearly, confirmation
with molecular techniques and a reappraisal of
amphibian ichthyophonids is necessary. In this
study, it was not determined whether the infections
were subclinical, or whether they might eventually
affect the host if other triggering factors are in -
volved in possible pathogenicity and disease. Per-

haps southern toads are a reservoir or intermediate
hosts, because the lack of a host response in this
species (albeit in a small sample size) seems to be
part of an adaptive life cycle. Southern leopard
and little grass frogs residing in the same pond as
the southern toads were apparently uninfected,
though again the number of samples examined
was small. Further study is necessary to classify
this organism and to assess host species suscepti-
bility and pathogenicity.

Acknowledgements. This research was supported by a State
Wildlife Grant (T-22) awarded by the US Fish and Wild -
life Service to the Florida Fish and Wildlife Conservation
Commission. We thank the Fish and Wildlife Research Insti-
tute, Florida Fish and Wildlife Conservation Commission
(FWRI−FWC) staff members N. Perry, M. Zahara and Y.
Walters for their technical assistance in processing speci-
mens and histology slides. We thank J. Stabile (BioPark,
Albuquerque, New Mexico, and Central Florida Zoological
Park and Botanical Gardens, Sanford, Florida), B. Rothermel
and J. Daskin (Archbold Biological Station, Lake Placid,
Florida), D. Smith and R. Zach (Zoo Miami, Miami-Dade
Parks, Recreation and Open Spaces, Miami, Florida), and M.
Bakenhaster and M. Zahara (FWRI−FWC) for collecting
amphibian larvae. We thank the anonymous reviewers for
their constructive taxonomic comments.

LITERATURE CITED

Adl SM, Simpson AGB, Lane CE, Lukeš J and others (2012)
The revised classification of eukaryotes. J Eukaryot
Microbiol 59: 429−514

AFS-FHS (American Fisheries Society-Fish Health Section)
(2014) FHS blue book:  suggested procedures for the
detection and identification of certain finfish and shell-
fish pathogens, 2014 edn. http: //afs-fhs. org/ bluebook/
bluebook-index.php

Cavalier-Smith T (1998) Neomonada and the origin of
animals and fungi. In:  Coombs GH, Vickerman K,
Sleigh MA, Warren A (eds) Evolutionary relation-
ships among protozoa. Kluwer Academic, Dordrecht,
p 375−407

Cook JO (2008) Transmission and occurrence of Dermomy-
coides sp. in Rana sevosa and other ranids in the north
central Gulf of Mexico states. MS thesis, University of
Southern Mississippi, Ocean Springs, MS

Densmore CL, Green DE (2007) Diseases of amphibians.
ILAR J 48: 235−254

Feldman SH, Wimsatt JH, Green DE (2005) Phylogenetic
classification of the frog pathogen Amphibiothecum
(Dermosporidium) penneri based on small ribosomal
subunit sequencing. J Wildl Dis 41: 701−706

Glenney GW, Julian JT, Quartz WM (2010) Preliminary
amphibian health survey in the Delaware Water Gap
National Recreational Area. J Aquat Anim Health 22: 
102−114

Glockling SL, Marshall WL, Gleason FH (2013) Phylogenetic
interpretations and ecological potentials of the Mesomy -
cetozoea (Ichthyosporea). Fungal Ecol 6: 237−247

161

http://dx.doi.org/10.1016/j.funeco.2013.03.005
http://dx.doi.org/10.1577/H09-037.1
http://dx.doi.org/10.7589/0090-3558-41.4.701
http://dx.doi.org/10.1093/ilar.48.3.235
http://dx.doi.org/10.1111/j.1550-7408.2012.00644.x


Dis Aquat Org 113: 157–162, 2015

Gray MJ, Miller DL, Hoverman JT (2009) Ecology and
pathology of amphibian ranaviruses. Dis Aquat Org 87: 
243−266

Green DE, Sherman CK (2001) Diagnostic histological find-
ings in Yosemite toads (Bufo canorus) from a die-off in
the 1970s. J Herpetol 35: 92−103

Green DE, Andrews J, Abell J (1995) Preliminary investiga-
tions on mycotic myositis in red-spotted newts, Notoph-
thalmus viridescens, from Vermont. Herpetopathologia −
Proceedings of the 5th International Colloquium on the
Pathology of Reptiles and Amphibians, Alphen Aan den
Rijn, p 49−62

Green DE, Converse KA, Schrader AK (2002) Epizootiology
of sixty-four amphibian morbidity and mortality events in
the USA 1996−2001. Ann NY Acad Sci 969: 323−339

Herman RL (1984) Ichthyophonus-like infection in newts
(Notophthalmus viridescens Rafinesque). J Wildl Dis 20: 
55−56

Jay JM, Pohley WJ (1981) Dermosporidium penneri sp. n.
from the skin of the American toad, Bufo americanus
(Amphibia:  Bufonidae). J Parasitol 67: 108−110

Kocan RM (2013) Proposed changes to the nomenclature of
Ichthyophonus sp. life stages and structures. J Parasitol
99: 906−909

Kocan R, LaPatra S, Hershberger P (2013) Evidence for an
amoeba-like infectious stage of Ichthyophonus sp. and
description of a circulating blood stage:  a probable
mechanisms for dispersal within the fish host. J Parasitol
99: 235−240

Landsberg JH, Kiryu Y, Tabuchi M, Waltzek TB and others
(2013) Co-infection by alveolate parasites and frog virus
3-like ranavirus during an amphibian larval mortality
event in Florida, USA. Dis Aquat Org 105: 89−99

Lauckner G (1984) Diseases of Pisces:  diseases caused by
microorganisms. Agents:  fungi. In:  Kinne O (ed) Diseases
of marine animals, Vol IV, Part 1. Biologische Anstalt
Helgoland, Hamburg, p 89−113

Lesbarrères D, Balseiro A, Brunner J, Chinchar VG and oth-
ers (2012) Ranavirus:  past, present and future. Biol Lett 8: 
481−483

Luna LG (1968) Manual of histologic staining methods of the
Armed Forces Institute of Pathology, 3rd edn. McGraw
Hill, New York, NY

Marty GD, Freiberg EF, Meyers TR, Wilcock J, Farver TB,
Hinton DE (1998) Viral hemorrhagic septicemia virus,
Ichthyophonus hoferi, and other causes of morbidity in
Pacific herring Clupea pallasi spawning in Prince
William Sound, Alaska, USA. Dis Aquat Org 32: 15−40

McVicar AH (1999) Ichthyophonus and related organisms.
In:  Woo PTK, Bruno DW (eds) Fish diseases and dis -
orders:  viral, bacterial and fungal infections. CABI Pub-
lishing, New York, NY, p 661−687

Mendoza L, Taylor JW, Ajello L (2002) The class Meso -
mycetozoea:  a heterogeneous group of microorganisms
at the animal-fungal boundary. Annu Rev Microbiol 56: 
315−344

Mikaelian I, Ouellet M, Pauli B, Rodrigue J, Harshbarger
JC, Green DM (2000) Ichthyophonus-like infection in
wild amphibians from Québec, Canada. Dis Aquat Org
40: 195−201

Phillott AD, Speare R, Hines HB, Skerratt LF and others
(2010) Minimising exposure of amphibians to pathogens
during field studies. Dis Aquat Org 92: 175−185

Raffel TR, Dillard JR, Hudson PJ (2006) Field evidence for
leech-borne transmission of amphibian Ichthyophonus
sp. J Parasitol 92: 1256−1264

Rizkalla CE (2009) First reported detection of Batracho -
chytrium dendrobatidis in Florida, USA. Herpetol Rev
40: 189−190

Rizkalla CE (2010) Increasing detections of Batracho -
chytrium dendrobatidis in central Florida, USA. Herpetol
Rev 41: 180−181

Rothermel BB, Walls SC, Mitchell JC, Dodd CK Jr and others
(2008) Widespread occurrence of the amphibian chytrid
fungus Batrachochytrium dendrobatidis in the southeast-
ern USA. Dis Aquat Org 82: 3−18

Rowley JJL, Gleason FH, Andreou D, Marshall WL, Lilje O,
Gozlan R (2013) Impacts of mesomycetozoean parasites
on amphibian and freshwater fish populations. Fungal
Biol Rev 27: 100−111

Schloegel LM, Daszak P, Cunningham AA, Speare R, Hill B
(2010) Two amphibian diseases, chytridiomycosis and
ranaviral disease, are now globally notifiable to the
World Organization for Animal Health (OIE):  an assess-
ment. Dis Aquat Org 92: 101−108

Sherman E, Tock K, Clarke C (2009) Fluctuating asymmetry
in Ichthyophonus-sp. infected newts, Notophthalmus
viridescens, from Vermont. Appl Herpetol 6: 369−378

Ware JL, Viverette C, Kleopfer JD, Pletcher L, Massey D,
Wright A (2008) Infection of spotted salamanders (Amby -
stoma maculatum) with Ichthyophonus-like organisms in
Virginia. J Wildl Dis 44: 174−176

White VC, Morado JF, Crosson LM, Vadopalas B, Friedman
CS (2013) Development and validation of a quantitative
PCR assay for Ichthyophonus spp. Dis Aquat Org 104: 
69−81

162

Editorial responsibility: Louise Rollins-Smith,
Nashville, Tennessee, USA

Submitted: September 10, 2014; Accepted: December 15, 2014
Proofs received from author(s): February 26, 2015

http://dx.doi.org/10.3354/dao02579
http://dx.doi.org/10.7589/0090-3558-44.1.174
http://dx.doi.org/10.1163/157075309X12523217711605
http://dx.doi.org/10.3354/dao02140
http://dx.doi.org/10.1016/j.fbr.2013.09.002
http://dx.doi.org/10.3354/dao01974
http://dx.doi.org/10.1645/GE-808R1.1
http://dx.doi.org/10.3354/dao02162
http://dx.doi.org/10.3354/dao040195
http://dx.doi.org/10.1146/annurev.micro.56.012302.160950
http://dx.doi.org/10.3354/dao032015
http://dx.doi.org/10.1098/rsbl.2011.0951
http://dx.doi.org/10.3354/dao02625
http://dx.doi.org/10.1645/GE-3255.1
http://dx.doi.org/10.1645/13-177.1
http://dx.doi.org/10.2307/3280787
http://dx.doi.org/10.7589/0090-3558-20.1.55
http://dx.doi.org/10.1111/j.1749-6632.2002.tb04400.x
http://dx.doi.org/10.2307/1566028
http://dx.doi.org/10.3354/dao02138

	cite37: 
	cite21: 
	cite43: 
	cite17: 
	cite8: 
	cite12: 
	cite23: 
	cite45: 
	cite19: 
	cite2: 
	cite14: 
	cite25: 
	cite40: 
	cite31: 
	cite16: 
	cite27: 
	cite6: 
	cite11: 
	cite38: 
	cite33: 
	cite29: 
	cite35: 
	cite41: 
	cite4: 
	cite9: 


