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Abstract
In March 2017, a wild-caught female common mudpuppy Necturus maculosus from Iowa, USA, with an enlarged

posterior abdomen was submitted for diagnostic assessment. The cause of the abdominal distension was a large fluid-
filled abdominal mass, diagnosed as a nephroblastoma. Parasites and numerous bacteria were isolated and identified
from the mudpuppy but were determined to be incidental. Samples of the neoplasm inoculated onto an American toad
Anaxyrus americanus cell line (BufoTad) yielded cytopathic effect during several passages. However, standard molec-
ular testing of the cell culture supernatant failed to identify any viruses. Next-generation sequencing identified the
replicating agent as a bacterium of the genus Acholeplasma. Immunohistochemistry confirmed the presence of Achole-
plasma within the nephroblastoma, including within tumor cells. This is the first report of nephroblastoma and the sec-
ond report of neoplasia in this species. The results also suggest that certain bacteria of the genus Acholeplasma might
be oncogenic.

The common mudpuppy Necturus maculosus is a large,
fully aquatic salamander. Common mudpuppies are a
slow-growing, long-lived species (up to 30 years), reaching
sexual maturity in 7–10 years (Matson 2005). Common

mudpuppy populations are inconspicuous, found in cold
lentic and lotic waters throughout the Great Lakes region,
the Midwest, and the northeastern United States
(McKercher 2019). The conservation status of this species
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is not well known, although they were historically abun-
dant (King et al. 1997; Holman 2012). In recent decades,
populations have declined (Davis et al. 1998; Minton
1998; Minton 2001; Holman 2012). Common mudpuppy
populations have experienced mortality events (Faisal
2006), threats from lampricide use (Matson 1998;
Boogaard et al. 2003), overharvest and persecution, habi-
tat loss, competition from invasive species, and water
quality declines due to nutrient addition and toxic algal
blooms (King et al. 1997; Casper 1998; Davis et al. 1998;
Lannoo 2005; Holman 2012).

Notably, the common mudpuppy is the only known
host species for the salamander mussel Simpsonaias ambi-
gua, a species listed as endangered or threatened by sev-
eral Midwestern states (Bogan et al. 2017). The U.S. Fish
and Wildlife Service (USFWS) has developed a recovery
program for the salamander mussel that involves supple-
menting natural populations. Efforts to propagate this
mussel involve bringing common mudpuppies into hatch-
ery facilities to serve as glochidia (larval mussel) hosts.
These same efforts are predicated upon healthy wild sala-
mander mussel and common mudpuppy populations
(Hoffman et al. 2014; Standish et al. 2019). As part of this
effort, the La Crosse Fish Health Center performs routine
health inspections of common mudpuppy populations
prior to incorporating them into hatchery operations, as
well as conducting diagnostic evaluations of wild mudpup-
pies as needed. These efforts have demonstrated that wild
common mudpuppies can harbor Yersinia ruckeri (Stan-
dish et al. 2019), a bacterium pathogenic to a wide range
of fish species.

A variety of neoplasms have been reported in other
amphibian species (Balls 1962). Cases of cutaneous tumors
are common (Balls 1962), but renal neoplasia is uncom-
mon (Green and Harshbarger 2001). Neoplasia has been
reported once in a common mudpuppy, a renal adenocar-
cinoma (Schlumberger 1958). However, Lucké renal carci-
noma, caused by ranid herpesvirus 1 (McKinnell 1973),
has been widely noted in North American leopard frogs
Rana pipiens (Lucké 1934; McKinnell 1984). Moreover,
there are case reports of nephroblastoma in a clawed frog
Xenopus laevis (Meyer-Rochow et al. 1991), a Japanese
fire-bellied newt Cynops pyrrhogaster (Zwart 1970), and a
Japanese giant salamander Andrias japonicas (Kawasumi
et al. 2012). Herein, we present the first report of a com-
mon mudpuppy with a nephroblastoma, including its asso-
ciation with a bacterium of the Acholeplasma genus.

METHODS
Mudpuppies.—Wild common mudpuppies were cap-

tured as part of a population monitoring program con-
ducted by the Iowa Department of Natural Resources.
Mudpuppies were captured using baited minnow traps in

a side channel of the Mississippi River near Guttenburg,
Iowa (Figure 1A). One mature female mudpuppy pre-
sented with an enlarged posterior abdomen (Figure 1B,
C). The female mudpuppy was held alive in aerated river
water prior to transport to the La Crosse Fish Health
Center (Onalaska, Wisconsin). The mudpuppy was eutha-
nized by immersion in 2 g/L of buffered tricaine methane-
sulfonate (MS-222; Western Chemical, Ferndale,
Washington).

Tissue sample collection.— Skin swabs were collected fol-
lowing Hyatt et al. (2007) and processed as described by
Standish et al. (2019). Blood smears were examined, and the
mudpuppy was inspected for external parasites. The mud-
puppy was aseptically necropsied, and kidney samples were
collected for bacterial, viral, histological, and molecular
analyses. Samples of the neoplastic kidney, liver, and spleen
(KSL) as well as a separate sample of the intratumor inter-
stitial fluid (IF) were collected and placed into Hank's bal-
anced salt solution (HBSS; Sigma-Aldrich, St. Louis,
Missouri), transport media containing penicillin (500 U/
mL), streptomycin (500 µg/ mL), gentamycin (20 µg/ mL)
and nystatin (25 units per mL) at a 1:10 ratio (weight :
volume).

Tissue culture.— Three cell lines, epithelioma papulo-
sum cyprini (EPC), Chinook Salmon embryo (CHSE),
and a recently developed cell line (BufoTad) derived from
American toad Anaxyrus americanus tadpoles (Vo et al.
2019) were used for pathogen isolation. All cells were
grown to confluence in minimum essential medium with
Hank's balanced salts (Sigma-Aldrich) and maintained at
20°C. The EPC and CHSE cells were supplemented with
10% fetal bovine serum (VWR International, Radnor,
Pennsylvania), and BufoTad cells with 20% fetal bovine
serum.

For pathogen isolation, KSL and IF samples were then
homogenized using a Seward Stomacher 80 Biomaster
(Seward Laboratory Systems, Bohemia, New York) and
centrifuged (1,832 × g for 15 min at 4°C) to precipitate
solids. Then the supernatant was diluted at a 1:1 (volume
: volume) in transport media and incubated overnight at
4°C. Following incubation, samples were pelleted at
1,832 × g for 15 min at 4°C, and 0.1 mL of supernatant
was placed, in replicate, onto a confluent 24-well cell cul-
ture plate containing either EPC, CHSE, or BufoTad cells.
Plates were gently rocked for 1 h at room temperature and
then overlain with 0.5 mL of minimum essential medium
supplemented with 5% fetal bovine serum and gentamycin
(200 μg/mL; Sigma-Aldrich) and incubated at 15°C (EPC
and CHSE) and 20°C (EPC and BufoTad). Cells were
monitored three times per week for signs of cytopathic
effect (CPE). After 2 weeks, samples underwent a blind
passage. Cell monolayers were then scraped, removed,
centrifuged (1,832 × g for 15 min at 4°C), diluted 1:5, and
reinoculated onto confluent cells. The original sample
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tubes and supernatants from all wells from the original
inoculation, including negative controls, were archived
at−80°C.

Bacteriology.— For bacterial isolation, kidney samples
were collected using a sterile disposable 1-µL inoculating
loop and inoculated on trypticase soy agar (TSA; Becton
Dickinson, Franklin Lakes, New Jersey) plates and incu-
bated at 22°C for 96 h. Individual colonies were subcul-
tured onto TSA slants for up to 48 h for molecular and
biochemical testing in accordance with the USFWS and
American Fisheries Society Fish Health Section Blue
Book (USFWS and AFS–FHS 2014). Additional bio-
chemical analyses were performed using a Biolog

MicroStation (Biolog, Hayward, California) and the GEN
III MicroPlate (Biolog) following the manufacturer's
instructions.

Histology.— The remaining portion of the neoplasm
was excised and fixed whole in Davidson's fixative, serially
sectioned and embedded in paraffin wax blocks. Ribbons
of 5-µm thickness were cut from the blocks, placed on
glass slides and stained with hematoxylin and eosin and
periodic acid–Schiff (PAS); stained sections were examined
using light microscopy.

Immunohistochemistry.— BufoTad KSL and IF culture
media was pelleted by ultracentrifugation at 150,000 rpm
for 15min. A concentrated cell culture supernatant

(A) (C)

(B)

(D) (E)

FIGURE 1. Common mudpuppy capture and gross images, including (A) a baited minnow trap used to capture mudpuppies, (B) a wild-caught
mature female mudpuppy with an enlargement of the posterior abdomen, (C) a view from the ventral side of the female mudpuppy, (D) a vascular
neoplasm involving ovarian and renal tissues, and (E) turbid fluid contained with the neoplastic mass. [Color figure can viewed at afsjournals.org.]
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containing Acholeplasma laidlawii was used as the positive
control. The pellet was washed with phosphate buffered
saline (PBS), and then 0.5 mL of molten 1% agarose gel
was added. The mixture was left to solidify at room tem-
perature. Then 500 mL of 10% neutral buffered formalin
was added to preserve the live cells. The preserved cells in
agarose were embedded and cut by microtome. Five-µm
sections of paraffin-embedded tissue blocks were deparaf-
finized in an oven (70–75°C) for 20 min and rehydrated
for 2 min in xylene and a graded series of ethanol (100%
and 70%). Antigens were retrieved by incubating slides in
10× Dako target retrieval solution, pH 9 (Dako, Den-
mark) in a pressurized food steamer (Oster, China) for 30
min and then allowed to cool at room temperature for 10
min. Endogenous peroxidase activity was inactivated
through incubation with hydrogen peroxide for 30 min at
room temperature. To block nonspecific antibody binding,
the slides were incubated in serum-free Dako protein
block (Dako North America, Carpinteria, California) for
1 h and then rinsed with PBS. Slides were then incubated
overnight in a humid chamber at 4°C in a 1:500 dilution
of an Acholeplasma-specific antibody gifted from N. Fer-
guson-Noel (Mycoplasma Research Lab, Poultry Diagnos-
tic and Research Center, University of Georgia). Next,
slides were rinsed in PBS before being incubated for
another hour in the secondary antibody (Dako Envision +
Dual link system) horseradish peroxidase (Dako North
America). After incubation with the secondary antibody,
the slides were first rinsed with PBS followed by 10-min
incubation in DAKO liquid 3,3'-diaminobenzidine-
horseradish peroxidase+ substrate chromogen system
(Dako) in a dark, humid chamber at room temperature
followed by a rinse with tap water. Finally, the slides were
counterstained with hematoxylin for 5 min (Lecia Biosys-
tem, Richmond, Illinois), rinsed in distilled water, washed
in acid ammonia water, dehydrated in an ascending alco-
hol series, cleared by xylol, and mounted with coverslips.
Slides were analyzed and photographed using an Olympus
BX43 microscope. Slides incubated with PBS instead of
primary antibody were used as a negative control.

Molecular analyses.— Extracted DNA from skin swabs
was used to screen for Batrachochytrium dendrobatidis
(Bd), B. salamandrivorans (Bsal), and the ranavirus frog
virus 3 (FV3). Multiplex quantitative PCR was conducted
as described by Standish et al. (2018).

To identify the agent causing CPE in the BufoTad cell
line, PCR was initially conducted for viral hemorrhagic
septicemia virus and spring viremia of carp virus (SVCV)
in accordance with the American Fisheries Society FHS
Blue Book (AFS–FHS 2014). Samples were then subjected
to next-generation sequencing for pathogen discovery as
previously described (Sibley et al. 2016; Goldberg et al.
2018, 2019). Briefly, total nucleic acids were extracted
from supernatants using the QIAamp MinElute virus kit

(Qiagen, Hilden, Germany), RNA was reverse transcribed,
and libraries were prepared for sequencing on an Illumina
MiSeq instrument using the Nextera XT DNA sample kit
(Illumina, San Diego, California). We then used CLC
Genomics Workbench version 12.0 (CLC Bio, Aarhus,
Denmark) for de novo assembly of sequences and result-
ing contiguous sequences were compared at the translated-
protein level to GenBank databases of known agents using
the blastx algorithm (Altschul et al. 1990). Contiguous
matching sequences of known agents (“hits”) were then
confirmed manually at the nucleotide and amino acid
sequence levels by comparison to the full GenBank data-
base using the blastn and blastx homology searching algo-
rithms, respectively (Altschul et al. 1990).

Based on the results of next-generation sequencing (see
below), Acholeplasma-specific PCRs were conducted on all
supernatants and negative controls. The 16S-23S riboso-
mal RNA (rRNA) intergenic transcribed spacer (ITS) and
rpoB and gyrB genes were amplified using primer sets and
cycling conditions described by Volokhov et al. (2007). A
portion of the 16S rRNA gene was also amplified using
universal primers 8F and 1492R (Turner et al. 1999) with
the following cycling conditions: 95°C for 4 min, and 35
cycles of 95°C for 60 s, 50°C for 60 s, and 72°C for 2 min,
and concluding with 72°C for 7 min. All Acholeplasma
genes were amplified using 50 µL reactions containing 200
nM of each primer and Platinum PCR SuperMix (Thermo
Fisher Scientific, Waltham, Massachusetts). Amplicons
were visualized using the E-Gel electrophoresis system
(Thermo Fisher Scientific) and compared to bands of the
TrackIt 100 bp ladder (Thermo Fisher Scientific). Ampli-
cons were sequenced by Eton Biosciences (San Diego, Cal-
ifornia), and resulting sequences were analyzed using
Geneious v11.1.5 (Auckland, New Zealand).

RESULTS

Clinical Observations
Upon arrival at the La Crosse Fish Health Center, the

adult female common mudpuppy presented in good body
condition. The uterus appeared gravid, although eggs were
immature. The gills were heavily infested with Trichodina
sp., which are common commensals of amphibians, fishes,
and invertebrates (Mitchell 2007; Collymore et al. 2013).
The swelling of the posterior third of the abdomen was a
vascularized, multicystic, thin-walled, 2–4-cm-wide, fluctu-
ant, pink/tan mass that was attached to the mesonephroi
and contained abundant watery, tan, turbid fluid (Figure
1D, E). The mass encompassed the mesonephroi and
appeared to be neoplastic (Figures 1, 3). Feeding did not
appear to be impaired by the mass, as the animal was well
conditioned, with a partially digested Fathead Minnow
Pimephales promelas in its stomach and a juvenile
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Freshwater Drum Aplodinotus grunniens in its lower gas-
trointestinal tract. Two unspecified acanthocephalan para-
sites were found in the intestine. No other lesions were
observed.

Tissue Culture
No CPE was observed in CHSE and EPC cells. How-

ever, a slowly developing CPE was observed in BufoTad
cells (Figure 2), associated with both KSL and IF samples
on day 20 after the initial inoculation, 12 d after first reset,
and 10 d after the second reset. Typical monolayers of the
BufoTad cell line display a homogenous, cobblestone
appearance with apparent contact inhibition (Vo et al.
2019). The BufoTad monolayers inoculated with samples
from the mudpuppy contained numerous detached cells
and a loss of contact inhibition, which was especially
interesting given that the samples were derived from a
tumor. Despite the large numbers of floating cells, plaque
formation was limited as spaces in the monolayer were
seemingly repopulated quickly by cells reproducing at an
increased rate and lacking cellular organization. Individual
infected cells were granular in appearance, often with con-
spicuous vacuolization. Cell culture supernatant also
became acidic and turned the pH indicator bright yellow.
This CPE was dissimilar to that observed for common fish
viral pathogens (AFS–FHS 2014).

Bacteriology
No growth was observed on TSA slants collected from

KSL. Minimal growth of two colony types was observed
on TSA slants collected from IF. Biochemical testing of

two isolates were inconsistent with Aeromonas salmoni-
cida, Yersinia ruckeri, and Edwardsiella ictaluri. Biolog
was used to identify the two isolates as Pseudomonas fluo-
rescens and Aeromonas sp.

Histopathology
The mass was a multicystic renal neoplasm composed of a

mixture of blastema, epithelium, and stroma (Figure 3A).
Blastemal cells had large, ovoid nuclei that were tightly
packed such that they were deformed against each other, with
coarsely aggregated chromatin, parachromatin clearing,
obscured nucleoli, and inconspicuous cytoplasm. Aggregates
of these cells formed clusters and sinuous cords that mingled
imperceptibly with the epithelial component, which was com-
posed of haphazard cysts and small tubules. Epithelial cells
were similar to blastemal cells but were larger, columnar, and
more uniform; they were closely regimented, lacking polarity,
along basal laminae that were highlighted with PAS stain
(Figure 3B). Occasional embryonic glomeruloid structures
were evident where the tubules were invaginated by tufts of
stromal tissue (Figure 3C). The stromal component was loose
and mucinous with fine collagen and fibroblasts (Figure 3A).
One mitotic figure was seen.

Immunohistochemistry
Fine, coccoid, monomorphic positive signal reactions

were evident, consistent with specific staining of the organ-
ism (Figure 3D). Within the neoplasm, a few cells con-
tained positive granular signals (Figure 3E, F).

Molecular Analyses
During multiplex quantitative PCR, amplification was

observed in wells containing synthetic gene block (gblock)
standards, but no amplification was observed in duplicate
wells containing extracted DNA from the skin swab. All
reactions were negative for the amphibian pathogens Bd,
Bsal and FV3. Next-generation sequencing yielded
113,439 sequence reads, of which 32,844 mapped to Amer-
ican toad, from which the BufoTad cell line was derived.
The remaining 80,595 reads (71.05%) mapped to bacteria
of the genus Acholeplasma. No reads mapped to any other
viral, bacterial, or eukaryotic parasitic taxa.

The 16S rRNA, ITS, rpoB and gyrB genes of Achole-
plasma were successfully PCR-amplified and sequenced
from supernatant of the primary inoculation sample wells
displaying CPE. Additionally, negative control super-
natants from the original plate of the BufoTad cell line
were evaluated with 16S rRNA gene PCR and products
were not visualized, suggesting that the presence of
Acholeplasma was not a result of contaminated cultures.
A blastn search of resulting sequences against the Gen-
Bank database showed the sequences to match most clo-
sely sequences of A. laidlawii. Specifically, a 1,397-bp
region of 16S gene (GenBank accession number

FIGURE 2. Cytopathic effect (CPE) on the BufoTad cell line derived
from American toad tadpoles. Negative control BufoTad cells are shown
on the left. The image on the right shows slowly developing CPE
following inoculation of neoplastic mass homogenate from a common
mudpuppy. The monolayer remains intact, though cells become
increasingly dense and develop numerous vacuoles as the CPE
progresses.
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MT237181) was 99.79% similar to the A. laidlawii type
strain (GenBank accession number LS483439). A 1,651-bp
region of the rpoB gene (GenBank accession number
MT237178) was 98.85% similar to this same A. laidlawi
type strain, a 1,574-bp region of the gyrB gene (GenBank
accession number MT237179) was 94.86% similar to the
A. laidlawi type strain, and a 965-bp region of the ITS
gene (GenBank accession number MT237180) was 99.2%
similar to the A. laidlawi type strain. The Acholeplasma
pleciae type strain was the next most closely related spe-
cies for the 16S, rpoB, and gyrB genes at 98.35%, 87.67%,

and 84.23% similarity, respectively (GenBank accession
numbers NR113898, DQ234658, DQ217917). The Achole-
plasma granularum type strain (GenBank accession num-
ber AY786572) was the next closest relative (96.27%
similar) for the ITS gene sequence.

DISCUSSION
We present the first description of a nephroblastoma in a

common mudpuppy. Moreover, comprehensive diagnostics
for infectious agents identified only a bacterium within the

(A) (B)

(C) (D)

(E) (F)

FIGURE 3. Nephroblastoma from wild-caught female mudpuppy showing (A) blastemal cells (gray arrow) in serpentine arrays merging with the
epithelial component, which forms embryonic tubules and cysts (black arrow). Plump mesenchymal cells are present in the stroma (yellow arrow; 100×
hematoxylin and eosin [HE]). (B) The stromal component is loose/areolar and mildly PAS positive (mucin). A delicate brightly PAS positive basement
membrane delimits the epithelium from the stroma (100× PAS stain). (C) A glomeruloid structure is evident (black arrows), formed by the invagination of
stroma and blastemal cells into a cystic space (100× HE). (D) Acholeplasma laidlawii-specific antibody stain of positive control cell culture supernatant is
shown. Many fine punctate, monomorphic positive signals, consistent with Acholeplasma sp. are present (600×). The immunohistochemistry
(Acholeplasma laidlawii-specific antibody) of the nephroblastoma is shown, (E) with black arrows pointing to cells with internal punctate positivity (400×)
and (F) sloughed intraluminal nephroblastoma cell containing granular positive material (400×). [Color figure can viewed at afsjournals.org.]
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genus Acholeplasma to be associated with the tumor. A
nephroblastoma, also known in human pathology as
Wilms’ tumor, is a neoplasm composed of renal blastema
(primordial cells), embryonic epithelium, and myxomatous
stroma admixed in varying amounts (Meuten and Meuten
2016). They derive from embryonic stem cells that develop
into epithelial, blastema, and stromal cells. The blastemal
cells are arranged in sheets, have scant cytoplasm, and
blend into areas of cyst and tubule formation (epithelial
component). The most definite character for diagnosis is the
formation of structures resembling glomeruli, where epithe-
lial tufts invaginate into lumens. The stroma is loose and
mucinous, the evidence of which can be seen with PAS or
Alcian blue stains. In this case, these features were evident.
Nephroblastomas have been reported in many species,
including mammals, fish, and amphibians; they are often
expansile and cystic and, in some mammalian species, fre-
quently metastatic (Green and Harshbarger 2001; Lombar-
dini et al. 2014; Meuten and Meuten 2016). In amphibians,
spontaneous nephroblastomas have been reported in the
African clawed frog, a Japanese fire-bellied newt, and a
Japanese giant salamander (Green and Harshbarger 2001;
Kawasumi et al. 2012). The only other report of neoplasia
of any kind in common mudpuppy is a renal adenocarci-
noma (Schlumberger 1958).

Neoplasms in aquatic animals can be caused by infec-
tious organisms. For example, the viral pathogens ranid
herpesvirus 1 (Lucké renal adenocarcinoma of frogs;
Lucké′, 1934), Oncorhynchus masou virus (SalHV2;
Kimura et al. 1981; Yoshimizu et al. 1987), cyprinid her-
pesvirus 1 (CyHV1; Sano et al. 1985), and Atlantic Sal-
mon papillomatosis (SalHV4; Carlisle and Roberts 1977)
have each been associated with neoplasias. Retrovirus
infections can also cause tumors (Coffee et al. 2013), such
as Walleye dermal sarcoma (WDSV; Rovnak and Quak-
enbush 2010), which can seasonally affect more than 20%
of adult Walleye Sander vitreus (Martineau et al. 1992).
However, such associations have rarely been reported for
nonviral agents, however.

The link between mollicutes and oncogenicity has been
hypothesized for more than 50 years, when Macpherson
and Russell (1966) observed the “transformation” of the
BHK21 cell line derived from hamster fibroblast cells
infected with several mycoplasma species in vitro. The
authors noted a range of “remarkable” altered cells rang-
ing from multinucleated giant cells, epithelioid cells, round
cells, and spindle-shaped cells growing in disarray
(Macpherson and Russel 1966). Other previous in vitro
studies have identified potential mechanisms for mycoplas-
mas to influence oncogenesis. For example, potential
mechanisms include activation of nuclear factor NF-κB,
reduced activation of p53 protein, inhibition of apoptosis
(Logunov et al. 2008), induction of bone morphogenetic
protein linked to human lung cancer (Rogers 2011), and

influencing the bioavailability and toxicity of nucleoside
analogues (Vande Voorde et al. 2014). A link has also
been reported between intestinal neoplasms and a related
species of Mycoplasma, M. penetrans, in Zebrafish Danio
rerio intestines (Burns et al. 2018). The presence of an
Acholeplasma sp. within sections of the neoplasm indicate
a possible association with the nephroblastoma.

Mollicutes are also common in the environment and
can be saprophytic, commensal, or pathogenic (Simecka
et al. 1992). Acholeplasma laidlawii specifically has been
reported from aquatic animals, including the mud crab
Scylla serrata during a clearwater disease epizootic,
showing ascites, a white carapace, and weak grip strength
of pincers (Chen et al. 2011). In another report, A. laid-
lawii was isolated from centrarchid fishes (Largemouth
Bass Micopterus salmoides, Black Crappie Pomoxis nigro-
maculatus, Bluegill Leopomis macrochrius, and Redear
Sunfish L. microlophus) in Florida; Largemouth Bass dis-
played emaciation and inflammation and ecchymotic
hemmorrage in the swim bladder (Francis-Floyd et al.
1998). However, inability to fulfill Koch's postulates in
Largemouth Bass in this case suggested that this bac-
terium was not the causative agent (Francis-Floyd et al.
1998). The Acholeplasma sp. reported herein is most clo-
sely related to A. laidlawii, although its gyrB gene
sequence differed from that of the A. laidlawii type strain
by over 5%. This finding agrees with a previous study
(Volokhov et al. 2007), which reported lower interspecies
similarity rates and phylogenetically deeper branch reso-
lution of the gyrB and rpoB gene sequences compared to
16S rRNA gene. It is therefore unclear whether the bac-
terium is a novel species within the Acholeplasma genus
or a divergent variant.

Notably, the Iowa Department of Natural Resources
has observed other common mudpuppies with enlarged
abdomens similar to the female described herein. One
tagged individual with an enlarged abdomen was recap-
tured 329 d later, and the enlargement had resolved and
her weight had dropped from 419 g to 308 g. It is notewor-
thy that the clinical signs we have described here were
observed in other individuals in the population and, in at
least one instance, appear to have resolved. Additional
study of such individuals for the nature of the lesion and
its etiology should be prioritized.
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