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A Hammondia-LIKE COCCIDIAN WITH A MINK-MUSKRAT LIFE
CYCLE®

MICHAEL J. RYAN. D. STUART WYAND and SVEND W. NIELSEN, Northeastern Research Center for Wild-
life Diseases, Department of Pathobiology, University of Connecticut, Storrs, Connecticut 062658, USA.

Abstract: A tissue cyst-forming coccidian morphologically resembling the known
species Hammondia has a mink-muskrat life cycle. Cysts are found in skeletal muscle
of muskrats (Ondatra zibetheca). Mink (Mustela vison) fed infected muskrat
carcasses shed oocysts for 4 to 6 days after a prepatent period of 6 to 8 days. The
oocysts, 99% of which are unsporulated in mink feces, measure11.5t0 12 um X 10to 11
wm. Sporulated oocysts have 2 sporocysts, each with 4 sporozoites. The present work
was insufficient to establish whether this Hammondia-like parasite is identical to the
known Hammondia spp. or is a new parasite, although the evidence gathered
supports the hypothesis that this parasite is a new member of the genus Hammondia.

INTRODUCTION
Recent investigations into the life

laboratory strains of mice, but a natural
intermediate host was not found until

cycles of tissue cyst-forming coccidians
have shown that striated muscle cysts
found in prey species are intermediate
forms of organisms whose life cycles
culminate in the formation of oocysts or
sporocysts in the feces of a carnivore. At
present, three genera, Toxoplasma,
Hammondia and Sarcocystis, are
recognized as having the potential to
infect striated muscle cells of the in-
termediate host.*!!

Sarcocystis spp. muscle cysts are
recognized in mice and voles, Sarcocystis
putorii (Railliet and Lucet, 1891) of the
common European vole (Microtus ar-
valis) being of particular interest in
this context because its definitive host

is the KEuropean weasel (Mustela
nivalis). !+
Hammondia hammondi was dis-

covered when Toxoplasma-like oocysts
in cat feces were distinguished from
Toxoplasma gondii by cross-infection
studies.” In these studies, Hammondia
hammondi oocysts from cats infected

Australian workers showed Hammondia
hammond! infection in free-living rats
(Rattus rattus and Rattus norvegicus)."
In addition, Hammondia pardalis has
been proposed as a new species in the
ocelot (Felis pardalis).® Hammondia
heydorni has been described, having
both a cow-dog and dog-dog life cycle.

This paper reports investigations into
the life cycle of an Hammondia-like
parasite of muskrat and mink.

MATERIALS AND METHODS

Animals

Mink. Mature female mink were ob-
tained from commercial mink ranches.
To ascertain coccidia-free status, fecal
flotations, following the protocol of
Dubey* were performed every other day
for 30 days. No mink shed oocysts prior to
experimental infection.

Muskrats. Skinned carcasses of
muskrats trapped in Connecticut and
New Jersey during the 1978-79 and 1979-

o Supported by a research grant from the University of Connecticut Research Foundation, Storrs, Connecticut
and is submitted as Scientific Contribution No. 868, Storrs Agricultural Experiment Station, University of

Connecticut, Storrs, Connecticut 06268, USA.
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80 seasons were obtained from trappers.
Trappers checked their lines at least once
daily, skinned carcasses within 24 h, and
the carcasses were used for transmission
studies within 24 h.

Cats. Kittens were obtained from a
local animal shelter. Feces were exam-
ined by the fecal flotation method and
schedule mentioned above. Only kittens
that did not shed coccidian oocysts of a
size compatible with Toxoplasma. Ham-
mondia or Sarcocystis spp. designation
were used in experiments, although cats
shedding  Isospora  felis or  Isospora
rivolta were used.

Dogs. Puppies from a local shelter
were obtained and feces examined by the
same protocol as that for kittens and
mink. No puppies had coccidian oocysts
in their feces during the 30-day pre-
infection period. although helminth eggs
were found.

Rats and Mice. Fisher rats and
BALB C mice were obtained from com-
mercial sources.

Diets

Animals were maintained on commer-
cial feed, with the exception of mink,
which were fed 307 horse meat and 70",
commercial  chow with vitamin
supplements, due to the unavailability of
nutritionally complete commercial mink
feed.

Housing

Mink. cats and dogs were housed in-
dividually while each group of mice and
rats were housed in a separate shoe-box
type cage.

Presence of Coccidian Cysts and
Zoites in Muskrat Muscle

Rapid diagnosis of coccidian zoites in
muscle was obtained by a modification of
the pepsin digest technique of Jacobs
and co-workers.” Diagnosis was con-
firmed by examination of routinely
prepared histologic sections of skeletal
muscle (Figs. 1 and 2).
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FIGURE 1. Pepsin-digested
muscle viewed with dark-field optics. A
coccidian zoite (arrow) can be seen near
cellular debris. Unstained X 700.

muskrat

-

FIGURE 2. Muscle cyst
tongue. H&E X 250.

in muskrat

Experimental Design

Seven pairs of mink (Groups 1 through
7) were fed infected, eviscerated muskrat
carcasses. Each of 7 infected muskrats
was split along the spinal axis. The head
and spinal cord were removed. Half of the
carcass was placed in the appropriate
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mink cage so that both members of each
group ate half a muskrat carcass over a
24 h period. Three pairs of mink (Groups
8 through 10) were similarly fed 3 un-
infected muskrats. Feces of all mink in
these groups were examined for cocel-
dian oocysts daily for 30 days.

When coccidian oocysts were observed
in the feces of some of the mink from
Groups 1-7, daily fecal output was re-
tained, oocysts separated by flotation,
and sporulated following the method of
Dubey.' Sporulated oocysts from both
members of each oocyst-positive group
were pooled but remained separate from
the oocysts of other groups, and 200,000
oocysts were placed in the stomachs of
each of four more pairs of coccidia-free
mink (Groups 11 through 1.4) by intuba-
tion. In addition, 200,000 sporulated
oocysts from each oocyst-positive group
of mink were presented per os to a pair of
rats and a group of 4 mice, while 4 rats
and 4 mice were retained as uninoculated
controls. Feces of mink in Groups 11-14
were examined daily for coccidian
oocysts for 30 days following intubation
of oocysts, while mice and rats were
killed at 90 days postinoculation and
muscle examined by the pepsin digest
technique and histologic sectioning.

Mink from Groups 1-7 which shed
oocysts and mink in Groups 11-1-1 were
killed 30 days postinoculation and
representative sections of the gastro-
intestinal tract, pancreas, {leocecal
lymph node, liver, kidney, lung, heart,
brain, diaphragm, tongue, esophagus
and masseter muscles were examined for
coccidian cysts. Pepsin digests were per-
formed on skeletal muscle from these
animals.

Four coccidia-free cats were fed two
infected muskrat carcasses, divided in a
manner similar to that described for the
mink experiment, while 2 cats were fed
one uninfected, divided muskrat carcass.
Feces of all 6 cats were examined daily
for 30 days.

Two coccidia-free dogs were fed one
infected, divided muskrat carcass while
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two other dogs were fed a divided. un-
infected carcass. Feces were examined
daily for 30 days.

RESULTS

Four pairs of mink fed muskrats shed
coccidian oocysts, while the other three
pairs did not shed oocysts. The control
mink (Groups 8-10) did not shed oocysts.
Neither experimental nor control dogs
and cats shed any oocysts similar to
those seen in the four oocyst-positive
groups of mink.

The oocysts appeared in feces after a
prepatent period of 6 to 8 days, and the
patent period lasted 4 to 6 days, with the
largest numbers of oocysts appearing
during the first two days of the patent
period. Ten oocysts from ecach oocyst-
positive mink were measured with a
stage micrometer (i.e., 80 oocysts). The
range of dimensionswas 11.5-12um - 10-
11 um, whilethemeanwas 11.6 um - 10.7
um (Fig. 3). The oocyst wall had a double
layer and a micropyle. Polar granules
were absent. Sporonts consisted of
spherical collections of granules. Rarely
(<1'"), sporulated oocysts were found in
fresh feces, but sporulation occurred and

FIGURE 3. The sub-

unsporulated
spherical oocyst contained sporonts con-
sisting of granules. Unstained X 2,500.
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was 957 complete in 96 h at room
temperature.
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in sections of brain and mesenteric

Ivmph nodes of rats and mice.
Experimental design and results are

graphically presented in Table 1.

DISCUSSION

These experiments demonstrate that a
coccidian resembling Hammondia has a
mink-muskrat life  cyvele. Since  the
oocysts of all known Sarcocystis spp.
sporulate in the gut of the definitive host
and are shed as sporocysts, this parasite
1s not a member of that genus. Failure of
the cats to shed oocysts after feeding on
infected muskrats, as well as absence of
any type of coccidian cyst in themice and
rats, suggest that the parasite is not
Toxoplasma.

Whether  this  Hammondia-like
parasite is identical to Hammondia ham-
mondi or Hammondia hexdorni remains
uncertain due to the inadequate number
of dogs and cats examined, but the
limited evidence supports the hypothesis
that this is a new species of Hammondia.
FFailure to produce evidence of infection
in mice and rats inoculated with
sporulated oocysts suggests that this
parasite is not Hammondia hammond..

Emphasis was placed on the mink in
the experimental work because mink are
believed to be the only significant musk-
rat predators.’ The failure to infect three
of the seven pairs of mink fed infected
muskrat carcasses suggests that the
parasite may be transmitted with low
efficiency.,  but immunity acquired
previously by the mink remains a
possibility. Since only 27 of 81 carcasses
of muskrats examined by both digestion
and histologic techniques were positive
for muscle cysts, field data also support
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FIGURE 5. Cyst in skeletal muscle of
muskrat. The cyst is septate and has
metrocytes. H&E X 1,200.
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